
OHAPTER XII. 

TI-IE GEOLOGY OF RAMSEY COUNTY. 

By N. H. WINCHELL. 

Situation and area. With the exception of a part of the city of St. Paul, 

Ramsey county lies on the east side of the Mississippi river, and below the 

mouth of the Minnesota river. It is situated between Anoka and Hennepin 

counties on the west and Washington on the east. It is the smallest county in 

the state, but embraces St. Paul, the capital. Its area is 187.15 square miles, 

of which 13.45 square miles are covered by water. The equivalent acres are 

119,774.05 and 8,605.34. The southern boundary is formed by the Missis

sippi river from a few miles below the falls of St. Anthony to six miles below 

the Union depot at St. Paul where· the Washington county line abruptly turns 

west to the river. Within this distance the Mississippi gorge makes two great 

bends, one at the mouth of the Minnesota where it unites with the preglacial 0 

gorge of that stream and the other at St. Paul where it takes again its normal, 

more southerly, course. Its winding direction forms, on the southern border 

of the county, a large letter S supine. This river is navigable to St. Paul, 

and smaller craft run to Fort Snelling and thence up the Minnesota. Above 

Fort Snelling the Mississippi is rather rapid, and is obstructed by alluvial 

islands, or by rocky debris left by the recession of the falls of St. Anthony. 

Plate 43 represents Ramsey county.* 

SURFACE FEATURES. 

Natural dra1:nage. The Mississippi is the great avenue toward which all 

the waters of the county tend, and which they finally reach. The northern 
• The Union depot at St. Paul should be represented on this plat.e about half a mile further west. The line of the Chicago, 

Burlington and Northern railroad should be shown running southeastward from St. Paul, nearly parallel with the Chicago, Mil
waukee and St. Paul railroad. 
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346 THE GEOLOGY OF MINNESOTA. 
[Topography. 

part of the county, however, has an immediate drainage northwestwardly, by 

way of Rice creek, and its surface waters enter the :Mississippi about seven 

miles above the falls of St. Anthony. This stream gathers the overflow from 

several lakes, and seems to receive also the under-surface drainage from several 

others, and maintains a steady discharge-volume even through the summer 

season. White Bear and Bald Eagle lakes discharge into a tributary of Rice . 
creek which takes a northern circuit through Anoka county, by way of Center-

ville, returning again through Mound View township. The upper sources of 

Phalen's creek, which joins the Mississippi at St. Paul, are in McCarron, 

Phalen, Gervais, Fitzhugh and other lakes, which supply St. Paul with city 

water through viaducts that have been constructed diverting it from its nat

ural course to the Mississippi.* 

The southern part of the county, mainly occupied by the Trenton forma

tion, is generally higher than the northern. The drainage courses which pass 

through it toward the Mississippi, lie in deep valleys which are surrounded 

and hid by hills and ridges of drift. These hills probably are due primarily 

to a rock-sculpture older than the drift, but the drift is so thick that the rock 

seldom appears in exposure above the surface. There is some appearance of 

the former extension of the valley of Rice creek much further southward, and 

it is no unreasonable suggestion that the great Mississippi itself may have 

once occupied this valley, entering the great gorge at St. Paul and meeting 

~here the waters of the Minnesota. 

Topography. A low water-shed crosses the county east and west through 

the central portion, the average hight of which is about 950 feet above the sea. 

But toward the southwestern part of this divide, in the vicinity of the exper

imental farm of the state university, it reaches the hight of over one thousand 

feet. The higher portions of this divide are known to be underlain by the 

outrunning northern edge of the Trenton limestone, while the lower levels, 

and the area occupied by the numerous lakes that lie a few miles further north , 
are probably situated on the' St. Peter sandstone and the underlying magnesian 

limestones. These lower rocks, however, are entirely concealed by drift 

deposits of which Ramsey county received a very generous supply and which 

present a diversified and very interesting character. Flanking this divide on the 

* The lakes connect.ed for t.his pur~ose are report.ed to be Vadnais, Wilkinson, Deep, Long, Charley, Pleasaht, La~bert. 
Ot.ter and Bass, but some of these names eVIdently are I'ltely applied to lakes that, ha"~ l;>~I\ known ot4e,'"l\'ise, 
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The strata.] 

•• east and west, two other prominent topographic features are noticeable. These 

diverge from the city of St. Paul. They appear as elevated plateaus, and rise 

as high as the divide itself, thus embracing, in a rudely triangular form, a tract 

that, while lying from fifty to a hundred and fifty feet lower, yet presents a 

rolling s~rface and finds a drainage-outlet into an ancient bayou of the pre

glacial Mississippi at the point where the railroads from the north approach 

the river. The valley of Phalen's creek is included in this triangular area. 

The plateau which bounds it on the west begins at St. Anthony hill and runs 

to the experimental farm and northwestwardly into Hennepin county; that 

on the east begins at Dayton's bluff just east of the mouth of Phalen's creek, 

and extends northeastwardly to Oastle, near Silver lake. This elevated land 

is probably due, primarily, to the preservation of the Trenton limestone, but it 

is considerably influenced by a copious deposition of morainic drift. 

North of the east-and-west water-shed is another marked topographic 

feature. Here is the highest part of the county. In the central portion of 

Mound View a prominent ridge of drift, consisting mainly of gray till, extends 

north and south about three miles. It is rolling, and massive, and its highest 

knobs reach about 1100 feet above the sea. Toward the south it sinks away 

gradually into the prevailing rolling tract which occupies the central part of 

the county. Toward the north it ceases abruptly. Its northern extension, 

on the east, west and north, is surrounded by flat, or slightly undulating land 

that li~s two hundred feet lower than the highest knobs. This flat surface 

extends eastward to the large lakes in White Bear, and surrounds them. It 

also characterizes a considerable tract in Washington and OhiRago counties, 

extending northward from White Bear lake. 

With unimportant exceptions the northern third portion of the county 

is flat, while the remainder is rolling or hilly, becoming more and more broken 

toward the Mississippi. This rolling surface in the southern portion is due to 

the pose of the drift materials, and not to any upheaval in the rocks, which lie 

everywhere practically horizontal. The strata, however, had been eroded by 

streams prior to the drift epoch, and were crossed by deep gorges. This 

uneven surface materially modified the manner of deposition of the drift and 

determined its composition at special points. Thus, the drift materials seem 

to have been accompanied by turbulent waters in the southern portion and by 

quiet waters in the northern portion of the county. The drift surface, there-
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fore, in the northern part is characterized by moderate contour changes, the 

rather shallow lakes in many instances not being situated in deep valleys but 

frequently skirted by extensive marshes or "hay meadows," which rise gently 

into the surrounding upland. The soil is a sandy loa~ and the subsoil a lam

inated, or finely pebbly clay. On the other hand the lakes that lie further 

south are in deep basins, having gravelly shores, and frequently attractiye 

natural surroundings. The soil is more stony, and large boulders are common, 

while the railroad cuts disclose a subsoil either of coarse gravel or of red and 

stony till. 

Dcscription of the towns of Ramsey cOlmty. 

TOWN :30 N. 23, W. MOUN]) Vmw. The hills alrea(ly described, near the centre of this town, 

give it its name. Asiue from these hills, and a tract along the southwest eorner, the whole town is fiat 
or gently undulating, and hall a rather s~ndy soil. This sand, however, is closely underlain by an im

pervious clay, as evinced l)y the numerous lakes and ma,rshes which are found within its limits. Rice 

creek is a slow crooked stream, frequently bordered by marshes or hay meadows. The town is somewhat 

more than half covered with small oaks, with aspens and elms in the low grounds. 
TOWN 30 N. 22, W. WHITE BEAR. The northern and central parts of this town are flat. It 

has throughout a light, often sancly, soil. But on the more elevated portions, in secs. 31- 36, where some 

outlying remnants of the Trenton limestone give the well-known mound-ontline to the hills, the surface 

is !)lore clayey, ltnd the timher is more robust. There is a group of low hills, somewhat morainic, in 

sees. 5 and 8, east of Pleasant hke, and in the southeastern part of sec. 36, the strike of the Trenton lime
stone gives a sudden elevation to the general upland from 150 to 175 feet above the level of the flat land 

adjoining toward the north and northwest. The suhsoil is a gmvelly clay, which sometimes rises so as to 
form al~o the soil; but the surface soil usually is either a samly 10<1111, which sometimes becomes too light 
for gOOll hrming, or is clay with a flat surface. 

TOWN 29 N. 28, W. ROSE, and the northwest part of ST. PAUL (partly in Hennepin county). The 
southern prlrt of this town is high and rolling, with a red clay subsoil. The northern and northeastern 

part is undulating, sometimes flat, and has a sanely soil. This is specially the case in the vicinity of lakes 

Josephine, Big Bass and McCarron. Lake Como is in the southeastern part of this town. Secs. 16, 17, 
21 and 22 are mainly of prairie. The rest of the town is well timbered. 

TOWN 29 N. 22, W. NEW CANADA, northeast part of ST. PAUL, (md north part of McLEAN. 
This town embraces a great variety of topogmph.V. The eastern part is elevttted ahout two hundred feet 

above the central. In some places on t,his plateltu the surface is neltrly flat, but in general it is rolling. 
This plateau is about two miles wide. It descends tow,ud the east in Washington county a~d exhibits, 
on both flltnks, a rolling, often stony, morainic drift aspect. Yet, its greater elevation is suppos~d to be 

due to the preservation of the Trenton limestone, extending in a spur northeastwardly from Dayton's 

bluff at St. Prllll. The central portion is much broken with some outliers of the Trenton in the form of 
mounds, and with lakes that constitute the uppermost sources of Phalen's creek. A morainic covering of 

drift also spreads oyer this town, from which the immense quantities of gravel and sand have been de
rived which are found in the lower ridges and terraces. 

TOWN 28 N. 23, W. RESERVE, and west part of ST. PAUL. (Pa7·t1y in HENNEPIN and DAKOTA 
connties). In the uplands this town has a rolling and generally a gravelly clay surface. Along its southern 

border is the JliIississippi valley, and a flat, or series of flats, generally wet on account of perennial springs 
that are caused by the closely underlying Trenton shales. These shales, however, are more or less cov

ered by the high gravel-tenace that borders the Mississippi. The tOWll is thinly clothed with a forest of 
oaks anel aspens, or is a rolling prairie. It contains no lakes l1nd but few marshes. At the N. E. corner 

of sec. 16 is a conspicuous promontory, 975 feet ahove the sea, from which is visible an extensive land

scape. Hamline and Macalester colleges, the university of Minnesota, the hills in Mound View, the 

buildings on the experimental fhrm, the state fair grounds, the plateau in the eastern portion of New 
Canada, the cities of Minneapolis and St. Pllul, the winding course of the lower reach of the Minnesota 
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buildings on the experimental fhrm, the state fair grounds, the plateau in the eastern portion of New 

Canada, the cities of Minnenpolis and St. Ptlul, the winding course of the lower reach of the Minnesota 
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fore, in the northern part is characterized by moderate contour changes, the 

rather shallow lakes in many instances not being situated in deep valleys but 

frequently skirted by extensive marshes or "hay meadows," which rise gently 

into the surrounding upland. The soil is a sandy loa~ and the subsoil a lam-

inated, or 

south are 

finely pebbly clay. On the other hand the lakes that lie further 

in deep basins, having gravelly shores, and frequently attractiye 

natural surroundings. The soil is more stony, and large boulders are common, 

while the railroad cuts disclose a subsoil either of coarse gravel or of red and 

stony till. 

Description of the tOll'ns of Rmns1'Y COltnty. 
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pervious clay, as evincerl lly the numerous lakes and marshes which are found within its limits. Rice 

creek is a slow crooked. stream, tJ:equeutly bordered by marshes or hny meadows. The town is somewhat 
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adjoining toward the north and northwest. The sullsoil is a gnweJJy clay, which sometimes rises so as to 

form nlso the soil; but the surface soil usnally is either n sandy 10<1ln, which sometimes becomes too light 
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that are caused by the closely underlying Trenton shales. These shales, however, are more or less cov

ered by the high gnwel-terrace that borders the Mississippi. The town is thinly clothed with a forest of 
oaks and aspens, or is a rolling prairie. It contains no bkes and but few marshes. At the N. E. corner 

of sec. 16 is a conspicuous promontory, 975 feet ahoye the sea, from which is visible an extensive land

scape. Hamline nnd Macalester colleges, the university of Minnesota, the hills in Mound View, the 
buildings on the experimental fhrm, the state fair grounds, the plateau in the eastern portion of New 

Canada, the cities of Minnenpolis and St. Ptlul, the winding course of the lower reach of the Minnesota 
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river, with its rounded drift-banks, the broad Mississippi valley below St. Paul, Pilot Knob in Dakota 

county, and the more elevated hills further east, Fort Snelling, Minnelm]m falls, Mendota, where the 

capirol of the state was first fixed by Rcnntor Douglas in the enabling net, *- these are visible and are 

"within the radius" in which Mr. Sewarc1 prophesied the future clLpital of ult.imate America. 

TOWN 28 N. 22, W. McLEAN, nnd the cast pad of ST. PAUL. (Partly 'in DAKOTA nnd WASH

INGTON count'ies). This town shows the SfLlne extremes as Eeserve, but they,ue more marked. The bluff 

portion, east of the Mississippi, is nbout a mile tLn(l a half wide, and three miles long, running north and 

south, and is ~lUt by east and west valleys and hy trilmt'1ry creeks so as to have tL rough or hilly surface. 
It is considerably 1ll0l'e than half covered with SHUll] tim her (Ollks nnd aspens). The rest of this town, 

east of the river, is alluvial, and is occupied by hay-meadows or is a wet marsh. A holt of soft t,imher, 

growing to large dimensions, separates it from the river-channel. On the west side of the river there is a 

repetition of these features, but in reverse order, included within the limits of West St. P"ul. 

Elevations. The highest points in the county rise about 1100 feet 

above the sea, being the northerly of the hills in Mound View. The low

water level of the Mississippi at St. Paul is 685 feet; and at the southern 

limit of the county it may be fifteen feet lower. The city datum of the en

gineer's levels for the city of St. Paul is 693. 

Average elevation of Ramsey co·unty. The vanous railroads that cross 

Ramsey county furnish a basis for the contour lines seen on the accompanying 

map of the county (plate 43), and for estimating approximately the elevation 

of the various towns, viz.: "!Mound View, 900 feet above average tide; White 

Bear,880; Rose, 920; New Canada, 960; Reserve,850; St. Paul,810; Mc

Lean,815. These give, when calculated according to their different sizes, an 

" average elevation for the county, of 895 feet. 

Elevations on the Chicago, Milwaukee and St. Paul railway. 

From profiles in the office of M. D, Rhame, engineer, Minneapolis. 

Hennepin county line, N. W. t sec. 32, Rose, -

Ford's Imrsery, 

, Merriam Park, 
Summit (Snelling avenue), -

Under Summit avenue, -
Big cut, natural surface 929.66, centre, 

St. Clair street, 

Grace street, 

Fort street, 

Chestnut street, 

Union depot, St. Paul, 

Dayton's bluff, 

Newport, 
Mendota Junction, 

* See Collections o!the Minnesota Historical Society. Vol. iv. p. 204. 
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Union depot. 
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gineer's levels for the city of St. Paul is 693. 
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Ramsey county furnish a basis for the contour lines seen on the accompanying 

map of the county (plate 43), and for estimating approximately the elevation 
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Bear,880; Rose, 920; New Canada, 960; Reserve,850; St. Paul,810; Mc· 

Lean,815. These give, when calculated according to their different sizes, an 

average elevation for the county, of 895 feet. 

Elevations on the Chicago, Milwaukee and St. Paul railway. 

From profiles in the office of M. D. Rhame, engineer, Minneapolis. 

Hennepin county line, N. W. t sec. 32, Rose, -

Ford's llUrsery, 

. Merriam Park, 
Summit (Snelling avenue), -

Under Summit avenue, -
Big cut, natural surface 929.66, centre, 
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r.ounty, and the more elevated hills further east, Fort Snelling, Minnehalm falls, Mendota, where the 

capirol of the state was first fixed by senntor Douglas in the euabling act, *- these are visible and are 

"within the radius" iu which Mr. Scwar<l prophesied the fnture capital of ultimate America. 

Tow:!' 28 N. 22, W. McLEAN, ([nd the ca"t pad of ST. PAUL. (Partly -in DAKOTA !Lnd WASH

INGTON counties). This town shows the smlle extremes as l{eserve, but theY'11'e 1110re marked. The bluff 

portion, east o[ the Mississippi, is about n mile and a half wide, ,md three miles long, running north ami 

south, and is ¥ut by east and west valleys aud by trilmtm'y creeks so as to have a rough or hilly surface. 
It is considerably more than half covered with SIlHlll tim her (oaks and aspens). The rest of this town, 

east of the river, is alluvial, and is occupied by hay-meadows or is ,1 wet m'Lrsh. A helt of soft t,ill1her, 

growing to large dimensions, separates it from the river-chaunel. On the west side of the ri vcr there is a 

repetition of these features, but in reverse o1'(ler, iucluded within the limits of West St. Paul. 

Elevations. The highest points in the county rise about 1100 feet 

above the sea, being the northerly of the hills in Mound View. The low

water level of the Mississippi at St. Paul is 685 feet; and at the southern 

limit of the county it may be fifteen feet lower. The city datum of the en

gineer's levels for the city of St. Paul is 693. 

Average elevation of Ramsey co·unty. The vanous railroads that cross 

Ramsey county furnish a basis for the contour lines seen on the accompanying 

map of the county (plate 43), and for estimating approximately the elevation 

of the various towns, viz.: Mound View, 900 feet above average tide; White 

Bear,880; Rose, 920; New Canada, 960; Reserve,850; St. Paul,810; Mc· 

Lean,815. These give, when calculated according to their different sizes, an 

average elevation for the county, of 895 feet. 

Elevations on the Chicago, Milwaukee and St. Paul railway. 

From profiles in the office of M. D. Rhame, engineer, Minneapolis. 

Hennepin county line, N. W. t sec. 32, Rose, -

Ford's llUrsery, 

. Merriam Park, 
Summit (Snelling avenue), -

Under Summit avenue, -
Big cut, natural surface 929.66, centre, 
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MinnllSota and NorthwllStern railway. 

From profiles in the office of H. Fernstrom, St. Paur. 

Miles from St. Paul 
Union depot. 

St. Paul, 
Bridge over the Mississippi river, 

West St. Paul, 

St. Paul and NortMl'n Pacific raUway. 

0.0 

.1 
.8 

From profiles in the office of chief engineer J. W. Kendrick, Minneapolis. 

Small iron bridge, near Fourth street, St. Paul, 

East Seventh street, 

Trout brook, water 737.64 

Westminster street, -
Crossing of the Manitoba railroad (in tunnel), 

Crossing of the Chicago, St. Paul, Minneapolis and Omaha railroad, 
Trout brook ero~sing, second time, water 765.64, 

Mississippi street, .. 
Trout brook, water 790.64, public road 792.64, 

Cortland street (eu t 30 feet), 

Rice street station, 
Crossing of creek, 
Western avenue, 

Dale street, -
Como avenue, 

Como road, -
Section line between 27 and 26, 

Warrendale, 
Summit on the Como property, 
Snelling avenue (Hamline), 
Cut of 20 feet, 

Track to the State Fair grounds, 
Westwood avenue (fill 13 feet), 

Section line between secs. 29 and 28, on Rich avenue, 
Raymond avenue, 

Bayless avenue, 

Transfer track, St. Paul, Minneapolis and Manitoba railway, 
St. Anthony Park, -

County line crossing, in St. Anthony Park, 
Prospect Park, 
University avenue, 

Miles from St. Paul 
Union depot. 

1 

1.4 
1.6 

2.1 
2.4 
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7.6 
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9.4 

Chicago, St. Paul, Minneapoli8 and Omaha railway. 

From Edward Johnson, chief engineer. 

St. Paul, east end of Union depot sheds, 

St. Paul, Junction with the St. Paul, MinneapoliS and Manitoba, near East St. Paul, 
East St. Paul, - - - _ _ _ _ _ _ 

Midvale, 

Mendottt depot (Chicago, Milwaukee and St. Paul railway, 737), 

[Elevatiollll • 
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Union depot. 
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Bridge over the Mississippi river, 

West St. Paul, 

St. Paul and Northem Pacific 1·aUway. 
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From profiles in the office of chief engineer J. W. Kendrick, Minnea.polis. 
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East Seventh street, 

Trout brook, water 737.64 
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Crossing of the Manitoba railroad (in tunnel), 

Crossing of the Chicago, St. Paul, Minneapolis and Omaha railroad, 
Trout brook cro~sing, second time, water 765.64, 

Mississippi street, 
Trout brook, water 790.64, public road 792.64, 

Cortland street (cut 30 feet), 

Rice street station, 
Crossing of creek, 
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Dale street, -
Como avenue, 
Como road, -
Section line between 27 and 26, 

Warrendale, 
Summit on the Como property, 
Snelling avenue (Hamline), 
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Track to the State Fair grounds, 
Westwood avenue (fill 13 feet), 

Section line between sees. 29 and 28, on Rich avenue, 
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Transfer track, St. Paul, Minneapolis and Manitoba railway, 
St. Anthony Park, -
County line crossing, in St. Anthony Park, 
Prospect Park, 
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Chicago, St. Paul, Minneapolis and Omaha railway. 

From Edward Johnson, chief engineer. 

St. Paul, east end of Union depot sheds, 

St. Paul, Junction with the St. Paul, MinneapoliS and Manitoba, near East St. Paul, 
East St. Paul, - - - _ _ _ _ _ _ 

Midvale, 

Mendota depot (Chicago, Milwaukee and St. Paul railway, 737), 
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Warrendale, 
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Cut of 20 feet, 
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Ohicago, Burlington and Northern railway. 

Miles from St. Paul Feet above 
Union depot. the sea. 

Pig's Eye bridge, 

Newport, 
2 707.5 
7.5 

St. Paul and Duluth railway. 

From profiles in the offiee of H. A. Swenson, St. Paul. 

Miles from St Paul 
Union depot. 

St. Paul, Union depot, 

Crossing of the Chicago, St. Paul, MinneapoliR and Omaha railway (20 feet 
above this grade), 

Phalen's creek (water 802), 
Phalen's creek (water 806), 

Phalen's creek (water 813), 

Phalen's creek (water 836), 

Claymont (at St. Paul Harvester Works), 
Phalen's creek (water 853), 

Summit (cutting 11 feet), 

Minneapolis and St. Louis railway junction, 
White Bear, 
Junction for Stillwater, 

Bald Eagle, 
Beaver creek (water 923), 

Centreville, 

Hennepin-Ramsey county line, ne~tr St .. Anthony (cut 7 feet), 
Half mile west of Robinson's lake (cut 16 feet), 

Robinson's lake, S. E. ~ of sec. 4, Rose (water, 905 feet), -
Summit one-third mile east of Robinson's lake (cut 7 feet), 
Bennett lake (water 890), 

Clay rid,pe, eight hundred feet further east (cut 20 feet), 
Cut, on sec. 1, Rose (cut 18 feet), 
Big Bass lake (water 885), 

Tamarack swamp, east of Big Bass lake, 

[This swamp seemed to consist of a mass of floating peat" grass-roots, 

etc., supporting small tamarack trees. Three piles were driven (spliced), 
each 60 feet long, making 180 feet, without reaching solid foundation. 

The track was then supported on a raft consisting of logs, slabs and 
brush thrown on the surface. ] 

White Bear flats, 

Junction at White Bear, 

Wi8col1sin Oentntl line. 

Furnished by F. W. Fratt. 

Junction with~. Paul and Duluth railroad, Gladstone, 

Castle, on the Washington county line, 

St. Pa.ul, 1lfinneapoliB lj,nd JJ[anitoba ra·ilway. 
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Chicago, Burlington and Northern milway. 

Miles from St. Paul Feet above 
Union depot. the sea. 

Pig's Eye bridge, 

Newport, 
2 707.5 

7.5 

St. Paul and Duluth milway. 
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[This swamp seemed to consist of a mass of fioa-ting peat" grass-roots, 
etc., supporting small tamarack trees. Three piles were driven (spliced), 

each 60 feet long, making 180 feet, without reaching solid foundation. 
The track was then supported on a raft consisting of logs, slabs and 
brush thrown on the surface. ] 
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Como avenue, -
Summit between St. Paul and Minneapolis (cut 14 feet), 

Ramline (university), 

St. Anthony Park, 

St. Anthony (East Minneapolis) Junction, 

frliscellnneou8 elevntions in Rmnsey connty. 

Mississippi river at Pike isbnd, ordinary low water, 

Mississippi river at Pike island, high water, 

Mississippi at St. Paul, ordinary low water, 
Mississippi at St. Paul, extreme low water, -

Mississippi at St. Paul, extreme-high water, 
Mississippi at Newport, 

Lake Como, 

Lake Phalen, 
MaIYoflin's lake (sec. 18, New Canada), 

f!J'" 
Big Bass lake, - - - -
Vadnais lake, 
"Clearwater lake" (St. Paul water works), -

"Clear lake" (St. Paul water works), 
Pleasant lake, -
Bald Eagle lake, 
White Bear lake, 

Forest bke (Washington eounty), 
Mound View hills, about 
Observatory hill, in Reserve, about 

Bluffs baek of the eapitol, head of Robert street, 
Burumit avenue bluft~ 
St. Paul city datum, -

5 

[Soil and timber. 

857.60 

936 

925.60 

883.60 

842 

Feet above 
the sea. 

688 

710 

685 

683 

702 

676 

885 

859 

874 

885 

879 

885 
889 

891 

908 
920 

900 
1100 

975 

911 

920 
693 

Soil and timber. Taken altogether the soil of Ramsey county is rllither 

sandy. This element prevails in those areas which are known to be closely 

underlain by the St. Peter sand-stone, and in valleys which have been flooded 

by waters that carried the detritus of that rock for Rhort distances and spread 

it over the clay and stony tills which were deposited by the drift agencies. 

The valley of Rice creek, in general, and its southeastward extension by way 

of Trout creek, and especially the land that intervenes between lakes Johanna 

and McCarron, constituting a kind of divide between those valleys, are ex

amples of this sandy soil. This sandy loam is also spread over much of the 

north-central and the northeastern portions of the county, especially about 
. ,. 

White Bear and Bald Eagle lakes. This is the latest soil formed. It is 

spread along the valley of the Mississippi so liberally that it seems to consti

tute everywhere the general surface. It is seen in all the railroad cuts be

tween St. Paul and Minneapolis, but in these cuts, and generally in the 

uplands, it exists because of its distribution by the latest of the high waters 

that accompanied the last ice-epoch. Mingled with it here also must be sand 

• 
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RAMSEY COUNTY. 353 
Typical soils.] 

from the sandstone strata of the St. Croix and Potsdam that outcrop in counties 

further north. 

This sandy surface soil is closely underlain by subsoils, in the lower levels, 

composed of coarser sand and gravel in some places, and of compact clay in 

others. These underlying drift deposits gradually become apparent as one 

travels from the valleys to the uplands-due to the thinning out of the sandy 

loam. On the hills they constitute the soils, being modified only by such 

variations and limitations as are due to long exposure under subaerial and 

vegetal influences, and the different action of the ice-period at different points. 

In the morainic portion of the county, which indeed embraces the larger part 

of the county, especially the central portions, when these older, and lower, 

deposits are uncovered, or are penetrated by excavations, they are found 

to be either red till, or the gravel and sand that were derived from the red till. 

Such knolls are common in New Canada and in the high lands in the eastern 

part of McLean, and in the eastern part of Rose. But toward the north, in 

much of White Bear and Mound View, and in the northwestern part of Rose, 

when the subsoil of the lowlands becomes the soil of the uplands it shows as a 

gray clay which is in some places a clayey loam, somewhat stratified, and in 

others is tenacious and impervious. Examples of this underlying stratified 

portion can be seen in the northern part of White Bear township, extending 

into Washington and Anoka counties, where the surface is generally flat. Ex

amples of this clay with a rolling contour, and with a pebbly tendency, con

stituting the surface soils at higher levels, can be seen in the western part of 

Rose and Mound View and the northeast part of St. Anthony. This same 

gray clay seems to constitute the brick clays at Shingle Creek, in Hennepin 

county, and appears in patches, in the midst of stratified valley-drift, on the 

university campus and at St. Paul. A similar loam, probably of the same 

date and origin, but of a red color, covers the high lands in the southeastern 

part of the county, and appears along the bluffs in West St. Paul. 

The three different, typical soils, viz: the sandy loam, the red till or its 

gravel and sand, and the stoneless clay, must be considered as types that 

mark the greatest divergence in the foundation or primary soils of the county. 

They are locally subject to great modifications incident to the prevalence of 

v~getation, the surface contour, the direction of the sloping surface, the impact 
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[The forests. 

of prevailing winds, the presence or absence of water in suitable amounts, and 

the ever varying relations which they sustain to each other. The surface 

transitions from one to the other are not generally abrupt, but owing to the 

long action of winds and drainage the materials from one are mingled with 

those of that adjacent, and the change from type to type is rendered gradual. 

Below the surface, however, wherever the contact can be seen, the traI).sition 

is more abrupt, but its conditions and causes appertain properly to the de

scription of the drift. 

The forests of Ramsey county are not dense, but rather thin. The trees 

are small, generally, and although there is probably as great a variety of 

species, taking the whole county together, as can be found in this part of the 

state in any equal area, yet several of the species that in the Big Woods are 

scattered thickly through the forest and reach a large size, are, in Ramsey 

county, restricted to special areas, while a comparatively small number of 

species are spread at large over the county, giving a monotonous character and 

limited range to the general arboreal vegetation. In this respect Ramsey 

county is similar to the red-till-and-gravel areas of the southeastern part of 

Hennepin county, and the northern part of Dakota county. Black and bur 

oaks constitute the most of the native forest, but there are mingled with these, 

sometimes in large plains on which but few oaks can be seen, aspen and poplar 

groves. Tamarack is common in some of the large swamps in the northern 

parts of the county. The most valuable forests are found in the flat clay lands 

in the northern part of White Bear, extending northward into Anoka' county, 

and northeastward into Washington. 

The following species of trees and shrubs were noted growing native in 

the county: 
Quercus coccinea, Wang, val'. tinctoria, Gray. Black oak. 

[This is by far the most abundant oak in the county, as it is throughout the southern half of tlie 
state; but there are some situations, particularly exposed, high hillsides, like the tops of the Mound View 
hills, in which it is noticed to fail, though growing abundantly on the lower levels, and to be replaced by 
bur oak. It does not frequently appear as a large tree, (Ond is generally less than ten inches in diameter. 
or simply has the size of shrubs, intermixed with bur oaks of the same size.] 

Quercus rubra, L. Red oak. Rare. 
Quercus macrocarpa, Michx. Bur oak. 
Quercus alba, L. White oak. 

Ulmus Americana, L. (Pl. Olayt.J Willd. American elm. 
Populus tremuloides, Michx. Aspen. 

Populus grandidentata, Michx, Gre(Ot-toothed popl(Or. 
Populus monilifera, Ail. Cottonwood. 
Tilia Americana, L. Basswood. 
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state; but there are some situ[ttions, particularly exposed, high hillsides, like the tops of the Mound View 
hills, in which it is noticed to fail, though growing ftbundantly on the lower levels, and to be replaced by 

bur o[tk. It does not frequently ftppear [t8 a large tree, [tnd is generally less thftn ten inches in diameter. 
or simply has the size of shrubs, intermixed with bur oaks of the same size.] 

Quercus rubra, L. Red oak. Rare. 
Quercus macrocarpa, Michx. Bur oak. 
Quercus alba, L. White oak. 

Ulmus Americana, L. (Pl. Clay/.) Willd. American elm. 
Populus tremuloides, Michx. Aspen. 

Populus grandidentata, Michx. Great-toothed poplftr. 
Populus monilifera, Ait. Cottonwood. 
Tilia Americana, L. Basswood. 
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Negundo aceroides, Mamch. Box-elder. 
Juglans cinerea, L. Butternut. 
Carya amara, Nutt. Bitternut. 
Fraxinus Americana, L. White ash. 
Fraxinus sambucifolia, Lam. Black ash. 
Acer rubrum, L. Red maple. 
Acer saccharinum, Wang. Sugar maple. Rare. 
Betula papyracea, Ait. Paper or canoe birch. 

355 

[This grows about rocky banks of streams and lakes, sometimes becoming twelve and fourteen 
inches in diameter.] 

Larix Americana, Micltx. Tamarack. 
Juniperus Virginiana, L. Red cedar. 

[Large trees grow at lake Johanna and on the north shore of Turtle lake, and also along the 
rocky bluffs of the Mississippi. 

Ulmus fulva, Michx. Slippery elm. 
Prnnus serotina, Ehr. Black cherry. 
Pinus strobus, L. White pine. 

[Only along the Mississippi above Fort Snelling. A singletree grows near Mahtomedi, on the 
east side of White Bear lake.] 

Betula lutea, Micltx. f. Yellow or gray birch. 
[At lake Johanna.] 

Prnnus Pennsylvanica, L. Small red cherry. 
Prunus Americana, Marsh. Wild plum. 
Xanthoxylum Americanum, Mill. Prickly ash. 
Ostrya Virginica, Willd. Ironwood. 
Carpinus Americana, Michx. Water-beech. 
Prunus Virginiana, L. Choke cherry. 
Amelancbier Canadensis, Torr. and Gray. Juneberry. 
Pyrus coronaria, L. American crab-apple. 
Rubus occidentalis, L. Black-cap raspberry. 
Rubus strigosus, Michx. Red raspberry. 
Rubus villosus, Ait. High blackberry. 
Ribes Cynosbati, L. Wild gooseberry. 
Ribes rotundifolium (or graCile), Michx. Smooth wild gooseberry. 
Ribes lacustre, Poir. (?) Swamp gooseberry. 

[Has a smooth fruit in racemes.] 
Sambucus Canadensis, L. Elderberry. 
Spirrea opulifolia, L. Ninebark. 
Spirrea salicifolia, L. Meadow-sweet. 
Celtis occidentalis, L. Hackberry. 
Alnus incana, Willd. Speckled alder. 
Alnus serrulata, Ait. Smooth alder. 

[On the flats north of White Bear lake.] 
Amorpba canescens, Nutt. Lead plant. 
Amorpha ftuticosa, L. False indigo. 
Rhus glabra, L. Smooth sumac. 
Rhus typhina, L. Staghorn sumac. 
Rhus Toxicodendron. L. Poison iVy. 
Vitis cordifolia, Michx. Frost grape. 
Symphoricarpus occidentalis, R. B,.. Wolfberry. 
Corylus Americana, Walt. Hazel. 
Cornus sericea, Silky cornel. Kinnikinick. 
Comus alternifolia, L. Alternate-leaved cornel. 
Comus paniculata, L' Her. Panicled cornel. 
Ceanothus Americanus, L. Jersey tea. 
Vaccinium.corymbosum, L. var. amamum. Swamp blueberry. 
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Lonicera parviflora, Lam. Small honeysuckle. 
Celastrus scandens, L. Bittersweet. 
Ampelopsis quinquefolia, Micha;. Virginia creeper. 
Rosa blanda, Ait. Early wild rose. 
Viburnum Opulus, L. High~bush cranberry. 
Comus stolonifera, Micka:. Red-osier dogwood. 
Cratregus coccinea, L. Thorn. 
Salix nigra, jlfarshall. And other willows. 

THE GEOLOGICAL S'fRUCTURE OF RAMSEY COUNTY. 

Geological structure. 

The arift deposits conceal the indurated rocks from sight everywhere 

except along the immediate bluffs of the Mississippi river. Hence the colors 

representing the older formations found in Ramsey county-the Trenton lime

stone and the St. Peter sandstone - occupy but a small part of the map of 

the county (plate 43). 

The Trenton' shales and limestone. The limestone member of the Trenton 

is visible in the river bluffs along the whole southern border, and is frequently 

wrought for building-stone. The shales which overlie this stratum are 

visible at nearly all the quarries, but their full thickness is known only by 

examination along the ravines that cut across the bluffs, at levels above the 

quarries, and by the records of the deep well sunk at the state reform school, 

S. E. i sec. 34, Rose. These shales and limestone, with a united thickness 

of about one hundred feet (138 feet at the reform school), extend northeast

wardlyand northwestwardly from St. Paul, and are the foundation rocks of 

the elevated plateaus on which are situated, in one direction, the village of 

Castle, on the Wisconsin Central railway, and in the other, the experimental 

farm and the adjoining high lands toward the northwest. The limestone also 

is known to exist in some of the mounds in the northern part of New Canada 

and the southern part of White Bear. But in the main it seems to have been 

destroyed in White Bear and Mound View, if it ever existed so far north, 

and in a central valley which contracts from the north and concentrates the 

drainage and erosive agencies, both past and present, upon the Mississippi at 

St. Paul. 

The shales themselves embrace thin beds of very fossiliferous blue lime-

stone, but about seven-ninths of the entire thickness, as found in the deep 

well at the reform school, consist of a soft, blue, calcareous shale which is 

easily converted to mud wherever it outcrops at the surface, and is then apt 

to acquire a greenish tint. This shale embraces a great many specimens of 
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Rkunckonella capax and R. aznsliei, Ortkis minneapolis, O. perveta, subequata, tri

cenaria and plicatella, Leptwna sericea, ZUflospira (n. sp), and of different bryozo

ans. On the fossiliferous slabs that become disintegrated from the shale are 

found not only many specimens of the same species as in the shale, but a 

great variety of fragile fossils that appear as incrusting attachments on their 

outer surfaces, with the most delicate tracery, and the plications and perfora

tions of their structure most perfectly and beautifully preserved. Large or

thoceratites also are found in the shale-bed which lies immediately above the 

main building-stone stratum. Small trilobites and species of Orania sometimes 

appear attached to the dislodged limestone slabs. 

The limestone which is distinctively called Trenton limestone, in Ramsey 

county is separable into three parts which have pretty constant characters, viz.: 

Gbwral section of the lrenton limestone. 

1. Impure, harsh, drab or dirty-buff limestone, having a perceptible per cent of magne.~ia, con

taining lumps of calcite and numerous casts of fossils, specially of Stroplwmena minnesotensis, and S. altfY
nata, Orthis tricenaria, OypricardUes ventricosU8, MurcMsonia t1'icarinata, and lYI. ventrico8a, Pleurotomaria 

8ubconica, and species of Bucania and of Bellerophon; also some Lingulm and small orthocerati tes. 6 to 10 feet. 
2. Shale and calcareous shale, with fragments of fossils, and sometimes a large orthoceras. 6 to 10 ft. 
3. Limestone, with aluminous partings. This is the building stone of St. Paul. The mingling 

. of shaly and calcareous parts throughout this limestone causes the dressed surfaces of large slabs to have 
a blotched or mottled shading of the darker and lighter tints of blue, particularly when the dressed side 

coincides with the natural bedding. This member is the most persistent of the Trenton, but splits into 
thin layers on long exposm:e, due to the loosening of the shale throughout the mass. This contains fossils 

characteristic of the Trenton but generally in a fragmentary condition. It is a common thing to see at • 

any quarry in constant operation, sections of orthocerata or "petrified snakes" that have been thrown out 
by the workmen. Every visitor is entertained by descriptions of their great size, their enormous length 

and their positions in the bedded rock where they lay while the work of the quarry progressed. 15 feet. 

Besides the three main parts above described there are also several thin 

beds of shale in No. 1 which seem not to be confined to any definite horizon, 

and nearly always a layer of green shale below No.3. 

In sections of the bluffs at St. Paul, given in Dr. Owen's final report, 

this limestone is represented as greatly broken and even faulted, along the 

river from Fort Snelling to St. Paul, and especially in the vicinity of the 

new cave (now known as fountain cave) near the railroad bridge of the Chicago, 

Milwaukee and St. Paul railway. This locality was specially examined. The 

layers of the limerock are, it is true, disturbed along the immediate river bluff, 

and are mixed in some confusion with coarse drift, but at points further from 

the river the beds continue along horizontal and unbroken, so that the forma

tion itself cannot be said to be disturbed. Dr. Owen attributes rightly this 

broken condition, so far as the blocks seem to lie on drift materials, to the 

• 

RAMSEY OOUNTY. 357 
Trenton Umestone.] 

Rkynekonella eapax and R. aznsliei, Ortk£s minneapolis, O. perveta, subequata, tri

eenaria and plieatella, Leptwna seriee.a, ZYflospira (n. sp), and of different bryozo

ans. On the fossiliferous slabs that become disintegrated from the shale are 

found not only many specimens of the same species as in the shale, but a 

great variety of fragile fossils that appear as incrusting attachments on their 

outer surfaces, with the most delicate tracery, and the plications and perfora

tions of their structure most perfectly and beautifully preserved. Large or

thoceratites also are found in the shale-bed which lies immediately above the 

main building-stone stratum. Small trilobites and species of Orania sometimes 

appear attached to the dislodged limestone slabs. 

The limestone which is distinctively called Trenton lz"mestone, in Ramsey 

county is separable into three parts which have pretty constant characters, viz.: 

General section of the l'renton limestone. 

1. Impure, harsh, drab or dirty-buff limestone, having a perceptible per cent of magne.sia, con

taining lumps of calcite and numerous casts of fossils, specially of Stroplwmena minnesotensis, and S. alte'r

nata, Orthis tricenaria, CypricardUes ventricosU8, MurcMsonia t1'icarinata, and lYI. ventricosa, Pleurotomaria 

subconica, and species of Bucania and of Bellerophon; also some Lingul83 and small orthoceratites. 6 to 10 feet. 

2. Shale and calcareous shale, with fragments of fossils, and sometimes a large orthoceras. 6 to 10 ft. 
3. Limestone, with aluminous partings. This is the building stone of St. Paul. The mingling 

of shaly and calcareous parts throughout this limestone causes the dressed surfaces of large slabs to have 
a blotched or mottled shading of the darker and lighter tints of blue, particularly when the dressed side 

coincides with the natural bedding. This member is the most persistent of the Trenton, but splits into 
thin layers on long exposUl:e, due to the loosening of the shale throughout the mass. This contains fossils 

characteristic of the Trenton but generally in a fragmentary condition. It is a common thing to see at • 

any quarry in constant operation, sections of orthocerata or "petrified snakes" that have been thrown out 
by the workmen. Every visitor is entertained by descriptions of their great size, their enormous length 

and their positions in the bedded rock where they lay while the work of the quarry progressed. 15 feet. 

Besides the three main parts above described there are also several thin 

beds of shale in No.1 which seem not to be confined to any definite horizon, 
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action of water, probably that of the river at some higher stage. The beds 

were undermined and dislodged, but the blocks were not far transported. 

The St. Peter sandstone. This sandstone is seen in the bluffs of the 

Mississippi from the Hennepin county line to the Washington county line; 

and by reason of the breaking down of the overlying Trenton, wherever 

former streams have run, and the easy erosion of this rock, it also becomes 

the surface rock in a number of tributary valleys. In the city of the St. Paul 

there is a large expansion of the area of the St. Peter sandstone over the low 

level through which Phalen's creek enters the Mississippi. This extends 

more than a mile north of the river, and probably has a ramifying prolongation 

northward toward McCarron lake making a connection with the area of the St. 

Peter where the natural dip would bring it to the surface in the central parts 

of the county. Most of the lakes, and the deep valleys that exlst in the 

rolling portion of the county, directly north from St. Paul, are based on the St. 

Peter sandstone, but they are. bottomed by drift clays. These old valleys, 

now buried by drift materials, and other re-entrant areas cut in the margin of 

the Trenton limestone in the eastern part of McLean, where the St. Peter 

sandstone c n be seen under the gravel deposits of the high terrace, without 

the presence of the Trenton limestone, were caused by the surface erosions 

which removed the limestone in pre-glacial (or inter-glacial) times; for there is 

every evidence to show that the limestone once was continuous across the 

Mississippi valley from Washington county to Dakota county as well as from 

Ramsey to Henllepin, although below the mouth of the Minnesota the gorge 

of the Mississippi is much wider and the old bluffs are obscured by the drift 
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The St. Peter sandstone is about 150 feet thick. It has no noteworthy 

variations of character, so far as seen in Ramsey county, and it has already 

been described so many times that its lithological features need not be re

peated. At the base of Dayton's bluff, in the eastern part of the city of St. 

Paul, were seen, some years ago, the same pores, or Arenicolites tubes that , 
have been mentioned in the reports on Dakota and Rice counties.* 

Formations below the St. Peter sandstone in Ramsey county. Several deep 

wells have penetrated the strata that lie below the St. Peter sandstone. A 

well drilled in 1877 at the reform school, S. E. i of sec. 34, Rose, had th'e 
• Compare vol. i, p. 656. 
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following record according to Mr. F. McCormick, secretary of the school. This 

. well, however, does not pass through the St. Peter sandstone. 

1. Black soil, loamy, 

2. Gravel, 

3. C~ay, 

4. Coarse gravel, 

5. Fine sand, 

6. 00arse gravel, 

7. Fine sand, 

8. Coarse sand, 
9. Boulders, 

10. Limerock, -

11. Clay, 

12. Sand, with water, -

13. Shell rock, with clay 
14. Hard limerock, 

15. Clay, 

16. Hard rock, -
17. Blue clay, 

18. Hard rock, -

19. Bl~e clay, 
20. Limerock, -
21. Clay; light colored, 

22. Clay; dark colored, 
23. Clay; yellow, -

24. Clay; blue, 

25. Clay; blue, very hard, 
26. Blue clay, -

27. Limestone; hard, 
28. Blue soapstone, 

29. Limerock, 

30. Blue soapstone, 

31. Limerock, 
32. Blue limestone, 
33. Blue clay, 

34. White sandrock, 

Whole depth, 

The deep 1IJell at the refotm school. 

2 feet. 

3 feet. 

~ foot. 
13 feet. 

1 foot. 

1 foot. 
, 1 foot. 

13 feet. 

2 feet. 

i foot. 
3 feet. 
2 feet. 

6:1 feet. 
7 feet. 
2 feet. 
1 foot. 

4 feet. 
4 feet. 

1 foot. 

3 feet. 
6 feet. 
5 feet. 

4 feet. 
5 feet. 
8 feet. 

28 feet. 
1 foot. 

6 feet. 
3 feet. 

3) feet. 
I} feet. 

28~ feet. 
5 feet. 

77} feet. 

- 252 feet. 

An abundant supply of water was obtained at the depth of 150 feet. 

This supply, however, was not tested until after the well had been bored one 

hundred feet below it. The drill at that point became fixed and immovable, 

so that the contractor was wholly unable to proceed further, when, after ex

perimenting with pumps, it was found that the supply was sufficient for all 

practical purposes. . The water was obtained after drilling about ten feet in 

the limerock of No. 32. From this source the water rose in the well about 

80 feet. The water is snpposed to be of excellent quality. [F. McCormick.] 

The drift was found thirty-six and a half feet in thickness; the entire 

TrentQn 114 feet, so far as preserved above the St. Peter sandstone. This 
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cannot be assumed, with entire certainty, to have been the original thickness 

of the Trenton format.ion, but it may have been several times as thick when 

first it became dry-land. The rest of the palreozoic, the whole of the mesozoic 

and of cenozoic time, including the operation of the drift agents, has elapsed; 

and, if the erosions that are seen to have taken place in other rocks may be 

taken as a guide, the Trenton formation may be considered to have covered 

the whole of Ramsey county, and to have been as thick as it is now found to 
/ 

be in Goodhue and Rice counties. 

The deep well at elevator "B," St. Paul. 

This is situated near the centre of the southwest quarter of the southeast 

quarter of section twenty-five, on the line of the St. Paul, Minneapolis and 

Manitoba railroad, and begins about 855 feet above the sea. The entire depth 

is 850 feet. Water stood at thirty-five feet below the surface during the 

entire progress of the work.* 
]. Dark gray, fine sand, 
2. Dark gray, fine sand, 
3. Light gray, shaly limestone, 
4. The same, 

5. Light yellowish gray, very fine grained, arenaceous (?) shaly, 
6. Fine-grained, white sandstone, 

7. Light gray; somewhat argillaceous, fine-grained, apparently sandstone, 
8. Buff magnesian limestone in angular fragments, 
9. Fine-grained, white quartz sandstone, water-rounded, 

10. Buff magnesian limestone, 
11. Fine, light yellowish powder, no grains visible, 
12. White sandstone, in small part iron-rusted, water-rounded, 
13. Light buff, gritty stone, like the core of the diamond drill in the Harvester 

Works well, 
14. Sand, light gray, or nearly white, 
15. Light gray shale, 
16. Very fine bluish shale, 
17. Very fine light gray shale, 

18. Very fine light yellowish gray sandstone, some~hat argillaceous, 
19. Very fine sandstone, with some dark green grains, 
20. Very fine shale, olive green, -
21. Nearly the same as the last, with some sand, 
22. Light gray shale, with some sand, _ 
23. Fine-grained sandstone, dark gray, 
24. Light gray shale, very fine-grained, 

25. Very fine, dark buff, siliceous, non-effervescing, with occasional rounded quartz 
grains, but generally homogeneous, _ _ _ _ _ _ 

26. Green shale, or ground up greenstone, 
27. Same as No. 25, but gray rather than buff, 
28. Same as the last; fine buff sandstone, 
29. Unknown, 

40 feet. 
40-58 feet. 
58--63 feet. 
63-69 feet. 
69--83 feet. 

83-235 feet. 
235-265 feet. 
265-300 feet. 
300-320 feet. 
320-335 feet. 
335-375 feet. 
375-436 feet. 

436-437 i feet. 
437H78 feet. 
478-515 feet. 
515-523 feet. 
523-529 feet. 
529-540 feet. 
540-560 feet. 
560-589 feet. 
589--604 feet. 
604-672 feet. 
672-738 feet. 
738--761 feet. 

671-774 feet. 
77~798 feet. 
798-820 feet: 
820-8~8 feet. 
828-850 feet. 

* The drillings from this well were examined by Mr. Warren Upham, through the courtesy of~. W. S, Tilnerm"n. 
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The first well drilled at the St. Paul Harvester Works. 

This was located in the rattling, or chipping, room of the foundry, at a 

hight of about fifteen feet above Phalen creek near by, or about 863 feet above 

the sea.* This well was drilled by W. N. Cary, to the depth of 582 feet 

(claimed by Mr. Cary to be 602 feet), when his work ceased. In the winter 

of 1882-3 it was continued, by a diamond drill, under the management of 

Joseph Susor, to the depth of 626k feet. The only samples preserved from 

this well, so far as known, were from the part drilled by Mr. Susor. They 

are from 10, 20, 30, and 44 feet below 582 feet. These are pulverized, 

darkish gray, shaly, siliceous, probably dolomitic, agreeing with the core ob

tained from the second well ~t a corresponding depth. Owing to the sup

posed bed of iron and iron ore (reported to be very hard to drill) in the first 

well, a second one was drilled, at a point about fifteen rods north from the first, 

on land about eight feet higher, or approximately 871 feet above the sea.. 

Mr. Cary drilled in this well, during the summer and autumn of 1882, to the 

depth of 515k feet. Mr. Susor, with a diamond drill, penetrated 156 feet 

further, or to a total depth of 67B feet. A very complete set of the samples 

from this well were courteously supplied by Mr. Kirk, from the drillings pre

served in the office of the Harvester Works at St. Paul. Mr. Cary drilled a 

hole six inches in diameter; the core obtained by the diamond drill is about 

an inch in diameter. The water stands constantly in each well at 35 or 40 

feet below the surface. The following descriptions of these drillings are 

essentially as prepared by Mr. Upham. Rock was reached at 235 feet. 
1. Dark, sandy and clayey loam, 
2. Gray ~nd and fine gravel containing pebbles up to three-quarters of an inch in 

diameter, 
3. Same, with pebbles up to one and a half inches in diameter, 
4. Yellowish coarse sand, 
5. Yellowish sand and gravel, with pebbles up to one-half inch, -
6. Yellowish sand and fine gravel, 
7. Light gray ~nd and fine gravel, 
8. Light gray ~nd and fine gravel, 
9. Light gray sand and fine gravel, 

10. Light gray, fine sand and pebbles up to one and one:half inches, slate, green

stone, etc., 
11. Light gray, fine sand and pebbles up to three-quarters of an inch, including 

1-10 feet. 

10-20 feet. 
20-30 feet. 
30-40 feet. 
40-50 feet. 
50-60 feet. 
60-70 feet. 
70-80 feet. 
S0-90 feet. 

90-100 feet. 

some of granite, -
12. -Light gray sand and gravel, with small pebbles of granite, greenstone, etc., 

- 100-110 feet. 
110-120 feet. 

--.-The railroad at the Union depot, St Paul, is 701.5; water in Phalen creek, at the highest crossing of the St. Pa~l, Still
water and Taylors Falls railroad 845' water in this creek at the Harvester Works, 848; Phalen lake, 854. Concermng the 
alleged discovery of a deposit of m'etallic iron and magnetic iron ore in thill well, be~inninlO at the depth of 560 filet, and reaching 
below at least 42 feet, Bee the Pioneer Press for Aug. 24, 1882. 

46 

RAMSEY COUNTY. 361 
Deep wells.] 

The first well drilled at the St. Paul Harvester Works. 

This was located in the rattling, or chipping, room of the foundry, at a 

hight of about fifteen feet above Phalen creek near by, or about 863 feet above 

the sea.* This well was drilled by W. N. Cary, to the depth of 582 feet 

(claimed by Mr. Cary to be 602 feet), when his work ceased. In the winter 

of 1882-3 it was continued, by a diamond drill, under the management of 

Joseph Sus or, to the depth of 626z feet. The only samples preserved from 

this well, so far as known, were from the part drilled by Mr. Susor. They 

are from 10, 20, 30, and 44 feet below 582 feet. These are pulverized, 

darkish gray, shaly, siliceous, probably dolomitic, agreeing with the core ob

tained from the second well ~t a correspondillg depth. Owing to the sup

posed bed of iron and iron ore (reported to be very hard to drill) in the first 

well, a second one was drilled, at a point about fifteen rods north from the first, 

on land about eight feet higher, or approximately 871 feet above the sea.. 

Mr. Cary drilled in this well, during the summer and autumn of 1882, to the 

depth of 515t feet. Mr. Susor, with a diamond drill, penetrated 156 feet 

further, or to a total depth of 67H feet. A very complete set of the samples 

from this well were courteously supplied by Mr. Kirk, from the drillings pre

served in the office of the Harvester Works at St. Paul. Mr. Cary drilled a 

hole six inches in diameter; the core obtained by the diamond drill is about 

an inch in diameter. The water stands constantly in each well at 35 or 40 

feet below the surface. The following descriptions of these drillings are 

essentially as prepared by Mr. Upham. Rock was reached at 235 feet. 
1. Dark, sandy and clayey loam, 
2. Gray sand and fine gravel containing pebbles up to three-quarters of an inch in 

diameter, 
3. Same, with pebbles up to one and a half inches in diameter, 

4. Yellowish coarse sand, 
5. Yellowish sand and gravel, with pebbles up to one-half inch, -

6. Yellowish sand and fine gravel, 
7. Light gray sand and fine gravel, 
S. Light gray sand and fine gravel, 
9. Light gray sand and fine gravel, 

10. Light gray, fine sand and pebbles up to one and one:half inches, slate, green

stone, etc., 
11. Light gray, fine sand and pebbles up to three-quarters of an inch, including 

1-10 feet. 

10-20 feet. 
20-30 feet. 
30-40 feet. 
40-50 feet. 
50-60 feet. 
60-70 feet. 
70--80 feet. 
S0-90 feet. 

90-100 feet. 

some of granite, -
12. -Light gray sand and gravel, with small pebbles of granite, greenstone, etc., 

- 100-nO feet. 
110-120 feet. 

--.-The railroad at the Union depot, St Paul, is 701.5; water in Phalen creek, at the higbest crossing of the St. Pa~l, Still
water and Taylors Falls railroad, 845; water in this creek at the Harvester Work., 848; Pbalen lake, 854. Concermng ~he 
alleged discovery of a deposit of metallic iron and magnetic iron ore In thi. well, be~innin~ at the depth of 560 foet, and reachlDg 
below at least 42 feet, Bee the Pioneer Pres. for Aug. 24, 1882. 
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--.-The railroad at the Union depot, St Paul, is 701.5; water in Phalen creek, at the higbest crossing of the St. Pa~l, Still
water and Taylors Falls railroad, 845; water in this creek at the Harvester Work., 848; Pbalen lake, 854. Concermng ~he 
alleged discovery of a deposit of metallic iron and magnetic iron ore In thi. well, be~innin~ at the depth of 560 foet, and reachlDg 
below at least 42 feet, Bee the Pioneer Pres. for Aug. 24, 1882. 
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THE GEOLOGY OF MINNESOTA. 
[Deep welle. 

Light gray sand and gravel, with small pebbles up to one-half inch, - 120--130 feet. 
Light gray sand and fine gravel, 130--140 feet. 
Light reddish gray sand, with rare greenstone pebbles up to one and one-half 

inches in diameter, - 140--150 feet .. 
Light reddish gray saud, with pebbles (rare) up to two inches in diameter, 150--160 feet. 
Light reddish gray sand, with pebbles up to one and one-half inches, - - 160-170 feet. 
Light gray sand, with pebbles up to one inch in diameter, 170-180 feet. 
Coarse gravel, largely made up of pebbles (from the northeast) up to one and 

one-half inches, - - 180--190 feet. 
Similar to last but containing more sand intermixed, 190--200 feet. 
Same, mostly finer, but with occasional pebbles up to two inches (one a reddish 

porphyry, from lake Superior), - - 200-210 feet. 
Coarse gravel, mostly pebbles up to two inches, with little sand, 210--220 feet. 
Yel\owishsand, with few gravel stones (these probably from the stratum above), 220--230 feet. 
The pulverized drilling contains a large proportion of broken, angular frag-

ments (up to one-third of an inch) of buff magnesian limestone (with some 
sand and gravel stones); the rock is said to have been struck at two hundred 
and thirty-five feet, - 230--240 feet. 

Light yellowish, very fine powder, slightly caked in the box, including no coarse 
particles or fragments; effervescing freely, - 240--250 feet. 

Light buff; drillings intermediate in character between the last two, - - 250--260 feet. 
Similar to the last, but more arenaceous, mainly very fine, granular (fractured), 

angular (also containing sand and occasional small pebbles, doubtless from. 
above two hundred and thirty-five feet,) 260--270 feet. 

Light buff magnesian limestone, in fine (from dust up to one-twelfth of an inch) 
angular fragments, with grains of rounded quartz, - 270-280 feet. 

Magnesian limestone, yellowish buff, containing a considerable proportion of 
white quartz particles, some of them rounded by water, up to one-twentieth 
of an inch in diameter, with arenaceous chert and quartz geodes, -

Mostly very fine yellowish powder (dust) nearly like No. 25, but also containing 
frequent angular particles up to one-quarter of an inch in diameter, of magne-

280--290 feet. 

sian limestone, - 290--300 feet. 
[The samples from three hundred to three hundred and fifty were wanting 

and could not be found nor learned of. This part is probably limestone, 
which lies both above and below.] 

Mostly fine, light gray powder, with angular fragments up to one-eighth of an 
inch, of fine-grained magnesian limestone thal; effervesce freely, _ 

Sandstone; light yellowish, fine, largely (half or more) composed of white quartz 
grains, well rounded, up to one-thirtieth of an inch in diameter, with dolo
mitic powder, 

Limestone; light yellowish buff, nearly like No. 36, excepting color, 
Sandstone; light gray; all the grains water-rounded mostly one-sixtieth to 

one-twentieth of an inch in diameter, or finer; none coarser than one-twen-
tieth of an inch, 

Same as last, mostly beautifully rounded white quartz grains, with pieces of 
coal, metallic iron and furnace slag, 

Same as last, becoming more yellowish, with a few bits of coal and battered 
scales of metallic iron. 

Same, with a few grains of shining black coal and scales of metallic iron the 
latter largely oxydized, - _ _ _ _ _ _' 

Same, but finer and whiter; grains not exceeding one-fortieth of an inch all 

350--360 feet. 

360--370 feet. 
370-380 feet. 

380--.;390 feet. 

390--400 feet. 

400--410 feet. 

410--420 feet. 
. , 

well rounded, with some pyrite, and a few iron scales, 420--430 feet. 
Same as last; very light yellowish, with slight traces of coal and iron scales 430-440 feet. 
Same as the two preceding, with a few grains of pyrite with grains of rounde~ 

quartz firmly cemented to them and scales of iron, _ _ _ 

Still1iner water-worn sandstone, very light gray, IIlmost white, .• 
440--450 feet. 

- 450--460 teet. 
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Light gray sand, with pebbles up to one inch in diameter, 170-180 feet. 

Coarse gravel, largely made up of pebbles (from the northeast) up to one and 
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particles or fragments; effervescing freely, - 240-250 feet. 
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angular (also containing sand and occasional small pebbles, doubtless from. 

above two hundred and thirty-five feet,) 260-270 feet. 
28. Light buff magnesian limestone, in fine (from dust up to one-twelfth of an inch) 

angular fragments, with grains of rounded quartz, - 270-280 feet. 
29. Magnesian limestone, yellowish buff, containing a considerable proportion of 

white quartz particles, some of them rounded by water, up to one-twentieth 

of an inch in diameter, with arenaceous chert and quartz geodes, - 280-290 feet. 
30. Mostly very fine yellowish powder (dust) nearly like No. 25, but also containing 
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frequent angular particles up to one-quarter of an inch in diameter, of magne-

sian limestone, - 290-300 feet. 
[The samples from three hundred to three hundred and fifty were wanting 

and could not be found nor learned of. This part is probably limestone, 
which lies both above and below.] 

Mostly fine, light gray powder, with angular fragments up to one-eighth of an 
inch, of fine-grained magnesian limestone tha't effervesce freely, 

Sandstone; light yellowish, fine, largely (half or more ) composed of white quartz 

grains, well rounded, up to one-thirtieth of an inch in diameter, with dolo
mitic powder, 

Limestone; light yellowish buff, nearly like No. 36, excepting color, 

Sandstone; light gray; all the grains water-rounded mostly one-sixtieth to 
one-twentieth of an inch in diameter, or finer; none coarser than one-twen-
tieth of an inch, 

Same as last, mostly beautifully rounded white quartz grains, with pieces of 
coal, metallic iron and furnace slag, 

Same as last, becoming more yellowish, with a few bits of coal and battered 
scales of metallic iron. 

Same, with a few grains of shining black coal and scales of metallic iron the 
latter largely oxydized, - _ _ _ _ _ _' 

Same, but finer and whiter; grains not exceeding one-fortieth of an inch all 
well rounded, with some pyrite, and a few iron scales, ' 

Same as last; very light yellowish, with slight traces of coal and iron scales 
Same as the two preceding, with a few grains of pyrite with grains of rounde~ 

quartz firmly cemented to them and scales of iron, _ _ _ 

350-360 feet. 

360-370 feet. 

370-380 feet. 

380-.390 feet. 

390-400 feet. 

400-410 feet. 

410-420 feet. 

420-430 feet. 

430-440 feet. 

440-450 feet. 
Still finer water-worn sandstone, very light gray, !Iolmost white, • 450-460 feet. 
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27. Similar to the last, but more arenaceous, mainly very fine, granular (fractured), 
angular (also containing sand and occasional small pebbles, doubtless from. 

above two hundred and thirty-five feet,) 260-270 feet. 
28. Light buff magnesian limestone, in fine (from dust up to one-twelfth of an inch) 

angular fragments, with grains of rounded quartz, - 270-280 feet. 
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white quartz particles, some of them rounded by water, up to one-twentieth 
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frequent angular particles up to one-quarter of an inch in diameter, of magne-

sian limestone, - 290-300 feet. 
[The samples from three hundred to three hundred and fifty were wanting 

and could not be found nor learned of. This part is probably limestone, 
which lies both above and below.] 

Mostly fine, light gray powder, with angular fragments up to one-eighth of an 
inch, of fine-grained magnesian limestone tha't effervesce freely, 

Sandstone; light yellowish, fine, largely (half or more ) composed of white quartz 
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well rounded, with some pyrite, and a few iron scales, ' 

Same as last; very light yellowish, with slight traces of coal and iron scales 
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410-420 feet. 

420-430 feet. 

430-440 feet. 

440-450 feet. 
Still finer water-worn sandstone, very light gray, !Iolmost white, • 450-460 feet. 



RAMSEY COUNTY. 
In West St. Pau!.] 

47. Coarse (up to one-twentieth of an inch), with much also that is very fine; yel

lowish gray; well water-worn. with iron scales (rusted) and grains of a black 

363 

scoria; also contains traces of green shale and some dolomitic powder, - 460-470 feet. 
48. Very fine; very light yellowish; well rounded; much like No. 46, with coal 

(anthracite), one piece being three-tenths of an inch in diameter; scoria and 

scales of iron, 470-480 feet. 

49. Very fine; light leaden gray, arenaceous (and perhaps dolomitic) shale; (caking 
somewhat in the box) effervesces, 480-490 feet. 

50. Very fine (more so than last); light dusky gray, arenaceous shale; caking harder 

than the last, 490-500 feet. 
51. Similar to the last but more arenaceous, with much sand of white quartz, up to 

one-hundredth of an inch in diameter, 500-515 feet. 
[At five hundred and fifteen feet the pulverized drillings stop, and the re-

mainder of this well is represented by samples of the core of the diamond drill, 
about one inch in diameter. ] 

The diamond drill cores obtained in the second well below the depth of 515~ feet had the following 

characters, as described by Mr. Upham, viz.: at 555 feet a piece six inches in length was gray, compact 
and hard, fine-grained sandrock, probably dolomitic, inclosing occasional shaly, darker laminre, and 

having in some portions dark specks of greensand; at 578 feet a core eighteen inches in length showed the 
same rock; at 590 feet a core twelve inches in length was of a light, yellowish-buff, compact and 

hard, very fine-grained sandrock, probably dolomitic, containing mica-scales (?) (very minute sbining 

facettes), not shali, and having less greensand; at 626 feet a piece of the core, eleven inches in length, 
was similar to the last, but with light-green streaks and irregular blotches, up to one-quarter of an inch 
thick, vertically, yet Dot more than three-quarters of an inch long, thinning at each side to one-twentieth 

of an inch or less in thickness, with some fine shale; at, and below, the depth of 650 feet, a core measur
ing about five feet in length was preserved, representing a thickness of rock strata about ten feet thick, 

consisting of a rock that was hard and compact, alternately arenaceous and shaly, probably dolomitic, in 
color about one-tenth part buff, about one-half dusky gray, and about two-fifths dark green; the layers of 

dark greensand, not so hard as the other portions, vary from one-twentieth of an inch to two or three 

inches in thickness, being interbedded with the dusky and buff layers. 
In this well the rock was struck at the depth of two hundred and thirty-five feet. This was the 

same as seen in the river at Red Rock, and at points further down the Mississippi, amounting in its full 

thickness to 150 feet. Then caine 100 feet of sandstone, the stratum which appears at the river level a 
few miles north of Hastings; the "pieces of coal, mefullic iron and furnace slag" which Mr. Cary discovered 
in this part of the )Vell, were probably derived from the furnace and fuel rooms of the Harvester Works, 

and through some ina~vertence of the workmen was introduced from above. This sandstone, which is 

the stratum which appears at Jordan, a short distance above Shakopee, in the Minnesota valley, and 
. hence called Jordan sand.stone, seems to have gradually become shaly through a thickness of thirty-five 

feet, acquiring greensand, and passes into a dolomitic shale, and even into a dolomite, in which last con
dition it is the St. Lawrence limestone, and it appears at St. Lawrence, in the Minnesota valley, and in 

the lower part of the bluffs at Red Wing. In this shaly and greensand member the well penetrated 

about 180 feet. 
In West St. Paul are numerous artesian deep wells. These are situated on the low land within the 

ancient rock gorge and vary in depth from 200Jeet to 375 feet. The flow of water is sufficient to rise 
from 20 to 30 feet above the natural surface. The water obtained is very clear, pure and wholesome. 

It is soft. The source is the St. Croix sandrock. It appears, from the testimony of owners, that a flow of 
IIrtesi~n water gene~ally begins at the depth of about 100 feet, and increases as the depth of the drill in

creases. These flowing wells are owned. by Isaiah St. Pierre, W m. A Fitzer, C. B. Lawton, Matt. Eaton, 

the city of St. Paul, the Crescent Creamery company, the Spa Bottling company, M. Bruggamann, Hor

man and A. M. Lawton, and by the Minnesota and Northwestern Railway company. 
The well of M. Bruggamann is 371 feet deep, situated at the brewery, near the foot of the St. Peter

Trenton bluff. It flows constantly, and rises now about 20 feet above the surface, although it formerly 

rose about 30 feet. It is said to be obstructed by sand that is accumulated[in the bottom of the well. 
ThlJ well of Horman and A. M. Lawton is 244~ feet deep. It passed through about 90 feet of clay, 

sand, etc., belonging to the alluvium of the valley, from 50 to 60 feet of hard rock, probably limestone, 
from J:>elow which, water rose to the surface. The drill then passed through some softer rock (probably the 
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It is soft. The source is the St. Croix sandrock. It appears, from the testimony of owners, that a flow of 
IIrtesi~n water gene~ally begins at the depth of about 100 feet, and increases as the depth of the drill in

creases. These flowing wells are owned. by Isaiah St. Pierre, W m. A Fitzer, C. B. Lawton, Matt. Eaton, 

the city of St. Paul, the Crescent Creamery company, the Spa Bottling company, M. Bruggamann, Hor

man and A. M. Lawton, and by the Minnesota and Northwestern Railway company. 
The well of M. Bruggamann is 371 feet deep, situated atthe brewery, near the foot of the St. Peter

Trenton bluff. It flows constantly, and rises now about 20 feet above the surface, although it formerly 

rose about 30 feet. It is said to be obstructed by sand that is accumulated[in the bottom of the well. 
Th!J well of Horman and A. M. Lawton is 244z feet deep. It passed through about 90 feet of clay, 

sand, etc., belonging to the alluvium of the valley, from 50 to 60 feet of hard rock, probably limestone, 
from pelow which, water rose to the surface. The drill then passed through some softer rock (probably the 
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hard, very fine-grained sandrock, probahly dolomitic, containing mic[1-scales (?) (very minute shining 
facettes), not shaly, and having less greensand; at 626 feet a piece of the core, eleven inches in length, 
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ancient rock gorge and vary in depth from 200Jeet to 375 feet. The flow of water is sufficient to rise 

from 20 to 30 feet above the natural surface. The water obtained is very clear, pure and wholesome. 

It is soft. The source is the St. Croix sandrock. It appears, from the testimony of owners, that a flow of 
IIrtesi~n water gene~ally begins at the depth of about 100 feet, and increases as the depth of the drill in

creases. These flowing wells are owned. by Isaiah St. Pierre, W m. A Fitzer, C. B. Lawton, Matt. Eaton, 

the city of St. Paul, the Crescent Creamery company, the Spa Bottling company, M. Bruggamann, Hor

man and A. M. Lawton, and by the Minnesota and Northwestern Railway company. 
The well of M. Bruggamann is 371 feet deep, situated atthe brewery, near the foot of the St. Peter

Trenton bluff. It flows constantly, and rises now about 20 feet above the surface, although it formerly 

rose about 30 feet. It is said to be obstructed by sand that is accumulated[in the bottom of the well. 
Th!J well of Horman and A. M. Lawton is 244z feet deep. It passed through about 90 feet of clay, 

sand, etc., belonging to the alluvium of the valley, from 50 to 60 feet of hard rock, probably limestone, 
from pelow which, water rose to the surface. The drill then passed through some softer rock (probably the 
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Richmond sandstone) about 30 feet, and then about 70 feet of harder rock, the probable equivalent of the 
Lower Magnesian limestone, striking sand, from which a strong flow of water rose to the surface. 

The well of the Crescent Creamery is 235 feet deep. 
Mr. Isaiah St. Pierre's well is 225 feet in depth. Water here began to overflow at about 100 feet, 

and increased to 225 as the drilling proceeded, but the greatest increase occurred at the point where the 
well stopped. Water rises 30 feet above the natural surface. Before striking the bed rock this well 
passed through about 75 feet of fine clay, an alluvial deposit of the river, and the equivalent of t.hat which 
is used at points a little further east, for brick-making. • 

Several wells have been sunk to greater depths on the high land further south, which is uuderlain 
by the Trenton limestone, with the expectation that the artesian flow would also be obtained there. But 
although some have gone down over 1100 feet, water rises only a little higher than in the wells drilled on 
the bottom-land. 

This supply of water is used by the city of St. Paul for fire protection on the west side of the river, 
and the supply is found to'be ample. It is well known that the porous St. Croix sandstone is an exten
sive stratum underlying this part of the state, and that it uniformly supplies pure water which sometimes 
flows over at the surface. The amount of water that might be taken from this sandstone is practically 
inexhaustible; probably no number of wells that could be sunk into it would be able to appreciably di
minish the volume of flow in the others. It is worthy of consideration whether the entire city of 
St. Paul could not cheaply procure pure water for domestic purposes by sinking several large wells to this 
sandrock and by the construction of pumping-stations and reservoirs, distribute it through the city 
much cheaper than that which now comes from the lakes in the northern part of the county. 

The deep well at Mendota. 

The flowing well at the railroad station at Mendota is 857 feet deep. It begins at 63 feet above the 
Mississippi at low water, within the river gorge, and so near the rock bluff composed of the Trenton lime
stone and St. Peter sandstone that the drill encountered some of the old, fallen masses of the limestone at 
some depth below the top of the sandstone .. This sandstone is visible in the immediate bluff, about fifty 
feet distant, and rises 47 feet above the top of the well, which latter is about 750 feet above the level of 
the sea. 

1. 

2. 
3. 

4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Limestone. [Fallen masses of the Trenton.- N. H. W.] - 22 feet. 
Brown sandrock, 60 feet. 
Blue shale, 30 feet. 

[The last of the above strata, designated blue shale, is probably not all blue shale. 
It holds the place of the Shakopee limestone, and is about on the horizon where 
the known upper strata of that formation, about a mile east of Hamilton, with the 
theoretical dip which must be assumed toward the northeast, would require the 
Shakopee.] 

Sandrock, 
Magnesian limestone, 
Sandrock, 
Gray shale, 
Green shale, -
Limestone, 
Blue shale, 
Sandrock, 
Gray shale, -
Green shale, 

Very hard red sandrock, inclosing beds ,of red shale, 

35 feet. 
145 feet. 
95 feet. 
50 feet. 

110 feet. 
10 feet. 
ao feet. 
50 feet. 
40 feet. 
35 feet .. 

145 feet. 
----

Total depth, - _ _ 857 feet 

. Of these, No. 2 ~ the lower part of the St. Peter sandstone, No.3 seems to represent the Shakope~ 
limestone, No.4 the RIChmond sandstone No 5 the main body of the Low M . I' , . er agneslan lmestone No. 
6 the JOrd~n sandstone, Nos. 7, 8, 9 and 10 the Mendota shales and limestone, of which No.9 is t~e St. 
Lawrence lImestone, No. 11 the Dresbach sandstone, Nos. 12 and 13 the lowest shale seen at Dresbach, 
the Dresbach shale, and No. 14 the Potsdam sandstone, the equivalent of Nos. 17-25 of the Hastings deep 
well, and No.7 of the Red Wing well. 
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Richmond sandstone) about 30 feet, and then about 70 feet of harder rock, the probable equivalent of the 

Lower Magnesian limestone, striking sand, from which a strong flow of water rose to the surface. 

The well of the Crescent Creamery is 235 feet deep. 

Mr. Isaiah St. Pierre's well is 225 feet in depth. Water here began to overflow at about 100 feet, 

and increased to 225 as the drilling proceeded, but the greatest increase occurred at the point where the 

well stopped. Water rises 30 feet above the natural surface. Before striking the bed rock this well 

passed through about 75 feet of fine clay, an alluvial deposit of the river, and the equivalent of that which 
is used at points a little further east, for brick-making. • 

Several wells have been sunk to greater depths on the high land further south, which is underlain 

by the Trenton limestone, with the expectation that the artesian flow would also be obtained there. But 

although some have gone down over 1100 feet, water rises only a little higher than in the wells drilled on 
the bottom-land. 

This supply of water is used by the city of St. Paul for fire protection on the west side of the river, 

and the supply is found to'be ample. It is well known that the porous St. Croix sandstone is an exten

sive stratum underlying this part of the state, and that it uniformly supplies pure water which sometimes 

flows over at the surface. The amount of water that might be taken from this sandstone is practically 

inexhaustible; probably no number of wells that could be sunk into it would be able to appreciably di
minish the volume of flow in the others. It is worthy of consideration whether the entire city of 

St. Paul could not cheaply procure pure water for domestic purposes by sinking several large wells to this 

sandrock and by the construction of pumping-stations and reservoirs, distribute it through the city 
much cheaper thau that which now comes from the lakes in the northern part of the county. 

The deep well at Mendota. 

The flowing well at the railroad station at Mendota is 857 feet deep. It begins at 63 feet above the 
Mississippi at low water, within the river gorge, and so near the rock bluff composed of the Trenton lime

stone ::md St. Peter sandstone that the drill encountered some of the old, fallen masses of the limestone at 
some depth below the top of the sandstone .. This sandstone is visible in the immediate bluff, about fifty 

feet distant, and rises 47 feet above the top of the well, which latter is about 750 feet above the level of 
the sea. 

1. Limestone. [Falleumasses of the Trenton.-N. H. W.] 22 feet. 

2. Brown sandrock, 60 feet. 

3. Blue shale, 30 feet. 

4. 
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8. 
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11. 
12. 

13. 
14. 

[The last of the above strata, designated blue shale, is probably not all blue shale. 

It holds the place of the Shakopee limestone, and is about on the horizon where 
the known upper strata of that formation, about a mile east of Hamilton, with the 

theoretical dip which must be assumed toward the northeast, would require the 
Shakopee.] 

Sandrock, 

Magnesian limestone, 
Sandrock, 
Gray shale, 
Green shale, -
Limestone, 
Blue shale, 
Sandrock, 

Gray shale, 
Green shale, 

Very hard red sandrock, inclosing beds.of red shale, 

35 feet. 

145 feet. 

95 feet. 

50 feet. 

110 feet. 

10 feet. 

ao feet. 

50 feet. 

40 feet. 

35 feet. 
145 feet. 

----
Total depth, - _ 857 feet 

. Of these, No. 2 ~ the lower part of the St. Peter sandstone, No.3 seems to represent the Shakope~ 
limestone, No.4 the RIchmond sandstone No 5 the main body of the Lowe M . l' t ' . r agnesian Imes one, No. 
6 the Jord~n sandstone, Nos. 7, 8, 9 and 10 the Mendota shales and limestone, of which No.9 is the St. 

Lawrence lImestone, No. 11 the Dresbach sandstone, Nos. 12 and 13 the lowest shale seen at Dresbach 
the Dresbach shale, and No. 14 the Potsdam sandstone, the equivalent of Nos. 17-25 of the Hastings dee~ 
well, and No.7 of the Red Wing well. 
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Richmond sandstone) about 30 feet, and then about 70 feet of harder rock, the probable equivalent of the 

Lower Magnesian limestone, striking sand, from which a strong flow of water rose to the surface. 

The well of the Crescent Creamery is 235 feet deep. 

Mr. Isaiah St. Pierre's well is 225 feet in depth. Water here began to overflow at about 100 feet, 

and increased to 225 as the drilling proceeded, but the greatest increase occurred at the point where the 

well stopped. Water rises 30 feet above the natural surface. Before striking the bed rock this well 

passed through about 75 feet of fine clay, an alluvial deposit of the river, and the equivalent of that which 
is used at points a little further east, for brick-making. • 

Several wells have been sunk to greater depths on the high land further south, which is underlain 

by the Trenton limestone, with the expectation that the artesian flow would also be obtained there. But 

although some have gone down over 1100 feet, water rises only a little higher than in the wells drilled on 
the bottom-land. 

This supply of water is used by the city of St. Paul for fire protection on the west side of the river, 

and the supply is found to'be ample. It is well known that the porous St. Croix sandstone is an exten

sive stratum underlying this part of the state, and that it uniformly supplies pure water which sometimes 

flows over at the surface. The amount of water that might be taken from this sandstone is practically 

inexhaustible; probably no number of wells that could be sunk into it would be able to appreciably di
minish the volume of flow in the others. It is worthy of consideration whether the entire city of 

St. Paul could not cheaply procure pure water for domestic purposes by sinking several large wells to this 

sandrock and by the construction of pumping-stations and reservoirs, distribute it through the city 
much cheaper thau that which now comes from the lakes in the northern part of the county. 

The deep well at Mendota. 

The flowing well at the railroad station at Mendota is 857 feet deep. It begins at 63 feet above the 
Mississippi at low water, within the river gorge, and so near the rock bluff composed of the Trenton lime

stone ::md St. Peter sandstone that the drill encountered some of the old, fallen masses of the limestone at 
some depth below the top of the sandstone .. This sandstone is visible in the immediate bluff, about fifty 

feet distant, and rises 47 feet above the top of the well, which latter is about 750 feet above the level of 
the sea. 

1. Limestone. [Falleumasses of the Trenton.-N. H. W.] 22 feet. 

2. Brown sandrock, 60 feet. 

3. Blue shale, 30 feet. 
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[The last of the above strata, designated blue shale, is probably not all blue shale. 

It holds the place of the Shakopee limestone, and is about on the horizon where 
the known upper strata of that formation, about a mile east of Hamilton, with the 

theoretical dip which must be assumed toward the northeast, would require the 
Shakopee.] 
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Magnesian limestone, 
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Gray shale, 
Green shale, -
Limestone, 
Blue shale, 
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Green shale, 

Very hard red sandrock, inclosing beds.of red shale, 

35 feet. 

145 feet. 
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ao feet. 
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Total depth, - _ 857 feet 

. Of these, No. 2 ~ the lower part of the St. Peter sandstone, No.3 seems to represent the Shakope~ 
limestone, No.4 the RIchmond sandstone No 5 the main body of the Lowe M . l' t ' . r agnesian Imes one, No. 
6 the Jord~n sandstone, Nos. 7, 8, 9 and 10 the Mendota shales and limestone, of which No.9 is the St. 

Lawrence lImestone, No. 11 the Dresbach sandstone, Nos. 12 and 13 the lowest shale seen at Dresbach 
the Dresbach shale, and No. 14 the Potsdam sandstone, the equivalent of Nos. 17-25 of the Hastings dee~ 
well, and No.7 of the Red Wing well. 
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Mr. W. E. SWim, who drilled this well, remarks that "No.5 of this well seems to be-the lIame 
limestone that outcrops at Hastings. We struck a crevice when we got 40 feet into this stratum from 
which the water began to flow at the rate of 40 gallons per minute. A second flow of water was obtained 
from No. 11 (sandrock). When we got through this sandrock the well flowed 300 gallons per minute. 
After we got through drilling we tubed the well and separated the upper vein of water from the lower 
vein, and we found' the lower water to be much softer than that which comes from the upper vein. We 
also found that the water from the lower vein rOlle 14 feet above the'surface, while that from the upper 
vein wouid rise only four feet. No water was obtaIned from the red sandrock (No. 14); there was no 
increase in the flow after passing through No. 11." 

The well at elevator B exhibits some irregularity. The" blue shale" which at Mendota seems to 
represent the Shakopee, below a thickness of a hundred and twenty-nine feet of sandstone (including 
forty-seven feet visible in the face of the bluff), is not mentioned at all. It may have been passed with
out being noted in the one hundred and fifty-two feet reported as sandrock, or it may be represented by 
Nos. 7 and 8. In the latter case it would coincide with the recognized dip of the Trenton between Men
dota and elevator B, which amounts to about twenty-five feet, bringing the top of the Shakopee at Men
dota at about six hundred and fifty-five feet above the sea level, and at elevator B six hundred and 
twenty feet. The underlying white sand (twenty feet) would be the Richmond sandstone which in the 
Mendoija well is reported to be thirty-five feet. This parallelism, however, requires the reduction of the 
main body of the Lower Magnesian from one hundred and forty-five feet, reported in the Mendota well, 
to fifty-five feet as reported in the elevator B well. The same stratum at Lakewood cemetery in the 
western part of Minneapolis city is given at eighty-five feet. 

In the case of the wells foregoing it seems necessary to state that the Shakopee formation dwindles 
toward the north and northeast in this latitude, as already well known further south. The sandy and 
clayey constituents increase at the expense of the calcareous. This is true also of the main body of the 
Lower Magnesian which at Hastings, and apparently at Stillwater, embraces one or more strata of white 
sand from ten to twenty feet in thickness. These are comparable to those thinner beds of white Band 
that are intercalated in the Shakopee, Been at Northfield. 

Any person who has had occasion to record and compare the reports of well drillers, or to obtain 
the drillings of wells for his own examination, will appreciate the difficulties and the uncertainties of 
such records. The drillings are not carefully preserved; the depths from which they are obtained are not 
accurately stated, nor even known, and the changes in the rock from stratum to stratum cannot be located 
with precisio~. Some broad stratigraphic distinctions, however, can generally be made out. 

THE DRIFT. 

Till. This portion of the drift deposits is nearly always red, or copper

oolored, in' Ramseyoounty, but it is looally affected by the shales of the 

Trenton, as seen along some of the cuts by the railroads between St. Paul 

and Minneapolis, so that it is blotched by green or blue. As a till it is apt 

to beoome rather gravelly, and even to be converted into gravel and sand 

wherever, in the courses of glacial drainage, the materials were washed and 

the olayey ingredient was removed by the transporting action of the turbu

lent waters. It is also covered, very generally, by later, and finer, deposits, 

suoh as loam, sandy loam, pebbly clay, and by the terraoe-deposits of the rivers. 

Further, a gray till is seen in some places, oocupying considerable areas, and 

its relation to the red,and to the gray pebbly olay which in some plaoes over

lies the red till, seems to be the same as that of some isolated gray till areas 

in Dakota oounty.* 
• See p. 85. 
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vein wouid rise only four feet. No water was obtaIned from the red sandrock (No. 14); there was no 
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sand from ten to twenty feet in thickness. These are comparable to those thinner beds of white sand 
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accurately stated, nor even known, and the changes in the rock from stratum to stratum cannot be located 

with precision. Some broad stratigraphic distinctions, however, can generally be made out. 

THE DRIFT. 

Till. This portion of the drift deposits IS nearly always red, or copper

colored, in' Ramsey county, but it is locally affected by the shales of the 

Trenton, as seen along some of the cuts by the railroads between St. Paul 

and Minneapolis, so that it is blotched by green or blue. As a till it is apt 

to become rather gravelly, and even to be converted into gravel and sand 

wherever, in the courses of glacial drainage, the materials were washed and 

the clayey ingredient was removed by the transporting action of the turbu

lent waters. It is also covered, very generally, by later, and finer, deposits, 

such as loam, sandy loam, pebbly clay, and by the terrace-deposits of the rivers. 
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• See p. 85. 
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such records. The drillings are not carefully preserved; the depths from which they are obtained are not 

accurately stated, nor even known, and the changes in the rock from stratum to stratum cannot be located 

with precision. Some broad stratigraphic distinctions, however, can generally be made out. 

THE DRIFT. 

Till. This portion of the drift deposits IS nearly always red, or copper

colored, in' Ramsey county, but it is locally affected by the shales of the 

Trenton, as seen along some of the cuts by the railroads between St. Paul 

and Minneapolis, so that it is blotched by green or blue. As a till it is apt 

to become rather gravelly, and even to be converted into gravel and sand 

wherever, in the courses of glacial drainage, the materials were washed and 

the clayey ingredient was removed by the transporting action of the turbu

lent waters. It is also covered, very generally, by later, and finer, deposits, 

such as loam, sandy loam, pebbly clay, and by the terrace-deposits of the rivers. 

Further, a gray till is seen in some places, occupying considerable areas, and 

its relation to the red, and to the gray pebbly clay which in some places over

lies the red till, seem~ to be the same as that of some isolated gray till areas 

in Dakota county.* 
• See p. 85. 
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At St. Paul the red hardpan is found uniformly in excavating for buildings 

in all that low area about the level,* and in the deep cuts through the gravelly 

bluff north of East Third street. Although here it is covered with sometimes 

more than forty feet of lighter-colored drift-materials, mainly gravel and sand, 

it emerges from under these immediately on getting outside the valley either 

north or south. Its relation to these stratified materials is partly that of 

underlying them and partly that of gradual transition into them horizontally 

and also perpendicularly. At those points where some deep excavation has 

been carried on, as along Mississippi street, and at the cuts made by the 

St. Paul and Northern Pacific railroad, these relations are well exhibited. 

The gradual transitions from the till to gravel and sand, as well as the occa

sional occurrence of small masses of till in the midst of assorted and stratified 

gravel and sand, show that the two were being accumulated contemporaneously, 

or remittently. The agent that brought the till also brought, at the same 

time, the gravel and sand, the only difference that can be deduced from the 

facts being referable to the difference in the local circumstances attending, and 

therefore modifying the method of immediate deposition. Where water was 

present in sufficient quantity to wash it and assort it and stratify it, then the 

whole was converted to gravel and sand. Otherwise it was deposited as till. 

It is for that reason that along the great valleys are strewn vast deposits of 

gravel in the form of terraces, and that such gravel forms extensive plain~ 

where formerly waters were spread that bore detrital matter directly from the 

ice-fields of the contiguous region. Such waters and such ice, bearing such 

materials, were concentrated at St. Paul, by the action of the Trenton 

plateaus which have been described, one running northwest and one northeast 

from St. Paul. This powerful erosive agent entered the great valley where 

Phalen's creek now enters it, and it operated not only to open and enlarge the 

break in the Trenton limestone, but to cover it, and the surrounding bluffs, 

with the changed till which was supplied by the ice and water. Hence as one 

passes northward, at this place, from the Mississippi, the cuts reveal a con~ 

stantly increasing percentage of unassorted drift, and it finally is changed 

entirely to unwashed till. 

The following figures were sketched from nature, intended to show some 

of the appearances in the drift just at the point where the waters were not 
* In !ome of the excavations at St. Paul, in the lower portion ot the city, but not near the river, a gray till Is found, and 

there may be considerable of it even under the water of the river Itself, filling a deep gor" •. 

366 THE GEOLOGY OF MINNESOTA. 
[Detrital matter. 

At St. Paul the red hardpan is found uniformly in excavating for buildings 

in all that low area about the level,* and in the deep cuts through the gravelly 

bluff north of East Third street. Although here it is covered with sometimes 

more than forty feet of lighter-colored drift-materials, mainly gravel and sand, 

it emerges from under these immediately on getting outside the valley either 

north or south. Its relation to these stratified materials is partly that of 

underlying them and partly that of gradual transition into them horizontally 

and also perpendicularly. At those points where some deep excavation has 

been carried on, as along Mississippi street, and at the cuts made by the 

St. Paul and Northern Pacific railroad, these relations are well exhibited. 

The gradual transitions from the till to gravel and sand, as well as the occa

sional occurrence of small masses of till in the midst of assorted and stratified 

gravel and sand, show that the two were being accumulated contemporaneously, 

or remittently. The agent that brought the till also brought, at the same 

time, the gravel and sand, the only difference that can be deduced from the 

facts being referable to the difference in the local circumstances attending, and 

therefore modifying the method of immediate deposition. Where water was 

present in sufficient quantity to wash it and assort it and stratify it, then the 

whole was converted to gravel and sand. Otherwise it was deposited as till. 

It is for that reason that along the great valleys are strewn vast deposits of 

gravel in the form of terraces, and that such gravel forms extensive plaine 

where formerly waters were spread that bore detrital matter directly from the 

ice-fields of the contiguous region. Such waters and such ice, bearing such 

materials, were concentrated at St. Paul, by the action of the Trenton 

plateaus which have been described, one running northwest and one northeast 

from St. Paul. This powerful erosive agent entered the great valley where 

Phalen's creek now enters it, and it operated not only to open and enlarge the 

break in the Trenton limestone, but to cover it, and the surrounding bluffs, 

with the changed till which was supplied by the ice and water. Hence as one 

passes northward, at this place, from the Mississippi, the cuts reveal a con~ 

stantly increasing percentage of unassorted drift, and it finally is changed 

entirely to unwashed till. 

The following figures were sketched from nature, intended to show some 

of the appearances in the drift just at the point where the waters were not 
• In eome of the excavations at St. Paul, in the lower portion of the city, but not near the river, a gray till Is found, and 

there may be considerable of It even under the water of the river itself, filling a deep gor" •. 

366 THE GEOLOGY OF MINNESOTA. 
[Detrital matter. 

At St. Paul the red hardpan is found uniformly in excavating for buildings 

in all that low area about the level,* and in the deep cuts through the gravelly 

bluff north of East Third street. Although here it is covered with sometimes 

more than forty feet of lighter-colored drift-materials, mainly gravel and sand, 

it emerges from under these immediately on getting outside the valley either 

north or south. Its relation to these stratified materials is partly that of 

underlying them and partly that of gradual transition into them horizontally 

and also perpendicularly. At those points where some deep excavation has 

been carried on, as along Mississippi street, and at the cuts made by the 

St. Paul and Northern Pacific railroad, these relations are well exhibited. 

The gradual transitions from the till to gravel and sand, as well as the occa

sional occurrence of small masses of till in the midst of assorted and stratified 

gravel and sand, show that the two were being accumulated contemporaneously, 

or remittently. The agent that brought the till also brought, at the same 

time, the gravel and sand, the only difference that can be deduced from the 

facts being referable to the difference in the local circumstances attending, and 

therefore modifying the method of immediate deposition. Where water was 

present in sufficient quantity to wash it and assort it and stratify it, then the 

whole was converted to gravel and sand. Otherwise it was deposited as till. 

It is for that reason that along the great valleys are strewn vast deposits of 

gravel in the form of terraces, and that such gravel forms extensive plaine 

where formerly waters were spread that bore detrital matter directly from the 

ice-fields of the contiguous region. Such waters and such ice, bearing such 

materials, were concentrated at St. Paul, by the action of the Trenton 

plateaus which have been described, one running northwest and one northeast 

from St. Paul. This powerful erosive agent entered the great valley where 

Phalen's creek now enters it, and it operated not only to open and enlarge the 

break in the Trenton limestone, but to cover it, and the surrounding bluffs, 

with the changed till which was supplied by the ice and water. Hence as one 

passes northward, at this place, from the Mississippi, the cuts reveal a con~ 

stantly increasing percentage of unassorted drift, and it finally is changed 

entirely to unwashed till. 

The following figures were sketched from nature, intended to show some 

of the appearances in the drift just at the point where the waters were not 
• In eome of the excavations at St. Paul, in the lower portion of the city, but not near the river, a gray till Is found, and 

there may be considerable of It even under the water of the river itself, filling a deep gor" •. 



I 

2 

RAMSEY COUNTY. 367 
Drift.] 

able to wash completely and arrange Ill· concordant strat:;t, all the crude till 

that was supplied by the moving ice. 

FIG. 24. SECTION OF THE DRIFT ON MISSISSIPPI STREET. 

EXPLANATION OF THE SECTION ON MISSISSIPPI STREET. 

1. Sandy loam, underlain by gravel and sand; loam, 2-5 feet thick; gravel and sand, 10 feet. 
2. Fine sand, handsomely stratified, passing below to fine clay, seen 15-18 feet. 
3. Lens of red till, embraced in the strata of fine clay, about 4 feet thick. 
The point of interest in this section is the lens of till in the midst of strata of fine clay, both being 

red. In other places adjacent the strata pass into till, retaining some of their characters of stratification; 
lines of gravel, or of stony till, are evident in the fine clay strata, some of them being only six or eight 
inches thick. The stratification is seen in some cases, running into, and permeating the till so that it is 
difficult to say whether it should be styled till or stratified clay. Yet, in such a case, it is not entirely 
clay, since it embraces stones (10 inches and less) and pebbles that a~e w'lter-worn. Some stones also are 
glaciated. The till changes horizontally, by the abstraction of the clay, to pebbles and gravel, but it 
frequently shows a few alternations of till with gravel or with gravel and sand. 

FIG. 25. DRIFT SECTION NEAR HAMLINE. 

EXPLANATION OF FIG. 25. 

1. Loam, 2-4 feet. 
2. Stratified materials, but not completely water-assorted; lumps of till, with pebbles and stones, 

are mingled with the stratified arrangement. 
This figure illustrates the manner of deposition when there was a steady supply of moist till too 

great for the water there acting to completely work over and wash. The whole is arranged in nearly hori
zontal stratification, but scattered through the strata of finer materials, and constituting a large portion 
of the whole section, are lumps of till that did not lose their clay but rolled along with the pebbles aud 
finally were buried under other loose materials of the same kind. Some strata consist entirely of fine 
materials for short distances, but they were compelled to accommodate themselves to the presence of 

coarser, and to include them in their final pose. 
Dayton's bluff, and eastward, and southeastward, is entirely a morainic area, with small lakele~ 

in deep depressions, and very tortuous contours. The depressions in some cases are due to excavations in 
the St. Peter sandrock, through the removal of the Trenton limerock, amounting to over a hundred feet. 

The region of the highlands On which runs the eastern border of the county, east of New Canada, is 
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essentially one of the red till; but over the immediate surface the ~oil ~ fine and rather clayey or loamy. 
On the opposite side of the county, on the plateau that diverges from St. Anthony hill, in the western 
part of Rose township, the red till is covered by a pebbly gray clay, which in some places could properly 
be styled gray till. It furnishes a clayey soil and sometimes contains bits of Cretaceous shale. The gray, 
in general, lies on the red, but sometimes there is a mingling of red and gray. In other places they both 
seem to merge into a pebbly loam which itself becomes the prevalent stoneless surface loam and black 
soil. In this mingling there can be seen, toward the bottom of the bluffs where cut by highways, one or 
two alternations of red and gray strata. A stratum of gray till is seen under the red on the" short line " 
of the Chicago, Milwaukee and St. Paul railway, about three miles from the 'Union depot, but this may 
be due to the local effect of the presence of the shales of the Trenton. Several alternations of red and 
gray till, and patches of one within the other are visible at St. Anthony Park; and in the gray is much, 
debris of the Trenton shales, with characteristic bryozoa and brachiopods, with crystals of selenite. 

In Mound View is a conspicuous and important area of gray till. A continuous moraine of rolling 
gray till extends north and south nearly across the centre of the township. It includes the well-known 
mounds of the township. The top of the highest knobs, in sec. 10, are about 225 feet above the snrronnding 
low-land level. This till has an overlying stratum of pebbly clay which on the hill, N. W. t sec. 22, is 
eight feet thick. The boulders are mostly of gray granite and gneiss, with no gabbro nor cupriferous rocks. 
Near Sunfish lake, on sec. 1.5, was seen one piece of the well-known northern limestone. Toward the 
southwest this gray till apparently passes below the sandy soils of the Rice creek valley, and reappears , 
on the highlands in the northwest part of Rose. This reaches to N. E. Minneapolis wherever it is not 
covered by later sand or sandy loam. It is rather pebbly than stony where it constitutes the surface. 
It is perhaps the equivalent, in age, of the Minneapolis brick-clay, and of the gray clay seen below strat
ified sand at St. Paul. It is again seen on the University campus where it is exposed by recent exca
vations for the foundations for the students' Christian Association hall, near Tuttle's creek, and on 
Pleasant street. At the latter points, which are within the valley of the Mississippi at East Minneapolis, 
it lies underneath a sand which is apparently a glacial deposit at the high-water stage of the Mississippi. 
This sand is covered by a course of pebbles and sand with a few stones, a mixed and apparently dis
turbed debris from the downthrow of some other beds. The pebbly gray till is essentially the same that 
extends under the flat tracts in the northern part of the county, but it is covered by a sandy loam or 
clayey loam which is in some places distinctly laminated horizontally. 

Modified drift: Throughout the-country the red till is apt to be mingled 

with assorted materials. But along the Mississippi, these materials cover su

perficially, and replace to a depth of a hundred feet or more, the unmodified 

glacier deposits forming, in some instances, marked terraces of gravel and sand. 

Such terraces are most conspicuous below St. Paul, on both sides of the river, 

but they continue, with more or less modified outlines, all the way to the 

west line of the county. They spread widely over the central portions of the 

city of St. Paul, but they have been removed extensively for grading purposes. 

While this grading was going on some perpendicular sections were exposed, 

and some sketches were made, showing the nature of stratification and the 

relation of the later deposits to the earlier. 

Section on Sibley street, St. Paul. 

1. Loam, 2 feet. 
2. Stones and gravel, mostly limestone, also boulders, large stones sloping to the S. E. 

and E. toward Phalen'& creek valley, 12 feet. 
3. Sand and gravel in beds irregularly alternating with No.2. Some beds of gravel 

are two feet thick, 10 feet. 

4. Stones and gravel. In this are some northern bonlders and limestone pieces, also 
pieces. of green shale; the large)tones sloping E. and.S. E., ~O feet. 
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5. Red sand, horizontally and somewhat obliquely stratified; often fine and dayey, 
6. Red till. Seen. 

8 feet. 
12 feet. 

NOTE. No. 6 above is often of the color of common red brick, and is very hanl and com pact. The 
upper portion in some instances shows a kind of lamination which still holds stones, and is very san(ly 
showing the same structure and composition as seen in the cut near Hamline, figure 25. In other places 

- it passes into No.5 gradually .. But there is a very sudden and marked transition from No.4 to No.5, 
indicating a distinct deposit and a different origin. The iron in No.4, and in all ahove, is hydrated, 
giving the whole a yellowish gray or olive cast of color. Although No.5 consists of sand, and will admit 
water as freely as No.4, it has only the red, non-hydrated, peroxide of iron. Nos. 2, 3 and 4 make suh
stantially one great deposit, and are derived from the wash of the gray till in the act of deposition. The 

boulders and stones in No. 6 are prevailingly of crystalline rock, there heing but rarely a piece of lime
stone; those in No.4 are, nine-tenths of them, from the limestone of the Trenton. 

Descending from Sibley street toward Wacouta street, and so toward the general centre of the trih
utary valley in which these excavations were made, Nos. 2, 3 and 4 gradually taper out, hecoming no 
thicker than three feet, and other deposits replace them unconformably. 

FIG. 26. SECTION OF THE VALLEY DRIFT ON FIFTH STREET, NEAH SIBLEY 
STHEET, ST. PAUL. 

EXPLANATION OF FIG. 26. 

1. Artificial filling, -
2. Quicksand, 
3. Stones and pebbles, 
4. Laminated brick-clay, gray, -
5. Clayey and stony, somewhat till-like, 
6. Gray stones and gravel, mainly a residuum from the gray till flom the northwest. 

- 6-8 feet. 
0-8 feet. 

1 foot. 
0-4 feet. 

- 0-3 feet. 

The boulders are prevailingly blocks of Trenton limestone. Seen, 0-50 feet. 
NOTE. In some places No.6 seems to have had a thickness of nearly 100 feet. These eutswere ex

posed in 1877 when the grading was begun which has resulted in the removal bodily of the drift-lm,teria,ls 
of several blocks for a depth of 20-75 feet, for the douhle purpose of leveling and lowering the originl1l 
bluffs, and of filling the low land near the river now crossed by Third street and extending south from 
Third street to the river, over which now run the railrol1ds in their approach to the Union depot. 
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370 THE GEOLOGY OF MINNESOTA. 
[The tip. 

FIG. 27. SECTION ON FIFTH~STREET, BETWEEN SIBLEY AND WACOUTA STREETS, 

ST. PAUL. 

EXPLANATION. 

1. Brick-clay, gray; the same as No.4, in figure 26, 0-8 feet. 
2. Stones, boulders and gravel, same as No.6, in figure 26. The fine gravel shows a 

prevailing water-formed structure sloping N. W., the probable direction in which 

the glacial waters flowed; while the fll1t surfl1ces uf the limestone blocks present 
their longer sides with 11 prevailing slope S. E., thus l1ffording the least obstruc-
tion to the current. Stones Cl1n be seen thus arranged in the beds of torrential 

streams. 
3. Red, laminated clay, very siliceous ("tripoli"). Seen, 

2-30 feet. 
3-10 feet. 

4. Stony, compact, hard red till. Seen, 8 feet. 
No.1 becomes, [tt the crossiug of Wacout[t street, ahout 16 feet thick, and coutinues horizontally 

bedded, hut with a gentle, general slope toward the N. E. or toward the centre of the valley. Its lower 

portion also changes to quickstlnd. The gravel and sand of No.2, of the last section, lie sometimes on No. 
4 without the intervention of No.3. The limestone masses, as well as the granite boulders in No.2 have 

their angles rounded and decomposed, some masses even falling to pieces in the process of digging, though 
this is of course due largely to the quality of the rock. They are all water-worn and stained, rather 

than glaciated. The limestone masses ,ue generally changed in color through and through, as if having 
been water-soaked in contact with air, or alternately in contact with air and water, for a great many 
years. They are not blue and fresh as w[tter-soaked specimens are from a quarry, nor so well preserved 

as masses seen along the gorge below the fal's of St. Antnony. There are spots below Wacouta street 

where this number (No.2) becomes cbyey, making a gray stony hardpan, resembling that which covers 
the western part of Hennepin county, but still very gmvelly l1nd stony. This character does not rise 
above the lowermost two feet, so far as seen in the excavations on Wacouta and Sibley streets. Below 

Wacouta street brick-clay is seen lying below a layer of stones and gravel, and thiS position can be traced 

in the"opposite bank to some distance above Wacouta street, the clay gradually becoming thinner till it 

allows the overlying gravel and stones to come into contact with those of No.2, the only remaining differ
ence hetween the upper anel lower parts being the difference in throw, or slope, of the larger stones. It 

is supposed to be the equivalent of the brick-clay at Minneapolis, at lake Minnetonka and at Carver, 
though it does not everywhere make brick of the same color. It lies directly on the gravel and stones of 

No.2 with a sudden transition, indicating some great [tnd sudden change in the force depositing the 

material, followed again by a revival of the former drainage force, giving origin to the overlying stones 
and gravel. It is wholly embraced within the period of deposit of the gray or later drift. 

That which is of special interest here is the red laminated clay, No.3. This is the result of the 

action of the water on the red till. It is not mixed in the least with materials that could have been 

derived from the gray till. It antedates the gray till, probably by an interglacial epoch. 
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RAMSEY COUNTY. 371 
Thel<l!\!):\.] 

The exposures within the Mississippi valley at St. Paul may be reduced to the following general 
section: . 

1. Loam, 

1
2 (a) 

2. 2 (b) 
2 (c) 

2 (d) 

3. {3 (a) 
3 (b) 

General section of the drift at St. Paltl. 

Gray sand, gravel and stones, 
Fine laminated blue brick-clay, 

Gray sand, gravel and stones, 

Gray till. Seen, 

Fine, lamim\ted red s>1nd or clay, the tripoli of Stillwltter, 

Red till, with boulders of cryst>111ine rock, -

:1-10 feet. 
O-lO feet. 

0-16 feet. 

20 feet. 
0-2 feet. 

O-tO feet. 

10-20 feet. 
BOltlder8 of n01·than lirnestone l\re fouud in the drift ridges nnd knolls about Mudhole and Fitzhugh 

and Gervais lakes; on sec. 17, near the Hennepin county line, Rose, 4 feet long and 18 inches wide, the 

surface b6ing a pebbly loam; and on the county line roml between Anoka l\nd Ramsey counties, ahout N. 

E. t of sec. 6, vVhite Bear, in the midst of a sandy, loamy surface, with no boulders generally visible· 

Large masses have been found on sec. 7, New Canada, near Walter Boyd's; also on the N. E. ? of sec. 8, 
;near the end of lake Gervais, on land of Alexander Ducharme. 

The loam. That this deposit, which nearly everywhere formll the imme

diate surface and constitutes the soil, as already stated, is the result of a wide

spread diffusion of fresh water, at the time of the last glacial epoch, over those 

surfaces, either drift-covered or not, which were not at the time affected by 

the glacier movement, is highly probable, but what the peculiar circumstances 

and causes of such gentle 'diffusion of nearly tranquil waters were, has for 

some years been a subject of earnest investigation. It seems probable that 

some confusion has arisen by not (listinguishing between deposits of different 

kinds and dates. The sandy surface loam which is here referred to, and 

which is the latest formed, from whatever cause, is probably of a different age 

from that which has been denominated a pebbly clay, and which also becomes 

a clayey loam and forms the immediate surface in some high tracts, as already 

detailed. It is sandy, or graduates downward into sand, in much of the north

ern part of the county, particularly in the Rice creek valley, and in some 

places in the bluffs of the Mississippi below St. Paul. It covers the boulders 

and gravelly clay of the real drift. It fills some old valleys-indeed is always 

thicker in valleys than on the uplands. It is occasionlly stratified, and passes 

into sand below in places where agitated water was abundant enough to have 

moved such materials before the epoch of the loam. In other cases, and gen

erally, it is placed abruptly immediately over a coarse, gravelly or boulder

bearing stratum. 

The clayey loam, sometimes .pebbly, which lies on the uplands must hltve 

been deposited in more quiet waters, and perhaps in the dammed-up waters of 

bayous at the time of the glacial epoch, prior to the deposition of the sandy 
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THE GEOLOGY OF MINNESOTA. 

[Timber and tuel. 

In some places this pebbly loam is red or reddish, and in others it is 

The Trenton limestone at the top of the bluffs in West St. Paul is 

overlain by a pebbly, water-deposited, red loam in which are rare stones two 

or three feet in diameter. The loam is twelve feet thick, and the lowest four 

feet of the stratum are blue. On going back from the river this loam passes into 

a genuine stony red till within a few rods, and t.he whole becomes covered with 

gravel on which is a black loam. This last loam thickens into a great ~tratum, 

constitut.ing a large part of the high drift-bluff which rises 275 feet above 

the river. But as a loam it is only superficial; at some depth below the soil 

it becomes yellowish, then 'reddish and sandy and useful for mortar. The till 

rises to the general surface about a mile back, but is still everywhere covered 

by a yellow loam, which makes a good soil and rarely shows a boulder except 

in the wash-outs and ravines. This yellow loam did not result from decay in 

situ for it is the thickest on the knolls. 
TIl'o copper nuggets were found on the south side of White Bear lake near the Washington county 

line; another in the eastern p,ut of the city of St. Paul, * hy Mr. J. H. Kloos, a rounded piece in gravel 
lying directly on the St. Peter sandstone. Le Sueur is reported by La Harpe to have seen a large mass of 
nu.tive copper at a point four leagues above the mouth of the St. Croix, near the mouth of a small lake; 
hut there is no way to locate this in Ramsey county. . 

Copper masses in Hennepin county have heen found as follows: a piece weighing 78 pound!! was 
found in a cut by the Minneapolis and St. Louis railroad about 13 miles southwest from Minneapolis; a 
piece weighing about ten pounds was found in the fall of 1874 in grading the streets of Minneapolis; near 
Dayton a piece as large as a hickory-nut was found on the river hank by James Ream; a piece about the 
size of a pea, covered with green carbonate, was found by the writer in the midst of gravel thrown from 
his well on State street, Minneapolis, near the university; Dr. D. D. Owen mentions pieces found "in 
the vicinity of the falls of St. Anthony."t Several small pieces were obtained from the red till overlying 
the Trenton limestone on the west side of the Missi~sippi river about three-fourths of a mile below the 
mouth of Shingle creek, in April, 1884. 

Wells. Good water for all household purposes is obtained in Ramsey county with little effort, 
in shallow wells that seldom pass through the drift, the majority of them being less than twenty-five feet 
deep. Throughout the northern portion of the county water is generally found in sand, or below a sandy 
loam, which also rises to the surface forming the soil and subsoil. The underlying clay is seldom pene
trated to any great depth. But in the southern portion common wells more frequently are deeper, and 
ohtain water in gravel after passing through not only the surface loam, but also a greater or less amount 
of red clay. 

MATERIAL RESOURCES. 

Timber and fuel. The coun~y is generally clothed with a scant forest 

growth, but the trees are small. It contains but little timber of any sort suit

able for lumber, and it is not much cut for fuel. Farmers cut some and haul 

it to St. Paul, but the wood fuel of St. Paul is very largely supplied from the 

"big woods," west of the Mississippi river. 
• Tenth annual report, p. 197. 

t Report of a geological survey of WiBconsin, Iowa and Minnesota, p. 73. 
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or three feet in diameter. The loam is twelve feet thick, and the lowest four 

feet of the stratum are blue. On going back from the river this loam passes into 

a genuine stony red till within a few rods, and t.he whole becomes covered with 

gravel on which is a black loam. This last loam thickens into a great stratum, 

constituting a large part of the high drift-bluff which rises 275 feet above 

the river. But as a loam it is only superficial; at some depth below the soil 

it becomes yellowish, then reddish and sandy and useful for mortar. The till 

rises to the general surface about a mile back, but is still everywhere covered 
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RAMSEY COUNTY. 373 
Mills and wa.ter-power.] 

Building stone'. The lowest layers of the Trenton, at St. Paul, have been 

quarried since the earliest days of the city, and, until within a few years, have 

furnished the principal material for foundations, piers, stone buildings and all 

structures built of stone. The original defensive portion of Fort Snelling is 

built of this limestone. It is seen in the piers of the first highway bridge 

across the Mississippi at St. Paul, in several of the churches and nearly all the 

older business blocks. But it has been found that this stone is not a first

class building stone. It separates into sheets along the shaly partings that 

mark its bedding and that 0ross the strata in blotches, and becomes unsafe 

when projecting from cornices or capitals. But when it is protected from the 

weather it endures much better and is still largely employed for under-ground 

work and for the lining of walls that are faced with other stone. 
The quarries in this stone are on both sides of the Mississippi, and are situated along Fort street, on 

Dayton's bluff, in West St. Paul, and at adventitious points wherever, throughout the city, any desired 
excavation encounters the rock. Formerly important quarries were worked a few blocks southeast from 

the state capitol. 

Along the south side of White Bear lake, sec. 32, Grant, Washington county, are exposures of the 
Trenton, and some of them have been worked for building stone. This rock might be [,mnd in the upper 
slopes of some of the mounds in New Canada, or the southern part of White Bear, in the vicinity of Mud

hole lake, and it would furnish a very useful and valuahle huilding material for walls, hcc"use there is a 

total absence of worked building stone in that part of the county. 
Mills and water-powers. In 1877 the following mills were in operation in the county, hut since the 

railroads have encroached on the natural course of Phalen's creek and the city water works have diminisl1ed 

its volume, some of them have been abandoned. 
The St. Paul mills. St. Paul, on Phalen's creek; three run of stone for flour and one for feed; 

twenty feet fall of water on a turhine wheel; only grind for custom use; owned hy Henry Shaber. 
The Brainerd m-ills, owned by Thau and Ham; three run for flour and one for feed; also on Phalen's 

creek, with a turbine that receives a fall of water amounting to thirty feet; custom and shipping. 
The City mills, St Paul, owned by Lownsman; two run of stone for flour; 19 feet fall; custom only. 

The North Star mill~, St. Paul, owned by Protz and Braun; three run of stone for custom work; 

head 19 feet. 
The Union 1nills, owned by W m. Lindeke, St. Paul; four run of stone and 20 feet fall of water . 

. The last three are run by overshot water-wheels. 
The Reserve mill, owned by - Conrad, St. Paul, on the Fort Snelling road; only adapted for 

grinding feed; two run of stone and 20 or 21 feet fall; formerly did flouring. 
Brick. Brick are made near the northern city limits of St. Paul, 011 Rice street, by - St. Germain, 

who uses the common surface loam, which is yellowish. The product is red and is delivered in St. Paul 

at $8 to $9.50 per thousand. 
Red brick are still made on Dayton's bluff from the red laminated clay, or loam, which forms the 

surface in the valley in which the yard is located-So W. t of sec. 33. TIllS establishment is owned hy 

Charles and John Jaeger. 
Red brick are also made by Fred Jaeger from clay which is taken fi·om the alluvium of the Missis

sippi in West S~. Paul. 
On sec. 32, White Bear, at the east extremity of lake Vadnais are two small yards that turn out 

good common red brick. . 
The gray brick clay which is seen in the bluffs at St. Paul in the excavations along Fifth street, 

lies between deposits of coarse gravel and stones, all water-washed. This clay, which is probably the 

near equivalent, in age and nature, of the brick clay so extensively used for brick at Minneapolis and 

Carver, has not been thus employed at St. Paul. 
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374 THE GEOLOGY OF MINNESOTA. 
[Earthworks. 

The Minnesota Terra Cotta Lumber company, making great quantities 'of fire-proofing, get their 
clay at Chaska. This establishment is in E. St. Paul, near the old Harvester Works. 

EARTHWORKS. 

On Dayton's bluff are several large mounds, one being about six feet high and 30 or <10 feet across. 
These mounds may be supposed to be the" burial place" referred to by Jonathan Carver when he tarried 

with the fi'iendly Naudowessies at Carver's cave in 1767. * 
At White Bear lake is a large artificial mound about 12 feet high and 35 or 40 feet across. It is 

close to the shore of the lake, within the village, on lot 2, on the road to Goose lake. 
A second cave was discovered in the west face of Dayton's bluff in 1877. It is excavated in the St. 

Peter sandstone and is probahly of natural origin and similar to Carver's cave. It was found in 
digging to make room for a house and harn at the foot of the bluff. Its extent was not ascertained. It 
was choked up with a fine, nearly white, tasteless and gritless clay similar to the kaolinic clay that lies 
on the Cmnbrian limestones, and in their crevices at Mankato. It seems very probable that this cave, 
and Carver's cave, date back to pre-Cretaceous age. 

* Travels through the interior parts oj North America. Dublin edition, 1779; p. 60 and p. 80; also p. 376. 
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OHAPTER XIII. 

THE GEOLOGY OF WASHINGTON COUNTY. 

By N. H. WINCHELL. 

Situation and area. Washington county is on the eastern border of the 

state, in the angle formed by the Mississippi and St. Croix rivers. It is 

uniformly about twelve miles wide east and west, and about thirty-eight miles 

long north and south, lying through its whole extent on the St. Croix river. 

The county seat is Stillwater, distant from St. Paul about fifteen miles, in an 

east-northeast course. Newport, Point Douglas, Afton, Lakeland and Marine 

are the principal villages. 

Washington county contains 430.01 square miles, or 275,205.35 acres, of 

which 261,675.02 acres are land, and 13,530.33 acres are water. 

SURFACE FEATURES. 

Natural drainage. The county is mainly drained into the valley of the 

St. Croix, yet it has no marked water-divide, some of the little streams taking 

their origin near the St. Croix, in the gravel beds of the drift, and others in 

some of the lakes near tbe centre, or west of the centre of the county. White 

Bear lake and Bald Eagle lake drain westwardly t~lfough Rice creek, reaching 

the Mississippi through Anoka county. The Mississippi and St. Croix rivers 

are navigable throughout the whole distance that they form the boundary of 

this county, the latter being widened out into lake St. Croix from Point Doug

las, where it joins the Mississippi, northward to the northern limits of the city 

of Stillwater . 

. In the northern part of the county are several large and important lakes, 

notably, Square, Terrapin and Big Marine lakes, which have no visible outlets, 
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St. Croix, yet it has no marked water-divide, some of the little streams taking 

their origin near the St. Croix, in the gravel beds of the drift, and others in 

some of the lakes near the centre, or west of the centre of the county. White 

Bear lake and Bald Eagle lake drain westwardly through Rice creek, reaching 

the Mississippi through Anoka county. The Mississippi and St. Croix rivers 

are navigable throughout the whole distance that they form the boundary of 

this county, the latter being widened out into lake St. Croix from Point Doug

las, where it joins the Mississippi, northward to the northern limits of the city 

of Stillwater. 
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except as they discharge into each other, and finally into Carnelian lake, which 

is nearly two hundred feet above lake St. Croix. Thence their waters seem 

to pass into the drift deposits and find an underground passage to the St. 

Croix near Arcola, where a small mill was formerly run by a stream that issues 

from the river bluff. 
Water-power. Bolles creek. which joins the St. Oroix at Stillwater, supplies some water-power, 

which has been improved by the erection of flouring-mills viz.: Bolle8 m£ll, owned by O. E. Bolles, has a 

wllter-fall of 28 feet, with one TUn of stone which is used only for corn rmd feed. It has an overshot wheel 
2() feet in diameter, with water buekets six feet wide. This is estimated to furnish fifteen horse-power at 

high water. Tbe s::tme power is used for a w::tgon-sbop and attend::tnt Illlwbinery. Tbe'Beehive Toller mill 

is owned by O. F. Bean. It bas seven sets of Livingston rollers, tbree run of stone, and thirty-two horse

power. In twenty-four hours its c::tpacity is sixty barrels of flour. It has an overshot wheel 32 feet in 
dillmeter, under a 34 feet head of water.·* Tbe Reliance mill is near the mouth of the creek, owned by E. 

Moench, and has a Leffel wheel 20 inches in dhlmeter, under 36 feet head of water. It has: one set of 

rollers and three run of stone, of which one is for feed. The daily capacity of the Relhwce mill is 40 
barrels. The Afton IJiill" said to hlwe been the first flour-mill in Minnesota, is owned by Emil Mcench. 

It has three run of stone for flour and one for feed, with a water-head of 11 feet, but with 45 feet availa

ble; sitUllted on sec. 15, T. 28-20 W. 
At Marine is the IJfll:rine mill, owned by Ruse ::t!l(l Lohmann. It has a turbine wheel13} inches in 

diameter, tbe slmft being ()O feet long, supplying 40 horse·power. It is furnished with two pairs of rollers, 
::t!l(l fOllT run of stone (one being [or feed), whieh gives a daily capacity of about twenty-five barrels of 

flOllJ". The little st,ycmn whieh runs this mill lises within the village limits, on the terrace which is 
underla,in by the St. Oroix formation, the shedding of the water heing due to the sh::tly and impervious 

nature of the shales emhraced in the roek. The water is unnlrying in volume aud very eolcl. It is 
carried some distance in ::tn ::trtifici"l conduetor and is let fllll sixty feet upon the turhine at the mill. 
This ereek increases still more before it re::tches the river. At Vastl formerly was a Welter-power mill run 
in the same Wl1y. 

Topography. The tract of rough land which has been described in Ram- ' 

seyand Dakota counties, extending northeastward from Mendota and Inver 

Grove, in Dakota county, in which the surface consists of red till, crosses 

Washington county diagonally. It is from six to ten miles wide. It embraces 

secs. 3, 4, 5 and 6 in Cottage Grove; the west two-thirds of Woodbury; the 

west three-fourths of Oakdale; the whole of Grant except a part of secs. 6 and 

7; the northeast one-third of Baytown; the whole of Stillwater; the sQutheast 

quarter of Oneka and the whole of Marine except a narrow strip along the 

western side, west of .Big Marine lake. This rough tract abounds in short 

ridges and abrupt hills. Between them are scattered frequent lakes and tam

arack swamps. On either side of this rough tract the country is smoother, 

and on the northwest side it is often flat and wet, the surface waters gather

ing in grassy swamps which are drained westwardly by tortuous and sluggish 

streams, the soil being clayey. On the southeastern side the general contour 

is not so monotonous as on the northwestern side, and there are heavy deposits 
* This mill was burned on the night of Oct. 9, 1885. 
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of gravel and sand filling the drainage courses that extend to the St. Croix 

valley. The flats in the southeastern portion are due either to the persistence 

of some rocky stratum, which may occur at different levels, forming benches, 

or to the even spreading of the water-borne gravel and 'sand over the plains 

and the filling of the pre-existing gorges. The surface, furthermore, is over

spread with a fertile loam, which constitutes the soil and sometimes is ten 

or more feet in thickness. Along the Mississippi and the St. Croix these 

gravel deposits are seen constituting very remarkable and significant terraces, 

some of the terrace-plains being several miles wide, and rising from 150 to 

180 feet above the adjacent water-level of the valley. 

The great valley which extends from the northeastern corner of the 

county round its southern end, from two to three miles wide and about 250 

feet below the adjoining uplands, and thence up the Mississippi to the Ramsey 

county line is, of course, the chief topographic feature of Washington county, 

and on it, in its relations to the drift, to the stratified rocks and to the geolog

ical history of the state and of the northwest, depend all the minor features of 

the county. These relations cannot be disussed in full here, since they in

volye facts and principles that include in their scope a much larger area and 

must be postponed to a later volume of the final report. This valley affords 

some extensive and very fine landscape scenes, and was the probable route of 

travel of the first Europeans who visited Minnesota.* 

Elevations. The highest land in the county is the range of hills and 

ridges running northeastward from White Bear lake, which reach 1050 feet 

above the sea. This consists outwardly of drift materials, disposed in the 

manner of a terminal moraine, but it is probable that the St. Peter sandstone, 

if not also the Trenton limestone, is partly the cause of its elevation above 

the adjoining land on either side, although there is no exposure of these rocks 

in the county northeast from White Bear lake. Small a~eas of equal elevation 

are found southeast from White Bear lake in Oakdale, and here the Trenton 

limestone is known to exist, the quarry of John Weber being 930 to 950 feet 

above the sea. It is only a reasonable inference to suppose that this limestone 

continues northward underlying all the high land as far as the north line of 

the county, and extending into Chisago county along the east side of- the 

Sunrise river, with some interruption at Lindstrom and Centre City. In 

• See vol. 1, p. 6. 
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Woodbury and Afton, and as far south and east as sec. 17, Denmark, this 

limestone is seen producing elevated plateaux and isolated ridges, varying 

from less than a quarter of a mile across to four or five miles, and repeating 

in every respect the topographic results of erosion that have been described 

in Fillmore and Goodhue counties.* 

The St. Croix river at Osceola, at low water, is 683 feet above average 

tide; at Marine about 678 feet; at Arcola, 672 feet; and at Stillwater, 667 

feet. High-water mark at Stillwater is about 687 feet above the sea. The 

foot of St. Croix lake, at Point Douglas, is also about 667 feet;above the sea. 

The city datum at Stillwater is 648.94 feet above the sea, referred through 

the Chicago, Milwaukee and St. Paul railway on the trestle work at Stillwater. 

Low water in the Mississippi at Newport is taken at 676 feet; at Point 

Douglas, 668 feet and at Prescott, 667 feet. 

White Bear lake is 920 feet above the sea; Bald Eagle lake is 908. The 

outlet of White Bear lake is through Bald Eagle lake and Rice creek. Forest 

lake is 900 feet above the sea and flows to the St. Croix northward through 

Sunrise river, although there is said to be evidence of a former connection 

through a valley running southeastward, with Big Marine lake. Carnelian 

lake is 920. 

Elevatio'll.ll on the Ohicago, Milwaukee and St. Paul railway. 

Newport, 
Langdon, 

St. Croix Junction, 
Hastings, 

Stillwater (on the trestle-work), 

RIVER DIVISION. 

STILLWATER BRANCH. 

Stillwater, extreme high water of lake St. Croix, 
Stillwater, stage of water July 10 1881 
Baytown (or South Stillwater),' , 
Lakeland, 
Afton, 

Trout brook, 

Straight cooley, 
Point Douglas, 

Junction with the River division, 

Miles from 
Minneapolis. 

18.1 
23.5 

28.9 

29.7 

Miles from 
Still water. 

3.3 

8.2 

11.1 

14.4 

16.9 

22.7 
25.0 

* On Fillmore count.y see vol. i, p. 270. On Goodhue county see this volume, p. 24. 

Feet above 
the sea. 

749.87. 

811.84 

696.64 

708.31 

Feet above 
the sea. 

696.64 

695.14 

684.14 

696.64 

744.64 

697.14 

701.64 
702.64 

711.64 
696.64 
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Elevations on the St. Paul (tnd J)uluthmil'Way: 

White Bear, 

Junction for Stillwater, 

Bald Eagle, 

Beaver creek (water, 923), 

. Centerville, 

Beaver dam bridge (water, 920), 

Rice creek (water, 913), 

Summit (cutting, 5 feet,) 
Forest lake &tation, 

MAIN LINE. 

Mile~ i'ronl 
St. Pau!' 

lUI 

12.1 

13.1 

16.!) 

17.:2 

18 

20.7 

22.1 

25.5· 

RRANCH TO 8TILLIVATlm, FROM WHITE IlEAR. 

Junction, near White Bear, 

White Bear (water of lake, 926), 

Dellwood, 

Low point in the grade, near Mahtomedi, 
Summit of grade (cut, 20 feet), 

Summit station, 

Brown's creek (bottom, 858), 
Brown's creek (bottom, 837), 

Depot at Stillwater, 

Stillwater (grade at the lake, on Myrtle street), 

Lake St. Croix, 

Miles from 
Junction. 

.0 

1.3 

2 
2.!J 

6.5 
1-'.5 

D.4 

H.9 

11.6 

12.2 
12.2 

Elevations on the Chicago, St. Paul, Minneapolis and Om,nlw raillVa,~, 

Miles from 
St. PauL 

Tamarack swamp, -

Summit, one mile west of Oakdale (cut, 10 feet), 

Oakdale, 
Lower Bass lake (or lake Elmo), 

Upper Bass lake, 
Lake Elmo station 

East line of Oakdale township, 

Summit, four miles from Stillwater, 

Stillwater Junction (cut, 17 feet), 

Bottom of marsh, 
Centre of gravel ridge (cut, 50 feet), 

Stillwater (high water, 687), -

6.5 

8 

H 

11.5 

12 

13 
15 

15.5 
17.5 

17.8 

19.0 

Elevations on the Wisconsin Central railway, 

Arcola, 
Government road, 

Carnelian lake (water, 912), 
Highway, sec. 6,30-'20 W.,' 

Highway, sec. 12, 30-21 W., 
Crossing, St. Paul and Duluth railroad, 

Summit, sec. 28, 30-21 W., 

Four Lakes station, 
I __ ong lake (water, 975), 

Castle, -
Junction, St. Paul and Duluth railroad, 

Miles from 
St. Croix lake, 

2.4 

3 

4.6 

7.25 
9.25 

11 

13.3 

14.6 

15.2 

16.9 

20.4 

379 

Feet ahove 
the sea. 

9~35 

~)24 

932 

~):32 

D:12 

%5 

910 

Feet above 
the sea. 

H38 

fJ42 
fl2fJ 
fJ84 

fJU) 

867 

853.5 
723.0 

686 
(;72.,') 

Feet ahove 
the sea. 

fl73 
1008 

fJ79 
81)6 

fJOO 

933 

923 

fJ29 

887 

753 
773 

6!)7 

Feet ahove 
the sea. 

H17 

901 

920 

992 

%5 

1017 

1074 

1005 

990 

1025 

938 

WASHINGTON COUNTY. 
. Elevations.] 

ElevaUons on the St. Pmtl [t1ul Duluth rail-way. 

White Bear, 

Junction for Stillwater, 
Bald Eagle, 

Beaver creek (water, 923), 

Centerville, 

Beaver dam bridge (water, 920), 

Rice creek (water, 913), 

Summit (cutting, 5 feet,) 
Forest lake 5tation, 

MAIN LINE. 

Mile~ frOIl} 

St. 1':1U1. 
11.1) 

12.1 

13.1 

16.fJ 

17.:2 

18 

20.7 

22.1 

25.5· 

RRANCH TU WfILLIVATIm, FROM WHITE ImAR. 

Junction, near White Bear, 

White Bear (water of lake, 926), 

Dellwood, 

Low point in the grade, near Mahtomedi, 

Summit of grade (cut, 20 feet), 
Summit station, 

Brown's creek (bottom, 858), 

Brown's creek (bottom, 837), 

Depot at Stillwater, 

Stillwater (grade at the lake, on Myrtle street), 
Lake St. Croix, 

Miles from 
Junction. 
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ElevatioM on the Cki{)(1,go, Burlington and Northern railway. 

St. Paul (Union depot as per St,. Paul and Duluth railway), 

Pig's Eye briilge, 
Newport, -
Quarry, 
Altenberg cooley, -
Hastings, bluff crossing (Point Douglas, graile of the Chica'100 , Mil-

waukee and St. Paul railway), 
Point Douglas (highway crossing\, -
St. Croix river (bottom, 652), 

Miles from 
St. Paul. 

.0 

2.0 
7.5 

14.8 
17.0 

19.0 
21.0 

21.8 

[SoU and timber' 

Feet above 
the sea. 

704 
707.5 
749.8 
699.0 
695.5 

693.9 
710.0 

702.4 

Average elevation of the county. The estimated average elevation of the 

townships of Washington county is as follows: Forest Lake, 920 feet above 

the Rea; Marine (north half), 950; Marine (south half), 950; Grant, 940; 

Stillwater, 900; Oij,kdale, 950; Baytown, 900; Lakeland, 900; Woodbury, 

910; Afton,910; Newport, 750; Cottage Grove, 800; Denmark,800. These 

figures, allowing for the areas which they severally represent, will give an 

average elevation for the county of about 911 feet. 

Soil and timber. The soil in the belt of rough and hilly land, which has 

been mentioned under the head of topography, is that characteristic of the red 

terminal moraine, whic~ has been more fully described in the report on Dakota 

county. While the subsoil here is a typical and rather gravelly red till, yet 

there are patches of more flat or simply undulating contour in which the sur

face is covered with a loamy soil nearly free from stones. These seem to 

occur rather irregularly-at least no order or reason for their distribution can 

be given - but sometimes they seem to be on the margins of the stony till 

area, and to blend with it by imperceptible degrees of change. 

A clayey soil is found covering the marshy flats in Oneka and Forest 

lake-becoming sandy toward the east, as the surface rises to the hills of the 

morame. On the east side of the moraine is found, generally, a lighter soil 

than on the west side, the surface being a sandy loam, and the subsoil a gravel. 

Yet, even here, on the most elevated tracts, is found a tight clay-loam, of a 

yellowish color, which is comparable to that found in similar situations in 

Dakota and Goodhue counties. This is perhaps of older date than the gravel 

which fills the valleys, and is perhaps the cotemporary of the fine red strati

fied clay seen under the river gravels, preserved in some of the angles of the 

ancient gorges. 

This county was originally mostly covered with timber. A few tracts of 
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na.tive prairie were found in southern Lakeland, southeastern Oakdale, eastern 

Woodbury, Afton, Cottage Grove and Denmark, increasing in amount toward 

the south. These are all on the eastern side of the morainic belt, and in the 

southern part of the co~nty. The trees are such as are prevalent in regions 

covered, in this latitude, with the red till and the modified conditions of it. 

Black, red and bur oak are common. Poplar and bass are somewhat less 

common. White oak and elm are not common, though the latter is much 

more frequent, in company with soft maple, in the river bottoms. The red or 

river birch (Betula nz'gra) is native on the point, at Point Douglas. Red cedar 

and white pine are rare along the rocky bluffs. The white cedar, or arbor 

vitro, is found sparsely along the St. Croix valley nearly as far south as Still

water, and hemlock is reported native on both banks of the St. Croix, about 

three miles above the village of Osceola, Wis. This point on the west side of 

the St. Croix would be in Chisago county. The trees are said to be small, 

and one-sided, growing on a rock-bluff. They have not been seen by the 

writer, and the statement needs verification. 

The geological structure. 

The St. Lawrence limestone. The only place at which this limestone has 

been seen in Washington county is at Stillwater. Here it rises about fifteen 

feet above the level of the railroad grade. It is an impure, greenish limestone, 

and is seen along the street, near the prison, in layers of two or three inches, 

but making a. firm and persistent wall where it is cut by the street-grade. 

This limestone is associated with more argillaceous layers, so that much of it 

would pass for shale. It was from this place that was figured the first speci

men of Dicelocephalus minnesotensis by Dr. D. D. Owen in his final report, and 

this species heads the list of organic remains of the "lowest sandstones of 

Wisconsin and Minnesota," being also figure 1, of plate I of his report. He 

describes the locality thus: "This species was first found, and is most com

mon, in a dark gray, argillo-calcareous bed intercalated in member d of F. 1, 

ninety or one hundred feet below the base of the Lower Magnesian limestone, 

near the margin of lake St. Croix, above Stillwater." In other places he refers 

to this as the Stillwater trilobite bed. 

The Jordan sandstone. Above the foregoing rises, at the same place, a 

sandstone which develops a thickness of about fifty feet. This is siliceous 
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and nearly uniform in its characters. This sandstone is visible in many places 

at Stillwater; and in the roads that ascend the bluffs from the valley may be 

seen very often a small exposure of crumbling white sand belonging to this 

sandstone, at the distance of a couple of miles I\,way from the lake shore. 

North from Stillwater this sandstone is used for common building purposes. 

The quarries are located about a mile above Marine. James Hale has such a 

quarry at Meridian lake (a part of the main river), and there are several 

others, less worked, above Hale's. 

The main body oj the Lower Magnesian limestone is the rock wrought at 

Stillwater. It causes the principal and most persistent topographie features 

of the valley, all the way from the Chisago county line to Point Douglas, and 

it underlies all the western part of the county. It is cut into by the St. Croix 

valley, and by its numerous tributaries that come into it from the west, the 

firmness of the rock making the bluffs high and abrupt. These bluffs may be 

hid by a drift sheet that reaches a thickness sometimes of nearly a hundred 

feet, but in nearly all places there are sufficient outcrops to warrant the sup

position that this limestone is nearly continuous through them. This limestone 

closely underlies large flat tracts in the central part of the county, viz.: N. W. 

part of Afton, much of Lakeland, the western portion of Baytown, much of 

Denmark and Cottage Grove. It is probably the rock that first underlies the 

drift in the flat tracts of western Grant and Oneka. Within the limits of Still

water city the 900 foot contour line incloses an area which should have been 

colored on plate 44, to represent this limestone. 

The characters of this stone have been given III the discussion of the 

building-stones of the state in volume 1, of this report, and have been further 

elucidated in several of the preceding county reports. It is necessary to add 

here only such special characters or such new developments as will enable the 

reader to obtain from the whole a correct estimate of the formation. 

At Point Douglas this rock is seen to rise continuously from beneath the 

water of St. Croix lake to the hight of about one hundred and fifty-five feet 

above the lake. Above this the alluvial terrace rises about twenty-five feet, 

or 170 feet above lake St. Croix. About three miles further west the under

lying sandstone is seen along the bluff facing the Mississippi, rising about 

twenty feet above the river. This shows either a fault in the formation or a 

considerable dip toward the east. This irregularity has been referred to in 
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and nearly uniform in its characters. This sandstone is visible in many places 

at Stillwater' and in the roads that ascend the bluffs from the valley may be , 
seen very often a small exposure of crumbling white sand belonging to this 

sandstone, at the distance of a couple of miles I\,way from the lake shore. 

North from Stillwater this sandstone is used for common building purposes. 

The quarries are located about a mile above Marine. James Hale has such a 

quarry at Meridian lake (a part of the main river), and there are several 

others, less worked, above Hale's. 
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Stillwater. It causes the principal and most persistent topographie features 
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it underlies all the western part of the county. It is cut into by the St. Croix 

valley, and by its numerous tributaries that come into it from the west, the 

firmness of the rock making the bluffs high and abrupt. These bluffs may be 

hid by a drift sheet that reaches a thickness sometimes of nearly a hundred 

feet, but in nearly all places there are sufficient outcrops to warrant the sup

position that this limestone is nearly continuous through them. This limestone 

closely underlies large flat tracts in the central part of the county, viz.: N. W. 

part of Afton, much of Lakeland, the western portion of Baytown, much of 

Denmark and Cottage Grove. It is probably the rock that first underlies the 

drift in the flat tracts of western Grant and Oneka. Within the limits of Still

water city the 900 foot contour line incloses an area which should have been 

colored on plate 44, to represent this limestone. 

The characters of this stone have been given m the discussion of the 

building-stones of the state in volume 1, of this report, and have been further 

elucidated in several of the preceding county reports. It is necessary to add 

here only such special characters or such new developments as will enable the 

reader to obtain from the whole a correct estimate of the formation. 

At Point Douglas this rock is seen to rise continuously from beneath the 
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the report on Dakota county. There is a sudden upward swell in the lime

stone, both in its lower ana. its upper surface, running from this point toward 

the central part of Afton and thence to Hudson. This anticlinal axis can be 

traced through the central part of Dakota county into the township of Water

.ford, where it becomes lost in the drift and overlying St. Peter, the Shakopee 

and Richmond being involved with the main body of magnesian limestone. 

The change of elevation of the upper surface in Afton amounts to nearly 

100 feet. The contour line of one thousand feet in Afton runs over this area, 

and in eastern Woodbury the same contour includes a part of the area of the 

Trenton limestone. At the same time the St. Lawrence limestone is reduced 

in thickness, in the region about a mile and a half southwest from Afton, to 

forty or fifty feet, due apparently to the destruction of its upper strata. 

This irregularity in the Cambrian can be seen most plainly in sec. 30, 

Afton, where the entire change is compassed within the space of a quarter of a 

mile, indicating an unconfo:r:mability of the Silurian upon the Cambrian. The 

eastern boundary of the Trenton is well identified on the northeast quarter of 

the northwest quarter of sec. 30. Afton, at the quarry of Mr. E. M. Cox. 

Immediately east of this is a valley, which contains a small tributary of Bolles 

creek which passes northward nearly through the centre of the section. In 

the descent to this valley, from the west, the St. Peter sandstone is exposed. 

On the east side of the little creek, near the bottom of the ascent toward the 

east, is an exposure of magnesian limestone at such a level that .it must have 

lain below about forty-five feet of St. Peter sandstone. This would naturally 

be considered as belonging to the Shakopee limestone (or its equivalent as 

involved with the main body of the Lower Magnesian limestone) and above it, 

in the hill toward the east, would regularly be found again the St. Peter sand

stone capped by the Trenton at the top. Instead, however, of finding this 

regular sequence in the eastern bluff of this little creek, higher and higher beds 

of magnesian .limestone, similar to that seen near the level of the creek, are 

found to extend nearly to the top of the hill, the full ascent being nearly, or 

quite, as high as the St. Peter-Trenton plateau toward the west, and distant 

about a quarter of a mile. It seems probable : that the upper surface of the. 

"Lower Magnesian" suffered some great erosion before the deposition of the 

St. Peter sandstone, and whether this accounts for the absence of the Richmond 
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and Shakopee beds in some places, and their presence in others, it is not possible 

to state unqualifiedly, but it is a reasonable hypothesis. 

LI 

FIG. 28. FAULT IN THE CAMBRIAN NEAR POINT DOUGLAS. 

The nature of this irregularity is fully exemplified in the face of the bluff 
-

of the Mississippi a short distance above Point Douglas. From the south-

western extremity of the rock bluff, on the Mississippi side, the strata extend 

northward nearly a mile, without noticeable change. The sandstone that rises 

above the river amounts to about 60 feet, overlain by 50 feet of limerock. The 

working necessary for the recent construction of the Chicago, Burlington and 

Northern railway has freshly exposed the rocks of the bluff all the way from 

the southern extremity to the point referred to, which is illustrated by figure 

28. Here a sudden change takes place. The beds on the up-stream side have 

been broken, and have gone down from 75-100 feet vertically, so as to bring 

the limit of the limerock below the river level, and the upper limit 80 fe.et 

above it. This fault, which is about half a mile above the crossing of the 

Chicago, Burlington and Northern and the Chicago, Milwaukee and St. Paul 

railways, is plainly visible from the trains of either road, and is located about 

on sec. 7, T. 27-20 w. 
The fault, so far as the limestone is concerned is abrupt and without , , 

selvedge, but the sandrock is shattered for a few feet from the line of present 

contact, and along the plane of the fracture are some hardened thin sheets of 

sandrock, about one-half inch to two inches thick, very compact, standing about 
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vertical, parallel with the walls, formed apparently by the cementation of loose 

sand and fragments that gathered in the open crack since the production of the 

fault. These hard sheets are revealed by the working of the railroad grade, 

which has entered the bluff about twenty-five feet, on the south side of the 

fault, but not on the north, the work of excavation having been stopped by 

the sudden interposition of the limerock at the same level. This selvedge 

altogether is from four to six inches thick. On the brink of the bluff this fault 

makes a perceptible jog in the contour, but back from the bank twenty or 

thirty rods this jog is not perceptible, but the drift materials fill up the level 

on the downthrow side to the average hight of the country about. This 

sudden change in the position of the limestone stratum, which gives a character

istic aspect to the top of the bluff, is very noticeable from the river, looking 

down stream, below Nininiger. 

About twenty rods northwest from this fault, another fault is seen, by 

which the sandrock appears again above the level of the railroad grade, rising 

about fifteen feet above the Milwaukee track.* This sandrock, which is the 

upper portion of the Jordan, contains thin beds of calcareous sandrock, consti

tuting a series of "beds of passage," the introduction of which gives oppor

tunity for the collection of soil and the growth of shrubs and turf; this causes 

the turfed bed represented in figure 28. In some places this stratum of 

in~efinite character is more calcareous, and could be placed in the Lower 

Magnesian. It weathers into thin laminm, sometimes greenish, but above it 

rises a sheer or overhanging limestone cliff about 50 feet. 

The strata continue thus at least to the lower end of Kemp's island, 

where the Milwaukee road begins to ascend the bluffs. The Burlington road 

follows the bottomland, and by an occasional cut across spurs of sandrock the 

continuation of the stratification, without further disturbance, can be traced 

about a mile further, but it is soon lost to sight beneath the gravel and sand 

of the valley drift. There is a small area of the magnesian limestone at the 

north end of Gray Cloud island. 

The government quarries are on the west side of the river, at the outlet 

of Spring lake slough, and the quarry of the Messrs. Lauer is above them. 

At the former the sandstone shows eighteen feet, being about the same as at 

Nininger. 

* This fault may be the point sketched by Dr. Owen. 
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386 THE GEOLOGY OF MINNESOTA. 
[Trenton area. 

Putting together an the facts respecting this irregularity, so far as they 

are known, there are shown to be three faults, viz: (1) one in the channel of 

the Mississippi, not seen, between Hastings and the point of the bluff west of 

Point Douglas, by which the Point Douglas beds are thrown upward. The 

layers that immediately underlie the village of Point Douglas have the same 

position as those at Hastings; (2) another by which the beds toward the 

northwest are dropped again; this fracture is shown in figure 28; and (3)· 

that by which they are again brought to the level of the beds at the S. W. 

extremity of the point; this is that which was represented by a sketch in the 

report of Dr. D. D. Owen. The amount of movement, in each case, seems to 

have been about one hundred feet; and they all occur within a distance of 

less than two miles. 

At Lakeland the top of the magnesian limestone with overlying gravel 

and loam rises to about nine hundred feet above the level of the sea, or about 

two hundred and thirty-three feet above lake St. Croix. Its lower portion, 

and the underlying sandstone, are covered with terrace deposits of the valley. 

Above this contour line, which marks approximately the extent of the gravel

strewn plains in this part of the county, rises an undulating ascent, occupied 

by the St. Peter sandstone and the Trenton limestone, amounting in all to 

about one hundred feet. 

At South Stillwater is a break in the continuity of the lake bluff. The 

high terrace (about eight hundred and seventy-five feet above the sea) which 

seems to be due, not to alluvial agency, but to the underlying limestone, is 

disturbed by the little creek, and much till and some rock are, together, the 

cause of a rough ascent from the level of the town, and the lake, to the upland 

flat. The Omaha railroad runs down a ravine from the upper flat to the Hud

son bridge. This upland flat is from three-fourths of a mile to -a mile in 

width, along here, and descends slightly toward the east. Toward the west 

it is limited by a more or less timbered belt, the area of the St. Peter, which 

has a rolling ascent to the Trenton area still further west. This flat occupies 

the interval between the contours of eight hundred and fifty and nine hundred 

feet, approximately, and is the northern extension of that at Lakeland. It 

undulates slightly, or becomes entirely broken-though the broken surfaces 

are lower, instead of higher, than the flat itself. 

At Stillwater the general section of the lake-bluff is as follows: 
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General section lit Stillwater. 

1. Drift-covered slope, from the entrance to Fairview eemetery, 70 feet 

2. Highest exposed beds of the Iimerock (top of the Shakopee 'I), seen u,t the corner of 
Burlington and Fourth street south, 15 feet 

3. Slope, mainly hid by drift, but has magnesian limestone in the tOPi from the level 
of St. Michael's Catholic church downward, 35 feet 

4. Magnesian limestone, quarried, from the level of the public school hOllse down-

ward, - 65 feet 
5. Sandrock, homogeneous, siliceous (Jorcbn), 50 feet 

6. Impure limestone, and shale (St. Lawrence), seen 15 feet 

7. Sand and shale (?), hid in the debris below the railron<l level, extending to the 

lake, - 20 feet 

Total, 270 teet 

The total thickness of the limestone, hence, is one hundred and fifteen 

feet at Stillwater. The quarries are all in the same level, whether in North 

or South Stillwater. The composition of the slope next above the quarries 

cannot be made out with certainty. It may contain some sandstone, though 

it consists of limestone at the top for about ten feet, at least; and so far as 

the backward working of the quarries exposes it, it consists of limerock. In 

1872 some observations and a sketch of the quarry of Hersey, Staples and 

company, at Stillwater, were recorded, showing interrupted deposits of white 

sandstone, overlying the quarried strata, and by its disintegration passing 

through crevices downward and filling irregular pockets still lower in the ex

posed face of the bluff, but no such phenomena have been seen there since. 

Such sandstone patches would simulate the beds of sandstone which have been 

seen in this formation a few miles further east in Wisconsin, and described by 

Mr. C. L. Wooster* under the name "New Richmond beds;" and it is highly 

probable that the upper part of the total observed thickness of the rock strata 

at Stillwater includes both the Shakopee and Richmond, as in the high "As

sinniboine bluff" in Goodhue county. The fact that the top of the quarried 

limerock forms a marked plateau, in North Stillwater, seems to show some 

natural interruption in the nature of the stratification, causing the more easy 

destruction and removal of these upper strata, driving them back a quarter of 

a mile from the strike of the main limestone stratum. The supposed Shakopee 

here is rather rough, cherty, irregular in' grain and stratification, and some

times is brecciated, at least contains angular pieces recemented. Mr. A. D. 

Roe has obtained fine specimens of oolyte, apparently from the same beds, in 

the Brown's creek valley, N. E. i of sec. 20, Stillwater, near the top of the forma-

* Geology of Wisconsin (1873-79), vol. iv, p. 126. 
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tion. Mr. Roe reports that along the ravine below are seen geodic incrusta

tions of limonite. 

The quarries at Stillwater have been described in vol. i, in the chapter 

on the building stones of the state. 

Northward from Stillwater this limestone continues to outline the bluff 

of the river with more or less distinctness to the north line of the county; but 

from Arcola northward it lies further back from the river, forming a con

spicuous shoulder in the ascent from the river to the uplands, distant nearly 

a mile from the present water channel. At Marine it is about a mile and a 

half from the river. Owing to the heavy drift-sheet with which the rocks in 

this part of the county are covered, no additional details of its nature can be 

given. 

The Richmond sandstone and the Shakopee limestone, so far as they have 

any known existence in Washington county, have been described in the fore

going account of the main body of limestone. 

The St. Peter sandstone has its usual and characteristic development in 

Washington county, though it Reems to be reduced, in some places, to a thick

ness of less than fifty feet.* It forms, inconjunction with the Trenton lime

stone, some long ridges and isolated mounds inW oodbury and Afton, which 

rise about a hundred feet above the surrounding country. There are numer

ous places where the immediate effect of this sandstone on the surface soil can be 

seen, although there is no other evidence, except that of the general topog

raphy, of its existence. Such sandy and undulating surfaces are found in 

Oneka and Grant, in a belt of country running just along the west border of 

the morainic belt already described, and fading out very gradually toward the 

west and there giving place to the marshes, meadows and lakes which are the 

reservoirs that feed Rice creek. 

The Trenton limestone. Nothing can be added, from notes made in the 

county, to the known nature of this limestone. As has already been said, it 

probably runs through the county and extends into Chisago county, but it is 

deeply covered by drift except in the eastern part of Woodbury and the west

ern part of Afton. The following special notes respecting the quarries in this 

limestone in the county will give some idea of its distribution and its lithology. 

* If, however, the fanlts which have been deserb d f d f " "( £ bl " " 1 e were orme a ter the deposlt of the Trenton there is no evidence of 
~:s uncon orma e poslbQI) on the Cambrian in Minnesota, though such is reported in Wisconsin. ' 
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Q;ua;rr'ies in the Trenton lime.stone. 

On the west shore of Long lake, S. W. l of sec. 32, Grant, Mr. John Weber owns and works a 
quarry. This is about six feet above the level of the lake and shows the llel1s of the Lower Trenton cov

ered by a heavy stratum (20 feet) of red till and gravel. The rock is weathered and yellowish, '~ith a 
blue interior; its upper face not glaciated. Thcrc is another smaH opening in this rock on the west shore 
of a small lake about a quarter of a mile further north. N either of these 11uarries is much worked. Mr. 
Weber hauls the product of his quarry in winter overland (aUlI over ice) to White Bear and sells at $1.25 
per perch, or for 65 cents per perch at the quarry. Another quarry u,djoining is owned by Mike Wilder. 

Christian Leverer has a quarry near the top of a mound, nearly ft hundred feet ahove the adjoining 
valley toward the south, on the R. W, ~. of sec. 9, Lakeland. 'rhe lJC(b here are mostly yellowish, but 
have a blue central portion. 

Mr. E. McKean has a, quarry, opened in 1845, situated on the S. W.: of the S. W 1 of sec. 22, 
Lakeland. 

The quarry of E. M. Cox is on the N. ',v.j of sec. :30, Afton. 

Near Newport are the following quarries in the Trenton: C, A. Parker'" 8. E. 1 of sec. 3r;, New
port; John Willoughby's, N. E. } of sec. 1, Newport; Mrs. CO\vell's, N. E. : of sec. 6, Cottage Grove; 
J. Holton's, sec. 25, Newport. From the last Mr. Holton used to burn quicklime. 

Robert Watson, S. E. ;} sec. 2, Cottage Grove, and Widow Norris, S. w. 1 of sec. 1, have quarries 
in the Trenton. The latter is not now worked. L. Holman has one adjoining that of Mr. Watson. 

Chas. Metcher has a quarry in the Trenton, sec. 33, Woodbury, anc11ms built his house of it. 

THE DRIFT. 

The map which is shown by plate 44 exhibits the distribution of the drift 

in its main features. 

The morainic area is rudely coterminous, and coincident in direction with, 

the known and supposed area of the Trenton-St. Peter plateau. In N. W. 

Cottage Grove and the S. W. part of Woodbury the surface is rough a,nd the 

drift abundant and morainic, with much red till and numerous granite boulders. 

The color is red, and the whole deposit has the characters ascribed to the N. 

E. till. The region is high, much of it 1000 feet, but it becomes impossible to 

draw all the contours. When a loam intervenes between the soil and the till 

the slopes are gentler and longer. The Trenton areas are characterized by 

white oak, and the St. Peter and Lower Magnesian areas are more apt to have 

only bur and black oaks. In Oakdale the elevated Trenton plateau, though 

underlain by till, has a thin sheet of loam, or pebbly clay, and in Grant, soon 

after leaving White Bear, along the railroad to Stillwa,ter, the country becomes 

broken and then rolling, with red till mostly. But there is a, trace of a gray 

clay extending as far as five or six miles, nearly to the summit, seen on the 

tops of the knolls, and probably underlying the lakes and swamps, in the form 

of a gray pebbly clay, or a very stony clay, or a gray gravel, or even as a gray 

loam having a definite and constant line of separation from the underlying 

copper-oolored till. It is a trace of a wash, and feeble transportation from 

... 

WASHINGTON COUNTY. 389 
The morainic.] 

Quarr'ies in the Trenton lime.stone. 

On the west shore of' Long lake, S. W. l of sec. 32, Grant, Mr. John Weber owns and works a 
quarry. This is about six feet above the level of the lake amI shows the l1el1s of the Lower Trenton cov

ered by a beavy stratum (20 feet) of red till and gravel. The rock is weathered and yellowish, '~ith a 

blue interior; its upper face not glaciated. There is another sma,]] opening in this rock on the west shore 

of a small lake about a quarter of a mile further north. N either of these 11uarries is much worked. Mr. 

Weber bauls the product of bis quarry in winter overland (aDiI over ke) to White Bear and sells at $1.25 

per perch, or for 65 cents per pcrch at the quarry. Another 11uarry adjoining is owned by Mike Wilder. 

Christian Leverer has a quarry near the top of a mound, nearly [t hundred feet ahove the adjoining 
valley toward the soutb, on the R. W, I of sec. D, Lakeland. The 1)0(10 here are mostly yellowish, but 
bave a blue central portion. 

Mr. E. McKean has a, quarry, opened ill 1845, situated on the S. W.: of the S. W 1 of sec. 22, 
Lakeland. 

The quarry of E. M. Cox is on the N. W.] of sec. :30, Afton. 

Near Newport are the following quarries in the Trenton: C. A. Parker's, S. E. : of sec. 3G, New

port; John Willoughby's, N. E. } of sec. 1, Newport; Mrs. Cowell's, N. E. : of sec. 6, Cottage Grove; 
J. Holton's, sec. 25, Newport. From the last Mr. Holtou used to burn 11uieklimc. 

Robert Watson, S. E. :} sec. 2, Cottage Grove, lmd Widow Norris, S. W. ~ of liee. 1, have quarries 
in tbe Trenton. Tbe latter is not now worked. L. Holman has one adjoining that of Mr. Watson. 

Chas. Metcber bas a quarry in tbe Trenton, sec. 33, Woodbury, and Ims lmil t his bouse of it. 

THE DRIFT. 

The map which is shown by plate 44 exhibits the distribution of the drift 

in its main features. 

The morainic area is rudely coterminous, and coincident in direction with, 

the known and supposed area of the Trenton-St. Peter plateau. In N. W. 

Cottage Grove and the S. W. part of Woodbury the surface is rough and the 

drift abundant and morainic, with much red till and numerous granite boulders. 

The color is red, and the whole deposit has the characters ascribed to the N. 

E. till. The region is high, much of it 1000 feet, but it becomes impossible to 

draw all the contours. When a loam intervenes between the soil and the till 

the slopes are gentler and longer. The Trenton areas are characterized by 

white oak, and the St. Peter and Lower Magnesian areas are more apt to have 

only bur and Mack oaks. In Oakdale the elevated Trenton plateau, though 

underlain by till, has a thin sheet of loam, or pebbly clay, and in Grant, soon 

after leaving White Bear, along the railroad to Stillwater, the country becomes 

broken and then rolling, with red till mostly. But there is a trace of a gray 

clay extending as far as five or six miles, nearly to the summit, seen on the 

tops of the knolls, and probably underlying the lakes and swamps, in the form 

of a gray pebbly clay, or a very stony clay, or a gray gravel, or even as a gray 

loam having a definite and constant line of separation from the underlying 

copper-colored till. It is a trace of a wash, and feeble transportation from 

.. 

WASHINGTON COUNTY. 389 
The morainic.] 

Quarr'ies in the Trenton lime.stone. 

On the west shore of' Long lake, S. W. l of sec. 32, Grant, Mr. John Weber owns and works a 
quarry. This is about six feet above the level of the lake amI shows the l1el1s of the Lower Trenton cov

ered by a beavy stratum (20 feet) of red till and gravel. The rock is weathered and yellowish, '~ith a 

blue interior; its upper face not glaciated. There is another sma,]] opening in this rock on the west shore 

of a small lake about a quarter of a mile further north. N either of these 11uarries is much worked. Mr. 

Weber bauls the product of bis quarry in winter overland (aDiI over ke) to White Bear and sells at $1.25 

per perch, or for 65 cents per pcrch at the quarry. Another 11uarry adjoining is owned by Mike Wilder. 

Christian Leverer has a quarry near the top of a mound, nearly [t hundred feet ahove the adjoining 
valley toward the soutb, on the R. W, I of sec. D, Lakeland. The 1)0(10 here are mostly yellowish, but 
bave a blue central portion. 

Mr. E. McKean has a, quarry, opened ill 1845, situated on the S. W.: of the S. W 1 of sec. 22, 
Lakeland. 

The quarry of E. M. Cox is on the N. W.] of sec. :30, Afton. 

Near Newport are the following quarries in the Trenton: C. A. Parker's, S. E. : of sec. 3G, New

port; John Willoughby's, N. E. } of sec. 1, Newport; Mrs. Cowell's, N. E. : of sec. 6, Cottage Grove; 
J. Holton's, sec. 25, Newport. From the last Mr. Holtou used to burn 11uieklimc. 

Robert Watson, S. E. :} sec. 2, Cottage Grove, lmd Widow Norris, S. W. ~ of liee. 1, have quarries 
in tbe Trenton. Tbe latter is not now worked. L. Holman has one adjoining that of Mr. Watson. 

Chas. Metcber bas a quarry in tbe Trenton, sec. 33, Woodbury, and Ims lmil t his bouse of it. 

THE DRIFT. 

The map which is shown by plate 44 exhibits the distribution of the drift 

in its main features. 

The morainic area is rudely coterminous, and coincident in direction with, 

the known and supposed area of the Trenton-St. Peter plateau. In N. W. 

Cottage Grove and the S. W. part of Woodbury the surface is rough and the 

drift abundant and morainic, with much red till and numerous granite boulders. 

The color is red, and the whole deposit has the characters ascribed to the N. 

E. till. The region is high, much of it 1000 feet, but it becomes impossible to 

draw all the contours. When a loam intervenes between the soil and the till 

the slopes are gentler and longer. The Trenton areas are characterized by 

white oak, and the St. Peter and Lower Magnesian areas are more apt to have 

only bur and Mack oaks. In Oakdale the elevated Trenton plateau, though 

underlain by till, has a thin sheet of loam, or pebbly clay, and in Grant, soon 

after leaving White Bear, along the railroad to Stillwater, the country becomes 

broken and then rolling, with red till mostly. But there is a trace of a gray 

clay extending as far as five or six miles, nearly to the summit, seen on the 

tops of the knolls, and probably underlying the lakes and swamps, in the form 

of a gray pebbly clay, or a very stony clay, or a gray gravel, or even as a gray 

loam having a definite and constant line of separation from the underlying 

copper-colored till. It is a trace of a wash, and feeble transportation from 

.. 



390 THE GEOLOGY OF MINNESOTA. 
[Terraces. 

the o'lacial field toward the northwest, and is doubtless an extension of the 
b 

similar deposit seen on the red till between Wyoming and Taylor's Falls, in 

greater force. The rest of the way to Stillwater is occupied by the red till 

in rolling contour, until it sinks below the upper level of the gravel terrace 

of the St. Croix valley. Within the limits of Stillwater, where the surface 

rises above the general terrace, and the till is exposed, it is thin, and is cov

ered in general by a thin yellowish loam, which sometimes is fine but thick. 

This red or yellowish loam also covers the red till in Baytown and in the N. 

W. part of Lakeland. The morainic area in Marine is characterized by long 

ridges and rounded hills, separated sometimes by tracts of elevated land more 

nearly flat. 

Gravel and sand terraces. 

From the north line of the county along the St. Croix valley are strewn, 

remarkable quantities of water-washed drift materials. They are more remark

able for their abundance than along the Mississippi valley. On the eastern 

side, i. e., in the valley of the St. Croix, these materials at Lakeland reach 

the hight of 233 feet above the low-water level of lake St. Croix; but they 

seem there to indicate, not the river bottom but the flood-plain level of the St. 

Croix river in glacial times. This hight is slightly increased toward the north, 

and is diminished toward the south. The short section from the Trenton 

bluff, which rises to over 1000 feet above the sea, near Lakeland, to the level 

of St Croix lake which is 667 feet above the sea, affords a very good chance 

to learn the relations of this terrace-flat to the different rock strata that cause 

bench-levels along the St. Croix valley. Below the Trenton plateau is an 

undulating, generally timbered, descent, toward Lakeland, over the outcropping 

edge of the St. Peter sand:5tone, amounting to about 100 feet; at the foot of 

this descent a nearly level plain is outstretched which, beginning at about 900 

feet altitude, descends to about 850 feet. This plain is probably closely un

derlain by the Lower Magnesian limerock, although outwardly the surface 

materials consist of loam and gravel. About two miles below Lakeland some 

beds that resemble the St. Lawrence appear in this terrace. This level expanse 

is repeated on the east side of the valley. This plain is succeeded, at Lake

land, by another, which is about forty feet lower and consists almost entirely 

of gravel and gand. This is cut deeply by streams so that its margin is inter-
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rupted by abrupt gullies. It is unquestionably the true alluvial terrace of the 

valley, and was the bottom of the river when its flood-plain was the upper flat. 

Below this gravel-terrace plain are some others, less persistent in contour and 

extension, that seem to have been wrought accidentally here or there as the 

subsidence of the river progressed, and as obstructions in one place or the other 

produced or diverted the channel from place to place. The principal one of 

these lower flats is that on which the village of Lakeland is built. 

At Lakeland. 

The level of lake St. Croix is 667 feet above the sea. 

The depot of the Chicago, Milwaukee and St. Paul railway is 744 feet above the sea. 

< The gravel terrace of the ancient river rises to 800 feet above the sea, or 133 feet above lake St. 
Croix. 

The ancient flood-plain of the St. Croix ascends from 850 feet to 900 feet above the sea, the latter 
level being at the outer border of the plain. 

The 800-foot contour coincides nearly with the river-ward edge of the ancient alluvial terrace. 

The 850-foot contour coincides nearly with the eastern border of the flood-ph1in or Lower Mag
nesian terrace. 

The 900-foot contour nearly coincides with the upper limit of the flood-plain, and shows what part 
of the country was submerged when the river was at its highest flood. 

The 1000-foot contour is about at the bottom of the Trenton limerock. 

The 1050-foot contour would include but a small portion of the upper surface of the Trenton 
plateau. 

The valley of Bolles creek has the ancient high terrace preserved in 

patches at about the same hight as along St. Croix lake. The sandy plain at 

Elmo station is an outlying remnant of the upper plains of the Bolles creek 

valley, and was probably continuous with the terraces of that creek, if not with 

the terrace of the St. Croix itself, although its elevation is about 938 feet. It 

was formed, at least, by one of the upper bayous of the glacial waters, and 

merges into the great Lower Magnesian (or flood) plain which extends south

ward through Lakeland and Afton. 

In the valley of Trout creek, S. E. 1 of sec. 34, Afton, is a small expos

ure of fine, red, laminated drift-clay; the same appears also on the south side 

of the creek, sec. 3, Denmark. It is found also in the valley of Brown's creek, 

near Stillwater, and has been styled tripoli. 

The gravel terrace on which Langdon is located, in Cottage Grove, rises 

100 feet by aneroid measurement, above the river at the point where it is 

exposed by a cut of the Chicago, Burlington and Northern railway, southwest 

from Langdon. But further from the river it is twenty-five feet higher, by an 

irregular ascent part of which is in the form of a terrace bench. The flat on 

which the Chicago, Milwaukee and St. Paul railroad runs, at Langdon, is 812 

WASHINGTON COUNTY. 381 
Gravel terrlU)e.] 

rupted by abrupt gullies. It is unquestionably the true alluvial terrace of the 

valley, and was the bottom of the river when its flood-plain was the upper flat. 

Below this gravel-terrace plain are some others, less persistent in contour and 

extension, that seem to have been wrought accidentally here or there as the 

subsidence of the river progressed, and as obstructions in one place or the other 

produced or diverted the channel from place to place. The principal one of 

these lower flats is that on which the village of Lakeland is built. 

At Lakeland. 

The level of l[1ke St. Croix is 667 feet above the sea. 

The depot of the Chic[1go, Milwaukee and St. P[1ul railway is 744 feet above the se[1. 

The gravel terrace of the ancient river rises to 800 feet above the se[1, or 133 feet above lake St. 
Croix. 

The ancient flood-plain of the St. Croix ascends from 850 feet to 900 feet above the sea, the latter 
level being at the outer border of the plain. 

The 800-foot contour coincides ne[1rly with the river-ward edge of the ancient alluvial terrace. 

The 850-foot contour coincides nearly with the eastern border of the flood-plain or Lower Mag
nesian terrace. 

The 900-foot contour nearly coincides with the upper limit of the flood-pl[1in, and shows what part 
of the country was submerged when the river was [1t its highest flood. 

The 1000-foot contour is about [1t the bottom of the Trenton limerock. 

The 1050-foot contour would include but a small portion of the upper surface of the Trenton 
plateau. 

The valley of Bolles creek has the ancient high terrace preserved in 

patches at about the same hight as along St. Oroix lake. The sandy plain at 

Elmo station is an outlying remnant of the upper plains of the Bolles creek 

valley, and was probably continuous with the terraces of that creek, if not with 

the terrace of the St. Oroix itself, although its elevation is about 938 feet. It 

was formed, at least, by one of the upper bayous of the glacial waters, and 

merges into the great Lower Magnesian (or flood) plain which extends south

ward through Lakeland and Afton. 

In the valley of Trout creek, S. E. or of sec. 34, Afton, is a small expos

ure of fine, red, laminated drift-clay; the same appears also on the south side 

of the creek, sec. 3, Denmark. It is found also in the valley of Brown's creek, 

near Stillwater, and has been styled tripoli. 

The gravel terrace on which Langdon is located, in Oottage Grove, rises 

100 feet by aneroid measurement, above the river at the point where it is 

exposed by a cut of the Ohicago, Burlington and Northern railway, southwest 

from Langdon. But further from the river it is twenty-five feet higher, by an 

irregular ascent part of which is in the form of a terrace bench. The flat on 

which the Ohicago, Milwaukee and St. Paul railroad runs, at Langdon, is 812 

WASHINGTON COUNTY. 381 
Gravel terrlU)e.] 

rupted by abrupt gullies. It is unquestionably the true alluvial terrace of the 

valley, and was the bottom of the river when its flood-plain was the upper flat. 

Below this gravel-terrace plain are some others, less persistent in contour and 

extension, that seem to have been wrought accidentally here or there as the 

subsidence of the river progressed, and as obstructions in one place or the other 

produced or diverted the channel from place to place. The principal one of 

these lower flats is that on which the village of Lakeland is built. 

At Lakeland. 

The level of l[1ke St. Croix is 667 feet above the sea. 

The depot of the Chic[1go, Milwaukee and St. P[1ul railway is 744 feet above the se[1. 

The gravel terrace of the ancient river rises to 800 feet above the se[1, or 133 feet above lake St. 
Croix. 

The ancient flood-plain of the St. Croix ascends from 850 feet to 900 feet above the sea, the latter 
level being at the outer border of the plain. 

The 800-foot contour coincides ne[1rly with the river-ward edge of the ancient alluvial terrace. 

The 850-foot contour coincides nearly with the eastern border of the flood-plain or Lower Mag
nesian terrace. 

The 900-foot contour nearly coincides with the upper limit of the flood-pl[1in, and shows what part 
of the country was submerged when the river was [1t its highest flood. 

The 1000-foot contour is about [1t the bottom of the Trenton limerock. 

The 1050-foot contour would include but a small portion of the upper surface of the Trenton 
plateau. 

The valley of Bolles creek has the ancient high terrace preserved in 

patches at about the same hight as along St. Oroix lake. The sandy plain at 

Elmo station is an outlying remnant of the upper plains of the Bolles creek 

valley, and was probably continuous with the terraces of that creek, if not with 

the terrace of the St. Oroix itself, although its elevation is about 938 feet. It 

was formed, at least, by one of the upper bayous of the glacial waters, and 

merges into the great Lower Magnesian (or flood) plain which extends south

ward through Lakeland and Afton. 

In the valley of Trout creek, S. E. or of sec. 34, Afton, is a small expos

ure of fine, red, laminated drift-clay; the same appears also on the south side 

of the creek, sec. 3, Denmark. It is found also in the valley of Brown's creek, 

near Stillwater, and has been styled tripoli. 

The gravel terrace on which Langdon is located, in Oottage Grove, rises 

100 feet by aneroid measurement, above the river at the point where it is 

exposed by a cut of the Ohicago, Burlington and Northern railway, southwest 

from Langdon. But further from the river it is twenty-five feet higher, by an 

irregular ascent part of which is in the form of a terrace bench. The flat on 

which the Ohicago, Milwaukee and St. Paul railroad runs, at Langdon, is 812 



392 THE GEOLOGY OF MINNESOTA. 
[Gray till. 

feet above the sea, and that on which it runs at Newport is 750. In the rail

road cut mentioned is exposed a faintly red, stratified drift-clay with undu

lating stratification. It is mingled with some fine sandinterlaminated, and is 

overlain by a great thickness of gravel-and-sand, which constitutes the greater 

part of the terrace at this place. It changes to fine sand both above and 

below and seems to have been made conformably and contemporaneously an 

integral part of the terrace deposits. The dip of all the strata is about 30° 

toward the N. E. 

The region northwestward from the northwest border of the mOraInIC 

area, including the northwest part of Marine, Forest Lake and Oneka, is undu

lating or flat, covered mostly with modified drift or a pebbly gray clay. In 

some places gravel-and-sand is found, but in general nothing can be seen but 

a loam, either sandy or clayey, greatly in contrast with the western border of 

the morainic drift. This kind of drift extends, with a flat surface, west to 

Centerville, in Alloka county, including the valley of the Rice creek "hay 

meadows." Sometimes this gray clay, when the loam is removed, is more 

correctly styled gray till. In the vicinity of White Bear lake, on the north 

side, this gray till, or pe bbly clay, is rather thin, and lies on a red till. In 

Anoka county this flat extends to the Mississippi, but becomes more and 

more sandy. 

This flat surface seems to characterize the northwest side of the morainic 

belt. The large lakes which occupy it-Marine, Forest, White Bear, Bald 

Eagle, Lambert's and probably others in Ramsey county, and the lakes about 

Centerville in Anoka county-are thus lakes of the modified drift area. They 

seem to have been located by the more rapid retreat of the ice-margin, causing 

a thinning of the drift, but at the same time spreading further eastward, over 

the depression thus left in the general surface, a modified condition of the gray 

till which is here found overlying the red till. Thus the existence and agency 

of standing, or but slightly agitated, water is recognizable over this tract ever 

since the glacial epoch, and the present lakes are only the residua from that 

more extensive bayou. Their surfaces are from fifteen to twenty feet below 

the surrounding country level. 

?opper b01tldel's have been found in Washington county as follows: Mr. Elias McKean, near the 
north hne of sec. 27, Lakelaud, found a piece weighing about half a pound in the drift-sand lying on the 
terrace just below the St. Peter s:1ndstone when his cellar was dug Mr H B V 11 h If il ' . '" 0 mer, a a m e 
further north, also found pieces of pure copper on his farm. Mr. McKean also found a mass weighing 
eleven pounds at St. Croix falls in 1844, in the rapi(ls of the river above the falls. 
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In 1881, Mr. Lamoreaux found a piece weighing about two pounds on uncultivated land (" wild 
land") in Oneka, near Bald Eagle lake. This piece was exhibited to the writer at Minneapolis. It was 
flat, and from t to ~ inch thick, of irregular shape but not ragged. 

Other boulders. In the western part of Grant are frequent boulders of a sort of graywacke, and 
some of them are small, and scnttered :through the till in a manner somewhat resembling that of Creta
ceous shale in Hennepin county. It is of the nature of some of the crystalline slate of the Animikie 
group as seen near Thomson. Nearly every other sort of crystalliue can also be seen, especially tmp, 
gabbro, amygdaloid, iron-banded jasper, granite (red and gray) and mica-schist. Trap and red granite 
rot easier than the other boulders. A slab of this graywacke, six feet across, was seen nearly on the line 
between secs. 26 and 25, Grant; near it, gathered from the fields, among other boulders are pieces of 
white "Winnipeg limestone." 

Wells in Washington county. 

In the northern part of the county wells are shallow, but in the southern towns, in the immediate 
vicinity of the preglacial gorges, wells are drilled sometimes over a hundred feet in the underlying rock 
strata. 

Grant. H. Gunderson; S. W. t of sec. 16: well, 88 feet, gravel, sand and stony clay throughout; 
water in sand. Another well four rods northeast from this Etruck sandrock at the depth of 70 feet. 

Oakdale. J. W. Lohman; Lake Elmo station: well, 75 feet; loam and soil, 10 feet; gravel and sand, 
60 feet; blue clay, 5 feet (called "fire-clay," possibly kaoline, and the equi mlent of that found in the 
cave at St. Paul; or, instead, the equivalent of that in the Mendota deep well, found beneath the St. Peter 
sandstone); wells generally about lake Elmo are from 60 to 75 feet deep. 

Lakeland. Elias McKean; north line ofser.. 27: well, 132 feet; loam, 14 feet; limerock, 118 feet. 
Henry B. Vollmer; sec. 22: well, 132 feet; loam, 14 feet; limerock, 118 feet. 
John Oliver; sec. 22: well, 132 feet; loam, 14 feet; limerock, 118 feet. 
John Schrade; S. E. t of sec. 28: well, 142 feet; loam 14 feet; limerock, 128 feet. These are all 

on the upland terrace which thus is shown to be caused primarily by the rocky formations. 
Woodbury. Peter Peterson; N. W. t of sec. 13: well, 40 feet; clay and soil, ;{ feet; gravel, etc., 21 

feet; rock, 16 feet. 
Patrick McGuire; S. E. } of sec. 30: well, 74 feet; soil and clay, 10 feet; sand, 10 feet; gravel and 

boulders, 12 feet; stiff, red clay, with no gravel. 5 feet; sand 2 feet, with a little water; boulders and 
clay, 30-35 feet; hardpan, 4 inches; with water in quicksand. 

Most wells on the higher fiat of the Trenton obtain water at 16-40 feet, but in the low ground, 
over the St. Peter sandrock, or on the Lower Magnesian fiats, they are often sunk 100 feet more or less. 

Afton. George Georgus; N. W. t of sec. 6: well, 54 feet; soil and loam, 2 feet; sand, 6 feet; stony 
red clay, 4 feet; sand, 6 feet; blue clay, 32 feet; sand with water, 6 feet. No opportunity was afforded of 
seeing this" blue clay." It seems here to have appertained to the drift, and that found in wells at Lake 
Elmo station may be its equivalent. 

William Bohn; S. W. t of sec. 6: well 28 feet; soil and loam, 2 feet; gravel, sand and red clay, 28 

feet; rock, 8 feet. 
Outtage Grove. Wells at Langdon station strike rock at about 20 feet, the materials above being 

soil and gravel. 
H. House; N. W. t of sec. 3: well, 34 feet; struck rock. This is situated on the Trenton area. 
O. Keene; S. E. t of sec. 11: well, 140 feet; soil, 8 to 10 feet; sandrock and lime rock, 130 feet. 
Peter Thompson; N. W. t of sec. 14: well, 129 feet; soil and loam, 4 feet; white sandrock, 125 

feet; then hard rock, called "flint rock" by the drillers. 
A. Keene; S. W. t of sec. 14: well, 129 feet; sand and gravel, with water, 121 feet; boulders, clay, 

sand, etc., with more water, 8 feet. 
R. Bobbins; N. E. t of sec. 15: well, 130 feet; gravel and sand, 50 feet; rock, 80 feet. 
Denmark. Philip Hammel; N. W. t of sec. 9: well, 130 feet; soil, 2 feet; sand, with some thin 

layers of yellow clay, 128 feet; water was found in sand on top of the rock. 
Henry Peterson; N. W. t of sec. 17: well, 28 feet; water in limerock. 

MATERIAL RESOURCES. 

Quarries. The quarries in the Trenton limestone have been mentioned 

In describing that formation. Those in magnesian limestone at Stillwater have 
60 
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some of them are small, and scattered :through the till in a manner somewhat resembling that of Creta

ceous shale in Hennepin county. It is of the nature of some of the crystalline slate of the Animikie 
group as seen near Thomson. Nearly every other sort of crystalline can also be seen, esperially trap, 
gabbro, amygdaloid, iron-banded jasper, granite (red and gray) and mica-schist. Trap and red granite 
rot easier than the other boulders. A slab of this graywacke, six feet across, was seen nearly on the line 
between secs. 26 and 25, Grant; near it, gathered from the fields, among other boulders are pieces of 
white "Winnipeg limestone." 

Wells in Washington county. 

In the northern part of the connty wells are shallow, but in the southern towns, in the immediate 
vicinity of the preglacial gorges, wells are drilled sometimes over a hundred feet in the underlying rock 
strata. 

Grant. H. Gunderson; S. W. t of sec. 16: well, 88 feet, gmvel, sand and stony clay throughout; 
water in sand. Another well four rods northeast from this Etruck sandrock at the depth of 70 feet. 

Oakdale. J. W. Lohman; Lake Elmo station: well, 75 feet; loam and soil, 10 feet; gravel and sand, 
60 feet; blue clay, 5 feet (called" fire-clay," possibly kaoline, and the equimlent of that found in the 
cave at St. Paul; or, instead, the equivalent of that in the Mendota. deep well, found beneath the St. Peter 
sandstone); wells generally about lake Elmo are from 60 to 75 feet deep. 

Lakeland. Elias McKean; north line of sec. 27: well, 132 feet; loam, 14 feet; limerock, 118 feet. 
Henry B. Vollmer; sec. 22: well, 132 feet; loam, 14 feet; !imeroek, 118 feet. 
John Oliver; sec. 22: well, 132 feet; loam, 14 feet; limerock, 118 feet. 
John Schrade; S. E. t of sec. 28: well, 142 feet; loam 14 feet; limerock, 128 feet. These are all 

on the upland terrace which thus is shown to be caused primarily by the rocky formations. 
Woodbury. Peter Peterson; N. W. t of sec. 13: well, 40 feet; clay and soil, ;{ feet; gravel, etc., 21 

feet; rock, 16 feet. 
Patrick McGuire; S. E. } of sec. 30: well, 74 feet; soil and clay, 10 feet; sand, 10 feet; gravel and 

boulders, 12 feet; stiff, red clay, with no gravel. 5 feet; sand 2 feet, with a little water; boulders and 
clay, 30-35 feet; hardpan, 4 inches; with water in quicksand. 

Most wells on the higher flat of the Trenton obtain water at 16-40 feet, but in the low ground, 
over the St. Peter sandrock, or on the Lower Magnesian flrLts, they :11'e often sunk 100 feet more or less. 

Afton. George Georgus; N. W. t of sec. 6: well, 54 feet; soil and loam, 2 feet; sand, 6 feet; stony 
red clay, 4 feet; sand, 6 feet; blue clay, 32 ieet; sand with water, 6 feet. No opportunity was afforded of 
seeing this" blue clay." It seems here to have appertained to the drift, and that found in wells at Lake 

Elmo station may be its equivalent. 
William Bohn; S. W. t of sec. 6: well 28 feet; soil and loam, 2 feet; gravel, sand and red clay, 28 

feet; rock, 8 feet. 
Cuttage Grove. Wells at Langdon station strike rock at about 20 feet, the materials above being 

soil and gravel. 
H. House; N. W. tof sec. 3: well, 34 feet; struck rock. This is situated on the Trenton area. 
O. Keene; S. E. t of sec. 11: well, 140 feet; soil, 8 to 10 feet; sandrock and limerock, 130 feet. 
Peter Thompson; N. W. t of sec. 14: well, 129 feet; soil and loam, 4 feet; white sandrock, 125 

feet; then hard rock, called "flint rock" by the drillers. 
A. Keene; S. W. t of sec. 14: well, 129 feet; sand and gravel, with water, 121 feet; boulders, clay, 

sand, etc., with more water, 8 feet. 
R. Bobbins; N. E. t of sec. 15: well, 130 feet; gravel and sand, 50 feet; rock, 80 feet. 
Denmark. Philip Hammel; N. W. t of sec. 9: well, 130 feet; soil, 2 feet; sand, with some thin 

layers of yellow clay, 128 feet; water was found in sand on top of the rock. 
Henry Peterson; N. W. t of sec. 17: well, 28 feet; water inlimerock. 

MATERIAL RESOURCES. 

Quarries. The quarries in the Trenton limestone have been mentioned 

m describing that formation. Those in magnesian limestone at Stillwater have 
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been de~cribed, in their main chara.cteristics, in volume one, in the discussion 

of the building-stones of the state.* These quarries are owned by Messrs. 

Hersey, Staples and Hall, Fayette Marsh, Esq., and by Dr. Carli. They have 

long been worked, and they are destined to furnish yet a large amount of 

very valuable stone. 

Trz'poN. The bed of tripoli, located at Stillwater, is a part of the drift. 

It lies below a great mass of drift materials, closely sheltered in a nook be

tween the bluffs of Brown's creek. Its position has preserved it from the 

erosive action of ice and water. It is of a reddish copper-color, the same as 

that of the red till which is common in Washington county. Its exposed 

thickness is about twenty feet, and it is in some places interstratified with thin 

laminations of quartz sand. It is very fine, and consists of between seventy 

and eighty per cent of silica. 

appears like a laminated clay. 

It is so fine that it is nearly impervious, and 

This low-lying bed of red siliceous clay is un-

doubtedly of the same age and nature as that seen south from Langdon, at the 

railroad cut made by the Chicago, Burlington and Northern railway, and that 

seen in the banks of Trout creek. Its parallel is also seen in some of the lower 

cuts in the drift at St. Paul near the level of the Mississippi. It is derived 

from the natural washing of the red till by streams at the time of high water 

incidellt to the glacial epoch, but whether it was at the time of the last ice-age 

or at some former one it is not yet possible to state. 

In 1866 a company was chartered at St. Paul entitled the Minnesota Tripoli company, for the PUl'
pose of examining and utilizing this substance for purposes of common polishing. From a pamphlet 
circulart issued by this company the following facts have been obtained: It was thoroughly analyzed at 
the United States mint, at Philadelphia, by Mr. J. R. Eckfeldt who gave the following statement: 

PHILADELPHIA, June. 18, 1866. 
Gov. STEPHEN MILLER: Your specimen of tripoli consists of-
Silica, 
Lime, 

77.7 
8.2 
3.5 Iron, 

Alumina, 
3.4 

Water, etc., 7.2 

The constitnents of tripoli vary from 66 to 90 per cent of silex, according to the different authori-
ties, and is mostly derived, as Ehrenberg has shown, from casts of animalculre. -

J. R ECKFELDT, AS8ayer. 
A sample was submitted to Prof .. Joseph Henry by senator Ramsey, who made the following 

statement: 

S:OUTHSONIAN INSTITUTION, Washington, D. C., March 8, 1866. 

. HON. ALEX. ~AlIISEY, U. S. Senate: I regret that I have so long delayed answering your letter 
III regard to the speelmen of tripoli, which you submitted for examination. t 

• Vol. i, p. 159. 
t Articles of Association Assays Reports and Com 'tt f h . 

library oC the HistOrical Societ;.]' lDJ. ees 0 t e Mmnesota Tripoli company, St. Paul, 1866. [In the 

t A specimen of crude tripoli frOID the bed oC tbe Minnesota company. 
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It was placed under the microscope, and compared with the specimen of tripoli which accompanied 
itj* and all;o .tested by actual application to the polishing of hard sUbstances. 

The conclusion arrived at in regard to it .is thl,t it is tripoli of good quality. 

Very respeetfu Uy yours . 

. JOSEPH HENRY. 
NEW Yorm, Aug. 15, 18(j6. 

HON. STEPHEN MILLER, St. Paul. Deal' Sir,' Vile are anxiously awaiting arrival of further speci
mens of your tripoli. We have a certificate from Messrs. John Haueh & Co., large silversmiths of this city, 

pronouncing it fully equal, if not superior, to any imported tripoli ever used by them, and they inform 

us that any quantit.y of it can be disposed of here at the figures named by you; amI have kindly offered to 

distribute a quantity of samples among their own mercantile friends. 

Hespectfully your obedient servants, 

KEARNEY AND HA WTHORNE. 
The following is the report of Charles LTpham Sheperd, !l1. D., professor of natural sciences at Am

herst college. 

AMHERST COLLEGE, Mass., Oct. 10, IH66. 

THE MINNESOTA TRIPOLI COMPANY, St. Paul: 

General -remarks on the substancps denominated tripoli. 

The name originated either from the city of Tripoli in Syria, or from the republic of Tripoli in 
Africa, from both of which places this substance was once ohtained. 

The most essential characteristics of tripoli are the following: An impalpable texture, softness 
to the touch, to be easily crushed under pressure of the fingers, opaque, dull (or without even a glimmer

ing lustre), not emitting the ch,yey 01' argillaceous odor when breathed upon, easily falling to pieces in 
water and not forming therewith a pasty mass, without lively colors and generally of a light yellow or 

ash gray shade, sometimes with a pale tinge of red generally exhibiting an indistinctly slaty structure, 

as if fOl'med or deposited under, water. and finally having a chemical composition into which silica enters 
in proportions betwixt 60 and DO per cent, while the other ingredients are chiefly peroxide of iron, car

bouate of lime, water and traces of alumina. 
The geological origin of tripolies may be various; sometimes being due to the alteration of other 

rocks by heat, or their permeation by gaseous vapors; at others to the (Iecomposition of particles of iron 

pyrites diffused through a siliceous 1"Ock; and, finallY, to lacustrine or I iver sediment into which the 
cases or skeletons of microscopic infusorial animals have largely entered. The polishing slate (polier

schiefer) of Biliu, Bohemia, is almost entirely made up of the siliceous shells of ltnimalculites of such 
extreme minuteness, that a cubic inch of the stones contains forty-one thousand millions of individuals. 

Uses. 

The use of tripolies in the arts is very great. Wherever a high polish is required, whether upon 

metal, stone, glass, '01' even wood, their employment is perfectly indispensable, and in very considerable 
quantity. The consnmption is constantiy increasing, and lite demand for the ctrticleis destined to knuw no limi/' 

Description of locality and specimens of the lJ1innesota Tripoli company. 

The specimens here reported upon (six in number), would appear from statements supplied to me 

by Isaac Vau Etten, Esq., to pertain to a lacustrine or f\uvi<1tile formation. The locality is the bed and 

banks of a stream (Brown's creek) that takes its rise in a pond about two miles from bke St. Cloix, the 

formation commencing at a point about one mile distant from the lake; about half way between the tripoli 
deposit and the pond is a fall or rapid of 8 or 10 feet over a fine sandstone rock, but below this to t,he 

lake no rock appears. The land rises into bluffs fifty feet (50) in hight on either side of the stream, the 

tripoli coming into view on its bed anci banks, for a clistance of one-half mile. Its depth has not been 

ascertained, except at several partial excavations, or exposures of from two to twenty feet, without, how

ever, reaching the bottom of the deposit. Minute shells have been found in the tripoli, none of which 

were forwarded for my inspection. The presumption concerning them, however, is, that they are lacus

trine fresh-water bivalves. The stratum of tripoli upon the banks of the stream is sltid to be overlaid by 

decayed vegetable matter to the depth of from one to three feet. Not having seen the formation it is diffi-

> cult to say whether it belongs to the tertiary, or to the more recent period of the peat-bog formation, 

though I incline to the latter opinion. 

* Specimen of prepared tripoli from Mount Eagle works. 
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THE MINNESOTA TRIPOLI COMPANY, St. Paul: 
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The name originated either from the city of Tripoli in Syria, or from the republic of Tripoli in 
Afrien" from both of which places this substance was once ohtained. 

The most essential characteristics of tripoli are the following: An impalpable texture, softness 
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• Specimen of prepared tripoli from Mount Eagle works. 
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ASSAY OF SIX SPECIlliENS PRESENTED. 

No. 1. Upper stratuln uf lower bed. This is slightly the lightest colored of the whole series, being 

ft very light asb-gray, with a faint tinge of red, which becomes more obvious when the substance is 
powdered. It is also the lightest and most porous of them, as if it had been subjected to less pressure. 
When unpacked from the paper in which it was wrapped it contained some moisture, with which, how
ever, it rapidly parted on exposure to the sun. On being handled it soiled the fingers more readily than 

the softest chalk. 
Its particles are as fine as flour and impart no sensation between the teeth; however it has nearly 

the same grit as chemically prepared silica. When breathed upon, it does not give the argillaceous odor 
of clay. It readily falls to pieces in water through which for a short time it remains sus11ended, like pre
pared chalk. On subsiding to the bottom, however, it does not form a pasty mass after the manner of 
clays. When the clem' water has been poured off from the sediment, the latter on drying sets into a firm 
cake resembling the original material. It lost by heating to full redness, 10 l)er cent in weight, during 
which it did not harden. After being pulverized in its original state and sun dried, its loss by ignition 
was only 2} per cent. No discoloration or smell was produced by the heating; from which it is.apparent 
that it is free from organic matter. Afl·er ignition its color was rather more pinkish. 

No.2. From sln(lllshaft at lowe?' bed. Much the same as No.1, except that its color is more of an 
ash-gray. It is also more compact, and with a perceptible slaty or laminated structure. 

No.3. A dark seam, one to one and (t hctl! inches thick, running through lower bed. This is more like 
No.1, only firmer and without any tinge of red until after being heated. 

No.4. From middle of twenty-foot exposures. This seems identical with No.1, except in being 
more condensed, as if from pressure. I submitted a specimen of this variety to my friend Dr. Charles T. 
Jackson of Boston, and he writes me in reply that" 8, pOlishing powder exactly like that you send is 
prepared at the Engle Mills, in Maine, and sold at twenty-five cents per paper of about half a pound. 

No.5. From water line of twenty-fool eJ:po.sure. Same as No.4. 
No.6. From the upper e;cposure on the creek. Resembles No.3 with a little more red. 
Analysis, in the state of suu-dried powders: 

iliea, - - - - -
bonate of lime with traces of magnesia, 

s 
Car 

P 

A 

W 

eroxide of iron, - - - -
lumina, - - - -

ater, - - - -

I 
I 

I 

NOS. 

1 2 3 4 5 

77.00 82.50 77.00 77.00 77.00 

12.00 7.75 10.75 12.00 11.50 

7.00} 
7.50 

1.50 
9.00 8.50 9.00 

2.50 2.25 2.75 2 .. 50 2.50 

100.00 100.00 100.00 100.00 100.00 

• 

6 

77.50 

10.75 

9.00 

2.75 

100.00 

. . The carb~nate of hme (WIth traces of magnesia) was determined by difference. or loss (after ascer-
tammg the weight of the other ingredients). In making up the 100 parts th 'd f' d I . , e peroxl e 0 non an 
a umma were not separated except in No.1 (but estimated togeth) th . . .. ,er as ere was eVIdence that their 
relatIve proportIOn m ench of the others was nearly similar. 

Oonclusions. 
It is . my ~~mlOn that each of these specimens will be found to be good tripoli. That which con-

tams the most slhca will be slightly the most efficient "'1'. ,i' . 
• . "' ez iler oJ them WIll have to undergo an 

twn to be fit for ilnmeciiate use as polishers. They m . t y pre para-
weight has been reduced six or ei ht er aygo I.n o. commerce as they are, at least after their 

11 fi d h g P cent, by pn venzatlOn, and sun or kiln drving. They are all 
equa y ne an omogeneous, and possess the requisite of an almos '. 
tion in consequence of which th '11' f t perfectly non-alummons composi-

, ey WI mix reely with water witho t 1 . 1 
the carbonate of lime and oxide of . . h . ,u lecommg cammy or tenacious; 

lTon are nelt er III proportions that will be detrimental to their action 
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as polishers inasmuch as both these substauces when used apart, are excellent polishers, the first under 
the denomination of whiting, and the second of colcothar. Experience only can decide the commercial 
importance of your discovery; but the present examination leads me to predict that it cannot fail of being 
largely applied to all the various uses of our best tripolies. 

Very respectfully yours, C. U. SHEPARD. 
Prof. De Montreville, a practical dentist of St. Paul, bears testimony as follows, to the value of 

this tripoli to the dentist: 
DENTAL OFFICE, THIRD STREET, SAINT PAUL, October, 1866. 

GEN. V AN ETTEN. Dear Sir: I have thoroughly tested the Minnesota tripoli you send me. It 

is an excellent article, and surpasses the Mount Eagle and other silieated earths heretofore in use in th(' 
dental laboratory. As a polisher for the vu\canite work now so much in use, I am persuaded nothing can 
excel it. The known deposits of this earth (so valuable among the arts) beiug very limited, I beg to 
congratulate you on the proprietary of that which must eventuate into a rich pecunbry return, and de-
velop a new branch of wealth in our state. Your obedient servant, 

DE MONTREVILLE, M. D., Denti.~t. 

Mastodon and man coexistent in Washington county. 

In the fall of 1872 the writer first visited Stillwater, and III company. 

with Mr. Abram Van V orhes examiMd the deposit of tripoli in the valley of 

Brown's creek. At the same time Mr. Van V orhes pointed out the drift 

bank in which he had found ancient pottery and the remains of the mastodon. 

In his presence a sketch was made, and under his direCltion the position of 

each was noted on the sketch. An account of this was published in the 

sixth annual report* (1877). But at that time, as the association of these 

remains in the drift deposits-or even the existence of human remains in the 

drift deposits-had not been authenticated, the writer distrusted his own 

notes, and made a fresh application to Mr. Van Vorhes for the particulars as 

to their exact position; and although he knew nothing of the position and 

stratigraphic relations indicated on the sketch made in 1872, the communica

tion of Mr. Van Vorhes in 1877 corresponds with and confirms the description 

and sketch of 1872.** The nature of the drift-bluff, which is similar to what 

may be seen at a great many places along the St. Croix valley wherever the 

terrace gravels are exposed perpendicularly, is shown by the following de

scription: 
* Loc. cit. p. 61. 
** Following is the communication of Mr. Van Vorhes, giving the details of the description: 

STILLWATER, April 26, 1877. 
DEA.R SIR: Yours of tbe 16th came duly to hand, and found me almost helpless with a rheumatic attack, which explain. 

my seeming neglect to answer your inquiry, 
The mastodon tusks were found about eight or ten feet above tbe base of tbe hill; the hill at tbis point rises at an angle 

of about 4; degrpes. After excavating in the base of the hill on the grade of Myrtle street about 37 feet, the tusks were found, 
consequently 37 feet below the s',rface; at tbis poiot the hill was about 90 feet high. 

The crockery (pottery, N. H. W.) I found some thirty feet further into the hill, and SOllle six or pight feet higher in the 
strata. This hill is a continuous tongue of land lying hetw,en the Florence mill stream and a spring ruo. The two streams 
run parallel and some 350 feet apart. The hill is so steep on the Florence mill side as to be inacceSsible except by clinging to 
roots and brush growing on it. The material at. Ibe ba.e is sand aml'small gravel. Where the tusks were found the strata were 
pnre sand ten or twel ve foet thick exb~biting clearly t.he direction of the current in an eastward inclination one or two degrees. 
On 'the top of the hill were heavy boulders of tbe drift period. I deeply regret that indisposiLion and the weight of eighty
four years have rendered me incapable of composing a Eatisfactory communication. 

Yours, with much esteem, A. VA.N VORRES. 
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terrace gravels are exposed perpendicularly, is shown by the following de

scription: 
* Loc. cif.. p. 61 • 
•• Fullowing is the communication of Mr. Van Vorhes, giving the details of the description: 

STILLWATER, April 26, 1877. 
DEAR SIR: Yours of the 16th came duly to hand, and found me almost helpless with a rhellmatic attack, which explains 

my seeming neglect to answer your inqniry. 
The mastOdon tusks were found about eigbt or ten feet above the base of the hill; the hill at tbis point rises at an angle 

of about 4;; degrees. After excavaling in the base of the hill on the grade of Myrtle street abollt 37 feet, the tusks were found, 
consequently 37 feet below the s .rface; at tbis point the hill was about ao feet high. 

The erockery (pottery, N. H. W.) I found some thirty feet further into tbe hill, and some six or eight reet higher in the 
strata. This hill is a continuolls tongue of land Jying hetwten the Florence mill stream and a. I'pring ruo. The two streams 
run parallel and Some 350 reet apart. Thc hill is so steep on the Florence mill side as to be inaccessible except by clinging to 
roots and brush growing on it. The material at, the ba.:.e is sand aml'l"mall gravel. ""here the tusks were found the ~trata were 
pure sand ten or twelve feet thick exh~bitiDg clearly t.he direction of the current in an eastwartl inclination one or two degrees. 
On 'the top of the hill were heavy boulders of the drift period. I deeply regret that indisposition and the weight of eighty
four years have rendered me incapable of composing a Eatisfactory communication. 

Yours, with mueh esteem, A. VAN VORHES. 
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Drift 8cction at Stillwater containing human (lnd mastodon l·emaill.<. 

1. Disturbed sand, with some boulders, 

2. Fine sand, with nearly horizontal strata, -

::l. Gravel and boulders, -

4. Very fine, handsome sand, in horizontal stratification, 

.~. Coarse gravel and boulders, 

6. Horizontal strata of fine sand, 

7. The tripoli bed lies next below this fine "and. 

[The pottery. 

5 feet 

2-6 feet 

0-4 feet 

15 feet 
4-6 feet 

30-40 feet 

The tusk was found in No.6, and near the bottom, but about 37 feet 

horizontally from the natural slope of the bluff which was being graded for 
I 

street purposes. The pottery was in the same stratum but about 30 feet 

further in the hill and six or eight feet higher in the deposits. The specimens 

were preserved in the collection of the St. Paul academy of sciences in 1872, 

but have been destroyed since by fire. Mr. Van Vorhes was a well known 

. and experienced surveyor, and an exact observer, and there is no reason to 

doubt the veracity and the correctness of his descriptions. But there is lacking, 

in this case, as in numerous others that have been published within the last 

twenty years, the confirmation of a competent geological observer. It is 

probable that these articles of human manufacture were found as described, 

and were included in the drift-gravel as native and constituent portions of it, 

but it cannot be denied that it is possible that the observers saw them only 

after they had fallen from above along with a quantity of dislodged materials, 

and that in their true positions they were quite superficial and recent. 

It should be understood that the date of these remains, if not modern, is 

that of the river-gravels, and hence that they can be assigned to no earlier a 

period than the last glacial epoch, or not earlier than about ten thousand years 

ago. The reader is referred to the discussion of the recession of the falls of 

St. Anthony in chapter eleven. There are indications, in the existence of 

what may be considered interglacial vegetation, beneath the valley deposits in 

the vicinity of Stillwater, that the St. Croix gorge dates far back in antiquity, 

and there are other indications that it was probably the first portion of the 

Mississippi valley to take place and shape as an avenue of drainage from the 

palreozoi<continent to the surrounding palroozoic ocean.* 

At Red Rock, the rock itself is a boulder of granite, originally light-colored, but stained with the 
Indian's" red paint," audmore recently girdled by successive helts of bright vermilion with oil and lead .. 

On the end lying away from the river is a representation of an Indian's head surmounted by eagle's 
feathers. It lies within thirty-five or forty feet of the river and on an outcropping ledge of Shakopee 

limestone which is exposed in the river-bank immediately below, rising from ten to fifteen feet aho\"e the 
water. 

* Compare the sixth annual report I p. 8 .. '). 
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CHAPTER XIV. 

THE GEOLOGY OF CHISAGO, ISANTI AND ANOKA COUNTIES. 

By WARREN UPHAM. 

Situation and area. These counties (plate 45) lie in eastern Minnesota, 

close north of Saint Paul and Minneapolis, and between the Mississippi and 

St. Croix rivers, together formin~ a district whose extreme extent from north 

to south is 48 miles and from east to west about 42rr miles. The Mississippi is 

the southwest boundary of Anoka county, and the St. Croix river separates 

Chisago county from the state of Wisconsin. The largest towns are Taylor's 

Falls and Rush City in Chisago county, Cambridge in Isanti county, and Anoka 

in the county of the same name. 

The area of these counties, in square miles, is as follows: 

Land. Water. 
Chisago, 421.02 30.64 

Isanti, 

Anoka, 

- 416.61 

424.88 

SURFACE FEATURES. 

41.24 

20.10 

Total. 
451.66 

457.85 

444.98 

Natural drainage. Rum river, the outlet of Mille Lacs, enters Isanti 

county near the middle of its west side, flows eastward to the centre of this 

county and thence southward, passing through western Anoka county, to its 

junction with the Mississippi at Anoka. N early all of Isanti county and more 

than half of Anoka county are drained by this stream. Its most considerable 

tributaries from the west in this district are Spencer brook, Seely creek 8,nd 

Ford or Trott brook; and from the north and east the Upper and Lower 

Stanchfield creeks and Cedar creek. 

Coon and Rice creeks join the Mississippi southeast of Anoka; the former 

drains the central part of Anoka county, and the latter its southeast part, 
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besides a portion of Ramsey county. Manomin, the former name of Fridley 

township, in which Rice creek reaches the Mississippi, is the Chippewa name 

of this stream and of the wild or Indian rice (Zizania aquatica, L.), which grows 

luxuriantly in the lakes along its course. 

The tributaries of the St. Croix river in Chisago county are Rock, Rush 

and Goose creeks and Sunrise river. The latter drains the greater part of 

southern ChisaO'o county besides a tract in southeastern Isanti and the north-o , 

east corner of Anoka county. 
Lctkes. Etwh of these counties has numerous lakes from a half mile ·to one or two miles in extent. 

Chisago couuty contai.ns several of greater size, namely, Rush lake, about eight miles long, very crooked, 
with several islauds, at the head of Rush creek; Goose lake, three miles loug from north to south, in the 
line of contiuuation of the west part of Rush lake; and the Chisago lakes and Green lake, which, with 
Sunrise lake and about a dozen others of small extent, make up a notable group, attractive by their 
scenery, fish and water-fowl, lying between Wyoming and Taylor's Falls. 

Another cluster of lakes, numbering seven between a half mile and one and a half miles long, is 
situated in Centerville, Anoka county. Rice creek flows through five of these lakes. In the northeast 
part of this county and the southeast corner of Isanti, a series numbering about fifteen, of which the 
largest are Linwood and Coon lakes, reaches eighteen miles from northeast to southwest. 

Topography. The greater part of this district is an approximately level 

plain of gravel and sand, belonging to the modified drift. Some portions of 

this tract are slightly or moderately undulating or rolling, with the elevations 

10 to 25 feet or rarely more above the depressions and lakes; but it is mainly 

almost level, with the sloughs and lakes only 5 to 15 feet lower than the 

general surface. Several considerable areas, not included in this tract of 

modified drift, remain to be described in the ensuing paragraphs. 

A belt of morainic till extends across Maple Ridge and Stanchfield, the 

northern tier of townships in Isanti county, and Nessel, the most northwest

ern township of Chisago county, having a prominently rolling or hilly contour, 

with the greatest hights 40 to 75 feet above the hollows and lakes. About 

Rush City, in Rushseba township, the most northeastern of Chisago county, the 

contour is again a level plain, but its material is till, which thence continues 

northeastward with the same level surface to Snake river in Pine county. 

Southwest from Rush City, Fish Lake, the north and west portions of North 

Branch, and the east third of Isanti township, are moderately undulating till, 

with the surface in swells and short smooth ridges 10 to 25 feet in hight. 

In southeastern Chisago county a more or less morainic tract of till 

extends from the Sunrise river east to the St. Croix. The swells and hills 

here are elevated 40 to 60 feet above the streams and the plentiful lakes. 

The east half of Centerville, in the southeast corner of Anoka county, is 

400 THE GEOLOGY OF MINNESOTA. 
[Topography. 

besides a portion of Ramsey county. Manomin, the former name of Fridley 

township, in which Rice creek reaches the Mississippi, is the Chippewa name 

of this stream and of the wild or Indian rice (Zizania aquatica, L.), which grows 

luxuriantly in the lakes along its course. 

The tributaries of the St. Croix river in Chisago county are Rock, Rush 

and Goose creeks and Sunrise river. The latter drains the greater part of 

southern Chisago county, besides a tract in southeastern Isanti and the north

east corner of Anoka county. 
Lctkes. E:1Ch of these counties has numerous lakes from a half mile to one or two miles in extent. 

Chisago couuty contaius several of greater size, namely, Rush lake, about eight miles long, very crooked, 
with several islands, at the head of Rush creek; Goose lake, three miles long from north to south, in the 

line of continuation of the west part of Rush lake; aud the Chisago lakes and Green lake, which, with 

Sunrise lake and about a dozen others of small extent, make up a notable group, attractive by their 
scenery, fish and water-fowl, lying between Wyoming and Taylor's Falls. 

Another cluster of lakes, numbering seven between a half mile and one and a half miles long, is 
situated in Centerville, Anoka county. Rice creek flows through five of these lakes. In the northeast 
part of this county and the southeast corner of Isanti, a series numbering about fifteen, of which the 
largest are Linwood and Coon lakes, reaches eighteen miles from northeast to southwest. 

Topography. The greater part of this district is an approximately level 

plain of gravel and sand, belonging to the modified drift. Some portions of 

this tract are slightly or moderately undulating or rolling, with the elevations 

10 to 25 feet or rarely more above the depressions and lakes; but it is mainly 

almost level, with the sloughs and lakes only 5 to 15 feet lower than the 

general surface. Several considerable areas, not included in this tract of 

modified drift, remain to be described in the ensuing paragraphs. 

A belt of morainic till extends across Maple Ridge and Stanchfield, the 

northern tier of townships in Isanti county, and Nessel, the most northwest

ern township of Chisago county, having a prominently rolling or hilly contour, 

with the greatest hights 40 to 75 feet above the hollows and lakes. About 

Rush City, in Rushseba township, the most northeastern of Chisago county, the 

contour is again a level plain, but its material is till, which thence continues 

northeastward with the same level surface to Snake river in Pine county. 

Southwest from Rush City, Fish Lake, the north and west portions of North 

Braneh, and the east third of Isanti township, are moderately undulating till, 

with the surface in swells and short smooth ridges 10 to 25 feet in hight. 

In southeastern Chisago county a more or less morainic tract of till 

extends from the Sunrise river east to the St. Croix. The swells and hills 

here are elevated 40 to 60 feet above the streams and the plentiful lakes. 

The east half of Centerville, in the southeast corner of Anoka county, is 

400 THE GEOLOGY OF MINNESOTA. 
[Topography. 

besides a portion of Ramsey county. Manomin, the former name of Fridley 

township, in which Rice creek reaches the Mississippi, is the Chippewa name 

of this stream and of the wild or Indian rice (Zizania aquatica, L.), which grows 

luxuriantly in the lakes along its course. 

The tributaries of the St. Croix river in Chisago county are Rock, Rush 

and Goose creeks and Sunrise river. The latter drains the greater part of 

southern Chisago county, besides a tract in southeastern Isanti and the north

east corner of Anoka county. 
Lctkes. E:1Ch of these counties has numerous lakes from a half mile to one or two miles in extent. 

Chisago couuty contaius several of greater size, namely, Rush lake, about eight miles long, very crooked, 
with several islands, at the head of Rush creek; Goose lake, three miles long from north to south, in the 

line of continuation of the west part of Rush lake; aud the Chisago lakes and Green lake, which, with 

Sunrise lake and about a dozen others of small extent, make up a notable group, attractive by their 
scenery, fish and water-fowl, lying between Wyoming and Taylor's Falls. 

Another cluster of lakes, numbering seven between a half mile and one and a half miles long, is 
situated in Centerville, Anoka county. Rice creek flows through five of these lakes. In the northeast 
part of this county and the southeast corner of Isanti, a series numbering about fifteen, of which the 
largest are Linwood and Coon lakes, reaches eighteen miles from northeast to southwest. 

Topography. The greater part of this district is an approximately level 

plain of gravel and sand, belonging to the modified drift. Some portions of 

this tract are slightly or moderately undulating or rolling, with the elevations 

10 to 25 feet or rarely more above the depressions and lakes; but it is mainly 

almost level, with the sloughs and lakes only 5 to 15 feet lower than the 

general surface. Several considerable areas, not included in this tract of 

modified drift, remain to be described in the ensuing paragraphs. 

A belt of morainic till extends across Maple Ridge and Stanchfield, the 

northern tier of townships in Isanti county, and Nessel, the most northwest

ern township of Chisago county, having a prominently rolling or hilly contour, 

with the greatest hights 40 to 75 feet above the hollows and lakes. About 

Rush City, in Rushseba township, the most northeastern of Chisago county, the 

contour is again a level plain, but its material is till, which thence continues 

northeastward with the same level surface to Snake river in Pine county. 

Southwest from Rush City, Fish Lake, the north and west portions of North 

Braneh, and the east third of Isanti township, are moderately undulating till, 

with the surface in swells and short smooth ridges 10 to 25 feet in hight. 

In southeastern Chisago county a more or less morainic tract of till 

extends from the Sunrise river east to the St. Croix. The swells and hills 

here are elevated 40 to 60 feet above the streams and the plentiful lakes. 

The east half of Centerville, in the southeast corner of Anoka county, is 



CHISAGO, ISANTI AND ANOKA COUNTIES. 401 
Elevation.s.] 

also till, but it is nearly level or only moderately undulating. In the southeast 

part of Fridley morainic till rises in irregular hills 200 feet above the Missis

SIppI flver. 

Again, on the west side of Anoka county, morainic till forms the surface 

In the northwest part of Ramsey, in northwestern Burns, and. the western 

third of St. Francis, having a rolling or moderately hilly contour. This tract 

continues north into the southwest part of Stanford in Isanti county, and west 

into Sherburne county, there including the massive morainic hills north of Elk 

River. 

The channels worn by creeks and rivers in their course across the area of 

modified drift are mostly 20 or 30 feet below the general s"?-rface; and this 

plain through Anoka county is only 50 to 75 feet higher than the Mississippi 

flver. A deeper valley has been eroded by the St. Croix river, which flows 

about 140 feet below the level of the plain of till at Rush City, and 250 feet 

below the rolling surface of till that extends westward from this valley in the 

southeast part of Chisago county, while the tract of modified drift extending 

through the centre of this county is from 75 to 150 feet above the St. Croix at 

the mouth of Sunrise river. 

Elevations, Suint Paul ct· DlIlnth j'ailJ'OlId, 'in C1I;S((.'IO co(mt.~, 

From profiles in the office of H. A. Swcnson, engineer, Saint Paul. 

Wyoming -
South branch of Sunrise river, water, 876; grade 
Middle branch of Sunrise river, water, 875; grade 
Stacy 
North Branch 
North branch of Sunrise river, water, 862; grade 
Harris 
Goos'e creek, water, 865; grade 
Rush creek, water, 895; grade . 
Rush City 
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38.4 

38.6 

39.1 

Feet ahove 
the sea. 
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893 
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Feet ahove 
the sea. 
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also till, but it is nearly level or only moderately undulating. In the southeast 

part of Fridley morainic till rises in irregular hills 200 feet above the Missis

SIppI flver. 

Again, on the west side of Anoka county, morainic till forms the surface 

111 the northwest part of Ramsey, in northwestern Burns, and. the western 

third of St. Francis, having a rolling or mo(lerately hilly contour. ~his tract 

continues north into the southwest part of Stanford in Isanti county, and west 

into Sherburne county, there including the massive morainic hills north of Elk 

River. 

The channels worn by creeks and rivers in their course across the area of 

modified drift are mostly 20 or 30 feet below the general s~rface; and this 

plain through Anoka county is only 50 to 7,5 feet higher than the Mississippi 

flver. A deeper valley has been eroded by the St. Croix river, which flows 

about 140 feet below the level of the phin of till at Rush City, and 250 feet 

below the rolling surface of till that extends westward from this valley in the 

southeast part of Chisago county, while the tract of modified drift extending 

through the centre of this county is from 75 to 150 feet above the St. Croix at 

the mouth of Sunrise river. 

Elevations, Suint raul ct· DlIlnth j'ai/mlld, in C";01'.'10 (,Illtn/p. 
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Chisago lake, water, 896; grade 
Center City 
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Snmmit, natural surface, 950; grade 
Siding -
Franconia -
Lawrence creek, water, 861; grade 
Cuts in sandstone, top of sandstone 856 to 861; grade 
Cut in trap-rock top of rock 823; grade 
Taylor's Falls, passenger depot 
Taylor's Falls, freight depot and yard 

Miles from 
Saint Paul. 

40.2 
40.3 
42.6 
43.8 
45.8 
46.3 
47.8 to 48.2 
48.8 to 48.9 
49.1 
49.9 

Branch from Rush City to Grantsburgh, Wis. 

Junction near Rush City, about a fifth of a mile south of the depot 
Rush Creek, water, 841; grade 
St. Croix river, wate:r;, 775; grade -
Summit, natural surface and grade 
Grantsburgh 

Miles from 
Saint Paul. 

53.6 
56.3 
58.6 
69.1 
70.2 

Elevations, Saint Paul, Minneapolis & Manitoba railway, in Anoka county. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Miles from 
Saint Paul. 

Fridley 17.0 
Rice creek, water, 821; grade 17.2 
Coon creek, water, 832; grade 21.7 
Anoka - 27.6 
Rum river, water, 845; grade 28.2 
Itasca - 34.0 

[Elevations· 

Feet above 
the sea. 
901 
901 
946 
937 
915 
801 

855to832 
802to797 
791 
750 

Feet above 
the sea. 

916 
849 
705 
921 
895 

Feet above 
the sea. 

848 
847 
858 
883 
866 
891 

The following elevations of the Mississippi al?-d St. Croix rivers, in the ordinary stage of water, 
have been determined by the United States engineer corps, under the direction of Capt. C. J. Allen: 

Mississippi rit'er. 

At Dayton and the west line of Anoka county 
At Anoka 
At the mouth of Rice creek 
In Minneapolis, above the falls of St. Anthony 

St. Oroix riVe?'. 

At Rush City ferry -
At the mouth of Snnrise river -
At the mouth of Trade river, about five miles farther east 
At the mouth of Rock creek, three miles north of Taylor's Falls 
At Taylor's Falls, lower steamboat landing 
At the head of Rock island 
At Osceola, three miles south of Franconia 

Feet above 
the sea. 

843 
829 
804 
802 

Feet above 
the sea. 

772 
758 
753 
726 
687 
685 
683 

The morainic hills north and west of Rush lake, which are 1,000 to 1,050 

feet above the sea-level, form the highest land in Chisago county; and its 

lowest land, the shore of the St. Croix river below Taylor's Falls, is 690 

to 680 feet above the same level. Estimates of the average hights of the 
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lowest land, the shore of the St. Croix river below Taylor's Falls, is 690 
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-townships of this county are as follows: Nessel, 1,000 feet above the sea; 

Rushseba, 910; Fish Lake, 975; Sunrise, 860; Branch, 890; Amador, 875; 

Lent, 890; Wyoming, 910; Chisago Lake, 925; Shafer, 910; Taylor's Falls, 

825; and Franconia, 880. The mean elevation of Chisago county, derived 

from these estimates, is 915 feet above the sea. 

Along the railroad from Wyoming to Taylor's Falls, the country is nearly 

flat or slightly undulating to Lindstrom, after passing which the road soon de

scends to a lake region, in gray till. This extends to and slightly beyond 

Center City. The gray till at Center City lies on a fine and stratified red sand 

which seems to have been derived from the northeast. In the rolling tract one 

mile east of Center City, boulders are seen gathered in piles in the meadows. 

This gray till is not very coarsely stony. It is rather pebbly, taken altogether. 

Many of the boulders are of light granite, but the clay has many limestone 

pebbles, and often graduates upward into a loam which makes a fine soil for 

farming. At about four miles east of Center City the surface becomes flat 

again with evidence of stones and gravel from the northeast-particularly of 

rusty sandrock-though the till is still gray, or is blotched by red and gray, 

with a preponderance of the characters of the gray. At Franconia station 

the same characters still remain; and they continue to the St. Croix bluff, 

where the upper stratum in the drift cuts is gray till of varying thickness, 

reaching 25 feet and containing pieces of northern limestone, and lying on red 

sand and graveL The last changes locally to red till and increases in amount. • 

[N. H. W.] 

The highest land of Isanti county is in Maple Ridge and the northwest 

part of Wyanett, about 1,100 feet above the sea; and its lowest point is 

probably where the North branch of Sunrise river crosses the east line of 

North Branch township, about 875 feet above the sea. The descent of Rum 

river in this county is 75 or perhaps 100 feet, from nearly 1,000 feet at its 

west line to about 900 feet above sea-level where it enters Anoka county. 

Estimates of the average hights of the townships of Isanti county are as fol

lows: Maple Ridge, 1,060; Stanchfield, 1,025; Wyanett, 1,050; Spring Vale 

1,025; Cambridge, 1,000; Spencer Brook, 1,025; Bradford, 1,000; Isanti: 

980; North Branch, 960; Stanford, 980; Athens, 950; and Oxford, 925. 

The mean elevation of Isanti county, according to these estimates, is approxi

mately 1,007 feet above the sea. 
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The highest land of Anoka county is about 1,000 feet above the sea, this 

being the elevation of the morainic hills in the east edge of sections 24 and 

25, Fridley, and also of a part of St. Francis and Burns, in the northwest 

corner of the county. The greater part of its area is nearly level, with an 

elevation that differs but little from 900 feet. Its lowest land, the shore of 

the Mississippi river at the line between Fridley and Minneapolis, is 802 feet. 

The Rum river descends about 70 feet in this county, its mouth being 829 

feet above the sea. The average hights of the townships are approximately 

as follows: Linwood, Columbus, Centerville, Betbel, Ham Lake, Blaine, 

and Oak Grove, 900 to 920 feet; St. Francis, 950; Burns, 960; Ramsey, 910; 

Grow, 890; Anoka, 875; and Fridley, 875. The mean elevation of Anoka 

county is about 910 feet. 

Soil and timber. The extensive deposit of modified drift in these counties 

has generally a black soil six inches to a foot thick, beneath which the subsoil 

is yellow gravel and sand. This arefL is more productive than would be at 

first supposed from an examination of its subsoil and from its usual covering 

of bushes and small scattering oaks, commonly known as "oak openings." 

The wood cut from this land fully pays the cost of grubbing up the stumps 

and roots to make it ready for plowing, and its yield of wheat is fifteen or often 

twenty bushels per acre. This sandy land is specially adapted for the early . 

and successful growth of gfLrden procluce, fLS vegetables and berries, for which 

Minceapolis and Saint Paul afford a near market. Many of the sloughs now 

bearing marsh grass or tamaracks are well suited for cranberry culture, which, 

however, require much expense in prepfLration before the first crop, but very 

amply repay this with profit in a few years. The areas of tIll have a clayey 

soil and subsoil and usually bear more and larger trees. Under cultivation 

the till possesses more enduring fertility than the modified drift, but both soon 

show some decline and are improved by manuring and rotation of crops. 

The whole area of these IJounties was originally wooded, excepting grassy 

sloughs or marshes of small extent, and a few limited tracts of prairie, seldom 

a mile wide, beside the Mississippi river. The principal species of trees are 

black and bur oaks, ironwood, white, red and rock elms, hackberry, the com

mon aspen or poplar, large-toothed poplar and balsam poplar, basswood, sugar 

and silver maples, box-elder, wild plum, black cherry, Juneberry, black and 

white ash, butternut, bitternut, yellow birch, paper or canoe birch, and tam,. 
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The highest land of Anoka county is about 1,000 feet above the sea, this 

being the elevation of the morainic hills in the east edge of sections 24 and 
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Minr::.eapolis and Saint Paul afford a near market. Many of the sloughs now 

bearing marsh grass or tamaracks are well suited for cranberry culture, which, 

however, require much expense in preparation before the first crop, but very 

amply repay this with profit in a few years. The areas of till have a clayey 

soil and subsoil and usually bear more and larger trees. Under cultivation 

the till possesses more enduring fertility than the modified drift, but both soon 

show some decline and are improved by manuring and rotation of crops. 

The whole area of these 00unties was originally wooded, excepting grassy 

sloughs or marshes of small extent, anel a few limited tracts of prairie, seldom 

a mile wide, beside the Mississippi river. The principal species of trees are 

black and bur oaks, ironwood, white, reel and rock elms, hackberry, the com

mon aspen or poplar, large-toothed poplar and balsam poplar, basswood, sugar 

and silver maples, box-elder, wild plum, black cherry Juneberry black and . , , 
white ash, butternut, bitternut, yellow birch, paper or canoe birch, and tam,. 

• 
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arack. Red cedar and cottonwood are infrequent, occurring mostly on bluffs of 

streams and borders of lakes. 

White pine reaches its general southern limit in the north edge of Isanti 

and Chisago counties, but isolated trees of this species occur rarely on the 

bluffs of the Mississippi river, as at Dayton, and a considerable growth of it is 

found on the St. Croix river at Taylor's Falls and in Franconia. It was first 

cut for lumber in this state, at least in any noteworthy amount, on Lawrence 

creek in Franconia, a small tributary of the St. Croix. Red or Norway pine, 

jack pine and black spruce also occur sparingly in northern Isanti and Chisago 

counties, coinciding nearly with the white pine as to their southward limits.* 

The common shrubs include hazelnut and dwarf oaks, prickly ash, stag

horn and smooth sumacs, frost grape, Virginian creeper, climbing bitter-sweet, 

wild red cherry and choke-cherry, red and black raspberry, high blackberry, 

wild rose,prickly and smooth wild gooseberries, black currant, species of cornel 

or dogwood, wolfberry, sweet viburnum or sheep-berry, high or bush cran

berry, speckled or hoary alder, and several species of willow. 

GEOLOGICAL STRUCTURE. 

Outcrops of the formations underlying the drift are found in this district only 

along the St. Croix river, and in the south edge of Fridley, Anoka county, close 

to the Mississippi river. Cupriferous trappean rock,S probably belonging to the 

early part of the Potsdam period appear at Taylor's Falls, and, abutting with 

level stratification against them, the sandstone and shales of the St. Croix 

-epoch in the early part of the Calciferous period. The St. Croix sandstone is 

again seen at several places in the north part of Chisago county, on the St. 

Croix river and on Rush creek. At the southeast corner of this county, in 

Franconia and Osceola, the St. Croix bluffs contain also the next overlying 

formation of Lower Magnesian limestone. All these belong to the Cambrian 

age, the earliest grand division of Palreozoic time. The outcrop in Fridley is 

Trenton limestone, of the next succeeding Silurian age. The description of 

these rocks is -given in their chronologic order, followed by that of the glacial 

and modified drift, which belongs to the very latest completed period of geologic 

history. 
--* The following trees were noted growing native at Taylor's Falls: white oak, aspen, bur oak, black oak, soft maple, hitter
nut, sugar maple, great~toothed poplar, white birch, white pine, red cedar, white elm, butternut j black cherry, white ash, black 
ash, red elm, taDlarack, gray birch, bass, water beech, ironwood, thorn apple, Norway pine, and at two miles below Franconia, 
white cedar and cottonwood. Large trees of balm of Gilead grow in the yards, but are not certainly native. [N. H. W.] 
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Oopper-bearing trap. The remarkable outcrops of trappean rocks forming 

the picturesque and grand Dalles of the St. Croix are some thirty miles south 

of the areas of these rocks on the St. Croix, Kettle and Snake rivers in Pine 

county. About a mile above Taylor's Falls and close above St. Croix falls, 

trap occurs in the channel and on both sides of the river, its highest portions 

having an elevation of 50 feet. At Taylor's Falls the St. Croix river enters 

its Upper Dalles, where for three-fourths of a mile it is walled on both sides 

by bold, often vertical, ragged cliffs, 75 to 150 feet high, of tough, nearly 

black, massive trap. This gorge and the similar one of the Lower Dalles, 

about a quarter of a mile long, close above Franconia, have been cut in this 

rock by the river, the excavation being aided by nearly vertical joints. At 

Taylor's Falls steamboat-landing these bear N. 60° E. and N. 45° W. 

East of the road to this landing, the ledges of very hard trap, 25 to 60 

feet above the river, are surprisingly water-worn, with many pot-holes of all 

sizes from those only one and a half feet in diameter and six feet or more in 

depth, almost perfectly cylindrical, to the caldron, situated six rods northeast 

of the landing, twenty feet in diameter, circular, and ten feet deep with per

pendicular sides to the surface of the water that partly fills it. Into one of 

these wells, eight feet in diameter, a pole has been thrust down thirty feet. 

The origin of this formation, as in Pine county and in the lake Superior 

region, appears to have been by overflows of molten rock poured out from 

fissures of the earth's crust. Only inconsiderable portions of the beds exposed 

here are amygdaloidal, and this structure is rarely seen to be characteristic of . 
distinct layers. A general system of jointage planes, which is quite notice

able in these outcrops, dipping about 15° W. by S., is regarded by Prof. T. C. 

Chamberlin as parallel with the planes of bedding of the trappean overflows, 

at first nearly level, but subRequently disturbed 'and tilted. He further re

marks that these rocks and thOf,e of Pine county are bent in a synclinal, 

like their broader continuation northward, which forms the depression of lake 

Superior; and that this continuously synclinal belt is slightly c.urved upward, 

saddle-like, between the lake and its southern extremity in the St. Croix basin. 

A band of conglomerate, the .only one observed in the exposures of trap 

in this region of the Dalles, is reported by Mr. D. A. Cane day, in a ravine on 

the Minnesota side, nearly a mile southwest from the bridge; being a layer 
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eight feet th~ck, dipping 15° westerly, overlain and underlain by trap, which 

is dark above and reddish beneath. 

Exploration for copper and silver has been made in the trap formation at 

Taylor's Falls by three shafts. A short distance east of the Lutheran church 

on the road to Franconia, Mr. N. C. D. Taylor went to a depth of 43 feet, 

finding films and small masses of native copper. This is near the highest part 

of these trappean ledges, about 200 feet above the river, and 50 feet below the 

average hight of the rolling drift which universally covers the bed-rocks from 

the top of this river-bluff westward. The two other shafts were sunk by the 

Taylor's' Falls Mining Company, one being near the river, and the other about 

75 feet above it, on Ravine street. The last was worked in 1874 and 1875, 

and reached a depth of 120 feet, following a vein eight to ten feet wide, which 

dipped to the west about 85°, or ten feet away from a plumb-line. This vein 

contained ores of both copper and silver. An apparently metalliferous vein, 

four feet wide, with strike nearly from north to south, is seen on the surfooe 

about half-way between this and Mr. Taylor's shaft. Another, eighteen inches 

in thickness, dipping 12° W. S. W., is described by Mr. Cane day, near the 

foot of the Upper Dalles, at a little hight above the river; the four inches next 

to the hanging wall being bornite, a sulphuret of copper and iron, with about 

a foot of white quartz and a thin earthy layer below. 

St. Oroix sandstone. At Baltimore rapids, ou the St. Croix river a little 

below the northeast corner of Ohisago county, in the N. E. ;J; of section 4, 

Rushseba, the St. Croix sandstone forms a bluff on the Minnesota side, 50 feet 

high and a quarter of a mile long. 

In the southwest quarter of this section, about a half mile below the last, 

ledges of sandstone, light gray in color, coarse-grained and rarely including 

white quartz pebbles up to three-fourths of an inch in diameter, friable, and 

level in stratification, occur at two or three points within an eighth of a mile 

on the Wisconsin side, rising 10 to 15 feet above the river. 

An eighth of a mile farther southwest, the same stone rises on the Min

nesota side in a vertical and overhanging cliff twenty feet high and about 

fifteen rods long, known as the "big rock." It is the last prominent ledge 

seen in descending the St. Croix before coming to the high outcrops of trap in 

the southeast part of this county. 

Only two localities of rock-exposures are known in the intervening dis-
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tance of twenty-five miles, both being sandstone with the characters already 

described. These are at a fall of about ten feet on Rush creek a half mile 

above its mouth, and at Yellow Pine rapids in the St. Croix, on the east side 

of section 18, Sunrise, where low ledges of this stone are seen in its channel 

and banks along a distance of nearly a mile. 

The sandstone and its included shales are exposed at many places in the 

bluffs of the St. Croix river at St. Croix Falls and Taylor's Falls, and through 

Franconia. In stratification all these beds are nearly horizontal and show no 

indications of any disturbance or metamorphism since their deposition. They 

reach from the level of the river to hights 50 to 100 feet abqve it, I and are 

overlain by the glacial drift. Where they lie in contaet with the steep, vertical, . . 

or overhanging sides of the trap rocks which here form the Dalles of the St. 

Croix, they are often changed to conglomerate, containing many fragments 

that fell from these cliffs, which had already been deeply eroded before the St. 

Croix sandstone and shales were deposited. These sediments contain multi

tudes of shells of Lingula and Orbicula species, and trilobites occur rarely. 

At St. Croix Falls, in Wisconsin, fossiliferous shales, mostly gray, but in 

some beds green, often bearing films of iron rust in their crevices and joints, 

and including thin layers of sandstone, are seen from the river's shore to a 

hight of 50 feet. These shales also form the Minnesota bank of the river, 

about 30 feet high, between twenty and forty rods north of the Taylor's 

Falls bridge. 

In the two miles between the Upper and Lower Dalles, the formation is 

a whitish or yellowish gray, soft, often friable, sandstone, exposed in the bluffs 

west of the St. Croix to the hight of about 100 feet. Near Taylor's Falls it 

has been somewhat quarried for use as a building stone. 

At Franconia, close below the Lower Dalles, it reaches in the bluff of 

Lawrence creek at Paul Munch's mill to a hight of about 70 feet above the 

creek or 90 feet above the St. Croix. Its upper 40 feet are a gray, thick

bedded sandstone, which is rather friable, but hardens after quarrying; it 

supplied the stone of which this mill was built, fifteen years ago. The next 

12 feet are finely laminated, slightly sandy shale, soft, but hardening by ex

posure, green and iron-rusted, superficially ash-colored; and the 20 feet at the 

base are dark-greenish sandstone, soft and incoherent at the weathered surface. 

The ravine of Lawrence creek for a half mile above this mill is inclosed 
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by cliffs of this sandstone, mostly like the upper part of the foregoing section, 

rising 50 to 75 feet above the creek, and in their highest portion about 125 

feet above the St. Croix river. Myriads of Lingulce, difficult for preservation, 

excepting as fragments, because of the crumbling character of the stone, occur 

in these beds on each side of the creek, an eighth to a fourth of a mile north 

from the mill, at about the hight of the flume. The dip here is one to one and 

a half feet in a hundred, or about three-fourths of a degree, southward. 

At Osceola, nearly opposite the southeast corner of Chisago county, 

the St. Croix sandstone is thinly capped by the Lower Magnesian limestone, 

. which thence southward overlies this formation along the St. Croix and Mis

sissippi rivers.* 

Trenton limestone. The continuation of the St. Peter sandstone and 

Trenton limestone, which form St. Anthony's falls iu Minneapolis, is shown 

by outcrops in the S. E. i of section 34, Fridley, close east of the railroad. 

The limestone here is weathered to a buff color. Two exposures of it occur 

about a quarter of a mile apart, each having a thickness of about ten feet and 

lying between 40 and 50 feet above the river. Below the limestone at its 

more northern exposure, two or three feet of the underlying St. Peter sand

stone are seen. These are the most northwestern outcrops of the Trenton 

and St. Peter formations in this state. 
The railroad well at Anoka, twelve miles farther northwest, found the following strata in descend

ing order, as reported by Mr. T. S. Nickerson, under whose superintendence it was bored: sand, 20 feet; 

reddish till, with'water seeping from its upper portion, 60 feet; soft blue shale, 40 feet; harder shale, 20 

feet; sand, about 2 feet; and hard rock, thought to be limestone similar to the Trenton limestone in 
Min~eapolis and Saint Paul, 20 feet, in which the boring was stopped at a total depth of 162 feet. This 

is close to Anoka depot, 883 feet above the sea, and the stratum supposed to be the Trenton limestone is 

740 to 720 feet above the sea. The overlying shales, according to this view, represent those found next 
above the Trenton limestone in East Minneapolis and in Ramsey county; but it seems perhaps equally 

probable that the part of this section below the till or glacial drift belongs wholly to the Cretaceous age, 

whose deposits, now mostly eroded or deeply buried by the drift, are known to lmve extended formerly 

over the western two-thirds of Minnesota. 

Glacial and modijied drift. 

Glacial strire, observed by Prof. Chamberlin at St. Croix Falls, bear S. 

35° E., referred to the true meridian. 

Red till overlain by blue till and yellow till. In the report of Wright county, 

a section· at Dayton, opposite the southwest corner of Anoka county, is 

described and figured, showing reddish till overlain by dark bluish till, which 

---'See also the teath aannal report, pp. 116-120, where some particulars are stated bearing on the relations of tbe trap rock 
to the overlying strata of conglomerate and sandrock. [N. H. W.] 
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itself is overlain by yellowish till. Many sections of the drift in Anoka, Isanti 

and Ohisago counties show that the diverse deposits of till noted at Dayton 

continue with the same stratigraphic order through a distance of seventy-five 

miles east-northeast from Wright county to the edge of Wisconsin. These 

distinctive colors, though presenting very notable contrasts with each other, 

might all be denominated gray, to which in the first a reddish tint is added, 

while the second is a darker and bluish gray, and the third lighter and yel

lowish. For convenience of designation, however, these divisions of the 

glacial drift are generally called simply red, blue, and yellow till. 

The red till was brought by ice-currents which flowed southwestward 

from the region of lake Superior, and the blue till by similar ice-currents flow

ing from the region of lake Winnipeg and the Red river valley toward the 

south and southeast. This is known by their boulders and pebbles, which in 

the red till are fragments of the rock-formations about lake Superior, with 

none of limestone; but in the blue till they include many of limestone like 

that outcropping near Winnipeg, and occasional fragments of Oretaceous shale 

and lignite, and of petrified wood, such as are found in western Minnesota and 

in Dakota, while rocks peculiar to lake Superior are wholly wanting. The 

yellow till, extending from the surface to a depth that varies from 5 to 50 

feet, but is most commonly between 10 and 30 feet, is merely the weathered 

upper part of the blue till, in which the small proportion of iron present has 

been changed, by exposure to air and percolating water, from protoxide com

binations to the hydrous sesquioxide, or limonite. In the latter condition the 

iron gives something of the yellowish color of iron-rust to the till, as also to 

beds of modified drift and of recent alluvium. In the red till much of the 

iron remains as anhydrous sesquioxide, or hematite, in which condition it is 

the coloring matter of the red shales and sandstones of lake Superior. The 

gravel, sand and clay of modified drift associated in origin with the red till 

are similarly colored red. Weathering changes the iron from this condition 

more slowly than in the blue till and its associated modified drift. Its tend

ency is to produce in each the same light yellowish color, and this is occa

sionally seen on a surface of red till to the depth of one or two feet, but more 

commonly no change can be observed. Its influence on the red modified drift. 

is usually limited to depths of only a few feet,. extending lower in gravel and 

sand than in less pervious stratified clay and till. 
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Close south of the east end of the bridge in St. Francis, thirteen miles 

northeast from Dayton, the east bank of Rum river, undermined by a high 

flood shortly before this examination, showed a section 200 feet long and 35 

feet high, as represented in fig. 29. Yellowish sand and fine gravel, horizon

tally stratified, reach from the surface to the depth of 10 to 15 feet; next below 

is dark bluish gray till, 10 to 12 feet thick, divided from the beds above and 

below by very definite lines, with no interstratification nor evidence of gradual 

tranRition or commingling, containing pebbleR and stones up to one or two 

feet in diameter, in similar numbers as seen generally in the till throughout 

western Minnesota; and under this is reddish gray till, of which a thickness 

of 5 to 12 feet was seen in this section, reaching to the water-line, with many 

enclosed boulders and pebbles, somewhat more eroded by the river along certain 

horizontal lines than in other portions, but showing no other evidence of strati

fication. Both these deposits of till are thoroughly intermingled clay, sand, 

gravel and boulders, being typical boulder-clay or unmodified glacial drift. 

N either contains, as seen in this section, any layer or lenticular bed or pocket

like mass of modified drift, such as are occasionally enclosed in till; but be

tween the blue and the red till this section shows a layer of obliquely and 

irregularly bedded coarse sand and very fine gravel, 1 to 2 feet thick, extending 

about 50 feet, thinning out wedge-like at each end, beyond which the red till 

is overlain directly by the blue till. Many boulders up to two feet in diam

eter strew the shore of the river at the foot of this bank. Among the3e about 

one-fourth ~f all over three inches long are distinctly glaciated, and a sixth or 

an eighth of all show glacial strim. They include fragments of dark and com

pact trappean rocks, frequent in the red till; gray and reddish granite, syenite 

and gneiss, found in both the red and the blue till; and limestone, found only in 

the blue till.* At the north end of this section, where the bank has not been 

• FragllJents oftbeWinnipeg limestone are found 'ometimrs ip the red till,-N. II, W, 
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recently eroded, at least to any considerable extent, this bed of blue till, long 

exposed to the effects of weathering, has assumed the light yellowish color 

that characterizes its upper part when it forms the surface. 

At Franconia, thirty-two miles east from St. Francis, the bluff of the St. 

Croix river consists of yellow till to the depth of about 20 feet; then, strati

fied sand and gravel, about 50 feet; below which the red till appears, having 

a thickness of 50 to 75 feet or more, resting on the St. Croix sandstone. 

West from Franconia across the morainic belt that includes the Chisago lakes 

and reaches to Sunrise river, yellow till generally forms the surface, extending 

15 or 20 feet in depth. At many places this is underlain, as in the bluff at 

Franconia, by thick deposits of modified drift; but sometimes these are want

ing and red till immediately underlies the yellow till. 

Northward the till in Chisago and Isanti counties is commonly yellow 

near the surface and blue at a considerable depth, and contains pebbles and 

large blocks or slabs of limestone. In sections 1 and 2, Spring Vale, and 

sections 5 and 6, Cambridge, numerous masses of limestone ten to twenty feet 

long are found, and many others of smaller size. One measuring fifteen feet 

in length and supplying twenty-one loads of stone was burned for lime by 

Andrew Bjorklund in the S. E. i o~ section 6, Cambridge. The yellow and 

the blue till, enclosing limestone boulders, form the morainic belt of Maple 

Ridge, Stanchfield and Nessel, and continue several miles farther north into 

the edge of Kanabec and Pine counties. The underlying red till is sometimes 

reached by the channels of streams or by wells on this area. Because of the 

limestone ingredient of the upper deposits both of till and modified drift, the 

water of wells and springs throughout the three counties here reported is more 

or less hard, being unsuited for washing with soap. 

The Ground House and Snake rivers in their course from west to east 

are approximately the northern boundary of this large district upon which the 

red till brought by ice from the northeast is covered by blue and' yellow till 

from the west. Beyond these streams the surface of the country north and 

northeast to lake Superior, and as far westward as to Brainerd, Little Falls 

and Saint Cloud, consists of the red till, or. of modified drift that is prov~d 'by 

the derivation of its pebbles and the absence of limestone, and often by its de

cidedly red hue, to have been likewise brought from the region of lake Superior. 

Wells and springs in this northeast part of the state supply soft water. East-· 
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ward the area on which the red till is overspread by blue and yellow till 

. extends across the St. Croix river along the east side of Chisago county; and 

its south~rn boundary runs through the northwest part of Washington county 

and coincides nearly with the south line of Anoka county. The morainic hills 

in Fridley township are red till, and this, with red modified drift, forms the 

surface thence to Saint Paul and Stillwater. 

The deposition of the blue till (weathered yellowish near the surface) 

upon the red till seems to have taken place during the later portion of the last 

glacial epoch. The cause of the changed course of the line at which the 

currents of the west and east portions of the ice-sheet met is to be found in 

the changed meteorological conditions of this time. During the increased ice

melting attendant upon the recession of the ice-fields, the prevailingly westerly 

winds sweeping over the western side of the ice-sheet upon the Coteau des 

Prairies and eastward became more laden with moisture than in the earlier part 

of this epoch when there was comparatively little melting upon the surface of 

the ice in this latitude; and the increased temperature enabled these winds to 

carry their moisture farther than when the ice had its greatest extent. Then 

the precipitation of rain and snow took place more upon the western side of 

the ice; but at this later time the precipitation, by reason of the causes here 

mentioned, probably became much greater than before upon the east part of 

the lobe of the ice-sheet that extended southeastward from the Red river valley. 

Before this, lake Minnetonka and central Wright county had been the limit 

where this ice-flow was stopped by the opposing ice-current from lake Superior; 

but finally, because of the relatively and perhaps absolutely greater thickness 

of this part of the ice flowing from the northwest, due as shown to climatic 

changes, its current pushed back that opposed to it on the east, covering the 

red till brought by that ice with blue till containing plentiful limestone boulders 

and other materijl from the west and northwest. The line where these ice

fields moving from the west and from the northeast met when the blue till 

was deposited over the red till, lies in the south part of Mille Lacs, Kanabec 

and Pine counties; and the western ice even flowed into the edge of Wisconsin, 

fully seventy-five miles east of the line where these ice-currents formerly met.* 

Modified drift overlain by yellow till. The section of the drift forming the 

upper part of the bluff of the St. Croix river in Franconia, before described, 
• The conclusions here stated weretirst published ill all article on" Changes in the current. of the ice of the last glacial 

epoch in eastern Minnesota," Proc. Amer. AsSOC.j01' Adt'. of Science, 1883. 
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and the records of wells in this township and in ChisRgo Lake, Amador; Rush

seba, Nessel, Cambridge and Isanti, given in a later part of this chapter, show 

that the blue or yellow till overlies quite extensive and thick deposits of mod

ified drift. This is true of a large part of Chisago county from its southern to 

its northern boundary, thirty miles apart, and must be regarded as demonstra

tive proof that the ice which overspread this area from the northeast was 

wholly melted away, covering the land where it had lain with its modified drift; 

before the onflow of ice from the west brought the later blue and yellow till. 

How long this modified drift may have formed the surface cannot be known; 

but Mr. Robert Nessel's well, in the east part of Nessel township, containing 

wood and peaty matter in a layer of clay that is overlain by 8 or 10 feet of 

till, indicates that the time was sufficiently long, and the climate mild enough, 

to allow plants to take possession of the ground and attain a considerable 

growth. 

The most remarkable area of modified drift overlain by till found duri~g all 

my observations in this and other states is the plain, mostly very flat but in 

some parts slightly undulating, which extends from Mr. Nessel's five miles east 

by Rush City to the St. Croix valley. The surface of this tract is yellow till 

10 to 20 feet deep, which lies on a greater but undetermined thickness of red 

sand and gravel. In this modified drift wells obtain water at depths that 

increase from 15 or 20 feet on the west to 25 feet at Rush City and 30 to 50 

feet farther east, because on that side the water-bearing beds are cut by the 

St. Croix valley and drained into it by springs. The extent of this almost 

level tract of till in a direction parallel with the fit. Croix river, forming the 

upland first west of its valley, with a hight 140 to 150 feet above the river, is 

about fifteen miles, from the south line of Rushseba north-northeast to the 

Snake river east of Chengwatana. For five miles of this distance, from section 

35 north to section 2, Rushseba, it is known that thick beds of .ed modified drift 

are overlain by a continuous sheet of yellow till, 10 to 20 feet thick, which 

owes its singularly level contour to that of the earlier water-deposited sand 

and gravel on which it lies. Wells and sections cut by streams show that these 

formations reach five miles from west to east and have at least an equal extent 

from south to north, occupying the greater part of Rushseba township; and 

the continuation of the same plain of till northward to the Snake river makes 

it very probable that the underlying modified drift also continues through this 
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whole distance. The retreat of the northeastern ice-fields harl supplied a very 

large amount of modified drift, deposited from the floods formed by glacial 

melting, in their course through Chisago county to the Mississippi; this had 

become clothed with vegetation, including hardy species of trees, probably the 

tamarack and black and white spruce, the last of which grows to large size 

along the Mackenzie'river nearly to the shore of the Ardic sea; when again 

this area was buried beneath a great depth of ice advancing slowly over it from 

the west. 

Terminal moraines. The hills of red till in Fridley, the most southern 

township of Anoka county, and in Mound View, Ramsey county,* others con

tinuing southward along the east side of the Mississippi river and a series of 

the same extending from Saint Paul north-northeast, seem to be included 

together in the third or Antelope moraine of the lake Superior ice-lobe, marking 

its boundary during a halt or re-advance after it had begun to retreat but 

prevIOUS to its great recession which was attended by the deposition of the 

modified drift overlain by yellow till in Chisago county. Following this, the 

farthest advance of the western ice-lobe, reaching into Wisconsin on the east 

side of Chisago county, and confluent with the northeastern ice in southern 

Mille Lacs, Kanabec and Pine counties, is believed to have been contempora

neous with the fourth or Kiester moraine. A slight withdrawal of the western 

ice had taken place when it heaped up the morainic accumulations in Maple 

Ridge, Stanchfield and Nessel on its northern margin and in Amador and 

Chisago Lake on the east. These are referred to the date of the fifth or 

Elysian moraine. Finally, the sixth or Waconia moraine is probably repre

sented by the rolling and hilly till of St. Francis, Burns and Ramsey, in 

western Anoka county, and the prominent hills north of Elk River, formed by 

this western ice-lobe when it had retreated from all the district here described 

excepting its southwest border. 

Modified drift deposited upon the latest till forms the surface of the greater 

part of this district, being stratified gravel and sand. Some portions of this 

formation, as in Grow and Oak Grove, Anoka county, much of Wyanett and 

Spring Vale, and about Long lake and Lower Stanchfield creek in the north 

part of Cambridge, are prominently rolling in swells and rounded hills 20 to 

30 or even 50 feet high. These are more massive and have smoother slopes 
• " TheMouud View hills consist of gray till. [N. H. W.] 
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part of this district, being stratified gravel and sand. Some portions of this 

formation, as in Grow and Oak Grove, Anoka county, much of Wyanett and 

Spring Vale, and about Long lake and Lower Stanchfield creek in the north 

part of Cambridge, are prominently rolling in swells and rounded hills 20 to 

30 or even 50 feet high. These are more massive and have smoother slopes 
• • TheMonud View hills consist of gray till. [N. H. W.] 

CHISAGO, ISANTI AND ANOKA COUNTIES. 41.5 
Terminal moraines.] 
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than typical kames, but are doubtless of similar origin, owing their form to 

deposition by glacial streams in channels and basins melted out from the ice 

near its receding margin, while its unmelted portions remained on either side, 

occupying the places of the present depressions and hollows. 

Nearly all of this modified drift, however, has the level or only slightly 

undulating contour which would be assumed by the deposits of streams and 

wide-spread floods discharged from the melting and retreating ice-fields and 

flowing over these areas on their course toward the sea. Taking into account 

the glacial movements upon this district, the time of deposition of this modi

fied drift is found to have been during the retreat of the western ice-lobe from 

its moraine in northern Isanti county and in northern and eastern Chisago 

county, and during the early portion of its next retreat when it withdrew from 

the moraine in western Anoka county and north of Elk River. Great floQds, 

with much modified drift, were poured down from the melting ice in these 

counties; and as soon as they were sufficiently uncovered, they became also 

the avenue of drainage for the water and modified drift set free by the 

glacial melting on areas reaching far to the west and north. From Stearns 

county the drainage was toward the east through Sherburne county and the 

south edge of Benton county, to Princeton, Spencer Brook and Cambridge, 

and thence south through Isanti and Anoka counties. From Pine county and. 

from northwestern Wisconsin the drainage also converged toward this district, 

crossed t~e present course of the St. Croix river, and passed southwesterly 

through the central part of Chisago county, southeastern Isanti county, 

and across Anoka county to the Mississippi. A bluff eroded 40 to 60 feet 

below the general level along the west side of the floods from Wisconsin 

is a notable topographic feature about one and a half miles east of Harris" 

and extends thence six miles or more north-northeast, becoming merged in 

the east part of Rushseba with the bluff of the St. Croix valley. The series 

of lakes in Anoka and Isanti counties, before mentioned, ,may be also due to 

this drainage from the northeast. 
1~Iode8 of deposition of the till and modified ddft. The descriptions in the foregoing pages well 

illustrate the various ways in which the glacial drift and modified drift were deposited. At Dayton and 
St. Francis the red till, besides probably some part of the blue till, appears to be a ground-moraine 
deposited beneath the ice-sheet. This is indicated by the large proportion of planed and striated stones. 
It is also in accordance with what is known of the glacial movements on this district. If the line of con
fiuence of the western and eastern ice was gradually transferred from central Wright county northeast
ward to Mille Lacs and Kanabec counties, it cannot be supposed that the red drift contained in the ice 
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moving from the northeast at Dayton and St. Francis when these places were within the limits of that 
glacial current, was still retained in the ice there when the western ice-current extended over these 
localities aud far beyond them to the north and northeast. Some portion of the red till there (leposited 
below the blue till must doubtless be referred to this last glacial epoch, ::md seems' to be necessarily a 
subglacial formation. 

On the other hand, it is surely demonstrable that the modified drift amI a large part of the till 
were held in the ice, mostly in its lower portion, so that during its final meUing, when only a small 
ihickness of the ice was left, its surface must have been covered by the drift which it had contained. A 
large part of this material fell in a comparatively loose, unstratificlI mass, forming the upper part of the 
till, and covering the land upon which the ice had bin, whether this was hed-rock, a ground-moraine, or 
till formed in an earlier glacial epoch. Other parts of the drift contained in the ice and finally exposed 
on its surface were washed away by it~ streams and deposited as modified drift, forming heds of gravel, 
sand, and fine silt, along the course in which the floods RuppJied by the glacial melting flowed towlwd the 
ocean. The great deposits of stratified sand and gravel both beneath aud ahove the latest till in this dis
trict are satisfactorily referred to this· origin. Not all of the modified drift, however, was deposited in 
this way, for many layers and veins of sand and gravel that are contained in the till, often yielding 
copious supplies of water in wells, were undoubtedly made by. small subglaci(Ll strettms. 

The till covering the earlier modified drift and fOlllling the plain at Rush City appears not to 

have been deposited until the ice in which it had been held was melted away. This ice in its onflow 
did not erode the modified drift, at least in any considerable amount, else its level contour would be 
destroyed; and at the same time it seems impossible that a sheet of till having so uniform thickness upon 
so large an'area could be formed as a ground-moraine. Obviously the till here was brought to this area 
and spread upon it while it was contained in the mass of the ol1fl.owing ice, and it seems almost equally 
sure that it remained thus in the ice till this was melted. More detailed lln<l critical observation and 
study of the drift throughout this region is very desirable, and would doubtless add much to our knowl
edge of the conditions of the glacial period and the modes of deposition of the drift. 

Terrace8. The valley in which the St. Croix river flows was partly eroded 

after the deposition of the latest till and the overlying modified drift. Prob

ably this river had the same course, however, before the ice age and il!- the 

interglacial time preceding the advance of the ice from the west. Terraces of 

sand and coarse gravel were noted on the southwest side of this valley, at 

hights approximately 90 and 125 feet above the river, in section 2, Shafer, 

about five miles north of Taylor's Falls. These terraces measure an eighth of 

a mile or more in width, and the upper one is at least three-fourths of a mile 

long. On the Wisconsin side opposite these and for two miles farther north, 

a similar terrace is seen about 90 feet above the river. A few miles farther 

northwest, in the itortheast part of Amador, a terrace like the foregoing, 75 to 

90 feet high, extends three miles with a width varying from a half mile to one 

and a half miles. This is limited on the east by the river, and on the west by 

morainic hills 75 to 100 feet higher. Most of its surface is nearly level, but 

some portions are undulating, with swells 10 to 25 feet above the depressions. 

It is a continuation from the "jack pine barrens" of such sand and gravel in 

northwestern Wisconsin, which occupy a considerable width on the east side 

of the St. Croix, and extend thence in a broad belt a hundred miles northeast

ward. The drainage from. the melting ice-fields on the northeast seems thus 
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and a half miles. This is limited on the east by the river, and on the west by 
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to have been divided, a part of the floods being carried southwest across Chi

sago and Anoka counties, and a part going southeast and south in the St. 

Croix valley, filling it in Amador and Shafer with modified drift to a depth of 

about 90 feet above the present river. 

Alluvium. Only narrow and interrupted alluvial bottomlands of receut 

formation are found on the St. Croix and Mississippi rivers in these counties. 

Dunes of sand, gathered from the modified drift by the wind, and heaped 

up in mounds and ridges 10 to 20 feet high, occur in the south part of sec~ions 

34, 35 and 36, Grow, Anoka county. They are blown into frequently shifting 

forms, like drifts of snow, and are too unstable to give a foot-hold to vegetation. 

It seems most pr?bable that they were gathered from the coarser sand and 

gravel of the surrounding area soon after the deposition of those beds, before 

they became covered, and protected from wind erosion, by grass, bushes and 

trees. 

Icejormed ridges. Very interesting ridges of sand and gravel have been 

formed in the north part of Green lake, five miles east from Wyoming in 

Chisago county. They have been pushed up from the lake-bed by ice, aided 

by the fluctuations in the level of the water, which is in different years some

times much lower and much higher than its average stage. Two of these 

ridges, starting from the east shore, extend into the lake about a third of a 

mile, or nearly to its west shore, converging so as to meet like the sides of the 

letter V, and enclosing a triangular portion of the lake between them. They 

are five to ten rods wide, and vary from three to eight feet in hight. On the 

southern one a road is built, crossing the lake. Similar ridges occur on the 

shores of many other lakes in this district, most frequently where they are 

bordered by marshes or by land only slightly higher than the water-level. 
Wclls in Chisago county. 

Nessel. Robert Nessel; sec. 19, the east edge of the township: well, 15 feet deep; soil, 2; yellow 
till, 8; soft blue clay, with peaty portions and decaying fragments of wood, offensive in smell, 4 feet; and 
sand, dug into 1 foot, from which water rose quickly six or eight feet. Other wells in this neighborhood 
vary from 12 to 22 feet in depth, and are similar to this. 

Stephen Clark; sec. :{O, in the southeast part of the township: well, 22 feet; all very hard till, yel
lowish above, but bluish in its last 6 or 8 feet. 

Andrew Erickson; sec. 31, in the southwest corner of the township: well, 22 feet; soil, 2; yellow 
till, 16; sand, with water, 4 feet and continuing deeper. 

Matts Collin; sec. 32, a quarter of a mile northeast from the last: well, 42 feet; soil, 2; till, 35; and 
sand, with water, 5 feet and continuing deeper. This vicinity has a morainic contour, in hillocks and 
swells 10 to 30 feet high. 

John LeIman; sec. 35; well, 35 feet; soil, 2; till, 30; and a bed of sand and gravel dug into 3 feet 
wi th water rising above it a few feet, . . I 
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Dunes of sand, gathered from the modified drift by the wind, and heaped 

up in mounds and ridges 10 to 20 feet high, occur in the south part of sec~ions 

34, 35 and 36, Grow, Anoka county. They are blown into frequently shifting 

forms, like drifts of snow, and are too unstable to give a foot-hold to vegetation. 

It seems most pr~bable that they were gathered from the coarser sand and 

gravel of the surrounding area soon after the deposition of those beds, before 

they became covered, and protected from wind erosion, by grass, bushes and 

trees. 

Ice-formed ridges. Very interesting ridges of sand and gravel have been 

formed in the north part of Green lake, five miles east from Wyoming in 

Chisago county. They have been pushed up from the lake-bed by ice, aided 

by the fluctuations in the level of the water, which is in different years some

times much lower and much higher than its average stage. Two of these 

ridges, starting from the east shore, extend into the lake about a third of a 

mile, or nearly to its west shore, converging so as to meet like the sides of the 

letter V, and enclosing a triangular portion of the lake between them. They 

are five to ten rods wide, and vary from three to eight feet in hight. On the 

southern one a road is built, crossing the lake. Similar ridges occur on the 

shores of many other lakes in this district, most frequently where they are 

bordered by marshes or by land only slightly higher than the water-level. 
Wells in Chisago county. 

Nessel. Robert Nessel; sec. 19, the east edge of the township: well, 15 feet deep; soil, 2; yellow 
till, 8; soft blue clay, with peaty portions and decaying fragments of wood, offensive in smell, 4 feet; and 
sand, dug into 1 foot, from which water rose quickly six or eight feet. Other wells in this neighborhood 
vary from 12 to 22 feet in depth, and are similar to this. 

Stephen Clark; sec. :{O, in the southeast part of the township: well, 22 feet; all very hard till, yel
lowish above, but bluish in it5 last 6 or 8 feet. 

Andrew Erickson; sec. 31, in the southwest corner of the township: well, 22 feet; soil, 2; yellow 
till, 16; sand, with water, 4 feet and continuing deeper. 

Matts Collin; sec. 32, a quarter of a mile northeast from the last: well, 42 feet; soil, 2; till, 35; and 

sand, with water, 5 feet and continuing deeper. This vicinity has a morainic contour, in hillocks and 
swells 10 to 30 feet high. 

John Leiman; sec. 35; well, 35 feet; soil, 2; till, 30; and a bed of sand and gravel dug into 3 feet 
with water risiu~ above it a few feet, . . I 
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Rushseba. The wells at Rush City are all about 25 feet deep, being soil, 2 feet; hard yellow till, 
reqniring to be picked, 10 feet; and red gravel aud sand below, in which water is found 20 to 25 feet from 
the surface. 

Archibald Peers; sec. 14, one and a half miles east-northeast from Rush City: well, 32 feet; soil, 2; 
yellow till, picked, 16; and red sand, 14, extending deeper, with water in its lower part. 

Daniel McCloud; sec. 22, a half mile southeast from Rush City: well, 22 feci; soil 2, very hard yel
low till, picked, 12; and sand, 8, extending deeper, with water. 

John Flynn; sec. 23: well, 40 feet; soil, 2; yellow till, 14; and sand, 24, water seven feet deep. 
Another well, fifteen rods southwest from this, 36 feet deep, was sand for its lower 18 feet. 

Henry Overman; sec. 35: well, 48 feet; soil, 2; yellow till, 6; and red sand, 40, with only a scanty 
supply of water. The valley of a creek a few rods farther north shows a similar section; as also another 

. valley crossed by the road about five miles farther north, near the south line of sec. 2. 
Fish Lake. J. S. Sayer; at Harris station: well, 60 feet; soil, 2; sand and gravel, 15; and blue till, 

43 feet; water rose fifteen feet from gravel at the bottom. 

G. W. Flanders; also at Harris: well 22 feet; soil, 2; reddish sand, with streaks of blue clay up to 
two inches thick, 16 feet; and dark, very hard till, 4 feet and extending lower; water is found at the top 
of the till. 

Frederick Hals; Stark post-office, sec. 26: well, 19 feet; yellow till, hard, picked, 3 feet; harder red
dish till, 16 feet; water rose three feet from quicksand at the bottom. 

Sunrise. A. D. Sayer; sec. 22, T. 36, R. 21, on the west side of "Goose creek meadow," at the 
base of a bluff 50 feet high, which rises to the general level of the county westward: well, 21 feet; soil, 2; 
stratified sand and clay, 4; red till, requiring to be picked, 10 feet; much harder red till, 5 feet, and con
tinuing deeper, from which water seeps. 

Branch. A. F. Swanson's steam flouring mill, in the north part of the village at North Branch 
station: well, 28 feet; soil, 1; sand, 12; yellowish till, 14; and red sand below, dug into 1 foot, from which 
water rose eleven feet. Within twenty rods farther south wells of the same depth are all gravel and sand, 
in which water is obtained before reaching the till. In the banks ot the North branch of Sunrise river, 
close north of this village, the till rises nearly to the surface, having only five feet or less of overlying 
sand. 

Amador. Charles Martin; sec. 6: well, 8 feet; soil and gravel and sand, 7 feet; underlain by red 
till, dug into 1 foot; a scauty supply of water comes at the junction of the modified drift and till. Within 
a mile farther south, in sec. 8, wells on this terrace of modified drift are 50 to 75 feet deep, all the way in 
gravel and sand. 

C. C. Cowan; sec. 12, on the morainic belt two miles west from the preceding: well, 111 feet; soil, 
2; till, 16; and gravel and sand, 93; no water. 

Wyoming. Wells at Wyoming station are 10 to 20 feet deep, all sand aud fine gravel, with plenty 
of water. 

John D. Koch; sec. 30: well, 22; soil, 2; all sand below, with water in quicksand at the bottom. 
Ohisago Lake. P. I. Johnson; Center City hotel: well, 70 feet; soil, 2; sandy yellow till, 15; and 

sand 53 feet, to water found 35 feet below the level of Chisago lake, not rising. John A. Hallberg, at the 
Lakeside hotel in Center City, has a well 65 feet deep, similar to the last. The till that forms the surface 
of this region, making nearly impervious lake-basins, is underlain by a great thickness of modified drift, 

in which the plane of saturation lies much lower than the lakes. 
Franconia. Olaf Slatengreen; sec. 14, nine miles southwest from Taylor's Falls: well, 80 feet; soil, 

2; sand, 3; till, yellowish in its upper part, and red below, 74 feet; and sand, 1 foot, to bed-rock; no 
water. John A. Carlson's well in the same section, 104 feet deep, was mostly till and found many 
boulders of fifty to a hundred pounds' weight in its last four feet; it has about four feet of water. 

Wells one to two miles west of Franconia village, on the upland 200 feet above this village and the 
St. Croix river, go through 20'or 30 feet of yellow till, below which they encounter an equal thickness of 

caving gravel and sand. 

Wells in IsanU county. 

North Branch. Jacob Dall; sec. 14: well, 30 feet; soil, 2; hard yellowish till, picked, 28; water rose 

five feet from sand at the bottom. 
Stanchfield. Walter J. Downs; sec. 18: well, 20 feet; soil, 2; yellowish till, very hard, requiring to 

he picked, 10; and blue till, 8, from which a good supply of water seeps. 
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Rushseba. The wells at Rush City are all about 25 feet deep, being soil, 2 feet; hard yellow till, 

requiring to be picked, 10 feet; and red gravel and sand below, in which water is found 20 to 25 feet from 
the surface. 

Archibald Peers; sec. 14, one and a half miles east-northeast from Rush City: well, 32 feet; soil, 2; 
yellow till, picked, 16; and red sand, 14, extending deeper, with water in its lower part. 

Daniel McCloud; sec. 22, a half mile southeast from Rush City: well, 22 feci; soil 2, very hard yel
low till, picked, 12; and sand, 8, extending deeper, with water. 

John Flynn; sec. 23: well, 40 feet; soil, 2; yellow till, 14; und sand, 24, water seven feet deep. 
Another well, fifteen rods southwest from this, 36 feet deep, was sanrl for its lower 18 feet. 

Henry Overman; sec. 35: well, 48 feet; soil, 2; yellow till, 6; und red sand, 40, with only a scanty 
supply of water. The valley of a creek a few rods farther north shows a similar section; as also another 
valley crossed by the road about five miles farther north, neal' the south line of sec. 2. 

Fish Lake. J. S. Sayer; at Harris station: well, 60 feet; soil, 2; sund and gravel, 15; and blue till, 
43 feet; water rose fifteen feet from gravel at the bottom. 

G. W. Flanders; also at Harris: well 22 feet; soil, 2; reddish sand, with streaks of blue clay up to 

two inches thick, 16 feet; and dark, very hard till, 4 feet and extending lower; water is found at the top 
of the till. 

Frederick Hals; Stark post-office, sec. 26: well, 19 feet; yellow till, hard, picked, 3 feet; harder red
dish till, 16 feet; water rose three feet from quicksand at the bottom. 

Sunrise. A. D. Sayer; sec. 22, T. 36, R. 21, on the west side of "Goose creek meadow," at the 
base of a bluff 50 feet high, which rises to the general level of the county westward: well, 21 feet; soil, 2; 
stratified sand and clay, 4; red till, requiring to be picked, 10 feet; much harder red till, 5 feet, and con
tinuing deeper, from which water seeps. 

Branch. A. F. Swanson's steam flouring mill, in the north part of the village at North Branch 
station: well, 28 feet; soil, 1; sand, 12; yellowish till, 14; and red sand below, dug into 1 foot, from which 

water rose eleven feet. Within twenty rods farther south wells of the same depth are all gravel and sand, 
in which water is obtained before reaching the till. In the hanks ot the North branch of Sunrise river, 

close north of this village, the till rises nearly to the surface, having only five feet or less of overlying 

sand. 
AmadoI'. Charles Martin; sec. 6: well, 8 feet; soil and gravel and sand, 7 feet; underlain by red 

till, dug into 1 foot; a scanty supply of water comes at the junction of the modified drift and till. Within 

a mile farther south, in sec. 8, wells on this terrace of modified drift are 50 to 75 feet deep, all the way in 

gravel and sand. 
C. C. Cowan; sec. 12, on the morainic belt two miles west from the preceding: well, 111 feet; soil, 

2; till, 16; and gravel and sand, 93; no water. 
Wyoming. Wells at Wyoming station are 10 to 20 feet deep, all sand and fine gravel, with plenty 

of water. 
John D. Koch; sec. 30: well, 22; soil, 2; all sand below, with water in quicksand at the bottom. 

Chisago Lake. P. I. Johnson; Center Oity hotel: well, 70 feet; soil, 2; sandy yellow till, 15; and 
sand 53 feet, to water found 35 feet below the level of Chisago lake, not rising. John A. Hallberg, at the 

Lakeside hotel in Center City, has a well 65 feet deep, similar to the last. The till that forms the surface 
of this region, making nearly impervious lake-basins, is underlain by a great thickness of modified drift, 

in which the plane of saturation lies much lower than the lakes. 
Franconia. Olaf Slatengreen; sec. 14, nine miles southwest from Taylor'S Falls: well, 80 feet; soil, 

2; sand, 3; till, yellowish in its upper part, and red below, 74 feet; and sand, 1 foot, to bed-rock; no 

water. John A. Carlson's well in the same section, 104 feet deep, was mostly till and found many 

boulders of fifty to a hundred pounds' weight in its last four feet; it has about four feet of water. 
Wells one to two miles west of Franconia village, on the upland 200 feet above this village and the 

St. Croix river, go through 20'01' 30 feet of yellow till, below which they encounter an equal thickness of 

caving gravel and sand. 

Wells in Isanti county. 

North Branch. Jacob Dall; sec. 14: well, 30 feet; soil, 2; hard yellowish till, picked, 28; water rose 

five feet from sand at the bottom. 
Stanchfield. Walter J. Downs; sec. 18: well, 20 feet; soil, 2; yellowish till, very h[1rd, requiring to 

be picked, 10; and blue till, 8, from which a good supply of water seeps. 
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Rushseba. The wells at Rush City are all about 25 feet deep, being soil, 2 feet; hard yellow till, 

requiring to be picked, 10 feet; and red gravel and sand below, in which water is found 20 to 25 feet from 
the surface. 

Archibald Peers; sec. 14, one and a half miles east-northeast from Rush City: well, 32 feet; soil, 2; 
yellow till, picked, 16; and red sand, 14, extending deeper, with water in its lower part. 

Daniel McCloud; sec. 22, a half mile southeast from Rush City: well, 22 feci; soil 2, very hard yel
low till, picked, 12; and sand, 8, extending deeper, with water. 

John Flynn; sec. 23: well, 40 feet; soil, 2; yellow till, 14; und sand, 24, water seven feet deep. 
Another well, fifteen rods southwest from this, 36 feet deep, was sanrl for its lower 18 feet. 

Henry Overman; sec. 35: well, 48 feet; soil, 2; yellow till, 6; und red sand, 40, with only a scanty 
supply of water. The valley of a creek a few rods farther north shows a similar section; as also another 
valley crossed by the road about five miles farther north, neal' the south line of sec. 2. 

Fish Lake. J. S. Sayer; at Harris station: well, 60 feet; soil, 2; sund and gravel, 15; and blue till, 
43 feet; water rose fifteen feet from gravel at the bottom. 

G. W. Flanders; also at Harris: well 22 feet; soil, 2; reddish sand, with streaks of blue clay up to 

two inches thick, 16 feet; and dark, very hard till, 4 feet and extending lower; water is found at the top 
of the till. 

Frederick Hals; Stark post-office, sec. 26: well, 19 feet; yellow till, hard, picked, 3 feet; harder red
dish till, 16 feet; water rose three feet from quicksand at the bottom. 

Sunrise. A. D. Sayer; sec. 22, T. 36, R. 21, on the west side of "Goose creek meadow," at the 
base of a bluff 50 feet high, which rises to the general level of the county westward: well, 21 feet; soil, 2; 
stratified sand and clay, 4; red till, requiring to be picked, 10 feet; much harder red till, 5 feet, and con
tinuing deeper, from which water seeps. 

Branch. A. F. Swanson's steam flouring mill, in the north part of the village at North Branch 
station: well, 28 feet; soil, 1; sand, 12; yellowish till, 14; and red sand below, dug into 1 foot, from which 

water rose eleven feet. Within twenty rods farther south wells of the same depth are all gravel and sand, 
in which water is obtained before reaching the till. In the hanks ot the North branch of Sunrise river, 

close north of this village, the till rises nearly to the surface, having only five feet or less of overlying 

sand. 
AmadoI'. Charles Martin; sec. 6: well, 8 feet; soil and gravel and sand, 7 feet; underlain by red 

till, dug into 1 foot; a scanty supply of water comes at the junction of the modified drift and till. Within 

a mile farther south, in sec. 8, wells on this terrace of modified drift are 50 to 75 feet deep, all the way in 

gravel and sand. 
C. C. Cowan; sec. 12, on the morainic belt two miles west from the preceding: well, 111 feet; soil, 

2; till, 16; and gravel and sand, 93; no water. 
Wyoming. Wells at Wyoming station are 10 to 20 feet deep, all sand and fine gravel, with plenty 

of water. 
John D. Koch; sec. 30: well, 22; soil, 2; all sand below, with water in quicksand at the bottom. 

Chisago Lake. P. I. Johnson; Center Oity hotel: well, 70 feet; soil, 2; sandy yellow till, 15; and 
sand 53 feet, to water found 35 feet below the level of Chisago lake, not rising. John A. Hallberg, at the 

Lakeside hotel in Center City, has a well 65 feet deep, similar to the last. The till that forms the surface 
of this region, making nearly impervious lake-basins, is underlain by a great thickness of modified drift, 

in which the plane of saturation lies much lower than the lakes. 
Franconia. Olaf Slatengreen; sec. 14, nine miles southwest from Taylor'S Falls: well, 80 feet; soil, 

2; sand, 3; till, yellowish in its upper part, and red below, 74 feet; and sand, 1 foot, to bed-rock; no 

water. John A. Carlson's well in the same section, 104 feet deep, was mostly till and found many 

boulders of fifty to a hundred pounds' weight in its last four feet; it has about four feet of water. 
Wells one to two miles west of Franconia village, on the upland 200 feet above this village and the 

St. Croix river, go through 20'01' 30 feet of yellow till, below which they encounter an equal thickness of 

caving gravel and sand. 
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North Branch. Jacob Dall; sec. 14: well, 30 feet; soil, 2; hard yellowish till, picked, 28; water rose 

five feet from sand at the bottom. 
Stanchfield. Walter J. Downs; sec. 18: well, 20 feet; soil, 2; yellowish till, very h[1rd, requiring to 

be picked, 10; and blue till, 8, from which a good supply of water seeps. 
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Andrew Wilson; sec. 35: well, 27 feet; soil, 2 feet; yellow till and blue till below, both picked, 25 

feet; water rose from the bottom five feet in as many minutes. 
Cambridge. H. Miden; sec. 6: well, 14 feet; soil, 2; yellow till, 5; and sand, 7, extending also 

lower, containing plenty of water. 
In Cambridge vilhcge wells are 20 to 35 feet deep, all in sand, obtaining an ample supply of excel

lent water. 
Olaf Bergman; sec. 29: well, 46 feet; soil, 2; sand, 29; gravel, 2; and blue clay, probaby till, 13; 

water rose six feet in a few minutes. 
Isanti. In Isa,nti village the wells are nearly as at Cambridge, being 15 to 25 feet deep, all sand 

and gnwel, to water. 
Mrs. K. Check; sec. 24: well, 37 teet; soil, 2; yellowish till, hard, requiring to be picked, 20; and 

dark blnish till, 15 feet, n,lso continuing lower; the only water obtained seeps at the junction of the yellow 

and the blue till. 

John Linberg; sec. 24, a quarter of a mile northwest from the last: well, 48 feet; soil, 2; yellow 

till, 20; blue till, quite hard, yet softer than the yellow, 14; and sand, 12 fect and continuing lower, dry 
in its upper part, hut containing water at the bottom. A piece of lignite four inches long was found in 

the till twenty-five feet below the surface. 

Andrew Norin; also in sec. 24: well, 40 feet; soil, 2; yellowish till, picked, 36; sand,2; and coarse 
iron-rusted gnwel at tbe hottom, from which water rose ten feet in a few hours. 

AthEns. George D. Bennett; sec. 22, in the southwest corner of the township: well, 20 feet; soil, 

1 foot; sand and gravel, 14; and dtwk bluish till, picked, 5; water, found in a gravelly layer at the bottom, 
rose four feet. 

Spencer Brook. E. G. Clough; in the village, N. W. 1 of sec. 15: well, 18 feet; soil, 2 feet; all 
below is sand ,md gTtwel, becoming coarse near the bottom; water plentiful and excellent. Wells 
throughout this township are 15 to :30 feet deep, wholly in sand and gravel. 

TVeils in Anoka c01mty. 

Centen,ille. 'William J. RalllS(len; N. E. } of sec. 4: well, 40 feet, all sand; water in abundance was 
found at 18 feet, hut filled the pipe with quicksand, to avoid which the well was bored deeper. 

Oliver Parenteau; sec. 14: well, 11 feet; soil, 2; hard, yellow till, 9; water rose four feet from a 
layer of srmd one foot thick at the l)ottol1l. 

Bchsil Landrochcs; in the vilhlge, sec. 23: well, 17 feet; soil and sandy loam, 6; and hard yellow 
till, 11; water comes lImn a vein of sand at 15 feet. 

Eliline. J. W. Winder; S. W. ~ of sec. 32: well, 40 feet, the deepest in this vicinity; all sand to 
water at the hottom; no gravel so large as a half inch in diameter. 

Fl"'idley. Thomas Casay; N. W. 1 of sec. 3: well 90 feet, dug 45, bored 40, and driven the last 5 
feet; soil, 1; sand, 15; hlue till, containing stones up to eight inches in diameter, 17; and sand, mostly 

quicksand, with occasional clayey byers, hut no gravel, 57; at 90 feet a hard layer was struck, perhaps 
the bed-rock. 

Oale Grove. N. A. Nason; sec. 19: well, 37 feet; soil, 1; gravel and sand, 29; and till, picked, 7; 
water came at the top of the till. 

Grow. Capt. Nrtthanael Small; S. E. :l- of sec. 5: well, 30 feet; soil, 2; sand, 10;'gravel, 8; inter
hedded gravel and sand, with occasional thin clayey layers, 10; good water in large supply from quick
sand at the bottom. 

Anoka. Bean & Guderi,m; in the city: well, 40 feet; gravel and sand, 20; and reddish till, 20; 
water rose suddenly from gnwel at the hottom, attaining a depth of ahout twenty feet. While this well 

was filling Ul), another ahout t1 dozen rods away was drained; hut within an hour this well regained its 
usual amount of water. 

The railroad well in Anoka, re"ching the hed-rock at 80 feet, has been described in a former part 
of this chapter. 

St. Francis. Wells at St. Francis village are 20 to 30 feet deep, going through 10 to 20 feet of 
sand and gravel, with till below. A third to a half mile west from the river wells are wholly in modified 
drift. 

The following are in the west half of this township (range 25): 

Stephen Francis; sec. 25: well, 26 feet; soil, 2, yellow till, picked, 24; water seeps. 

Lemuel Bull; sec. 27: well, 3S feet; "II till, yellowish above and dark bluish below; water rose 
quickly four or five feet from a sandy vein at the bottom. 
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Andrew Wilson; sec. 35: well, 27 feet; soil, 2 feet; yellow till and blue till below, both picked, 25 

water rose from the bottom five feet in as many minutes. 

Cambridge. H. Miden; sec. 6: well, 14 feet; soil, 2; yellow till, 5; and sand, 7, extending also 

lower, containing plenty of water. 
In Cambridge vilbge wells are 20 to 35 feet deep, all in saud, obtaining an ample supply of excel-

lent water. 
Olaf Bergman; sec. 29: well, 46 feet; soil, 2; sand, 29; gravel, 2; and blue clay, probaby till, L3; 

wateT rose six feet in a few minutes. 

Isanti. In Isn,nti village the wells are nearly as at Cambridge, being 15 to 25 feet deep, all sand 

and gravel, to water. 
MTS. K. Check; sec. 24: well, 37 feet; soil, 2; yellowish till, hard, requiring to be picked. 20; and 

dark bluish till, 15 feet, n,lso continuing lower; the only water obtained seeps at the junction of the yellow 

and the blue till. 

John LinlJerg; sec. 24, a quarter of a mile northwest from the last: well, 48 feet; soil, 2; yellow 

till, 20; blue till, quite hard, yet soiter than the yellow, 14; and sand, 12 feet and continuing lower, dry 

in its upper part, lmt containing water at the bottom. A piece of lignite four inches long was found in 

the till twenty-five feet below the surface. 

Andrew Norin; also in sec. 24: well, 40 feet; soil, 2; yellowish till, picked, 36; sllnd, 2; and coarse 

iron-rusted gnwel at the hottom, from which water rose ten feet in a few hours. 

A tlu 11.'. George D. Bennett; sec. 22, in the southwest corner of the township: well, 20 feet; soil, 

1 foot; sand and gravel, 14; and dark bluish till, picked, 5; wlIter, found in a gravelly layer at the bottom, 
rose four feet. 

Spenaf Brook. E. G. Clough; in the village, N. W. :\ of sec. 15: well, 18 feet; soil, 2 feet; all 

below is sand ,md gTavel, becoming coarse near the bottom; water plentiful and excellent. Wells 

throughout this township are 15 to :30 feet deep, wholly in sand and gravel. 

TVeils in Anoka cDimty. 

Centerville. 'William J. Ramsden; N. E. 1 of sec. 4: well, 40 feet, all sand; water in abundance was 

found at 18 feet, hut filled the pipe with quickslInel, to lIvoid which the well was bored deeper. 

Oliver Parenteau; sec. 14: well, 11 feet; soil, 2; hmd, yellow till, 9; wllter rose four feet from a 
layer of s,md one ioot thick lit the ])ottom. 

Bw;il L<1JHlroches; in the vilh,ge, sec. 23: well, 17 feet; soil and sandy loam, 6; and hard yellow 
till, 11; wateT "0Il1e8 lImn a vein of s,md at 15 feet. 

El/tine. J. W. Winder; S. W. 1 of sec. 32: well, 40 feet, the deepest in this vicinity; all sand to 
water at the hottom; no gravel so large as a half inch in diameter. 

Fridley. Thomas Casay; N. W. 1 of sec. 3: well 90 feet, dug 45, bored 40, and driven the last 5 

feet; soil, 1; sand, 15; blue till, containing stones up to eight inches in diameter, 17; and sand, mostly 

quicksand, with occasional clayey byers, hut no gravel, .57; at 90 feet a hard layer was struck, perhaps 
the beel-rock. 

Oale Grove. N. A. Nason; sec. 19: well, 37 feet; soil, 1; gravel and sand, 29; and till, picked, 7; 
water came at the top of the till. 

Grow. Capt. Nll,thanael Rmall; S. E. '\ of sec. 5: well, 30 feet; soil, 2; sand, 10;'gravel, 8; inter
bedded gravel lind sand, with occasional thin cbyey layers, 10; good water in large supply frOID quick
sand at the bottom. 

Anolea. Bean & Guderian; in the city: well, 40 feet; gravel and sand, 20; and Teddish till, 20; 

water rose suddenly from gravel lit the hottom, attaining a depth of about twenty feet. While this well 

was filling up, another lIhout a dozen rods away was drained; hut within an hour this well regained its 
usual amount of w"ter. 

The railroad well in Anoka, reaching the bed-rock at 80 feet, has heen described in a former paTt 
of this chapter. 

St. Francis. Wells'lt St. Francis vilbge are 20 to 30 feet deep, going through 10 to 20 feet of 

sand and gravel, with till below. A third to a hlllf mile west from the river wells are wholly in modified 
drift. 

The following are in the west half of this township (range 25): 

Stephen Francis; sec. 25: well, 26 feet; soil, 2, yellow till, picked, 24; water seeps. 

Lemuel Bull; sec. 27: well, 3S feet; ,,11 till, yellowish above and dark bluish below; water rose 
quickly four or five feet from a sllndy vein at the bottom. 
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Andrew Wilson; sec. 35: well, 27 feet; soil, 2 feet; yellow till and blue till below, both picked, 25 

water rose from the bottom five feet in as many minutes. 

Cambridge. H. Miden; sec. 6: well, 14 feet; soil, 2; yellow till, 5; and sand, 7, extending also 

lower, containing plenty of water. 
In Cambridge vilbge wells are 20 to 35 feet deep, all in saud, obtaining an ample supply of excel-

lent water. 
Olaf Bergman; sec. 29: well, 46 feet; soil, 2; sand, 29; gravel, 2; and blue clay, probaby till, L3; 

wateT rose six feet in a few minutes. 

Isanti. In Isn,nti village the wells are nearly as at Cambridge, being 15 to 25 feet deep, all sand 

and gravel, to water. 
MTS. K. Check; sec. 24: well, 37 feet; soil, 2; yellowish till, hard, requiring to be picked. 20; and 
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bedded gravel lind sand, with occasional thin cbyey layers, 10; good water in large supply frOID quick
sand at the bottom. 

Anolea. Bean & Guderian; in the city: well, 40 feet; gravel and sand, 20; and Teddish till, 20; 

water rose suddenly from gravel lit the hottom, attaining a depth of about twenty feet. While this well 
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John Axelson; sec. 30: well, 40 feet; soil, 1; sand, 10; till, 5; modified drift, sand and gravel, witb 
thin clayey layers, 24; water at bottom, not rising. 

Burns. Andrew Mattson; N. W. t of sec. 2: well, 18 feet; soil and gravel, 3 feet; yellow till, 
picked, 8; darker reddish till. somewhat harder, 7; water two feet deep seeps from a vein of quicksand. 

John D. Keen; sec. 30: well, 44 feet; soil, 1; yellow till, spaded, 10; sand and gravel, 6; harder red 
till, 27; water seeps at the bottom, becoming two or three feet deep. 

Ramsey. Austin Chamberlain; sec. 8: well, 16 feet; all gravel and sand; large supply of good 
water. 

James Collins; sec. 19: well, 37 feet; soil, 2; yellow till, 15; blue till, 18; and sand, 2, with water 
rising from it three feet. 

MATERIAL RESOURCES. 

The chief industry and source of wealth in this district is agriculture. 

Much of the original growth of wood has been cleared away for farms, and this 

is still going forward; but enough will probably always remain for ample supplies 

of fuel. The species of maple, ash and oak are also valuable for manufacturing 

and building purposes. 

Mining for copper and silver has been attempted at Taylor's Falls, but 

without encouraging results, though the trappean rocks of that vicinity belong 

to the same formation which contains the rich copper mines of upper Michigan. 

Masses of native copper, transported in the drift from this formation in the 

region of lake Superior, are found rarely, but afford no indication of the occur

rence of this metal in adjacent rock-outcrops. A mass of such drift copper 

weighing seventy pounds, found near Taylor's Falls, is in the museum of the 

Minnesota Academy of Natural Sciences. Another weighing fifteen pounds 

was found in the drift at Sunrise, close above the upper bridge. 

Water-powers utilized in these counties, mostly for flouring mills, are as 

follows: 
On the St. Croix river at St. Croix Falls, twelve feet head; the dam was carried away several years 

ago, and has not been rebuilt. 
A mill on Goose creek west of Harris has been discontinued because the dam overflowed valuable 

hay-meadows. 
On Rush creek the Rush City mill, owned by Spivak & Martin, manufacturing both flour and 

lumber, in section 14, Rushseba, has a head of fourteen feet. Another good water-power, affording a 
head of ten feet or more, exists on this creek where it crosses a ledge of the St. Croix sandstone about half 

a mile above its mouth. 
On Sunrise river are the Sunrise City mill, owned by Franklin Low, twelve feet head, flowing back 

nearly two miles; and the Riverside mill, belonging to the John G. Mold estate, in Sunrise below the 
foregoing, also twelve feet head. A water-power of ten feet head, not yet used, is reported on this river 

about four miles southwest from Sunrise, on Mr. Farr's farm. 
The Franconia mill, owned by Joseph Groll, on Lawrence creek, has a head of thirty feet, using an 

overshot wheel; flume a quarter of a mile long, with a descent of two feet; dam ten feet high; stream 
mainly formed by very large springs within a quarter of a mile above the dam; flow nearly constant 
throughout the year, affording seven horse-power. Steam power has been added. 
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No water-power is used on the Rum river in Isanti county. The follow

ing powers are on its small tributaries in this county: 
Spencer Brook mill, owned by S. S. Griggs, leasing to J. H. Foster; at Spencer Brook village; head, 

nine feet. 
A mill owned by Eklund & Ossell, on the Upper Stanchfield creek, in the northwest corner of 

section, 11, Spring'Vale; head, six feet. 
Stanchfield mill, owned by Peter Trolin & Co., on the Lower Stanchfield creek, in section 34, 

Stanchfield; head, eight feet. 
Oliver Larson's mill, in section 9, Isanti; head, four feet. 
The mill formerly owned by Peter Hadean, in section 19, Isa:g.ti, on the same brook as the last, has 

six feet head. 

Anoka county had the following water-power mills: 
St. Francis mill, owned by D. Woodbury & Son, manufacturing both flour and lumber on the Rum 

river at St. Francis; head, nine feet. 

Lincoln mill, owned by W. D. Washburn & Co., on the Rum river at Anoka; capacity six hundred 
barrels of flour per day; head, ten feet; burned in 1884 by ,the fire which destroyed a large portion of 
this city. 

Keystone mill, on Rice creek at Fridley; head, 15-16 feet, one Victor wheel of 17! inches; thirty 
horse-power, owned by S. H. Baker and Co. 

Building stone. Some portions of the St. Croix sandstone have been 

quarried for building purposes at Taylor's Falls, being used in one or two 

business blocks. Goll's mill in Franconia is also built of this stone. It is 

of rather coarse grain and friable on first quarrying, but the weather operates 

to harden it in a few months. The Trenton limestone in section 34, Fridley, 

has also been slightly quarried. Throughout these counties the boulders of 

the drift are commonly used for coarse masonry, as cellar-walls and well~ 

curbing. 

Lime. Travertine, a limestone deposited from the water of springs, occurs 

in large deposits on the face of the bluffs of the St. Croix sandstone, and has 

been extensively burned for lime, a quarter to a half of a mile south of Goll's 

mill in Franconia, and near Osceola, a few miles farther south on the Wis
consin side. 

Boulders of magnesian limestone from the drift have also been burned for 

lime at numerous places, as in Cambridge, Spring Vale and Stanchfield by 

Andrew Bjorklund, Peter Franzen and P. D. Linberg; in Wyanett by Charles 

Brattlund; and in Burns by George J. Wheeler, Christopher Celhaver, George 

Melkson and Clarence White. The annual product of lime from boulders, 

however, does not exceed a thousand barrels. It is sold at about $1 per 

barrel. In Burns township about a third part of the limestone boulders, usually 

distinguished by a more reddish color, yields dark lime which makes a yel

lowish wash or plaster; while the other two-thirds yield white lime. 
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The quarries in the Trenton limestone on the Hennepin-Anoka county 

line are owned by H. T. W elles a~d Wilcox & Hempel. 

Bricks. The most considerable business in brick-making in these counties 

is in the south part of section 34, Fridley, about two miles north of Minneapolis. 

At the date of these notes (1880) work was being done here by C. J. Swanson 

& Co, and by Peterson & Benson, each having begun in 1879. The clay used 

is modified drift forming the east bank of the Mississippi river. The section is 

gravel and sand at the top, 5 to 12 feet; clay, partly dark and partly weathered 

to a yellowish color, levelly stratified, 8 feet; and dark clay, mostly in level 

layers, but in some portions irregularly lamin8.ted and contorted, 25 feet, 

reaching ten feet below the level of the river; with quicksand beneath. The 

bricks are cream-colored, and require no sand for tempering. Mr. Swanson's 

product in 1879 was 1,800,000, and Peterson & Benson's was 1,500,000, sold 

at $7 to $8 per thousand.* 

On the west side of Round lake in Grow township, two miles northeast 

of Anoka, brick-making was begun by Kelsey Brothers in 1871. Their 

product in 1879 was 600,000, worth $6.75 per thousand at the kiln, or $8 

loaded on the cars at Anoka. The clay is 10 to 14 feet thick, gray, partly 

weathered to yellowish, levelly stratified, and is underlain by bluish quick

sand. Its top is 8 or 10 feet above the lake, or about 35 feet above Rum 

flver. The bricks, as in Fridley, are cream-colored, and need no intermixture 

of sand. Curved bricks for well-curbing are also made by the Kelsey Brothers 

and are sold for $8 per thousand. Another yard is owned by - N ebulon. 

There is a great industry in red pressed brick at Coon creek. There is said 

to be a very large amount of suitable red clay. The two parties operating 

red-pressed brick yards in 1885 were-The Anoka pressed orick and Terra 

Ootta Oompan!/, and C. Benson. The clay needs about the same in bulk of 

sand added to make it right for this manufacture. 

Several kilns of cream-colored bricks of.good quality were burned in 1879 

in the east part of Stanford by P. O. Widmark. 
--*-In 1885 Nels. Peterson made three and a half millions of brick, delivering them in Minneapolis at $7.50 per thousand, 
and C. J. Swanson made four millions. John Bowers,jl1st south of the county line, in Hennepin county, sold about one million. 
Mixed wood costs, delivered at the yards, from three to three and a half dollars per cord. This clay is the same as that used at 
Shingle creek, on the west bank of the Mississit>Pi river. Tne beds are singularly stratified. The entire mass of clay undulates 
up and down sometim~s forming angles of 100 to 200 with its own directions at different places. Besides tnis general undulation 
there is a most singular contorted, or concentric, or convoluted, finer lamination in some of the individual layers. This is 
bronght out, on the weathered face of the excavated bank. The clay is essentially the same from top to bottoUl, 1&-20 feet, and 
this curious internal structure seeUlS to have been cansed by eddying motions in the water which came on periodically. These 
contorded beds are from three to eight. en inches thick. This clay extends much further north and northeast, prubably lyill" 
\lJlder a.n ex~n§ive mars)l bllif a mile at least. [N. H. W.] 
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up and down sometimc's forming angles of 100 to 20° with its own directious at different places. Besides this general undulation 
there is a most singular contorted, or concentric, or convoluted, finer lamination in some of the indiviclual layers. This is 
brought out, on the weathered face of the ex:cavated bank. The clay is essentially the same from top to bottoUl, 18-20 feet, and 
this curious internal structure seellS to have been caused by eddying motions in the water which came on periodically. These 
contorded beds are from three to cight (en inches thick. This clay extends much further north al}d northea't, vrubabl)' l)'in:7 
PUder an exten~ive marsh half a mile at least. [N. H. W.] 
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The quarries in the Trenton limestone on the Hennepin-Anoka county 

line are owned by H. T. W elles a~d Wilcox & Hempel. 

Bricks. The most considerable business in brick-making in these counties 

is in the south part of section 34, Fridley, about two miles north of Minneapolis. 

At the date of these notes (1880) work was being done here by C .. J. Swanson 

& Co, and by Peterson & Benson, each having begun in 1879. The clay used 

is modified drift forming the east bank of the Mississippi river. The section is 

gravel and sand at the top, 5 to 12 feet; clay, partly dark and partly weathered 

to a yellowish color, levelly stratified, 8 feet; and dark clay, mostly in level 

layers, but in some portions irregularly lamin~ted and contorted, 25 feet, 

reaching ten feet below the level of the river; with quicksand beneath. The 

bricks are cream-colored, and require no sand for tempering. Mr. Swanson's 

product in 1879 was 1,800,000, and Peterson & Benson's was 1,500,000, sold 

at $7 to $8 per thousand.* 

On the west side of Round lake in Grow township, two miles northeast 

of Anoka, brick-making was begun by Kelsey Brothers in 1871. Their 

product in 1879 was 600,000, worth $6.75 per thousand at the kiln, or $8 

loaded on the cars at Anoka. The clay is 10 to 14 feet thick, gray, partly 

weathered to yellowish, levelly stratified, and is underlain by bluish quick

sand. Its top is 8 or 10 feet above the lake, or about 35 feet above Rum 

rIver. The bricks, as in Fridley, are cream-colored, and need no intermixture 

of sand. Curved bricks for well-curbing are also made by the Kelsey Brothers 

and are sold for $8 per thousand. Another yard is owned by - N ebulon. 

There is a great industry in red pressed brick at Coon creek. There is said 

to be a very large amount of suitable red clay. The two parties operating 

red-pressed brick yards in 1885 were- The Anoka pressed brick and Terra 

Cotta Company, and C. Benson. The clay needs about the same in bulk of 

sand added to make it right for this manufacture. 

Several kilns of cream-colored bricks oLgood quality were burned in 1879 

in the east part of Stanford by P. O. Widmark. 
--*-In 1885 Nels. Peterson made three and a half millions of brick, delivering them in Minneapolis at $7.50 per thousand, 
and C. J. Swanson made four millioD..'3. John Bowers, just south of the COllnty line, in Hen nepin county, sold about one million. 
Mixed wood costs, delivered at the yards, from three to three and a half dollars per cord. This clay is the same as that used at 
Shingle creek, on the west bank of the MississitlPi river. The beds are singularly stratified. The entire mass of clay undulates 
up and down sometimc's forming angles of 100 to 20° with its own directious at different places. Besides this general undulation 
there is a most singular contorted, or concentric, or convoluted, finer lamination in some of the indiviclual layers. This is 
brought out, on the weathered face of the ex:cavated bank. The clay is essentially the same from top to bottoUl, 18-20 feet, and 
this curious internal structure seellS to have been caused by eddying motions in the water which came on periodically. These 
contorded beds are from three to cight (en inches thick. This clay extends much further north al}d northea't, vrubabl)' l)'in:7 
PUder an exten~ive marsh half a mile at least. [N. H. W.] 
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A kiln of 10,000 red bricks of good quality was burned in 1881 on the 

east side of Rum river a half mile southwest from Cambridge, by Nordfeldt, 

Peterson & Co. Two parts of sand were mixed with three of clay for tem

permg. 

In Wyanett red bricks are made on the northwest side of Green lake by 

Eric Brattlunel. 

In section 14, North Branch, red bricks are made by Frank Ekstrom, 

using till or bouleler-cl~y, with which sand is mixed in the proportion of one 

to three. His product is about 30,000 yearly, selling at $9 per thousand. 

Some of these bricks are damaged or spoiled by cracking after they are 

burned, on account of the slacking of the particles of lime in them due to the 

limestone gravel in the till. 

Red bricks were also made during several years from the till on the south 

side of Rush creek at Rush City, by Archibald Peers. Only about a third 

part of these could be used, the remainder being crumbled by lime particles. 

In 1880 brick-making was again beguIL--at a point close east of the railroad 

one and a half miles south of Rush City, by M. T. Spooner. 

In section 16, Nessel, on the west side of Rush lake, red bricks of fair 

quality were made from till in 1879 a11l1 1880 by John Anderson. 

In 1856 red bricks were made near Low's mill in Sunrise. They are 

said to have been of good quality, with no lime particles nor gravel; no sand 

was used for tempering. 

A mile southwest from Franconia, and again a mile northwest from Tay

lor's Falls, reel bricks have been made from the till, but unsuccessfully because 

of lime particles. 

The Catholic church at Centerville is made of brick clay burned at Cen

terville. 

Peat of good quality exists in many of the marshes and swamps of this 

district. It has been prepared for fuel in considerable amounts by Mr. Dwight 

Mitchell near Coon Creek station in Anoka. 

ABORIGINAL EARTHWORKS. 

Chisago connty. In Chisago Lake township five artificial mounds of the usual dome-like form, three 
to five feet high, were found in the woods at the northeast side of the north end of Green lake. They lie in 

a series some twenty-five rods in length, heing six to ten rods from the lake and on land about 20 feet 

above it. A sixth of a mile farther northeast is another mound, in the woods beside Chisago lake. It has 

been partly excavated, having now a hight of eight feet, but originally it was probably twelve feet high. 

It is on land about 12 feet above Chisago lake and six rods from the shore. This mound is made of 
dark earth, and contains occasional fragments of stone up to a toot in diameter. 
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Three miles farther northeast, a mound seven feet high is on the island which the railroad and 

highwl!>Y cross close southwest of Oenter Oity; and l!>nother of similar hight occurs an eighth of a mile 

southwest from this, on the west shore of Ohisago lake just south of these roads. 

In Fish Lake township a mound four feet high is situated close north of the road near the middle 

of the north side of I<'ish lake, on land of Eric Berglund; and another, origilllllly ten feet high, is on the 
east side of Goose lake about a quarter of a mile south from its outlet, on lanel of N. P. Swanson ,mel near 

his house. 
A mound ten feet high is reported on the Kingsbury farm, on the southwest side of J~ush lake, 

probably in section 23, Nessel. 

IsanU county. On the west side of Lower Stanchfield creek and bke, in section 5, Oamhridgc, is a 

mound about fifteen!feet high, which has beeu dug into, finding bones. 

Another about fifteen feet high lies close to the west side of a lake through which Spencer hrook 

flows i.n section 19 of Spencer Brook township. From this several skeletons have been exbumed. 
In section 4 of the east part of Stanford a mound ten feet bigh is sitmlted in Dr. Del vencbhl's 

garden. This is on the southeast side of lake Henrietta. 

Anoka county. At Michael Dupre's house, in the south part of section 1.5, Oenterville, west of the 

outlet of Peltier lake and close north of Oenterville hlke, is a mound thirteen feet high. Mr. Dupre bas 

partially excavated it for a hennery, finding several skulls. The bodies were buried witb tbe heads 
toward the east. No implements were found. Within au eigbtb of a mile westward from this are nine 

low mounds, not so definite at tbe edge as usual, prob'1bly from having been plowed over, each being 

three or four feet high and about fifty feet across. 
In Linwood aboriginal mounds are found ou the nortb side ofIsland lake, and on tbe southwest side 

of Linwood lake. One in the latter locality was opened by Mr. Pbilip '1. Harris of Saint P'1UI, finding bones. 

Three other mouItds, ea.ch about ten feet high, were learned of in Anoka county, as follows: one 
in the N. W. t of section 36, two and a !half miles west of St. Francis; anotber on tbe soutbwest side 

of hLke George in Oak Grove, partly excavated, finding bones; and a third on land of tbe Kelsey Brotbers 

at the west side of Hound lake in Grow township. 
It is noteworthy that nearly all tbe mounds in these counties are close to the sbores of lakes . 
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at the west side of l{ound lake in Grow township. 
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OHAPTER xv.· 

THE GEOLOGY OF BENTON AND SHERBURNE CO[JNTIES. 

By WARREN UPHAM. 

Situation and area. Benton and Sherburne counties (plate 46) lie in th€ 

east part of central Minnesota. The Mississippi river is their southwestern 

boundary. Elk River, the county seat and largest town of Sherburne county: 

is about twenty-five miles northwest from Minneapolis and thirty-five miles from 

Saint Paul. Sauk Rapids, the county seat and largest town of Benton county: 

is thirty-five miles northwest from Elk River. Big Lake, Becker and Clear 

Lake in Sherburne county on the Saint Paul, Minneapolis & Manitoba rail

way, and Rice's station in Benton county on the railroad from Saint Cloud 

and Sauk Rapids to Brainerd, are important villages. 

Benton county has a length of twenty-eight miles, measured from east tc 

west on its northern boundary; its width is twenty-four miles; and its area i~ 

406.36 square miles, or 260,074.31 acres, of which 2,275.41 acres are covered 

by water. 

Sherburne county is thirty-one miles long from east to west; its extrem{ 

width, measured on its eastern boundary, is twenty-one and a half miles; and 

its area is 468.88 square miles, or 300,086.12 acres, of which 12,905.72 acret 

are covered by water. 

SURFACE FEATURES. 

Natural drainage. The chief affiuents received by the Mississippi rive.] 

in these counties are the Platte river, which in its last three miles crosses thE 

west end of Langola township; the little Rock creek, draining the greater par1 

of Langola and northwestern Watab, and flowing through Little Rock lake 

and the Elk river, having its farthest sources on the northern boundary 0: 
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Benton county, flowing first about twenty-five miles south-southwest and south 

across this county, and then nearly thirty miles southeasterly through Sher

burne county in a course approximately parallel with the Mississippi river and 

only three to five miles distant from it. The most considerable tributaries of the 

Elk river are Mayhew creek from the west i~ Benton county, and Stony or 

Rice creek, St. Francis river and Tibbetts brook from the east in Sherburne 

county. 

Rum river, tributary to the Mississippi farther southeast, flows through 

the northeast corner of Sherburne county, and its West branch drains the 

northeast edge of Benton county. 
Lakes. Benton county has comparatively few lakes, the mORt noteworthy being Little Rock lake, 

three miles long from north ttl south, in Lallgola and Watab; Mayhew lake, about three-lourths of a mile 
long, on the creek of this name in the east part ofWatab; and Minden lake, about a mile long in sections 
27 and 34, Minden. 

Frequent lakes, up to a mile or a mile and a half in length, occur in Sher]:mrne county, including 
qlear lake anel Big lake; which give their names to townships; two Elk lakes, through one of which the 
Elk river flows on the south line of Palmer, while Battle creek, a tribut[try of St. Francis river, flows 
through the other; Briggs lake, close north of the first Elk lake; St Francis lake, on the St. Francis river 
in the south part of Blue Hill township; lake Fremont in the north part of Livonia, the source of Tibbetts 
hrook; and Eagle lake in the southwest corner of Orroek. 

_ Topography. The surface of Benton county is chiefly till, which rises 

with smooth long slopes to hights 20 to 30 or sometimes 40 to 60 feet above 

the streams. Occasionally this deposit presents a more irregularly broken 
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section 9, Palmer. Till also forms the hill known as Blue mound, about 75 

feet high, in the N. W. t of section 28 of Blue Hill township, so named from 

this mound. It is about a quarter of a mile long from northeast to southwest, 

with two-thirds as great width; its steepest slopes are on the north and north

east. Morainic hills of till, covered to a considerable extent by modified drift, 

50 to 100 feet above the general level, occupy a nearly circular area about 

four miles in diameter, from a half mile to four and a half miles north of Becker 

station. The greater part of this area is on the northeast side of Elk river, 

but it includes also a tract some two miles long and one mile wide southwest 

of this river. 

Hillocks and ridges 10 to 30 feet and in part 50 feet high, composed of 

sand and gravel of kame-like origin, form a narrow series extending east

southeasterly ac~oss Craig prairie in sections 16, 17 and 21, Orrock; and others 

of the same kind are found in sections 25 and 36, and also west of Eagle lake 

in flection 31, of this township. A few miles farther southeast, much of the 

north half of Elk River, with section 34, Livonia, consists of kame-like hills 

and ridges of modified drift, trending from north to south and ranging from 40 

to 100 feet in hight. They are most prominent on the west side of the Elk 

River and Princeton road. In some spots these hills are plentifully strown 

with boulders, but their material is mostly stratified gravel and sand. 

Southward, in the central and southeast portions of Elk River township, 

this tract changes to one still more prominently hilly, with a typical morainic 

contour, the elevations being 50 to 200 feet above the intervening hollows. 

Their greatest hight, west of the Princeton road about two miles north of Elk 

River, is approximately 300 feet above the Mississippi river, or 1,150 feet 

above the sea. Here and for several miles thence to the west and to the 

southeast, reaching in all some eight miles, from near the mouth of Tibbetts 

brook to the N. E. i- of section 12, three miles southeast of Elk River, the ma

terial of the hills is mostly till with many boulders, and their trel1d is in the 

course of this belt, or from west to east and southeast. 

Morainic till in low hills and ridges 20 to 40 feet high, with no prevail

ing parallelism in their trends, occupies sections 25 and 36, Livonia, extending 

thence east into St. Francis and Burns in Anoka county. The only smooth, 

slightly undulating till in Sherburne county is a few miles northwest from the 

last, being the heavily wooded tract in the central portion of Livonia, two miles 
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The highest land in Benton county, in the north part of Alberta, is about 

1,150 feet above the sea, ~r some 200 feet higher tban the shore of the Mis

sissippi river at East Saint Cloud, which is its lowest land. Estimates of the 

average hights of its townships are as follows: Alberta, 1,140 feet; Maywood, 

1,120; Glendorado, 1,075; Gilmanton, 1,100; St. George, 1,060; Langola, 

1,080; Watab, 1,070; Minden, 1,050; and Sauk Rapids, 1,040. The mean 

elevation of Benton county, derived from these figures, is 1,090 feet. 

The highest hills in Elk River and the shore of the Mississippi in this 

township are respectively the highest and the lowest lanu in Sherburne county, 

their difference ill elevation being about 300 feet. The average 4ights of the 

townships are estimated as follows: Baldwin, 1,025 feet above the sea; Li

vonia,1,025; Elk River,975; Blue Hill, 1,025; Orrock,980; Big Lake, 940; 

Santiago, 1,025; Becker, 1,000; Palmer, 1,020; Clear Lake, 980; and Haven, 

1,010. The mean elevation of Sherburne county, according to these estimates, 

is 1,000 feet above the sea-level. 

Soil and timber. The fertile black soil in this district has generally a 

thickness of about one foot; and below this the subsoil in :ftenton county is 

mostly the clayey till, and in Sherburne county the sand and gravel of the 

modified drift. 

Heavy timber covers the greater part of Benton county, and is found in 

Sherburne county along the rivers and on an area of slightly undulating till 

covering several square miles in Livonia township. White pine occurs rarely 

on the bluffs of the Mississippi river, and at a few localities northward through 

these counties; but it becomes abundant, being often the principal forest tree 

in the northeast portions of Alberta and Maywood, which lie on the south

western limit of the pineries of northern Minnesota. Sugar and white or soft 

maple, basswood, bur and black oaks, ironwood, yellow birch, poplar, and wild 

plum, wild red cherry, and Juneberry, are plentiful in the heavy timber; black 

and white ash, butternut, canoe birch and balsam poplar are frequent; tama

rack is common in swamps; box-elder, wild black cherry, hickory, cottonwood 

and red cedar are rare, the two latter being found occasionally beside rivers 

and lakes. The shrubs include prickly ash, hazelnut, choke-cherry, red and 

black raspberries, high blackberry, prickly and smooth gooseberries, black 

currant, wolfberry, sheep-berry, bush cranberry, low blueberries, staghorn and 
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rack is common in swamps; box-elder, wild black cherry, hickory, cottonwood 

and red cedar are rare, the two latter being found occasionally beside rivers 

and lakes. The shrubs include prickly ash, hazelnut, choke-cherry, red and 

black raspberries, high blackberry, prickly and smooth gooseberries, black 

currant, wolfberry, sheep-berry, bush cranberry, low blueberries, staghorn and 
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smooth sumach, frost grape, Virginia creeper, climbing bitter-sweet, alder and 

low birch. 

Much of Sherburne county is thinly wooded with black and bur oaks. 

The trees are often scattered, and the open spaces are covered by dwarf oaks 
e ' 

hazelnut and other bushes, such tracts being called "oak openings." More 

rarely trees are absent, though shrubs cover the ground, when it is denomi

nated "brush prairie." 

True prairies of natural grassland, without trees or shrubs, are found 

along the Mississippi river, occupying the greater part of the area between 

that and the Elk flver m Sherburne county, and most of the western two

thirds of Langola and the northwest part of Watab in Benton county, the 

latter tract being named Rice prairie. St. George prairie in the south part of 

Minden covers nearly five square miles, lying west of Elk river and south of 

Mayhew creek; and Craig prairie in the west half of Orrock has an area of 

about two square miles. 

GEOLOGICAL STRUCTURE. 

Archa:an rocks. 

All the outcrops of rock found in these counties belong to the Archrean 

age. They occur in the west part of Haven, the most northwestern township 

of Sherburne county, and in Sauk Rapids, Watab, Gilmanton and Alberta in 

Benton county. This district is part of a broad belt of crystalline rocks of 

Archrean age which reaches from their great area in Canada and northern 

Minnesota southwest to the Minnesota river. In these counties and in Stearns 

county, lying next west, this belt consists mainly of syenite, which differs from 

true granite in containing the mineral hornblende instead of mica, both being 

otherwise alike composed of quartz and feldspar. The three ingredients of 

each occur in crystalline grains; and no schistose or laminated structure, and 

consequently neither dip nor strike, are observable. The common species of 

feldspar present is orthoclase. Valuable quarries of this syenite, commonly 

called "granite," are worked in the townships of Haven, Sauk Rapids and 

Watab, all bounded by the Mississippi river on the west. 

Haven. The most southern rock-outcrop observed in these counties is in 

the S. k of the S. W. i of section 17 , Haven, four miles southeast of Saint 

Cloud, and about two-thirds of a mile west of the Saint Paul, Minneapolis & 
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Manitoba railway. It is owned by Robbers & Barthelemy, and was by them 

leased in May, 1881, for two years, with privilege to extend the lease three 

years more, to the firm of Saulpaugh & Co., of Rock Island, Illinois, contractors 

for building the bridge for the Northern Pacific railroad across the Missouri 
• river at Bismarck. They have also leased quarries in Watab for this bridge, 

which in its abutments and four piers requires 7,000 cubic yards of cut stone .. 

The outcrop has an area of four or five acres, being about thirty rods across, 

and rises with a rounded, smooth surface of bare rock ten to fifteen feet above 

the surrounding prairie of nearly level modified drift. Hence it is often called 

the" rocky island" or "rocky point." About ten rods west of the main out

crop is another of small extent. This rock is a coarse-grained syenite, of 

whitish gray color, with dark blotches of hornblende. It is evidently a stone 

of great strength and durability. The first quarrying at this point was by 

Daniel Burns, of Sauk Rapids, in 1879, supplying stone, some 600 cubic 

yards, at price of about $9,000, for the Mississippi river bridge of the Chicago, 

Milwaukee & Saint Paul railway on the short line between Saint Paul and 

Minneapolis. 

Two miles north from the foregoing and the same distance southeast from 

Saint Cloud, are the quarries of Breen & Young, situated close west of the 

railroad, nearly on the line between the S. E. i of section 6 and the N. E. i 

of section 7, Haven. The rock here has frequent exposures along a distance 

of nearly a half mile from the quarry, to the southeast and northwest, rising 

five to twenty feet above the adjoining marshy lowland. On the south and 

southwest side it is covered by morainic drift, which forms a ridge 40 to 50 feet 

high and of irregular contour, reaching from the railroad westward through 

section 7. Most of these ledges are a gray syenite of fine grain and uniform 

texture, well suited for building purposes. It is used in the corners, steps and 

trimmings of the United States custom house and post office in Saint Paul. 

Breen & Young employ about twenty-five men here in quarrying. The greater 

part of their stone-cutting, especially for ornamental work, is done in their 

shops at Saint Paul. Their quarry has been wrought since 1868; the extent 

of the principal excavation is about 250 by 200 feet, and its dept~ is mostly 

from four to six feet. About thirty rods west of this opening is an area of 

reddish syenite, which has been slightly quarried. The same color is also 

seen in small outcrops a sixth of a mile farther north beside the railroad. 
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Saulc Rapids. This township has many outcrops of rock. The fLuarry 

which has been longest worked and yields the best stone, a fine-grained gray 

syenite, especially adapted for ornamental use and for cemetery monuments, 

is situated nearly in the centre of ,the village of Sauk Rapids. It was first 

opened by Mr. F .. A. Fogg, in May, 1867, and was worked by him four years. 

It is now owned by Conins, Mitchell & Searle, of Saint Cloud, antI within the 

past three years has been leased and worked by Messrs. Burns, Reeder and 

Robinson, who cut and polish the stone near the quarry. The excavation is 

about 150 by 100 feet in extent, and five to seven feet deep. The sales are 

about $2,000 annually, and have varied from $500 to $10,00Q a year. In 

Minneapolis the towers of the suspension bridge and the city hall are trimmed 

from this quarry, the rest being Trenton limestone. In Saint Paul the whole

sale hardware store of Nicols & Dean is built from this quarry, except the col

umns and buttresses, which are from Watab. In Milwaukee this quarry 

supplied the polished front of the Mitchell Bank building, some of the slabs 

used being 11 feet by 3 by 1 foot in dimension. The Iowa state capitol at 

Des Moim's, recently built, took part of its stone for trimmings from here, 

some of the pieces measuring 10 by 2~ by 2 feet. This syenite is closely like 

that of Breen & Young's quarry in Haven. 

A coarser syenite is exposed about a quarter of a mile farther west, at 

the east end of the Sauk Rapids bridge and dam, which are founded in part 

upon this rock. Its outcrop, coarsely porphyritic, a few rods south of the 

west end of this bridge, is described in the next chapter, with the other rock 

exposures of Saint Cloud, Stearns county. 

The fall in the Mississippi here in about one mile, from the mouth of the 

Sauk river to Maple island is 22 feet, from 992 to 970 feet above the sea. Its 

channel is strown with boulders, but has no extensive exposures of solid rock. 

About a mile east from Sauk Rapids, in the N. W. :i of section 24 of this 

township, an outcrop of reddish, rather fine-grained syenite occurs in a swampy 

depression, some twenty-five rods south of the Gilmanton road. Its area 

reaches about twenty rods from north to south and is about ten rods wide, 

with a hight of two to five feet. This rock is traversed by joints from one to 

ten or fifteen feet apart. Its surface is smoothly glaciated, but retains no strim. 

An exposure of gray syenite occurs in the S. W. i of section 13 of this 

township, on land of Robert W. Leyerly. Its extent is about 50 by 30 feet, 
55 
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with hight of three feet above the adjoining marshes. It is crossed by joints 

two to eight feet apart. 

In the N. W. ! of section 13, on land of the E. D. Learned estate, a 

coarse-grained reddish syenite, with large proportion of feldspar~ covers an 

area thirty rods or more in length toward the west-northwe~t, averaging eight 

rods in width. Its higher portions are four to seven feet above the marsh 

which mainly surrounds it. This rock is very massive, extending in some 

places thirty to forty feet without a joint. It is cut by a trap dike, the ordi

nary dark and tough doleryte, one to one and a half feet wide, and reaching 

within view about fifty feet from east to west. 

Extensive outcrops, partly of coarse-grained reddish syenite, and partly 

of finer-grained gray syenite, of which the latter has been considerably quarried, 

occur on the N. E. 1 of section 14, on land of Joseph Moody; covering some 

thirty acres and rising 25 feet above the adjoining swamps, or 75 to 100 feet 

above the Mississippi. This rock is mostly divided by joints from six inches 

to five feet apart. 

Syenite nearly like the coarse reddish portion of the last or that described 

in the N. W. ! of section 13, occurs also at several places in the S. E. t of 

section 11, on land of William Kouts. Its most northerly exposures are about 

sixty rods north of the south line of the section, and do not rise above the 

general level of the surrounding marshy land. A smooth surface of this rock, 

about fifty feet across, being the largest patch seen here, has no joint or seam. 

An outcrop of this rock about a hundred feet square, lying some forty rods 

south-southwest from this, upon the same quarter-section and three to ten rods 

north of its south line, rises five feet above the general level and is divided by 

joints three to eight feet apart, mostly running north and south, with others 

less numerous from east to west. 

In the N. E. ± of the N. W. i of section 11, owned by Collins, Mitchell 

& Searle, and in the adjoining N. ! of the N. E. ! of the same section, owned 

by E. E. Beal, are large exposures of red syenite, which has been quarried 

somewhat. This syenite covers about ten acres, and rises ten to twenty feet 

above neighboring depressions. At the quarry it is distinctly red near the sur

face, but gradually changes to gray at a depth of three or four feet. It is rather 

coarse in grain. Feldspar, quartz and hornblende are all present in consid

erable amount, the feldspar being about half of the whole. This rock is very 
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of finer-grained gray syenite, of which the latter has been considerably quarried, 

occur on the N. E. 1 of section 14, on land of Joseph Moody; covering some 

thirty acres and rising 25 feet above the adjoining swamps, or 75 to 100 feet 

above the Mississippi. This rock is mostly divided by joints from six inches 

to five feet apart. 

Syenite nearly like the coarse reddish portion of the last or that described 

in the N. W. ! of section 13, occurs also at several places in the S. E. t of 

section 11, on land of William Kouts. Its most northerly exposures are about 

sixty rods north of the south line of the section, and do not rise above the 

general level of the surrounding marshy land. A smooth surface of this rock, 

about fifty feet across, being the largest patch seen here, has no joint or seam. 

An outcrop of this rock about a hundred feet square, lying some forty rods 

south-southwest from this, upon the same quarter-section and three to ten rods 

north of its south line, rises five feet above the general level and is divided by 

joints three to eight feet apart, mostly running north and south, with others 

less numerous from east to west. 

In the N. E. t of the N. W. i of section 11, owned by Collins, Mitchell 

& Searle, and in the adjoining N. ~ of the N. E. i of the same section, owned 

by E. E. Beal, are large exposures of red syenite, which has been quarried 

somewhat. This syenite covers about ten acres, and rises ten to twenty feet 

above neighboring depressions. At the quarry it is distinctly red near the sur

face, but gradually changes to gray at a depth of three or four feet. It is rather 

coarse in grain. Feldspar, quartz and hornblende are all present in consid

erable amount, the feldspar being about half of the whole. This rock IS very 
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massive; sometimes extending a hundred feet without n joint. The distance 

to the railroad is one· and a half miles, and to Sauk Rapids, two and a half 

miles. 

Watab. The ~outhern two-thirds of this township, to a distance of three 

miles :rrom the Mississippi, has many outcrops of these crystalline rocks, 

mainly of syenite, which presents varieties similar to those described in Sauk 

Rapids. 

In the N. W. i of section 35, about one-third of a mile east of Watab 

station, is the quarry of Talcott, Ca.stle & Co., which was worked by them in 

1871 with forty men, drawing the stone six miles to Sauk Rapids, then the 

end of the railroad. This stone was mostly used for buildings in Chicago, 

which were destroyed in the great fire of October, 1871. It has been much 

used for cemetery work, as monuments and bases. 

About a half mile farther east, in the N. E. i of this section 35, is the 

quarry owned by H. D. Gurney, of Saint Paul, which was opened and consider

ably worked in 1874 and 1875. From that time it remained idle till 1881, 

when it was leased to Saulpaugh & Co., by whom it was operated with from fifty 

to a hundred men, including quarrymen and cutters, the stone being used, 

with that quarried by them in Haven, as before stated, for the Northern Pacific 

bridge at Bismarck. This exposure includes three distinct varieties of syenite: 

. gray, coarse-grained, which makes up the greater part of the stone quarried; 

gray, finer-grained; and reddish, with grains of intermediate size. These 

kinds of rock lie in contact, showing, at least in some portions of the quarry, 

no gradual transition but an abrupt change at a definite line. A branch track, 

a mile in length, was laid from the railroad to this quarry in May, 1881: 

Extensive ledges of similar rock lie in the S. E. i of section 36. 

In the north part of section 34, on land of Joseph Campbell, are also 

large exposures of syenite of excellent quality, but not yet quarried, except 

to supply a block 3 by H by 1 foot in size, polished on one side, which was 

sent to the Centennial Exposition. 

The highest points of the foregoing ledges rise 10 to 20 feet above the 

average- of the adj?ining land, or 75 to 100 feet above the Mississippi river 

which here is 1,000 feet above the ocean. 

Prominent knobs of syenite, mostly reddish and somewhat porphyritic, 

and often darker and finer-grained than the preceding, sometimes in appearance 
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approaching trap, dikes of which are also present, occur in section 27, between 

the railroad and the river, a half to one mile north from Watab station. At 

each side of the river road its elevations are 40 feet above the road and 75 to 

90 feet above the river. One of these hills of rough, bald rock (called by 

Schoolcraft the Peace rock) rises in moderate slopes directly from the river's 

edO'e about a half mile south from the mouth of Little Rock creek, which was b 

~o named because of these ledges. 

Prospecting for gold was undertaken here, some fifteen years ago, by 

Major T. M. Newson, sinking a shaft about ten feet. This is close southeast 

of the river road, near the centre of section 27. It is some 40 feet above the 

river, with a depression on the east, separating it from a hill about 751'eet high 

a sixth of a mile east. The vein explored is quartz, one to eight inches thick, 

dipping 800 S. E. The east wall of this vein is dark and tough trap; and its 

west wall is a porphyritic, reddish syenite. 

A small outcrop, twenty-five or thirty feet across and some 15 feet high, 

lies in the N. W. i of section 26, a short distance east from the railroad and 

highway. Beyond this, northward, the only other rock-exposure known in 

this county near the Mississippi river is a small and low outcrop in its biwk, 

of a tough, close-grained, hornblenc1ic rock, occurring about a mile farther 

north, opposite the northeast corner of section 33, Brockway, Stearns county. 

Gilmanton. The only ledges that remain to be described in Benton county' 

are in its central and northeastern portions, within Gilmanton and Alberta 

townships. 

In the S. E. i of the S. W. i of section 18, Gilmanton, on land of Clement 

Teller, about twelve rods west of the road, reddish syenite, mostly in large 

fractured blocks, is exposed at the south side of a small brook, upon an area 

two or three rods in extent. 

About three-fourths of a mile west from this, similar rock is said to out

crop on the east side of the Elk river and in its channel risinO' about ten feet , b 

above the river and extending six or eight rods. 

Alberta. At the end of the portion of the old state road which had its 

timber cleared off, this being at the middle of the north side of section 20 in . 
the east township of Alberta, the most northeastern of the county, this road 

crosses an exposure of rock which has an extent of about twenty-five rods 

from north to south, and is some fifteen rods wide. The quarter-section stake 
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is about five rods east from the north part of this ledge, which extends into 

the edge of section 17, but lies mainly in the N. E. 1 of the N. W. J of section 

20, on land of Charles A. Gilman, of Saint Cloud. The northeast part of this 

outcrop contains a dike of trap, dark with whitish spots, seen along a distance 

of thirty or forty feet and varying from eight to eighteen inches in width. Its 

course in the east part of its visible extent is S. 60° W.; but it is changed 

beyond to about due west. South of this dike the rock is a coarse-grained, 

reddish syenite, composed mostly of feldspar, with perhaps one-fourth part 

quartz. On the north side of the dike the texture of the rock is very differ

ent, though its mineral composition may be nearly the same. Here it is very 

fine-grained, and is much more traversed by joints, which are usually only one 

to two feet apart, dividing the rock into rhomboidal masses. These diverse 

rocks, definitely divided at this dike, appear to form respectively the south 

and north parts of this outcrop. Other ledges of syenite are reported within 

a mile northward, in section 17 and the N. E. J of section 18. 

About four miles east from the last, in the N. W. 1 of section 24 of the 

same township, several exposures of coarse-grained reddish syenite occur in 

the banks and bed of the West branch of Rum river. In proceeding eastward 

and down the stream, the first of these outcrops is about twenty-five rods above 

the new "roll dam," which was rebuilt in 1879. At this upper ledge wings 

of logs are built on each side to turn the floating logs into the middle of the 

stream, which here falls three feet, the open space between the wings being 

thirty feet. The channel here and both banks to a hight one or two feet 

above the water, along a distance of twenty or thirty feet at each side, are 

of this syenite, but it has no exposures upon the general surface, which is ele

vated only about five feet above the stream. The crystals of this rock are an 

eighth to a half an inch long; about two-thirds of the whole consist of flesh

colored feldspar; about one-sixth is quartz, varying from whitish to smoky 

and transparent; and the remainder consists of dark particles, mostly horn

blende, with rare grains of black mica . 

. At the "roll dam," twenty-five rods northeast from the last, the same 

. rock is exposed in the south or right bank, and the south half of the dam for 

about seventy-five feet is founded on it. Its width visible is from ten to 

twenty-five feet, and its hight above the water below the dam is one to two 
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feet. The fall here is also about three feet. Both these outcropf\ are massive, 

often showing no joint for twenty or thirty feet. 

At a bend in the river about thirty rods below, being northeast and within 

sight from the "roll dam," the northern or left bank has an exposure of this 

coarse syenite, about twenty-five feet long and five to fifteen feet wide, rising 

one foot above the water; succeeded in the next twenty-five feet east by a 

very fine-grained, compact, but considerably jointed rock, of deep dull red color, 

apparently made up mainly of feldspflr. Its extent seen was about twenty

five feet long by five to ten feet wide, reaching one foot above the water, 

which at the time of this examination was probably two feet above its lowest 

stage. 

Within sight from the last and about a dozen rods down the stream, which 

here flows to the southeast, the coarse-grained massive syenite is again ex

posed in the northeast or left bank of the river. Its extent is about 50 by 10 

to 20 feet, and its hight was two feet above the water, to which this ledge 

descends perpendicularly, with deep water at its side. 

These are the first ledges found by lumbermen in descending the West 

branch of the Rum river. 

Glada-l and modified drift. 

Glacial strim were observed at several places on the syenite in the N. E. 

el of section 14, Sauk Rapids, bearing S. 45° to 50° W., referred to the true 

meridian. At another point, a few rods from these, their course is S. 15° W. 

Glacial strim, seen at a dozen places on the ledges in the north part of section 

11, Sauk Rapids, bear quite uniformly S. 50° W., varying rarely to 8.45° W. 

and S. 55° W. They were also found near the quarry of Talcott, Castle & Co., 

in section 35, Watab, bearing S. 15° W. The other rock-outcrops in these 

counties are smoothly planed and rounded by glacial erosion, but their strioo 

have been generally effaced by weathering. 

All of Sherburne county excepting its western extremity, and the greater 

part of Benton county, are so deeply covered by the drift that they have no 

exposures of the bed-rocks. Under the head of topography in a former part 

of this chapter, the contour of the drift-sheet, in its divisions of undulating 

till, morainic hills of till and modified drift, and its extensive nearly level areas 

of modified drift, has been described, with the limits of these various deposits. 
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which at the time of this examination was probably two feet above its lowest 

stage. 

Within sight from the last and about a dozen rods down the stream, which 

here flows to the southeast, the coarse-grained massive syenite is again ex
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Their relationship to each other in their manner and time of deposition, and 

the sequence of events in the glacial period and especially in the recession of 

the last ice-sheet indicated by these drift formations, remain to be noticed 

briefly here. 

The reader is referred to the last chapter for an account of t.he glacial 

movements from the northeast and from the northwest and west; the character 

of the drift brought by each; the extension of the drift from the west over 

that from the northeast; successive morainic belts formed at lines of halt or 

temporary re-advance during the final melting and retreat of the ice; and the 

origin of the modified drift from material contained in the ice-sheet and finally 

exposed on its surface, whence it was washed away by the streams and floods 

produced in its melting and deposited from them on the areas of plain and in 

the valleys along their course from the ice-sheet to the sea. The till of Benton 

county, excepting the upper part in the southeast corne:r: of the county, is of 

northeastern origin, as shown by boulders from the region of lake Superior and 

by the absence of limestone. The proportion of its material derived from the 

distant red shales and sandstone of lake Superior is not so great, however, as 

to give it everywhere a distinctly reddish color, and it is in some portions yel

lowish near the surface and dark bluish below nearly like the till brought by 

the ice-current from the northwest. It was seen to have a plainly reddish hue 

in excavations at Sauk Rapids, in section 30, Minden, and at the west end of 

the mill-dam in section 10, Santiago. 

Low morainic hills and ridges of till with many boulders on Stony brook 

near the east line of Alberta, and a belt of somewhat morainic drift continuing 

thence southwest through Maywood and into the east part of St. George, with 

.the series of low hills and ridges of till extending from the northwest part of 

Palmer through northern Haven to the Mississippi river one to two miles 

south of East Saint Cloud, are together referred to the time of the fifth or 

Elysian moraine, and are believed to have been accumulated then along the 

southern boundary of the ice flowing from the northeast and north. This view 

makes them contemporaneous with the moraine formed in the north part of 

Chisago and Isanti counties on the northern border of the ice-flow from the 

west, and the westward continuation of that moraine seems to be represented 

in Sherburne county by th,e Blue mound and the morainic tract in Becker 

township. The angle of confluence of the portions of the ice-sheet moving 
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from the northeast and from the northwest was probably at this time near the 

southeast corner of Wakefield in Stearns county. 

Kames were formed in Orrock and the north part of Elk River during the 

recession of the western ice-lobe from Blue Hill and Becker south to the con

spicuous drift-hills that reach from east to west across the central part of Elk 

River township, supposed to belong to the time of the sixth or Waconia mo

rame. At this stage in the recession of the ice-fields, their northeast portion 

probably terminated at a line reaching southwesterly across Benton county to 

the vicinity of Watab alid Sauk Rapids, and the angle of confluence of the 

northeastern and northwestern ice-flows was near Glenwood in Pope county. 

The modified drift covering Sherburne county was mostly deposited during 

the glacial recession from the Elysian to the Waconia moraine, and during the 

time ensuing in which the latter moraine was accumulated. The floods from 

the glacial melting upon large districts farther west fonnd passage eastward 

over this area, beyond which, in Isanti and Anoka counties, they flowed south 

to the Mississippi. Later stages in the retreat of the ice uncovered north

western Benton county, and were attended with the deposition of the modified 

drift forming Rice prairie in Langola and Watab. 

Boulders. Occasional pieces of limestone, from the size of gravel to slabs 

or blocks ten feet long, occur in the morainic drift of Becker and Elk River 

townships. Most of the boulders in both these counties are syenites, granites 

and crystalline schists. In size they are mostly less than five feet in diameter, 

and boulders more than ten feet in diameter are very rare. One of the largest 

found in Minnesota is the "big rock," situated on land of Peter E Clarity, in 

the N. W. ± of the S. W. ± of section 7, Palmer. The dimension of this mass 

is about 20 by 35 feet, and its hight is 20 or 25 feet. It probably also reaches 

several feet below the surface, from which it rises perpendicularly on all sides. 

This boulder is dark mica-schist, varying to gneiss, coarsely laminated, with 

much black mica and many minute garnets, and containing in some portions 

whitish feldspathic layers from a quarter of an inch to two or three inches in 

thickness. From it numerous fragments, three to ten or twelve feet long, have 

been riven off by frost, especially on its northwest side. It lies on a south

westerly sloping swell of morainic till. 

Mr. O. E. Garrison; of Saint Cloud, has mapped the course of an interest

ing ancient channel of the Mississippi river, diverging from the present channel 
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in the south part of Sauk Rapids village and extending southeastward SIX 

miles to Elk river at the east side of section 15, Haven. Its position and its 

width, which varies from twenty-five or thirty rods to nearly a mile, are shown 

on plate 46 by the contour line of 1,000 feet. This is a notable topographic 

feature, being a flat-bottomed hollow, mostly occupied by marsh, 15 to 25 feet 

lower than the level prairie of modified drift on its southwest side, and bordered 

on the northeast where it crosses the line between Sauk Rapids and Minden by 

a bluff of till 30 to 50 feet high. Its widest portion is in section 5, Haven, 

next to the northeast of Breen & Young's quarry. This old valley is one of 

the incidents of the flooded stage of the Mississippi during the last ice-age, 

and is similar to that seen running parallel with the Minnesota for some miles 

in Chippewa county. The obstructions of the current caused by the rocky 

outcrops at Sauk Rapids set back the water till a part of it found means of 

exit through this easterly channel. On the removal of the obstructions, and 

the shrinkage of the river, this old channel was ahandoned permanently.-N. 

H.W. 

Wells in Benton county. 

Alberta. John Lobdeil; sec. 18 of the east township: well, 15 feet; soil, 1; yellowish till, picked, 
12; sand and gravel, 2 feet and extending deeper; water rose seven feet in one day. This and other wells 
in this region and throughout the part of the st Lte farther northeast obtain soft water, suitable for washing 
with soap. The hard water of wells in the southeast part of Benton county, in Sherburne county, and 
throughout soutbern and western Minnesota, is due to the carbonates of lime and magnesia held in solution, 
derived from tbe limestone, much of it pulverized, which there forms part of the drift. 

Nelson Orcutt; N. E. ! of sec. 22 of the west township: well, 27 feet; soil, 1; yellow till, picked, 
19; darker bluish till, somewhat harder, 7 feet, containing two or three layers of dark eand, tbree to eight 

inches thick; water seeps, becoming ten feet deep. 
Maywood. A. P. Sbaw; S. W. t of sec. 32: well, 25 feet; soil, 2; yellowish till, picked, 23; hard 

water seeps near the bottom, filling the well to the depth of six feet. Wells in the south part of this 
township and in Glendorado and the southeast part of St. George generally have hard water. 

Gilmanton. E. N. Demick; sec. 7: well in reddish till, 27 feet, to sand and gravel, 1 foot or more, 
from which water rose in two or tbree hours to be four feet deep. 

Daniel Walker; N. W. t of sec. 8: well, 28 feet, all tbe way in yellowish or somewhat reddish till, 
which contains a very hard and more gravelly layer one foot thick at the depth of thirteen feet; water 
seeps from a crevice in the till seventeen feet below the surface, not accompanied by any layer of sand or 

gravel. and fills the well twelve feet. 
Ash!'r Walker; sec. 10: well, 13 feet; till, 11; yellow sanel, 2 feet and continuing lower, from which 

water rose six feet. 
Thurston De Long; N. W. t of sec. 18: well, 12; soil, 1; yellowish and reddish till, very hard, 

requiring to he picked, for all below; water seeps from a crevice in the till. These and other wells in 

Gilmanton have soft water . 
.st. George. John Fothergill; sec. 29: well, 36 feet; soil, 1; coarse gravel, up to one foot in diameter, 

4; yellowish till, 20; bluish till below, somewhat harder, 11; water seeps from the bottom, becoming one 
and a half feet deep. A layer of dry sand was noted in the till in this well some twenty feet below the 

surface, dipping about 10°. 
Christopher Blattner; N. W. t of sec. 32: well, 45 feet; soil, 2; yellowish till, very hard, 8; yel

low sand, 6; till again, 10; and very coarse ~avel wit~ roundt;ld stones up to five feet in diameter in its 

pt! 
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in Chippewa county. The obstructions of the current caused by the rocky 

ouwrolls at Sauk Rapids set back the water till a part of it found means of 

exit through this easterly channel. On the removal of the obstructions, and 

the shrinkage of the river, this old channel was ahandoned permanently.-N. 

H.W. 

Wells ,in Benton connty. 

Albertn. John Lobdell; sec. 18 of the east township: well, 15 feet; soil, 1; yellowish till, picked, 

12; sand and gravel, 2 feet and extending deeper; water rose seven feet in one day. This and other wells 

in this region and throughout the p,ut of the st lte farther northeast obttlin soft water, suitable for washing 

with soap. The hard water of wells in the southeast part of Benton county, in Sherburne county, and 

throughout southern and western Minnesota, is due to the carbonates of lime and magnesia held in solution, 

derived from the limestone, much of it pulverized, which there forms part of the drift. 

Nelson Orcutt; N. E. ~ of sec. 22 of the west township: well, 27 feet; soil, I; yellow till, picked, 

19; darker bluish till, somewhat harder, 7 feet, containing two or three byers of dark ~and, three to eight 

inches thick; water seeps, becoming ten feet deep. 
Mnywood. A. P. Shaw; S. W. t of sec. 32: well, 25 feet; soil, 2; yellowish till, picked, 23; hard 

water seeps near the bottom, filling the well to the depth of six feet. Wells in the south part of this 

township and in Glendorado and the southeast part of St. George generally have hard water. 

Gilmanton. E. N. Demick; sec. 7: well in reddish till, 27 feet, to sand and gravel, 1 foot or more, 

from which water rose in two or three hours to be four feet deep. 

Daniel Walker; N. W. t of sec. 8: well, 28 feet, all the w'lJ in yellowish or somewhat reddish till, 

which contains a very hard and more gravelly byer one foot thick at the depth of thirteen feet; water 

seeps from a crevice in the till seventeen feet below the surface, not accompa,nied by any layer of sand or 

gravel, and fills the well twelve feet. 
Ashf>r 'Walker; sec. 10: well, 13 feet; till, 11; yellow sand, 2 feet and continuing lower, from which 

water rose six feet. 

Thurston De Long; N. W. t of sec. 18: well, 12; soil, 1; yellowish and reddish till, very hard, 

requiring to be picked, for all below; water seeps from a crevice in the till. These and other wells in 

Gilmanton have soft water. 

St. George. John Fothergill; sec. 29: well, 36 feet; soil, 1; coarse gravel, up to one foot in diameter, 

4; yellowish till, 20; bluish till below, somewhat harder, 11; water seeps from the bottom, becoming one 

and a half feet deep. A layer of dry sand was noted in the till in this well some twenty feet below the 

surface, dipping about 100. 
Christopher Blattner; N. W. t of sec. 32: well, 45 feet; soil, 2; yellowish till, very hard, 8; yel

low sand, 6; till again, 10; and very coarse /p"avel with rounded stones up to five feet in diameter in its 

o~ 
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upper half, less coarse below but very stony with cobbles to the bottom, 19 feet; water, though only 
two feet. deep, comes in an inexhaustible supply. 

Langola. At Rice's station wells are 20 to 30 feet deep, all being sand and fine gravel. 
D. W. Broadhead's well in the S. E. t of sec. 11, T. 38, R. 32, close south of the lower bridge on 

the Platte river, is 36 feet deep being soil, 2; sand, 4; yellowish till, 26; and sand and gravel, 4 feet; with 
water. 

At the school-house in the northeast corner of the S. E. t of sec. 11, T. 38, R. 31, the well is also 36 
feet deep, being sand aud gravel, 4 feet; and yellow and red till, 32; water seeps, becoming five feet deep. 

J. W. Joslyn; N. W. ~ of sec. 6, T. 38, R. 30 (the east township of Langola): well, 18 feet; soil 
and yellowish loam, 3; yellowish till, picked, 15; water comes in a thin layer of quicksand at the bottom, 
rising three feet. Generally the wells in till in this township obtain soft water, suitable for use with soapi 
bnt in some inst:mces, as Mr. Joslyn's, they have hard water, so made by infiltration through the modi
fied drift spread over western Langola and a wide belt extending thence northward, which contains some 
proportion of limestone gravel and sand. 

TVa/ab. Joseph Campbell; N. E. t of sec. 34, in the southwest part of the township: well, 12 feet; 
soil, 2; till, 10, with plenty of water. On Mr. Campbell's farm in the S. W. t of sec. 8, on the northwest 
side of Mayhew lake, a well 35 feet deep in soil, 2i with yellowish and bluish till, so hard as to reqnire to 
be picked, for all below; the only wat·er obta,ined is from a seam of gravel and sand in the till, six inches 
in thickness, nine feet below the surface. 

Minden. Roger Bell; sec. 28: well, 30 feet; all gravel and sand. 
W. H. H. Stevens; also in sec. 28; well, 24; soil, 2; sand and gravel, with water, 17; and yellow 

clay, said to contain no gravel, 5 feet and lower. 
B. F. Shaw; sec. 30, on the west edge of the St. George prairie: well, 30 feet; soil, 2; gravel, 8; 

yellowish 1Iill, picked, 20; water seeps. 
Sauk Re<pids. Philip Beaupre; sec. 15; well, 33 feet, all yellowish or gray till, picked; water rose 

three feet from sa,nd at the bottom. 

Wells in Sherburne county. 

Baldwin. Edwa,rd Pierson; sec. 12: well, 24 feet, all sand and fine gravel. 
Livonia. B. N. Spencer; N. E.} of sec. 26: well, 53 feet; soil, 2; coarse sand with gravel, becom

ing more and more gravelly below, there containing rounded stO.les up to five or six inches in diameter, 
51 feet, to water. 

Solon B. Heath; N. W. t of sec. 34: well, 95 feet; soil, 1 foot; yellow gravel and sand, containing 
rounded stones up to six or eight inches in diameter, 25 feet; sand, with occasional layers of fine gravel, 
mostly yellowish, 50 feet; quicksand, light yellowish, 4 feet; sand, 13 feet, containing a layer of whitish 
clay four inches thick; and blue clay, thought to contain no gravel, 2 feet and continuing deeper; water 
comes from the quicksand at 76 to 80 feet. 

Elk R'iver. G. B. Upham's well, in the village, is 43 feet deep; soil, 1; saud and gravel, 40; and 
coarse gravel, 2; the water fluctuates in hight with that of the Mississippi river. 

Bl1te Hill. Most of the wells in this township are 15 to 20 feet deep, finding only sand and gravel. 
L. H. Pratt's well, in sec. 8, is 14 feet deep in reddish till, from which water seeps. 

Big Lake. Wells on the plain of modified drift south of the Elk river, are 15 to 20 feet deep, in 
sand and gravel. 

Santiago. O. L. Bailey's mill, in the N. E. t of sec. 10: well, 16 feet deep, in reddish till. Wells 
in this vicinity range from 15 to 25 feet in depth; they are often in part or wholly gravel and sand. 

Becker. Wells at Becker station are 25 to 30 feet deep, all the way in sand and gravel. The three 
following are on the morainic area in this township, and show that it consists of red till overlain by blue 
and yellow till. 

Andrew Knutson; W. 1 of the S. E. l of sec. 8: well, 42 feet; all till, yellowish above, reddish below, 
requiring to be picked, excepting a more gravelly portion about five feet thick, 20 to 25 feet from the 
surface .. This till throughout contains much gravel and sand, with a less proportion of clay than usual. 

J. P. Anderson; sec. 18: well, 26 feet; soil and sand, 2 feet; and till, 24 feet, yellowish above and 
reddish below, so hard that it requires to be picked, but containing much gravel and sand; water three 
feet deep. 

J. H. Shepardson; S .. ~. of the N. W. ! of sec. 30: well, 35 feet; soil, 1; sand 10: yellow and blue 
till, 24 feet, all picked, harder and more stony in its lower part; a la;rer of dr;v white sa~d 1 to It feet 
thick Wi\,~ fou~d in this till 25 feet below the SWfacc, 
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upper half, less coarse below but very stony with cobbles to the bottom, ]9 feet; water, though only 

two feet. deep, comes in an inexhaustible supply. 

Langola. At Rice's station wells are 20 to 30 feet deep, all being sand and fine gravel. 

D. W. Broadhead's well in the S. E. } of sec. 11, T. 38, R. 32, close south of the lower bridge on 

the Platte river, is 36 feet deep being soil, 2; sand, 4; yellowish till, 26; and sand and gravel, 4 feet; with 

water. 

At the school-house in the northeast corner of the S. E. t of sec. 11, T. 38, R. 31, the well is also 36 

feet deep, being sand and gravel, 4 feet; and yellow and red till, 32; water seeps, becoming five feet deep. 

J. W. Joslyn; N. W. ! of sec. 6, T. 38, R. 30 (the east township of Langola): well, 18 feet; soil 

and yellowish loam, 3; yellowish till, picked, 15; water comes in a thin layer of quicksand at the bottom, 

rising three feet. Generany the wells in till in this township obtain soft water, suitable for use with soap; 

but in some instances, as Mr. Joslyn's, they have hard water, so made by infiltration through the modi

fied drift spread over western Langola and a wide belt extending thence northward, which contains some 

proportion of limestone gravel and sand. 

TVa/ab. Joseph Campbell; N. E. l of sec. 34, in the southwest part of the township: well, 12 feet; 

soil, 2; till, 10, with plenty of water. On Mr. Campbell's farm in the S. W. t of sec. 8, on the northwest 

side of Mayhew lake, a well 35 feet deep in soil, 2; with yellowish and bluish till, so hard as to require to 

be picked, for all below; the only wat·er obtained is from a seam of gravel and sand in the till, six inches 
in thickness, nine feet below the surface. 

Minden. Roger Bell; sec. 28: well, 30 feet; all gravel and sand. 

W. H. H. Stevens; also in sec. 28; well, 24; soil, 2; sand and gravel, with water, 17; and yellow 
clay, said to contain no gravel, 5 feet and lower. 

B. F. Shaw; sec. 30, on the west edge of the St. George prairie: well, 30 feet; soil, 2; gravel, 8; 
yellowish 11111, picked, 20; water seeps. 

Sauk Rctpid8. Philip Beaupre; sec. 15; well, 33 feet, all yellowish or gray till, picked; water rose 
three feet from sand at the bottom. 

We1l8 in Sherburne county. 

Baldwin. Edward Pierson; sec. 12: well, 24 feet, all sand and fine gravel. 

Livonia.. B. N. Spencer; N. E. } of sec. 26: well, 53 feet; soil, 2; coarse sand with gravel, becom
ing more and more gravelly below, there containing rounded sto.les up to five or six inches in diameter, 
51 feet, to water. 

Solon B. Heath; N. ,V. ;] of sec. 34: well, 95 feet; soil, 1 foot; yellow gravel and sand, containing 
rounded stoDe~ up to six or eight inches in diameter, 25 feet; sand, with occasional layers of fine gravel, 

mostly yellowish, 50 feet; quicksand, light yellowish, 4 feet; sand, 13 feet, containing a layer of whitish 
clay four inches thick; and blue clay, thought to contain no gravel, 2 feet and continuing deeper; water 
comes from the quicksand at 76 to 80 feet. 

Elk River. G. B. Upham's well, in the village, is 43 feet deep; soil, 1; sand and gravel, 40; and 
coarse gravel, 2; the water fluctuates in hight with that of the Mississippi river. 

Bhte Hill. Most of the wells in this township are 15 to 20 feet deep, finding only sand and gravel. 
L. H. Pratt's well, in sec. 8, is 14 feet deep in reddish till, from which water seeps. 

Big Lake. Wells on the plain of modified drift south of the Elk river, are 15 to 20 feet deep, in 
sand and gravel. 

Santiago. O. L. Bailey's mill, in the N. E. t of sec. 10: well, 16 feet deep, in reddish till. Wells 
in this vicinity range from ]5 to 25 feet in depth; they are often in part or wholly gravel and sand. 

Becker. Wells at Becker station are 25 to 30 feet deep, all the way in sand and gravel. The three 

following are on the morainic area in this township, and show that it consists of red till overlain by blue 
and yellow till. 

Andrew Knutson; W. i of the S. E. l of sec. 8: well, 42 feet; all till, yellowish above, reddish below, 
requiring to be picked, excepting a more gravelly portion about five feet thick, 20 to 25 feet from the 

surface. This till throughout contains much gravel and sand, with a less proportion of clay than usual. 

J. P. Anderson; sec. 18: well, 26 feet; soil and sand, 2 feet; and till, 24 feet, yellowish above and 
reddish below, so hard that it requires to be picked, but containing much gravel and sand; water three 
feet deep. 

J. H. Shepardson; S. ~ of the N. W. 1 of sec. 30: well, 35 feet; soil, 1; sand 10: yellow and blue 

till, 24 feet, all picked, harder and more stony in its lower part; a layer of dry white sa~d 1 to I! feet 
thick. wa-~ found in this till 25 feet below the swfacc, . -
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upper half, less coarse below but very stony with cobbles to the bottom, ]9 feet; water, though only 

two feet. deep, comes in an inexhaustible supply. 

Langola. At Rice's station wells are 20 to 30 feet deep, all being sand and fine gravel. 

D. W. Broadhead's well in the S. E. } of sec. 11, T. 38, R. 32, close south of the lower bridge on 

the Platte river, is 36 feet deep being soil, 2; sand, 4; yellowish till, 26; and sand and gravel, 4 feet; with 

water. 

At the school-house in the northeast corner of the S. E. t of sec. 11, T. 38, R. 31, the well is also 36 

feet deep, being sand and gravel, 4 feet; and yellow and red till, 32; water seeps, becoming five feet deep. 

J. W. Joslyn; N. W. ! of sec. 6, T. 38, R. 30 (the east township of Langola): well, 18 feet; soil 

and yellowish loam, 3; yellowish till, picked, 15; water comes in a thin layer of quicksand at the bottom, 

rising three feet. Generany the wells in till in this township obtain soft water, suitable for use with soap; 

but in some instances, as Mr. Joslyn's, they have hard water, so made by infiltration through the modi

fied drift spread over western Langola and a wide belt extending thence northward, which contains some 

proportion of limestone gravel and sand. 

TVa/ab. Joseph Campbell; N. E. l of sec. 34, in the southwest part of the township: well, 12 feet; 

soil, 2; till, 10, with plenty of water. On Mr. Campbell's farm in the S. W. t of sec. 8, on the northwest 

side of Mayhew lake, a well 35 feet deep in soil, 2; with yellowish and bluish till, so hard as to require to 

be picked, for all below; the only wat·er obtained is from a seam of gravel and sand in the till, six inches 
in thickness, nine feet below the surface. 

Minden. Roger Bell; sec. 28: well, 30 feet; all gravel and sand. 

W. H. H. Stevens; also in sec. 28; well, 24; soil, 2; sand and gravel, with water, 17; and yellow 
clay, said to contain no gravel, 5 feet and lower. 

B. F. Shaw; sec. 30, on the west edge of the St. George prairie: well, 30 feet; soil, 2; gravel, 8; 
yellowish 11111, picked, 20; water seeps. 

Sauk Rctpid8. Philip Beaupre; sec. 15; well, 33 feet, all yellowish or gray till, picked; water rose 
three feet from sand at the bottom. 

We1l8 in Sherburne county. 

Baldwin. Edward Pierson; sec. 12: well, 24 feet, all sand and fine gravel. 

Livonia.. B. N. Spencer; N. E. } of sec. 26: well, 53 feet; soil, 2; coarse sand with gravel, becom
ing more and more gravelly below, there containing rounded sto.les up to five or six inches in diameter, 
51 feet, to water. 

Solon B. Heath; N. ,V. ;] of sec. 34: well, 95 feet; soil, 1 foot; yellow gravel and sand, containing 
rounded stoDe~ up to six or eight inches in diameter, 25 feet; sand, with occasional layers of fine gravel, 

mostly yellowish, 50 feet; quicksand, light yellowish, 4 feet; sand, 13 feet, containing a layer of whitish 
clay four inches thick; and blue clay, thought to contain no gravel, 2 feet and continuing deeper; water 
comes from the quicksand at 76 to 80 feet. 

Elk River. G. B. Upham's well, in the village, is 43 feet deep; soil, 1; sand and gravel, 40; and 
coarse gravel, 2; the water fluctuates in hight with that of the Mississippi river. 

Bhte Hill. Most of the wells in this township are 15 to 20 feet deep, finding only sand and gravel. 
L. H. Pratt's well, in sec. 8, is 14 feet deep in reddish till, from which water seeps. 

Big Lake. Wells on the plain of modified drift south of the Elk river, are 15 to 20 feet deep, in 
sand and gravel. 

Santiago. O. L. Bailey's mill, in the N. E. t of sec. 10: well, 16 feet deep, in reddish till. Wells 
in this vicinity range from ]5 to 25 feet in depth; they are often in part or wholly gravel and sand. 

Becker. Wells at Becker station are 25 to 30 feet deep, all the way in sand and gravel. The three 

following are on the morainic area in this township, and show that it consists of red till overlain by blue 
and yellow till. 

Andrew Knutson; W. i of the S. E. l of sec. 8: well, 42 feet; all till, yellowish above, reddish below, 
requiring to be picked, excepting a more gravelly portion about five feet thick, 20 to 25 feet from the 

surface. This till throughout contains much gravel and sand, with a less proportion of clay than usual. 

J. P. Anderson; sec. 18: well, 26 feet; soil and sand, 2 feet; and till, 24 feet, yellowish above and 
reddish below, so hard that it requires to be picked, but containing much gravel and sand; water three 
feet deep. 

J. H. Shepardson; S. ~ of the N. W. 1 of sec. 30: well, 35 feet; soil, 1; sand 10: yellow and blue 

till, 24 feet, all picked, harder and more stony in its lower part; a layer of dry white sa~d 1 to I! feet 
thick. wa-~ found in this till 25 feet below the swfacc, . -
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Palmetr. Wells in this township are mostly 15 to 25 feet deep, in sand and gravel. 
Olear Lake. The railroad well at the station is 37 feet deep; soil, 2; sand and fine gravel, 18; and 

red till, picked, 17; water rose seventeen feet from sand at the bottom in twelve hours. Wells a mile 
farther east are 25 feet deep, wholly in sand and gravel. 

Haven. Peter E. Clarity; sec. 12: well, 19 feet; soil, 1; sand and gravel, 6; very compact iron
rusted gravel, 2; yellowish till, picked, 6; blue till, 2; yellowish gravel, 2 feet and extending lower; water 

• three feet deep, impregnated with iron, 80 that it deposits iron-rust on the trough in which it is held. 
J. O. Cater; sec. 27: well, 24 feet; soil, 1; sand and gravel, 23 feet; water three feet deep. A driven 

well here reached clay, probably till, at 26 feet. 

MATERIAL RESOURCES. 

The agricultural capabilities of the soil in this district, and the value of 

its timber for manufactures and fuel, are its chief natural resources. 

Water-powm·s. Numerous water-powers are already utilized, and many 

others lie unimproved. 
On the Mississippi river at Sauk Rapids the Eagle fiouring mill, owned by J. A. Stanton, has a 

head of eight feet. Below this mill the river falls fourteen feet in the next mile. 
The Platte river falls thirty fel)t in three miles from the railroad bridge to its mouth. 
George T. Rice's saw-mill on Little Rock creek, one mile northeast from Rice's station, has a head 

of ten feet. 
C. C. Holmes' saw-mill on Elk river, in the S. E. ! of section 26 in the southwest part of Gilmanton, 

has about six feet head. BlISSwood, oak and maple are sawn for wagons and furniture. 
A fiouring mill has been reeently built on Elk river near Bailey station, about four miles above its 

mouth. 
The Elk River mills on this stream about one mile from its mouth are owned by Mills & Houlton; 

head, eight feet; the dam is submerged at times of high water in the Mississippi river. 
. There was formerly a water-power saw-mill on the St. Francis river in section :n, Maywood. 

O. L. Bailey's saw-mill, manufacturing felloes for wheels, on the St. Francis river in the N. E. t of 
section 10, Santiago, has nine feet head. 

Building stone. Quarrying is an important industry in Haven, Sauk 

Rapids and Watab. Details concerning these rock-outcrops and quarries have 

been given in a preceding part of this chapter. 

Lime. No lime-burning is done in this county, but limestone boulders 

gathered from the morainic hills in Elk River are burned for lime in the ad

joining township of Burns, Anoka county. 

Bricks. Red bricks of inferior quality being easily broken, have been 

made since 1875 by Charles Nowach at the north end of Eagle lake in section 

30, Orrock; yearly product, 20,000 to 30,000, sold at $5 per thousand. 

Red bricks, said to have been of good quality, were also made about fif

teen years ago in the east part of Baldwin. 

Springs ~ccur numerously in this district, especially along the valleys of 

streams. Several notable springs are found on the west shore of Briggs lake 

in Palmer, and the stream flowing into the north end of this lake is so im

pregnated with iro,n that wood and stones in its channel become coated with 
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Palme:r. Wells in this township are mostly 15 to 25 feet deep, in sand and gravel. 

Clear Lake. The railroad well at the station is 37 feet deep; soil, 2; sand and fine gnwel, 18; and 

red till, picked, 17; water rose seventeen feet from sand at the bottom in twelve honrs. Wells a mile 
farther east are 25 feet deep, wholly in sand and gravel. 

Haven. Peter E. Clarity; sec. 12: well, 19 feet; soil, 1; sand and gravel, 6; very compact iron
rusted gravel, 2; yellowish till, picked, 6; blue till, 2; yellowish gravel, 2 feet and extending lower; water 

• three feet deep, impregnated with iron, so that it deposits iron-rust on the trough in which it is held. 

J. O. Cater; sec. 27: well, 24 feet; soil, 1; sand and gravel, 23 feet; water three feet deep. A driven 
well here reached clay, probably till, at 26 feet. 

MATERIAL RESOURCES. 

The agricultural capabilities of the soil in this district, and the value of 

its timber for manufactures and fuel, are its chief natural resources. 

Water-powet·s. Numerous water-powers are already utilized, and many 

others lie unimproved. 

On the Mississippi river at Sauk Rapids the Eagle flouring mill, owned by J. A. Stanton, has a 
head of eight feet. Below this mill the river falls fourteen feet in the next mile. 

The Platte river falls thirty fe~t in three miles from the railroad bridge to its mouth. 

George T. Rice's saw-mill on Little Rock creek, one mile northeast from Rice's station, has a head 
of ten feet. 

C. C. Holmes' saw-mill on Elk river, in the S. E. t of section 26 in the southwest part of Gilmanton, 

has about six feet head. B:lSSwood, oak and maple are sawn for wagons and furniture. 
A flouring mill has been recently built on Elk river near Bailey station, about four miles above its 

mouth. 
The Elk River mills on this stream about one mile from its mouth are owned by Mills & Houlton; 

head, eight feet; the dam is submerged at times of high water in the Mississippi river. 
There was formerly a water-power saw-mill on the St. Francis river in section in, Maywood. 
O. L. Bailey's saw-mill, manufacturing felloes for wheels, on the St. Francis river in the N. E. t of 

section 10, Santiago, has nine feet head. 

Building stone. Quarrying is an important industry in Haven, Sauk 

Rapids and Watab. Details concerning these rock-outcrops and quarries have 

been given in a preceding part of this chapter. 

Lime. No lime-burning is done in this county, but limestone boulders 

gathered from the morainic hills in Elk River are burned for lime in the ad

joining township of Burns, Anoka county. 

Bricks. Red bricks of inferior quality being easily broken, have been 

made since 1875 by Charles Nowach at the north end of Eagle lake in section 

30, Orrock; yearly product, 20,000 to 30,000, sold at $5 per thousand. 

Red bricks, said to have been of good quality, were also made about fif

teen years ago in the east part of Baldwin. 

Springs ~ccur numerously in this district, especially along the valleys of 

streams. Several notable springs are found on the west shore of Briggs lake 

in Palmer, and the stream flowing into the north end of this lake is so im

pregnated with iron that wood and stones in its channel become coated with 
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Palme:r. Wells in this township are mostly 15 to 25 feet deep, in sand and gravel. 

Clear Lake. The railroad well at the station is 37 feet deep; soil, 2; sand and fine gnwel, 18; and 

red till, picked, 17; water rose seventeen feet from sand at the bottom in twelve honrs. Wells a mile 
farther east are 25 feet deep, wholly in sand and gravel. 

Haven. Peter E. Clarity; sec. 12: well, 19 feet; soil, 1; sand and gravel, 6; very compact iron
rusted gravel, 2; yellowish till, picked, 6; blue till, 2; yellowish gravel, 2 feet and extending lower; water 

• three feet deep, impregnated with iron, so that it deposits iron-rust on the trough in which it is held. 

J. O. Cater; sec. 27: well, 24 feet; soil, 1; sand and gravel, 23 feet; water three feet deep. A driven 
well here reached clay, probably till, at 26 feet. 

MATERIAL RESOURCES. 

The agricultural capabilities of the soil in this district, and the value of 

its timber for manufactures and fuel, are its chief natural resources. 

Water-powet·s. Numerous water-powers are already utilized, and many 

others lie unimproved. 

On the Mississippi river at Sauk Rapids the Eagle flouring mill, owned by J. A. Stanton, has a 
head of eight feet. Below this mill the river falls fourteen feet in the next mile. 

The Platte river falls thirty fe~t in three miles from the railroad bridge to its mouth. 

George T. Rice's saw-mill on Little Rock creek, one mile northeast from Rice's station, has a head 
of ten feet. 

C. C. Holmes' saw-mill on Elk river, in the S. E. t of section 26 in the southwest part of Gilmanton, 

has about six feet head. B:lSSwood, oak and maple are sawn for wagons and furniture. 
A flouring mill has been recently built on Elk river near Bailey station, about four miles above its 

mouth. 
The Elk River mills on this stream about one mile from its mouth are owned by Mills & Houlton; 

head, eight feet; the dam is submerged at times of high water in the Mississippi river. 
There was formerly a water-power saw-mill on the St. Francis river in section in, Maywood. 
O. L. Bailey's saw-mill, manufacturing felloes for wheels, on the St. Francis river in the N. E. t of 

section 10, Santiago, has nine feet head. 

Building stone. Quarrying is an important industry in Haven, Sauk 

Rapids and Watab. Details concerning these rock-outcrops and quarries have 

been given in a preceding part of this chapter. 

Lime. No lime-burning is done in this county, but limestone boulders 

gathered from the morainic hills in Elk River are burned for lime in the ad

joining township of Burns, Anoka county. 

Bricks. Red bricks of inferior quality being easily broken, have been 

made since 1875 by Charles Nowach at the north end of Eagle lake in section 

30, Orrock; yearly product, 20,000 to 30,000, sold at $5 per thousand. 

Red bricks, said to have been of good quality, were also made about fif

teen years ago in the east part of Baldwin. 

Springs ~ccur numerously in this district, especially along the valleys of 

streams. Several notable springs are found on the west shore of Briggs lake 

in Palmer, and the stream flowing into the north end of this lake is so im

pregnated with iron that wood and stones in its channel become coated with 
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iron-rust. In section 25 in the southwest part of Gilmanton, springs produce 

a large brook which does not freeze in winter and is cold all summer. A 

copious chalybeate spring issues from the west bank of the St. Francis river 

about twenty rods below the place of the former mill-dam in Maywood, being 

in the S. E. l of the S. E. i of section 31. 
ABORIGINAL EARTHWORKS. 

An artificial mound of the usual round form, three feet high, was seen about twenty-five rods south 
of the highway bridge over Little Rock creek in Watab, between the road and the creek. Several mouuds 
are reported on the east side of the north part of Little Hock lake. 

Mounds three or four feet high occur on the S. E. t of section 2, the N. W. t of section 8, and the 
N. W. } of section 10, Gilmanton. 

On the northwest side of Elk lake in the east part of section 33, Palmer, is a mound about fifteen 
feet high. This is on hwd of Fred Thomas. On the southeast side of this lake northward from its outlet, 
in the east section 3 of Clear Lake township, is a series of many round mounds two to four feet high, ex
tending about a quarter of ft mile. 

A mound about fifteen feet high, situftted west of the south part of Eagle lake, in the N. W. i of 
section 6, Big Lake township, was partir,lIy excavated by Mr. G. W. Knowlton and others, finding several 
skeletons. 
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CHAPTER XVI. 

THE GEOLOGY OF STEARNS COUNTY. 

By WARREN UPHAM. 

Situation and area. Stearns county (plate 47) is situated a short distance 

south of the centre of Minnesota, on the west side of the Mississippi river. 

It is the largest county in the south half of the state. Saint Cloud, its largest 

town and county seat, is about sixty and seventy miles northwest, respectively, 

from Minneapolis and Saint PauL Sauk Center, the second town in impor

tance, is forty miles west-northwest from Saint Cloud. Other towns and 

villages of considerable size are' Saint J oseph, Avon, Albany, Freeport and 

Melrose, on the Saint Paul, Minneapolis & Manitoba railway; New Munich, 

Saint Martin, Richmond, Cold Spring and Rockville, on or near the Sauk river 

below Sauk Center and Melrose; Saint Augusta, Clearwater (at the mouth of 

Clearwater river, mostly in Wright county), Fair Haven and Maine Prairie, 

in the southeast part of the county; and Paynesville, on the North branch of 

the Crow river. 

The length of Stearns county from east to west, measured from Clear

water to its west line, is fifty-two miles; and its width is from twenty-five to 

thirty-four miles. Its area is 1,330.07 square miles, or 851,241.36 acres, of 

which 37,021.27 acres are covered.by water. 

SURFACE FEATURES. 

Natural drainage. This county is drained to the Mississippi river by the 

following tributaries, arranged in their order from north to south: the South 

branch of Two rivers, Spunk brook, Watab river, Sauk river, St. Augusta 

creek, Clearwater river, and Crow river. The largest of these is the Sauk 

river, whose basin includes about half of this county, its principal afiluents 

being Adley and Getchell creeks from the north, and Silver, Ashley, Stony, 
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Cole and Mill creeks from the south. The North branch of Crow river drains 

the southwest part of the county. 
Lakes. Eighty lakes equaling or exceeding a half mile in length appear on the map, and about a 

hundred and twenty-five of smaller size. The most noteworthy are Sank lake, crossed by the north line 
of Sauk Center; Birch Bark Fort lake, on the north line of Millwood; Two River lake, in the southwest 
corner of Holding; the Spunk lakes in Avon; Cedar or Big Fish lake in Collegeville; lake George, Crow 
lake, lake Henry and Eden lake, which give names to townships; bke Koronis in the south part of 
Paynesville; Grand lake in Rockville; Pearl lake in Maine Prairie; and Clearwater lake, through which 
the Clearwater river flows a few miles east of Fair Haven. 

Topography. Though Stearns county contains numerous rock-outcrops, 

these rarely form conspicuous elevations, and the contour is due almost wholly 

to the overlying deposits of glacial and modified drift. Glacial drift or till is 

spread with a moderately undulating or rolling surface on the area between 

the Sauk river and the North branch of the Crow river northwest from Rich

mond and Paynesville. Its elevations here are 10 to 30 or 40 feet above the 

lakes and small streams; but its general hight above the rivers on each side 

is 75 to 100 feet southeastward, decreasing to 40 or 50 feet in the west part 

of the county. Its most rolling portion extends from west to east through 

Raymond, Getty and Grove townships. With this area should be included 

also the undulating and rolling till, having similar contour and average hight, on 

the northeast side of the Sauk river in Saint Martin, the western two-thirds 

of Farming, Albany, except its eastern edge, the southwest part of Krain, and 

the southern half of Millwood and ~Melrose. The greater part of North Fork, 

Crow Lake and Crow River townships, southwest from the North branch of 

the Crow river, are nearly level or only slightly undulating gravel and sand 

of the modified drift, 10 to 20 feet above the lakes, sloughs and water-courses;. 

but sections 31 to 34 on the southern border of Crow Lake are chiefly kame

like knolls and ridges of gravel and sand 25 to 50 or 75 feet high. The 

remainder of this county is greatly diversified with partly undulating and 

partly knolly and hilly till, the latter being morainic accumulations, which on 

some areas have a veri irregularly broken surface, though not rising to much 

hight, while elsewhere they form hills from 50 to 200 feet high. 

Morainic hills, about 100 feet above the adjoining modified drift or 150 

above the Mississippi river, occur one to three miles south-southwest of Saint 

Cloud and a mile west of the river. In the southeast part of Saint Joseph, 

about five miles farther west, a series of morainic deposits begins west of Mud 

lake, and extends thence along the southeast side of Sauk river to Rockville 
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and Cold Spring. Northeast of Rockville it is separated from the Sauk river 

by a tract of nearly level modified drift averaging a half mile wide and abuut 

25 feet above the .river; and the width of this part of the moraine is about one 

mile, with elevations 50 to 75 feet above the adjoining country. Between 

Rockville and Cold Spring morainic till borders the Sauk river and occupies a 

width of three miles to the south, rising in hills 100 to 200 feet above the 

mtervening hollows, attaining the greatest elevation, nearly 300 feet above the 

river, in section ;36, Wakefield, and section 31, Rockville. Thence a low 

morainic belt reaches south through sections 6 and 7, Maine Prairie, and 13, 

24 and 25, Luxemburg; next it extends east through Maine Prairie, forming 

conspicuous hills, about 150 feet high, in section 27; and from a point half

way between Maine Prairie and Fair Haven it turns northeastward, continuing 

through the north part of Fair Haven and into the southeast quarter of Saint 

Augusta. In the latter portion its elevations are 50 to 75 feet above the plain 

of modified drift, six miles wide, which occupies the northeast part of Maine 

Prairie and reaches thence northward in a continuous belt, nowhere less than 

a mile wide, through the west part of Saint Augusta and Saint Cloud to the 

Mississippi river. On the east it is separated from the Clearwater and Mis

sissippi rivers by flat or moderately undulating modified drift one to two miles 

wide in Fair Haven and Lynden. 

West from the high morainic hills in the southeast corner of Wakefield, 

a roughly broken belt of morainic till extends through the south edge of 

Wakefield and Manson and the north edge of Luxemburg and Eden Lake, 

thence southwest diagonally across Paynesville, and averaging one and a 

half miles in width, with elevations 50 to 75 feet above the hollows and 75 

to 125 feet above the Sa uk river, the North branch of the Crow river, and 

lake Koronis. South of this moraine, most of Luxemburg and Eden Lake, 

with the southeast edge of Paynesville are moderately undulating or rolling 

till; and on its northwest side a belt of nearly level modified drift, two miles 

wide and about 25 feet above the North branch of Crow river, extends from 

Roseville in Kandiyohi county northeast by the village of Paynesville to 

the head of Cole creek in sections 34 and 35, Zion. 

North of the Sauk river, hills of morainic till, 100 to 250 feet high, ex

tend northwest from a point one mile west of Cold Spring, through sections 

21, 16, 17, 18, 7 and 8, Wakefield, and 12, 11,2 apd 3, Munson. They are 
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thence southwest diagonally across Paynesville, and averaging one and a 

half miles in width, with elevations 50 to 75 feet above the hollows and 75 

to 125 feet above the Sauk river, the North branch of the Crow river, and 

lake Koronis. South of this moraine, most of Luxemburg and Eden Lake, 

with the southeast edge of Paynesville are moderately undulating or rolling 

till; and on its northwest side a belt of nearly level modified drift, two miles 

wide and about 25 feet above the North branch of Crow river, extends from 

Roseville in Kandiyohi county northeast by the village of Paynesville to 

the head of Cole creek in sections 34 and 35, Zion. 

North of the Sauk river, hills of morainic till, 100 to 250 feet high, ex

tend northwest from a point one mile west of Cold Spring, through sections 

21, 16, 17, 18, 7 and 8, Wakefield, and 12, 11, 2 apd 3, Mllnson. They are 
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very conspicuously seen from Richmond on the plain of modified drift one to 

two miles wide and five miles long, which lies southwest of this moraine between 

it and the Sauk river. Near the north line of Munson the n;oraine changes its 

course to the north-northeast, and passes through the east part of Farming and 

northwestern Collegeville to the Spunk lakes, forming a roughly hilly belt two 

or three miles wide, with elevations 100 to 150 feet above the smoothly undu

lating or rolling till on each side. Thence it continues north through the west 

part of A von to Two River lake, consisting of hills and ridges 40 to 100 feet 

high, and northwesterly through Krain in a low knolly belt. Farther west, 

till with typically morainic contour extends from Birch Bark Fort lake through 

the north half of Melrose to Sauk lake. One of the more prominent elevations 

of this tract is Cheney hill, about 100 feet high, in the north part of section 

1, Melrose. This moraine continues northward in Todd county. 

Morainic till also extends from the Sauk river in the northwest part of 

Rockville northward through the west half of Saint Joseph, the east edge of 

Collegeville, and southeastern A von; it occupies the southern third of Saint 

Wendel, west from the Watab river; and continues northeast in a belt one or 

two miles wide from sections 17, 18 and 19, Saint Wendel, to near the centre 

of Brockway, and thence north to the county line at the east side of Spunk 

brook. The elevations in these townships are 50 to 100 feet, or rarely more, 

above the adjoining land; in northwestern Rockville they rise about 150 fe"et 

above the Sauk river, and in northern Brockway their hight is fully 200 feet 

above the Mississippi. N early all of Holding township, northeastern Krain, 

the greater part of Brockway and Le Sauk, and much of the northern two

thirds of Saint Wendel and Avon, are moderately undulating till. 

Level gravel and sand of the modified drift forms a belt a half mile to one 

and a half miles wide along the Mississippi river through Brockway and the 

north part of Le Sauk. Its broad southern portion, some three miles long, is 

the Winnebago prairie, about 40 feet above the river, but in the north part of 

Brockway its hight is 50 or 60 feet. Moderately undulating till borders the 

west side of the Mississippi from the mouth of the Watab river to Saint Cloud , 
soon ascending 40 to 60 feet and thence maintaining the hight westward. 

From Saint Cloud to Clearwater the Mississippi is again bordered by a plain 

of modified drift, which increases in this distance from a half mile to two or 

three miles in width and from 50 to 75 feet in hight above the river. 
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Along the Sauk river modified drift occupies a width that varies from a 

half mile to two miles through Sauk Center, Melrose, Grove and Oak town

ships. It is mostly flat, and from 25 to 40 feet above the river; but one to 

two miles south from Sauk Center, on the west side, it is partly in kame-like 

knolls and partly in massive swells, 15 to 40 feet above the hollows and 40 to 

60 feet above the river. The plain of modified drift at Richmond and in the 

west part of Wakefield has a hight of about 30 feet. East of this the Sauk 

river is bordered by morainic till for a short distance about one mile west of 

Cold Spring, as also again through nearly three miles, beginning one and a 

half miles east of Cold Spring and extending to Rockville. 

A very remarkable belt of modified drift reaches from the Sauk river at 

Cold Spring northeast and north to the Watab river in section 30, Saint 

Joseph, and continues thence northeasterly along this stream to the extensive 

plain of modified drift in the northeast quarter of Saint .J oseph and the northern 

third of Saint Cloud. The village of Cold Spring is on valley drift about 20 

feet above the river, and some portions of the alluvial bottoms bordering the 

river are only 5 or 10 feet above it, being subject to annual overflow. Next 

north and west of the village is a terrace of modified drift nearly three miles 

long and one-fourth to three-fourths of a mile wide, about 50 feet above the 

river, probably formed at the same date with the Richmond plain and the 

modified drift in Paynesville and westward along the southwest side of the 

North branch of Crow river. A mile north from Cold Spring there is a further 

ascent of 40 feet along an escarpment coinciding nearly with the south line of 

sections 10 and 11, Wakefield, to a plain which occupies the southeast part of 

section 10, about all of section 11, and the northwest part of section 12, ele

vated 90 feet above the river. This tract, consisting of sand and coarse gravel, 

often with a foot or two of clay next to the soil, reaches northeast through 

the south part of section 1, Wakefield, and section 6, Rockville, and thence 

north two miles, with a width varying from a sixth to a third of a mile, to the 

Watab river in the N. E. i of section 30, Saint Joseph. Onward it has a 

width of about a half mile along the Watab river for three miles northeast to 

near Saint Joseph village, where it expands into the plain that stretches east 

to Saint Cloud. Between Cold Spring and Saint Joseph this modified drift, 

marking a former water-course, is bounded on each side by morainic till 40 to 
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60 feet higher. Its descent in these eight miles is about 75 feet, and the 

plain of similar modified drift between Saint Joseph and Saint Cloud, also 

eight miles, descends 50 feet, making the whole slope in sixteen miles approx

imately 125 feet, or an average of nearly eight feet per mile. 

Elevations, Fergus Falls line Saint Paul, l1finneapoli., & ]Jfanitobn milway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Mississippi river bridge, grade 
Saint Clond 

Sauk river, water, 1035; grade 
Saint Joseph 

Watah river, water, 1();'i8; grade 
Collegeville 
Avon 

South hranch of Two rivers, water, 1137; grade 
Alhany 

Getchell creek, water, 1191; grade 
Freeport 

Sauk river, water, 1172; grade -
Melrose 

Sauk river, wa,ter, 1201; grade -
Summit, cut,til1g 11 feet; grade 

Smlk river, water, 121 :2; grade -
Sank Center -

Hazel creek, water, 1235; grade 

Ashley creek, water, 1276; grade -

Miles from 
Saint Paul. 

74.1 

74.5 

78.0 
82.0 

82.6 

84.8 
90.1 

94.4 

96.2 
101.1 

102.4 

106.1 

108.4 
110.7 

114.1 

115.7 
117.2 

117.7 

121. 7 

Feet above 
the sea. 

1033 

1038 

1050 

1088 

1075 

1094 

1131 

1144 

1201 

1203 

1240 

1185 

1211 
1213 

1276 

1236 

1254 

1256 

1288 

The elevation of the Mississippi river along its course between this county 

and Benton and Sherburne counties is given in the preceding chapter. 

The highest land in Stearns county is in its northwest part, where portions 

of Millwood, Melrose, Sauk Center, Ashley, Getty and Raymond are 1,350 

to 1,400 feet above the sea-level. The tops of some of the morainic hills in 

Farming, northeastern Munson, and the southeast corner of Wakefield, are 

about 1,350 feet above the sea, being 150 to 250 feet above adjoining areas. 

The lowest land in the county is the shore of the Mississippi river at Clear

water, 938 feet above the sea. 

Estimates of the average hights of the townships are as follows: Brock

way, 1,125 feet; Le Sauk, 1,060; Saint Cloud, 1,060; Saint Augusta, 1,040; 

Lynden, 1,020; Fair Haven, 1,100; Saint Wendel, 1,120; Saint Joseph, 1,100; 

Rockville, 1,120; Maine Prairie, 1140· HoldinO' 1140· Avon 1150· College-. , ., b'" " , 
ville, 1,175; Wakefield, 1,160,' LuxemburO' 1180· Krain 1225· Albany, b'" ", 
1,210; Farming, 1,200; Munson, 1175· Eden Lake 1180· Millwood 1275. 

~ ""'" , 
Oak, 1,210; Saint Martin, 1,180' Zion 1210· Paynesville 1175· Melrose , ", ", , 
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1,275; Grove, 1,240; Spring Hill, 1,240; Lake Henry, 1,260; Sauk Center, 

1,280; Getty, 1,320; Lake George, 1,300; Crow River, 1,225; Ashl~y, 1,340; 

Raymond, 1,340; North Fork, 1,270; and Crow Lake, 1,240. The mean 

elevation of Stearns county, derived from these figures, is 1,195 feet above 

the sea. 

Soil and timber. The black soil is generally one to two feet deep through

out this county. It is the surface of the glacial or modified drift enriched and 

blackened by the decay of vegetation during many centuries. The subsoil for 

the greater part is the pebbly and stony clay called till; but considerable tracts 

along the Mississippi, Clearwater and Sauk rivers, and southwest of the North 

branch of Crow river, as also the northeast part of Maine Prairie township and 

adjoining portions of Saint Augusta and Rockville, have a subsoil of gravel 

and sand. Wheat, oats, barley, rye, corn, sorghum, potatoes, other garden 

vegetables, live stock, and milk, butter and cheese, are the chief agricultural 

products. Nineteen-twentieths of this county are probably fitted for cultiva

tion, the exceptions being frequent sloughs, which yield good hay, the bluff's 

along creeks and rivers, and roughly knolly or hilly and stony portions of the 

morainic belts, which are valuable for pasturage. 

About a third of Stearns county is prairie, including most of the area 

west of Richmond and southwest of the Sauk river; also, tracts one to two 

miles wide along the northeast side of this river; the greater part of the plains 

of modified drift in Saint Joseph, Saint Cloud and Maine Prairie; Winneba.go 

prairie on the Mississippi river in southeastern Brockway and northern Le 

Sauk; and limited areas of the modified drift in Saint Augusta, Lynden and 

Fair Haven. Most portions of the modified drift which are not prairie bear 

only a scanty growth of timber, in which black and bur oaks are the lea.ding 

species. Fully half of the county was originally covered by la.rge timber, the 

greater part of which still remains, though much wooded land has been cleared 

to make farms. Basswood, and species of oak, elm, maple, ash, birch and 

poplar, are the principal trees. A grove of white pines occurs on the bluff' 

of the Mississippi river in Saint Cloud; and both white and jack pines grow 

on the plain of modified drift that borders this river in Brockway. Tamarack 

flourishes in swamps, and supplied the name of the Watab river, and thence 

of Watab township in Benton county, this being the name given by the Chip-
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1,275; Grove, 1,240; Spring Hill, 1,240; Lake Henry, 1,260; Sauk Cenier, 

1,280; Getty, 1,320; Lake George, 1,300; Crow River, 1,225; Ashl~y, 1,340; 

Raymond, 1,340; North Fork, 1,270; and Crow Lake, 1,240. The mean 

elevation of Stearns county, derived from these figures, is 1,19.5 feet above 

the sea. 

Soil and timber. The black soil is generally one to two feet deep through

out this county. It is the surface of the glacial or modified drift enriched and 

blackened by the decay of vegetation during many centuries. The subsoil for 

the greater part is the pebbly and stony clay called till; but considerable tracts 

along the Mississi.ppi, Clearwater and Sauk rivers, and southwest of the North 

branch of Crow river, as also the northeast part of Maine Prairie township and 

adjoining portions of Saint Augusta and Rockville, have a subsoil of gravel 

and sand. Wheat, oats, barley, rye, corn, sorghum, potatoes, other garden 

vegetables, live stock, and milk, butter and cheese, are the chief agricultural 

products. Nineteen-twentieths of this county are probably fitted for cultiva

tion, the exceptions being frequent sloughs, which yield good hay, the bluITs 

along creeks and rivers, and roughly knolly or hilly and stony portions of the 

morainic belts, which are valuable for pasturage. 

About a third of Stearns county is prairie, including most of the area 

west of Richmond and southwest of the Sa uk river; also, tracts one to two 

miles wide along the northeast side of this river; the greater part of the plains 

of modified drift in Saint Joseph, Saint Cloud and Maine Prairie j Winneba.go 

prairie on the Mississippi river in southeastern Brockway and northern Le 

Sauk; and limited areas of the modified drift in Saint Augusta, Lynden and 

Fair Haven. Most portions of the modified drift which are not prairie bear 

only a scanty growth of timber, in which black and bur oaks are the leading 

species. Fully half of the county was originally covered by large timber, the 

greater part of which still remains, though much wooded land has been cleared 

to make farms. Basswood, and species of oak, elm, maple, ash, birch and 

poplar, are the principal trees. A grove of white pines occurs on the bluff 

of the Mississippi river in Saint Cloud; and both white and jack pines grow 

on the plain of modified drift that borders this river in Brockway. Tamarack 

flourishes in swamps, and supplied the name of the Watab river, and thence 

of Watab township in Benton county, this being the name given by the Chip-
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along creeks and rivers, and roughly knolly or hilly and stony portions of the 
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About a third of Stearns county is prairie, including most of the area 
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miles wide along the northeast side of this river; the greater part of the plains 

of modified drift in Saint Joseph, Saint Cloud and Maine Prairie j Winneba.go 

prairie on the Mississippi river in southeastern Brockway and northern Le 

Sauk; and limited areas of the modified drift in Saint Augusta, Lynden and 

Fair Haven. Most portions of the modified drift which are not prairie bear 

only a scanty growth of timber, in which black and bur oaks are the leading 

species. Fully half of the county was originally covered by large timber, the 

greater part of which still remains, though much wooded land has been cleared 

to make farms. Basswood, and species of oak, elm, maple, ash, birch and 

poplar, are the principal trees. A grove of white pines occurs on the bluff 

of the Mississippi river in Saint Cloud; and both white and jack pines grow 
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flourishes in swamps, and supplied the name of the Watab river, and thence 

of Watab township in Benton county, this being the name given by the Chip-
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L Archrean rocks. 

pewaS" to the long threads obtained by splitting tamarack roots, used by them 

in sewing their birch canoes. 

GEOLOGICAL STRUCTURE. 

Outcrops of Archrean rocks, chiefly syenite, occur in Ashley, Sauk Center 

and Melrose in the northwest part of this county; and in Wakefield, RockviQe, 

Saint Joseph, Saint Augusta, Saint Cloud, Le Sauk and Brockway in its eastern 

half. Cretaceous beds, containing thin seams of lignite, are exposed in the 

banks of the Sauk river near Richmond in Munson township, and at other 

localities a few miles from Richmond both to the north and south. Other 

portions -of this county, and even the greater part of these townships, are 

covered by the glacial and modified drift, having no exposures of the under

lying formations. 

Archcean rocks. 

Ashley. The most northwestern rock-outcrops of Stearns county are 

found in Ashley township, eight miles west of Sauk Center. They lie close 

south and southwest of a school-house at the south side of Ashley creek, 

partly in the S. W. ! of the N. W ! of section 17, owned by George H. Pen

dergast, and more in the S. E. i of the N. E. i of section 18, on land of Lucas 

Kells. This rock has numerous exposures, the largest being about a hundred 

feet long, upon an area which reaches thirty rods from east-southeast to west

northwest, their hight being from one to five feet above the general leveL It 

resembles syenite, but contains much of a light-green mineral (probably epidote), 

like that found in the rocks outcropping thirty and forty-five miles farther 

north, in Todd and Cass counties. This takes the place of hornblende and 

mica, neither of which can be detected. Joints occur from one to five or ten 

feet apart. No schistose or laminated structure was observed. Vein-like 

masses of coarsely crystalline orthoclase, enclosing small amounts of white 

quartz and of the green mineral, occur in this rock at many places, often ex

tending ten feet or more, and varying from one to several feet in width. These 

ledges may be quarried for coarse masonry. 

Suuk Center. Exposures of rock are found at the southwest side of the 

railroad from an eighth to a fourth of a mile southeast from Sauk Center depot. 

They are partly upon the land of the railroad, but mostly for their western 
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portion upon land owned by Tobias Carl. The largest outcrop is about fifty 

rods from the depot, and a hundred feet southwest of the railroad, covering an 

area about six rods long from northwest to southeast by two to three rods 

wide, and rising only one to two and a half feet above the general surface. 

This ledge has several distinct varieties of rock. The greater part is a reddish 

feldspathic gneiss, laminated from northeast to soutl~west, or a similar syenite 

where this lamination is absent. Masses a few feet in extent, not definitely 

separated from the foregoing, are very coarsely crystalline, flesh-colored feld

spar and quartz; the latter constitutes about one-fourth part; and both occur 

in crystalline masses one to two inches long. Portions of this gneiss and 

syenite are porphyritic with feld:-;par crystals up to a half inch, or rarely an 

inch, in diameter. 

The most southern part of this ledge, extending thirty feet from east to 

west, and ten feet wide, divided from the last by a width of about two rods 

which is covered with drift, is a very hard and compact, dark, granular rock, 

perhaps to be called syenite, in which the most abundant mineral is apparently 

hornblende. A small space of this, about eight feet long and four feet wide, 

shows a vertically laminated structure, curving from a south to a southeast 

course. Glacial strioo, clearly seen on the west part of this southern outcrop, 

bear s. 40° E. 

Eight rods west from the last is another exposure of the same hard, dark 

rock, about two rods in extent, not rising above the general level. About 

fifteen rods west-northwest from the large outcrop first described, another of 

similar rock is found, being mainly gneiss, laminated from northeast to south

west. This ledge is about fifty feet long from west-northwest to east-southeast, 

and rises from one to one and a half feet above the general surface. Again, 

some twenty-five rods southeast from the first described exposure, excavations 

at each side of the railroad, five to fifteen feet below the track, show the dark, 

tough hornblendic rock, like its two exposures farther west, except that here 

it is more intersected by joints, which are from one to six feet apart. On the 

southwest side of the railroad this rock is uncovered for a length of a hundred 

feet; but on the northeast side only two or three small knobs are. visible. 

None of the outcrops are suitable for quarrying. 

Melrose. The next exposure of the bed-rock is eight miles east-northeast 

from the last, at Clark's mill, in Melrose. This mill, situated on the south side 
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portion upon land owned by 'robias Oarl. The largest outcrop is about fifty 

rods from the depot, and a hundred feet southwest of the railroad, covering an 

area about six rods long from northwest to southeast by two to three rods 

wide, and rising only one to two and a half feet above the general surface. 

This ledge has several distinct varieties of rock. The greater part is a reddish 

feldspathic gneiss, laminated from northeast to southwest, or a similar syenite 

where this lamination is absent. Masses a few feet in extent, not definitely 

separated from the foregoing, are very coarsely crystalline, flesh-colored feld

spar and quartz; the latter constitutes about one-fourth part; and both occur 

in crystalline masses one to two inches long. Portions of this gneiss and 

syenite are porphyritic with feld:-;par cl'ystals up to a half inch, or rarely an 

inch, in diameter. 

The most southern part of this ledge, extending thirty feet from east to 

west, and ten feet "wide, divided from the last by a width of about two rods 

which is covered with drift, is a very hard and compact, dark, granular rock, 

perhaps to be called syenite, in which the most abundant mineral is apparently 

hornblende. A small space of this, about eight feet long and four feet wide, 

shows a vertically laminated structure, curving from a south to a southeast 

course. Glacial strim, clearly seen on the west part of this southern outcrop, 

bear S. 40° E. 

Eight rods west from the last is another exposure of the same hard, dark 

rock, about two rods in extent, not rising above the general level. About 

fifteen rods west-northwest from the large outcrop first described, another of 

similar rock is found, being mainly gneiss, laminated from northeast to south

west. This ledge is about fifty feet long from west-northwest to east-southeast, 

and rises from one to one and a half feet above the general surface. Again, 

some twenty-five rods southeast from the first described exposure, excavations 

at each side of the railroad, five to fifteen feet below the track, show the dark, 

tough hornblendic rock, like its two exposures farther west, except that here 

it is more intersected by joints, which are from one to six feet apart. On the 

southwest side of the railroad this rock is uncovered for a length of a hundred 

feet; but on the northeast si.de only two or three small knobs are. visible. 

None of the outcrops are suitable for quarrying. 

Melrose. The next exposure of the bed-rock is eight miles east-northeast 

from the last, at Olark's mill, in Melrose. This mill, situated on the south side 
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it is more intersected by joints, which are from one to six feet apart. On the 

southwest side of the railroad this rock is uncovered for a length of a hundred 

feet; but on the northeast si.de only two or three small knobs are. visible. 
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of Sauk river about ten rods west of the bridge, is founded on a ledge of very 

hard, coarse, red syenite, which also extends some twenty-five feet from the 

mill, half-way across the waste-way of the dam. 

In the west part of Melrose village, a third or half of a mile west from 

this mill, and on the level plain of valley drift, rock has been encountered in 

attempts to dig wells at W. H. Rothaermel's house. Its depth below the sur

face is about six feet, and it has an extent of a hundred feet or more. A well 

blasted into this rock supplied the stone for the foundation of the Methodist 

church near by. It is a dark, unlaminated, rather coarsely crystalline horn

blendic rock, different from any other found in this district. 

Wakefield. Several outcrops of very hard, dark dioryte, and of coarse 

syenite occur within a radius of a fourth of a mile about the corner of sections 

19, 20, 29 and 30, Wakefield. This is on the north side of the Sauk river, 

two miles east of Richmond, and about twenty miles southeast from Melrose. 

One of these knobs rises forty feet above the general level. The abutments 

of the Richmond bridge were quarried at this locality. 

About one and a half miles farther east, near the centre of section 21, 

a small outcrop of coarse syenite occurs in and close south of the road, its 

length being four rods and its hight three or four feet. It is intersected by 

joints at intervals of two to six feet. 

At Cold Spring, one and three-fourths miles farther east, a fine-grained, 

reddish, much-jointed syenite has abundant outcrops, underlying the mill and 

darn, and covering an area on both sides of the Sauk river equal to a quarter 

of a mile square, with its highest points 20 to 25 feet above the river. It has 

been somewhat quarried for local use in foundations, walls, etc. 

Rockville. Four miles farther east, massive outcrops of coarse-grained, 

gray granite, containing black mica, which weathers to yellow, occur near Rock

ville. The most prominent mass of this rock is at the east side of Mill creek, 

a quarter of a mile south of Rockville mill, forming a knob forty or fifty rods 

in length and breadth, and fifty feet high. This rock is very free from 

joints or seams, being sometimes unbroken for thirty or forty feet. Otherwise 

it appeats to be well adapted for quarrying, to supply stone for heavy masonry, 

as bridge piers and abutments. Two other exposures of this rock are found a 

quarter of a mile northeast from this mill. The most southerly of these, situ-
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hard, coarse, red syenite, which also extends some twenty-five feet from the 
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One of these knobs rises forty feet above the general level. The abutments 

of the Richmond bridge were quarried at this locality. 

About one and a half miles farther east, near the centre of section 21, 

a small outcrop of coarse syenite occurs in and close south of the road, its 

length being four rods and its hight three or four feet. It is intersected by 

joints at intervals of two to six feet. 
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darn, and covering an area on both sides of the Sauk river equal to a quarter 
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Rockville. Four miles farther east, massive outcrops of coarse-grained, 
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in length and breadth, and fifty feet high. This rock is very free from 

joints or seams, being sometimes unbroken for thirty or forty feet. Otherwise 

it appears to be well adapted for quarrying, to supply stone for heavy masonry, 

as bridge piers and abutments. Two other exposures of this rock are found a 

quarter of a mile northeast from this mill. The most southerly of these, situ-
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of Sauk river about ten rods west of the bridge, is founded on a ledge of very 

hard, coarse, red syenite, which also extends some twenty-five feet from the 

mill, half-way across the waste-way of the dam. 

In the west part of Melrose village, a third or half of a mile west from 
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attempts to dig wells at W. H. Rothaermel's house. Its depth below the sur

face is about six feet, and it has an extent of a hundred feet or more. A well 

blasted into this rock supplied the stone for the foundation of the Methodist 

church near by. It is a dark, unlaminated, rather coarsely crystalline horn

blendic rock, different from any other found in this district. 

Wakefield. Several outcrops of very hard, dark dioryte, and of coarse 

syenite occur within a radius of a fourth of a mile about the corner of sections 

19, 20, 29 and 30, Wakefield. This is on the north side of the Sauk river, 

two miles east of Richmond, and about twenty miles southeast from Melrose. 

One of these knobs rises forty feet above the general level. The abutments 

of the Richmond bridge were quarried at this locality. 

About one and a half miles farther east, near the centre of section 21, 

a small outcrop of coarse syenite occurs in and close south of the road, its 

length being four rods and its hight three or four feet. It is intersected by 

joints at intervals of two to six feet. 

At Cold Spring, one and three-fourths miles farther east, a fine-grained, 

reddish, much-jointed syenite has abundant outcrops, underlying the mill and 

darn, and covering an area on both sides of the Sauk river equal to a quarter 

of a mile square, with its highest points 20 to 25 feet above the river. It has 

been somewhat quarried for local use in foundations, walls, etc. 

Rockville. Four miles farther east, massive outcrops of coarse-grained, 

gray granite, containing black mica, which weathers to yellow, occur near Rock

ville. The most prominent mass of this rock is at the east side of Mill creek, 

a quarter of a mile south of Rockville mill, forming a knob forty or fifty rods 

in length and breadth, and fifty feet high. This rock is very free from 

joints or seams, being sometimes unbroken for thirty or forty feet. Otherwise 

it appears to be well adapted for quarrying, to supply stone for heavy masonry, 

as bridge piers and abutments. Two other exposures of this rock are found a 

quarter of a mile northeast from this mill. The most southerly of these, situ-
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ated east of the road, covers some. thirty rods square, and rises about forty feet 

above the river; and the second, less than an eighth of a mile farther north, 

crossed by. the road and lying mostly between the road and the river, covers 

an area 30 by 20 rods in extent, and rises 20 to 30 feet above the river. Both 

consist of massive, rounded ledges, with few seams or joints, which are often 

twenty to thirty feet apart. 

Saint J08eph. In the N. E. i of section 26 of this township, nearly four 

miles northeast from Rockville, massive, coarse-grained, gray syenite or granite, 

closely like that of Rockville, is exposed on the land of Fred Schilplin, about 

an eighth of a mile southeast from his house. It forms a rounded outcrop 

some twenty rods broad, rising ten feet above the general level, its hight above 

the Sauk river, three-fourths of a mile to the northwest, being about 35 feet. 

This ledge has few joints, one space fifty feet square being without a seam. 

One and a half miles west-southwest from the last, an exposure of rock is 

reported in section 27, on land of 1. S. Staples, at the east side of Sauk river, 

above which it is said to rise five to ten feet, covering an acre or more. 

Saint Augu8ta. Granite, containing flesh-colored feldspar and black mica, 

is exposed near the middle of section 19, Saint Augusta, about a fourth of a 

mile west of Luxemburg post-office and St. Wender s church. This is four 

miles east-southeast from Rockville and eight miles south-southwest from Saint 

Cloud. It lies on the west side of a slough, above which it rises 15 to 20 feet, 

its extent being about twenty rods. It is divided by joints three to fifteen 

feet apart; the course of their principal system, nearly vertical, is from north

west to southeast. 

Saint Oloud. This township has many exposures of these rocks, princi

pally syenite. 

In the N. E. i of section 32 a reddish gray syenite or granite, and in the 

N. W. i of section 33 a very dark syenite, containing a large proportion of 

hornblende, form quite extensive outcrops, in each case covering an area equal 

to. a quarter of a mile square. An eighth of a mile west of the road, these 

rounded hillocks of rock rise 20 to 25 feet above the general level; and close 

east of the road and for an eighth of a mile or more from it, their hight is five 

to ten feet. About forty rods farther north, the road goes by ledges of syenite 

nearly like that of the quarry at Sauk Rapids. These are probably in the 

southeast corner of section 29; they lie close west of the road, above which 
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ated east of the road, covers some thirty rods square, and rises about forty feet 

above the river; and the second, less than an eighth of a mile farther north, 

crossed by. the road and lying mostly between the road and the river, covers 

an area 30 by 20 rods in extent, and rises 20 to 30 feet above the river. Both 

consist of massive, rounded ledges, with few seams or joints, which are often 
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the Sauk river, three-fourths of a mile to the northwest, being about 35 feet. 

This ledge has few joints, one space fifty feet square being without a seam. 

One and a half miles west-southwest from the last, an exposure of rock is 

reported in section 27, on land of 1. S. Staples, at the east side of Sauk river, 

above which it is said to rise five to ten feet, covering an acre or more. 

Saint Augusta. Granite, containing flesh-colored feldspar and black mica, 

is exposed near the middle of section 19, Saint Augusta, about a fourth of a 

mile west of Luxemburg post-office and St. Wendel's church. This is four 

miles east-southeast from Rockville and eight miles south-southwest from Saint 

Cloud. It lies on the west side of a slough, above which it rises 15 to 20 feet, 

its extent being about twenty rods. It is divided by joints three to fifteen 

feet apart; the course of their principal system, nearly vertical, is from north

west to southeast. 
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they rise 15 to 20 feet. The next two miles to the north and northwest have 

abundant outcrops of gray and reddish syenite, of which the following is a list 

in part. 

On land of Jacob Streitz, in the N. W. i of the N. E. i of section 28, 

considerable quarrying has been done, forty cords or more of the stone having 

been sold for masonry in Saint Paul. This is an excellent gray syenite, rising 

about ten feet above the general surface, well adapted for supplying dimension 

stone. It is near the eastern side of this tract of abundant ledges; and the 

hills one to one and a half miles east and northeast, rising 50 to 75 feet higher 

and 125 to 150 feet above the Mississippi river, are morainic drift. 

A quarter of a mile west of the last, on land of Louis Hohmann, in the 

N. ~ of the N. W. i of section 28, ledges of the same rock as the last cover 

two or three acres, rising about five feet above the general level of the sur

rounding modified drift. Some quarrying has also been done here. 

On land of Ferdinand Hartmann, in the north edge of the N. E. i of 

section 29, he has quarried during several years, in two low outcrops of syenite, 

selling the stone for $8 per cord at Saint Cloud. The southwestern outcrop, 

six rods square, is a somewhat coarse-grained, reddish syenite, divided by 

joints from one to eight feet apart. The other ledge, fifteen rods north-north

east from the last, is about ten rods long from west to east by six rods wide. 

This is mainly red syenite like the former, but includes a large mass, occupy

ing an area about four rods square, of finer-grained, bright gray syenite, con- . 

taining occasional scales of black mica. At its border a gradual change of 

color takes place from the gray to the red. 

An area of several acres of reddish syenite, like that of the last localities, 

begins thirty or forty rods northwesterly from the last, and reaches a sixth of 

a mile or more northward. This is on land of Matthias Leim, in the S. ~ of the 

S. W. i of section 20, and of Nicholas Scheuer in the north half of the same 

quarter-section. It rises in rounded hills and knolls 30 to 50 feet above the 

lowland eastward. 

About forty rods northwest from the last, in the N. W. i of the S. W. t 

of this section 20, owned by Nicholas Scheuer, gray syenite, closely like that 

of Streitz and Hohmann, and of Hartmann's northern quarry, forms a hill which 

covers six or eight acres and rises 50 feet above the general surface. It is 

smoothly glaciated, but retains no clear strim. This rock has few joints, some-
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times none for an extent of thirty feet. Here and upon many of the ledges 

of this region a scale of rock, a fourth to a half of an inch thick, has become 

separated, or is easily separable from the surface by weathering. In some 

places this might be attributed to forest or prairie fires, which seem often to 

have produced such scaling; but here it is notably exhibited on bare ledges 

six rods or more in extent. 

Within a mile westerly are many lower outcrops of this syenite, rising 10 

to 20 feet above the average of the vicinity. Good locations for quarrying 

are reported on the land of William Besinius, on the S. E. * of section 19, and 

of Jacob Hiltimes in the west half of this section. 

The red syenite continues from the ledges owned by Hartmann and Leim 

northerly to the land of the Saint Cloud Granite Manufacturing Co., L. A. 

Evans, agent. This is the N. W. l of the S. W. i of section 17, where 

excellent quarrying stone is found. A few years ago a block of this red 

syenite was obtained for a monument pedestal, which had been sought but 

'could not be supplied (so reported) from the famous quarries of similar stone 

at Aberdeen, Scotland. The size of this block was 7 feet square by 2~ feet 

high, its weight being ten tons. It was cut and polished in Saint Cloud, and 

was sold in Chicago for about $800. This quarry has not been worked for the 

past two or three years. 

Excellent localities for quarrying the same red syenite also occur within 

a half mile west and southwest from the last, in the S. E. * of section 18, 

owned by H. C. Waite, and in the N. W. * of section 19. Some of these 

localities also yield gray syenite and that which is gray, tinted reddish. 

Syenite outcrops in the N. W. * of section 17, at the northwest side of 

the road about a half mile west of John Becker's. Its extent is about fifteen 

by ten rods, and its hight is some twenty feet above the adjoining lowland and 

river, an eighth of a mile west, and eight feet above the road. This ledge 

exhibits some marks of water-wearing. A system of nearly vertical joints 

crosses it from north to south, varying from six inches to four feet apart; and 

others, less conspicuous and less numerous, extend from east to west. 

The only exposure of rock besiue the Mississippi river in this county 

below the Saint Cloud bridO'e is about a half mile south of the state normal o , 

school, at C. Bridgeman's steam saw-mill anu fOI' twenty rods to the south. 
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It is coarse gray syenite, with joints ten to twenty feet apart, and forms small 

ledges five to ten feet above the river. 

Fifteen to twenty rods south from the west end of the Sauk Rapids 

bridge, is a ledge of porphyritic, gray syenite, consisting mostly of feldspar, 

with about a fourth part of quartz, and including some hornblende and rare 

grains of mica. It rises some five feet above the river, and is traversed by 

nearly vertical joints one to eight feet apart. It has been slightly quarried. 

Le Sauk. In this township, situated next north of Saint Cloud, these 

crystalline rocks are exposed upon the lowest mile of Watab river, and at 

several places within three miles thence north-northwest. The grist-mill and 

its dam, owned by .J. B. Sartell & Sons, on the Watab river about a third of a 

mile above its mouth, are founded on gray syenite. This is exposed to view 

only on the south side of the river, under the foundation of the north side of 

the mill, rising a few feet above the water of the flume below the dam. It 

was quarried for this mill, and is a desirable building stone. 

Mr. Sartell owns another quarry a half mile northwest from this mill, 

covering several acres and rising twenty feet above the general level. It is in 

or near the S. E. 1 of section 17. This has a more reddish tint. Quarrying 

has been done here more or less during the past ten years, perhaps yielding 

quarried stone to the value of $1,000 in all, only for use in this vicinity. 

A third of a mile east of the last, in the south part of section 16, is another 

outcrop of rock, similar to that at the grist mill. 'This covers about two acres. 

It has a low smoothed surface, not much above the general level. 

Another ledge of similar syenite or granite is seen at the west side of the 

road, east of the north part of Clark lake, in the south half of section 8. This 

also covers ten acres or more, its hight being about ten feet. 

On or near the east line of section 9, a rock-outcrop, said to be coarse

grained and of iron-rusty color, covers several acres and rises some fifty feet 

above the Mississippi river, which is ten or twenty -rods farther east. 

Reddish fine-grained syenite has been somewhat quarried for local use, 

in or near the N. E. 1- of the N. E i of section 7, on land of D. B. Searle. 

Farther northwest, near the centre of section 6, similar rock has outcrops at 

many places along a distance of about half a mile from east to west, not ex

tending into Saint Wendel township. 
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Br()ckwall' A medium-grained, gray granite or syenite, containing garnets 

a fourth of an inch in diameter, is exposQd on the N. W. i of section 33, in 

the southeast part of Brockway, on land of William Gordon, about a quarter 

of a mile west from the road and from his house. It shows only a smooth flat 

surface, ten by fifteen feet in extent, not rising above the general level. 

Rock, is also reported to occur in the west shore of the Mississippi river, 

about fifteen rods south from the northeast corner of this section 33. The 

rock is exposed also in the east bank and in the channel of the river, but its 

outcrops rise only two or three feet above extreme low water. This is about 

a mile north of the high hills of rock at the east side of the river in Watab. 

Oretaceous beds. 

Before the ice age Cretaceous strata probably covered the western two

thirds of Minnesota, * and on this area the greater part of the material of the 

drift is derived from these beds. The remnants of them that escaped the 

glacial erosion are now nearly everywhere concealed by the drift. In Stearns 

county their only exposures are found in the neighborhood of Richmond. 

Mr. Eamest observed the following section, horizontally stratified, near 

this village, in the banks of the Sauk river: 

Sand and gravel [modified drift] -
Blue clay with crystals of selenite 
Impure coal [lignitic clay, including three inches oflignite] 
Bi~uminous limestone, forming the bed of the river -

40 feet. 
4 feet. 
2~ feet. 

10 feet. 

This was doubtless at the locality of the drift and shafts mentioned 

beyond; and the report of limestone in place is an error. About half a mile 

below this exposure, Eames reports a ferruginous sandstone or conglomerate 

four feet thick, seen in the bank of the river along a distance of twelve yards. 

Three miles north of Richmond, in the S. E. i of the N. E. i of section 

2, Munson, north of the range of morainic hills, a section noted by Eames in 

a ditch dug for drainage consisted of yellow and blue clay with three seams 

of lignite from one to six inches thick. The stratification here was irregularly 

confused and in part vertical, apparently on account of slides. Three shafts 

were dug near this place in the hope of discovering workable lignite, by Mr. 

Theodore Bock. One of these went twenty-five feet, finding a lignitic layer 

* As shown by Prof. Winchell in the B'U,llelin of the ]flinnesola Academy of Nalu,ral Science", vol. i, pp. 347-9. 
, t Geological Reconnaissance of the northern, middle, a.nd otlter counties of Minnesota: 1866. 
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six inches thick at thirteen feet, enclosed in blue clay, which, by boring twenty

five feet below the bottom of the ~haft, was found to reach a depth of fifty 

feet, containing pyrite in some portions but no other lignitic seam. The other 

two shafts, forty and thirty feet deep, were wholly in drift. Eames referred 

this" coal" to the Cretaceous age, and rightly discouraged further mining for 

it, stating that his survey of the lignite-bearing strata on the Sauk and Cotton

wood rivers "has demonstrated the fact that the state contains no outcrop of 

coal of value, in so far as the counties examined and points coming under 

observation are concerned." 

Repeated fruitless observations for lignite have been made, however, by 

shafts in the Cretaceous beds on the southwest side of the Sauk river in the 

N. W. ! of section 23, Munson, a fourth to a half of a mile west of Richmond. 

In 1871, at a point some thirty rods west of the bridge and less than a hun

dred feet from the river, a shaft was dug and bored to. the depth of 120 feet. 

Its top is about 25 feet above the river. Black clay or shale with some lignite, 

which is seen here in the river's bank, was penetrated and found to be three 

feet thick. A drift dug in 1865, starting about twenty-five feet farther north

west and following the lignitic layer sixty feet, found it to dip westward about 

four feet in this distance. It was said to contain" a seam of lignite four inches 

thick, which kept increasing in thickness, but remained impure and was con

siderably mixed with shale." Above and below the lignitic stratum is bluish 

gray clay or shale containing rarely crystals of selenite (gypsum) up to three 

inches long. Mr. J. H Kloos* found in the material brought up from the 

shaft" several fragments of shale containing scales of cycloid fishes, which had 

been met with near the surface." At a depth of 112 feet, according to Kloos, 

this boring reached "a hard rock, which proved to be granite. It was drilled 

for eight feet, and the fragments brought to light by the pump consist of feld

spar, quartz and pyrites, such as are found in varieties of pegmatite or graphic 

granite, which I also founel at the nearest outcropping ridges of the crystalline 

rocks." Nearly a quarter of a mile west from this place and about 75 feet 

above the river, another shaft was dug and bored in 1871 to the depth of 180 

feet. This passed through a considerable thickness of drift, below which were 

blue, white and yellowish plastic clays, and shale. No more lignite was en

countered than in the drift and the other shaft. 

* H.A Cretaceous basin in tho Bauk valley, Minnesota," Amer. Jour. oj Scie.nce (3), iii, 17-26; 1872. 
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Again, in 1880 and 1881, the Richmond mining company claim to have 

bored to the depth of 125 feet at a point only ten feet distant from the shaft 

and boring first described, close to the rIver. The only lignite found is the 

layer seen above the river-level; blue clay, with thin laminw of white and 

yellow clay, lies above the lignite; and bluish or greenish gray clay and shale 

extend below to the bottom of this section. No sand nor gravel, nor any hard 

rock, was encountered. In respect to these explorations, it must be added 

that it seems certain that no valuable deposits of lignite exist in this regIOn, 

nor indeed in any portion of this state. 
The only fossils known to have been found in these shafts are the fish-scales before mentioned. A 

shark's tooth was also found by Mr. Kloos in the plastic clay that here forms the hank of the Bauk river. 
Two miles south of Richmond, H. Sieverding's well, situated at a hight of 30 feet above the Sauk river, 
among very irregular morainic hillocks and low ridges, iu the S. W. ,1 of section 35, Munson, dug in 1871 
and visited hy Mr. Kloos, is reported by him as follows: "At a depth of eight feet the blue clay was 
struck, passing into shale . . . . and containing a number of fossils. The water of this well was 
strongly saturated with sulphureted hydrogen, but lost the taste and smell almost entirely after having 
been exposed for some time to the atmosphere. When at the place, I was not able to obtain more than 
fragments of the shells, which I had, however, no difficulty in recognizing as belonging to the genus Ino

ceramus. Afterwards the well was dug down further, and I obtained some pretty fair casts and parts of 
the shells. . . . . When last heard from, the well had a depth of 55 feet, and a boring had been 
sunk to a further depth of 25 teet. The following section is a nearly accurate descriptiof of the strata 
traversed: 

8 feet gravel and ~all(l. 
30 " dark blue laminated clay. Fragments of Inoceramtt8 problematicu.o and crystals of gypsum. 
S " clay and hard sandy shale of a light blue color, with pyrites, mica, and fish scales. Cast of 

Inoceramu8. At 40 feet a thin seam of lignite. 
10 " same clay with more shale 3 to 4 inches thick. Shells of Inoceramu8 and 8caphitcs in the 

shale having retained their original color and pearly luster. In 50 feet another seam of 
lignite. 

15 ., dark blue clay without shale; color darker than the clay above and turning almost black. 
At 65 feet a hard shale of a grayish black color had to be drilled through. 

10 " clay with thin layers and seams of pyrites." 
Mr. F. B. Meek, to whom these fossils were submitted, wrote Mr. Kloos as follows: "The speci

mens . . . . consist of Inoceramus problematic'us, impressions apparently of Ammonites percarinatu8, 

scales of fishes and a small shark tooth allied to Oorax or Gnleus Among the drawings also sent by you, 
there is one of the inner volutions of 8caphites laTVljoTmis, or some nearly allied form. From these fossils, 
and the lithological character of the bed in which they were fonnel, there can be no reasonable doubt, 
that it belongs to the Cretaceous system, as well as to the Bentou group of the Cretaceous series as devel
oped in the upper Missouri country. As you hal'e suggested, the locality at which these specimens were 
collected, cannot be far from the eastern limits of the great Cretaceous basin that occupies so much of the 
country along the upper Missouri; and it is very desirable that the eastern boundary of this group of 
rocks should be tracecl out as accurately as possible, through Minnesota. Owing to the heavy deposits of 
drift there, however, this will be a difficult task, and ean only he done by careful observations of all that 
is revealed by deep wells and other excavations. Consequently it is important that all the facts brought 

to light in this way should be carefully noted and published." 

Glacial and modified drift. 

Glacial striw observed at Sauk Center, as before mentioned, bear S. 40° 

E., referred to the true meridian, being at right angles with the striw noted in 
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Sauk Rapids, Benton county, about forty miles farther east. Nearly all the 

ledges of Stearns county are planed and worn to a smooth surface by the ice

sheet; but, excepting at Sauk Center, none of them, so far as seen in this 

survey, retain glacial strioo, because of the slight disintegration wrought upon 

their surface by rains and frost. 

The contour and material of the drift deposits have been stated in an 

earlier part of this chapter. The stages in the recession of the ice-sheet which 

they indicate are somewhat complex. During the culmination of the last 

glacial epoch, an ice-current from lake Superior and northern Wisconsin ex

tended over the east half of this county, to a limit in Luxemburg, Wakefield, 

northeastern Munson, Farming, Albany, Krain, and northeastern Millwood. 

In these townships, extending from south-southeast, to north-northwest, the 

ice-current from the northeast, by which the strioo in Sauk Rapids were made, 

was confluent with the ice-current from the northwest, which striated the rock 

at Sauk Center. West of this line of confluence boulders and gravel of lime

stone abound, derived, like the limestone everywhere present in the drift of 

western M1nllesota awl of Dakota, from the limestone strata which have their 

nearest outcrops in the vicinity of Winnipeg, Manitoba. Fragments of lignite, 

and very rarely of petrified wood, are also found in this western drift. The 

drift brought by the ice-current from the northeast is distinguished by the 

absence of limestone and the presence of boulders and pebbles of igneous and 

sedimentary rocks peculiar to the region of lake Superior. A difference in 

color is also observable, the drift from the northw8st and west being dark 

bluish gray, excepting near the surface, where it is weathered to a yellowish 

color; while the drift from the northeast has a lighter gray color and is more 

or less tinted with red. These colors are due to the condition of the iron 

present, which in its protoxide combinations imparts a bluish hue, in the con

dition of limonite yellow, and as hematite red. It exists under the first of 

these conditions in the Cretaceous clays and shales which have contributed 

probably more than half of the material of the western drift; and as hematite 

it colors the red shales and sandstones about lake Superior and the drift de

rived from them. The northeastern drift in Stearns county, however, does 

not usually show the reddish tint conspicuously, because it has become mingled 

with much material from other rock-formations in its long transportation. The 

morainic hills one to six miles west and northwest from Cold Spring consist of 
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this northeastern drift, and the !:lame forms the surface thence northeast to 

Saint Cloud and Le Sauk and onward all the way to lake Superior. 

Remarkable changes took place in the currents of the ice-sheet during its 

departure. The ice from the northwest and west, becoming relatively thicker, 

pushed back that .from the northeast upon a large area reaching fi'om the 

southeast part of this county east-northeastward to the Snake and St. Croix 

rivers, even advancing into the edge of Wisconsin, as has been shown in the 

chapter on Chisago, Isanti and Anoka counties. After this western ice-lobe 

began to retreat, the line at which it first halted or perhaps re-advanced, is 

marked by the morainic accumulations described in the two preceding chapters 

and referred to the time of the fifth or Elysian moraine. The continuation of 

this morainic series in Stearns county forms the belt of knolly and hilly till 

east, south and west of the plain of modified drift in Maine Prairie. The 

angle made in the glacial boundary by the confluence of the western and east

ern ice-fields was probably at or near the southeast cornE'r of Wakefield, where 

the most prominent morainic hills in this county are found. On the south 

margin of the northeastern ice at this time was apparently accumulate~ the 

hilly till of Rockville, of the south half of Saint Joseph, excepting in sections 

31, 30 and 19, and of the southeast part of Saint Cloud, the continuance of 

this series being through northern Haven and Palmer in Sherburne county. 

The gravel and sand forming the plain of Maine Prairie were deposited by the 

waters that had flowed down from the slopes of the adjacent ice-fields, which 

converged toward this area. 

By the next retreat of the waning ice-sheet its boundary was carried back 

to the sixth or Waconia moraine, which is represented in southern Stearns 

county by the drift hills and knolls on the east and north border of Luxemburg, 

along the line of Eden Lake and Munson, and thence southwest through 

Paynesville to Cape Bad Luck in Roseville, Kandiyohi county, accumulated 

along the north margin of the western ice-lobe. The south line of the ice 

moving from the northeast and north seems to have extended at this time 

along the northwest side of the Watab river in Saint Wendel and Saint Joseph, 

and thence westward through Collegeville, Farming, Saint Martin and Spring 

Hill, Grove, Getty and Raymond. When the recession from the Elysian mo

raine began, the outlet of drainage from the confluent ice-fields appears to have 

been from Cold Spring northeast to the Watab river and Saint Joseph, along 

STEARNS COUNTY. 463 
Waconia moraine.} 

this northeastern drift, and the !:lame forms the surface thence northeast to 

Saint Cloud and Le Sauk and onward all the way to lake Superior. 

Remarkable changes took place in the currents of the ice-sheet during its 

departure. The ice from the northwest and west, becoming relatively thicker, 

pushed back that ,from the northeast upon a large area reaching fi'om the 

southeast part of this county east-northeastward to the Snake and St. Croix 

rivers, even advancing into the edge of Wisconsin, as has been shown in the 

chapter on Chisago, Isanti and Anoka counties. After this western ice-lobe 

began to retreat, the line at which it first halted or perhaps re-advanced, is 

marked by the morainic accumulations described in the two preceding chapters 

and referred to the time of the fifth or Elysian moraine. The continuation of 

this morainic series in Stearns county forms the belt of knolly and hilly till 

east, south and west of the plaill of modified drift in Maine Prairie. The 

angle made in the glacial boundary by the confluence of the western and east

ern ice-fields was probably at or near the southeast cornE'r of Wakefield, where 

the most prominent morainic hills in this county are founel. On the south 

margin of the northeastern ice at this time was apparently accumulate~ the 

hilly till of Rockville, of the south half of Saint Joseph, excepting in sections 

31, 30 and 19, and of the southeast part of Saint Cloud, the continuance of 

this series being through northern Haven and Palmer in Sherburne county. 

The gravel and sand forming the plain of Maine Prairie were deposited by the 

waters that had flowed down from the slopes of the adjacent ice-fields, which 

converged toward this area. 

By the next retreat of the waning ice-sheet its boundary was carried back 

to the sixth or Waconia moraine, which is represented in southern Stearns 

county by the drift hills and knolls on the east and north border of Luxemburg, 

along the line of Eden Lake and Munson, and thence southwest through 

Paynesville to Cape Bad Luck in Roseville, Kandiyohi county, accumulated 

along the north margin of the western ice-lobe. The south line of the ice 

moving from the northeast and north seems to have extended at this time 

along the northwest side of the Watab river in Saint Wendel and Saint Joseph, 

and thence westward through Collegeville, Farming, Saint Martin and Spring 

Hill, Grove, Getty and Raymond. When the recession from the Elysian mo

raine began, the outlet of drainage from the confluent ice-fields appears to have 

been from Cold Spring northeast to the Watab river and Saint Joseph, along 

STEARNS COUNTY. 463 
Waconia moraine.} 

this northeastern drift, and the !:lame forms the surface thence northeast to 

Saint Cloud and Le Sauk and onward all the way to lake Superior. 

Remarkable changes took place in the currents of the ice-sheet during its 

departure. The ice from the northwest and west, becoming relatively thicker, 

pushed back that ,from the northeast upon a large area reaching fi'om the 

southeast part of this county east-northeastward to the Snake and St. Croix 

rivers, even advancing into the edge of Wisconsin, as has been shown in the 

chapter on Chisago, Isanti and Anoka counties. After this western ice-lobe 

began to retreat, the line at which it first halted or perhaps re-advanced, is 

marked by the morainic accumulations described in the two preceding chapters 

and referred to the time of the fifth or Elysian moraine. The continuation of 

this morainic series in Stearns county forms the belt of knolly and hilly till 

east, south and west of the plaill of modified drift in Maine Prairie. The 

angle made in the glacial boundary by the confluence of the western and east

ern ice-fields was probably at or near the southeast cornE'r of Wakefield, where 

the most prominent morainic hills in this county are founel. On the south 

margin of the northeastern ice at this time was apparently accumulate~ the 

hilly till of Rockville, of the south half of Saint Joseph, excepting in sections 

31, 30 and 19, and of the southeast part of Saint Cloud, the continuance of 

this series being through northern Haven and Palmer in Sherburne county. 

The gravel and sand forming the plain of Maine Prairie were deposited by the 

waters that had flowed down from the slopes of the adjacent ice-fields, which 

converged toward this area. 

By the next retreat of the waning ice-sheet its boundary was carried back 

to the sixth or Waconia moraine, which is represented in southern Stearns 

county by the drift hills and knolls on the east and north border of Luxemburg, 

along the line of Eden Lake and Munson, and thence southwest through 

Paynesville to Cape Bad Luck in Roseville, Kandiyohi county, accumulated 

along the north margin of the western ice-lobe. The south line of the ice 

moving from the northeast and north seems to have extended at this time 

along the northwest side of the Watab river in Saint Wendel and Saint Joseph, 

and thence westward through Collegeville, Farming, Saint Martin and Spring 

Hill, Grove, Getty and Raymond. When the recession from the Elysian mo

raine began, the outlet of drainage from the confluent ice-fields appears to have 

been from Cold Spring northeast to the Watab river and Saint Joseph, along 



464 THE GEOLOGY OF MINNESOTA. 
[Wells. 

the valley occupied by modified drift which has been before described. The 

scarcity of limestone in the gravel along this old water-course indicates that the 

glacial melting was then progressing most rapidly on its north side. At the 

somewhat later date of the Waconia moraine, the angle of confluence of the ice 

from the west and northwest with that from the northeast and north seems to 

have been at Glenwood in Pope county. The glacial floods which there 

poured down from the converging ice-slopes and thence flowed southeast along 

the present course of the North branch of the Crow river to Paynesville and 

then east-northeast to the Sauk valley at Richmond, eroded a broad channel 

into the till of southwestern Stearns county. The northeast limit of this 

erosion is the bluff of till 40 to 100 feet high, which rises close on the north

east side of this river from North Fork to Paynesville, a distance of twenty 

miles. From these floods were deposited the extensive beds of modified drift 

which reach from eastern Pope county through the southwest part of Stearns 

and the northeast of Kandiyohi county to Paynesville and Richmond. 

When the ice-sheet again retreated, to the line of the seventh or Dovre 

moraine, its western lobe was withdrawn from this county, but the ice-fields 

flowing from the north appear to have extended to the moraine in Brockway, 

the northwest part of Saint Wendel, Avon, northeastern Albany, Krain, northern 

Millwood and Melrose, and the northeast corner of Sauk Center. At this time, 

also, the modified drift along the upper part of the Sauk river and on the Mis

sissippi in 1e Sauk and Brockway was deposited. 

Boulders are frequent or often abundant in the morainic accumulations of 

till; but in the smooth, undulating deposits of till they are usually so few that 

they give no trouble in the cultivation of the land. Numerous pieces of sand

stone, up to one or two feet in size, like that outcropping at Hinckley in Pine 

county, were noticed in 1e Sauk and in Sauk Rapids on the opposite side of 

the Mississippi. 

Wells in Stearns county. 

Brockway. Wells on the plain of modified drift hordering the Mississippi river are 30 to 50 feet 

deep, wholly in sand and gravel. In the till of the central and west portions of the township wells vary 
from 15 to 75 feet in depth. 

Lr Sank. E. G. Mathews; sec. 21: well, 20 feet; soil, 2; sand, 7; yellow till, picked, 9; quicksand, 
with water, 2 feet. 

A. G. Hart; sec. 28: well, 27 feet; soil, 2; yellow till, picked, 6; sand, with water, 3; and again 
yellow till, with SOIne portions darker, much harder than the upper till, 16 feet; no water was found in 
the lower till. 
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Sf/int Cloud. Wells in the town are mostly 15 to 25 feet deep, heing in sand and gravel; hut on 

the street next to the river wells go 60 to 75 jeet, passing through till, only thinly overlain hy sand. 

Christian Stanger; sec. 18: well, 14 feet; soil, 2; all sand and gravel below. 

Saint Augusta. H. Beumer & Co.; at the post-office, in thc S. W. ;J of sec. 12: wells, 10 to 15 feet 
deep, all caving gravel and sand. 

Saint Joseph. J. H. Linnemann; in the village: well, 25 feet; soil, n; all below is sand and 
gravel, with pebbles up to three or four inches in diameter. 

Frederick Schrreder; N. E. t of sec. 20: well, 20 feet; soil, 1; yellow gravelly clay, too hard to be 

spaded, 1~; gravel, with pebbles up to six inches in diameter, 3; fine gravel and sand, with water in 

coarse sand at the bottom, 15 feet, and continuing below. The water of this well is hard; but in a thous

and or more boulders and cobbles gathered here for cellar-walls, etc., not one of limestone is found, and 

limestone pebbles are very rare, scarcely one in two hundred, in the gravel of Mr. Schrceder's well and 

cistern. Wells in till in this township go 15 to 60 feet; if the surface water fails to yield a sufficient 

supply, 10'Yer water-veins are fouml only at considerable depths. 

Maine Prairie. A. Meservey; N. W. l- of sec. 9: well, 22 feet; soil, 2; yellow clay, 3; and gravel 
and sand, to water, 17. Other wells in this neighborhood are 20 to 30 feet deep, mostly in gravel and 

sand. 
In the village wells go 15 to 30 or 40 feet, increasing in depth towanl the northeast. The deepest 

is Mr. Alexander Spald·ing's, 40 feet; soil, 2; with sand and gravel for all below, the coarsest layers con

taining pebbles up to six or eight inches in diameter. 
Holding. R. Holding, at Holding's Ford: well, 15 feet; soil, 1; gravelly and clayey" hardpan," 

3; fine gravel and sand, II feet, becoming quicksand >j,t the bottom; water is plentiful and good, hard. 

This is on a narrow belt of modified drift, a third of a mile wide, bordering the South branch of Two 

rivers. 
Wakefield. At St. Jacob's church in the north part of sec. 12, wells are 40 feet deep, all sand and 

gravel, containing pebbles up to six or even twelve inches in diameter. John Danzel's well, in the S. E. 

t of sec. 2, a half mile farther northwest, is 36 feet deep, all the way in till. 

Wells at Cold Spring'are about 20 feet deep, in gravel and sand. 
Luxemburg. John Jungels; sec. 1: well, 34 feet; soil, 2; yellow till, picked, 10; gravel, 15; blue 

till, harder than the upper till, 7; water rose quickly seven feet from gravel and sand at the bottom. 
John Allenbecker; a fourth of a mile south from the last, in the same section: well also 34 feet 

<\fep; soil, 2; yellow till, 2 to 10 feet; bounded below by a plane dipping steeply to the north; and sand 

and gravel thence to the bottom. 
Krain. William McGregor; sec. 8: well, 24 feet; soil, 1; yellow till, picked, 22, its last foot red

dish; gravel, 1 foot and continuing deeper, with water which rose eight feet in a half hour. About a 

fourth part of the gravel intermixed in this till is limestone. 
Munson. William Schulte; N. } of the S. E. t of sec. 2: well, 24 feet; soil, 1; yellow till, partly 

picked, 21; and sand, 2 feet, with soft water. 
At Richmond wells are 16 to 20 feet deep, wholly in fine gravel and sand. 
Eden Lake. John P. Meyer; N. E. l· of sec. 4: well, 47 feet; soil, 2; yellow till, 6; sand and fine 

gravel, 39, to water. Another well.here, 38 feet deep, was soil, 2; yellow till, 7; sand and fine gravel, 

25; very hard clay, not gravelly, 8 inches; sand as above, 3 feet; and blue till, very hard, dug into only 

one foot. 
D. J. Hanscom; sec. 24: well, 31 feet; soil, 2; yellow till, picked, 10; and stratified sand and fine 

gravel, some of its layers quite hard, 19 feet, to water, which is two or three feet deep. These three wells 

and the two in Luxemburg, six miles farther east, indicate a recession of the ice, attended with deposition 

of modified drift, followed by a re-advance of the ice at the time of the formation of the sixth or Waconia 

moraine. Some of the wells in Eden Lake, however, are wholly in till, one sucn in sec. 10 being 70 feet 

deep, finding the till yellowish to 30 feet and gr'ly below, all hard, mostly picked. 
Millwood. John Ahearn; S. E. } of sec. 12: well, 32 feet; soil, 1; yellow till, spaded, 6; much 

harder blue till, picked, 22; gravel and sand, with water, 3 feet, and extending lower. Wells throughout 

this township are from 10 to 35 feet deep, in till. 
Oak. Joseph Hoeschen; Freeport, in the S. W. t of sec. 2: well, 33 feet; soil, 1; yellow till, 

spaded, 7; sand and fine gravel, 25 feet, with water at the bottom. Frank Benolken's well, near the 

village, in the same quarter-section, 35 feet deep, was soil, 1; yellow till, spaded, 10; blu~ till,. 22; ~nd 
salld and gravel, 2 feet and continuing deeper; water rose five feet in two hours. Wells ill thIS regIOn 
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Holding. R. Holding, at Holding'S Ford: well, 15 feet; soil, 1; gravelly and clayey "harclpan," 

3; fine gravel and sand, 11 feet, becoming quicks,tnd at the bottom; water is plentiful and good, hard. 

This is on a narrow belt of modified drift, a third of a mile wide, bordering the South branch of Two 

rivers. 
Wakefield. At St. Jacob's church in the north part of sec. 12, wells ~1re 40 feet deep, all s:1nd and 

gravel, containing pebbles up to six or even twelve inches in diameter. John Danzel's well, in the S. E. 

t of sec. 2, a half mile farther northwest, is 36 feet deep, all the way in till. 

Wells at Cold Spring'are about 20 feet deep, in gravel and sand. 
Luxemburg, John Jungels; sec. 1: well, 34 feet; soil, 2; yellow till, picked, 10; gravel, 15; blue 

till, harder than the upper till, 7; water rose quickly seven feet from gravel and sand at the bottom. 
John Allenbecker; a fourth of a mile south from the last, in the same section: well also 34 feet 

<1rep; soil, 2; yellow till, 2 to 10 feet; bounded below by a plane dipping steeply to the north; and sand 

and gravel thence to the bottom. 
Krain. William McGregor; sec. 8: well, 24 feet; soil, 1; yellow till, picked, 22, its last foot red

dish; gravel, 1 foot and continuing deeper, with water which rose eight feet in a half hour. About a 

fourth part of the gravel intermixed in this till is limestone. 
Munson. William Schulte; N. 2- of the S. E. t of sec. 2: well, 24 feet; soil, 1; yellow till, partly 

picked, 21; and sand, 2 feet, with soft water. 
At Richmond wells are 16 to 20 feet deep, wholly in fine gravel and sand. 
Eden Lake. John P. Meyer; N. E. t of sec. 4: well, 47 feet; soil, 2; yellow till, 6; sand and fine 

gravel, 39, to water. Another well.here, 38 feet deep, was soil, 2; yellow till, 7; sand and fine gravel, 

25; very hard clay, not gravelly, 8 inches; sand as above, 3 feet; and blue till, very hard, dug into only 

one foot. 
D. J. Hanscom; sec. 24: well, 31 feet; soil, 2; yellow till, picked, 10; and stratified sand and fine 

gravel, some of its layers quite hard, 19 feet, to water, which is two or three feet deep. These three wells 
and the two in Luxemburg, six miles farther east, indicate a recession of the ice, attended with deposition 

of modified drift, followed by are-advance of the ice at the time of the formation of the sixth or Waconia 

moraine. Some of the wells in Eden Lake, however, are wholly in till, one sucn in sec. 10 being 70 feet 

deep, finding the till yellowish to 30 feet and gr'ty below, all hard, mostly picked. 
Millwood. John Ahearn; S. E. t of sec. 12: well, 32 feet; soil, 1; yellow till, spaded, 6; much 

harder blue till, picked, 22; gravel and sand, with water, 3 feet, and extending lower. Wells throughout 

this township are from 10 to 35 feet deep, in till. 
Oak. Joseph Hoeschen; Freeport, in the S. W. t of sec. 2: well, 33 feet; soil, 1; yellow till, 

spaded, 7; sand and fine gravel, 25 feet, with water at the bottom. ~rank Benolken's wel.l, near the 

village, in the same quarter-section, 35 feet deep, was soil, 1; yellow tlll, spaded, 10; blu~ tlll,. 22; ~nd 
sand and gravel, 2 feet and continuing deeper; water rose five feet in two hours. Wells ill thlS reglOn 
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Srrint Cloud. Wells in the town are mostly 15 to 25 feet deep, being in sand and gravel; hut on 
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taining pebbles up to six or eight inches in diameter. 
Holding. R. Holding, at Holding'S Ford: well, 15 feet; soil, 1; gravelly and clayey "harclpan," 

3; fine gravel and sand, 11 feet, becoming quicks,tnd at the bottom; water is plentiful and good, hard. 

This is on a narrow belt of modified drift, a third of a mile wide, bordering the South branch of Two 

rivers. 
Wakefield. At St. Jacob's church in the north part of sec. 12, wells ~1re 40 feet deep, all s:1nd and 

gravel, containing pebbles up to six or even twelve inches in diameter. John Danzel's well, in the S. E. 

t of sec. 2, a half mile farther northwest, is 36 feet deep, all the way in till. 

Wells at Cold Spring'are about 20 feet deep, in gravel and sand. 
Luxemburg, John Jungels; sec. 1: well, 34 feet; soil, 2; yellow till, picked, 10; gravel, 15; blue 

till, harder than the upper till, 7; water rose quickly seven feet from gravel and sand at the bottom. 
John Allenbecker; a fourth of a mile south from the last, in the same section: well also 34 feet 

<1rep; soil, 2; yellow till, 2 to 10 feet; bounded below by a plane dipping steeply to the north; and sand 

and gravel thence to the bottom. 
Krain. William McGregor; sec. 8: well, 24 feet; soil, 1; yellow till, picked, 22, its last foot red

dish; gravel, 1 foot and continuing deeper, with water which rose eight feet in a half hour. About a 

fourth part of the gravel intermixed in this till is limestone. 
Munson. William Schulte; N. 2- of the S. E. t of sec. 2: well, 24 feet; soil, 1; yellow till, partly 

picked, 21; and sand, 2 feet, with soft water. 
At Richmond wells are 16 to 20 feet deep, wholly in fine gravel and sand. 
Eden Lake. John P. Meyer; N. E. t of sec. 4: well, 47 feet; soil, 2; yellow till, 6; sand and fine 

gravel, 39, to water. Another well.here, 38 feet deep, was soil, 2; yellow till, 7; sand and fine gravel, 

25; very hard clay, not gravelly, 8 inches; sand as above, 3 feet; and blue till, very hard, dug into only 

one foot. 
D. J. Hanscom; sec. 24: well, 31 feet; soil, 2; yellow till, picked, 10; and stratified sand and fine 

gravel, some of its layers quite hard, 19 feet, to water, which is two or three feet deep. These three wells 
and the two in Luxemburg, six miles farther east, indicate a recession of the ice, attended with deposition 

of modified drift, followed by are-advance of the ice at the time of the formation of the sixth or Waconia 

moraine. Some of the wells in Eden Lake, however, are wholly in till, one sucn in sec. 10 being 70 feet 

deep, finding the till yellowish to 30 feet and gr'ty below, all hard, mostly picked. 
Millwood. John Ahearn; S. E. t of sec. 12: well, 32 feet; soil, 1; yellow till, spaded, 6; much 

harder blue till, picked, 22; gravel and sand, with water, 3 feet, and extending lower. Wells throughout 

this township are from 10 to 35 feet deep, in till. 
Oak. Joseph Hoeschen; Freeport, in the S. W. t of sec. 2: well, 33 feet; soil, 1; yellow till, 

spaded, 7; sand and fine gravel, 25 feet, with water at the bottom. ~rank Benolken's wel.l, near the 

village, in the same quarter-section, 35 feet deep, was soil, 1; yellow tlll, spaded, 10; blu~ tlll,. 22; ~nd 
sand and gravel, 2 feet and continuing deeper; water rose five feet in two hours. Wells ill thlS reglOn 
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are mostly till to the bottom, 15 to 40 feet deep; water, obtained in seams of gravel and sand, often rises 

several feet. 
Anton T. Vogt; New Munich, S. E. t of sec. 18: well, 34 feet, all fine gravel and sand; two feet 

of water. Other wells here are mostly 15 to 25 feet deep in the same modified drift. 
Saint lJia,rtin. Henry Loosbroek; near St. Martin's church, S. E. t of sec. 35: well, 32 feet; soil, 

1; yellow till, picked, in; water comes plentifully from a layer of sand at the bottom. 
Zion. Peter Weyer; N. E. t of sec. 12: well, 15 feet; soil, 2; yellow till, all picked, 9; sand, 4; 

water two feet deep. 
Michael Traun; S. E. t of sec. 13: well, 64 feet; soil, 2; yellowish tin, 49; and gravel, 13 fllat, 

continuing deeper with no water; well abandoned. Ferdinand Griitzmacher's well, in the S. W. t of 
this section, about a half mile west from the last, is 63 feet deep, being iioil, 2; yellow till, spaded, 10; 
darker and bluish till, less gravelly, also spaded, 38; and gravel, 13 feet, with water in its lower portion. 
Gas was encountered in both these wells, and by it a man was suffocated in a well a few rods west of Mr. 

Traun's, at the depth of about 50 feet. 
M. F. Plantikow; sec. 32: well, 60 feet; soil, 2; yellow till, 10; blue till, very hard, picked, 48; 

water rose from the bottom twenty feet in one or two days. 
Paynesville. Wells in the village are 15 to 20 feet deep, all gravel and sand, becoming quicksand 

at the bottom. 
]Jieirose. In the village the section found below the soil is sand and gravel, 12 to 18 feet; then a 

bed 1 to 2 feet thick of very coarse gravel, containing rounded stones up to one foot in diameter, with 
abundance of water; underlain by very hard till, which is sometimes yellowis~ but in other places bluish 

gray. 
Grove. Henry Imdeike; sec. 17: well,20 feet; all yellow till; water seeps in plentiful amount. 

Wells in this township are all till, mostly 15 to 25 feet deep; but one was learned of, near its centre, 75 
feet deep. 

Spring Hill. Zeno Och; sec. 15: well, 22 feet; soil, 1; yellow till, spaded, but very hard, 18; gravel, 
3 feet and extending deeper, with water. 

Nicholaus Heunen; S. E. t of sec. 22; well, 54 feet; soil, 1; yellow till, picked, 18; sand and gravel, 
stratified, with gravel predominating near the bottom and containing water, 35 feet. Other wells, 50 to 
65 feet deep, are wholly or chiefly till, which becomes dark bluish and harder at the depth of 20 or 30 
feet. Small pieces of lignite are often found in this till; and in one instance it contained a piece of wood 
two feet long, apparently a fragment ofa small trunk or limb. • 

Lake Henry. Nicholas Longen; sec. 1: well, 35 feet; soil, 1; yellow till, 9 feet, very hard in its 
lower part; blue till, less gravelly, 25; water, disagreeable to smell and taste, comes in a gravelly vein 
at the bottom; except in very dry seasons this well is filled nearly to the top with surface water. 

Smtk Center. Michael H. Lynch; sec. 1: well, 16 feet; soil, 1; yellow till, partly picked, 11; gravel 
and sand, 4, to water in quicksand. 

William VanVllJkenburg; S. W. if of sec. 1: well, 15 feet; soil, 1; yellow till, all picked, 11; sand 
and gravel, 3 feet and extending deeper, with water. A quite level tract surrounding this place within a 
radius of a half mile or one mile has the same order of drift deposits, and wells in at least a half dozen 
cases have the same depth as the two preceding, going two or three feet into modified drift of unde
termined thickness below the till. 

Wells in the town vary from 20 to 40 feet in depth, being mostly sand and gravel for their whole 
depth; but along Main street, as far north as to the Sauk Center House, this modified drift is found to be 
underlain by rock at 25 to 30 feet below the surface, similar to the rock-outcrops before described, south
east of the depot. 

S. Simonton's well, on the corner of Third and Ninth streets, in the west part of this town, is 38 
feet deep; soil, 1; sand and gravel, containing pebbles up to three or four inches in diameter, 29 feet; and 
blue till, picked, 8 feet, containing at 32 feet a stick apparently of arbor vitrn or tamarack, four inches in 
diameter, lying horizontally across the well and requiring to he chopped off at each side. R. J. Marvin's 
well in sec. 29 of this township found numerous pieces of wood up to three or four inches long and one 
about a foot long, in hard and compact blue till 50 to 60 feet below the surface. These grew in preglacial 
or interglacial forests, which were overwhelmed by the ice-Sheet, becoming a part of its drift. 

Getty. Abner J. Lamb; sec. 11: well, 25 feet; soil, 1; yellow till, spaded, 21; blue till, picked, 
2; and sand and gravel, 1 foot, underlain by till; water rose five feet in a few hours. 

Gilbert Gilbertson; sec. 19: well, 46 feet; soil, 2; yellow till, spaded, 25; harder blue till, all 
picked, 19; water seeping from the lower part of the till filled the well to the depth of ninefeet in one 
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are mostly till to the bottom, 15 to 40 feet deep; water, obtained in seams of gravel and sand, often rises 

several feet. 
Anton T. Vogt; New Munich, S. E. t of sec. 18: well, 34 feet, all fine gravel and sand; two feet 

of water. Other wells here are mostly 15 to 25 feet deep in the same modified drift. 
Saint Ma,rtin. Henry Loosbroek; near St. Martin's church, S. E. t of sec. 35: well, 32 feet; soil, 

1; yellow till, picked, ill; water comes plentifully from a layer of sand at the bottom. 
Zion. Peter Weyer; N. E. t of sec. 12: well, 15 feet; soil, 2; yellow till, all pieked, 9; sand, 4; 

water two feet deep. 
Michael Traun; S. E. t of sec. 13: well, 64 feet; soil, 2; yellowish till, 49; and gravel, 13 faat, 

continuing deeper with no water; well abandoned. Ferdinand Griitzmacher's well, in the S. W. t of 

this section, about a half mile west from the last, is 63 feet deep, being iioil, 2; yellow till, spaded, 10; 

darker and bluish till, less gravelly, also spaded, 38; and gravel, 13 feet, with water in its lower portion. 

Gas was encountered in both these wells, and by it a man was suffocated in a well a few rods west of Mr. 

Traun's, at the depth of about 50 feet. 
M. F. Plantikow; sec. 32: well, 60 feet; soil, 2; yellow till, 10; blue till, very hard, picked, 48; 

water rose from the bottom twenty feet in one or two days. 
Paynesville. Wells in the village are 15 to 20 feet deep, all gravel and sand, becoming quicksand 

at the bottom. 
JJfelrose. In the village the section found below the soil is sand and gravel, 12 to 18 feet; then a 

bed 1 to 2 feet thick of very coarse gravel, containing rounded stones up to one foot in diameter, with 

abundance of water; underlain by very hard till, which is sometimes yellowis? but in other places bluish 

gray. 
Grove. Henry Imdeike; sec. 17: well, 20 feet; all yellow till; water seeps in plentiful amount. 

Wells in this township are all till, mostly 15 to 25 feet deep; but one was learned of, near its centre, 75 

feet deep. 
Spring Hill. Zeno Och; sec. 15: well, 22 feet; soil, 1; yellow till, spaded, but very hard, 18; gravel, 

3 feet and extending deeper, with water. 
Nicholaus Heunen; S. E. t of sec. 22; well, 54 feet; soil, 1; yellow till, picked, 18; sand and gravel, 

stratified, with gravel predominating near the bottom and containing water, 35 feet. Other wells, 50 to 

65 feet deep, are wholly or chiefly till, which becomes dark bluish and harder at the depth of 20 or 30 

feet. Small pieces of lignite are often found in this till; and in one instance it contained a piece of wood 

two feet long, apparently a fragment ofa small trunk or limb. • 

Lake Henry. Nicholas Longen; sec. 1: well, 35 feet; soil, 1; yellow till, 9 feet, very hard in its 

lower part; blue till, less gravelly, 25; water, disagreeable to smell and taste, comes in a gravelly vein 
at the bottom; except in very dry seasons this well is filled nel1rly to the top with surface water. 

Smtk Center. Michael H. Lynch; sec. 1: well, 16 feet; soil, 1; yellow till, partly picked, 11; gravel 
and sand, 4, to water in quicksand. 

William VanVl1Jkenburg; S. W. Jr of sec. 1: well, 15 feet; soil, 1; yellow till, all picked, 11; sand 
and gravel, 3 feet and extending deeper, with water. A quite level tract surrounding this place within a 

radius of a half mile or one mile has the same order of drift deposits, and wells in at least a half dozen 

cases have the same depth as the two preceding, going two or three feet into modified drift of unde
termined thickness below the till. 

Wells in the town vary from 20 to 40 feet in depth, being mostly sand and gravel for their whole 

depth; but along Main street, as far north as to the Sauk Center House, this modified drift is found to be 

underlain by rock at 25 to 30 feet below the surface, similar to the rock-outcrops before described, south
east of the depot. 

S. Simonton's well, on the corner of Third and Ninth streets, in the west part of this town, is 38 
feet deep; soil, 1; sand and gravel, containing pebbles up to three or four inches in diameter, 29 feet; and 

blue till, picked, 8 feet, containing at 32 feet a stick apparently of arbor vital or tamarack, four inches in 
diameter, lying horizontally across the well and requiring to he chopped off at each side. R. J. Marvin's 

well in sec. 29 of this township found numerous piece8 of wood up to three or four inches long and one 

about a foot long, in hard and compact blue till 50 to 60 feet below the surface. These grew in preglacial 

or interglacial forests, which were overwhelmed by the ice-sheet, becoming a part of its drift. 

Getty. Abner J. Lamb; sec. 11: well, 25 feet; soil, 1; yellow till, spaded, 21; blue till, picked, 
2; and sand and gravel, 1 foot, underlain by till; water rose five feet in a few hours. 

Gilbert Gilbertson; sec. 19: well, 46 feet; soil, 2; yellow till, spaded, 25; harder blue till, all 
picked, 19; water seeping from the lower part of the till filled the well to the depth of ninefeet in one 

466 THE GEOLOGY OF MINNESOTA. 
[Well1l. 

are mostly till to the bottom, 15 to 40 feet deep; water, obtained in seams of gravel and sand, often rises 

several feet. 
Anton T. Vogt; New Munich, S. E. t of sec. 18: well, 34 feet, all fine gravel and sand; two feet 

of water. Other wells here are mostly 15 to 25 feet deep in the same modified drift. 
Saint Ma,rtin. Henry Loosbroek; near St. Martin's church, S. E. t of sec. 35: well, 32 feet; soil, 

1; yellow till, picked, ill; water comes plentifully from a layer of sand at the bottom. 
Zion. Peter Weyer; N. E. t of sec. 12: well, 15 feet; soil, 2; yellow till, all pieked, 9; sand, 4; 

water two feet deep. 
Michael Traun; S. E. t of sec. 13: well, 64 feet; soil, 2; yellowish till, 49; and gravel, 13 faat, 

continuing deeper with no water; well abandoned. Ferdinand Griitzmacher's well, in the S. W. t of 

this section, about a half mile west from the last, is 63 feet deep, being iioil, 2; yellow till, spaded, 10; 

darker and bluish till, less gravelly, also spaded, 38; and gravel, 13 feet, with water in its lower portion. 

Gas was encountered in both these wells, and by it a man was suffocated in a well a few rods west of Mr. 

Traun's, at the depth of about 50 feet. 
M. F. Plantikow; sec. 32: well, 60 feet; soil, 2; yellow till, 10; blue till, very hard, picked, 48; 

water rose from the bottom twenty feet in one or two days. 
Paynesville. Wells in the village are 15 to 20 feet deep, all gravel and sand, becoming quicksand 

at the bottom. 
JJfelrose. In the village the section found below the soil is sand and gravel, 12 to 18 feet; then a 

bed 1 to 2 feet thick of very coarse gravel, containing rounded stones up to one foot in diameter, with 

abundance of water; underlain by very hard till, which is sometimes yellowis? but in other places bluish 

gray. 
Grove. Henry Imdeike; sec. 17: well, 20 feet; all yellow till; water seeps in plentiful amount. 

Wells in this township are all till, mostly 15 to 25 feet deep; but one was learned of, near its centre, 75 

feet deep. 
Spring Hill. Zeno Och; sec. 15: well, 22 feet; soil, 1; yellow till, spaded, but very hard, 18; gravel, 

3 feet and extending deeper, with water. 
Nicholaus Heunen; S. E. t of sec. 22; well, 54 feet; soil, 1; yellow till, picked, 18; sand and gravel, 

stratified, with gravel predominating near the bottom and containing water, 35 feet. Other wells, 50 to 

65 feet deep, are wholly or chiefly till, which becomes dark bluish and harder at the depth of 20 or 30 

feet. Small pieces of lignite are often found in this till; and in one instance it contained a piece of wood 

two feet long, apparently a fragment ofa small trunk or limb. • 

Lake Henry. Nicholas Longen; sec. 1: well, 35 feet; soil, 1; yellow till, 9 feet, very hard in its 

lower part; blue till, less gravelly, 25; water, disagreeable to smell and taste, comes in a gravelly vein 
at the bottom; except in very dry seasons this well is filled nel1rly to the top with surface water. 

Smtk Center. Michael H. Lynch; sec. 1: well, 16 feet; soil, 1; yellow till, partly picked, 11; gravel 
and sand, 4, to water in quicksand. 

William VanVl1Jkenburg; S. W. Jr of sec. 1: well, 15 feet; soil, 1; yellow till, all picked, 11; sand 
and gravel, 3 feet and extending deeper, with water. A quite level tract surrounding this place within a 

radius of a half mile or one mile has the same order of drift deposits, and wells in at least a half dozen 

cases have the same depth as the two preceding, going two or three feet into modified drift of unde
termined thickness below the till. 

Wells in the town vary from 20 to 40 feet in depth, being mostly sand and gravel for their whole 

depth; but along Main street, as far north as to the Sauk Center House, this modified drift is found to be 

underlain by rock at 25 to 30 feet below the surface, similar to the rock-outcrops before described, south
east of the depot. 

S. Simonton's well, on the corner of Third and Ninth streets, in the west part of this town, is 38 
feet deep; soil, 1; sand and gravel, containing pebbles up to three or four inches in diameter, 29 feet; and 

blue till, picked, 8 feet, containing at 32 feet a stick apparently of arbor vital or tamarack, four inches in 
diameter, lying horizontally across the well and requiring to he chopped off at each side. R. J. Marvin's 

well in sec. 29 of this township found numerous piece8 of wood up to three or four inches long and one 

about a foot long, in hard and compact blue till 50 to 60 feet below the surface. These grew in preglacial 

or interglacial forests, which were overwhelmed by the ice-sheet, becoming a part of its drift. 

Getty. Abner J. Lamb; sec. 11: well, 25 feet; soil, 1; yellow till, spaded, 21; blue till, picked, 
2; and sand and gravel, 1 foot, underlain by till; water rose five feet in a few hours. 

Gilbert Gilbertson; sec. 19: well, 46 feet; soil, 2; yellow till, spaded, 25; harder blue till, all 
picked, 19; water seeping from the lower part of the till filled the well to the depth of ninefeet in one 
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day, and remains at this hight permanently. Shallow wells in this township sometimes find water of 
bitterish and unpleasant taste, but deeper wells obtain good water, all being in till. 

Orow River. Wells throughout this township, excepting the upland of till in its northeast corner 
are 12 to 25 feet deep in caving sand and gravel, containing pebbles and rounded stones up to six inChes: 
or often eight to twelve inches, in diameter . 

.Ashley. A. M. Stiles; N. W. t of sec. 11: well, 28 feet; soil, 2; a whitish, marly layer, 6 inches; 
yellow till, picked, 8:\- feet; softer and less gravelly blue till, 17; water rose fifteen feet in one day from 
gravel at the bottom. The wells of this township are 15 to 35 feet deep in till, excepting near Ashley 
creek, where they are about 20 feet deep in sand. 

North Fork. Michael M. Nugent; southwest corner of sec. 7, close south ·of Grove Lake academy: 
well, 45 feet; soil, 2; yellow till, soft to bore, 14; sand and gravel containing water 6- and blue till 23 
mostly soft, but very hard in the last two or three feet bored; wa~er twenty feet de~p, 'Of good qualit~. ' 

Wells in the south part of this township are 10 to 20 feet deep, wholly in caving gravel and sand. 
Orow Lake. The wells throughout this township are also modified drift, heing in their depth and 

material the same as in the south part of North Fork and in Crow River. They are mostly curbed with 
pine, but no contamination of the water by the decay of the curbing is noticed; though this often makes 
the water of wells in stratified clay, or in till entirely unfit for use. 

MATERIAL RESOURCES. 

The agricultural capabilities of this county, and its good supply of timber 

have been already noticed; also, the occurrence of thin seams of lignite in the 

Cretaceous strata near Richmond, and the futile explorations for it in workable 

quantity. 

Water-powers have been utilized as follows: 
Ward Brothers' saw- and grist-mill on the South branch of Two rivers at Holding's Ford; head, eight 

feet, flowing back nearly two miles. 
M. Ebnet's saw-mill, in the south part of section 25, Krain, on a tributary of Two River lake; 

head, about fifteen feet. 
William Ross' saw-mill on Spunk brook in the S. E. t of section 5, Brockway; head about six feet. 
J. B. Sartell & Son's grist-mill on Watab river in section 21, Le Sauk, having fifteen feet head; and 

their saw-mill in the same section, a quarter of a mile farther east on this stream near its mouth, having 
fourteen feet head. 

Saint Joseph flouring mill, having eighteen feet head, and saw-mill, having fourteen feet head, on 
the South branch of Watab river a quarter of a mile west of Saint Joseph village, both owned by Ferdi
nand Danze!' 

The Mississippi river at Sank Rapids falls twenty-two feet in about a mile. 
Sauk City flouring mill, owned by F. Arnold; on the Sauk river close to its mouth, in the south

east corner ofLe Sauk; head, eight feet; canal thirty rods long. 
Union flouring mill, J. E. Hayward; on the Sauk river a mile west from the last, in the north edge 

of Saint Cloud; head, ten feet. 
Rockville flouring mill, O. Tenney; on Mill creek at Rockville, clos~ to its junction with the Sauk 

river; head, fourteen feet. 
Cold Spring flouring mill, H. C. Waite; on the Sauk river at Cold Spring; head, eight feet; seven 

run of stone and three crushers. 
Hiltner & Proneth's flouring mill in the west edge of section 31, Oak; head, about twelve feet; 

canal a third of a mile long; three run of stone. 
Melrose flouring mill, Edwin Clark; on the Sauk river at Melrose; head, eleven to thirteen feet; 

five run of stone for flour, and one for feed. The ~ill-pond is a mile long, covering 150 acres. 
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day, and remains at this hight permanently. Shallow wells in this township sometimes find water of 
bitterish and unpleasant taste, but deeper wells obtain good water, all being in till. 

Orow River. Wells throughout this township, excepting the upland of till in its northeast corner, 
are 12 to 25 feet deep in caving sand and gravel, containing pebbles and rounded stones up to six inches, 
or often eight to twelve inches, in diameter . 

.Ashley. A. M. Stiles; N. W. t of sec. 11: well, 28 feet; soil, 2; a whitish, marly layer, 6 inches; 
yellow till, picked, 8:1· feet; softer and less gravelly blue till, 17; water rose fifteen feet in one day from 
gravel at the bottom. The wells of this township are 15 to 35 feet deep in till, excepting near Ashley 
creek, where they are about 20 feet deep in sand. 

North Fork. Michael M. Nugent; southwest corner of sec. 7, close south ·of Grove Lake academy: 
well, 45 feet; soil, 2; yellow till, soft to bore, 14; sand and gravel, containing water, 6; and blue till, 23, 
mostly soft, but very hard in the last two or three feet bored; water twenty feet deep, of good quality. 

Wells in the south part of this township are 10 to 20 feet deep, wholly in caving gravel and sand. 
Orow Lake. The wells througbout this township are also modified drift, heing in their depth and 

material the same as in the south part of North Fork and in Crow River. They are mostly curbed with 
pine, but no contamination of the water by the decay of the curbing is noticed; though this often makes 
the water of wells in stratified clay, or in till entirely unfit for use. 

MATERIAL RESOURCES. 

The agricultural capabilities of this county, and its good supply of timber 

have been already noticed; also, the occurrence of thin seams of lignite in the 

Cretaceous strata near Richmond, and the futile explorations for it in workable 

quantity. 

Water-powers have been utilized as follows: 
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feet, flowing back nearly two miles. 
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head, about fifteen feet. 
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J. B. Sartell & Son's grist-mill on Watab river in section 21, Le Sauk, having fifteen feet head; and 

their saw-mill in the same section, a quarter of a mile farther east on this stream near its mouth, having 
fourteen feet head. 

Saint Joseph flouring mill, having eighteen feet head, and saw-mill, having fourteen feet head, on 
the South branch of Watab river a quarter of a mile west of Saint Joseph village, both owned by Ferdi
nand Danze!' 

The Mississippi river at Sauk Rapids falls twenty-two feet in about a mile. 
Sauk City flouring mill, owned by F. Arnold; on the Sauk river close to its mouth, in the south

east corner of Le Sauk; head, eight feet; canal thirty rods long. 
Union flouring mill, J. E. Hayward; on the Sauk river a mile west from the last, in the north edge 

of Saint Cloud; head, ten feet. . 
Rockville flouring mill, O. Tenney; on Mill creek at Rockville, close to its junction with the Sauk 

river; head, fourteen feet. 
Cold Spring flouring mill, H. C. Waite; on the Sauk river at Cold Spring; head, eight feet; seven 

run of stone and three crushers. 
Hiltner & Proneth's flouring mill in the west edge of section 31, Oak; head, about twelve feet; 

canal a third of a mile long; three run of stone. 
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Neenah flouring mill, H. Beumer & Co.; on St. Augusta creek in the N. W. t of section 13, Saint 
Augusta; head, fourteen feet; three run of stone for flouT, and one for feed. There were mills formerly 
on this creek near its mouth and in the S. W. t of section 27, Saint Augusta. 

On the Clearwater river, at Clearwater, are three powers, as follows: 
Thomas Tollington's saw-mill and furniture manufactory; ten or fifteen rods above the mouth of 

the river; head, five feet; can only be used when the Mississippi is at its low-water stage. 
Clearwater fiouring mills, C. F. Davis & Co.; a short distance above the last; head, fifteen feet. 
Upper dam of C. F. Davis & Co.; one mile above the mouth of the river; known as the Fremont 

water-power; formerly, but not now, used; head, twelve feet. 
The mill on the Clearwater river at Fair Haven has about ten feet head. 
Crow River "fiouring mill, J. P. Appelgreen; on the North branch of the Crow river in the east edge 

of the village of Paynesville; head, fourteen feet; three run of stone. 
Beckley & Phipps' flouring mill; on the same stream one and a half miles below the last, in the 

west edge of section 10, Paynesville; head, eight feet; three run of stone. 

Building stone. The Archffian rocks, chiefly syenite, described m an 

earlier part of this chapter, have been quarried at numerous places in Saint 

Cloud, Le Sauk, Saint Augusta, Rockville and Wakefield; and in many localities 

they are admirably adapted for this use. ,At present, however, the most ex

tensive quarries of these rocks are east of the Mississippi in Benton and Sher

burne counties, within a few miles from Saint Cloud. The boulders of the 

drift have been very commonly used by farmers for cellar-walls and foundations, 

well-curbing, and other purposes. 

Lime. In many portions of Stearns county boulders of magnesian lime

stone have been burned for lime to supply the local demand, the annual product 

m no case exceeding a few hundred barrels, but in the aggregate amounting 

to several thousand barrels. The following is a list of these lime-burners, 

noted during the examination of this county in 1880 and 1881. 
In section 30, Maine Prairie, A. B. and H. J. Hicks, about 400 barrels yearly, sold for $1.40 per 

barrel at the kiln. All the limestone boulders that they collect yield white lime. The largest block 
found measured 12 by 6 by 6 feet. 

In Luxemburg, N. Lardy in section 4, John Haush in section 11, and several others. 
In Eden Lake, B. Pirz in the N. W. } of section 5, during ten years or more, and John Leyendecker 

in the N. E. } of section 6, beginning in 1880; white lime, $1.25 per barrel at the kiln. About a twen
tieth part of the boulders in the morainic hills in these sections are limestone, the remainder being mainly 
granite, syenite and cTYstalline schists. 

In Munson, John Corde in section 8. 
In Farming, John Ludewitz in section 27, John Clouse in section 28, and others; selling at $1.35 

to $1. 50 per barrel. 
In Zion, Christian Lauer and Michael Hammer, both in the ei1St half of section 6. 
In Saint Martin, David Smith in section 7. 
In Oak, Henry Welle in section 14, and Joseph Haas in section 21; selling at $1 to $1.25 per barreL 
In Spring Hill, C. Schoenborn in the S. W. t of section 24, and Joseph Gau in the N. E. t of 

section 27, the latter obtaining the stone mostly from a large mass, fifteen feet or more in length, buried 
in the drift excepting a small point. 

In Melrose, A. J. Petrie in section 20, and John Dwyer in section 30. 
In Getty, G. Gilbertson in section 19, and George Barlow in section 22. The ,largest limestone 

block found by Mr. Gilbertson measured 8 by 5 by 4 feet. 

In Sank Center, L. M. Thomason in section 22. Generally through the west part of this county 
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about one in a hundred of the large boulders is limestone, one in twenty approximately of the smaller 
boulders, and a still further increased proportion of thc gravel. 

Deposits of marl, formed by fresh-water shells in lakes and sloughs, were 

used many years ago for making lime in the south edge of the city of Saint 

Cloud, and at another locality about half-way from Saint Cloud to Clearwater. 

The marl was moulded somewhat like bricks and then burned. 

Brz'eks. In the south part of section 22, Saint Cloud, brick-making was, 

begun in 1861, and continued several years; since which time little was done 

till 1881, when Greven & Lommel made 450,000 bricks here, selling at $8 to 

$10 per thousand in Saint Cloud. They are red and of· good quality. The 

clay is dug from the western slope of a hill-side twenty-five feet higher than 

the road and depression thirty rods distant on the west. As seen in the exca

vation six feet deep, this clay is yellow, free from gravel or stones, yet with 

no marks of lamination, excepting in its upper part where it encloses thin layers 

of sand and fine gravel, by which also it is overlain. 

In the S. E. i of section 26, Saint Cloud, brick-making was begun in 1865, 

and has been carried on by William Kruegel since 1868. His product in 1881 

was 400,000, sold for $7 to $8 per thousand at the kiln. These bricks are 

cream-colored, but reddish-tinted in the outer part of the kiln and greenish 

next to the fire. The excavation for the clay is about ten rods square and four 

to ten feet deep. About 1 ~ feet of black soil is removed; next is yellowish 

clay, levelly stratified, needing no sand for tempering, 5 feet; farther down

ward the clay is "richer," containing less fine siliceous silt, and gradually 

changes to a darker and bluish color, continuing, as ascertained by a well, to 

the depth of 17 feet; then a bed of sand is encountered, 6 feet thick; below 

which the blue stratified clay succeeds and extends 33 feet; lying on blue till, 

into which this well went 6 feet, to a total depth of 62 feet. This is on the 

east side of the road, on the level plain of modified drift which borders the 

Mississippi river. 

On the west side of the road a little north of the foregoing, Frederick 

Kuhne began brick-making in 1881, producing 300,000 that year. The clay 

is obtained from the . same excavation as the last, and the bricks are of the 

same character. 

Red bricks have been made near the northeast corner of Collegeville, for 

the buildings of St. John's college. In the years 1876 to 1878 this work was 
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by Greven & Lauer on land of the college in the north edge of section 1, using 

till or boulder-clay, with which sand was mixed in the proportion of one part 

to nine of the clay. In 1879 the site of this work was changed to the south 

end of St. Louis lake in the N. E. 1 of section 2, about a mile south of the 

college, where it was continued by Joseph Lauer. The yearly product has 

ranged from 300,000 to 700,000. 

About the year 1870 red bricks were made on the south side of the Watab 

river in the west part of section 21, Le Sauk. 

A few years later red bricks were made on the southeast side of Rice 

lake in Oak township, two miles southeast from New Munich. In the last 

two localities the work was suspended after one year. 

In Sauk Center brick-making by David J. Pangburn in the north part of 

section 34, three and a half miles south from the village and about a half mile 

southwest from the Sauk river, was begun in 1875. His yearly product is 

about 500,000, sold at $9 to $10 per thousand. Eight or ten men are em

ployed. The clay used is yellowish, levelly stratified. No sand is required 

for tempering, and no limy concretions occur in the clay. About two-thirds 

of the kiln are red bricks; while one-third, subjected to greater heat in burn

ing, are cream-colored. 

Bricks are also made by Pangburn & Moore on the east side of Sauk lake, 

in the south edge of Todd county, about three miles north of Sauk Center. 

ABORIGINAL EARTHWORKS. 

Earthworks, like lines of fortification, three in number, each twenty rods or more in length, several 
rods apart aud extending southeasterly, are situated about a mile north of Sauk Center, on the southeast 
side of the Little Sauk lake, which is now united with the Big Sauk lake by the flowage of the Sauk 
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A natural mound of till, called Fairy Lake mound, rises some fifteen feet above the general level 
of the surrounding plain of modified drift on the south side of the Sauk river, in the S. W. ~ of the N. E. l
of section 32, Sauk Center, about three miles northwest from the town. This mound is fifteen rods long 
and six rods wic.le, trending from west-northwest to east-southeast. Its outline seen at a distance is like 
that of a dome-shaped artificial mound; but, unlike the aboriginal mounds, it is oblong and composed of 
the unmodified glacial drift. 
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OHAPTER XVII. 

THE GEOLOGY OF DOUGLAS AND POPE COUNTIES. 

By WARREN UPHAM. 

Situation and area. Douglas and Pope counties (plate 48) lie in the west 

part of central Minnesota, about half-way between the Mississippi river and 

lakes Traverse and Big Stone. Glenwood, the county seat and largest town 

of Pope county, is about 120 miles west-northwest from Saint Paul and Min

neapolis. Alexandria, the county seat and largest town of Douglas county, is 

16 miles north of Glenwood. Other considerable towns and villages are Osakis, 

Brandon and Evansville on the Saint Paul, Minneapolis & Manitoba railway in 

Douglas county, and Chippewa Falls on the East branch of the Chippewa river 

in Pope county. 

Each of these counties has a length of five townships, or thirty miles, from 

east to west, and a width of four townships, or twenty-four miles, from north 

to south. The area of Douglas county is 722.66 square miles, or 462,50.0.62 

acres, of which 61,485.88 acres are covered by water; and the area of Pope 

county is 722.69 square miles, or 462,521.20 acres, of which 35,251.93 acres 

are covered hy water. 

SURFACE FEATURES. 

Natural drainage. Both these counties are wholly included within the 

basin of the Mississippi river; but about half of Douglas county, and nearly 

all of Pope county, send their waters to the Mississippi by the way of the 

Minnesota river. 

The Long Prairie river, tributary to 'the Crow Wing, drains the north

eastern and central portions of Douglas county, having its sources in lakes 

Miltona, Ida, Carlos, Le Homme Dieu, and others. Osakis lake, on the east 
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line of Douglas county, is the head of the Sauk river. The west part of this 

county is drained by the Chippewa river, excepting its northwest corner, where 

lake Christina lies within the basin of the Pomme de Terre river. 

In the east edge of Pope county Ashley creek, a tributary of the Sauk 

river, has its source in Westport lake; and the North fork of the Crow river 

takes its head-waters from Grove lake and others in Grove Lake township. 

The remainder of Pope county is drained by the Chippewa river, which flows 

southward through its west range of townships. The chief tributaries of this 

stream from Pope county are the Little Chippewa river, the creek which is the 

outlet of lakes Whipple and Emily, and the East branch of the Chippewa river, 

which flows south into Swift county and joins the main river near Benson. 

Lakes of large and small size abound in these counties, especially in the 

region within ten or fifteen miles around Alexandria. The most notable have 

been described as follows by Rev. C. M. Terry.* 
"The principal lake of Pope county is lake Whipple. t It has an average length of seven miles, and 

width of two miles. Its area is about 15 square miles. It is situated in the northern central part of 
Pope county. It lies very picturesquely at the foot of the great moraine, at an angle where its develop

ment is most typical. On the north and eastern sides the morainic hills rise irregularly above the lake 
to a hight offrom 50 to 200 feet. At the northern extremity of the lake the quiet little village of Glenwood 

consists of a few houses at the foot of the bluff. Going up to the top of this bluff, which is more than 

200 feet above the lake, one may enjoy as delightful a bit of natural scenery as there is in central Minne
sota. From this summit the prairie stretches back to the north and west quite flat and featureless. Lake 

Whipple seems to occupy the bottom of t. great basin around which the morainic hills of unusual boldness 

and hight gather on every side, except the west, where is the outlet of the lake into the Chippewa river. 
The depth of lake Whipple at the northeastern end, near Glenwood, varies from 12 to 30 feet. It is quite 

shallow along the western shores, and there are a number of sloughs and lakelets which drain into the 

larger lake. There are numerous springs about the northeast shore, and water is found in the wells of 

the village at depths of 14 to 40 feet. The water stratum is of sand underlying a bed of blue clay. The 
temperj1ture of the water, on the 13th of July, 1880, was 77° F. 

" Lake Reno, on the northern boundary of Pope county, is a prairie lake about four miles long and 

two miles wide. Its northeastern extremity is much narrower. It has an area of about six square miles. It 
is separated by a sand-bar from Maple lake on the north. The surrounding country is rolling prairie, nearly 

level. The banks of the lake show a subsoil of light yellowish clay. They are not more than 10 to 15 . 
feet above the water, and usually slope gently back, without any abrupt or precipitous shores at any 

point. The lake has an even clay bottom, and in the central part has an average depth of about 20 feet. 

There are very few reeds or rushes and no islands. At the northeastern end there is considerable timber, 

the principal forest trees being the oak, maple and basswood. The larger portion of the surrounding 

country is prairie. The water is slightly alkaline and of a yellowish hue, characteristic of broad and 

rather shallow lakes which are easily stirred to the bottom by the winds. The temperature of the water 

on the 28th of August was 72° F. The outlet of this lake in high water is into the Chippewa river. Its 
inlets are temporary streams from the adjoining prairies and sloughs. 

"The lakes of Douglas county are unsurpassed for the purity of their waterS, the beauty of their 

scenery and general attractiveness. A glance at the map will show that there is a large number of them. 

But it is not the l!umber so much as it is their beauty and variety which impresses anyone who studies 
them in detail. 

* "The Hydrology of Minnesota," in the Ninth annual report of this survey. 
t Formerly called White Bear lake, and recently lake Minnewaska. 
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"In the eastern half of Douglas county there is a ehain of lakes remarkahle lor their purity, depth 
and beauty. They are all connected and lie within a radius of a dozen miles of Alexandria. Beginning 
with the most northern and the highest of the chain, they are Irene, Miltona, Ida, Louise, Mill, Andrews, 
Mary, Lohster, Fish, Latoka, Cowdrey, Darling, Union, Bergan, Childs, Victoria, Geneva, Le Homme 
Dieu, Carlos. 

"Lake Miltona is the largest of the chain. It has an area of about nine s(luare miles. It is six or 
seven miles long from east to west, and about two miles wide. It has two inlet~, one at the eastern 
extremity and another at the northwestern. Its outlet on the southwestern side discharges into lake Ida. 
The lake has an elevation above the sea of a trifle over 1,400 feet. Its shores in many places are holel and 
rise ahruptly 20 to 40 feet above the water. They are covered with forests except in a few places. The 
Leal' hills to the north, dun and hazy iu the distance, are seen from the centre of the lake. There are 
large areas of the lake which are shallow, llnd the bottom i~ covered with a dense growth of aquatic 
plants. A.lthough a number of soundings were taken in different parts of the hlke, only one place of 
considerable dept.h wa.~ found where the line showed 80 feet of water; this was a little south of the centre. 
Other parts showed 30 to 50 feet, but the majority of soundings gave 14 to 25 feet. Owing to the amount 
of vegetation growing, the water is not as free from foreign matter as some lakes. It is, however, clear, 
sparkling with no tinge of yellow. There are some fine springs on the shores of thi~ lake; and some 
stately forest trees, sugar maple, elm and basswood, are flourishing. The temperature of the water on 
the 10th day of August wal:> 75° F: on the surface, 73.5° F. at the bottom. Air, 80° F. 

"Next in size and order is lake Ida. It is four and a half miles long and one to one and a half 
miles wide. It has an area of about five square miles. It lies east of the central drift ridge, which 
divides the waters of the county. The surrounding country is massively rolling drift, and on the eastern 
side is well timbered. The water is very pure and crystalline. The shores are strown with pebbles and 
small sub-angular bOUlders. There are very few reeds and rushes. I found the temperature of the water 
ou the 16th·of August to be 73° F.; air, 81°F. The iulet of lake Ida i~ at the northeru end, where it 
receives the surplus water of lake Miltoua. The outlet is at the southeast corner, at Alden's flour and 
saw mills, whence it flows south. 

"The charming little lake Latoka is only two miles from Alexandria. It is about one and a half 
miles long and half a mile wide. It lies in a deep and quite uniform basin. It has an average depth of 
fifty feet, the greatest being eighty feet. The bluffs around the north end at the outlet are from two to 
thirty feet high. The soil is sand and gravel, including some boulders. The water is remarkably pure 
and of a deep bottle-green color. The surrounding country is covered with forest. 

"Lake Cowdrey, a few rods north of Latoka, is smaller in area but a very pretty lake. Here the 
surplus waters from SOIUe twelve or fourteen other lakes combine and send a deep strong current north to 
lake Darling. 

" A sheet of water two miles long and a mile wide, surrounded by forests of stately trees, dry and 
bold shores, divided by a bar near the northern end into two basins, almost two lakes, this is lake Darling. 
The inlet at the southern extremity pours continually into this lake the surplus waters of a dozen others. 
The depth varies from sixteen to fifty feet. The water is clear and pure. 

"Lake Victoria receives the drainage from half a dozen smaller lakes at the south. There are two 
arms, an eastern and western; both have inlets and combine to form the main body of the lake. The western 
arm is much the larger. In this basin the great mass of the water lies. Its depth, near the centre, varies 
from 40 to 50 feet. The east arm is 30 to 40 feet deep. N ear the outlet the water becomes shallow and 
reeds are numerous. In the centre of the lower part of the lake the depths vary from 22 to 38. The 
water is not very pure; it contains a considerable amount of decaying vegetable matter, brought down 
from swamps and shallow lakes above. The shores of the Victoria are generally high and wooded. The 
banks, where exposed, are clay. A very short outlet, crossed by the Saint Paul, Minneapolis & Manitoba 
railway, brings us to the next link in the chain. 

"Lake Geneva is nearly two miles long and half a mile wide. Its waters are clearer than those of 
Victori~. In some parts it is also considerably deeper. Soundings VlI,rying from 30 to 60 feet were made 
in the south half of the lake. There is clay in the surrounding bluffs, which rise 10 to 20 feet above the 
water. The railway has made a long, high 'fill' at the inlet. In consequence of these facts the water 
holds in suspension considerable earthy matter, giving it at times a faint yellowish tinge . 

. " One of the charms of this chain of lakes and the country adjacent is the presence of fine, large, 
forest trees which the ravages of the 'woodman' have not laid low. FOT this reason the shores of these 
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"In the eastern half of Douglas county there is a chaiu of bkes rem::trkahle 101' their purity, depth 

and beauty. They are all connected and lie within a radius of ,t dozen miles of Alexandria. Beginning 

with the most northern and the highest of the chain, they are Irene, Miltom1, Ic1<1, Louise, Mill, Andrews, 

Mary, Lobster, Fish, Latoka, Cowdrey, Darling, Union, Bergan, Childs, Victorilt, Geneva, Le Homme 
Dieu, Carlos. 

"Lake Miltona is the largest of the chain. It ha,,; au tuea of about nine S(lUttre miles. It is six or 

seven miles long from east to west, and about two miles wide. It ha.s two inlets, one at the ea.stern 
extremity and another at the northwestern. It;; outlet on the southwestern side discharges into lake Ida. 

The lake has an elevation above the sea of [\ trifle over 1,400 feet. Its shores in ml1l1y places are hold nm1 

rise auruptly 20 to 40 feet above the water. They lue covered with forests except in a few pbces. The 

Let1e hills to the north, dun and hazy in the distance, are seen from the centre of the lake. There lue 

large areas of the lake which are shallow, and the bottom is covered with it dense growth of aquatic 

plants. A.lthough a numher of soundings were taken in different parts of th" hke, only one placc of 

considerable dept.h was found where the line showed 80 feet of water; this was a little south of the centre. 

Other parts showed 30 to 50 feet, hut the nU1jority of soundings gl1Ve 14 to 25 fect. Owing to the amount 

of vegetation growing, the water is not a.s free from foreign matter as some lttkes. It is, however, clear, 

sparkling with no tinge of yellow. There are some fine springs on the shores of this lake; and some 

stately forest trees, sugar maple, elm and bt1Sswood, are flourishing. The temperature of the water on 
the 10th day of August was 75° F: on the surface, 73.5° F. at the hottom. Air, 80° F. 

"N ext in size and order is lake Ida. It is four and a half miles long al1(l one to one and a half 

miles wide. It has an area of about five square miles. It lies east of the centml drift ridge, which 

divides the waters of the county. The surrounding country is massively rolling drift, and on the eastern 
side is well timbered. The water is very pure and crystalline. The shores are strown with pebbles and 

small suh-angular houlders. There are very few reeds and rushes. I found the temperature of the water 

ou the 16th of August to be 73° F.; air, SP F. The inlet of lake Ida is at the northern end, where it 

receives the surplus water of lake Miltona. The outlet is at the southeast corner, at Alden's flour and 
saw mills, whence it flows south. 

"The charming little lake Latoka is only two miles from Alexandria. It is about one and a half 
miles long and half a mile wide. It lies in a deep and quite uniform hasin. It has an aven'Lge depth of 

fifty feet, the greatest being eighty feet. The bluffs around the north end at the outlet are from two to 
thirty feet high. The soil is sand and gravel, including some houlders. The water is remarkahly pure 

and of a deep bottle-green color. The surrounding country is covered with forest. 

"Lake Cowdrey, a few rods north of Latoka, is smaller in area but a very pretty lake. Here the 
surplus waters from some twelve or fourteen other lakes combine and send a deep strong current north to 
lake Darling. 

" A sheet of water two miles long and a mile wide, surrounded by forests of st<ttely trees, dry and 

hold shores, divided by a bar near the northern end into two hasins, almost two lakes, this is lake Darling. 
The inlet at the southern extremity pours continually into this lake the surplus waters of a dozen others. 

The depth varies from sixteen to fifty feet. The water is clear and pure. 
"Lake Victoria receives the drainage from half a dozen smaller lakes at the south. There are two 
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lakes are particularly attractive as places of resort in summer, and are capable of such improvement at 

small expense as would make them delightful places of residence. 
"Lake Le Homme Dieu has a quite irregular shape and lies in two distinct depressions of unequal 

depth. The long point that runs out from the west side is continued under water by a bar extending 
more than half way across the lake. In the southern basin, not far from the inlet, the water is from 60 
to 75 feet deep. In various parts of this basin depths varying from 25 to 57 feet were found. The lower 
basin at the north end of the lake is larger and includes a deep bay on the west side, but on the whole this 
portion of the lake is shallower than the other. 

" As a whole, it is one of the most beautiful sheets of water in Minnesota. The shores are moder
ately high and well wooded. It is separated only by a narrow bar from lake Carlos. The water is clear 
and pure. In this respect there is a gradual improvement as we proceed down the chain. Geneva is purer 
than Victoria. Le Homme Dien is purer than Geneva, and Carlos is purest of them all. Temperature of 
lake Le Homme Dieu July 13th was 78° F.; air, 84°. 

"Lake Carlos is the gem of this group of lakes. It is the last and lowest of the series. It is the 
immediate source of Long Prairie river, which forms its outlet at the northeast corner. It has two inlets, 
one from lake Darling at the southern extremity, and the other from lake Le Homme Dieu. It thus 
receives the surplus waters of all the other lakes north and south and the drainage of six town
ships. The lake in some places is 150 feet deep, and there is a channel averaging about 50 feet deep, 
extending the entire length of the lake. The deepest area is not far from the Le Homme Dieu inlet. 
There are shallow areas where the water is only 5 to 10 feet deep, further down the lake. It is about 
five miles loug and a mile wide. The water is almost perfectly pure, of a deep bottle-green color. The 
color, however, varies with the sky and weather, and is sometimes a deep indigo and sometimes a light 
delicate blue. In this lake, as in many others which haTe been explored with the sounding line and 
other appliances for discovering what lies at the bottom, it was found that there are, under the level 
surface of the water, a variety of hill and dale, plateaus, ravines, abrupt declivities and gradual slopes 
very similar to the irregularities of the conntry around. Vegetation, too, flourishes beneath the waves as 
vigorously as on the main land, while the waters are thronged with fish of many species and of delicious 
flavor. 

"There are many indications about the shores of these lakes of former higher levels of water. 
There are old beaches and half-obscured terraces which show that the lakes were connected at uo very 
remote date. The whole of 'Alexandria prairie,' which lies between the two chains of lakes, is modified 
drift. The gravels, sands and clays are finely stratified and record the fact that at the close of the ice age 
some ancient river with gentle current flowed here, re-arranging and depositing in their present positions 
the materials which the glacier had brought down. 

"On the eastern boundary of Douglas county, but lying chiefly in Todd countYI is lake Osakis. It 
is about seven miles long. The southern part is a mile and a half to two miles wide. The northern part 
is narrow and deep. The depths at the upper end of the lake varied from 40 to 70 feet. Near Battle 
point 50 feet of water were found repeatedly. In the broader part of the lake there are large areas of 
shallow water, varying from five to fifteen feet, the average depth being about twenty-five feet. Arouud 
the southern part of the lake, the prairie slopes down gradually to the water's edge. Some of the shores 
are low and wet. At other points they are from ten to twenty feet above the water. The water varies 
in purity. In the deep parts at the north end it was quite pure. In shallow places and where the wind 
stirs the whole volume to the bottom, it has the yellowish hue characteristic of the more alkaline lakes 

" Among the hills in the southwestern part of Douglas county are a multitude of small lakes, the 
largest of which is lake Oscar. The surrounding country is rolling, and there are some abrupt declivities 
and massive hills of drift, whose summits are from 50 to 150 feet above the lakes. There is a fringe of 
oaks about the lake, and a forest on the northeast stretches away to Alexandria and beyond. Toward 
the west and south lies a prairie country. The outlet of lake Oscar, in high water, is into the Chippewa 
river. Its only tributaries are other and smaller lakes. The basin is subdivided by various points and bars. 
The outlet is very irregular. This interlocking of land and water gives the most charming scenery.. The 
shores are bold, being in several places 30 to 40 feet above the water .. The lake is about 30 feet deep in its 
largest basin, growing shallower, of course, about the shore's poiuts. The temperature of the water was 
75° F.; and of the air, 58° to 80° F. 

"In the extreme northwestern part of the county is lake Christina, which has an area of about six 
square miles, but is very shallow. The water is decidedly yellow and muddy. It is full of reeds and 
rushes. Its shallow depths and the rills and runlets pouring down from clay deposits keep it looking 
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very much like Missouri river water. It is rather exceptional in this respect among the lakes of this 
region. " 

Topography. The south edge of the great terminal moraine called the 

Leaf hills extends into Lund along the north side of lake Christina, and into 

~li1lerville north of lakes Moses and Aaron. Its elevations in these townships 

along the north line of Douglas county are 100 to 250 feet above the lakes, or 

1,300 to 1,600 feet above the sea. 

At the highest point of the Leaf hills in Otter Tail county, fifteen miles 

south of the Leaf lakes, a morainic belt branches off' nearly at right angles from 

the range of the Leaf hills and extends southeast into Douglas county. In the 

first few miles this moraine decreases in hight from 200 to 75 feet. At the 

north line of Douglas county it divides into two divergent belts, both showing 

a rough and broken surface, though the hills of each are only 75 feet or less 

in hight. One of these continues southeast and east through Spruce Hill town

ship into Todd county; the other runs south-southwest to the northwest side 

of lake Miltona, along the west side of lake Ida, by Elk lake and the west part 

of lake Lobster, to the conspicuous hills, about 150 feet high, at the southwest 

corner of Moe. Each of these belts averages about one mile wide. The latter 

in its farther extent, seems to lead by a continuous course from the prominent 

Leaf hills to the almost equally noteworthy morainic range which extends 

. through a distance of forty miles in southern Pope and northern Kandiyohi 

counties. 

From the hills in Moe and the northeast part of Solum, lying on the north 

and west sides of lake Oscar, this terminal moraine, seldom much elevated 

above the adjacent country, but distinguished by its irregular hills and hollows, 

continues with an average width of about one mile, first southwest and south 

twelve miles to the bridge across the Chippewa river in section 32, Nora; then 

southeast, east, and east-northeast eighteen miles, passing along the north side 

of lake Whipple to Glenwood. It will probably be found traceable, also, by 

low knolls and ridges, from the bridge in Nora southeast to the hills in Blue 

Mounds township. Abo~t three miles southwest from the course of this mo

rame, a roughly broken tract of morainic hillocks and ridges was noted in 

section 30 and 31, New Prairie. 

On the north side of lake Whipple (also called White Bear lake, or, more 

recently, lake Minnewaska), within a half mile or so back from its shore, very 

irregular morainic bluff's rise 150 to 200 feet or more. This ascent forms the 
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Leaf hills extends into Lund along the north side of lake Christina, and into 

~lillerville north of lakes Moses and Aaron. Its elevations in these townships 

along the north line of Douglas county are 100 to 260 feet above the lakes, or 

1,300 to 1,600 feet above the sea. 

At the highest point of the Leaf hills in Otter Tail county, fifteen miles 

south of the Leaf lakes, a morainic belt branches off nearly at right angles from 

the range of the Leaf hills and extends southeast into Douglas county. In the 

first few miles this moraine decreases in hight from 200 to 76 feet. At the 

north line of Douglas county it divides into two divergent belts, both showing 

a rough and broken surface, though the hills of each are only 76 feet or less 

in hight. One of these continues southeast and east through Spruce Hill town

ship into Todd county; the other runs south-southwest to the northwest side 

of lake Miltona, along the west side of lake Ida, by Elk lake and the west part 

of lake Lobster, to the conspicuous hills, about 160 feet high, at the southwest 

corner of Moe. Each of these belts averages about one mile wide. The latter 

in its farther extent, seems to lead by a continuous course from the prominent 

Leaf hills to the almost equally noteworthy morainic range which extends 

. through a distance of forty miles in southern Pope and northern Kandiyohi 

counties. 

From the hills in Moe and the northeast part of Solum, lying on the north 

and west sides of lake Oscar, this terminal moraine, seldom much elevated 

above the adjacent country, but distinguished by its irregular hills and hollows, 

continues with an average width of about one mile, first southwest and south 

twelve miles to the bridge across the Chippewa river in section 32, Nora; then 

southeast, east, and east-northeast eighteen miles, passing along the north side 

of lake Whipple to Glenwood. It will probably be found traceable, also, by 

low knolls and ridges, from the bridge in Nora southeast to the hills in Blue 

Mounds township. Abo~t three miles southwest from the course of this mo

rame, a roughly broken tract of morainic hillocks and ridges was noted in 

section 30 and 31, New Prairie. 

On the north side of lake Whipple (also called White Bear lake, or, more 

recently, lake Minnewaska), within a half mile or so back from its shore, very 
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margin of a gently undulating plateau which extends indefinitely northward, 

with an average elevation about the same as the top of these bluff's. At Glen

wood the moraine bends southward around the east end of the lake, and thence 

it appears to be represented by prominent hills along the line between Barsness 

and Chippewa Falls, joining the well-marked morainic range of ~outhern Pope 

county at a point ten miles south of Glenwood. 

The township of Blue Mounds takes its name from the hills of this moraine, 

which rises into prominence about two miles northeast from the east end of 

lake Emily, and )xtends in a range of very irregular contour, 150 to 200 feet 

high, or about 1,250 to 1,350 feet above sea-level, east along the south side 

of Signalnes creek, east-southeast through Barsness, by the north side of 

Woodpecker lake, and between Scandinavia lake and Chippewa Falls, and 

thence southeast to the south side of Lake Johanna township, where it enters 

Kandiyohi county. The road from the west end of lake Whipple to Benson 

first crosses massively hilly land, 150 feet high, then descends about 100 feet 

to Signalnes creek, and next climbs about 12.1) feet among the picturesque 

ridges and ~hillocks of the moraine, reaching a point only 30 or 40 feet below 

its highest summits, which lie within one and a half miles eastward. The 

range here consists mainly of steep ridges of variable hight and length, some

times a half mile long, running from west to east, with many enclosed irregular 

hollows. The road from Glenwood to Benson also passes over high swells 

north of this moraine, whose short, prominent west-to-east ridges it crosses in 

sections 20 and 29, Barsness. A beautiful little lake is seen here in a deep 

hollow of these hills below the road at its west side. Upon reaching the top 

of the moraine by these roads, one unexpectedly discovers yet higher land 

within a few miles at the south and southwest, where the north part of Langhei 

consists wholly of massive swells and hills of till, 50 to 75 feet above the 

enclosed depressions and lakelets. The highest portion of this area, in section 

11, rises fully 100 feet above the moraine, or about 1,450 feet above the sea. 

The view from it southward and westward overlooks, a gently undulating, but 

in the distance apparently level, tract, 300 to 400 feet lower, extending to the 

horizon. On the western slope of this highland, typically morainic contour 

in very irregular knolls was observed in or near section 18, Langhei. 

The western and southern part of Chippewa Falls gradually becomes more 

and more hilly as we approach the morainic series at the south and west sides 
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of this township. From Pope summit, a quarter of a mile north of the village 

and about 125 feet above the dam, the northwest to southeast range of the 

terminal moraine is seen rising to about equal hight two miles farther south. 

This belt of drift hills crosses Gilchrist southeasterly, and in section 5 of this 

township is itself crossed by the I~ast branch of the Chippewa river. Again, 

in sections 29, 30 and 31, Lake .Johanna, it is intersected by Mud creek. At 

the southwest side of lake .J ohanna a prominent mass of highland rises 125 

feet or so above this lake. Its southwest margin, in section :30, descends in 

rough and broken morainic outlines, forming a part of this series. Here and 

in its farther course through Kandiyohi county, its highest points are about 

1,250 or 1,300 feet above the sea, being 75 to 100 feet above the general level. 

Most of northwestern Douglas county, between the Leaf hills and lake 

Christina on the north and the moraine that extends from lakes Miltona and 

Ida southwest to lake Oscar, is prominently rolling till, rising with smooth 

slopes in swells 30 to 50 feet above the depressions and lakes. The most 

rolling portion of this area is found in the west part of Ida and on a belt several 

miles wide next southwest from the Saint Paul, Minneapolis & Manitoba rail

way. Northwest from Brandon station a tract of moderately undulating and 

partly level gravel and sand, belonging to the modified drift, extends to the 

Chippewa river; and in Millerville nearly level modified drift extends two or 

three miles south and east from lake Moses, having a hight of 20 to 40 feet 

above this lake. The same formation of gravel and sand continues northward 

on the east side of lake Aaron to the moraine, but in this portion it has a mod

erately undulating surface. 

The southwest edge of Douglas county, west and south from Red Rock 

lake, is a somewhat lower and gently undulating expanse of till. In the 

south part of this county, southeast from the moraine, Holmes City, Lake Mary 

and the west half of La Grand are undulating or rolli~g till, with elevations 20 

to 40 feet above the hollows. The morainic hills of till west of lake Ida and 

north of the west part of fake Miltona, 75 to 100 feet high, are quite in contrast 

with the moderately undulating or often nearly level till which covers central 

and southeastern Miltona and continues thence south through Carlos and 

Alexandria, the east part of Hudson, the south part of Belle' River, and Osakis 

and Orange. • 

In northeastern Miltona and Spruce Hill the morainic belt consists chiefly 

DOUGLAB AND POPE COUNTIEB. 477 
Topography.) 

of this township. From Pope summit, a quarter of a mile north of the village 

and about 125 feet above the dam, the northwest to southeast range of the 

terminal moraine is seen rising to about equal hight two miles farther south. 

This belt of drift hills crosses Gilchrist southeasterly, and in section 5 of this 

township is itself crossed by the East branch of the Chippewa river. Again, 

in sections 29, 30 and 31, Lake ,Johanna) it is intersected by Mud creek. At 

the southwest side of lake .J ohanna a prominent mass of highbnll rises 125 

feet or so above this lake. Its southwest margin, in section :30, descends in 

rou~h and broken morainic outlines, forming a part of this series. Here and 

in its farther course through Kandiyohi county, its highest points are about 

1,250 or 1,300 feet above the sea, being 75 to 100 feet above the general level. 

Most of northwestern Douglas county, between the Leaf hills and lake 

Christina on the north and the moraine that extends from lakes Miltona and 

Ida southwest to lake Oscar, is prominently rolling till, rising with smooth 

slopes in swells 30 to 50 feet above the depressions and lakes. The most 

rolling portion of this area is found in the west part of Ida and on a belt several 

miles wide next southwest from the Saint Paul, Minneapolis & Manitoba rail

way. Northwest from Brandon station a tract of moderately undulating anll 

partly level gravel and sand, belonging to the modified drift, extends to the 

Chippewa river; and in Millerville nearly level modified drift extends two or 

three miles south and east from lake Moses, having a hight of 20 to 40 feet 

above this lake. The same formation of gravel and sand continues northward 

on the east side of lake Aaron to the moraine, but in this portion it has a mod

erately undulating surface. 

The southwest edge of Douglas county, west and south from Red Rock 

lake, is a somewhat lower and gently undulating expanse of till. In the 

south part of this county, southeast from the moraine, Holmes City, Lake Mary 

and the west half of La Grand are undulating or rolli~g till, with elevations 20 

to 40 feet above the hollows. The morainic hills of till west of lake Ida and 

north of the west part of fake Miltona, 75 to 100 feet high, are quite in contrast 

with the moderately undulating or often nearly level till which covers central 

and southeastern Miltona and continues thence south through Carlos and 

Alexandria, the east part of Hudson, the south part of Belle' River, and Osakis 

and Orange. • 
In northeastern Miltona and Spruce Hill the morainic belt consists chiefly 

DOUGLAB AND POPE COUNTIEB. 477 
Topography.) 

of this township. From Pope summit, a quarter of a mile north of the village 

and about 125 feet above the dam, the northwest to southeast range of the 

terminal moraine is seen rising to about equal hight two miles farther south. 

This belt of drift hills crosses Gilchrist southeasterly, and in section 5 of this 

township is itself crossed by the East branch of the Chippewa river. Again, 

in sections 29, 30 and 31, Lake ,Johanna) it is intersected by Mud creek. At 

the southwest side of lake .J ohanna a prominent mass of highbnll rises 125 

feet or so above this lake. Its southwest margin, in section :30, descends in 

rou~h and broken morainic outlines, forming a part of this series. Here and 

in its farther course through Kandiyohi county, its highest points are about 

1,250 or 1,300 feet above the sea, being 75 to 100 feet above the general level. 

Most of northwestern Douglas county, between the Leaf hills and lake 

Christina on the north and the moraine that extends from lakes Miltona and 

Ida southwest to lake Oscar, is prominently rolling till, rising with smooth 

slopes in swells 30 to 50 feet above the depressions and lakes. The most 

rolling portion of this area is found in the west part of Ida and on a belt several 

miles wide next southwest from the Saint Paul, Minneapolis & Manitoba rail

way. Northwest from Brandon station a tract of moderately undulating anll 

partly level gravel and sand, belonging to the modified drift, extends to the 

Chippewa river; and in Millerville nearly level modified drift extends two or 

three miles south and east from lake Moses, having a hight of 20 to 40 feet 

above this lake. The same formation of gravel and sand continues northward 

on the east side of lake Aaron to the moraine, but in this portion it has a mod

erately undulating surface. 

The southwest edge of Douglas county, west and south from Red Rock 

lake, is a somewhat lower and gently undulating expanse of till. In the 

south part of this county, southeast from the moraine, Holmes City, Lake Mary 

and the west half of La Grand are undulating or rolli~g till, with elevations 20 

to 40 feet above the hollows. The morainic hills of till west of lake Ida and 

north of the west part of fake Miltona, 75 to 100 feet high, are quite in contrast 

with the moderately undulating or often nearly level till which covers central 

and southeastern Miltona and continues thence south through Carlos and 

Alexandria, the east part of Hudson, the south part of Belle' River, and Osakis 

and Orange. • 
In northeastern Miltona and Spruce Hill the morainic belt consists chiefly 



478 THE GEOLOGY OF MINNESOTA. 
[Topography. 

of kame-like, short, disconnected ridges of coarse gravel,20 to 30 or rarely 40 

feet high, most frequently ~rending from west to east or approximately so. 

North and south of this belt are tracts of level modified drift, only 10 to 25 

feet above the streams; that south of the moraine occupies the north half of 

Belle River township, and continues westward on the south side of the Long 

Prairie river to lake Carlos. 

Another tract of modified drift, consisting for the most part of level or 

slightly undulating sand and gravel, extends eight or nine miles south from 

Alexandria, through the west half of Hudson; and the same formation with a 

more rolling surface, in swells and plateaus 25 to 50 feet above the depressions 

and lakes, also reaches three or four miles west and northwest from Alexandria, 

through the east half of La Grand. Kames of coarse gravel, forming short 

ridges, 10 to 30 feet high, were noted near the Maple lake school-house in 

section 29, Hudson. 

In western Pope county the Chippewa and Little Chippewa rivers have 

cut valleys about 40 feet below the moderately undulating surface of the till 

on each side and from a fourth to a half of a mile or more in width, this area 

of bottomland being partly or wholly alluvial gravel and sand. The winding 

valley eroded in the sheet of till through the north part of Blue Mounds town

ship by the outlet of lake Whipple or Minnewaska, is fully 100 feet deep and 

a third to a half of a mile wide. In section 8 the bottom of this valley seems 

to be till, with no considerable alluvial deposits; but at the mouth of the lake 

a level tract of gravel and sand a half mile wide borders the creek, with a 

hight only 5 to 10 feet above it. 

The greater part of Pope county is undulating or rolling till, in smooth, 

broad swells 20 to 40 feet above the intervening hollows, and elevated 150 to 

250 feet above the remarkable basin which holds lake Whipple. On the south 

and west borders of the county, however, the southwest part of Gilchrist, the 

eastern two-thirds of Rolling Fork, the south edge of Langhei, most of Hoff 

and Walden, and the southwest half of New Prairie, have only about the same 

hight as lake Whipple, but are otherwise like the higher areas in material and 
contour. 

A very interesting tract of modified drift, six to eight miles wide, extends 

from Glenwood sout~east into Stearns and Kandiyohi counties. It consists of 

stratified gravel and sand, in part undulating or rolling in smooth swells 25 to 
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40 feet above the depressions, in part forming level-topped plateaus 40 to 75 

or even 90 feet above adjacent lakes, and in part having a flat surface only a 

few feet above the lakes, sloughs and water-courses. This tract includes much 

of Glenwood, the northeastern· two-thirus of Chippewa Falls, the west and 

south portions of Grove Lake, and all of Lake Johanna township excepting 

the morainic belt in its southwest part. Its hight in Pope county is from 200 

to 100 feet above lake Whipple, descending eastward. In a later part of this 

chapter, with the discussion of the origin and mode of deposition of this modi

fied drift, a more detailed description of its contour will be given. 
Ele/mUons, Fergu.9 Falls line, Saint PCI:l!I, Minneapolis & Manitoba railwa.lj. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Osakis 
Summit, cutting 7 feet; grade 
~elson 

Summit, cutting 9 feet; grade 
Outlet from lake Victoria to lake Geneva, water, 1353; grade -
Summit, cutting 14 feet; grade 
Alexandria 
Long Prairie river north of Mill lake, water, 1347; grade 
Garfield 
Summit, cutting 13 feet; grade, highest on the line 
Aldrich lake, water, 1389; grade -
Brandon 
Chippewa river, water, 1337; grade 
Evansville 
Summit, cutting 30 feet; grade 
Outlet from lake Christina to Pelican Jake, water, --; grade 

Miles from 
R~tint Paul. 

130.4 
l:{Z.4 

135.fJ 

137.8 
1:3H.U 

140.2 

141.4 
144.4 

148.2 
149.7 

151.7 
153.8 

1.57.0 
1.59.0 

160.0 
165.4 

Elevations, Little Fal/.s & Dakota mil'road (leased by Northcr1/. Pacific railroad). 

From profiles in the office of S. D. MaI!Ion, engineer, Saint Paul. 

Sauk Center -
Westport 
Ashley creek, a half mile below Westport lake, hottom, 1317; grade 

Villard -
Lakes Villard and Amelia, water, 1345; grade 
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Pomme de Terre river, bottom, 1075; grade 

Morris 

Miles from 
Little Falls. 

37.0 

47.8 
48.7 
;')2.7 

54.2 
59.2 

59.6 
61.7 
64.2 
67.1 

68.3 

68.5 

72.7 

74.6 

78.3 

78.8 

82.4 

86.0 
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40 feet above the depressions, in part forming level-topped plateaus 40 to 75 

or even 90 feet above adjacent lakes, and in part having a flat surface only a 

few feet above the lakes, sloughs and water-courses. This tract includes much 

of Glenwood, the northeastern· two-thirds of Chippewa Falls, the west and 

south portions of Grove Lake, and all of Lake Johanna township excepting 

the morainic belt in its southwest part. Its hight in Pope county is from 200 

to 100 feet above lake Whipple, descending eastward. In a later part of this 

chapter, with the discussion of the origin and mode of deposition of this modi

fied drift, a more detailed description of its contour will be given. 
Elevations, Fergus Falls linf, Saint Pa,nl, Minneapolis & Manitoba mil-wa/}. 

From profiles in the office of Col. C. C. Smith, engineer, SrLint Paul. 
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Evansville 
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480 THE GEOLOGY OF MINNESOTA. 
I Soil and timb~r. 

Osakis lake is about 1,310 feet, and lakes Winona and Agnes, close west 

and north of Alexandria, are about 1,365 feet above the sea. The survey for 

the Little Falls & Dakota railroad determined the hight of Westport lake, 

about 1,320, lakes Villard and Amelia, 1,345, and lake Whipple, 1,131 feet. 

Lake Reno is approximately 1,400, lake Johanna, 1,200, and lake Emily, 

1,080 feet above sea-level. 

The highest land of Douglas county is on or near the north line of Miller

ville, which crosses the border of the Leaf hills, attaining at a few points a 

hight about 1,600 feet ttbove the sea. The other portions of this county 

are from 100 to 400 feet lower, its lowest land being the shore of lake Christina, 

which is about 1,21.5 feet above the sea, or the valley of the Chippewa,river 

at the southwest corner of the county, which has nearly the same elevation. 

Estimates of the average higb.ts of the townships of Douglas county are as 

follows: Spruce Hill, 1,400 feet above the sea; Belle River, 1,340; Osakis, 

1,360; Orange, 1,37.5; Miltona, 1,440; Carlos, 1,375; Alexandria, 1,380; 

Hudson, 1,390; Leaf Valley, 1,420; Ida, 1,425; La Grand, 1,390; Lake Mary, 

1,400; Millerville, 1,440; Chippewa, 1,390; Moe, 1,420; Holmes City, 1,410; 

Lund, 1,3:30; Evansville, 1,350; Urness, 1,360; and Solum, 1,350. The 

mean elevation of Douglas county, derived from these figures, is approximately 

1,385 feet. 

In Pope county the greatest elevations are attained in portions of Levan 

and Reno townships and the highland in the northeast part of Langhei, which 

are 1,425 to 1,450 feet above the sea. The lowest land is the valley of the 

Chippewa river on the south line of Hoff, about 1,040 feet above sea-level. 

The average hights of townships are estimated as follows: Westport, 1,375 

feet; Grove Lake, 1,3215; Bangor, 1,275; Lake Johanna, 1,250; Levan, 1,400; 

Glenwood, 1,300; Chippewa Falls, 1,300; Gilchrist, 1,225; Reno, 1,380; 

Barsness, 1,280; Rolling Fork, 1,180; Ben Wade, 1,350; White Bear Lake, 

1,260; Blue Mounds. 1,2.50; Langhei, 1,250; Nora, 1,300; New Prairie, 

1,200; Walden, 1,140; and Hoff, 1,100. Th~ mean elevation of Pope county, 

derived from these figures, is approximately 1,275 feet. 

Soil and timber. The black soil, one to two feet thick, is the upper part 

of the glacial and modified drift covering these counties, thus colored and 

made fertile by the decay of vegetation during many centuries. The carbon

ates of lime and magnesia, in the form of magnesian limestone boulders, pebbles 

480 THE GEOLOGY OF MINNESOTA. 
ISoil and timber. 

Osakis lake is about 1,310 feet, and lakes Winona and Agnes, close west 

and north of Alexandria, are about 1,365 feet above the sea. The survey for 

the Little Falls & Dakota railroad determined the hight of Westport lake, 

about 1,320, lakes Villard and Amelia, 1,345, and lake Whipple, 1,131 feet. 

Lake Reno is approximately 1,400, lake Johanna, 1,200, and lake Emily, 

1,080 feet above sea-level. 

The highest land of Douglas uounty is on or near the north line of Miller

ville, which crosses the border of the Leaf hills, attaining at a few points a 

hight about 1,600 feet above the sea. The other portions of this county 

are from 100 to 400 feet lower, its lowest land being the shore of lake Christina, 

which is about 1,21.5 feet above the sea, or the valley of the Chippewa,river 

at the southwest cornel' of the county, which has nearly the same elevation. 

Estimates of the average high.ts of the townships of Douglas county are as 

follows: Spruce Hill, 1,400 feet above the sea; Belle River, 1,340; Osakis, 

1,360; Orange, 1,37.5; Miltona, 1,440; Carlos, 1,375; Alexandria, 1,380; 

Hudson, 1,390; Leaf Valley, 1,420; Ida, 1,425; La Grand, 1,390; Lake Mary, 

1,400; Millerville, 1,440; Chippewa, 1,390; Moe, 1,420; Holmes City, 1,410; 

Lund, 1,3:30; Evansville, 1,350; Urness, 1,360; and Solum, 1,350. The 

mean elevation of Douglas county, derived from these figures, is approximately 

1,385 feet. 

In Pope county the greatest elevations are attained in portions of Levan 

and Reno townships and the highland in the northeast part of Langhei, which 

are 1,425 to 1,450 feet above the sea. The lowest land is the valley of the 

Chippewa river on the south line of Hoff, about 1,040 feet above sea-level. 

The average hights of townships are estimated as follows: Westport, 1,375 

feet; Grove Lake, 1,326; Bangor,1,275; Lake Johanna, 1,250; Levan, 1,400; 

Glenwood, 1,300; Chippewa Falls, 1,300; Gilchrist, 1,225; Reno, 1,380; 

Barsness, 1,280; Rolling Fork, 1,180; Ben Wade, 1,350; White Bear Lake, 

1,260; Blue Mounds, 1,2.50; Langhei, 1,250; Nora, 1,300; New Prairie, 

1,200; Walden, 1,140; and Hoff, 1,100. The mean elevation of Pope county, 

derived from these figures, is approximately 1,275 feet. 

Soil and timber. The black soil, one to two feet thick, is the upper part 

of the glacial and modified drift covering these counties, thus colored and 

made fertile by the decay of vegetation during many centuries. The carbon

ates of lime and magnesia, in the form of magnesian limestone boulders, pebbles 

480 THE GEOLOGY OF MINNESOTA. 
ISoil and timber. 

Osakis lake is about 1,310 feet, and lakes Winona and Agnes, close west 

and north of Alexandria, are about 1,365 feet above the sea. The survey for 

the Little Falls & Dakota railroad determined the hight of Westport lake, 

about 1,320, lakes Villard and Amelia, 1,345, and lake Whipple, 1,131 feet. 

Lake Reno is approximately 1,400, lake Johanna, 1,200, and lake Emily, 

1,080 feet above sea-level. 

The highest land of Douglas uounty is on or near the north line of Miller

ville, which crosses the border of the Leaf hills, attaining at a few points a 

hight about 1,600 feet above the sea. The other portions of this county 

are from 100 to 400 feet lower, its lowest land being the shore of lake Christina, 

which is about 1,21.5 feet above the sea, or the valley of the Chippewa,river 

at the southwest cornel' of the county, which has nearly the same elevation. 

Estimates of the average high.ts of the townships of Douglas county are as 

follows: Spruce Hill, 1,400 feet above the sea; Belle River, 1,340; Osakis, 

1,360; Orange, 1,37.5; Miltona, 1,440; Carlos, 1,375; Alexandria, 1,380; 

Hudson, 1,390; Leaf Valley, 1,420; Ida, 1,425; La Grand, 1,390; Lake Mary, 

1,400; Millerville, 1,440; Chippewa, 1,390; Moe, 1,420; Holmes City, 1,410; 

Lund, 1,3:30; Evansville, 1,350; Urness, 1,360; and Solum, 1,350. The 

mean elevation of Douglas county, derived from these figures, is approximately 

1,385 feet. 

In Pope county the greatest elevations are attained in portions of Levan 

and Reno townships and the highland in the northeast part of Langhei, which 

are 1,425 to 1,450 feet above the sea. The lowest land is the valley of the 

Chippewa river on the south line of Hoff, about 1,040 feet above sea-level. 

The average hights of townships are estimated as follows: Westport, 1,375 

feet; Grove Lake, 1,326; Bangor,1,275; Lake Johanna, 1,250; Levan, 1,400; 

Glenwood, 1,300; Chippewa Falls, 1,300; Gilchrist, 1,225; Reno, 1,380; 

Barsness, 1,280; Rolling Fork, 1,180; Ben Wade, 1,350; White Bear Lake, 

1,260; Blue Mounds, 1,2.50; Langhei, 1,250; Nora, 1,300; New Prairie, 

1,200; Walden, 1,140; and Hoff, 1,100. The mean elevation of Pope county, 

derived from these figures, is approximately 1,275 feet. 

Soil and timber. The black soil, one to two feet thick, is the upper part 

of the glacial and modified drift covering these counties, thus colored and 

made fertile by the decay of vegetation during many centuries. The carbon

ates of lime and magnesia, in the form of magnesian limestone boulders, pebbles 



DOUGLAS AND POPE COUNTIES. 481 
Geologicalstruoture.] 

and fine detritus, are an important ingredient of the drift, contributing much 

to the productiveness of the soil, and also making the water of wells and 

springs hard. Alkaline matter is not present in appreciable quantity. Wheat 

and other grains, sorghum, potatoes and other vegetables, live stock, butter 

and cheese, are the chief agricultural products. 

Douglas county is well supplied with timber, about half of its area being. 

wooded. This forest extends from Miltona, Spruce Hill and Belle River, its 

most northeastern townships, southwestward to lakes Andrews, Mary and 

Oscar. Southeast of this belt, the south edge of Osakis and most of Orange 

and Hudson are prairie. In the Iforthwest part of Douglas county a strip of 

timber two or three miles wide, consisting partly of oak openings, extends 

from lake Miltona westerly to Chippewa lake and into Millerville and Lund. 

Besides this, most of the lakes are fringed with woods. 

Pope county is mainly prairie; but timber usually borders the lakes and 

the larger streams. It is wanting, however, along much of the course of the 

Chippewa river. Its heaviest growth is found on the chain of lakes in the 

east part of Levan, and on the shore and bluffs of lake Whipple. At the east 

end of this lake, one to two miles south of Glenwood, it has a width of nearly 

a mile. Small oaks and poplars cover considerable portions of the northern 

township of Grove Lake. 

The forest about lake Whipple consists mostly of bur oak, basswood, elm, 

box-elder, green ash, silver and sugar maples, wild plum, poplar and cotton

wood, the last being frequent along the lake-shore; and the shrubs include 

prickly ash, hazel-nut, smooth sumach, frost grape, and climbing bitter-sweet. 

Several trees and shrubs that are common in northern Minnesota reach their 

southern limit in Spruce Hill township, the most northeastern of Douglas 

county, namely, black spruce, balsam fir, white pine, and the beaked hazel-nut. 

In this township, also, the paper or canoe birch, balsam poplar and blueberries 

are plentiful, but they are rare or absent farther flouthwest. 

GEOLOGICAL STRUCTURE. 

These counties are entirely covered by the glacial and modified drift, 

and no exposures of the underlying formations have been observed during this 

survey. Mr. J. H. Kloos, however, in connection with his notes on the Cre-
61 
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taceous beds near Richmond in Stearns county, adds: "At only one more 

locality have I succeeded so far in finding the same clay. This is on the north 

shore of White Bear lake in Pope county, near Glenwood, a village situated 

forty-two miles west of Richmond, and seventy-five miles west of the Mis

SISSIppi. Here it makes its appearance under a cover of drift, which must be 

at least 200 feet thick and in which all of the beautiful landscape has been 

shaped, which has made Glenwood a favorite resort for tourists and pleasure

seekers." It seems very probable that Cretaceous strata exist in the lower 

part of the bluffs bordering this lake, and that they may be exposed in some 

of the ravines. Considerable masses of lignite, from a few inches to about a 

foot in diameter, have been found occasionally among the gravel and boulders 

of the lake-shore. These were doubtless derived from seams of lignite in 

Cretaceous deposits contemporaneous with those seen in the neighborhood of 

Richmond; and such may form the bed of the lake and the base of its bluffs, 

covered superficially by drift fallen from above. Small pieces of lignite are 

also found frequently in the glacial drift of this region and of all western Min

nesota, as by well-digging and railroad-grading. They show that much of this 

drift has been supplied by the erosion of Cretaceous strata; and the lumps of 

lignite found along the lake near Glenwood may have come thus, like the 

boulders on the shore, immediately from the glacial drift. 

The thickness of the drift in Douglas and Pope counties is probably from 

100 to 250 feet. Its bottom has not been reached by wells, and this estimate 

is derived from its known thickness on adjoining areas. The greater part of 

this formation is till or the modified glacial drift, called also -boulder-clay or 

hardpan, deposited by the ice-sheet without modification by water. With this 

are associated beds of modified drift or gravel, sand and clay, which were 

gathered from the ice, assorted and laid down by the waters set free by glacial 

melting. The topographic features of the drift, excepting the belt of modified 

drift in eastern Pope county 4 and its composition or material, excepting the 

terminal moraines, have been sufficiently described in an earlier part of this 

chapter. Its modes of deposition remain to be discussed, together with the 

stages in the recession of the ice-sheet. 

Terminal moraines. It seems proper to give here a somewhat detailed 

statement of the characters of the drift accumulations called terminal moraines , 
on account of a difference in opinion concerning the method of formation of the 
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this formation is till or the modified glacial drift, called also -boulder-clay or 

hardpan, deposited by the ice-sheet without modification by water. With this 

are associated beds of modified drift or gravel, sand and clay, which were 

gathered from the ice, assorted and laid down by the waters set free by glacial 

melting. The topographic features of the drift, excepting the belt of modified 

drift in eastern Pope county .. and its composition or material, excepting the 

terminal moraines, have been sufficiently described in an earlier part of this 

chapter. Its modes of deposition remain to be discussed, together with the 

stages in the recession of the ice-sheet. 

Terminal moraines. It seems proper to give here a somewhat detailed 

statement of the characters of the drift accumulations called terminal moraines , 
on account of a difference in opinion concerning the method of formation of the 
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series of drift hills and ridges in Blue Mounds and Barsness.* To the writer this 

seems to be quite certainly a terminal (that is, marginal or peripheral) moraine 

formed on the northern border of the ice-lobe which extended from the Red river 

valley southeastward. Professor Winchell, on the other hand, attributes its 

formation to the action of waters flowing eastward along this course in a trough

like hollow enclosed on the south and north by confluent portions of the ice

sheet, which sloped down from each side to this line, making it an avenue of 

drainage. A brief general description of the distinguishing features of terminal 

moraines will also be further useful, because they form the most noteworthy 

part of the geography and geology of several counties, as Otter Tail, Becker, 

Todd and Morrison, which are the subject of later chapters in this volume. 

The most conspicuous deposits of an alpine glacier are its terminal mo

raine, or the heaps of rock-fragments and detritus which it carries forward to 

its termination. This frontal line often remains at nearly the same place 

through many years. The flowing ice continues to this limit, where it is melted, 

and the materials which have fallen upon its surface from bordering cliffs, or 

which it has plowed up from below, are here left at its end in heaps, ridges 

and hillocks, of very irregular contour, due to slight retreats and advances of 

the ice-front, and of greater amount than the deposits which appear upon the 

area over which it moved, exposed when any climatal change causes the glacier 

to retreat a considerable distance. Across the northern United States, from 

Nantucket and Cape Cod to Dakota and farther northwestward in the British 

possessions, are found similar but much greater accumulations of drift which 

appear to have been amassed along the boundaries of the ice-sheet of the last 

glacial epoch. 

Prof. T. C. Chamberlin's observations of the terminal deposits of glaciers 

in the Alps, examined for comparison with the terminal moraines of the North 

American ice-sheet, indicate very clearly a similarity of origin. He writes as 

follows:t 
"The Rhone glacier surpasses all others visited in its instructiveness in relation to the drift 

deposits. After a course of nearly fifteen miles, it descends precipitously, like a gigantic frozen cascade, 
into the valley of the Rhone, where it finds a broader area and more gentle slope. Here its foot spreads 
out into a flat semicircular form. . . . It is now retreating at a rapid rate. . . . As it bears but 
little detritus on its surface, its abandoned ground moraine is well exposed to study. . . . The 
ground moraine here consists mainly of rounded and scratched boulders, gravel and sand, with but little 
clay, and only a small proportion of angular blocks that cannot be traced distinctly to the medial or 

.. Professor Winchell's description of the Blue Mounds ridges is contained in the thirteenth report. 
t Annual report oj the Wisconsin Geological Survey jor 1878. 
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lateral moraines. The surface contour is slightly, though not conspicuously, ridged. The more abrupt 

side of these little ridges is toward the glacier, and their trend is in the main approximately parallel to 

the edge of the glacier, though sometimes notably oblique. 

"If we now approach the foot of the glacier, we shall find this morainic sheet of detritus passing 

without notable change or interruption beneath the ice. The appearance is as though a stationary mass 

of ice had formed on the surtace of a bed of boulders and gravel and was now quietly melting away. 

"If we now turn to the sides of the valley, we shall see that up to a certain hight they are mainly 

bare of vegetation, and present a fresher and less weathered surface than the slopes above, as though the 

glader had recently stood at that hight. If we glance down the valley, we shall see'that the upper margin 

of this surface descends curvingly, much like the contour of the present foot of the glacier. If we descend 

the valley to the point where this reaches the plain, we shall find the ground moraine rising into a low, 

irregular ridge, which stretches in a broken curve across the valley. The material of this ridge is essen

tially the same as that of the ground moraine, save that there is noticeably more sand and gravel in pro

portion to the coarse material, and the whole is more thoroughly rounded. These remarks relate to the 

surface material. The superficial contour, however, assumes quite a different and distinctive aspect. 

Although but a diminutive ridge itself, not perhaps exceeding twenty feet in hight, its surface contour, 

instead of presenting a simple curving outline, exhibits a complex series of still more diminutive ridges, 
hills and hummocks, of irregular outline and arrangement, accompanied by correspondingly irregular 

depressions, some of which are filled with water and form miniature lakelets. The irregular outline and 

little islands of one of these made it almost a Lilliputian Minnetonka. Boulders are abundant in all 

portions on and in the ridge, as shown by the sections exposed by the outflowing streams, which also 
exhibit the confused unstratified condition of the interior. Loca.Jly, there are small patches of stratified 

material. The ridge is most abrupt on the outside or that away from the glacier, while on the inside it 
graduates, without any distinct line of definition, into the bonlder sheet above described. 

"This ridge presents a striking similitude to our Wisconsin Kettle moraine, and I think it may 
be safely said to be a miniature representative of the same phenomena. 

"On the south side of the Rhone, at the foot of the acclivity, where the solar action is less effective 
than elsewhere, a considerable mass of ice has been left by the retreating glacier, and this is much covered 

by sand, gravel and coarse detrital matter. As the ice melts, it deposits its burden of rock-rubbish in an 
irregular, hummocky fashion, somewhat resembling that of the moraine above described, but without 

the ridgy characteristics of the latter. It is mainly interesting as illustrating the form of deposition of a 
superficial glacial accumulation where the ice lets it down by melting from beneath, instead of casting it 
over its extremity in the usual method. 

"The terminal moraines of the Grindelwald glaciers are even more instructive by way of com

parison with our drift moraines, because of the closer proximity of the successive ridges, and the greater 

similarity of the material, it being a limestone boulder clay, with some metamorphic erratics included, 
and some assorted detritus. Some of the moraine ridges are a pronounced boulder clay, while others are 

largely composed of boulders or gravel. On the inner moraine of the upper Grindelwald glacier, there is 

much fine gravel and sand in heaps and miniature ridges, presenting a very interesting phenomenon. 
The outer range is more massive than those of the Rhone glacier, and is very strikingly similar to the 

Wisconsin Kettle moraine in its superficial expression. The corresponding moraines of the lower Grindel

wald glacier show the same features very neatly, and those of the Bois and other glaciers display like 
characteristics. 

"So far as my observations went, the nature of the rock over which the glaciers passed was more 

influential in determining the proportion of clay, sand, gravel and boulders, than I had supposed. Where 

the rock was mainly granitic, the amount of clay was proportionately small, the detritus being mainly 

coarse sand, gravel and boulders. This was doubtless due to the difficulty of reducing the hard constit

uents of granite to powder. Where the glacial channel lay through schistose rocks, or limestone, ther~ 
was a notably larger proportion of clay, and some of the moraines were a typical boulder clay." 

The material of the terminal moraines of the ice-sheet which have been ex

plored in Minnesota is nearly everywhere till, with scanty deposits of modified 

drift. The latter consists of obliquely and irregularly stratified gravel and sand, 

the gravel often being very coarse, with pebbles and rounded stones of all sizes 

up to a foot or more in diameter. It either occurs enclosed in the till, forming 
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beds and masses of variable shapes from a few inches to several feet in thick

ness, or sometimes it is spread upon the surface and forms knolls and ridges. 

No considerable ~rea or extensive portion of this formation is found to consist 

entirely of this modified drift, assorted and deposited in layers by currents of 

water, within this region; though at some localities in Dakota county, in Spruce 

'Hill, Douglas county, and in the township of Blue Mounds, Pope county, it 

is in great part stratified gravel and sand, usually with numerous boulders 

enclosed and scattered over its ridges and hillocks. A notable contrast is 

presented by some other portions of these series of terminal drift deposits of 

the continental ice-sheet, as for a distance of eighty miles on Long Island, from 

Roslyn to Amagansett, where they are made up almost wholly, so far as can 

be seen on the surface and in excavations, of such stratified gravel and sand, 

with only rare boulders. 

The till of the terminal morames differs very noticeably from the more 

level areas of till which generally lie at each side; in that the former has many 

more boulders, and a much larger intermixture of gravel and sand than the 

latter. On an average, probably twenty times as many rock-fragments, both 

large and small,occur in the morainic hills and knolls as on the smoother tracts, 

and sometimes the ratio is a hundredfold. The smaller pebbles and stones 

have angular and unworn forms, or more frequently are rounded, probably by 

water-wearing before the glacial period, or show planed and striated surfaces, 

due to grinding under the moving ice-sheet. The large boulders are mostly 

less than five feet, but rarely are ten feet or more in diameter. In form they 

are subangular and of irregular shape, rarely showing any distinctly water

worn or glaciated surface. 

In contour these deposits are very uneven, consisting usually of many 

hillocks, mounds and ridges of rough outlines and broken slopes, with enclosed 

hollows, which are sometimes nearly round but more generally have some irregu

lar form, often holding sloughs and lakelets. The only indication of system 

appears in the frequently noticeable trends of the elevations and depressions 

in a direction approximately parallel with the course of the series. 

It should be added that the ridges which occur as part of this formation 

differ from the ridges of interbedded gravel and sand called osars, in their 

material, which is usually boulder-clay or till; in their trend, at right angles 

with the course in which the ice moved, while series of osars extend nearly in 
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due to grinding under the moving ice-sheet. The large boulders are mostly 

less than five feet, but rarely are ten feet or more in diameter. In form they 

are subangular and of irregular shape, rarely showing any distinctly water

worn or glaciated surface. 

In contour these deposits are very uneven, consisting usually of many 

hillocks, mounds and ridges of rough outlines and broken slopes, with enclosed 

hollows, which are sometimes nearly round but more generally have some irregu

lar form, often holding sloughs and lakelets. The only indication of system 

appears in the frequently noticeable trends of the elevations and depressions 

in a direction approximately parallel with the course of the series. 

It should be added that the ridges which occur as part of this formation 

differ from the ridges of interbedded gravel and sand called osars, in their 

material, which is usually boulder-clay or till; in their trend, at right angles 

with the course in which the ice moved, while series of osars extend nearly in 
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the direction taken by glacial currents; and in their length, single ridges of 

the moraines being only from a few rods to a quarter of a mile or very rarely 

perhaps a half mile long, while a single ridge in a series of osars is generally 

longer, and is sometimes distinctly traceable ten or twenty miles. In this state, 

however, osars of similar extent with those of Sweden and Scotland, and those 

described in Maine by Prof. George H. Stone, in Massachusetts by Rev. G. F. 

Wright, and in New Hampshire by the writer, have not been found. The most 

notable osars observed in this survey are a very remarkable one in Bridgewater 

and Cannon City, Rice county, about five miles long, described and mapped on 

page 666 in vol. I, and the gravel ridges extending two miles in Lake Johanna 

township, to be described on a succeeding page in this chapter. Their origin 

seems to have been by deposition from glacial rivers, flowing between walls of 

ice, whose subsequent melting left these deposits in long, narrow ridges, with 

steep sides. The suggestion of McGee and Chamberlin is here followed, that 

the name osars should be applied to these long gravel ridges, and that the 

term kames, under which they have been included, should instead be limited 

to knolls, hillocks and short irregular ridges of gravel and sand, such as are 

scattered more or less frequently upon undulating areas of till, and are espe

cially apt to form part of the terminal moraines. These likewise are the deposits 

of glacial streams walled by ice, but usually, as it would appear, of small size 

and short extent, as compared with the rivers by which osars were formed. 

Kames, as here restricted, were probably accumulated at the border of the ice

sheet in the hollows melted out where streams debouched from the ice to the 

open land. 

Besides the very rough, knolly and ridgy portions of the terminal moraines, 

they have on some areas only a prominently rolling surface, moulded in smooth 

swells of moderately steep and gracefully curved slopes, also trending, wher

ever any uniformity is noticeable, in the direction of the series. Neither these 

nor any other drift accumulations observed in Minnesota have the smoothly 

oval contour of the remarkable lenticular hills of till, or drumlins, described by 

Prof. C. H. Hitchcock and other writers in New England, New York and Wis

consin; and the trends of these two classes of drift hills differ ninety degrees 

in their relation to the course of motion of the ice-sheet. 

The hight of the morainic elevations above the intervening hollows is 

generally from 25 to 75 or 100 feet. The only district in this state where 
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they are higher for any considerable part of the series is the Leaf hills) which 

through a distance of twenty miles rise from 100 to 350 feet above the adjoin

ing country . Upon the Coteau des Prairies the terminal moraines lie on areas 

of highland, to the altitude of which they appear to add 75 or 100 and rarely 

150 or 200 feet. 

For agriculture the value of the terminal moraines is much less than that 

of the gently undulating till which generally covers other parts of this region. 

Among the hills of this formation, however, are found considerable areas 

which have a smooth surface, nearly free from boulders, and possess a highly 

productive soil; while the portions which are too knolly and stony for desirable 

cultivation afford excellent pasturage. In some districts the entire morainic 

belt is in smooth swells, being all good farming land. 

The origin of these series of drift hills is confidently referred to the action 

of the continental ice-sheet, accumulating them at its margin in successive 

belts, which mark the farthest limit reached by the ice in the last glacial 

epoch and lines where it halted or perhaps temporarily re-advanced during its 

final recession. Their reference to the agency of land-ice is required by the 

partly near and partly remote sources of their material; by its generally 

unstratified condition; by its transportation next to these hill-ranges in courses 

nearly at right angles toward them; and by the variable elevation of the series, 

conforming to all the irregularities in altitude of the region across which they 

extend. 

In general, the material and contour of the morainic belts in Douglas and 

Pope counties present the same characters as in other parts of the state, agree

ing fully with the foregoing descriptions. The contour of the drift hills under 

question in Blue Mounds and Barsness has been mentioned on a former page, 

being hillocks and short ridges, trending from east to west, in the same direction 

as the belt which they form. Their material is partly sand and gravel, com

monly with frequent or abundant· boulders, and partly boulder-clay or till. 

The shortness and the disconnected or irregularly interlocked arrangement of 

the ridges, their variable width and broken slopes, forbid their reference to such 

/ glacial rivers as deposited the prolonged narrow ridges called osars, and seem 

to prove that their accumulation, where they consist of sand and gravel, was 

"'by the waters flowing down from the melting surface of the ice-sheet along its 

margm. This mode of formation must also be attributed to the greater part 
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of the morainic belt observed in Spruce Hill and the northeast part of Mil

tona, and to the upper portion of the bluffs at Glenwood. Boulders are usually 

present and at many places are very abundant in and on these deposits of 

gravel and sand in the morainic belts; but they are usually absent or rare in 

and on osars, wherever those peculiar gravel ridges have been observed by me, 

both in New England and Minnesota. Typical osars occur in Lake Johanna 

township, and a comparison of these with the hills of Blue Mounds and Bars

ness shows wide differences in material and topographic features, while the 

course of the former is from south to north, at right angles with the adjoining 

morainic belt. Moreover, this apparently typical moraine has been continu

ously explored in an unbroken course, with no abrupt turn, from Blue Mounds 

to Ca.pe Bad Luck in Kandiyohi county and onward to the high morainic hills 

at the southeast corner of Wakefield in Stearns county, a distance of sixty 

miles. 

, Comparison and correlation with the morainic belts of other portions of 

the state indicate that the series of drift hills in Lake Johanna and Gilchrist 

is contemporaneous with the sixth or Waconia moraine and the seventh or 

Dovre moraine. The former is represented farther north by the drift accumu

lations along the line of Chippewa and Barsness and about Glenwood east and 

north of lake Whipple. The latter, or Dovre moraine, continues westerly 

thr'ough Barsness and Blue Mounds and northwest to Nora, where it curves 

gradually and thence runs northeast through Douglas county by lakes Oscar, 

Ida and Miltona. The lobe of the ice-sheet on whose boundaries these lines 

of knolly and hilly drift were formed, lay on their sOlJ-th and west side. At 

the time of the Waconia moraine the angle in the glacial boundary formed by 

the confluence of the ice-fields flowing from the west and those flowing from the 

north and northeast was probably near Glenwood, the northern ice terminat

ing on the tract of rolling till that extends eastward from Glenwood and lake 

Reno into Stearns county, not distinguished by specially morainic contour. 

At the time of the Dovre moraine this northern ice appears to have reached 

only to Spruce Hill, its angle of confluence with the western ice-lobe being in 

the north part of Miltona. During the two stages next later in the glacial 

recession the massive Leaf hills were accumulated at the south end of the 

western ice-lobe, which in its earlier extent had covered the basin of the Min

nesota river and stretched southward in Iowa to Des Moines. 
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Modijied drift. Eastern Pope county contains several areas of modified 

drift within a few miles north and east from the terminal moraine, which appear 

to have been deposited by floods from a melting and retreating ice-sheet, occu

pying places where basins were formed in the dissolving ice near its margin. 

One of these areas of stratified gravel and sand forms an elevated plain a 

mile across at the southeast side of lake Johanna. Its material is in part very 

coarse gravel, containing subangular rock-fragments up to one foot or one and 

a half feet in" size, but larger boulders are absent. In other parts it is fine 

gravel and sand. It is bordered on all sides by land 50 to 80 feet lower, and 

its southern portion is about 90 feet above the lake. It has a descending 

slope to the north, amounting to ten feet in its mile of extent. Another 

plateau of similar material, extent, hight, and slope of ten feet per mile to the 

north, occurs on the west side of lake Johanna; and a little farther north, in 

section 6, Lake Johanna, and section 1, Gilchrist, are others somewhat lower, 

also sloping Iiorthward. Slightly elevated plains of modified drift, 25 to 40 

feet high, were observed also in section 23, and the southeast part of section 

15, Chipp~wa Falls, in section 3 of this township and extending into section 

34, Glenwood, and in the southeast part of section 22, Levan. These plateaus 

of gravel 'and sand have steep sides and nearly or quite flat tops. The inter

vening tracts are gently undulating lowland, also mostly modified drift, from 

25 to 75 feet below these high plains. The origin of these deposits seems to 

have been from glacial melting, which washed away a portion of the drift 

material that was held in the ice sheet, and spread it upon these areas while 

they were still bordered by ice-walls. Their slopes in the vicinity of lake 

Johanna prove that the waters there flowed northward, while barriers of ice 

at the east and west prevented deposition on the adjoining lower land. As 

these beds lie in front of the compound Waconia and Dovre moraine, it appears 

that they are of earlier formation, belonging to the time of the recession of 

the ice from its fifth or Elysian moraine. 

To this time also must be referred the associated gravel ridges or osars 

in sections 22 and 28, Lake Johanna, close east and south of the elevated 

plain of modified drift first described. These ~xtend more than two miles, 

the most eastern ridge being continuous and unbranched along this whole dis

tance. This varies from 25 to 75 feet in hight, attaining its greatest eleva-
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at the east and west prevented deposition on the adjoining lower land. As 

these beds lie in front of the compound Waconia and Dovre moraine, it appears 

that they are of earlier formation, belonging to the time of the recession of 

the ice from its fifth or Elysian moraine. 

To this time also must be referred the associated gravel ridges or osars 

in sections 22 and 28, Lake Johanna, close east and south of the elevated 

plain of modified drift first described. These ~xtend more than two miles, 

the most eastern ridge being continuous and unbranched along this whole dis

tance. This varies from 25 to 75 feet in hight, attaining its greatest eleva-
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tion in the S. E. i of section 28, about a fourth of a mile east from Ole Olson's 

house. Its devious course from west to east and northeast through the south 

part of section 28, and its nearly direct north-northeast course thence through 

section 22, the shorter approximately parallel ridges on its west side, and the 

contiguous plateau, are mapped in fig. 30. These ridges are narrow and have 

very steep sides, nearly like a railroad embankment. In hight they have the 

high; the main ridge a quarter of a mile 

south of Olson's is 50 to 60 feet high, but 

near the northeast corner of section 28 and 

farther north it is only 25 feet, or some

times only 10 feet, above the marsh which 

borders it on each side. The material of 

these osars is mostly subangular coarse 

gravel with some layers of sand, shown 

to be stratified by excavations at Mr. 

FIGD~iF~~t-Rtt:J> !o1S'::X ~l\~~~WlI.ED Olson's. Rock-fragments occur in great 

abundance of all sizes up to about one and a half feet in dimension, but no 

boulders much larger were seen. Usually ridges of this kind contain a greater 

proportion of fine gravel and sand, but these closely resemble the first osars 

described in this country by Dr. Edward Hitchcock, and later by Rev. G. F. 

Wright, in Andover, Mass. The deposition of these gravel ridge~, as before 

explained, was by glacial streams flowing in ice-walled channels. 

From the highest point of the main osar, probably 60 feet above the level 

of lake .J ohanna and 75 or more above Mud creek, all the view toward the 

east and northeast is an expanse of lower and moderately undulating or almost 

level modified drift. This is part of a remarkable tract of sand and gravel, 

varying from five or six to ten miles in width and extending nearly forty miles 

from Glenwood southeasterly to Paynesville in Stearns county, beyond which 

it continues by a narrowed belt to the Sauk river at Richmond. Its eastern 

portions have been described in the reports of Kandiyohi and Stearns counties. 

It slopes gradually eastward, .having a hight in Glenwood 1,400to 1,350 feet 

above the sea; in Chippewa Falls, 1,350 to 1,250; in Lake Johanna and the 

south part of Grove Lake, 1,300 to 1,200; in southwestern Stearns county and 

northeastern Kandiyohi county, 1,250 to 1,150; at Paynesville, about 1,150; 

490 THE GEOLOGY OF MiNNESOTA. 
[Modified drift. 

tion in the S. E. i of section 28, about a fourth of a mile east from DIe Olson's 

house. Its devious course from west to east and northeast through the south 

part of section 28, and its nearly direct north-northeast course thence through 

section 22, the shorter approximately parallel ridges on its west side, and the 

contiguous plateau, are mapped in fig. 30. These ridges are narrow and have 

very steep sides, nearly like a railroad embankment. In hight they have the 

FIG. 30. OSARS AND PLATEAU OF lIIODIFIED 
DRIFT IN LAKE JOIIANNA TOWNSHIP. 

high; the main ridge a quarter of a mile 

south of Olson's is 50 to 60 feet high, but 

near the northeast corner of section 28 and 

farther north it is only 25 feet, or some

times only 10 feet, above the marsh which 

borders it on each side. The material of 

these osars is mostly subangular coarse 

gravel with some layers of sand, shown 

to be stratified by excavations at Mr. 

Olson's. Rock-fragments occur in great 

abundance of all sizes up to about one and a half feet in dimension, but no 

boulders much larger were seen. Usually ridges of this kind contain a greater 

proportion of fine gravel and sand, but these closely resemble the first osars 

described in this country by Dr. Edward Hitchcock, and later by Rev. G. F. 

Wright, in Andover, Mass. The deposition of these gravel ridge~, as before 

explained, was by glacial streams flowing in ice-walled channels. 

From the highest point of the main osar, probably 60 feet above the level 

of lake .Johanna and 75 or more above Mud creek, all the view toward the 

east and northeast is an expanse of lower and moderately undulating or almost 

level modified drift. This is part of a remarkable tract of sand and gravel, 

varying from five or six to ten miles in width and extending nearly forty miles 

from Glenwood southeasterly to Paynesville in Stearns county, beyond which 

it continues by a narrowed belt to the Sauk river at Richmond. Its eastern 

portions have been described in the reports of Kandiyohi and Stearns counties. 

It slopes gradually eastward, .having a hight in Glenwood 1,400to 1,350 feet 

above the sea; in Chippewa Falls, 1,350 to 1,250; in Lake .Johanna and the 

south part of Grove Lake, 1,300 to 1,200; in southwestern Stearns county and 

northeastern Kandiyohi county, 1,250 to 1,150; at Paynesville, about 1,150; 

490 THE GEOLOGY OF MiNNESOTA. 
[Modified drift. 

tion in the S. E. i of section 28, about a fourth of a mile east from DIe Olson's 

house. Its devious course from west to east and northeast through the south 

part of section 28, and its nearly direct north-northeast course thence through 

section 22, the shorter approximately parallel ridges on its west side, and the 

contiguous plateau, are mapped in fig. 30. These ridges are narrow and have 

very steep sides, nearly like a railroad embankment. In hight they have the 

FIG. 30. OSARS AND PLATEAU OF lIIODIFIED 
DRIFT IN LAKE JOIIANNA TOWNSHIP. 

high; the main ridge a quarter of a mile 

south of Olson's is 50 to 60 feet high, but 

near the northeast corner of section 28 and 

farther north it is only 25 feet, or some

times only 10 feet, above the marsh which 

borders it on each side. The material of 

these osars is mostly subangular coarse 

gravel with some layers of sand, shown 

to be stratified by excavations at Mr. 

Olson's. Rock-fragments occur in great 

abundance of all sizes up to about one and a half feet in dimension, but no 

boulders much larger were seen. Usually ridges of this kind contain a greater 

proportion of fine gravel and sand, but these closely resemble the first osars 

described in this country by Dr. Edward Hitchcock, and later by Rev. G. F. 

Wright, in Andover, Mass. The deposition of these gravel ridge~, as before 

explained, was by glacial streams flowing in ice-walled channels. 

From the highest point of the main osar, probably 60 feet above the level 

of lake .Johanna and 75 or more above Mud creek, all the view toward the 

east and northeast is an expanse of lower and moderately undulating or almost 

level modified drift. This is part of a remarkable tract of sand and gravel, 

varying from five or six to ten miles in width and extending nearly forty miles 

from Glenwood southeasterly to Paynesville in Stearns county, beyond which 

it continues by a narrowed belt to the Sauk river at Richmond. Its eastern 

portions have been described in the reports of Kandiyohi and Stearns counties. 

It slopes gradually eastward, .having a hight in Glenwood 1,400to 1,350 feet 

above the sea; in Chippewa Falls, 1,350 to 1,250; in Lake .Johanna and the 

south part of Grove Lake, 1,300 to 1,200; in southwestern Stearns county and 

northeastern Kandiyohi county, 1,250 to 1,150; at Paynesville, about 1,150; 



DOUGLAS AND POPE COUNTIES. 491 
The ice-sheet.) 

and at Richmond, approximately 1,125 feet. Besides its descent eastward it 

presents in general a descending slope from its southwest to its northeast side, 

amounting to 25 or 50 feet. Evidently the flow of the waters depositing these 

beds of modified drift was mostly from the terminal moraine which borders 

this tract on its west and south side along its whole extent. The plateaus 

and osars before described, and the prominently rolling areas of modified drift 

which occupy much of Chippewa Falls and Glenwood, rising in swells 20 to 

40 feet above the depressions and water-courses, were deposited, as already 

shown, while the ice-front was retreating across this tract; but its many flat 

portions, with slight descent toward the east and north, were doubtless sup

plied from the glacial melting while the adjacent moraine was being accumu

lated. The top of the bluffs at Glenwood, which rise 225 to 250 feet above 

lake Whipple, are composed of this modified drift to a depth of about 40 feet, 

as is indicated by the many springs which issue along this line where the 

porous sand and gravel are underlain by the impervious till. Many large and 

small boulders are here enclosed within the modified drift and spread in pro

fusion on its surface along the crest of the bluff, showing that the ice-sheet 

on the west abutted against this tract, mingling its coarse ice-borne freight 

with the stratified beds brought by the waters that flowed from its melting 

surface. Elsewhere boulders are absent or very rare on all this extensive 

tract of modified drift. 

In the subsequent recession of the ice-sheet from northeastern Pope county 

and eastern Douglas county, by which its margin was withdrawn to the mo

raine of lakes Oscar, Ida and Miltona, and that of Spruce Hill township, further 

deposits of modified drift were made, including the belt of undulating or nearly 

flat sand and gravel, about one mile wide, reaching from lake Amelia and Turtle 

lake to the north end of Westport lake and continuing thence with less width 

along Ashley creek to the Sauk river; the plain in Hudson and Alexandria, 

with the connected area of plateaus, swells and kame-like accumulations in La 

Grand; and the plain bordering the Long Prairie river in Carlos and Belle 

River townships, with associated undulating and partly rolling and kame-like 

deposits in the south part of Spruce Hill. The terminal moraines in Todd 

county show, however, that the course of drainage could not continue north

eastward in the valley of Long Prairie river, still covered by the ice-sheet, 

but was turned southward into the Sauk valley. 
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Much of Carlos township has a moderately undulating surface of till, un

derlain at the depth of 10 to 20 feet by a thick bed of sand, in which wells 

obtain water before reaching its bottom. Again, about one mile east of Alex

andria a railroad-cut was seen to consist of stratified sand and gravel, having 

a vertical thickness of 20 feet exposed and continuing lower, overlain by a 

deposit of till 3 to 10 feet thick. These observations prove a considerable re

advance of the ice after it. had once retreated, but both these movements prob

ably took place within the same last glacial epoch. 

A fault (fig. 31) was seen in a lenticular' layer of dark laminated clay one 

and a half feet thick, enclosed in till, in the section cut for the railroad close 

northwest of Partridge brothers' brick yard in the 

north part of Evansville. The north end of this clay 

FIG.31. FAULT IN LENTICULAR layer has fallen one and a half feet. This is five feet 
LAYER OF CLAY, ENCLOSED. 35 i.' t I h 

IN TILL, EVANSVILLE. above the raIlroad track and about lee be ow t e 

surface, the whole section above and beneath the faulted clay being till. 

'Mean elevation due to underlying formations. The grand topographic fea

tures of this district, as the highland in Langhei and the depressions occupied 

py lake Whipple and lake Christina, are doubtless due to the contour of the 

formations, probably Cretaceous, which underlie the drift deposits. Erosion 

during the long Tertiary ages had probably sculptured the strata that then 

formed the surface in massive hills and elevated areas resembling the buttes 

and mesas of the west, divided by basins and channels sometimes several 

hundred feet lower. Such preglacial contour, though partially planed down 

and filled up by the erosion of the ice, still determined the mean elevation of 

the enveloping drift-sheet, giving in this district the beautiful scenery of Glen

wood and Langhei, and in southwestern Minnesota the majestic Coteau des 

Prairies. 

Boulders of magnesian limestone, like that outcropping near Winnipeg in 

Manitoba, are frequent in the drift throughout these counties, perhaps mak

ing on an average a twentieth part of the rock-fragments over one foot in size. 

Occasionally very large slabs and blocks of it are found, measuring ten or 

twenty feet in length. A much larger proportion of the gravel is this lime

stone, which makes about a third on the shores of Westport lake, and about 

half at the mouth of lake Whipple. 

The other boulders and gravel are chiefly crystalline rocks, as granite, 

492 THE GEOLOGY OF MINNESOTA. 
[Boulders. 

Much of Carlos township has a moderately undulating surface of till, un

derlain at the depth of 10 to 20 feet by a thick bed of sand, in which wells 

obtain water before reaching its bottom. Again, about one mile east of Alex

andria a railroad-cut was seen to consist of stratified sand and gravel, having 

a vertical thickness of 20 feet exposed and continuing lower, overlain by a 

deposit of till 3 to 10 feet thick. These observations prove a considerable re

advance of the ice after it. had once retreated, but both these movements prob

ably took place within the same last glacial epoch. 

A fault (fig. 31) was seen in a lenticular'layer of dark laminated clay one 

and a half feet thick, enclosed in till, in the section cut for the railroad close 

tf~~ :::~:::: :~ :::::!:. br;~:r:~r:~i:~dY:;~:: c;~; 
FIG,31. FAULT IN LENTICULAR layer has fallen one and a half feet. This is five feet 

LAYER OF CLAY, ENCLOSED above the railroad track and about 35 feet below the 
IN TILL, EY AN8VILLE, 

surface, the whole section above and beneath the faulted clay being till. 

'Mean elevation due to underlying formations. The grand topographic fea

tures of this district, as the highland in Langhei and the depressions occupied 

9Y lake Whipple and lake Christina, are doubtless due to the contour of the 

formations, probably Cretaceous, which underlie the drift deposits. Erosion 

during the long Tertiary ages had probably sculptured the strata that then 

formed the surface in massive hills and elevated areas resembling the buttes 

and mesas of the west, divided by basins and channels sometimes several 

hundred feet lower. Such preglacial contour, though partially planed down 

and filled up by the erosion of the ice, still determined the mean elevation of 

the enveloping drift-sheet, giving in this district the beautiful scenery of Glen

wood and Langhei, and in southwestern Minnesota the majestic Coteau des 

Prairies. 

Boulders of magnesian limestone, like that outcropping near Winnipeg in 

Manitoba, are frequent in the drift throughout these counties, perhaps mak

ing on an average a twentieth part of the roek-fragments over one foot in size. 

Occasionally very large slabs and blocks of it are found, measuring ten or 

twenty feet in length. A much larger proportion of the gravel is this lime

stone, which makes about a third on the shores of Westport lake, and about 

half at the mouth of lake Whipple. 

The other boulders and gravel are chiefly crystalline rocks, as granite, 

492 THE GEOLOGY OF MINNESOTA. 
[Boulders. 

Much of Carlos township has a moderately undulating surface of till, un

derlain at the depth of 10 to 20 feet by a thick bed of sand, in which wells 

obtain water before reaching its bottom. Again, about one mile east of Alex

andria a railroad-cut was seen to consist of stratified sand and gravel, having 

a vertical thickness of 20 feet exposed and continuing lower, overlain by a 

deposit of till 3 to 10 feet thick. These observations prove a considerable re

advance of the ice after it. had once retreated, but both these movements prob

ably took place within the same last glacial epoch. 

A fault (fig. 31) was seen in a lenticular'layer of dark laminated clay one 

and a half feet thick, enclosed in till, in the section cut for the railroad close 

tf~~ :::~:::: :~ :::::!:. br;~:r:~r:~i:~dY:;~:: c;~; 
FIG,31. FAULT IN LENTICULAR layer has fallen one and a half feet. This is five feet 

LAYER OF CLAY, ENCLOSED above the railroad track and about 35 feet below the 
IN TILL, EY AN8VILLE, 

surface, the whole section above and beneath the faulted clay being till. 

'Mean elevation due to underlying formations. The grand topographic fea

tures of this district, as the highland in Langhei and the depressions occupied 

9Y lake Whipple and lake Christina, are doubtless due to the contour of the 

formations, probably Cretaceous, which underlie the drift deposits. Erosion 

during the long Tertiary ages had probably sculptured the strata that then 

formed the surface in massive hills and elevated areas resembling the buttes 

and mesas of the west, divided by basins and channels sometimes several 

hundred feet lower. Such preglacial contour, though partially planed down 

and filled up by the erosion of the ice, still determined the mean elevation of 

the enveloping drift-sheet, giving in this district the beautiful scenery of Glen

wood and Langhei, and in southwestern Minnesota the majestic Coteau des 

Prairies. 

Boulders of magnesian limestone, like that outcropping near Winnipeg in 

Manitoba, are frequent in the drift throughout these counties, perhaps mak

ing on an average a twentieth part of the roek-fragments over one foot in size. 

Occasionally very large slabs and blocks of it are found, measuring ten or 

twenty feet in length. A much larger proportion of the gravel is this lime

stone, which makes about a third on the shores of Westport lake, and about 

half at the mouth of lake Whipple. 

The other boulders and gravel are chiefly crystalline rocks, as granite, 



DOUGLAS AND POPE COUNTIES. 493 
Wells in Doughl" county.] 

syenite, gneiss, and micaceous and hornblendic schists. The largest mass of 

this kind observed was a boulder of flesh-colored granite, 12 by 9 by 3 feet in 

the size of its visible portion, with perhaps as much more under-ground, lying 

in ~he northwest part of section 13, Langhei, a few rods north of the road. It 

is 40 or 50 feet below the highest land of this township, being on its southern 

slope. This kind of granite, however, does not appear to be specially abundant 

in the drift. No other boulder of the crystalline rocks larger than 5 to 7 feet 

in dimension, was noticed in these counties. 

Ice-formed ridges of gravel and sand, sometimes with numerous boulders, 

occur in many places on the shores of lakes, usually where the water is shallow 

and the adjoining land low, being quite often a marsh scarcely higher than the 

lake, above which the ridge has a hight of three to six or seven feet, with a 

width of three to six or eight rods. Such ridges were seen on the southeast 

side of lake Moses in Millerville; at the mouth of Little Chippewa lake in 

section 9, Chippewa; along a distance of one and a half miles on the west side 

of the north part of lake Amelia and between this and Turtle lake, which were 

united before the formation of this ridge; south of the west part of Grove lake; 

and on the shore of lake Whipple a quarter of a mile west of Glenwood. 

Wells in Douglo,s county. 

Osakis. Wells in the village go 30 to 80 feet in till, which is yellowish to a depth of 10 or 20 feet 
and dark blue below. Water is found in thin veins of sand, from which it usually rises to a permtlnent 
level ten to twenty feet below the surface. In Andrew Thobiason's well, 78 feet deep, it rose 65 feet. 
Mrs. Tannehill's well, about 60 feet deep, at first had an artesian flow; this well became partly filled 
with quicksand, diminishing the supply of water, so that it now stands seven or eight feet below the 
surface. 

George Fairfield; sec. 19: well, 66 feet; soil, 2; yellowish till, 12; and dark bluish till, 52, at which 
depth the boring was stopped by a boulder; the water of this well seeps mostly from the lower part of the 
yellowish till, which was thought to be harder than the dark till below. Knut Smith's well, in the south 
part of the same section, 28 feet deep, was soil, 2; yellow till, 12; and harder blue till, 14; water seeps 
mostly near the bottom of the yellow till. 

William McSevanny; sec. 29: well, 35 feet; soil, 2; yellow till, 8; and blue till, 25; to sand, from 

which water rose thirty feet. 
Orange. Lloyd D. Fairfield's well in the northwest part of this township, on a kame-like swell of 

the prairie, went 25 feet in sand and fine gravel; water abundant. About ten rods from this, another 
well on lower land, 16 feet deep, was yellow till, 8; and blue clay, probably till, but containing scarcely 

any gravel, 8; to sand, from which water rose six feet. 
Carlos. Senral wells in this township, after going through 10 to 20 feet of till, find a thick deposit 

of sand below. 
Alexandria. Wells iJa the southwest part of the village go 15 to 40 feet in sand and gravel, some

times finding a sufficient supply of water at the bottom of this modified drift, but in many cases needing 
to be dug 5 to 20 feet into the underlying till, to water-bearing veins of sand. A well in the east part of 
this village, 70 feet deep, was yellowish till, 55 feet, with seeping water in its lowest ten feet; then, blue 
till, 10 feet; succeeded by a layer of gravel, 8 inches thick, from which water rose twenty-six feet; this 

well was bored 4 feet farther in blue till below the gravel. 
Hon. Fred von Baumbach's well, on the west side of lake Agnes, is 37 feet deep, being sand and 
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in the drift. No other boulder of the crystalline rocks larger than 5 to 7 feet 

in dimension, was noticed in these counties. 

Ice-formed ridges of gravel and sand, sometimes with numerous boulders, 

occur in many places on the shores of lakes, usually where the water is shallow 

and the adjoining land low, being quite often a marsh scarcely higher than the 

lake, above which the ridge has a hight of three to six or seven feet., with a 

widt.h of three to six or eight rods. Such ridges were seen on t.he southeast 

side of lake Moses in Millerville; at t.he mouth of Little Chippewa lake in 

section 9, Chippewa; along a distance of one and a half miles on t.he west side 

of the nort.h part of lake Amelia and between this and Turtle lake, which were 

united before the format.ion of t.his ridge; sout.h of the west part of Grove lake; 

and on the shore of lake Whipple a quart.er of a mile west. of Glenwood. 

Wells in Douglas county. 

Osakis. Wells in the village go 30 to 80 feet in till, which is yellowish to ,1 depth of 10 or 20 feet 

and dark blue below. Water is found in thin veins of sand, from which it usually rises to a permanent 
level ten to twenty feet below the surface. In Andrew Thobiason's well, 78 feet deep, it rose 65 feet. 

Mrs. Tannehill's well, about 60 feet deep, at first had an artesian flow; this well became partly filled 

with quicksand, diminishing the supply of water, so that it now stands seven or eight feet below the 

surface. 
George Fairfield; sec. 19: well, 66 feet; soil, 2; yellowish till, 12; and dark bluish till, 52, at which 

depth the boring was stopped by a boulder; the water of this well seeps mostly from the lower part of the 

yellowish till, which was thought to be harder than the dark till below. Knut Smith's well, in the south 

part of the same section, 28 feet deep, was soil, 2; yellow till, 12; and harder blue till, 14; water seeps 

mostly near the bottom of the yellow till. 
William McSevanny; sec. 29: well,35 feet; soil, 2; yellow till, 8; and blue till, 25; to sand, from 

which water rose thirty feet. 
Orange. Lloyd D. Fairfield's well in the northwest part of this township, on a kame-like swell of 

the prairie, went 25 feet in sand and fine gravel; water abundant. About ten rods from this, another 

well on lower land, 16 feet deep, was yellow till, 8; and blue clay, probably till, but containing scarcely 

any gravel, 8; to sand, from which water rose six feet. 
Carlos. Senral wells in this township, after going through 10 to 20 feet of till, find a thick deposit 

of sand below. 
Alexandria. Wells in. the southwest part of the village go 15 to 40 feet in sand and gravel, some

times finding a sufficient supply of water at the bottom of this modified drift, but in many cases needing 

to be dug 5 to 20 feet into the underlying till, to water-bearing veins of sand. A well in the east part of 

this village, 70 feet deep, was yellowish till, 55 feet, with seeping water in its lowest ten feet; then, blue 

till, 10 feet; succeeded by a layer of gravel, 8 inches thick, from which water rose twenty-six feet; this 

well wa..~ bored 4 feet farther in blue till below the gravel. 
Hon. Fred von Baumbach's well, on the west side of lake Agnes, is 37 feet deep, being sand and 
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syenite, gneiss, and micaceous and hornblendic schists. The largest mass of 

this kind observed was a boulder of flesh-colored granite, 12 by 9 by 3 feet in 

the size of its visible portion, with perhaps as much more under-ground, lying 

in ~he northwest part of section 13, Langhei, a few rods north of the road. It 

is 40 or 50 feet below the highest land of this township, being on its southern 

slope. This kind of granite, however, does not appear to be specially abundant 

in the drift. No other boulder of the crystalline rocks larger than 5 to 7 feet 

in dimension, was noticed in these counties. 

Ice-formed ridges of gravel and sand, sometimes with numerous boulders, 

occur in many places on the shores of lakes, usually where the water is shallow 

and the adjoining land low, being quite often a marsh scarcely higher than the 

lake, above which the ridge has a hight of three to six or seven feet., with a 

widt.h of three to six or eight rods. Such ridges were seen on t.he southeast 

side of lake Moses in Millerville; at t.he mouth of Little Chippewa lake in 

section 9, Chippewa; along a distance of one and a half miles on t.he west side 

of the nort.h part of lake Amelia and between this and Turtle lake, which were 

united before the format.ion of t.his ridge; sout.h of the west part of Grove lake; 

and on the shore of lake Whipple a quart.er of a mile west. of Glenwood. 

Wells in Douglas county. 

Osakis. Wells in the village go 30 to 80 feet in till, which is yellowish to ,1 depth of 10 or 20 feet 

and dark blue below. Water is found in thin veins of sand, from which it usually rises to a permanent 
level ten to twenty feet below the surface. In Andrew Thobiason's well, 78 feet deep, it rose 65 feet. 

Mrs. Tannehill's well, about 60 feet deep, at first had an artesian flow; this well became partly filled 

with quicksand, diminishing the supply of water, so that it now stands seven or eight feet below the 

surface. 
George Fairfield; sec. 19: well, 66 feet; soil, 2; yellowish till, 12; and dark bluish till, 52, at which 

depth the boring was stopped by a boulder; the water of this well seeps mostly from the lower part of the 

yellowish till, which was thought to be harder than the dark till below. Knut Smith's well, in the south 

part of the same section, 28 feet deep, was soil, 2; yellow till, 12; and harder blue till, 14; water seeps 

mostly near the bottom of the yellow till. 
William McSevanny; sec. 29: well,35 feet; soil, 2; yellow till, 8; and blue till, 25; to sand, from 

which water rose thirty feet. 
Orange. Lloyd D. Fairfield's well in the northwest part of this township, on a kame-like swell of 

the prairie, went 25 feet in sand and fine gravel; water abundant. About ten rods from this, another 

well on lower land, 16 feet deep, was yellow till, 8; and blue clay, probably till, but containing scarcely 

any gravel, 8; to sand, from which water rose six feet. 
Carlos. Senral wells in this township, after going through 10 to 20 feet of till, find a thick deposit 

of sand below. 
Alexandria. Wells in. the southwest part of the village go 15 to 40 feet in sand and gravel, some

times finding a sufficient supply of water at the bottom of this modified drift, but in many cases needing 

to be dug 5 to 20 feet into the underlying till, to water-bearing veins of sand. A well in the east part of 

this village, 70 feet deep, was yellowish till, 55 feet, with seeping water in its lowest ten feet; then, blue 

till, 10 feet; succeeded by a layer of gravel, 8 inches thick, from which water rose twenty-six feet; this 

well wa..~ bored 4 feet farther in blue till below the gravel. 
Hon. Fred von Baumbach's well, on the west side of lake Agnes, is 37 feet deep, being sand and 
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gravel, 34; yellowish clay, 1; aud nearly white clay, 2 feet aud continuing below; water comes at the 
depth of about 25 feet, nearly at the level of the lake. 

A well in the northeast part of this township, five miles from the village, went 45 feet in yellow 
till and 70 feet in blue till, obtaining no water. About half a mile east from this, Ole Flodin's well, 55 
feet deep, was yellow till, 45 feet; then one side of the well was sand and the other side till for about 6 
feet; below which the entire section was sand, 4 feet and continuing lower, containing plenty of water. 
Again, about half a mile east from the last, Mr. Grew's well, 95 feet deep, was yellow till, 35, ana blue 
till, 60 feet, to sand from which water rose sixty feet. These three wells are on approximately levelland 
probably not differing ten feet in hight. 

For all the foregoing notes of wells in Alexandria, and for others in other townships of this county, 
and in Otter Tail and Becker counties, I am indebted to Mr. Henry H. Russell, of Alexandria. Mr. 
Russell has never found fossils during his very extended experience in well-making. 

Hudson. A. R. Plymate; sec. 6: well, 13 feet, all gravel and sand. 
Marden BroWD; sec. 21: well, 11 feet, on a swell seven feet above adjoining lakelets and sloughs; 

coarse gravel, 9 feet, with a large supply of water in its lower two teet; and peaty mud, 2 feet, lying on a 
light green clay. 

J. O. Kellogg; north part of sec. 29, about 25 feet above Maple lake; two wells, one 64 feet deep, 
the other 75 feet deep, found soil, 2 feet; sand and gravel, about 6 feet; and only till below, all very hard 
and requiring to be picked, excepting its upper ten feet; the only water found is the scanty amount that 
seeps in near the surface. This till contained two pieces of lignite, one being six inches in diameter, 
about forty feet from the surface. Most of the weHR in this neighborhood encounter only stratified sand 
and gravel, in which water is obtained in abundance at depths varying from 15 to 30 feet. 

Orange Mattison's well, 35 feet deep, in the south edge of sec. 35, has an artesian flow of water. 
Leaf Valley. Major Flint's well, 55 feet deep, near the post-office, is yellow till, 25, underlain by 

sand, 30 feet and continuing deeper, with water in its lower part. 
Sloughs in some parts of this township have been found to be underlain by blue clay, probably 

till, 8 to 15 feet; dry sand, 6 to 10 feet; clay, 1 to 3 feet; and wet sand beneath.. Perhaps it may be prac
ticable, in some cases, to drain them by boring to the layer of dry sand. 

Ida. Wells in this township are mostly till, occasionally underlain by thick beds of sand. 
La G-rand. James F. Dickens; in the N. W. ! of sec. 3, a rolling and hilly area: well, 42 feet; 

yellow till, 10; and stratified gravel and sand, 32, to water. A half mile farther west, Mr. McCord's well 
was nearly the same, but penetrated to dark bluish till below the gravel and sand, after getting plenty of 
water. 

Ohippewa. Peter O. Thompson; S. E. t of sec. 24: well, 112 feet; yellow till, 40; softer, sticky, 
dark blue till, 40, containing occasional stoues and numerous small pieces of lignite, but only very scanty 
intermixture of fine gravel and sand; dry sand, 2; and blue till, 30, more sandy and gravelly, harder and 
lighter in color than above, destitute of lignite; no water was obtained. 

Holmes Oity. Isaac Isaacson; sec. 23: well 65 feet; yellowish till, 20; bluish gray·till, 30; and 
stratified clay and sand, 15, its lowest portion being dry sand; no water . 

. William H. Guiles; also in sec. 23: well, 84 feet; yellow till, 40; blue till, 30, like that at the same 
depth in Mr. Thompson's well in Chippewa; and bluish quicksand, 14 feet and continuing lower, full of 
water, which rose above the quicksand thirty-six feet. 

Harrison Guiles' well, about two miles northeast from the last, went in similar deposits of till 66 
feet, at which depth water under great pressure burst up and rose suddenly about forty feet to its per
manent level. 

Evans'trille. Richard Partridge; sec. 7: well, 48 feet; soil, 2; yellow till, 8; sand, ~ foot; gray till, 8; 
dark bluish till, harder, 30; the only water seeps in the upper part of the welL 

Urness. Andrew J. Urness; sec 13: well, 25 feet; yellow till, 12; much harder blue till, 13, and 
extending lower; water comes mostly from a thin streak: of sand sixteen feet below the surface. 

Wells in Pope cO'Unty. 

Westport. Samuel D. Sheets; sec. 19: well, 15 feet, all gravel and sand. 

A. M. Judkins; S. W. ;} of sec. 30: well, 57 feet; soil, 2; yellow till, 35; sticky blue till, 20, and 
extending lower; water seeps very scantily, an insufficient supply. A second weH only four rods north
west from this, was the same to the depth of 35 feet, where a vein of sand was struck, containing a large 
flowing stream of water, which rose six feet. These wells show that sometimes good water-bearing veins 
are very narrow, At S. G, AndeJ;Son's, about thirty rods farther west, overlapping modified drift forms 
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gravel, 34; yellowish clay, 1; and nearly white clay, 2 feet and continuing below; water comes at the 

depth of about 25 feet, nearly at the level of the lake. 

A well in the northeast part of this township, five miles from the village, went 45 feet in yellow 

till and 70 feet in blue till, obtaining no water. About half a mile east from this, Ole Flodin's well, 55 

feet deep, was yellow till, 45 feet; then one side of the well was sand and the other side till for about 6 

feet; below which the entire section was sand, 4 feet and continuing lower, containing plenty of water. 

Again, about half a mile east from the last, Mr. Grew's well, 95 feet deep, was yellow till, 35, and' blue 

till, 60 feet, to sand from which water rose sixty feet. These three wells are on approximately levelland 

probably not differing ten feet in hight. 

For all the foregoing notes of wells in Alexandria, and for others in other townships of this county, 

and in Otter Tail and Becker counties, I am indebted to Mr. Henry H. Russell, of Alexandria. Mr. 
Russell has never found fossils during his very extended experience in well-making. 

Hudson. A. R. Plym[lte; sec. 6: well, 13 feet, all gravel and sand. 
Marden Brown; sec. 21: well, 11 feet, on a swell seven feet above adjoining lakelets and sloughs; 

coarse gravel, 9 feet, with a large supply of water in its lower two feet; and peaty mud, 2 feet, lying on a 

light green clay. 

J. O. Kellogg; north part of sec. 29, about 25 feet above Maple l[lke; two wells, one 64 feet deep, 

the other 75 feet deep, found soil, 2 feet; sand and gravel, about 6 feet; and only till below, all very hard 
and requiring to be picked, excepting its upper ten feet; the only water found is the scanty amount that 

seeps in near the surface. This till cont,ained two pieces of lignite, one being six inches in diameter, 

about forty feet from the surface. Most of the weHR in this neighborhood encounter only stratified sand 
and gravel, in which water is obt[lined in abundance at depths varying from 15 to 30 feet. 

Orange Mattison's well, 35 feet deep, in the south edge of sec. 35, has an artesian flow of water. 

Leaf Valley. Major Flint's well, 55 feet deep, near the post-office, is yellow till, 25, underlain by 
sand, 30 feet and continuing deeper, with water in its lower part. 

Sloughs in some parts of this township have been found to be underlain by blue clay, probably 

till, 8 to 15 feet; dry sand, 6 to 10 feet; clay, 1 to 3 feet; and wet sand beneath. Perhaps it may be prac
ticable, in some cases, to drain them by boring to the layer of dry sand. 

Ida. Wells in this township are mostly till, occasionally underlain by thick beds of s[lnd. 

La G-rand. James F. Dickens; in the N. W. i of sec. 3, a rolling and hilly area: well, 42 feet; 
yellow till, 10; and stratified gravel and sand, 32, to water. A half mile farther west, Mr. McCord's well 

was nearly the same, but penetrated to dark bluish till below the gravel and sand, after getting plenty of 
water. 

Ohippewa. Peter O. Thompson; S. E. it of sec. 24: well, 112 feet; yellow till, 40; softer, sticky, 
dark blue till, 40, containing occasional stones and numerous small pieces of lignite, but only very scanty 
intermixture of fine gravel and sand; dry sand, 2; and blue till, 30, more sandy and gravelly, harder and 
lighter in color than above, destitute of lignite; no water was obtained. 

Holmes Oity. Isaac Isaacson; sec. 23: well 65 feet; yellowish till, 20; bluish gray'till, ::l0; and 
stratified clay and sand, 15, its lowest portion being dry sand; no water . 

. William H. Guiles; also in sec. 23: well, 84 feet; yellow till, 40; blue till, 30, like that at the same 
depth in Mr. Thompson's well in Chippewa; and bluish quicksand, 14 feet and continuing lower, full of 
water, which rose above the quicksand thirty-six feet. 

Harrison Guiles' well, about two miles northeast from the last, went in similar deposits of till 66 

feet, at which depth water under great pressure burst up and rose suddenly about forty feet to its per
manent level. 

Evanstille. Richard Partridge; sec. 7: well, 48 feet; soil, 2; yellow till, 8; sand, ~ foot; gray till, 8; 
dark bluish till, harder, 30; the only water seeps in the upper part of the well. 

Urness. Andrew J. Urness; sec 13: well, 25 feet; yellow till, 12; much harder blue till, 13, and 
extending lower; water comes mostly from a thin streak of sand sixteen feet below the surface. 

Wells in Pope county. 

Westporl. Samuel D. Sheets; sec. 19: well, 15 feet, all gravel and sand. 

A. M. Judkins; S. W. 1- of sec. 30: well, 57 feet; soil, 2; yellow till, 35; sticky blue till, 20, and 
extending lower; water seeps very scantily, an insufficient supply. A second wetl only four rods north

west from this, was the same to the depth of 35 feet, where a vein of sand was struck, containing a large 
flowing stream of water, which rose six feet. These wells show that sometimes good water-bearing veins 

are very narrow. At S. G. Anderson's, about thirty rods farther west, overlapping modified drift forms 
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gravel, 34; yellowish clay, 1; and nearly white clay, 2 feet and continuing below; water comes at the 

depth of about 25 feet, nearly at the level of the lake. 

A well in the northeast part of this township, five miles from the village, went 45 feet in yellow 

till and 70 feet in blue till, obtaining no water. About half a mile east from this, Ole Flodin's well, 55 

feet deep, was yellow till, 45 feet; then one side of the well was sand and the other side till for about 6 

feet; below which the entire section was sand, 4 feet and continuing lower, containing plenty of water. 

Again, about half a mile east from the last, Mr. Grew's well, 95 feet deep, was yellow till, 35, and' blue 

till, 60 feet, to sand from which water rose sixty feet. These three wells are on approximately levelland 

probably not differing ten feet in hight. 

For all the foregoing notes of wells in Alexandria, and for others in other townships of this county, 

and in Otter Tail and Becker counties, I am indebted to Mr. Henry H. Russell, of Alexandria. Mr. 
Russell has never found fossils during his very extended experience in well-making. 

Hudson. A. R. Plym[lte; sec. 6: well, 13 feet, all gravel and sand. 
Marden Brown; sec. 21: well, 11 feet, on a swell seven feet above adjoining lakelets and sloughs; 

coarse gravel, 9 feet, with a large supply of water in its lower two feet; and peaty mud, 2 feet, lying on a 

light green clay. 

J. O. Kellogg; north part of sec. 29, about 25 feet above Maple l[lke; two wells, one 64 feet deep, 

the other 75 feet deep, found soil, 2 feet; sand and gravel, about 6 feet; and only till below, all very hard 
and requiring to be picked, excepting its upper ten feet; the only water found is the scanty amount that 

seeps in near the surface. This till cont,ained two pieces of lignite, one being six inches in diameter, 

about forty feet from the surface. Most of the weHR in this neighborhood encounter only stratified sand 
and gravel, in which water is obt[lined in abundance at depths varying from 15 to 30 feet. 

Orange Mattison's well, 35 feet deep, in the south edge of sec. 35, has an artesian flow of water. 

Leaf Valley. Major Flint's well, 55 feet deep, near the post-office, is yellow till, 25, underlain by 
sand, 30 feet and continuing deeper, with water in its lower part. 

Sloughs in some parts of this township have been found to be underlain by blue clay, probably 

till, 8 to 15 feet; dry sand, 6 to 10 feet; clay, 1 to 3 feet; and wet sand beneath. Perhaps it may be prac
ticable, in some cases, to drain them by boring to the layer of dry sand. 

Ida. Wells in this township are mostly till, occasionally underlain by thick beds of s[lnd. 

La G-rand. James F. Dickens; in the N. W. i of sec. 3, a rolling and hilly area: well, 42 feet; 
yellow till, 10; and stratified gravel and sand, 32, to water. A half mile farther west, Mr. McCord's well 

was nearly the same, but penetrated to dark bluish till below the gravel and sand, after getting plenty of 
water. 

Ohippewa. Peter O. Thompson; S. E. it of sec. 24: well, 112 feet; yellow till, 40; softer, sticky, 
dark blue till, 40, containing occasional stones and numerous small pieces of lignite, but only very scanty 
intermixture of fine gravel and sand; dry sand, 2; and blue till, 30, more sandy and gravelly, harder and 
lighter in color than above, destitute of lignite; no water was obtained. 

Holmes Oity. Isaac Isaacson; sec. 23: well 65 feet; yellowish till, 20; bluish gray'till, ::l0; and 
stratified clay and sand, 15, its lowest portion being dry sand; no water . 

. William H. Guiles; also in sec. 23: well, 84 feet; yellow till, 40; blue till, 30, like that at the same 
depth in Mr. Thompson's well in Chippewa; and bluish quicksand, 14 feet and continuing lower, full of 
water, which rose above the quicksand thirty-six feet. 

Harrison Guiles' well, about two miles northeast from the last, went in similar deposits of till 66 

feet, at which depth water under great pressure burst up and rose suddenly about forty feet to its per
manent level. 

Evanstille. Richard Partridge; sec. 7: well, 48 feet; soil, 2; yellow till, 8; sand, ~ foot; gray till, 8; 
dark bluish till, harder, 30; the only water seeps in the upper part of the well. 

Urness. Andrew J. Urness; sec 13: well, 25 feet; yellow till, 12; much harder blue till, 13, and 
extending lower; water comes mostly from a thin streak of sand sixteen feet below the surface. 

Wells in Pope county. 

Westporl. Samuel D. Sheets; sec. 19: well, 15 feet, all gravel and sand. 

A. M. Judkins; S. W. 1- of sec. 30: well, 57 feet; soil, 2; yellow till, 35; sticky blue till, 20, and 
extending lower; water seeps very scantily, an insufficient supply. A second wetl only four rods north

west from this, was the same to the depth of 35 feet, where a vein of sand was struck, containing a large 
flowing stream of water, which rose six feet. These wells show that sometimes good water-bearing veins 

are very narrow. At S. G. Anderson's, about thirty rods farther west, overlapping modified drift forms 
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the surface, the section of a well 51 feet deep being soil, 2; sand, 7; and yellow and blne till, 41; to 
quicksand, with water, dug into one foot and extending lower. 

Grove Lake. A. D. Falkner; N. W. Ir of sec. 20, in the northern township: well, 26 feet; soil, 2; 
all sand and gravel below; some of the layers contain pebbles up to six inches in diameter. 

Edmund Meagher; S. W. ,r of sec. 36, also in the northern township: well, 17 feet; soil, 2; yellow 

till, spaded, 12; sand, 3, and reaching deeper; water rose five feet above the sand. The wells of this 

vicinity are commonly curbed with pine, the decay of which sometimes makes the water offensive. 

Lake Johanna. Peter Anderson; N. E. Ir of sec. 5: well, 15 feet, all gravel and sand 

Jacob Dickison; N. W. Ir of sec. 6: well, 35 feet; soil 2; sand and gravel, 32; till, dug into only 

one foot; plenty of water. 

Glenwood. John Hanzahan; sec. 1, southeast of lake Amelia: well, 35 feet deep, all modified drift, 

chiefly gravel and sand, with occasional layers of clay a few inches thick, most of the lower part being 

sand. 
Knud Torgerson; S. E. Ir of sec. 13, about one and a half miles southeast from the village and 

about 200 feet above lake Whipple, but 40 feet lower than land a quarter of a mile farther east: well, 18 

feet; soil, 2; sand, 13; yellow till, 3; with water at the junction of the sand and till. 
Gilchrist. A well in the S. W. } of sec. 12, on the northern border of the morainic belt, was soil, 

2 fi'et; and yellow till, 10 feet; with dark blue till below, not dug into. 

Blue Mounds. Olaus Signalnes; N. w. Ir of sec. 14: well, 17 feet; yellow till, 5 feet; and gravel and 

sand, 12 feet. This is on the undulating prairie, about a half mile north of the morainic belt. 

LangMi. G. Tharaldson; N. W. J of sec 1: well, 37 teet; yellow till, 25; blue till, 7; and-sand, S; 
with water. 

Andrew Engebretson; sec. 12: well, 38 feet; yellow till, 26; and stratified gravel and sand, with 

thin streaks of clay, 12 feet. 
Nora. Henry H. Belgum; sec. 28: well, 28 feet; soil, 2; yellow till, 20; very hard blue till, 5; sand, 

1 foot and ext~nding lower, from which water rose immediately six feet. 
Hoff. Ole Swenson; sec. 2: well, 37 feet; yellow till, 20; much harder, dark blue till, 15; and sand, 

2 feet and continuing deeper, with water. 
Ole A. Anderson; S. E. Ir of sec. 6: well, 40 feet; soil, 2; yellow till, 19; and sand and gravel, 19, to 

water. 
Ole Nel~on; S. W. ! of this sec. 6: well, 35 feet; yellow till, spaded, 30; and blue till, much harder, 

requiring to be picked, 5 feet and continuing deeper; water seeps, failing in dry seasons. 

MATERIAL RESOURCES. 

The soil and agricultural capabilities of these counties, and their timber, 

have been already noticed. In adaptation for profit~ble farming, which must 

continue to be their chief source of wealth, they are unsurpassed by any other 

part of the state or of the Northwest. 

Water-powers. There are flouring mills on the Chippewa rIver In the 

north part of section 18, Leaf Valley, and at the mouth of the lake in section 

31, Evansville. On the head-streams of the Long Prairie river are Alden's 

flouring and saw mills in section 25, Ida, at the mouth of lake Ida, and a mill 

in the northeast part of Holmes City, on the outlet of lakes Andrews and Mary. 

In Pope county three water-powers are used for flouring mills on the East 

branch of the Chippewa river, as follows: West's mill, in the N. W. i of 

section 11 Glenwood three-fourths of a mile south of lake Amelia, having " . 

eight feet head; the Marlu mill, in the north part of section 26, Glenwood, 
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the surface, the section of a well 51 feet deep being soil, 2; sand, 7; and yellow and blue till, 41; to 
quicksand, with water, dug into one foot and extending lower. 

Grove Lalce. A. D. Falkner; N. W. t of sec. 20, in the northern township: well, 26 feet; soil, 2; 
all sand and gravel below; some of the layers contain pebbles up to six inches in diameter. 

Edmund Meagher; S. W. ~ of sec. 36, also in the northern township: well, 17 feet; soil, 2; yellow 

till, spaded, 12; sand, 3, and reaching deeper; water rose five feet above the sand. The wells of this 

vicinity are commonly curbed with pine, the decay of which sometimes makes the water offensive. 

Lalce Johanna. Peter Anderson; N. E. } of sec. 5: well, 15 feet, all gravel and sand 

Jacob Dickison; N. W. t of sec. 6: well, 35 feet; soil 2; sand and gravel, 32; till, dug into only 

one foot; plenty of water. 

Glenwood. John Hanzahan; sec. 1, southeast of lake Amelia: well, 35 feet deep, all modified drift, 

chiefly gravel and sand, with occasional hlyers of clay a few inches thick, most of the lower part being 

sand. 
Knud Torgerson; S. E. t of sec. 13, about one and a half miles southeast from the village and 

about 200 feet above lake Whipple, but 40 feet lower than land a quarter of a mile farther east: well, 18 

feet; soil, 2; sand, 13; yellow till, 3; with water at the junction of the sand and till. 
Gilchrist. A well in the S. W. } of sec. 12, on the northern border of the morainic belt, was soil, 

2 fpet; and yellow till, 10 feet; with dark blue till below, not dug into. 

Bl'ue Mounds. Olaus Signalnes; N. W. } of sec. 14: well, 17 feet; yellow till, 5 feet; and gravel and 

sand, 12 feet. This is on the undulating prairie, about it half mile north of the morainic belt. 

Langhei. G. Tharaldson; N. W. J of sec 1: well, 37 teet; yellow till, 25; blue till, 7; and'sand, S; 
with water. 

Andrew Engebretson; sec. 12: well, 38 feet; yellow till, 26; and stratified gravel and sand, with 

thin streaks of clay, 12 feet. 
Nora. Henry H. Belgum; sec. 28: well, 28 feet; soil, 2; yellow till, 20; very hard blue till, 5; sand, 

1 foot and ext~nding lower, from which water rose immediately six feet. 
Hoff. Ole Swenson; sec. 2: well, 37 feet; yellow till, 20; much harder, dark blue till, 15; and sand, 

2 feet and continuing deeper, with water. 
Ole A. Anderson; S. E. } of sec. 6: well, 40 feet; soil, 2; yellow till, 19; and sand and gravel, 19, to 

water. 
Ole Nelson; S. W. t of this sec. 6: well, 35 feet; yellow till, spaded, 30; and blue till, much harder, 

requiring to be picked, 5 feet and continuing deeper; water seeps, failing in dry seasons. 

MATERIAL RESOURCES. 

The soil and agricultural capabilities of these counties, and their timber, 

have been already noticed. In adaptation for profit~ble farming, which must 

continue to be their chief source of wealth, they are unsurpassed by any other 

part of the state or of the Northwest. 

Water-powers. There are flouring mills on the Chippewa flver m the 

north part of section 18, Leaf Valley, and at the mouth of the lake in section 

31, Evansville. On the head-streams of the Long Prairie river are Alden's 

flouring and saw mills in section 25, Ida, at the mouth of lake Ida, and a mill 

in the northeast part of Holmes City, on the outlet of lakes Andrews and Mary. 

In Pope county three water-powers are used for flouring mills on the East 

branch of the Chippewa river, as follows: West's mill, in the N. W. t of 

section 11 Glenwood three-fourths of a mile south of lake Amelia, having " ' 

eight feet head; the Mariu mill, in the north part of section 26, Glenwood, 
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having fifteen feet head; and at Chippewa Falls, having sixteen feet head. 

Another power, as valuable as the last, is said to be available a half mile below 

Chippewa Falls. Many other good water-powers wait to be utilized in these 

counties. 

Building stone. No rock-outcrops occur in this district, but the boulders 

of the drift supply the needs of the farmer for coarse masonry, as foundations 

and the walls of cellars and wells. 

Lime. Magnesian limestone boulders are used in many places for lime

burning, but in total only a few thousand barrels of lime are produced yearly. 

Most -of the lime-burners are farmers, who supply the demands of their neigh

borhood, using kilns that hold 50 to 100 barrels, and often burning only one 

or two kilns in a year. 

At Evansville the Partridge brothers burn lime, in connection with their 

business of brick-making, selling it for $1.25 per barrel. About half of their 

lime is white and the other half straw-colored. Charles Thompson, Gorand 

Kronberg, and 1. C. Alstad have also burned lime in Evansville township. 

Other lime-burners in Douglas county are John and Peter S~hwartz III 

Millerville, Albert Lander in Chippewa, James W. Barr in section 35, Ida, and 

James F. Dickens in section 3, La Grand. 

Lime has been burned in Pope county by Olaus Signalnes in section 14, 

Blue Mounds, and by several others within a few miles around lake Whipple. 

Bricks. The Alexandria brick-yard, owned by John A. McKay, one and 

a half miles northeast from the village, was first worked in 1877. The section 

is soil, 1 foot; yellowish laminated clay, 3 feet; the same, with occasional 

sandy layers, about 4 feet in the excavation, thinning out farther north, but 

extending 12 feet below the surface in a well on the south. Below this modi

fied drift the well went 4 feet in yellow till, under which was a vein of sand 

one inch thick, with water; then the well continued 40 feet lower in blue till, 

but no additional supply of water was obtained. No sand ~s needed for tem

pering, besides that which is interbedded with the lower part of the clay. 

The product was 200,000 bricks in 1878, and 500,000 in 1879, sold for $6 to 

$10 per thousand. 

In section 2, Lake Mary, some three miles southwest from Alexandria , 
bricks were made by Mark Bundy from 1866 to 1880, producing about 75,000 

yearly. Next below the soilis yellowish brown clay, 3 feet, making red bricks; 
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~ then, darker and bluish clay, more sandy, less sticky and plastic,4 feet, making 

cream-colored bricks; succeeded below by bluish till, 8 feet and extending 

deeper. By mixing the upper and lower portions of this clay it is rightly 

tempered, with additional sand. 

Bricks are made near the southwest corner of section 11, Holmes City, 

by Ole Olson, producing only a few thousand yearly. They are cream-colored, 

tinted reddish. 

Richard Partridge and brother have made bricks since 1877 about a half 

mile northwest from Evansville, beside the railroad, which makes a cut 40 feet 

deep in the hill or swell on whose side the clay for this brick-making is dug. 

The railroad-cut is true till, y@llow throughout, containing gravel and plentiful 

rock-fragments, including rarely pieces of lignite up to four inches in diameter; 

but in some portions next to the surface this deposit is nearly or quite free 

from gravel, and makes bricks of superior quality. The product in 1879 was 

about 40,000, sold at $10 per thousand. 

In Glenwood bricks have been made by John Aiton SInce 1876. The 

clay occurs, as in Evansville and at Fergus Falls in Otter Tail county, on a 

hillside which in large part is till. It is in the northeast part of the village, 

about 50 feet above tne lake. N ext below the soil is almost horizontally lam

inated yellowish clay, of which a thickness of 4 feet is used. It contains in 

some portions. streaks and tubular concretions of iron-oxide (limonite), and the 

lbwer part of this four feet is somewhat sandy. Still deeper the clay becomes 

more sandy and includes limy concretions. Fifteen feet below the surface, 

it is underlain by gray or bluish sand. No sand is mixed with the clay for 

brick-making. The product in 1879 was 300,000, sold at $7 to $10 per thous

and. These are cream-colored bricks, varying in tint from greenish near the 

fire to reddish in the outer part of the kiln. 
Springs. Many ~ery large springs issue from the bluffs about Glenwood, mostly a,t a hight nearly 

175 feet above the lake. The water of several is condncted by pipes into the village, furnishing an 
excellent supply of water for all purposes, including fire-hydrants. One of these springs formerly fur
nished the power of a grist-mill a half mile north of the village, a turbine wheel only eight inches in 

diameter being used, with forty-five feet head of water. 
About two miles west of Glenwood, near Mrs. Esther Rue's house, are two sulphur springs within 

two rods of each other in somewhat marshy land between the bluffs and the lake, beside a little brook 
formed by these and other springs. White filamentous matter is seen in the sulphur springs, and their 
smell and taste are very marked. Near them is also a spring of clear water, and chalybeate springs occur 

about an eighth of a mile to the north in a ravine. 
A quarter of a mile east from these is a very interesting limy spring, some tweuty rods northwest 

from D. A. Bartke's house and on his land. This spring is a little rill in the woods, gathered from the 
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ground of several square rods area, and flowing gently down perhaps ten feet in its first four or :five rods, 
Then in two rods it falls fifteen feet, diffused over a steep mossy bank. Along all this distance and 
especially in the last two rods, the banks over which this water runs are composed of a calcareous deposit 
from it, encrusting mosses, sticks and leaves, so that this "petrified moss" is in Bome places several feet 
deep. 

ABORIGINAl, EARTHWORKS. 

In the northwest corner of Alexandria, between lakes Carlos and Le Homme Dieu, on the west 
side of the road in heavy woods, is a steep mound, about fifteen feet high, which has been partly dug 
into and was found to contain bones. Near this are also two or three smaller mounds, about five feet 
high. 

Numerous aboriginal earthworks were obsetved two or three miles west of Glenwood. On D. A. 
Bartke's land, some forty rods northwest from his honse and about 75 feet above lake Whipple, are 
several mounds, mostly only about three feet high, but oneof them has:a hight of twelve feet. A half mile 
farther west, a mound six feet high is seen some fifteen rods north of the road, crowning a morainic knoll 
which is abont 75 feet above the lake. Another artificial mound, of less regular form and smaller, lies 
some thirty rods southwest from .the last, on the south side of the road, also on a morainic hillock, some
what lower than the preceding. A quarter of a mile southwest from these and nearly the same distance 
south of the road is another mound about six feet high, situated similarly on the top of a knoll, probably 
25 feet above the lake. 

Four miles farther west, about thirty rods north from the outlet of lake Whipple and four rods 
northwest from the road, on the lowland only 10 feet above the lake, is a mound seven feet high. No 
others were seen in its vicinity. 
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OHAPTER XVIII. 

THE GEOLOGY OF GRANT AND STEVENS COUNTIES. 

By WARREN UPHAM. 

Situation and area. Grant and Stevens counties (plate 49) lie in western 

Minnesota, in the second range of counties east from lakes Traverse and Big 

Stone. Morris, the county seat and largest town of Stevens county, is about 

140 miles distant (in a direct line) west-northwest from Saint Paul and Min

neapolis. Herman, the largest town in Grant county, is 19 miles northwest 

from Morris. Other important towns and villages are Hancock, Donnelly and 

Norcross on the Breckenridge line of the Saint Paul, Minneapolis & Manitoba 

railway; and Ashby, Pomme de Terre and Elbow Lake in the northeast part 

of Grant county, the last named being the county seat. 

Each of these counties is a square, measuring four townships, or twenty

four miles, from east to west, and the same from north to south. The area of 

Grant county is 578.28 square miles, or 370,099.24 acres, of which 21,843.03 

acres are covered by water; and the area of Stevens county is 571.48 square 

miles, or 365,748.00 acres, of which 10,411.81 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. The west half of Grant county and most of the north

west quarter of Stevens county are included within the basin of the Red river 

of the North, being drained to lake Traverse by the Mustinka river and its 

tributaries. The rest of this district is drained to the Minnesota river, mainly 

by the Pomme de Terre, which flows very directly from north to south through 

the east half of these counties. The Chippewa river, however, flows nearly 

parallel with the Pomme de Terre river, and only four or five miles east from it, 

through the southeast edge of Grant and the northeast of Stevens; and the 
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500 THE GEOLOGY OF MINNESOTA. 
[Topography. 

Chippewa basin extends across the east boundary of Stevens county along its 

whole length. 

Lakes are scattered numerously over all this district, excepting the west border of Grant county. 
They range in size from the smallest, a few rods in diameter, to Pelican lake, which covers approxi
mately six square miles, in the most northeast township of Grant county, to which its name is given. 
Elk lake and Elbow lake in the same county also give their names to townships. Its other most note
worthy lakes are Pomme de Terre lake, through which the river of this name flows, Lightning lake in 
Stony Brook, Cormorant lake In Lien, and a group of a dozen small lakes within five miles east and 
southeast from Herman. 

Among the principal lakes of Stevens county are two through which the Pomme de Terre river 
flows in Sahlmark, Swan lake in the southeast part of this township, lakes Moore, Charlotte and Cyrus, 
and Morse lake, in the east part of Framnas, Page's lake in Hodges, Moose Island lake and Fish or Echo 
lake on the northern borders of Pepperton, and Clear and Frog lakes in Scott. 

Topography. Both these counties have mostly an undulating or rolling 

surface, rising in smooth, massive swells 10 to 30 or sometimes 50 feet above 

the hollows and lakes. Seen in a view of wide extent, however, the appear

ance is that of an approximately level plain. In southeastern Stevens county 

a specially prominent range of highland extends from north to south by 

Hancock, elevated 50 to 100 feet above the broad depressions on its west and 

east sides along the Pomme de Terre and Chippewa rivers. The valleys or 

channels eroded by these streams are from 50 to 75 feet deep, and vary from 

a quarter to a half of a mile, or rarely, where the Pomme de Terre river flows 

through lakes, one and a half miles in width. 

The northeastern third of Grant county is more prominently rolling than 

most other parts of this district; and rough morainic knolls and hills border the 

north side of Pelican lake and extend west into the northeast corner of Pomme 

de Terre. These are the southwest edge of the great morainic tract called 

the Leaf hills. Within the limits of this county they attain only slight alti

tudes, 50 to 150 feet above Pelican lake and lake Christina or about 1 250 to , , 
1,350 feet above the sea. 

In the western range of townships of Grant county, the area that was 

occupied by the glacial lake Agassiz, as described in a later part of this chapter, 

is characterized by a much more smoothed and even surface than the other 

parts of the district toward the east and south, this being the margin of the 

very flat, broad expanse which reaches thence west to the Bois des Sioux river 

and north along the Red river valley to Winnipeg. 
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GRANT AND STEVENS COUNTIES. 
Elevatians·1 

Elevations, Saint Paul, Minneapolis & Manitoba, railway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Fergus Falls line. 

Outlet from lake Christina to Pelican lake, water, 1213; grade 
Interlaken -
Ashby 
Summit near Ashby, cutting 10 feet; grade 
Pelican creek, water, 1236; grade 

Hancock 
Summit, cutting only 1 foot; grade 
Pomme de Terre river, water, 1066; grade 
Junction of Brown's Valley branch 
Morris -
Summit, grade 
Donnelly 
New Moose Island tank 
Old tank and section-house 
Herman 

Breclcenridge line. 

UPl?er beach of lake Agassiz, cut 6 feet; grade 
Norcross, on lower beach of lake Agassiz -
Mustinka creek, water, 1018; grade -
Gorton 

Junction near Morris -
Summit, cutting 4 feet; grade 
Another summit, with same grade 
Mud creek, water, 1076; grade 
Wheeler 
Chokio 

Brown's Valley branch. 

Miles from 
Saint Paul. 

165.4 

165.6 

168.0 

168.1 

169.4 

Miles from 
Saint Paul. 

150.09 

151.64 

1.s5.49 

1.57.98 

159.09 

161.00 

167.61 

172.83 

173.36 

178.12 

179.70 

183.00 

184.51 

185.39 

Miles from 
Saint Paul. 

157.98 

160.0 

160.8 

161.9 

165.2 

171.2 

501 

Feet above 
the sea. 
1225 

1228 

12[!1 

]294 

1249 

Feet above 
the sea. 

1155 

1172 

1078 

1120 

1129 

1156 

1124 

1093 

1085 

1070 

1060 

1039 

1026 

1022 

Feet above 
the sea. 

1120 

1138 

1138 

1103 

1110 

1122 

The highest land of Grant county, in Pelican Lake and Erdahl, is about 

1,350 feet, and its lowest land, on its west boundary, is about 1,010 feet above 

the sea. Estimates of the average hights of the townships of Grant county 

are as follows: Pelican Lake, 1,275; Erdahl, 1,275; Elk Lake, 1,250; Land, 

1,225; Pomme de Terre, 1,240; Sanford, 1,220; Lien, 1,180; Roseville, 1,160; 

Stony Brook, 1,160; Elbow Lake, 1,140; Delaware, 1,090; Macsville,1,090; 

Lawrence, 1,050 ; North Ottawa, 1,035; Gorton, 1,035; and Logan, 1,050. 

The mean elevation of Grant county, derived from these figures, is 1,155 feet. 

The highest land in Stevens county is in Sahlmark, about 1,250 feet above 

sea-level, approximately 200 feet above its lowest points, which are at its north

west corner and on its southern boundary where that is crossed by the Pomme 

de Terre river. Average hights of the townships are estimated as follows: 
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[Geological structure. 

Sahlmark,1,190; Framnas,1,160; Hodges, 1,160; Moore, 1,140; Rendsville, 

1,150; Morris, 1,140; Darnen,1,110; Horton, 1,100; Donnelly, 1,105; Pep

perton, 1,115; Scott, 1,120; Synnes, 1,120; Eldorado, 1,080; Potsdam, 1,110: 

Baker, 1,125; and Stevens, 1,130. The mean elevation of Stevens county, 

derived from these figures, is approximately 1,130 feet. 

Soil and t£mber. A black soil extends everywhere one to two feet deep. 

This is the enriched upper part of the glacial drift, which below forms the 

subsoil, having a yellowish color, due to weathering, to a depth of 10 to 20 

feet, beyond which it has a darker and bluish color. Clay, sand and gravel, 

with occasional boulders, intermingled in an unstratified manner (clay being 

the predominant ingredient), constitute the greater part of this formation. 

With this boulder-clay, till, or hardpan, as it is called, are associated compara

tively thin and scanty deposits of stratified gravel and sand, which occur as 

layers in the till, or rarely in knolls or swells on its surface, also in flat tracts 

on the bottomlancls of the larger streams, and in beach-ridges on the borders 

of lake Agassiz. 

The chief agricultural staples are wheat, oats, corn, flax, sorghum, 

potatoes, hay, live stock, and dairy products. By reason of its fertility of 

soil, salubrity of climate, and abundant and excellent water, this is a very fine 

farming district; and it is everywhere adapted for cultivation and ready for 

the plow, excepting occasional sloughs of valuable marsh-grass and the steep 

bluffs that enclose the streams. 

Both these counties are wholly prairie, with timber only in small groves 

beside many of the lakes and in a very narrow belt along portions of the rivers 

and creeks. Basswood, bur-oak, white and red elm, silver maple, box-elder, 

wild plum, green ash, hackberry, ironwood, poplar and cottonwood are the 

principal species of trees. 

GEOLOGICAL STRUCTURE. 

The drift-sheet, consisting chiefly of till, and probably varying from 100 

to 200 feet in depth, covers both these counties and wholly conceals the bed

rocks. Beneath the drift are doubtless in many places deposits of Cretaceous 

age, similar to those outcropping in Brown, Redwood, Lyon and Stearns 

counties; but under these, or, where they are absent, immediately underlying 
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and creeks. Basswood, bur-oak, white and red elm, silver maple, box-elder, 

wild plum, green ash, hackberry, ironwood, poplar and cottonwood are the 

principal species of trees. 

GEOLOGICAL STRUCTURE. 

The drift-sheet, consisting chiefly of till, and probably varying from 100 

to 200 feet in depth, covers both these counties and wholly conceals the bed

rocks. Beneath the drift are doubtless in many places deposits of Cretaceous 

age, similar to those outcropping in Brown, Redwood, Lyon and Stearns 

counties; but under these, or, where they are absent, immediately underlying 
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the drift, Archooan rocks are believed to occupy this whole district, at a depth 

of a few hundred feet. 

A well drilled for the railroad at Herman passed through 124 feet of till, 

and then went 65 feet in rock. The first seven or eight feet of the rock was 

the fine-grained, buff, magnesian limestone, boulders of which are common 

throughout northwestern Minnesota. Professor Winchell thinks it probable 

that this portion was a compacted mass of boulders. The nearest outcrops of 

this rock in the direction from which the drift came, are near Winnipeg in 

Manitoba. The remaining 57 feet were evidently in Arch::can rocks, being 

quartzose granite, with red feldspar; white micaceous quartzyte; and mica

schist of several varieties. 

The glacial drift forming the surface of these counties has the same 

smoothly undulating or rolling contour which characterizes the greater part of 

the Minnesota basin. Its only portion presenting the rough, irregularly 

grouped, stony knolls and hills of terminal moraines is in northeastern Grant 

county, including Pelican Lake, some parts of Erdahl, and the northeast cor

ner of Pomme de Terre. These morainic accumulations belong to the time of 

the eighth or Fergus Falls moraine. The ice-sheet appears to have lain upon 

this district until its recession from the seventh or Dovre moraine, when it was 

melted back from Swift and Big Stone counties to Fergus Falls and the Leaf 

hills in Otter Tail county. 

The gravel on the bottomland of the Pomme de Terre river is about half 

limest.one; and nearly the. same proportion holds for the gravel of lake-shores 

and for that contained in the till. A much less proportion of the large boulders 

, is limestone, perhaps not more than a twentieth generally, and in some localities 

scarcely a hu~dredth, the remainder being granite, syenite, gneiss and crys

talline schists. But in section 31, Elk Lake, a half mile north of Gilbert 

Anderson's, about a dozen limestone blocks, three to eight feet in size, were 

seen near together one to three rods west of the road, much outnumbering the 

comparatively small granitic boulders that could be counted on the same space. 

The valleys of the Pomme de Terre and Chippewa rivers, 50 to 100 feet 

. deep along most of their course, and one-fourth mile to one mile or occa

sionally more in width, were avenues of drainage from the melting ice-fields in 

their northward retreat. By these glacial floods the Pomme de Terre valley 

was eroded below its present depth, and the subsequent alluvial deposits 
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brought in by tributaries and washed down from adjoining bluffs by the 

springs in their ravines, have filled some portions higher than others, so that 

depressions not thus filled hold the Pomme de Terre and Little Pomme de 

Terre lakes and two lakes in the west part of Sahlmark. 

Lake Agassiz, formed in the basin of the Red river by the barrier of the 

retreating ice-sheet, extended into the northwest part of Eldorado, the most 

northwest township of Stevens county, and its upper beach continues thence 

northward through Grant county, lying four to six miles east of the county 

line. On the area occupied by this glacial lake, the surface is notably smoothed 

and nearly flat. Its material here is mainly till, in some places showing indis

tinct marks of stratifi~ation due to the leveling action of the lake, but contain

ing sand and gravel and frequent boulders, and much more properly classed 

as till than as modified drift. No lakes are now found on this part of the area 

that was covered by lake Agassiz, but it has occasional sloughs, sometimes a 

mile or more in extent. Besides the upper or Herman beach of this lake, 

which is crossed by the Saint Paul, Minneapolis & Manitoba railway one and 

a half miles northwest of Herman, its next lower or Norcross beach is well 

exhibited through the west range of townships of Grant county, being crossed 

by this railway at Norcross, five miles northwest of Herman. These beaches 

consist of gravel and sand, each being a low, flattened ridge, ten to twenty or 

hirty rods wide, three to ten feet above the adjoining land on the side away 

from the lake, and having a descent of ten to twenty feet on the other side. 

The outlet of lake Agassiz flowed in the remarkable channel or valley 

which now contains lakes Traverse and Big Stone and the Minnesota river. 

At the time when the upper beach was formed, its mouth was about eighty 

feet above the present surface of lake Traverse or 1,050 feet above the sea. 

The Norcross beach in Grant county is one to three miles west of the upper 

or Herman beach and about 30 feet lower, showing that the outlet of the lake 

had eroded its channel considerably during -the time between the stages 

recorded by these beach-ridges. For a discussion of the ascent of the beaches 

toward the north and more detailed statements of their characters and rela

tionship, with a brief description of the general features of lake Agassiz and 

the area which it covered, the reader is referred to the next chapter. 

The following notes were taken in connection with the work of mapping 

these beaches and leveling to determine their elevation.· • 

504 THE GEOLOGY OF MINNESOTA. 
[Lake Agassiz. 

brought in by tributaries and washed down from adjoining bluffs by the 

springs in their ravines, h:we filled some portions higher than others, so that 

depressions not thus filled hold the Pomme de Terre and Little Pomme de 

Terre lakes and two lakes in the west part of Sahlmark. 

Lake Agassiz, formed in the basin of the Red river by the barrier of the 

retreating ice-sheet, extended into the northwest part of Eldorado, the most 

northwest township of Stevens county, and its upper beach continues thence 

northward through Grant county, lying four to six miles east of the county 

line. On the area occupied by this glacial lake, the surface is notably smoothed 

and nearly flat. Its material here is mainly till, in some places showing indis

tinct marks of stratifi<)ation due to the leveling action of the lake, but contain

ing sand and gravel and frequent boulders, and much more properly classed 

as till than as modified drift. No lakes are now found on this part of the area 

that was covered by lake Agassiz, but it has occasional sloughs, sometimes a 

mile or more in extent. Besides the upper or Herman beach of this lake, 

which is crossed by the Saint Paul, Minneapolis & Manitoba railway one and 

a half miles northwest of Herman, its next lower or Norcross beach is well 

exhibited through the west range of townships of Grant county, being crossed 

by this railway at Norcross, five miles northwest of Herman. These beaches 

consist of gravel and sand, each being a low, flattened ridge, ten to twenty or 

hirty rods wide, three to ten feet above the adjoining land on the side away 

from the lake, and having a descent of ten to twenty feet on the other side. 

The outlet of lake Agassiz flowed in the remarkable channel or valley 

which now contains lakes Traverse and Big Stone and the Minnesota river. 

At the time when the upper beach was formed, its mouth was about eighty 

feet above the present surface of lake Traverse or 1,050 feet above the sea. 

The N or(;ross beach in Grant county is one to three miles west of the upper 

or Herman beach and about 30 feet lower, showing that the outlet of the lake 

had eroded its channel considerably during -the time between the stages 

recorded by these beach-ridges. For a discussion of the ascent of the beaches 

toward the north and more detailed statements of their characters and rela

tionship, with a brief description of the general features of lake Agassiz and 

the area which it covered, the reader is referred to the next chapter. 

The following notes were taken in connection with the work of mapping 

these beaches and leveling to determine their elevation.' e 

504 THE GEOLOGY OF MINNESOTA. 
[Lake Agassiz. 

brought in by tributaries and washed down from adjoining bluffs by the 

springs in their ravines, h:we filled some portions higher than others, so that 

depressions not thus filled hold the Pomme de Terre and Little Pomme de 

Terre lakes and two lakes in the west part of Sahlmark. 

Lake Agassiz, formed in the basin of the Red river by the barrier of the 

retreating ice-sheet, extended into the northwest part of Eldorado, the most 

northwest township of Stevens county, and its upper beach continues thence 

northward through Grant county, lying four to six miles east of the county 

line. On the area occupied by this glacial lake, the surface is notably smoothed 

and nearly flat. Its material here is mainly till, in some places showing indis

tinct marks of stratifi<)ation due to the leveling action of the lake, but contain

ing sand and gravel and frequent boulders, and much more properly classed 

as till than as modified drift. No lakes are now found on this part of the area 

that was covered by lake Agassiz, but it has occasional sloughs, sometimes a 

mile or more in extent. Besides the upper or Herman beach of this lake, 

which is crossed by the Saint Paul, Minneapolis & Manitoba railway one and 

a half miles northwest of Herman, its next lower or Norcross beach is well 

exhibited through the west range of townships of Grant county, being crossed 

by this railway at Norcross, five miles northwest of Herman. These beaches 

consist of gravel and sand, each being a low, flattened ridge, ten to twenty or 

hirty rods wide, three to ten feet above the adjoining land on the side away 

from the lake, and having a descent of ten to twenty feet on the other side. 

The outlet of lake Agassiz flowed in the remarkable channel or valley 

which now contains lakes Traverse and Big Stone and the Minnesota river. 

At the time when the upper beach was formed, its mouth was about eighty 

feet above the present surface of lake Traverse or 1,050 feet above the sea. 

The N or(;ross beach in Grant county is one to three miles west of the upper 

or Herman beach and about 30 feet lower, showing that the outlet of the lake 

had eroded its channel considerably during -the time between the stages 

recorded by these beach-ridges. For a discussion of the ascent of the beaches 

toward the north and more detailed statements of their characters and rela

tionship, with a brief description of the general features of lake Agassiz and 

the area which it covered, the reader is referred to the next chapter. 

The following notes were taken in connection with the work of mapping 

these beaches and leveling to determine their elevation.' e 



GRANT AND STEVENS COUNTIEFl. 505 
Beaoh-ridges.[ 

Upper or Herman beach. This beach-ridge is well displayed in the N. W. t of section 19 Eldo

rado, having an elevation about 1063 feet above the sea. Through section 18, it is twenty to twe~tY-five 
rods wide, with its top at 1063 to 1066 feet, being a gently round ell ridge of sand and gravel, contailling 

pebbles up to two or three inches in diameter. Its hight is seven to ten feet above the land next west. 

and five feet above the depression next east. The snrface 011 each side is till, slowly falling westward 
and rising eastward. 

In the southeast part of section 7, Eldorado, the crest of the hoach is at 1007 to 1070 feet. Here 

and onward the next two miles, through the N. W. :\ of section 8, the southeast part of 5, and the west

ern and northern part of section 4, Eldorado, this formation is finely exhibited in a ridge of gravel and 

sand, twenty to thirty rods wide, fifteen feet or more above the hllld let its hase westward, where lay the 

glacial lake Agassiz, and eight to ten feet above the depression eastward, which divides it hom the 

higher, moderately nndulating expanse of till beyond. In the east part of section 5, its elevation is 1065 
feet; and through section 4, 1065 to 1072. 

Sill of Ezra S. Dunning's house, section 3, Eldorado, 1074 feet. 

Water in the South branch of Mustinka river, five feet deep. in the N. W .. \ of section 34, Logan, 
1053. 

Beach in the nOl'thwest part of section 27, Logan, 1067 to 1069; in the S. W. } of section 22, 1067; 

in the north part of this section 22, and the south part of section 15, Logan, forming a broad, smoothly 
rounded gravel-ridge, 1068 to 1071. 

Beach near the middle of section 15, Logan, a third of a mile southwest from Dr. Parlnin's, about 

thirty rods wide, with a broad nearly flat top, 1070; having a descent of about fifteen feet on its north
west side to the area of lake Agassiz, and half as much on the southeast, thence rising very gradually in 

the one and a half miles eastwanl to Herman. This ridge is gravel; the land at each side, till. 

Beach equally well exhibited, at Dr. C. O. Paquin's, at the southeast comer of section 10, and in 

the southwest part of section J1, Logan, 1069 to 1071; and in this section 11, at the railroad, and for 
fifty rods southwestward 1064 to 1066. In the cut through this beach-ridge for the railroad, its material 

is sand and gravel, containing pebbles up to two or three inches in diameter, half or two-thirds being 

limestone. 
Depression forty rods wide next southeast at the railroad, lowest twenty rods from the top of the 

beach, 1060 to 1063. 
Surface of till at the southeastern snow fences of the railroad, about a third of a mile southeast 

from the beach, 1073; at the northwest end of the northwestern snow-fences, about twenty-five rods 

northwest from the highest part of the beach, 1054; and at the 180th mile-post, al)out a quarter of a mile 

northwest from the last, 1049. 
Railroad track at Herman, 1070; at the 180th mile-post, 105l. 
Joseph Moses' house, floor of piazza, in the S. W. l of the N. W. } of section 18, Delaware, 1067; 

beach here, on which this house is bum, 1066 to 1067. 
H. D. Kendall's house, at the east side of the S. E. } of section 12. Gorton, on the western slope 

of the beach, 1062; top of beach-ridge about twenty-five rods east of My. Kendall's house, 1067. Beach 

through the next one and a half miles north from Mr. Moses', ~110ng the west side of sections 18 and 7, 

Delaware, 1066 to 1068. The beach for this distance is conspicuously developed, having a width of about 

twenty-five rods, rising five to eight feet above the depl'ession at its east side and ten to fifteen feet above 

the land west. 
L. 1. Baker's house, sill, in the S. W. :1 of section 6, Delaware, of same hight with the top of the 

heach-ridge, on which it is built, 1068. 
Beach in section 31, Elbow Lake, not so conspicuous as usual, 1066; in or near the S. W. t of sec

tion 19, this township, 1070; in the S. W . .l of section 18, at the house of Henry Olson, a gracefully 

rounded, low ridge, as elsewhere, composed of gravel and sand, ineluding pebbles up to three inches in 

diameter, 1065 to 1066; at Mrs. John S. Ireland's, in the N. W. l of this section 18, 1070; at Dr. J. M. 
"Tucker's, in the N. E. t of the N. E. } of section 2, North Ottawa, 1071; about one mile north of last, 

near the north side of section 35, Lawrence, 1075; and about one mile faTther north, also 1075. 
Beach about thirty rods west of M. L. Adams' house, in the N. E. :1 of section 26, Lawrence, 1075 

feet, being four feet above the land adjoining this ridge on the east. and about ten feet above the flat 

land near on the west; in section 23, Lawrence, 1076; and near the south side of section 10, 1069 to 1074. 

Extensive sloughs or marshes occur in section 36, and in sections 25 and 24, Lawrence, each being 

about a mile long, lying on the east side of the beach-ridge at Dr. Tucker's and reaching two and a half 

miles northward; the elevation of these above sea-level is about 1060 feet. 
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pebbles up to two or three inches in diameter. Its hight is seven to ten feet above the land next west, 

and five feet above the depression next enst. The surface on each side is till, slowly falling westward 
and rising eastward. 

In the southeast part of section 7, Eldorado, the crest of the lJcach is at 1007 to 1070 feet. Here 

and onward the next two miles, through the N. W. + of section B, the southeast part of 5, and the west

ern and northern part of section 4, Eldorado, this fornmtion is finely exhihited in a ridge of gmvel and 

sand, twenty to thirty rods wide, fifteen feet or more above the hmd at its hase westward, where lay the 

glacial lake Agassiz, and eight to ten feet above the depression eastward, which divides it hom the 

higher, moderately undulating expanse of till beyond. In the east part of section 5, its elevation is 1065 
feet; and through section 4, 1065 to 1072. 

Sill of Ezra S. Dunning's house, section 3, Eldomllo, 1074 feet. 

Water in the South branch of Mustinka river, five feet deep, in the N. W .. \ of section 34, Logan, 
1053. 

Beach in the northwest part of section 27, Logan, 1067 to 1069; in the S. W. 1 of section 22, 1067; 
in the north part of this section 22, and the sou th part of seetion 15, Logan, forming a broad, smoothly 

rounded gravel-ridge, 1068 to 1071. 

Beach near the middle of section 15, Logan, a third of a mile southwest from Dr. Parluin's, about 

thirty rods wide, with a broad nearly flat top, 1070; having a descent of about fifteen feet on its north

west side to the area of lake Agassiz, and half as much on the southeast, thence rising very gradually in 
the one and a half miles eastwarrl to Herman. This ridge is gravel; the land at cach side, till. 

Beach equally well exhibited, at Dr. C. O. Paquin's, at the southeast comer of section 10, and in 

the southwest part of section J1, Logan, 1069 to 1071; and in this section 11, at the railroad, and for 

fifty rods southwestward 1064 to 1066. In the cut through this beach-ridge for the railroad, its material 
is sand and gravel, containing pebbles up to two or three inches in diameter, half or two-thirds being 

limestone. 
Depression 10rty rods wide next southeast at the ra.ilroad, lowest twenty rods from the top of the 

beach, 1060 to 1063. 
Surface of till at the southeastern snow fences of the railroad, about a third of a mile southeast 

from the beach, 1073; at the northwest end of the northwestern snow-fences, about twenty-five rods 
northwest from the highest part of the beach, 1054; and at the 180th mile-pos~, al)Out a quarter of a mile 

northwest from the last, 1049. 
Railroad track at Herman, 1070; at the 1BOth mile-post, 1051. 
Joseph Moses' house, floor of piazza, in the S. W. ~. of tbe N. W. } of section 1B, Delaware, 1007; 

beach here, on which this house is built, 1066 to 1067. 
H. D. Kendall's house, at the east side of the S. E. t of section 12. Gorton, on the western slope 

of the beach, 1062; top of beach-ridge about twenty-five rods east of Mr. Kendall's house, 1067. Beach 

through the next one and a half miles north from Mr. 1I'1oses', along the west side of sections 18 and 7, 

Delaware, 1066 to 1068. The beach for this distance is conspicuously developed, having a width of about 
twenty-five rods, rising five to eight feet above the depression at its east side and ten to fifteen feet, above 

the land west. 
L. I. Baker'S house, sill, in the S. W. l of section (j, Delaware, of same higbt with the top of the 

beach-ridge, on which it is built, 1068. 
Beach in section 31, Elbow Lake, not so conspicuous as usual, 1066; in or near the S. W. ? of sec

tion 19, this township, 1070; in the S. W. ~. of section 18, at the house of Henry Olson, a gracefully 
rounded, low ridge, as elsewhere, composed of gnwel and sand, ineluding pebbles up to three inches in 

diameter, 1065 to 1066; at Mrs. John S. Ireland's, in the N. W. } of this section 1B, 1070; at Dr. J. M. 

Tucker'S, in the N. E. t of the N. E. 1 of section 2, North Ottawa, 1071; about one mile north of last, 

near the north side of section 35, Lawrence, 1075; and about one mile fa.rther north, also 1075. 
Beach about thirty rods west of M. L. Adams' house, in the N. E. 1 of section 26, Lawrence, 1075 

feet, being four feet above the land adjoining this ridge on the east, and about ten feet above the flat 
land near on the west; in section 23, Lawrence, 1076; and near the south side of section 10, 1069 to 1074. 

Extensive sloughs or marshes occur in section 36, and in sections 25 and 24, Lawrence, each being 

about a mile long, lying on the east side of the beach-ridge at Dr. Tucker'S and reaching two and a half 

miles northward; the elevloItion of these above sea-level is about 1060 feet, 
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In the north part of section 10, and the south part of section 3, Lawrence, the shore line of lake 

Agassiz is uot marked, as usual, by a gravel ridge, but by a somewhat abrupt ascent or terrace, the top 
of which, eomposed partly of gravel, is 1085 to 1079; ba.ge of this terrace and land westward, consisting 

of till slightly modified on the area of lake Agassiz, 1060 to 1050. This e~carpment, the eroded shore
line of the glacial lake, passes about forty rods west of N. S. Denton's, at the north side of section 10, 

Lawrenee. 
Beach in section 34, Western, the most southwest township of Otter Tail county, near John F. 

'Wentworth's, 1070 to 1075. 
Norcross beach. At Norcross depot this beach has the same elevation as the railroad track, 1039 

feet above the sea. There is a depression three feet lower on the southeast, and the surface ten to fifteen 
rods northwest from the top of this beach, on the side where the lake was, is 1032 to 1034. Thence a 

very smooth plane descends to Gorton, Campbell, and the Red river at Breckenridge. About fifty rods 
northeast from Norcross depot, the beach attains its greatest hight in this vicinity, 1043 feet.. It is a 
rounded, low ridge of sand and gravel, lying on an area of till, having the same characters as the upper 
beach at the numerous places where that has been described. The course of the Norcross beach has 
been mapped, but its elevation has not been exactly determined at other points in this county. In 
Western, Otter Tail county, its elevation is approximately 1045 feet. 

Further notes of these beaches will be found with the records of wells in Lawrence, Gorton and 
Eldorado. 

Wells in Grant county. 

Elk Lake. G. Erdahl; on the bluff east of the Pomme de Terre river in the northwest part of the 
township: well, 104 feet; soil, 2; yellow till, 33; harder blue till, 30; gray till, lighter-colored, 7; dry 
sand, 28; and gravel and sand, containing water, 4 feet and extending lower. 

Sam Olson; sec. 26, at the north side of the east end of Elk lake: well, 13 feet; soil, 2; yellow till, 
5; and coarse gravel, containing pebbles up to three inches in diameter, 6 feet and reaching deeper; plenty 
of good water. 

Ole Iting; about one and a half miles west from the west end of Elk lake: well, 74 feet; soil, 2; 
yellow till, very hard and dry, 33; quicksand, 1 foot, with water; and moist blue till. softer to bore than 
the upper till, 38 feet and continuing below; the only water, a rather scanty supply, comes from the 
quicksand. 

Mr. Alfred Schedin, who reports these wells aud others in Lien and Roseville, states that the blue 
till is usually h~uder than the overlying yellow till; often one to six feet in thickness of the blue till next 
above a water-bearing layer of sand and gravel, is harder, darker and more gravelly than its other 
portions; no fossils have been found, but fragments of lignite occur frequently in the till, the largest 
being about four inches in diameter. 

Land. Gilhert Anderson; sec. 6: well, 18 feet, unfinished; yellow till, 14; harder blue till, 4. 
Pomme de Terre. N. Q. Punches' store in the'Village: well, 22; soil, Ii; sand, 20~, to water. This 

is only ten or twelve rods from the river. Most of the wells near are in till. 

Halvor Olson; sec. 24: well, 3f) feet; soil, II; yellow till, 30; harder blue till, 3; water rose twelve 
feet from gravel at the bottom. 

Lien. T. Nilson; N. E.j of sec. 2: well, 26 feet; soil, 1~; yellow till, spaded, 18~'; blue till, 
picked, almost as hard as stone, 6 feet and extending deeper; water seeps from the lower till. 

Ole Lien; sec. 10, on the east side of Cormorant lake: well, 60 feet; soil, 2; soft yellow till, very 
gravelly in its lower portion, 53; and gravel and sand, f) feet and reaching lower, from which water rose 
fifteen feet. 

R08e1.>ille. William Boerner; in the west part of the township: well, 58 feet; soil,~2; yellow till, 
23; and softer, moist and sticky blue till, 33; water rose slowly from gravel and sand at the bottom, 
accompanied with gas during the first twenty-four hours; in three or four days it reached its permanent 
level, six feet below the surface. A few pieces of decayed wood, up to three inches in length, were 
found at the depth of ~lbont fifty feet; and selenite (gypsum) crystals were found at many places from 
the depth of twenty feet to the bottom, occurring in masses up to three inches long. 

Stony Brook. Ole Knutson; sec. 10: well, 83 feet, unfinished; soil, 2; yellow till, 20; sand, 6 inches, 
with a little water; harder blue till, 57; and sand, 3 feet, in which the boring was being continued; 
water in this sand rose two feet above it, but twenty-five pailfuls drained the supply. 

Lawrence. G. H. Polar; S. W. :} of sec. 4, on the Norcross beach of lake Agassiz, which here isa 
low, rounded ridge, twenty to thirty rods wide, and five and ten feet, respectively, above the land 
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In the north part of section 10, and the south part of section 3, Lawrence, the shore line of lake 

Agassiz is not marked, as usual, by a gravel ridge, but by a somewhat abrupt ascent or terrace, the top 

of which, composed partly of gravel, is 1085 to 1079; ba8e of this terrace and land westward, consisting 

of till slightly modified on the area of lake Agassiz, 1060 to 1050. This e~carpment, the eroded shore· 

line of the glacial lake, passes about forty rods west of N. S. Denton's, at the north side of section 10, 

Lawrence. 
Beach in section 34, Western, the most southwest township of Otter Tail county, near John F. 

Wentworth's, 1070 to 1075. 
Norcross beach. At Norcross depot this beach has the same elevation as the railroad track, 1039 

feet above the sea. There is a depression three feet lower on the southeast, and the surface ten to fifteen 

rods northwest from the top of this beach, on the side where the lake was, is 1032 to 1034. Thence a 

very smooth plane descends to Gorton, Campbell, and the Red river at Breckenridge. Abont fifty rods 

northeast from Norcross depot, the beach attains its greatest hight in this vicinity, 1043 feet .. It is a 

rounded, low ridge of sand and gravel, lying on an area of till, having the same characters as the upper 

beach at the numerous places where that has been described. The course of the Norcross beach has 

been mapped, but its elevation has not been exactly determined at other points in this county. In 

'Western, Otter Tail county, its elevation is approximately 1045 feet. 

Further notes of these beaches will be fonnd with the records of wells in Lawrence, Gorton and 

Eldorado. 

Wells in Grant county. 

Elk Lake. G. Erdahl; on the bluff east of the Pomme de Terre river in the northwest part of the 

township: well, 104 feet; soil, 2; yellow till, 33; harder blue till, 30; gray till, lighter-colored, 7; dry 

sand, 28; and gravel and sand, containing water, 4 feet and extending lower. 

Sam Olson; sec. 26, at the north side of the east end of Elk lake: well, 13 feet; soil, 2; yellow till, 
5; and coarse gravel, containing pebbles up to three inches in diameter, 6 feet and reaching deeper; plenty 
of good water. 

Ole lUng; about one and a half miles west from the west end of Elk lake: well, 74 feet; soil, 2; 

yellow till, very hard and dry, 33; quicksand, 1 foot, with water; and moist blue till. softer to bore than 

the upper WI, 38 feet and continuing below; the only water, a rather scanty supply, comes from the 
quicksand. 

Mr. Alfred Schedin, who reports these wells and others in Lien and Roseville, states that the blue 

till is usually hrmler than the overlying yellow till; often one to six feet in thickness of the blue till next 
above a water-heaTing layer of sand and gravel, is harder, darker and more gravelly than its other 

portions; no fossils have been found, but fragments of lignite occur frequently in the till, the largest 
being about four inches in diameter. 

Land. Gilbert Anderson; sec. 6: well, 18 feet, uufinished; yellow till, 14; harder blue till, 4. 

Pomme de TCITe. N. Q. Punches' store in the·village: well, 22; soil, Ii; sand, 20}, to water. This 
is only ten or twelve rods from the river. Most of the wells near are in till. 

Halvor Olson; sec. 24: well, 35 feet; soil, n; yellow till, 30; harder blue till, 3; water rose twelve 
feet from gravel at the bottom. 

Lien. T. Nilson; N. E. 1 of sec. 2: well, 26 feet; soil, Ii; yellow till, spaded, 18;\·; blue till, 
picked, almost as hard as stone, 6 feet and extending deeper; water seeps from the lower till. 

Ole Lien; sec. 10, on the east side of Cormorant lake: well, 60 feet; soil, 2; soft yellow till, very 

gravelly in its lower portion, 53; and gravel and sand, 5 feet and reaching lower, from which water rose 
fifteen feet. 

Roseville. William Boerner; in the west part of the township: well, 58 feet; soil,~2; yellow till, 
23; and softer, moist and sticky blue till, 33; water rose slowly from gravel and sand at the bottom, 
accompanied with gas during the first twenty-four hours; in three or four days it reached its permanent 

level, six feet below the surface. A few pieces of decayed wood, up to three inches in length, were 

found at the depth of tlbout fifty feet; and selenite (gypsum) crystals were found at many places from 
the depth of twenty feet to the bottom, occurring in masses up to three inches long. 

Stony Brook. Ole Knutson; sec. 10: well, 83 feet, unfinished; soil, 2; yellow till, 20; sand, 6 inches, 
with a little water; harder blue till, 57; and sand, 3 feet, in which the boring was being continued; 
water in this sand rose two feet above it, but twenty-five pailfuls drained the supply. 

Lawrence. G. H. Polar; S. W. t of sec. 4, on the Norcross beach of lake Agassiz, which here is a 

low, rounded ridge, twenty to thirty rods wide, and five and ten feet, respectively, above the land 
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In the north part of section 10, and the south part of section 3, Lawrence, the shore line of lake 

Agassiz is not marked, as usual, by a gravel ridge, but by a somewhat abrupt ascent or terrace, the top 

of which, composed partly of gravel, is 1085 to 1079; ba8e of this terrace and land westward, consisting 

of till slightly modified on the area of lake Agassiz, 1060 to 1050. This e~carpment, the eroded shore· 

line of the glacial lake, passes about forty rods west of N. S. Denton's, at the north side of section 10, 

Lawrence. 
Beach in section 34, Western, the most southwest township of Otter Tail county, near John F. 

Wentworth's, 1070 to 1075. 
Norcross beach. At Norcross depot this beach has the same elevation as the railroad track, 1039 

feet above the sea. There is a depression three feet lower on the southeast, and the surface ten to fifteen 

rods northwest from the top of this beach, on the side where the lake was, is 1032 to 1034. Thence a 

very smooth plane descends to Gorton, Campbell, and the Red river at Breckenridge. Abont fifty rods 

northeast from Norcross depot, the beach attains its greatest hight in this vicinity, 1043 feet .. It is a 

rounded, low ridge of sand and gravel, lying on an area of till, having the same characters as the upper 

beach at the numerous places where that has been described. The course of the Norcross beach has 

been mapped, but its elevation has not been exactly determined at other points in this county. In 

'Western, Otter Tail county, its elevation is approximately 1045 feet. 

Further notes of these beaches will be fonnd with the records of wells in Lawrence, Gorton and 

Eldorado. 

Wells in Grant county. 

Elk Lake. G. Erdahl; on the bluff east of the Pomme de Terre river in the northwest part of the 

township: well, 104 feet; soil, 2; yellow till, 33; harder blue till, 30; gray till, lighter-colored, 7; dry 

sand, 28; and gravel and sand, containing water, 4 feet and extending lower. 

Sam Olson; sec. 26, at the north side of the east end of Elk lake: well, 13 feet; soil, 2; yellow till, 
5; and coarse gravel, containing pebbles up to three inches in diameter, 6 feet and reaching deeper; plenty 
of good water. 

Ole lUng; about one and a half miles west from the west end of Elk lake: well, 74 feet; soil, 2; 

yellow till, very hard and dry, 33; quicksand, 1 foot, with water; and moist blue till. softer to bore than 

the upper WI, 38 feet and continuing below; the only water, a rather scanty supply, comes from the 
quicksand. 

Mr. Alfred Schedin, who reports these wells and others in Lien and Roseville, states that the blue 

till is usually hrmler than the overlying yellow till; often one to six feet in thickness of the blue till next 
above a water-heaTing layer of sand and gravel, is harder, darker and more gravelly than its other 

portions; no fossils have been found, but fragments of lignite occur frequently in the till, the largest 
being about four inches in diameter. 

Land. Gilbert Anderson; sec. 6: well, 18 feet, uufinished; yellow till, 14; harder blue till, 4. 

Pomme de TCITe. N. Q. Punches' store in the·village: well, 22; soil, Ii; sand, 20}, to water. This 
is only ten or twelve rods from the river. Most of the wells near are in till. 

Halvor Olson; sec. 24: well, 35 feet; soil, n; yellow till, 30; harder blue till, 3; water rose twelve 
feet from gravel at the bottom. 

Lien. T. Nilson; N. E. 1 of sec. 2: well, 26 feet; soil, Ii; yellow till, spaded, 18;\·; blue till, 
picked, almost as hard as stone, 6 feet and extending deeper; water seeps from the lower till. 

Ole Lien; sec. 10, on the east side of Cormorant lake: well, 60 feet; soil, 2; soft yellow till, very 

gravelly in its lower portion, 53; and gravel and sand, 5 feet and reaching lower, from which water rose 
fifteen feet. 

Roseville. William Boerner; in the west part of the township: well, 58 feet; soil,~2; yellow till, 
23; and softer, moist and sticky blue till, 33; water rose slowly from gravel and sand at the bottom, 
accompanied with gas during the first twenty-four hours; in three or four days it reached its permanent 

level, six feet below the surface. A few pieces of decayed wood, up to three inches in length, were 

found at the depth of tlbout fifty feet; and selenite (gypsum) crystals were found at many places from 
the depth of twenty feet to the bottom, occurring in masses up to three inches long. 

Stony Brook. Ole Knutson; sec. 10: well, 83 feet, unfinished; soil, 2; yellow till, 20; sand, 6 inches, 
with a little water; harder blue till, 57; and sand, 3 feet, in which the boring was being continued; 
water in this sand rose two feet above it, but twenty-five pailfuls drained the supply. 

Lawrence. G. H. Polar; S. W. t of sec. 4, on the Norcross beach of lake Agassiz, which here is a 

low, rounded ridge, twenty to thirty rods wide, and five and ten feet, respectively, above the land 
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adjoining on its east and west sides: well, 45 feet; soil, 11'; caving gravel and sand, 8; and till, yellow in 
its upper portion and blue below, 35 feet; water rose from the bottom, and stands ten to twenty feet 
below the surface. 

G. H. Adams; near the centre of sec. 22, on the Norcross beach, here a low but distinct ridge five 
to seven feet above the land on its west side: well, 30 feet; soil, 2; gravel aud sand, 2; yellow till, 16; 
dark and bluish till, soft aud sticky, 8; aud harder gray till, 2 feet, eontrlining two boulders about a foot 
in diameter; water rose from the bottom six feet in the first uight, and continued slowly rising a week 
till it came to a permanent level six feet below the surface. The water was of excellent quality, but 
when these notes were taken, one month after the well was dug, it had a somewhat disagreeable taste due 
to decay of the pine curbing. 

C. W. Stickney; N. E. ~- of sec. 34, on the Norcross beach, here ten to fifteen rods wide, two or 
three feet above a slough on its east side aud five to eight feet above the land close westward: well, 33 
feet; soil, 2; gravel and saud, 3; yellow till, 15; and blue till, 13, to quicksand, from which water soon 
rose to stand permanently about ten feet below the surface. 

T. 129, R. 44. Nicholas Theis; N. W .. 1 of the S. E. 1 of sec. 10: well, :30 feet; soil, 2; yellow till, 
spaded, but hard, 10; softer and moister blue till, 18 and continuing lower; well unfini~hed; the only 
water obtained is scanty, seeping from the lowest foot of the yellow till. 

John Tripp; in the S. W. i- of sec. 35: well, 50 feet, dug 30 feet andbore(l below, in 1878; all till, 
yellow and blue, to quicksand at the bottom, from which water rises to the surface, and at the date of 
these notes, in 1881, had been flowing away in a constant stream during three years. It fills a ten-quart 
pail full in two minutes, the flow being thus nearly sixty barrels in twenty-four hours. 

Gorton. Ole Thomson; in the northwest corner of sec. 14, on the Norcross beach, which is here 
broad and inconspicuous, elevated three or four feet above the depression on its east side and about five 
feet above the land on the west: well, 12 feet; soil, 2; caving gravel and sand, 7; and till, 3 and con
tinuing deeper; three feet of water. 

A well seen at Norcross while being dug, having a depth of 45 feet, was in yellow and blue till 
below the shallow sand and gravel beach; uo layers of gravel or sand had been encountered in the till, 
and no water. 

Logan. The following three wells are in Herman village: 
C. A. Smith & Co.'s elevator: well, 63 feet; soil, 2; yellow till, most sandy in its upper portion, 

15; harder blue till, 20; softer and sticky blue till, with seeping water, 8; again, hard blue till, 5; and 
again the soft dark till, with seeping water, 8; then hard till, 5 and extending lower; water, seeping from 
the till, becomes twenty feet deep in one and a half days. Fragments of lignite were found in this well 
at the depth of sixty feet. 

H. Spence: well, 40 feet; soil, 2; yellow till, 9; sand, 1 foot, with plenty of water; then, blue till, 
harder, dug nine feet and bored below, in total, 28; containing; no water. This well and the next, being 
left open when their depth was only twelve feet, were frozen in the winter, so that on being chopped out 
no water came in; and before their thawing they were deepened through the lower till. 

O. C. Eaton: well, 45 feet; soil, 2; yellow till, 8; sand, 6 inches, with a good supply of water; blue 
till, 30; and sand and gravel, 5 feet and deeper, with water which rose ten feet. 

In the railroad well at Herman, before described, fragments of lignite were found between the till 
and limestone, and from this point water rose to within six feet of the surface. 

Wells in Stevens county. 

Framnas. Lars Hegland; sec. 13: well, 54 feet; soil, 2; yellow till, so hard that it required to be 
picked, 28; hard yellow sand, 1 foot; soft yellow sand, 2 feet; blue till, similar in hardness with the 
upper till, 11; and yellowish gray sand, 10 feet and continuing lower; no water. 

Christian Jacobson; sec. 14: well, 40 feet; soil, 2; hard yellow till, 30; sand, 2 feet, with a little 
water; and moist, but very hard and tenacious blue till, 6; water rose twelve feet from the bottom. 

Hodges. Farnsworth & Newcomb; sec. 23: well, 53 feet; soil, 2; yellow till, 15; very hard gray 
till, 10; dark bluish till, 26; to very coarse gravel, made up of pebbles to six inches in diameter, with no 

sand, full of water, which rose eighteen feet in five minutes .. 
H. D. Tenney; S. E. i- of sec. 32: well, 54 feet; soil, 2; yellow till, 12; very hard bluish till, with 

iron-rusted portions, having a tendency to crumble on exposure to the air, 14; sticky blue till, easily 
bored, but when exposed to the sunshine drying to a very hard mass, 22; changing into clayey quicksand 

of the same dark color, with water, 3:\' feet; to gravel, from which water rose twenty-five teet. 
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adjoining on its east and west sides: well, 45 feet; soil, 1~'; caving gra,vel a,nd sa,nd, 8; a,nd till, yellow in 

its upper portion and blue below, 35 feet; water rose from the bottom, and stands ten to twenty teet 
below the surface. 

G. H. Adams; near the centre of sec. 22, on the Norcross beach, here a low but distinct ridge five 

to seven feet above the land on its west side: well, 30 feet; soil, 2; gravel and sand, 2; yellow till, 16; 

dark and bluish till, soft and sticky, 8; and harder gray till, 2 feet, contr1ining two houlders about a foot 
in diameter; water rose from the bottom six feet in the first night, a,nd continued slowly rising a, week 

till it came to a permanent level six feet below the surface. The water was of excellent quality, but 

when these notes were taken, one month after the well was dug, it had a somewhat disagreea,ble taste due 
to decay of the pine curbing. 

C. W. Stickney; N. E. ~- of sec. 34, on the Norcross beach, here ten to fifteen rods wide, two or 
three feet above a slough on its east side a,nd five to eight feet a,bove the land close westward: well, 33 

feet; soil, 2; gravel and sand, 3; yellow till, 15; and blue till, 13, to quicksand, from which water soon 
rose to stand permanently about ten feet below the surface. 

T. 129, R. 44. Nicholas Theis; N. W. 1 of the S. E. 1 of sec. 10: well, :30 feet; soil, :2; yellow till, 
spaded, but hard, 10; softer and moister blue till, 18 and continuing lower; well unfini~hed; the only 
water obtained is scanty, seeping from the lowest foot of the yellow till. 

John Tripp; in the S. W. t of sec. 35: well, 50 feet, dug 30 feet and bored below, in 1878; all till, 

yellow and blue, to quicksand at the bottom, from which water rises to the surface, and at the date of 

these notes, in 1881, had been flowing away in a constant stream during three years. It fills a ten-quart 
pail full in two minutes, the flow being thus nearly sixty barrels in twenty-four hours. 

Gorton. Ole Thomson; in the northwest corner of sec. 14, on the Norcross beach, which is here 
broad and inconspicuous, elevated three or four feet above the depression on its east side and about five 

feet above the land on the west: well, 12 feet; soil, 2; caving gravel and sand, 7; and till, 3 and con
tinuing deeper; three feet of water. 

A well seen at Norcross while being dug, having a depth of 45 feet, was in yellow and blue till 

below the shallow sand and gravel beach; no layers of gravel or sand had been encountered in the till, 

and no water. 

Logan. The following three wells are in Herman village: 
C. A. Smith & Co.'s elevator: well, 63 feet; soil, 2; yellow till, most sandy in its upper portion, 

15; harder blue till, 20; softer and sticky blue till, with seeping water, 8; again, hard blue till, 5; a,nd 
again the soft dark till, with seeping water, 8; then hard till, 5 and extending lower; water, seeping from 

the till, becomes twenty feet deep in one and a half days. Fragments of lignite were found in this well 

at the depth of sixty feet. 
H. Spence: well, 40 feet; soil, 2; yellow till, 9; sand, 1 foot, with plenty of water; then, blue till, 

harder, dug nine feet and bored below, in total, 28; containing no water. This well and the next, being 

left open when their depth was only twelve feet, were frozen in the winter, so that on being chopped out 

no water came in; and before their thawing they were deepened through the lower till. 
O. C. Eaton: well, 45 feet; soil, 2; yellow till, 8; sand, 6 inches, with a good supply of water; blue 

till, 30; and sand and gravel, 5 feet and deeper, with water which rose ten feet. 
In the railroad well at Herman, before described, fragments of lignite were found between the till 

and limestone, and from this point water rose to wi thin six feet of the surface. 

Wells in Stevens county. 

Framnas. Lars Hegland; sec. 13: well, 54 feet; soil, 2; yellow till, so lmrd that it required to be 

picked, 28; hard yellow sand, 1 foot; soft yellow sand, 2 feet; blue till, similar in hardness with the 

upper till, 11; and yellowish gray sand, 10 feet and continuing lower; no water. 
Christian Jacobson; sec. 14: well, 40 feet; soil, 2; hard yellow till, 30; sand, 2 feet, with a little 

water; and moist, but very hard and tenacious blue till, 6; water rose twelve feet from the bottom. 
Hodges. Farnsworth & Newcomb; sec. 23: well, 53 feet; soil, 2; yellow till, 15; very hard gray 

till, 10; dark bluish till, 26; to very coarse gravel, made up of pebbles to six inches in diameter, with no 

sand, full of water, which rose eighteen feet in five minutes .. 
H. D. Tenney; S. E. t of sec. 32: well, 54 feet; soil, 2; yellow till, 12; very hard bluish till, with 

iron-rusted portions, having a tendency to crumble on exposure to the air, 14; sticky blue till, easily 

bored, but when exposed to the sunshine drying to a very hard mass, 22; changing into clayey quicksand 

of the same dark color, with water, 31" feet; to gravel, from which water rose twenty-five feet. 
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bored, but when exposed to the sunshine drying to a very hard mass, 22; changing into clayey quicksand 

of the same dark color, with water, 31" feet; to gravel, from which water rose twenty-five feet. 
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Rends'mlle. H. C. Parlin; sec. 2: well, 30 feet; soil, 2; yellow till, spaded, 6; harder, dark bluish 

till, 22 and extending lower; the only water obtained is that which seeps from the upper till. 

Thomas G. Heenan; S. E. t of sec. 25: about fifteen feet above a branch of a lake on the east, and 

some ten feet below the fertile plain with subsoil of sand which extends thence one and a half miles south

ward: well, 35 feet; soil, 2; yellow till, 15; and very hard dark bluish till, 18; water, struck at the 

bottom, rose in one and a half minutes eighteen feet, filling the boots of a man at the bottom with gravel; 

he narrowly escaped drowning. 
]Jlorris. Several wells in this township, and others in Hodges and Eldorado, were reported by Mr. 

John Richards. The following are in the village. 
Well at the residenees of F. B. Kenner and R. C. Moore, in the west edge of the village, 82 feet; 

soil, 2; yellow till, 6; dark, bluish gray till, dry and very hard, 10; softer and moister blue till, 55, con

taining a s"ndy hyer one foot t,hick, with some water, torty-two feet below the surface; white sand, 1~ 

feet, yielding good water, which rose twenty feet in a half day; beyond which the boring was continued 

in dark bluish, very hard till, 8 feet. 
Bank of Morris: well, 75 feet; soil, 2; yellow till, 15; dark, very hard till, somewhat streaked 

with yellow, 8; moist but quite hard blue till, very tenacious, containing boulders up to one foot in 

diameter, 42; sand, 8 feet; and water-washed gravel, 6 inches; water 'abundant, not rising. 

Perkins House: well, 65 feet, about six rods southeast from the last; soil, 2; yellow till, 10, contain
ing some water in its lower part; harder blue till, 50; and sand and fine gravel, with water, 3 feet. At 

the stable of this hotel a well only 13 feet deep, all in yellow till, found water which rose four feet from 

a vein of sand and is permanent, being a sufficient supply for twenty or thirty horses. 

L. E. Pearce: well, 1i9 feet, bored 38 feet and driven below, in till to gravel and sand from which 
water was obtained, The water is considered of good quality, but is very hard. Mr. Pearce also con

structed a cistern near this well, 1;5 feet deep, which was used a year and a half, being filled from rain on 

the roof, when a spring broke into the cistern through its coating of cement, and has since afforded an 
ample and constant supply of water. 

A t the steam elevator a well 66 feet deep was soil, 2; yellow till, 13; harder, but moist and very 

tenacious blue till, picked, Iii; and sand and gravel, 35 feet, most gravelly in the last ten feet, to water at 
the bottom. The well at the Evans House, 72 feet del,lp, was nearly the same as at this elevator. 

Donnell!}. New Moose Island railroad-tauk, on the northeast side of the lake in section 4, and 

about fifteen feet above it: well, 55 feet, unfinished; soil, Ii; yellow till, 6; blue till thence to quicksand 
at the bottom, into which the well had gone 3 feet at the time of this record. 

Geu. T. H. Barrett; on the south side of this lake in sec. 4: well, 52 feet; soil, 2; yellow till, 10; 
dark, very hard, dry till, 12; dark bluish till, moist and very tenacious, quite hard, 27; and sand, 1 foot; 
from which excellent water rose twenty-five feet. 

Wells in Donnelly vilh,ge find plenty of water 12 to 20 feet below the surface. At the railroad 

seetion-house a well 40 feet deep wa,s yellow till, spaded, 20; and ha,rder blue till, picked, 20 and con
tinuing deeper; water seeps plentifully from the base of the upper till, but none was obtained in the 

lower tiLl. The well on Ignatius Donnelly's farm in sec, 31, Rend~ville, a mile east from this village, is 
18 feet deep, being soil, 2; and yellow till, 16; to gravel, from which water rose eight feet. 

Pepperton. Michael Sta,hler; sec. 32: well, 17 feet; SOLI, 2; and yellow till, 15; water rose five feet 
from gravel at the bottom. 

Eldorado. F. B. Kenner; S. E. } of sec. 5, near the upper beach of lake Agassiz: well, 115 feet; 

soil, 2; gravel and yellow till, 13; dark, very hard, dry till, 10; changing to softer and sticky blue tiil, 
which grew harder in its lower part, 90 feet and extending lower; no noteworthy sand-veins were found; 
water seeps near the surface and scantily at the depths of 60, 85 and 115 feet. 

S. C. Cook; in sec. 7, at the middle of its east side, on the upper beach of lake Agassiz: well, 100 
feet; soil, 2; gravel and sand, 12; all till below to gravel at the bottom, from which water rises to a per
manent level about twelve feet below the surface. 

A. C, Mackenzie; N. W. } of sec. 22: well, 13 feet; soil, 2; yellow till, 11; water rises about seven 
feet from a vein of sand. 

T.·124, R. 44. Edward McCarty; sec~6: well 20; yellow till, 15; dark bluish till, moist and softer, 
5; well unfinished. 
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Bricks] 

MATERIAL ltESOURCES. 

These are prairie counties, with rich soil, and agriculture is the leading 

occupation. 

Water-powers. The Pomme de Terre mill, at Pomme de Terre village, 

has eleven feet head. 

Johnson's mill, near the north line of section 8, Framnas, has eight feet 

.head. 

The Riverside mill, owned by H. W. Stone & Co., in the north part of 

section 12, Darnen, nearly two miles southeast from Morris, has eight feet 

head; three run of stone for flour, and one for feed. 

All these are flouring mins, on the Pomme de Terre river. 

Building stone. As there are no outcrops of rock, the boulders of the drift 

are considerably used for rough masonry. They are frequent throughout 

much of the district, but are comparatively scarce on the more smooth and 

flat areas. 

Lime. Magnesian limestone boulders are burned for lime by Halvor 

Larson in the southwest part of Pelican Lake township, producing about a 

hundred barrels yearly, and selling for $1 per barrel. It is white lime of 

excellent quality. Lime is also burned by Peter Olson in the north part of 

this township, and by Jacob Olson and Gilbert Gilbertson in the northwest 

part of Erdahl on the southeast side of Pomme de Terre lake. 

Joseph Meier at Donnelly burns 400 to 800 barrels of lime yearly, sell

ing in this vicinity and at Morris for $1.:35 per barrel. The lime of about half 

the boulders gathered is white, and of the others straw-colored. Mr. Meier 

uses maple or oak wood, which costs about $5 per cord, six or seven cords 

being required for a kiln of a hundred barrels. 

Bricks. The first brick-making in these counties was begun in 1881, by 

Collins and O'Laughlin, working for Kemmer & Moore; product that year, 

400,000, selling for $10.50 per thousand. The clay used is till, excavated to 

a depth of five or six feet, containing gravel, a large part of which is limestone, 

so that nearly every brick is more or less cracked by the slacking of particles 

of lime. Some sand, hauled from the Pomme de Terre river, is mixed with 

this clay for tempering. The bricks are mostly cream-colored, but have a 

notably greenish tint where they are subjected to the greatest heat, and a 

light pinkish color close to the outside of the kiln, where the heat is least. 
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light pinkish color close to the outside of the kiln, where the heat is least. 
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ABORIGINAL EARTHWORKS. 

An artificial mound of the usual dome-like form, forty feet across and six 

feet high, lies in section 12, Lien, about thirty rods east of the road and a half 

mile southwest from Little Pomme de Terre lake, which is about 75 feet 

lower. 

Another mound, about five feet high, was seen a half mile north-northwest 

from the old Moose Island tank, on land some 20 feet above a little lake close, 

east. This is four miles southeast from Herman . 

.. 
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OHAPTER XIX. 

THE GEOLOGY OF WILKIN AND THAVEHSE COUNTIES. 

By WARREN UPHAM. 

Situation and area. Wilkin and Traverse counties (plate 50) adjoin the 

west boundary of MInnesota, which is here made by the Red and Bois des 

Sioux rivers and lake Traverse. Breckenridge, the largest town and county 

seat of Wilkin county, is about 190 miles distant (in a direct line) northwest 

from Saint Paul and Minneapolis. Brown's Valley, the largest town and 

county seat of Traverse county, situated on the Minnesota river a mile south- • 

east from the head of lake Traverse, is 47 miles south from Breckenridge. 

Other important towns and villages are McCauleyville on the Red river, and 

Manston and Campbell on the Saint Paul, Minneapolis & Manitoba railway, 

in Wilkin county; and Tintah on this railway in Traverse county. 

Wilkin county extends 42 miles from north to south, and its width varies 

from _24 to 14 miles, decreasing toward the south. Its area is 751.04 square 

miles, or 480,664.88 acres, of which 4,277.12 acres are covered by water. 

The length of Traverse county from north to south is 30 miles, and its 

width varies from 15 to nearly 29 miles, increasing toward the south. Its 

area is 581.83 square miles, or 372,369.46 acres, of which 8,906.00 acres are 

covered by water. 

SURF ACE FEATURES. 

Natural drainafle. These counties are wholly included within the basin 

of the Red river of the North, excepting a few square miles in the southwest 

corner of Traverse, which are drained by the Minnesota river. The Red river, 

a large stream flowing from the many lakes of Becker and Otter Tail counties, 

crosses Wilkin county in a westerly course to Breckenridge, where it bends 

sharply to a northward course. South from Breckenridge, the line in contin-
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uation of the lower part of the Red river is marked by the Bois des Sioux 

river, a small and sluggish stream during the dry season, filled with rushes 

and aquatic grasses, the outlet of lake Traverse. Rabbit river, which drains 

the south end of Wilkin county, joins the Bois des Sioux ten miles south of 

Breckenridge. 

Lake Traverse is fifteen miles long, and from one to one and a half miles 

wide; it is mostly less than ten feet deep, and its greatest depth probably 

does not reach twenty feet. The Mustinka river, which drains the greater 

part of Traverse county, enters the northeast end or foot of this lake. On 

most maps, however, lake Traverse is extended eight or ten miles farther north, 

to include a tract of marsh one to three miles wide, in which are numerous 

spaces of open water a mile or two in length. . 
Severallakelets, a quarter of a mile to one mile long, occur in southern 

Wilkin county; and probably some of small size lie in the east part of Prairie 

View, Tanberg and Akron, on the east border of Wilkin county. More than 

half of Traverse county, and all of Wilkin county, excepting the portions of 

the three townships named, were covered by the glacial lake Agassiz during 

the recession of the ice-sheet, and the leveling action of that lake so smoothed 

the drift surface on this area that it has only one lakelet, this being about a 

half mile in diameter at the southeast corner of section 1, T. 132, R. 45. 

Sloughs, however, are frequent on this area and occasionally extend three to 

five miles in a continuous, impassable marsh, rarely with permanent spaces of 

open water, oftener with spots where water remains all summer but is filled by 

tall reeds, rushes and grasses. Such sloughs occupy a width of about a mile 

and a length of ten miles from north to south along the west side of the upper 

beach of lake Agassiz in Tanberg and Akron. 

Topography. The east portions of Prairie View, Tanberg and Akron, 

which are the highest land of Wilkin county, have a moderately undulating or 

rolling surface, with elevations 10 to 40 feet above the depressions; and the 

same description is also applicable to the southern tier of townships in Traverse 

county, and to Windsor and Walls, reaching north to the mouth of Mustinka 

river, these being also the highest land of Traverse county. The remainder 

of this district lies within the area of lake Agassiz and is distinguished by a 

more smoothly undulating contour, having in some parts an almost perfectly 

flat surf'l.ce. From the east border oflake Agassiz a gentle slope falls toward 
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the west and northwest to the Bois des Sioux and Red rivers on the state 

boundary; excepting in northwestern Traverse county, where a swell of land 

60 to 80 feet in hight lies within this area in the west part of Taylor and Mon

sen. The Bois des Sioux and Red rivers have cut a channel 20 to 40 feet 

deep along the axial depression of the lacustrine plain, to which the river

banks usually rise steeply on one side and by moderate slopes on the other, 

enclosing only few and narrow areas of bottomland. 

On each side of lake ~raverse bluffs rise steeply 100 to 150 feet, having 

their greatest hight along the southwest or upper part of the lake, and continue 

125 to 150 feet high on each side of Brown's Valley, five miles long, between 

this and Big Stone lake, and along the whole extent of the latter lake, which 

is twenty-six miles long. Thus these lakes lie in a continuous valley one and 

a half to two miles wide, excavated 125 to 150 feet deep in the sheet of glacial 

drift, which has an undulating or rolling contour of the same average elevation 

as the top of the bluffs enclosing the lakes. Farther southeast this remarkable 

valley is occupied by the Minnesota river. The hight of lake Traverse is 970 

feet above the sea; the divide in Brown's Valley, a mile southeast from the 

head of this lake, on the water-shed between the Red and Minnesota rivers, is 

only three feet higher, or 973 feet above the sea-level; and the hight of Big 

Stone lake is 962 feet. 
Elevations, Saint Paul, Minneapolis & Manitoba railway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Fergus Falls line. 

Rothsay 
Water-tank, sec. 33, Prairie View, grade 

Miles from 
Saint Paul. 

204.0 

210.0 

Top of bank of gravel and sand, upper beach of lake Agassiz, excavated for 
ballast along a spur track extending a third of a mile north from the 

tank· 210.0 

Tintah 
Rabbit river, grade 
Campbell -
Doran 
Breckenridge 
Red river of the North, water 

65 

b. Breckenridge i'ine. 

Miles from 
Saint Paul. 

194.60 

201.00 

201.68 
208.88 

216.25 

216.85 

Feet above 
the sea. 
1188 

1088 

1091 to 1094 

Feet above 
the sea. 

995 

982 

982 

971 

959 

943 
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c. Breckenridge to Bwrnll8'lJille. 

Breckenridge 
Red river, water, 949; grade -

Mauston -
Mushroom creek, water, 972; grade -
Deer Horn creek, water, 970; grade 

Atherton 
Barnesville 

d. Brown's Valley branch. 

Top of the bluff east of Brown'S Valley, grade -
Depression at foot of this bluff, surface 
Brown's Valley -
Minnesota river, water 
Lake Traverse, one mile north 

Miles from 
Saint Paul. 

216.25 
217.2 
232.5 
235.5 
239.2 
239.3 
245.0 

Miles from 
Saint Paul. 

201.4 
204.3 
204.7 
204.7 

Elevations, Fergus Falls & Black Hills d'ivision, Northern Pacific railroad. 

Ames 

From profiles in the office of S. D. Mason, engineer, Saint Paul. 

Miles from 
Wadena. 

60.10 

[Elev&tiollS. 

Feet above 
the sea.. 

959 
963 
976 
979 
980 
979 

1018 

Feet above 
the sea. 
1096 

973 
978 
970.5 
970 

Feet above 
the sea. 
1063 

Everdell 67.89 992 
Red river, bottom, 954; grade 74.09 969 
Breckenridge - 76.45 960 
Bois des Sioux river, bottom, 944; grade 76.71 960 
Wahpeton 77.47 963 

The following determinations of the elevation of the Red river are from levellng by the writer, by 
railroad surveys, and by the United States engineer corps under the direction of Capt. C. J. Allen. 

Red river of the North, ordinary low water. 

Feet above 
the sea. 

On the east line of Wilkin county 1000 
At railroad bridge 2t miles east of Breckenridge 956 
Mouth of Bois des Sioux river, at Breckenridge and Wahpeton (highest floods here, about 958) 943 
At McCauleyville and Fort Abercrombie (highest floods here, about 934) 909 
At the northwest corner of Wilkin county - 885 

The extreme elevations of Wilkin county are 1,200 to 1,250 feet in the east 

part of Prairie View and Tanberg, and 885 feet where the Red river crosses 

the line between this and Clay county. The average hights of the townships 

are estimated as follows: Prairie View, 1,110 feet above the sea; Tanberg, 

1,110; Akron, 1,080; T. 133, R. 45, 1,050; T. 132, R. 45, 1,030; Bradford, 

1,010; Champion,995; Atherton,980; Manston,l,OOO; T.134, R. 46, 1,010; 

T. 133, R. 46, 1,000; T. 132, R. 46,980; Brandrup, 975; Campbell, 980; 

Deerhorn,950; Mitchell,970; T. 136, R. 48, 930; T. 135, R. 48, 940; Mc

Cauleyville, 965; T. 133, R. 47, 960; and Breckenridge, 965. The mean 

elevation of Wilkin county derived from these figures is 1,000 feet, within a 

fraction of a foot. 
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Feet above 
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Mouth of Bois des Sioux river, at Breckenridge and Wahpeton (highest floods here, about 958) 943 
At McCauleyville and Fort Abercrombie (highest floods here, about 934) 909 

At the northwest corner of Wilkin county - 885 

The extreme elevations of Wilkin county are 1,200 to 1,250 feet in the east 

part of Prairie View and Tanberg, and 885 feet where the Red river crosses 

the line between this and Clay county. The average hights of the townships 

are estimated as follows: Prairie View, 1,110 feet above the sea; Tanberg, 

1,110; Akron, 1,080; T. 133, R. 45, 1,050; T. 132, R. 45, 1,030; Bradford, 

1,010; Champion, 995; Atherton,980; Manston,1,000; T.134, R. 46, 1,010; 

T. 133, R. 46, 1,000; T. 132, R. 46,980; Brandrup, 975; Campbell, 980; 

Deerhorn,950; Mitchell, 970; T. 136, R. 48, 930; T. 135, R. 48, 940; Mc

Cauleyville, 965; T. 133, R. 47, 960; and Breckenridge, 965. The mean 

elevation of Wilkin county derived from these figures is 1,000 feet, within a 

fraction of a foot. 
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c. Breckenridge to Barnesville. 

Breckenridge 
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Manston -
Mushroom creek, water, 972; grade -

Deer Horn creek, water, 970; grade 

Atherton 
Barnesville 

d. Brown' 8 Valley branch. 

Top of the bluff east of Brown's Valley, grade -

Depression at foot of this bluff, surface 

Brown's Valley 
Minnesota river, water 
Lake Traverse, one mile north 

Miles from 
Saint Paul. 

216.25 

217.2 

232.5 

235.5 

239.2 

239.3 

245.0 

Miles from 
Saint Paul. 
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204.3 

204.7 

204.7 
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From profiles in the office of S. D. Mason, engineer, Saint Paul. 
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Wadena. 
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67.89 
74.09 
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Feet above 
the sea. 
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980 

979 
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the sea. 
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973 

978 

970.5 

970 
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the sea. 

1063 

992 

969 
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fraction of a foot. 
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In Traverse county the extremes of elevation are a prominently rolling 

tract, 50 to 75 feet above the general level and three or four miles across in , 
the south part of Arthur, 1,150 to 1,175 feet, and lake Traverse and the Bois 

des Sioux river, 970 to 965 feet above the sea. Lake Traverse fluctuates 

about five feet, approximately from 968 to 973; and the marshes, lakes and 

sloughs which form the Bois des Sioux river west of Traverse county, have 

only a slight descent, probably to 965 feet at the lowest stage of water on the 

line between these counties. Estimates of the average hights of the townships 

are as follows: Tintah, 1,000 feet; Redpath, 1,010; T. 127, R. 45, 1,025; 

Doleysmount, 1,045; Leonardsville, 1,080; Taylor, 1,000; Monsen, 1,020; 

Lake Valley, 1,015; Oroke, 1,040; Tarrah, 1,075; Walls, 1,075; Parnell, 

1,110; Windsor, 1,075; Arthur, 1,125; and Folsom, 1,075. The mean eleva

tion of Traverse county, derived from these figures, is approximately 1,04,5 

feet above the sea. 

Soil and timber. This district is the southern end of the fertile Red river 

valley, far famed for the large harvests and superior quality of its wheat. 

Besides this chief export, it is well adapted for stock and dairy farming, and 

for all the various crops and garden fruits and vegetables of this latitude. 

Timber occurs in groves on the bluffs of lake Traverse, but not in any 

noteworthy amount elsewhere in Traverse county. It is more abundant and 

larger on the southeast than on the northwest bluffs of this lake. Bois des 

Sioux river derives its name from the woods by which it is bordered along its 

lowest five miles, next to Breckenridge and Wahpeton. The Red river has no 

timber, or very little, for twenty miles east from Breckenridge. In the ten 

miles next below Breckenridge, it is bordered by scattered groves of bur-oak, 

green ash, box-elder, white and slippery elm, hackberry, and basswood, occu

pying perhaps one-fourth of this distance, while small poplars and willows 

occasionally appear in the spaces between the groves. Farther to the north 

this river is continuously fringed with timber. Nearly the whole of both these 

counties is prairie or natural grassland, with no trees nor shrubs, beautified in 

summer by a profusion of flowers, bearing a rich growth of native grass valu

able for pasturage and hay, and ready for the breaking-plow, the seeder and 

harvester. 

GEOLOGICAL STRUCTURE. 

Glacial drift, probably varying from 100 to 300 feet in thickness, covers 
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this district and conceals the underlying formations, the highest of which are 

supposed to be Cretaceous, as strata of that age outcrop on the Dakota side of 

Brown's Valley near the head of Big Stone lake and were encountered at the 

depth of 220 feet in a well at Fargo. The drift upon these counties is till or 

boulder-clay, smoothed and in part, especially in depressions, imperfectly strati

fied within the area of lake Agassiz.* At the time of the fifth, sixth and 

seventh or Elysian Waconia and Dovre moraines, the southwest border of , , 
the Minnesota lobe of the ice-sheet probably crossed southwestern Traverse 

county. To these moraines are referred the knolly and remarkably stony 

bluffs of lake Traverse in Folsom, within three or four miles northeast from 

the village of Brown's Valley, and the rolling tract of high land in Arthur. 

The continuation of the ice-front extended northwestward across the present 

place of lake Traverse, until its recession to the Dovre moraine, which may be 

represented by the high land in Monsen and Taylor between the Mustinka 

and Bois des Sioux rivers. By the next recession of the ice-sheet, to the 

eighth or Fergus Falls moraine, both these counties were uncovered from ice, 

but most of their area was instead occupied by a lake, held by the retreating 

ice-barrier on the north. 

• The few large boulders, three to five feet or sometimes more in diameter, which are found jutting above the surface in 
these and other counties of western I\-linnesota, are usually surrounded to a distance of five or ten feet from them by a slight 
hollow, about a foot below the geoeral surface, but tbere is no perceptible ridge outside the hollow. This feature is doubtless due 
to thc pawing of buffaloes in former years, while rubbing upon these boulders, the clayey dust loosened in this manner having 
been blown away by the winds . 

. Mr. Pierre Bottineau, a very experienced and observing voyageur and guide, still living at Red Lake Falls, attributes the 
polished surface of portions of such projectiog boulders, and of ledges of rock as in Pipestone and Rock counties, to rasping by the 
hair and horns of buffaloes, in this way; which seems: most probable, rather than that this polishing was done by wind-blown 
particles of sanel and dust. (See vol. I, pages 63,66 and 541. Catlin's descriptions make it certain that the polishe(1 rock-surfaces 
in the vicinity of the Pipestone quarry were much more noticeable in his time than now.) Similar observations and explanations 
are recorded by Dr. George M. Dawson in the region of the Bow and Belly rivers east of the Rocky mountains in British America 
where be states that" all the larger boul!lers of the district are surrounded by a shallow saucer-like depression, caused by th~ 
pawing of the buffalO, and their angles are worn quite slDooth and glossy by the rubbing of these animals upon them." (Report 
of Progress of the Geological Sun'6Y of CnMdn, t8S2-8!, p. 149C.) 

Anotber notable feature ascribed to bulraloes is tbe very rough surface often found on areas of slightly moist laod in the 
Red river valley, the ground being indented by many hollows and holes five to twenty feet across and one to five feet deep with 
steep sides. These are commonly called" buffhlo wallows." 

'When this part. of the state was examined in lB81, the disappl~arance of these animals was so recent that their bones, 
especially their skulls, were frequently seen on the prairie. In many places, also, rings of taller and greener grass than the ordinary 
prairie sward were observed, having a width of fh'e or ~ix: feet, and forming a circle from two to six roils in diameter. According 
1-0 Mr. James Nolan of McCauleyville, these mark a circuit tramped by buffalo cows while walking around their calves at night 
to guard them from besieging wolves. Occasionally a half-circle of such grass was seen l and this was said by Mr. Nolan to be 
where a lone buffalo guarded het· calf frOID a lone wolf which staid on One side through the night, while the buffalo walked back 
and forth in tbis balf·circle. 

[Bearing direct.Iy on the question of the origin of these polished surfaces are the following additional facts: (a) In 1873 
the writer examined an immense boulder lying in the bottomland::: of the Chippewa river nea.r Montevideo in Chippewa county. 
It consists of coarse-grained red granite and its horizontal extent is 85 feet. It rises 25 feet above the surrounding prairie.. The 
very top of this boulder, where no buffalo could have H rubbed)l it, is fi nely polished in a manner similar to that seen on the 
quartzyte. The sides of this boulder are not thus polished, but are granular and crumbling. (b) Where this polishing is found 
in southwestern l\Iinoesotait sometimes extends over many s4.uare rods of nearly horizontal surface, and it prevails on the inac
cessible cliff, and projectiolls. It seems very strange if buffaloes COllld thus have polished it by "rubbing." (c) In the area of 
the original Huronian, north of lake Huron, are extensive ranges of the same quartzyte, on which no timber grows, from lack of 
soil. The writer saw similar polished surfaces there in July, 1887. No record has been preserved of the running of buffaloes so far 
from their well-known prairie haunts. The all-efficient cause of this polishing is believed to have been the dust and sand par
ticles that fiy with the wind.-N. H. W.] 
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this district and conceals the underlying formations, the highest of which are 

supposed to be Cretaceous, as strata of that age outcrop on the Dakota side of 

Brown's Valley near the head of Big Stone lake and were encountered at the 

depth of 220 feet in a well at Fargo. The drift upon these counties is till or 

boulder-clay, smoothed and in part, especially in depressions, imperfectly strati

fied within the area of lake Agassiz.* At the time of the fifth, sixth and 

seventh or Elysian Waconia and Dovre moraines, the southwest border of , , 
the Minnesota lobe of the ice-sheet probably crossed southwestern Traverse 

county. To these moraines are referred the knolly and remarkably stony 

bluffs of lake Traverse in Folsom, within three or four miles northeast from 

the village of Brown's Valley, and the rolling tract of high land in Arthur. 

The continuation of the ice-front extended northwestward across the present 

place of lake Traverse, until its recession to the Dovre moraine, which may be 

represented by the high land in Monsen and Taylor between the Mustinka 

and Bois des Sioux rivers. By the next recession of the ice-sheet, to the 

eighth or Fergus Falls moraine, both these counties were uncovered from ice, 

but most of their area was instead occupied by a lake, held by the retreating 

ice-barrier on the north. 

* The few large boulders, three to five feet or sometimes more in diameter, which are found jutting above the surface in 
these and other counties of western I\-1innesota, are usually surrounded to a distance of five or ten feet from them by a slight 
hollow, about a foot below the geDeral surface, but tbere is no perceptible ridge outside the hollow. This feature is douhtless due 
to the pawing of buffaloes in fOfmer ye.:.'lrs, while rubbing upon these boulders, the clayey dust loosened in this manner having 
been blown away hy the winds . 

. Mr. Pierre Bottineau, a very experienced and observing voyageur and guide, still living at Red Lake Falls, attributes the 
poHshed surface of portions of such projecting boulders, and of ledges of rock as in Pipestone and Rock counties, to ra.sping by the 
hair and horns of buffaloes, in this way; which seems: most probable, rather than that this polishing was done by wind-blown 
particles of sarrel and dust. (See vol. I, pages 63,66 and 541. Catlin's descriptions make it certain that the polishecl rock-surfaces 
in the vicinity of the Pipestone quarry were much more noticeable in his tiQle than now.) Similar observations and explanations 
are recorded by Dr. George l\l. Dawson in the region of the Bow and Belly rivers east of the Rocky mountains in British America 
where be states that" all the larger boul!1ers of the district are surrounded by a shallow saucer-like depression, caused by th~ 
pawing of the buffalO, and their angles are worn quite smooth and glossy by the rubbing of these animals upon them." (Report 
oj Progress oj the Geological Suney oj ClLnrHlrr., 18S:2-8-1, p. 149C.) 

Another notable feature ascribed to buffaloes is the very rough surface often found on areas of slightly moist land in the 
Red river valley, the ground beiug indented by many hollows and holes five to twenty feet across and one to five feet deep with 
steep sides. These are commonly called" buffhlo wallows." 

'Wben tbis part. of the state was examined in 1~81, the disapP8arance of these animals was so recent that their bones, 
especially their skulls, were frequently seen on the prairie. In many places, also, rings of taller and greener grass than tbe ordinary 
prairie sward were observed, having a widtb of five or ~i:or feet, and forming a circle from two to six roils in diameter. According 
1.0 l\Il'. James Nolan of McCauleyvillc, these mark a circuit tramped by buffalo cows while walking around their calves at night 
to guard them from besieging wolves. Occasionally a half-circle of such grass was seen, and this was said by Mr. Nolan to be 
where" lODe huffalo guarded het· calf from a lone wolf which staid on One side through the night, while the buffalo walked back 
and forth in this balf-circle. 

[Bearing direcUy on the question of the origin of these polished surfaces are the following additional facts: (a) In 1873 
the writer examined an immense boulder lying in the bottomland::; of the Chippewa river near Montevideo in Chippewa county. 
It consists of coarse-grained red granite and its horizontal extent is 8.'5 feet. It rises 25 feet above the surrounding prairiE'.. The 
very top of this boulrlt'r, where no buffalo could have" rubbed" it, is finely poUshed in a manner Bimilar to that seen on the 
quartz)"te. The sidos of this boulder are not tbus polished, but are granular and crumbliDg. (b) Where this polishing is found 
in southwestern l\Iinnesotait sometimes extends over many sllLUlre rods of nearly horizontal surface, and it prevails on the inac
cessiule clia:, and projectioDs. It seems very strange if buffaloes could thus have polished it hy "rubbing." (c) In the area of 
the original Huronian, north of lake Huron, are el<:tcnsive ranges of the same quartzyte, on which no timber grows, from lack of 
soil. The writer saw silllilarpolished surfaces there ill July, 1887. No record has heen preserved of the running of buffaloes so far 
from their well-knowD prairie haunts. The all-eflicient cause of this polis bing is believed to have heen the dust and sand par
ticles that Ily with the wind.-N. H. W.] 
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Lake Agassiz. During the retreat of the ice from lake Traverse to Hud

son bay, free drainage could not take place, because the descent of the land is 

northward. As soon as the border of the ice had receded beyond the water

shed dividing the basin of the Minnesota from that of the Red river, it is 

evident that a lake, fed by the glacial melting, stood at the foot of the ice

fields, and extended northward as they withdrew along the valley of the Red 

river to lake Winnipeg, filling this valley and its branches to the hight of the 

lowest point over which an outlet could be found. Until the ice-barrier was 

melted upon the area now crossed by the Nelson river, thereby draining this 

glacial lake, its outlet was along the present course of the Minnesota river. 

At first its overflow was upon the nearly level, gently undulating surface of 

the drift, about 1,100 feet above the sea, at the west side of Traverse and Big 

Stone counties;. but in process of time this cut a channel here 125 to 150 feet 

deep, and from one to two miles wide, in which lie Traverse and Big Stone 

lakes, respectively 970 and 962 feet above the sea. From this outlet the 

plain of the Red river valley, 30 to 50 miles wide, stretches 315 miles north 

to lake Winnipeg, which is 710 feet above the sea. Along this entire distance 

there is a very uniform continuous descent of a little less than one foot per 

mile. The drift contained in the ice-sheet upon this area, and the silt gath

ered by its glacial rivers, were here deposited in a lake, shallow near its mouth, 

but becoming gradually deeper northward. Beyond our international boundary 

this lake covered a large area, varying from 100 to 200 miles in breadth at 

and west of lake Winnipeg'; and its total length appears to have been at least 

600 miles. Because of its relation to the retreating continental ice-sheet, this 

lake has been named in memory of professor Louis Agassiz, the first prominent 

advocate of the theory that the drift was produced by land-ice. 

A large part of the shore-line of this ancient lake was traced, and its hight 

determined; in the summer of 1881. Horace V. Winchell was my efficient 

assistant as rod-man in the work of leveling, by which the hight of the upper 

beach was ascertained along its whole extent examined. This was about 175 

miles, following the course of the old shore, extending from lake Traverse to 

the north side of Maple lake, twenty miles east of Orookston. The distance 

that it includes from south to north is 142 miles. 

Along nearly the whole of this distance there exists a remarkable deposit 

of beach gravel and sand, forming a continuous, smoothly rounded ridge, such 
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as is found along any part of the shores of the ocean or of ourgreat lakes where 

the land sinks in a gently descending slope beneath the water-level. Usually 

the beach of lake Agassiz is a ridge three to ten feet above the land next to 

it on the side that was away from the lake, and ten to twenty feet above the 

land adjoining it on the side where the lake lay. In breadth this beach-ridge 

varies from ten to twenty-five or thirty rods. It is thus a broad wave-like 

swell, with a smooth, gracefully rounded surface. 

Such being a section across the beach, it is to be remembered that this 

ridge extends along the whole distance that was explored, with only here and 

there gaps where it has been cut through by streams and ~are intervals of a 

quarter or a half mile or at the longest two or three miles where tlie outline 

of the lake-shore, or the direction of the shore-currents, prevented such accu

mulation. There are similar interruptions in the beaches of present lakes and 

on the sea-coast; and like these modern deposits the beach of la~e Agassiz 

varies considerably in its size, having in any distance of five miles some por

tions five or ten feet higher than others, due to the unequal power of waves 

and currents at these parts of the shore. The moderate slope of the land 

toward lake Agassiz was favorable for the formation of a beach-ridge, and it 

has been clearly traced as one continuous formation along this distance of 175 

miles. In calling it continuous, my meaning is that whenever it is interrupted 

it is found a little distance farther along, beginning again at very closely the 

same hight. 

The gaps where the beach is not a distinctly traceable ridge-like deposit 

of gravel and sand, cannot exceed one-twentieth of its whole course. In a few 

places the lake has undermined its shore, forming a terrace in the till, with no 

definite }jeach-deposit, the work of the waves having been to erode and carry 

away rather than to accumulate. In other places, sometimes two or three 

miles in length, the area where this ancient lake had its margin is a marsh or 

shaking bog, full of spring water, and rough with hummocks of grass. 

N early everywhere along the course of this beach of lake Agassiz the 

land on each side is till, or unstratified clay, containing some intermixture of 

sand and gravel, and occasional stones and boulders. The material of the 

beach-ridge is remarkably in contrast with this adjoining and underlying till, 

for it includes no clay but consists of stratified sand and gravel, the largest 

pebbles being usually from two or three to six inches in diameter. It is a 
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very significant fact that no boulders were observed anywhere in or on any of 

the beach-deposits of this lake. 

When lake Agassiz stood at its greatest- hight and formed the upper 

beach, its outlet was about 80 feet above the present surface of lake Traverse, 

or 1,050 feet above the sea. The channel which at this time had been exca

vated in the drift by its outflow was 30 to 50 feet deep along the distance of 

'about fifty miles where now are lake Traverse, Brown's Valley, and Big Stone 

lake. This upper or Herman beach is crossed by the Breckenridge line of the 

Saint Paul, Minneapolis & Manitoba railway at a point about one and a half 

miles northwest from Herman. 

Three lower beaches, of the same character as to form, size and material, 

with the highest, were also noted; their course was traced through long dis

tances; and their hight was determined by our leveling. At the next epoch, 

after that of the upper or Herman beach, when the lake-level was again nearly 

stationary long enough to form a ridge of gravel and sand upon its shore, the 

outlet had been eroded about 25 feet deeper than at the time of the upper 

beach, but was still 55 feet above the present lake Traverse and Brown's 

Valley. The beach of lake Agassiz when it had this lower level is crossed 

by the Breckenridge railway line at Norcross, five miles northwest of Herman. 

This is accordingly named the Norcross beach. Its course and hight have been 

determined through an extent of a hundred and fifty miles from Norcross 

northward to a point twenty-five miles north of Maple lake and ten miles 

beyond Red Lake Falls. 

A third series of beach-deposits was formed when the-" outlet had been 

lowered some 50 feet more, to 975 feet above the sea. The beach of this 

third stage of lake Agassiz crosses the township of Campbell in southern 

Wilkin county from southwest to northeast, and hence it is denominated the 

Oampbell beach. The course of this formation through Wilkin and Clay 

counties has been noted at a few places, and is thus known approximately. 

Through its next eighty miles, from the Wild Rice river to Middle river, it 

has been traced continuously. 

The fourth and lowest beach of lake Agassiz while it outflowed to the 

south was formed after a further erosion of 15 feet, lowering the outlet to 960 , 
feet above the sea, and completing the ~xcavation of its channel to the present 

beds of Traverse and Big Stone lakes. My first observation of this beach 
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was in section 30, Mitchell, three and a half miles northeast from McCauley

ville, and it is- therefore named the McOaulelJville beach. Like the preceding, 

its course has not been mapped in Wilkin and Clay counties, though it has 

been observed and its hight determined in a few places; but farther north it 

has been explored along an extent of about a hundred miles, to the north 

line of Marshall county, sixty miles beyond Maple Lake. For forty miles next 

beyond Red Lake river the old Pembina trail lies most of the way upon this 

beach. 

Four distinct series of beach-ridges of gravel and sand were thus formed 

by lake Agassiz at successive stages of hight during its process of deepening 

the channel by which it outflowed southward. 

The till upon each side of lake Agassiz has a moderately undulating and 

rolling surface. Within the area that was covered by this lake it has a much 

smoother and more even contour, but has been only slightly stratified. The 

action of its waves gathered from this deposit of till, which was the lake-bed, 

the gravel and sand of its beaches; and corresponding deposits of stratified 

clay, derived from the same erosion of the till, sank in the deeper part of the 

lake. But these sediments were evidently of small amount, and are not notice

able upon the greater part of this lacustrine area, which consists of a smoothed 

sheet of till. The position of the thick beds of stratified fine silt and clay in 

the central depression of the Red river valley, shows that they were not 

deposited by the waters of lake Agassiz, which must have spread them more 

generally over its entire area; but instead proves that they were brought by 

the rivers which flowed into this hollow and along it northward after the 

glacial lake Agassiz had been reduced to its present representative, lake Win

nipeg. The occurrence of shells and remains of vegetation in these stratified 

beds at McCauleyville 32 and 45 feet below the surface, or about 7 and 20 feet 

below the level of the river, as described in the records of wells on a following 

page, and numerous other observations of remains of vegetation elsewhere along 

the Red river valley in these beds, demonstrate that the valley was a land 

surface subject to overflow by the river at its stages of flood when they were 

deposited. Even at the present time much of the area of stratified clay is 

covered by the highest floods, and probably no portion of these stratified 

deposits is more than ten feet above the high-water line of the Red river and 
its tributaries. 
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The excavation of the remarkable valley occupied by the Minnesota river 

was first explained in 1868 by general G. K. Warren, who attributed it to the 

outflow from this ancient lake that filled the basin of the Red river and lake 

Winnipeg. He made a careful survey of this valley from lake Traverse to its 

mouth, and his maps and description, with the accompanying discussion of 

geologic questions, are a most valuable contribution to science. After his 

death, in recognition of this work, the glacial river that was the outlet of lake 

Agassiz has been named River Warren (vol. 1, page 622). General Warren 

observed that lake Traverse is due to a partial silting up of the channel since 

the outflow from the Red river basin ceased, the Minnesota river at the south 

having brought in sufficient alluvium to form a dam; while Big Stone lake 

and Lac qui Parle are similarly due to the deposits of stratified sand and silt 

which the Whetstone and Lac qui Parle rivers have spread across the yalley 

below them. 

The northern barrier by which the water of lake Agassiz was restrained 

from flowing in the direction of the present drainage, to Hudson bay, was sup

posed by general Warren to have been an elevation of the land much above 

its present hight northeast of lake Winnipeg. He thought that this elevation 

was shared by other northern portions of North America, and that these regions 

have recently been depressed at least several hundred feet. The depths of 

the great lakes, and many topographic features of the interior of the continent, 

besides this channel of lakes Traverse and Big Stone and the Minnesota ri vel', 

appeared to him to support this opinion. Instead of this, my belief is that 

the surface of the continent had nearly the same form then as now, and that 

the continental ice-sheet, resting on the land in a solid mass of great depth, 

formed the northern shore of lake Agassiz and was the barrier that prevented 

its flowing into Hudson bay. 

Before adducing the evidence, apparently amounting to positive proof, of 

this glacial origin of lake Agassiz, which is drawn from the exploration of its 

beaches and determination of their hight, it ought to be mentioned that professor 

Dana's and general Warren's theory of an elevation of the northern part of the 

continent, during the ice-age or since that time, followed by subsidence to its 

pre~ent hight, is opposed and disproved by the general occurrence of sea-beaches 

and marine shells above the present sea-level all along our northern shores. 

They show that the ocean in these recent epochs covered more of the land than 
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now in northern latitudes; that is, that the elevation of the land, as compared 

with the sea-level, was less instead of greater than at present. More than 

this the hiO'ht at which these recent marine deposits and sea-shells are found, '<. a 
increases from south to north. In New Hampshire and Maine it is from 50 to 

300 feet above our present sea-level; in the St. Lawrence valley, about 600 

feet; and on the coast of Labrador, about Hudson bay, and in Greenland, 600 

to 1,500 feet. The proof that the ice-sheet was the northern barrier of lake 

AO'assiz also o'ives us an answer to the question why the sea-level thus rose o , b 

higher than now toward the north. 

The four series of beach deposits before described, which mark the shores 

of lake Agassiz at as many stages of its hight, have each been examined, and 

their altitude determined, through an extent of about 150 miles from south to 

north; and each of them, like the old sea-level, is found to have a gradual 

ascent northward, as compared with the present level-line, or the surface 

which a body of water would have now, if confined in this valley. As before 

stated, these beaches were formed at epochs when the lake-level was nearly 

stationary for a considerable time during the excavation of its channel of out

let at lake Traverse and southward. The hight of the mouth of the lake and 

its outflowing river was at the time of the upper or Herman beach 80 feet 

above lake Traverse; at the time of the Norcross beach this outlet had been 

lowered 2.5 feet; when the Campbell beach was formed, it had been lowered 50 

feet more, nearly to the present level of lake Traverse; and at the time of the 

McCauleyville beach the mouth of lake Agassiz was about ten feet lower than 

lake 'rra verse, and the bed of the outflowing ri ver Warren was the present 

bottom of Traverse and Big Stone lakes. 

The exploration and leveling along the upper or Herman beach extended 

from the north end of lake Traverse about 25 miles eastward to Herman and 

thence about 140 miles north to Maple lake. Through this distance it lies 

from fifteen to thirty miles east of the Red river. The ascent of this beach 

northward increases from four-tenths to three-fourths of a foot per mile in its 

southern portion for about 60 miles, lying in Traverse, Stevens, Grant, Otter 

Tail and Wilkin counties. Farther north, through its remaining 80 miles in Clay, 

Norman and Polk counties, its rate of ascent is considerably greater, varying 

from three-fourths of a foot to one and a half feet per mile. In all, the surface 

of lake Agassiz at this time of its greatest hight ascended northward, above a 
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line now level, 125 feet in these 142 miles, from 1,050 feet, very nearly, above 

the sea in Traverse county, to 1,175 feet, very nearly, at the north side of Maple 

lake, twenty miles east-southeast from Orookston. Through this distance 

the upper beach clearly marks one continuous shore-line; and the accuracy of 

our leveling is attested by close agreement with railroad surveys at five 

widely separated points. 

Before lake Agassiz had fallen below the line of this upper beach in the 

south ·half of its explored extent, it had formed a slightly lower parallel beach, 

three-f?urths to one and a half miles distant, through the northern third of 

Clay county; and this secondary beach, sometimes double or treble, was noted at 

several places along the next t.hirt.y miles northward. The continuation of this 

beach at the northwest side of Maple lake was accumulated when lake Agassiz 

had fallen at this latitude about fifteen feet below its highest line. Here it is 

the second of a series of four well-defined beach ridges below the upper or 

first beach, which were formed when the lake had fallen successively about 8, 

15, 30 and 45 feet from its highest level. Yet all these beaches were accu

mulated while the lake remained with only. very slight depression of level, not 

sufficient for the formation of any secondary beach-ridge, along its southern 

part for some 75 miles northward from lake Traverse and Herman. 

The Norcross beach has been explored and its hight measured through a 

length of 150 miles. In this distance it ascends northward about 70 feet by 

a slope that rises somewhat faster in its northern than in its southern portion, 

averaging a little less than a half foot per mile. The amount that the surface 

of lake Agassiz had fallen at this time from its highest level was 25 to 30 feet 

in Traverse and Grant counties, 50 feet in northern Olay county, and 85 feet 

northwest of Maple lake. Its fall in this extent of 150 miles had been thus 

60 feet more at the north than at the south end. Double and multiple ridges 

occur along the northern half of this distance, and show that the lake-level at 

the time of formation of the Norcross beach fell five to ten feet northward 

while it remained without change or with less change than was required to 

form additional beach-ridges southward. 

The hight of the Oampbell and McOauleyville beaches is known along 

the ~aine distance of 150 miles, in which the northward ascent of the Oampbell 

beach is 45 feet, and of the McOauleyville beach 30 feet. The fall of lake 

Agassiz from the upper or Herman beach to the McOauleyville beach was 90 
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feet at its mouth and 185 feet at the north near Maple lake; and instead of 

the northward ascent of the upper beach 125 feet in 142 miles, this had been 

gradually diminished to 117, 110, 95, 80, 65, 55, 45, and finally 30 feet at the 

time of the formation of the McCauleyville beach. 

If the barrier north of lake Agassiz had been land, its subsidence to give 

way for drainage northward in its present course would cause the beach 

deposits of the former lake-shores to have the opposite slope, or a descent, 

from south to north. These observations are therefore inconsistent with. such 

explanation of the cause of this lake; but they appear to prove that its n?rthern 

barrier was the receding continental glacier. All the differences of the once 

level lines of lake Agassiz from our present level-line would be produced by 

the gravitation of the water of the lake toward this ice-sheet. At first this 

attraction had a large effect upon the lake-level because of the nearness of a 

great depth of ice on the east in northern Minnesota and northward in British 

America, but it was gradually diminished to a comparatively small influence 

when these ice-masses had been melted and the attracting force proceeded 

from the region far north between lake Winnipeg and Hudson bay. 

In the same way the ocean during the glacial period was drawn toward 

the ice-sheet, so that northward it stood higher than now, as shown by its 

recent deposits along our northern coasts, far above the present sea-shore. It 

appears that the form of the surface of the continent during the ice age was 

about the same as it is to-day; but that the sea-level was much changed by 

the great accumulations of ice, being drawn toward them by gravitation and 

thus raised higher than now toward the poles, while it was proportionately 

lowered about the equator. 

The upper beach of lake Agassiz, as here described from lake Traverse 

.and Herman north to Maple lake, extends through a prairie region, very 

favorable for exploration and leveling. Its farther course turns to the east 

and northeast and lies in a trackless forest, much of which consists of almost 

impassable tamarack swamps. It is therefore quite impracticable to trace its 

course exactly through this wilderness; but from the known elevation of Red 

lake, 1,125 feet, very nearly, above the sea, of the lake of the Woods, 1,042, 

and of Rainy lake, about 1,175, the outline of lake Agassiz when it had its 

greatest hight can be mapped approximately. 

524 THE GEOLOGY OF MINNESOTA. 
"[Lake Agassiz. 

feet :1t its mouth and 185 feet at the north near Maple lake; and instead of 

the northward ascent of the upper beach 125 feet in 142 miles, this had been 

gradually diminished to 117, 110, 95, 80, 65, 55, 45, and finally 30 feet at the 

time of the formation of the McCauleyville beach. 

If the barrier north of lake Agassiz had been land, its subsidence to give 

way for drainage northward in its present course would cause the beach 

deposits of the former lake-shores to have the opposite slope, or a descent, 

from south to north. These observations are t.herefore inconsistent with such 

explanation of the cause of this lake; but they appear to prove that its n?rthern 

barrier was the receding continental glacier. All the differences of the once 

level lines of lake Agassiz from our present level-line would be produced by 

the gravitation of the water of the lake toward this ice-sheet. At first this 

attraction had a large effect upon the lake-level because of the nearness of a 

great depth of ice on the east in northern Minnesota and northward in British 

America, but it was gradually diminished to a comparatively small influence 

when these ice-masses had been melted and the attracting force proceeded 

from the region far north between lake Winnipeg and Hudson bay. 

In the same way the ocean during the glacial period was drawn toward 

the ice-sheet, so that northward it stood higher than now, as shown by its 

recent deposits along our northern coasts, far above the present sea-shore. It 

appears that the form of the surface of the continent during the ice age was 

about the same as it is to-day; but that the sea-level was much changed by 

the great accumulations of ice, being drawn toward them by gravitation and 

thus raised higher than now toward the poles, while it was proportionately 

lowered about the equator. 

The upper beach of lake Agassiz, as here described from lake Traverse 

,and Herman north to Maple lake, extends through a prairie region, very 

favorable for exploration and leveling. Its farther course turns to the east 

and northeast and lies in a trackless forest, much of which consists of almost 

impassable tamarack swamps. It is therefore quite impracticable to trace its 

course exactly through this wilderness; but from the known elevation of Red 

lake, 1,125 feet, very nearly, above the sea, of the lake of the Woods, 1,042, 

and of Rainy lake, about 1,175, the outline of lake Agassiz when it had its 

greatest hight can be mapped approximately. 

524 THE GEOLOGY OF MINNESOTA. 
"[Lake Agassiz. 

feet :1t its mouth and 185 feet at the north near Maple lake; and instead of 

the northward ascent of the upper beach 125 feet in 142 miles, this had been 

gradually diminished to 117, 110, 95, 80, 65, 55, 45, and finally 30 feet at the 

time of the formation of the McCauleyville beach. 

If the barrier north of lake Agassiz had been land, its subsidence to give 

way for drainage northward in its present course would cause the beach 

deposits of the former lake-shores to have the opposite slope, or a descent, 

from south to north. These observations are t.herefore inconsistent with such 

explanation of the cause of this lake; but they appear to prove that its n?rthern 

barrier was the receding continental glacier. All the differences of the once 

level lines of lake Agassiz from our present level-line would be produced by 

the gravitation of the water of the lake toward this ice-sheet. At first this 

attraction had a large effect upon the lake-level because of the nearness of a 

great depth of ice on the east in northern Minnesota and northward in British 

America, but it was gradually diminished to a comparatively small influence 

when these ice-masses had been melted and the attracting force proceeded 

from the region far north between lake Winnipeg and Hudson bay. 

In the same way the ocean during the glacial period was drawn toward 

the ice-sheet, so that northward it stood higher than now, as shown by its 

recent deposits along our northern coasts, far above the present sea-shore. It 

appears that the form of the surface of the continent during the ice age was 

about the same as it is to-day; but that the sea-level was much changed by 

the great accumulations of ice, being drawn toward them by gravitation and 

thus raised higher than now toward the poles, while it was proportionately 

lowered about the equator. 

The upper beach of lake Agassiz, as here described from lake Traverse 

,and Herman north to Maple lake, extends through a prairie region, very 

favorable for exploration and leveling. Its farther course turns to the east 

and northeast and lies in a trackless forest, much of which consists of almost 

impassable tamarack swamps. It is therefore quite impracticable to trace its 

course exactly through this wilderness; but from the known elevation of Red 

lake, 1,125 feet, very nearly, above the sea, of the lake of the Woods, 1,042, 

and of Rainy lake, about 1,175, the outline of lake Agassiz when it had its 

greatest hight can be mapped approximately. 



WILKI:'{ AND TRAVERSE COUNTIES. 525 
Upper or Herman beach.] 

Fro~ the north side of Maple lake it first extends east sixty miles, pass

ing sou.th of Red lake. N ext the shore of lake Agassiz turns northward east 

of Red lake, beyond which it again runs eastward, crossing the Big fork of 

Rainy Lake river, and extends along the south side of Rainy lake, its hight 

above Red and Rainy lakes being about 100 feet. Thus lake Agassiz at this 

time of greatest hight reached along our northern boundary beyond the merid

ians of Minneapolis and Saint Paul. Its expanse included no islands, except

ing rarely one of small area close to its shore. 

When this glacial lake attained its greatest extent, it probably exceeded 

lake Superior, both in length and in area. At the time of the formation of its 

highest beach, the depth of lake Agassiz above the lake of the Woods was 

some 200 feet; above the Red river valley at our northern boundary, 450 feet; 

and above lake Winnipeg, about 700 feet. 
Detailed notes of the survey and determinations of the elevation of the beaches of lake Agassiz in 

these counties are as follows. 

Lake Traverse, ordinary stage of water, 970 feet above the sea. Bottom of channel in Brown's Valley 
at the lowest point of the water-shed, 973 feet. This is three or four feet below the general surface of the 
valley, close to the base of the eastern bluff, about one mile southeastward from the south end of l!1ke Trav
erse and a third of a mile north from Brown's Valley passenger depot. When the Minnesota river is at its 
highest, flood in spring, a part of its water, Qverflowing its banks between the western blufT' of the valley 
and this point, goes northward into lake Traverse. At such times of freshet the water in the channel at 
the base of the eastern bluff becomes three or four feet deep; but probably no outflow passes southward 

from lake Traverse into Big Stone lake. 
Upper or Herman beach. Bluff east of lake Traverse, within one to two miles south from the Mus

tinka river, 1072 to 1075 feet above the sea; bluffs opposite these and for three or four miles northward, 
on the west side of lake Traverse, 1090 to 1070. 

Beach-ridge forming the summit of the high land between the Mustinka and Bois des Sioux rivers, 
from section 35 to section 13 in the west part of Monsen, about 1050 feet. This was a shoal nearly at the 
lake-level during the time of the upper or Herman beach, and an island during the lower stages of the 

lake. 
Beach in sections 2 and 11, Walls, 1060 to 1062, four to five miles east from the north end of lake 

Traverse, where the steep, eroded bluff gives plaeli' to the gentle slope of the natural surface, <tllowing the 
accumulation of a distinct beach-ridge of gravel. This is mostly rounded, fifteen to twenty rods in width 
bounded eastward, on the side toward the ancient lake, by a moderately steep slope, which descends ten 
or twelve feet. The htnd one to four miles distant northeastward, withi~ the area that was covered by 
the lake, is twenty to forty feet below this beach. On the other side this ridge is succeeded by a slight 
depres~ion, two to five feet deep, beyond which the land soon rises ten to fifteen feet above the beach. 
The material of the beach is sand and gravel, containing pebbles up to two or three inches in diameter, 

but all the surface elsewhere on each side is till. 
Beach in sections 30 and 32, Croke, passing southeastward near the southeast corner of section 30, 

1066 to 1067. 
Beach near the middle of section 9, Tarrah, 1057. Its contour and material, and those of the 

adjoining areas, are nearly the same as at the localit,y already described. The width of the gravel beach 
here is twenty-five or thirty rods; the smoothed surface of till which descends thence northward is ten to 
twenty feet lower in its first mile; on the south the sheet of till is at first for forty or fifty rods about five 
feet lower than the top of the beach, but beyond this it gradually rises to a hight ten to twenty-five and 

fifty feet above the beach. The average hight of its moderately undulating surface six miles to the south 

at Graceville is nearly represented by the railroad at the depot there, 1107 feet. 
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Beach at Denis W. O'Brien's, in the S. W. t of section 11, Tarrah, 1061 to 1062~. Northwardfrom 
Mr. O'Brien's, as far as the view reaches, across Croke and Doleysmount, lake Agassiz was'very shallow, 
the smooth and nearly level surface of till being 1045 to 1035 feet above the sea. For the next three 
miles eastward the beach is less conspicuous than usual. In the northwest part of section 8, the S. E. t 
of 5, and through the middle of 4, Leonardville, this shore-line is again distinctly marked, but by a 
slight terrace descending northward in a moderately steep slope five to ten feet, rather than by the usual 
accumulation of gravel. The top of this terrace is at 1056 to 1057 feet. The house of Patrick Leonard is 

built on the edge of the terrace at the middle of the east side of section 4, Leonardsville. 
In the S. E. t of section 24, Doleysmount, the beach is a low gravel ridge, twenty rods wide and 

five feet high, having an elevation of 1060 to 1061 feet. 
These determinations indicate that the surface of lake Agassiz in Traverse county was quite nearly 

1045 to 1055 feet above our present sea-level. 
From section 24, Doleysmount, north to sections 12 and 1, T. 133, R. 45, in Wilkin county, a 

distance of forty-four miles, the upper beach of lake Agassiz lies in Stevens, Grant and Otter Tail counties, 
east of the boundaries of this district. Where it enters Wilkin county, six miles north of the parallel of 
Breckenridge, the hight of the lake was about 1070 feet. 

Beach near the line between Otter Tail and Wilkin counties at the east side of section 12, T. 133, 

R. 45, 1083 feet. Here, as generally, the formation is a smoothly rounded low gravel ridge, about fifteen 
feet above the edge, ten or fifteen rods west, of the fiat area that was covered by lake Agassiz, and about 
ten feet above a marsh a dozen rods east from the top of the beach. 

Sill of Rudolph Niggeler's house in the S. E. c} of section 26, Akron, 1076. This is on a portion of 
the beach extending about a third of a mile from south to north; a quarter of a mile to the north its ele
vation is 1082 feet. In the northeast part of section 35, and in the north half of section 26, Akron, this 
beach is interrupted by sloughs which take its place for a fourth of a mile. 

Beach in the south half of section 2:l, Akron, 1079 to 1080; in the N. W. t of this section 23, 1075 
to 1080. 

Through sections 14, 10 and 3, Akron, the beach does not have its ordinary ridged form, but mostly 
is marked by a deposit of gravel and sand, lying upon a slope that rises gradually eastwarn. Its elevation 
here is 1075 to 1085 feet. In the south part of this distance, probably in the S. W. t of section 14, the 
margin of the fiat, somewhat marshy area that appears to have been covered by lake Agassiz, is very definite 
at 1075 feet, which thus was probably the hight of the lake here. 

Beach in the S. W. t of section 34, Tanberg, composed of gravel, nearly fiat, twenty-five to thirty 
rods wide, 1084 to 1087; bordered by a depression of two to five feet on the east, and by an expanse ten 
to fifteen feet lower on the west. 

Beach in the N. W. t of this section 34, 1084 to 1087. Here the land next east does not presQnt 
the usual slight hollow dividing the beach-ridge from the higher land eastward; instead is a springy 
belt, quite marshy, yet 8lowly rising two to four feet above the belt of beach gravel. Occasional hum
mocks about two feet above the general snrface and covered by ttUnsually rank grass six feet high, form 
part of this belt of marsh and shaking bog. Next to the east is a slough, about 1086, or three feet below 
the springy tract; and this is succeeded by a surface of moderately undulating till which rises gradually 
eastward. 

Martin E. Renkliv's house, sill, in the S. W. 1- of section 22, Tanberg, 1094. Shore-line of lake 
Agassiz an eighth of a mile weSt of Mr. Renkliv's, the border of a marshy fiat area, not marked by a 
distinct gravel ridge, about 1075. 

Sloughs, mostly filled with rushes and having areas of water all the year, occupy a width of one to 
one and a half miles next west of the shore-line and beach of lake Agassiz, and extend nearly continuous 
ten miles from south to north, from the midclle of Akron to the south edge of Prairie View. The elevation 
of this belt of sloughs is 1080 to 1050 feet, being considerably lower on its west than on its east border. 
Along much of this distance the upper or Herman beach-ridge of gravel and sand is wanting, its place 
being occupied by arms of the sloughs and marshes, which reach one or two miles east of the border of 
lake Agassiz, to the elevation of about 1090 feet. Such sloughs extend one to one and a half miles east 
from the railroad water-tank next mentioned, and surround it excepting where the beach-ridge lies on 
the north. 

Saint Paul, Minneapolis & Manitoba railway at the water-tank in section 33 Prairie View six . , , 
mIles northwest from Rothsay and eight miles southeast from Barnesville, is 1088. Here a spur-track has 
been laid, extending about a third of a mile northward, with its north end some fifty rods east of the 
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main line, to take ballast from the beach, which is well exhibited here and onward, having its typical 
ridged form. The elevation of its crest is 1091 to 1094 feet. It is composed of gravel and sand in almost 

equal amount, interstratified, mainly in level layers, but with these often obliquely laminated. Most of 
the gravel is quite fine, and the coarsest found here has pebbles only two to thr .. e inches in diameter. 
About half is limestone. 

Beach-ridge one mile farther north, 1094; three-fourths of a mile north of the last, and close south 
of a ravine, 1099. 

Beach about three miles north from the water-tank, probahly near the middle of section 16, Prairie 
Yiew, not ridged, but a belt twenty-five rods wide of gravel and sand on a slope of till that rises east
ward, 1080 to 1102. 

Beach, a ridge of gravel and sand of the common character, [1 third of a mile north of the last, 1105. 
The beach in section 9, Prairie Yiew, is spreall more broadly than usual, its higher parts being 

1095 to 1107. Here the beach-deposits are crossed obliquely hy several broad depressions, ten to fifteen 
feet deep, runniug south-southwest. The depression east of all these banks of gravel and sand is about 
1090 feet above tbe sea. 

Beach, a well-marked ridge of gravel, in the S. W. t of section 4, Prairie Yiew, 1096 to 1098; and 
at John Hart's honse in the N. W. } of this section 4, 1103. 

The hight of lake Agassiz on the line between Wilkin and Clay counties at the time of this upper 
or Herman beach was about 1090 feet. 

The Norero88 beach is represented by low ridges and banks of gravel and sand, 1030 to 1040 feet 
above the sea, from section 2 in the northwest corner of Monsen to seetion 17 near the middle of Taylor, 
on the west and north sides of the high land between the Mustinka and Bois des Sioux rivers. This was 
an island of lake Agassiz, as before mentioned. About the south end of the bke and through Wilkin 
county this beach has not been mapped, excepting small portions in section 36 in the southeast corner of 
Lake Yalley, and in sections 23 and 24, T. 127, R. 45. From the latter it has been traced twenty-eight 
miles northward through Grant county and to the Red river near the west line of Otter Tail connty. Its 
COUrsll in Wilkin county is probably abont parallel with the upper or Herman beach, lying one and a half 
to two miles farther west. Its hight in Western, the most southwest township of Otter Tail county, is 
about 1045 feet, and one and a half miles east of Barnesville in Clay county it is 1061 feet. 

The Campbell beach forms a series of gravel and sand deposits which crosses Campbell township 
diagonally from southwest to northeast, having a hight 980 to 990 filet above the sea. Its course north
ward through Wilkin county is not mapped. Within a few miles north of the Red ri ver it is finely devel
oped in the vicinity of Everdell, eight and a hn,lf miles east of Breckenridge and 992 feet above the sea. 
It is also well shown about a half mile southeast from Manston, where it has nearly the same elevation, 
forming a swell ten to fifteen feet above the land on its west side. 

In section 30, Mitchell, the McCaltleyvilie beach is a broad flat swell of gravel and sand, about 975 
feet above the sea. It is five to ten feet or more above the general surface of till on the eai>t, while west
ward a flat plain of stratified clay and fine silt, 25 to 35 feet below this beach, extends three miles to the 

• Red river. Where the McCauleyville beach is crossed by the Northern Pacific railroad in Clay county, its 
hight is 983 feet. These three lower beaches of lake Agassiz are doubtless distinctly traceable throngh 
these counties. At the points where they have been examined, they are as conspicuous as the upper or 

Herman beach, and are similar to that in their material and contour. 

Recent alluvium adjoining the Red river begins in the vicinity of Breck

enridge, where it is about five feet thick. Its depth, and the width that it 

covers, increase northward, its width along the west side of Wilkin county 

being from two to five miles. At McCauleyville its depth is about 50 feet, 

and at Moorhead and Fargo, 100 feet. 

The following records of wells include many additional notes respecting 

the drift deposits, beaches, and alluvium. 
Wells in Wilkin c01m/y. 

Pra'irie View. James Strachand; sec. 12: well, 55 feet deep in till, to sand from which water rose 

immediately twenty-six feet, sweeping up sand so as to fill the lower six feet of the twelve-inch boring. 
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main line, to take ballast from the beach, which is well exhibited here and onward, having its typical 

ridged form. The elevation of its crest is 1091 to 1094 feet. It is composed of gravel and sand in almost 

equal amount, interstratified, mainly in level layers, but with these often obliquely laminated. Most of 

the gravel is quite fine, and the coarsest found here has pebbles only two to thrBe inches in diameter. 
About halfis limestone. 

Beach-ridge one mile farther north, 1094; three-fourths of a mile north of the last, and close south 
of a ravine, 1099. 

Beach about three miles north from the water-tank, probahly near the middle of section 16, Prairie 

View, not ridged, but a belt twenty-five rods wide of gravcl and sand on a slope of till that rises east
ward, 1080 to 1102. 

Beach, a ridge of gravel and sand of the common chlm1.Cter, a third of a mile north of the hst, 1105. 

The beach in section 9, Prairie View, is spread more broadly than usual, its higher parts being 

1095 to 1107. Here the beach-deposits are crossed obliquely hy several broad depressions, ten to fifteen 

feet deep, running south·southwest. The depression cast of all these b'1nks of gravel and sand is about 
1090 feet above the sea. 

Beach, a well-marked ridge of gravel, in the S. W. t of section 4, Prairie View, 1096 to 1098; and 
at John Hart's house in the N. W. 4- of this section 4, 1103. 

The hight of lake Agassiz on the line between Wilkin and Clay counties at the time of this upper 
or Herman beach was about 1090 feet. 

The Norr:ro88 beach is represented by low ridges and banks of gravel [l,nd sand, 1030 to 1040 feet 
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N. G. Robbins; sec. 14: well, 35 feet; soil, 2; yellow till, 8; dark bluish till, harder but spaded, 
25 feet and reaching deeper; water seeped seven feet above the bottom; well now disused, because of 
caving. 

Tanberg. Charles Hanson; sec. 26: well, 22 feet; soil,2; yellow till, 12; blue till, 7, not much 
harder than the yellow, both being spaded; iron-rusted gravel, 1 foot and perhaps continuing deeper, 
from which water rose six feet. 

Amund Boe; in the same sec. 26, on a swell of land: well, 45 feet; soil, 2; yellow till, 15; gravel 
and sand, 5; and coarse sand, yellowish gray, for all the remaining 23 feet to water. 

T. 132, R. 45. 1. N. Beem has a flowing well on the N. W. t of sec. 8. 
John Gadbaw; S. E. t of sec. 26: well, 23 feet; yellow till, 18; dark bluish till, moister and easier to 

di~; 5; water seeps from sandy streaks. 
Bradford. There are several flowing wells in the north part of this township, within a few miles 

south of the Red river. 
C. W. Keyes; S. W. i of sec. 31: well, 61 feet; soil, 2; yellow till, 19; gravel and sand, 2 feet; blue 

till, mostly very hard, 38; and extending lower; water comes mainly from the gravel and sand, and 
stands permanently about six feet below the surface. 

Champion. Col. C. H. Brush & Co.; Fountain Valley farm, sec. 3: well, 66 feet; till,56; and sand, 
10 feet and continuing deeper, from which an artesian flow is obtained. The diameter of the pipe is one 
foot, reduced below to seven inche~. A lrtrge stre:lm of very clear cold water constantly flows from 
this well, its estimated volume being seven or eight barrels per minute, or about 250 gallonS. Wben 
seen by me in 1881, it had been flowing at this rate more than a year. This water is of excellent quality 
for house and farm use, but is hard and sligbtly irony, and deposits a rusty sediment in the channel of 
tbe stream. Its temperature is 46 degrees Fahrenheit. 

Frank Matthew; N. W. t of sec. 6: well, 50 feet; soil, 2; yellow till, 4; blue till, soft and sticky, 
42; drier, very bard till, 2; to quicksand, found to be at least two feet thick, from which water rises to 
tbe surface and overflows. This well was bored in May, 1881; when seen four months later, it was 
partly filled witb sand, and its rate of flow was one quart in a minute .. or twelve barrels in twenty-four 
hours. The water is similar to the preceding. 

Jeremiab Collins in sec. 12 has a flowing well, 55 feet deep, like the two foregoing in the deposits 
passed through and in the quality of water; its flow is half or two-thirds as great as on the Fountain 
Valley farm. 

Other flowing wells, or fountains, are in sec. 13, on land of Charles B. Hosford and.,WilIiam 
Tibbetts. 

Manston. Railroad well in village, 28 feet; soil 2; yellow and~then blue till, 26; water rose fourt~en 
feet from the bottom. Several pieces of lignite up to three inebes in diameter, and masses, also three~or 
four inches in diameter, of selenite (gypsum) crystals, were found in this till. The water of this well 
and the next has a somewhat bitter flavor. 

Venoss & Iverson; also in the village: well, 15 feet; soil, 2; yellow.till, 6; sand, ~ foot; and dark 
bluish till, 7, and extending deeper; water seeps. 

H. G. Stordock; sec. 28, on the Campbell beach of lake Agassiz, a half mile southeast from the. 
depot: well, 16 feet; soil, 2; gravel, containing pebbles up to one and a half inches in diameter, 1 foot; 
coarse sand, 6 feet; blue clay, 8 incbes; and fine quicksand, full of water, 6 feet and extending below; 
the water is of excellent quality, not ..,ery hard. 

T. 132, R. 46. Spencer E. Davis, in the N. E. t of sec. 23, has a flowing well, reported to be about 
50 feet deep. 

Horace Reynolds; W. ~ of sec. 24; well, 11 feet deep, about fifteen feet above the Red river; soil 
and sand, 2; yellow till, 4; harder blue till, 5. 

Campbell. The railroad well in the village, 260 feet deep, went all the way in till, excepting OCCIII

sionallayers of sand and gravel, mostly thin, but at one place eight feet thick, from 165 to 173 feet below 
the top. Numerous fragments of lignite were found in the till in this well, especially from 125 to 150 
feet; and they were abundantly mixed with the thick bed of sand mentioned, ma.king about ten per cent. 
of the deposit; some of its pieces brought up from the depth of 173 feet were encrusted with pyrite. 
The low~r portion of the pipe becoming filled with mud, it was found necessary to puncture the pipe 
and admIt water above the clay filling. This was done at 176 feet. The water rose within four feet of 
the surface. Higher water-bearing veins were encountered in boring the well, at 125, 150 and 165 feet. 
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till, mostly very hard, 38; and extending lower; water comes mainly from the gravel and sand, and 
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Champion. Col. C. H. Brush & Co.; Fountain Valley farm, ~ec. 3: well, 66 feet; till,56; and sand, 

10 feet and continuing deeper, from "'hieh an artesian flow is obtained. The diameter of the pipe is one 

foot, reduced helow to seven inche~. A large stre:lll of very clear cold water constantly flows from 
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for house and f~1fm use, but is hard and slightly irony, and deposits a rusty sediment in the channel of 
the stream. Its tern perature is 46 degrees Fahrenheit. 

Frank Matthew; N. W. } of sec. 6: well, 50 feet; soil, 2; yellow till, 4; blue till, soft and sticky, 

42; drier, very hard till, 2; to quicksand, found to be at least two feet thick, from which water rises to 
the surface and overflows. This well was bored in May, 1881; when seen four mouths later, it was 

partly filled with sand, and its rate of flow was one quart in a minute or twelve barrels in twenty-four 
hours. The water is similar to the preceding. 

Jeremiah Collins in sec. 12 has a flowing well, 55 feet deep, like the two foregoing in the deposits 
passed through n,nd in the quality of water; its flow is half or two-thirds as great as on the Fountain 
Valley farm. 

Other flowing wells, or fountains, are in sec. 13, on land of Charles B. Hosford and._William 
Tibbetts. 

Mansion. Railroad well in village, 28 feet; soil 2; yellow and)hen blue till, 26; water rose fourt~en 
feet from the bottom. Several pieces of lignite up to three inehes in diameter, and masses, also three)r 

four inches in diameter, of selenite (gypsum) crystals, were found in this till. The water of this well 
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Pacific House; in the village: well, 47 feet; soil, 2; yellow till, 15; dark hluish till, 30; a layer of 
sand one foot thick in the lower till 34 feet below the surface supplies the water of thiH well, which rises 
to within six feet of its top. 

Robert Glover; sec. 10: well, 53 feet; soil, 2; yellow till, 12; harder hlue till, iucreasing in hard
ness downward, 39; the only water obtained came from a vein of sand eight inches thick 25 feet below 
the surface, and rose slowly to four feet below the top of the well. 

N. O. Clark; sec. 15: well bored 102 feet, obtaining no water; probably in till all tbe way; about 
80 feet below the surface a pyritous layer was found, about one foot thick, containing small shells, and a 
few feet lower were fragments of large lamellibranch Cretaceous shells. 

Lewis S. Johns; S. W. ~. of sec. 28: well, 65 feet; all till to the bottom, where water, issuing under 
great pressure from a bed of sand, suddenly threw up tbe auger and shafting; several feet, and immedi
ately rose to two feet below the surface. Tbe water is excellent and supplies a half dozen families for 
drinking and cooking purposes. It may be pumped or drawn down 45 feet to tbe sand tbat partly fills 
tbe well; then it rises again to i& permanent level in two hours. 

Mitchell. Lesley, Wilson & Stouch; well, 25 feet deep, near tbe centre of the south side of sec. 22; 
soil, 2; yellow till, 6; sand, :\ to 1 inch; much harder, dark bluish till. 17; water seeps, hecoming fifteen 
feet deep. The upper till of this well and others in its vicinity crumbles, losing its coherency, on exposure 
in the air; but the lower till dries under the same conditions in it hard and compact mass. 

James Nolan; W. ~. of sec. 24: well, 12 feet, all yellow till, containing numerous rock-fragments, 
on one of which distinct glacia,l stria; were seen. 

Cyril Boutiette; sec. 26, three-fourths of a mile southwest from the last, on the Campbell beach, 
here five to ten feet above the land on each side: well, 10 feet deep, all gravel and sand. 

C. R. Gleason; N. E. J of sec. 28: well, 27 feet; soil, 2; yellowish gray till, 6; gray sand, } inch; 
much harder, dark bluish till, 18 feet, containing plentiful rock-fragments up to six inches in diameter; 
underlain by sandy black mud, in which were many small gasteropod shells. This douhtless interglacial 
fossiliferous layer, and an interglacial forest-bed found under twelve feet of till at Barnesville in Clay 
county, both within the area that was covered by lake Agassiz, show that tbere was a sufficiently long 
warm epoch in the midst of the great ice age as to cause tbe ice-sbeet to retreat from this state and far to 
the nortb, till the lake pent up by it in this basin found drainage into Hudson hay, Jeaving the Red river 

valley as an interglacial land surface. 
J .. J. Shen; S. E. ;} of this sec. 28: well, 19 feet; soil, 2; yellow till, 2; dark bluish till, 15, all 

spaded; water seeps. 
Frank H. Elwell; N. E. l of sec. 30: well, 11 feet deep, situated on the McCauleyville beach of 

lake Agassiz; all gravel and sand, mostly very fine wbite sand; water excellent. Mrs. H. H. Elwell's 
well, in the S. W. J of this sec. 30, on tbe same beach deposit, is 12 feet deep, all gravel and sand, to 
excellent water, not so hard as is usual in western Minnesota. Another well an eighth of a mile south 
from thQ last, in the same quarter-section, on land ten or fifteen feet lower and below the beach, is 10 feet 

deep, being soil, 2; sand, six inches; yellow till, 2; and harder hlue till, 6. 
T. 136, R. 48. Powell brothers' farm; sec. 14: well, 70 feet; soil, 2; yellowish gray, stratified clay 

(alluvium), 15; dark bluish, stratified, alluvial clay, soft and moist, espechllly below, 41; and dark bluish 
till or boulder-clay, very hard, 12; while a man was at work excavating this till, first loosening portions 
of it witb an iron bar, water burst in from a layer of coarse gravel at tbe bottom and rose so fast that he 
was obliged to leave the bar in his hurried escape. In three-fourths of an hour tbe water rose sixty feet 
to its permanent level, which is about twenty-five feet above the Red river, three miles distant to the 

west; it is excellent water, having about the same hardness as that of tbe river. 
MeCauleyvilie. James Nolan; in the village: well, 33} feet deep; soil,2J; brownish yellow alluvial 

clay, 26; dark quicksand, 4; gravel containing:shells, like tbe bottom of it lake, with water, 1 foot and 

extending lower. 
J. H. Langevin; also in the village: well, 137 feet deep; soil, 2; yellowish alluvium, 13; dark 

bluish alluvium, 25; sand and gravel, with offensive water, 3 feet; below tbis was da,rk bluish gravelly 
till, containing pieces of lignite and Cretaceous shale and granite houlders, to the bottom, perbaps includ
ing the whole 94 feet, and continuing deeper; about a hundred feet below the surface this contained a 

layer some six feet in thickness of very fine blue clay which makes a good polisbing material. No water 
in amount sufficient for use was found in this well, and it was refilled. In Mr. Langevin's cellar, and in 
David McCauley'S cellar, about eight rods farther south, many large bivalve fresh-water shells and small 

gasteropod shells were encountered in the alluvial clay, about five feet below the surface and twenty feet 
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Pacific House; in the village: well, 47 feet; soil, 2; yellow till, 15; dark hluish till, 30; a layer of 

sand one foot thick in the lower till 34 feet below the surface supplies the water of thi~ well, which rises 
to within six feet of its top. 

Robert Glover; sec. 10: well, 53 feet; soil, 2; yellow till, 12; harder hlue till, increasing in hard

ness downward, 39; the only water obtained came from a vein of sand eight inches thick 25 feet helow 
the surface, and rose slowly to four feet below the top of the well. 

N. O. Clark; sec. 15: well bored 102 feet, obtaining no water; probably in till all the way; about 

80 feet below the surface a pyritous layer was found, about one foot thick, containing small shells, and a 
few feet lower were fragments of large lnmellibranch Cretaceous shells. 

Lewis S. Johns; S. W. 1,- of sec. 28: well, 65 feet; all till to the bottom, where water, issuing under 
great pressure from a bed of sand, suddenly threw up the auger and shafting; several feet, and immedi

ately rose to two feet below the surface. The water is excellent and supplies a half dozen families for 

drinking and cooking purposes. It may be pumped or drawn down 45 feet to tho sand that partly fills 
the well; then it rises again to i& permanent level in two hours. 

Mitchell. Lesley, Wilson & Stouch; well, 25 feet deep, near the centre of the south side of sec. 22; 

soil, 2; yellow till, 6; sand, 1 to 1 inch; much harder, dark bluish till. 17; water seeps, becoming fifteen 
feet deep. The upper till of this well and others in its vicinity erumhles, losing its coherency, on exposure 

in the air; but the lower till rlries under the same conditions in a hard and compact mass. 

James Nolan; W. ~ of sec. 24: well, 12 feet, all yellow till, coutaining numerous rock-fragments, 
on one of which distinct glacial stria; were seen. 

Cyril Boutiette; sec. 26, three-fourths of a mile southwest from the bst, on the Campbell beach, 

here five to ten feet above the land on each side: well, 10 feet deep, all gravel and sand. 
C. R. Gleason; N. E. 0} of sec. 28: well, 27 feet; soil, 2; yellowish gray till, 6; gray sand, } inch; 

much harder, dark bluisb till, 18 feet, containing plentiful rock-fragments up to six inches in diameter; 
underlain by sandy black mud, in which were many small gasteropod shells. This doubtless intergl:1cial 

fossiliferous layer, and an interglacial forest-bed found under twel ve feet of till at Barnesville in Clay 

county, both within the area that was covered by lake Agassiz, show that there was a sufficiently long 
warm epoch in the midst of the great ice age as to cause the ice-sheet to retreat from this state anrl far to 

the north, till the lake pent up by it in this basin found drainage into Hudson bay, leaving the Red river 

valley as an interglacial land surface. 
J .. J. Shen; S. E. ,1- of this sec. 28: well, 19 feet; soil, 2; yellow till, 2; dark bluish till, 15, all 

spaded; water seeps. 
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well, in the S. W. } of this sec. 30, on the same beach deposit, is 12 feet deep, all gravel and sand, to 

excellent water, not so hard as is usual in western Minnesota. Another well an eighth of a mile south 

from thQ last, in the same quarter-section, on land ten or fifteen feet lower and below the beach, is 10 feet 

deep, being soil, 2; sand, six inches; yellow till, 2; and harder blue till, 6. 
T. 136, R. 48. Powell brothers' farm; sec. 14: well, 70 feet; soil, 2; yellowish gray, stratified clay 

(alluvium), 15; dark bluish, stratified, alluvial clay, soft and moist, especi'llly below, 41; and dark bluish 
till or boulder-clay, very hard, 12; while a man was at work excavating this till, first loosening portions 

of it with an iron bar, water burst in from a layer of coarse gravel at the bottom and rose so fast that he 

was obliged to leave the bar in his hurried escape. In three-fourths of an hour the water rose sixty feet 

to its permanent level, which is about twenty-five feet above the Red river, three miles distant to the 

west; it is excellent water, having about the same hardness as that of the river. 
IJfcCauleyville. James Nolan; in the village: well, 33} feet deep; soil, 21; brownish yellow alluvial 

clay, 26; dark quicksand, 4; gravel containing:shells, like the bottom of a lake, with water, 1 foot and 

extending lower. 
J. H. Langevin; also in the village: well, 137 feet deep; soil, 2; yellowish alluvium, 13; dark 

bluish alluvium, 25; sand and gravel, with offensive water, 3 feet; below this was da,rk bluish gravelly 

till, containing pieces of lignite and Cretaceous shale and granite boulders, to the bottom, perhaps includ

ing the whole 94 feet, and continuing deeper; about a hundred feet below the surface this contained a 

layer some six feet in thickness of very fine blue clay which makes a good polishing material. No water 

in amount sufficient for use was found in this well, and it was refilled. In Mr. Langevin's cellar, and in 

David McCauley's cellar, about eight rods farther south, many large bivalve fresh-water shells and small 

gasteropod shells were encountered in the alluvial clay, about five feet below the surface and twenty feet 
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few feet lower were fragments of large lnmellibranch Cretaceous shells. 

Lewis S. Johns; S. W. 1,- of sec. 28: well, 65 feet; all till to the bottom, where water, issuing under 
great pressure from a bed of sand, suddenly threw up the auger and shafting; several feet, and immedi

ately rose to two feet below the surface. The water is excellent and supplies a half dozen families for 
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soil, 2; yellow till, 6; sand, 1 to 1 inch; much harder, dark bluish till. 17; water seeps, becoming fifteen 
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in the air; but the lower till rlries under the same conditions in a hard and compact mass. 

James Nolan; W. ~ of sec. 24: well, 12 feet, all yellow till, coutaining numerous rock-fragments, 
on one of which distinct glacial stria; were seen. 
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gasteropod shells were encountered in the alluvial clay, about five feet below the surface and twenty feet 
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abo~e the Red river, which rises in its highe&t stage to the general level of the ground where these cellars 

are dug. This and most of the village is five or six feet below the flat plain which begins within a short 

distance to the east. 

In Cyril Boutiette's well in this village, about twenty-five feet above the river, alluvial clay 

extended to the depth of 45 feet, where was found a layer of abundant remains of rushes and sedges, 

some of them having their flowering and fruiting panicles and spikes distinctly preserved. 

In a well at Fort Abercrombie, opposite McCauleyville, nUmerous clusters, several inches long, 

of beautiful selenite crystals were found in the alluvial clay, under which was till with plentiful boulders. 

These crystals also occur on the slope of the west bank of the Red river two to three miles farther north, 

being found from the water's edge up to a line about four feet below the general surface. 
John B. Waling; sec. 25, in the west edge of McCauleyville, four miles southeast from the village: 

well, 20 feet; soil, 2; yellow clay, changing below to dark bluish till, containing many rock-fragments 

up to three or four inches in diameter, and rarely boulders two or three feet in diameter, spaded, 8 feet; 

dark bluish till, very hard, picked, 4; till, partly hard and partly soft and of yellowish color, 6; water 

seeps. In this vicinity shells, like those of sloughs, are often noticed in plowing and in digging, to a depth 
of six feet. 

T. 133, R. 47. Edward Connelly; sec. 21: well, 28 feet deep, near the brink of the bank of the 

Red river, which has a hight of about twenty-five feet, slightly above the highest floods; the river-bank 

and section of the well consist for the upper 11 feet of gravelly and stony till, and this is underlain by 
a heavy bed of gravel and sand that extends to the river-level and below. The water in the well rises 

and falls as the river varies in hight; but at the time of ordinary low water in the river, the gravel bed is 

doubtles3 filled with water by inflow from higher levels, and is slowly drained toward the river by hydro
static pressure. About two-thirds of the pebbles in this gravel are li)llestone; and a block of limestone 

about four feet sqmtre, belonging to the till, lies on the river-bank a half mile distant southeastward. 

Breckenridge. The railroad well at the engine house, 102 feet deep, was all the way in dark bluish 

till, or boulder-clay, exceptiug a small thickness of yellowish alluvial clay at the surface; no layers of 
sand and no water; numerous fragments of lignite were found, up to four inches in length. 

The following wells, situated in the village, are reported by Prof. Winchell in his discussion of 
"The water supply oftbe Red river valley" (Si.cih annual report, pages 9 to 42). 

Sanders' hotel: well, about 35 feet; mucky, l)lack soil, no stones, 2~ feet; fine clay, without stones, 
the same as seen in the river-banks, 16 feet; gravel, small pieces oflimestone, and granite boulders, with 

some layers of clean sand, 10 or 12 feet; under the last, which furnished water, was an undetermined 
thickness of It b'ack or blue-black clay, that had a different odor. This contained stones and boulders, 
one of which stopped the further sinking of the well. 

Town well, 34 feet deep: soil and clay, 4 feet; dark till, with no water, 30 feet; to gravel and 
sand, from which water rose sixteen feet in a few minutes. 

Peter Hanson: well, 55 feet; fine day, horizontally stratified, as in the river-banks, 4 or 5 feet; 
dark, hard till, 50 feet and reaching deeper; water seeps very scantily. 

Charles B. Falley; wei!, 30 feet; black soil, 4 or 5 feet; light-colored clay, with some sand, without 
stones, crumbling in the air, 24 feet; to sand, from which water rose seventeen feet. 

Professor Winchell remarks of the stratified clay in this vicinity that "it seems to have been 

deposited on 11 slightly uneveu: upper surface of glacier clay, or unmodified drift, so that ft here only 
occupies the depressions in the glacier clay." In descending the Red river by boat to McCauleyville, 

Prof. Winchell o)Jserved that, after pa<sing Mr. Connelly's, before mentioned, the stratified clay became 

more and more developed, and at last continuous, with a thickness of 25 or 30 feet, equal to the hight of 

the entire hanks above the river, with only occasional exposures of till near the river-level, it being last 

seen about two and a half miles above l\icCauleyville, near the rope-ferry. Before reaching this place, 

the large boulders, which appeared frequently in the river for some miles below Breckenri(\ge, had 
entirely disappeared 

Well, in Traverse county. 

Tini«(h. A w"ll at the railway station, 5.5 feet deep in till, dug in 1871, had supplied an artesian 
flow of water during eight years when it was seen by me in lR79. It had then become half filled by 

caving in, and the flow was only a very small rill. Another flowing well is about four miles farther 
southeast. at the railway section-house. 

T. 127, R. 45. C. E. Collins; sec. 42: well, 14 feet; soil, 2; yellow till, 12; water two feet deep 
seeps from the lower part of this till. 
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abo~e the Red river, which rises in its highe&t stage to the general level of the ground where these cellars 

are dug. This and most of the village is five or six feet below the flat plain which begins within a short 

distance to the east. 
In Cyril Boutiette's well in this village, about twenty-five feet above the river, alluvial clay 

extended to the depth of 45 feet, where was found a layer of abundant remains of rushes and sedges, 

some of them having their flowering and fruiting panicles and spikes distinctly preserved. 

In a well at Fort Abercrombie, opposite McCauleyville, numerous clusters, several inches long, 

of beautiful selenite crystals were found in the alluvial clay, under which was till with plentiful boulders. 

These crystals also occur on the slope of the west bank of the Red river two to three miles farther north, 

being found from the water's edge up to a line about four feet below the general surface. 

Johu B. Waling; sec. 25, in the west edge of McCauleyville, four miles southeast from the village: 

well, 20 feet; soil, 2; yellow clay, changing below to dark bluish till, containing many rock-fragments 

up to three or four inches in diameter, and rarely boulders two or three feet in diameter, spaded, 8 feet; 

dark bluish till, Yery hard, picked, 4; till, partly hard and partly soft and of yellowish color, 6; water 
seeps. In this Yicinity shells, like those of sloughs, are often noticed in plowing and in digging, to a depth 

of six feet. 

T. 133, R. 47. Edward Connelly; sec. 21: well, 28 feet deep, near the brink of the bank of the 

Red riYer, which has a hight of about twenty-five feet, slightly above the highest floods; the river-bank 

and section of the well consist for the upper 11 feet of gravelly and stony till, and this is underlain by 
a heavy bed of gravel aud sand that extends to the river-level and below. The water in the well rises 

and flllls as the river varies in hight; but at the time of ordinary low water in the river, the gravel bed is 

doubtles3 filled with water by inflow from higher levels, and is slowly drained toward the river by hydro

static pressure. About two-thirds of the pebbles iu tbis gravel are lijllestone; and a block of limestone 
about four feet sqmlre, belonging to the till, lies on the river-bank a half mile distant southeastward. 

Breckenridge. The railroad well at the engine house, 102 feet deep, was all the way in dark bluish 

till, or boulder-clay, exceptiug a small thickness of yellowish alluvial clay at the surface; no layers of 

sand and no water; numerous fragments of lignite were found, up to four inches in length. 

The following wells, situated in the village, are reported by Prof. Winchell in his discussion of 
"The water supply of the Red river valley" (Si.rth annual report, pages 9 to 42). 

Sanders' hotel: well, about 35 feet; mucky, lJlack soil, no stones, 2} feet; fine clay, without stones, 
the same as seen in the river-banks, 16 feet; gravel, small pieces of limestone, and granite boulders, with 

some layers of clean sand, 10 or 12 feet; under the last, which furnished water, was an undetermined 

thickness of It b'ack or blue-black clay, that had a different odor. This contained stones and boulders, 
one of which stopped the further sinking of the well. 

Town well, 34 feet deep: soil and clay, 4 feet; dark till, with no water, 30 feet; to gravel and 
sand, from which water rose sixteen feet in a few minu tes. 

Peter Hanson: well, 55 feet; fiue day, horizontally stratified, as in the river-banks, 4 or 5 feet; 
dark, hard till, 50 feet and reaching deeper; water seeps very scantily. 

Charles B. Falley; weil, 30 feet; black soil, 4 or 5 feet; light-colored clay, with some sand, without 
stones, crumbling in the air, 24 feet; to sand, from which water rose seventeen feet. 

Professor Winchell remarks of the stratified clay in this vicinity that "it seems to 'have been 

deposited on a slightly uneven: upper surface of glacier clay, or unmodified drift, so that ft here only 

occupies the depressions in the glacier clay." In descending the Red river by boat to McCauleyville, 

Prof. Winchell o)Jserved that, after pa<sing Mr. Connelly'S, before mentioned, the stratified clay became 

more and more developed, and at last continuous, with a thickness of 25 or 30 feet, equal to the hight of 

the entire hanks above the river, with only occasional exposures of till near the river-level, it being last 

seen about two and a half miles above M:cCauleyville, near the rope-ferry. Before reaching this place, 

the large boulders, which appeared frequently in the river for some miles below Breckenri<lge, had 
entirely disappeared 

}Ve/l, in Traverse county. 

Tint(tlt. A WR!l at the railway station, 55 feet deep in till, dug in 1871, had supplied an artesian 

flow of water during eight years wheu it was seen by me in lR79. It had then become half filled by 

caving in, and the flow was only a very small rill. Another flowing well is about four miles farther 
Routbeast. at the railway section-house. 

T. 127, R. 45. C. E. Collins; sec. 42: well, 14 feet; soil, 2; yellow till, 12; water two feet deep 
seeps from the lower part of this till. 
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abo~e the Red river, which rises in its highe&t stage to the general level of the ground where these cellars 

are dug. This and most of the village is five or six feet below the flat plain which begins within a short 

distance to the east. 
In Cyril Boutiette's well in this village, about twenty-five feet above the river, alluvial clay 

extended to the depth of 45 feet, where was found a layer of abundant remains of rushes and sedges, 

some of them having their flowering and fruiting panicles and spikes distinctly preserved. 

In a well at Fort Abercrombie, opposite McCauleyville, numerous clusters, several inches long, 

of beautiful selenite crystals were found in the alluvial clay, under which was till with plentiful boulders. 

These crystals also occur on the slope of the west bank of the Red river two to three miles farther north, 

being found from the water's edge up to a line about four feet below the general surface. 

Johu B. Waling; sec. 25, in the west edge of McCauleyville, four miles southeast from the village: 

well, 20 feet; soil, 2; yellow clay, changing below to dark bluish till, containing many rock-fragments 

up to three or four inches in diameter, and rarely boulders two or three feet in diameter, spaded, 8 feet; 

dark bluish till, Yery hard, picked, 4; till, partly hard and partly soft and of yellowish color, 6; water 
seeps. In this Yicinity shells, like those of sloughs, are often noticed in plowing and in digging, to a depth 

of six feet. 

T. 133, R. 47. Edward Connelly; sec. 21: well, 28 feet deep, near the brink of the bank of the 

Red riYer, which has a hight of about twenty-five feet, slightly above the highest floods; the river-bank 

and section of the well consist for the upper 11 feet of gravelly and stony till, and this is underlain by 
a heavy bed of gravel aud sand that extends to the river-level and below. The water in the well rises 

and flllls as the river varies in hight; but at the time of ordinary low water in the river, the gravel bed is 

doubtles3 filled with water by inflow from higher levels, and is slowly drained toward the river by hydro

static pressure. About two-thirds of the pebbles iu tbis gravel are lijllestone; and a block of limestone 
about four feet sqmlre, belonging to the till, lies on the river-bank a half mile distant southeastward. 

Breckenridge. The railroad well at the engine house, 102 feet deep, was all the way in dark bluish 

till, or boulder-clay, exceptiug a small thickness of yellowish alluvial clay at the surface; no layers of 

sand and no water; numerous fragments of lignite were found, up to four inches in length. 

The following wells, situated in the village, are reported by Prof. Winchell in his discussion of 
"The water supply of the Red river valley" (Si.rth annual report, pages 9 to 42). 

Sanders' hotel: well, about 35 feet; mucky, lJlack soil, no stones, 2} feet; fine clay, without stones, 
the same as seen in the river-banks, 16 feet; gravel, small pieces of limestone, and granite boulders, with 

some layers of clean sand, 10 or 12 feet; under the last, which furnished water, was an undetermined 

thickness of It b'ack or blue-black clay, that had a different odor. This contained stones and boulders, 
one of which stopped the further sinking of the well. 

Town well, 34 feet deep: soil and clay, 4 feet; dark till, with no water, 30 feet; to gravel and 
sand, from which water rose sixteen feet in a few minu tes. 

Peter Hanson: well, 55 feet; fiue day, horizontally stratified, as in the river-banks, 4 or 5 feet; 
dark, hard till, 50 feet and reaching deeper; water seeps very scantily. 

Charles B. Falley; weil, 30 feet; black soil, 4 or 5 feet; light-colored clay, with some sand, without 
stones, crumbling in the air, 24 feet; to sand, from which water rose seventeen feet. 

Professor Winchell remarks of the stratified clay in this vicinity that "it seems to 'have been 

deposited on a slightly uneven: upper surface of glacier clay, or unmodified drift, so that ft here only 

occupies the depressions in the glacier clay." In descending the Red river by boat to McCauleyville, 

Prof. Winchell o)Jserved that, after pa<sing Mr. Connelly'S, before mentioned, the stratified clay became 
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the entire hanks above the river, with only occasional exposures of till near the river-level, it being last 

seen about two and a half miles above M:cCauleyville, near the rope-ferry. Before reaching this place, 

the large boulders, which appeared frequently in the river for some miles below Breckenri<lge, had 
entirely disappeared 

}Ve/l, in Traverse county. 

Tint(tlt. A WR!l at the railway station, 55 feet deep in till, dug in 1871, had supplied an artesian 

flow of water during eight years wheu it was seen by me in lR79. It had then become half filled by 

caving in, and the flow was only a very small rill. Another flowing well is about four miles farther 
Routbeast. at the railway section-house. 

T. 127, R. 45. C. E. Collins; sec. 42: well, 14 feet; soil, 2; yellow till, 12; water two feet deep 
seeps from the lower part of this till. 
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Leonardsville. Patrick Leonard; at the middle of the east side of sec. '1: well, 76 feet; yellow till, 

25; and dark hluish till, 51, to water in gravel and sand, from which it rose forty-five feet in twenty-four 
hours, and within a few days gained its permanent level fifteen feet below the surface. 

Joseph B. Comer; in the fractional section west of the N. W. ,} of sec. 18: well at the stahle, 16 

feet; soil, 2; gravel and sand, 1:\; moist yellow till, spaded, 12~; water seeps, enough jor twenty head of 
cattle, permanent through the dry season. 

Monsen. John Peterson; S. W. i of sec. 2, in the northwest corner of the township, on the 

Norcross beach of lake Agassiz upon the high land between the Mnstinka and Bois des Sioux rivers; well, 

17 feet; all gravel and sand, most gravelly in its upper part; water excellent, about four feet deep. 

Lake Valley. Alfred Schedin; N. E. 1 of sec. 22 in the west part of the township, on a, flat tract 

some four miles wide, through which the Mustiuka river flows, elevat<.>d :30 or 40 feet above this river 

and lake Traverse: well, 21 feet; soil, 2; clay and sand, 1 foot; sand and gravel, interstratified in layers 

from a few inches to a foot in thickness, 18 feet and continuing lower; this well has two feet of water, 

which is of excellent quality, cold, much softer th~,n the water obtained by wells in till in this region, 
and inexhaustible. 

D. O. Westman; N. W. t of sec. 24 in the west part of the township, on the southeast edge of the 
same plain as the foregoing: well, 41 feet; soil, 2; yellow stratified clay, 4; same mixed with quicksand, 

5; dark, very hard till, 29; and white gravel, 1 foot and continuing deeper, from which water rose twen
ty-six feet in two days. 

Windsor. A. E. Ludwig; S. E. t see. 24: weU, 56; soil, 2; yellow till, partly spaded a11(l partly 
picked, 25, hard, dark bluish till, picked, 23, containing occasional veins of sand and gravel one to three 

inches thick; and fine, gray sand, 6 feet and extending lower; good water, about two feet deep. Other 

wells in this township, 18 to 30 feet deep, generally obtain good water. Lumps of lignite are occasion
ally found, usually not exceedin;:; six inches in length. 

Aj·thur. Thomas Flood; sec. 21: well, about 90 feet; soil, 2; yellow till, 30; softer, moist and 
sticky blue till thence to the bottom, where water was found in sand and rose nearly to the surface. 

James Moroney;S. E. t of see. 25: well, 45 feet; soil, 2; yellow till, 10; softer blue till, 33; water 
seeps, scanty. 

William Moroney; three-fourths of a mile west fi'om the last, on the S. W. l; of the same section: 

well, 10 feet; soil, 3; yellow till, 7; water issues at the bottom in ample supply from sandy streaks in 
the till. 

Folsom. Augustus Lains; in the south part of sec. 14, three and a half miles northeast from Brown's 

Valley and about 125 feet above lake Traverse: well, 110 feet; soil, :2; yellow till, picked, 38; softer, 
dark bluish till, 50; dark gravel, 5 feet, containing pebbles up to four inches in diameter, some of them 

being distinctly marked with glacial stri::e, like those of the till; hard, grayish blue till, 10 feet, contain
ing less gravel than the till above; and dark quicksand, 5 feet, containing water, which, however, does 

not rise, while a basin or reservoir to hold it cannot be maintained because of the inflow of sand. 

Edwin S. Beck; N. E. } of sec. 21, two miles northeast from Brown's Valley, and, like the last 
and the next, about 125 feet above lake Traverse: well, 95 feet deep, in the same succession of drift 

deposits as Mr. Lains' well, similarly finding water which cannot be used by reason of quicksand. 
Another well on Mr. Beck's farm, about forty rods northwest from the foregoing and probably fifty feet 

lower, is 38 feet deep, being soil, 3; gravel, 7; yellow till, 20; sand and gravel 5; and yellow quicksand, 

3, full of water which does not rise; this well is exhausted by pumping one barrel, but it quickly fills 

again to this amount. 
W. C. Howard; S. W. t of sec. 26, two miles east of Brown's Valley: well; 55 feet; soil, 2; 

yellow till, 8, very hard in its lower part; dry sand, 10; and very hard yellow till, 30, with water seeping 

from its base, but not rising; a reservoir was dng for it 5 feet in the hard, dark bluish till which next 

succeeds below. 
Traverse House, owned by H. L. Prescott, in Brown's Valley village: four wells dng here have 

failed to obtain water, though one of them reached the depth of 110 feet; the section is soil, 2; coarse 

gravel, about 5 feet; and dark bluish till below. Others in this village have a good supply of water in 

springs, or in wells only 10 to 25 feet deep, some of which are on the plateau of till, a half mile long and a 

third of a mile wide, which lies at the south edge of the village and close east of the Minnesota river, 

having an elevation 30 to 40 feet above other portions of the valley surrounding it. 

The fame of the Red river valley for its large harvests of "No. 1 hard" 

wheat, averaging twe]lty bushels to the acre, is nearly equaled by the unen-
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viable reputation of the water supplied by its wells. The drift upon this part 

of the state contains much of the carbonates and sulphates of lime and mag

nesia, derived from the Cretaceous strata which covered this area and were 

plowed up by the ice-sheet, mixed with much drift from the region of granites, 

gneiss and crystalline schists on the northeast, and redeposited as till. These 

alkaline ingredients of the soil are often seen in the dry season forming a white 

or gray efflorescence, resembling frost, sometimes a quarter of an inch thick. 

Wheat thrives better where the soil contains a considerable proportion 

of these alkaline salts, so that their presence throughout the Red river valley 

is one principal cause of its superiority in wheat-raising; and this, grown year 

after year, gradually takes away these ingredients and prepares the land for 

other crops. But their effect as dissolved everywhere in wells and streams 

partly offsets this benefit, and makes the water of all this region objectionably 

hard, and often in wells and springs noticeably bitter or salt, especially in the 

northern part of this valley, both in Minnesota and Dakota. 

These waters, too, more readily than pure water, decompose the wooden 

("JUrbing, which, being the most convenient and cheapest material, is too com

monly used in this region destitute of stone-quarries. Usually these wells 

after a few weeks ~ months become offensive to taste and smell; the water is 

discolored, gives off sulphureted hydrogen, and horses and cattle refuse to 

drink it or are made sick by it. Let such wells be pumped so as to fill them 

with new water every day, and these offensive qualities are principally removed 

Instead of wood the material for lining wells ought to be stone, iro"n pipe or 

bricks, the last of which may be made almost anywhere from the stratified clay 

along the Red river, of excellent quality and at moderate cost.* 

MATERIAL RESOURCES. 

The value of. the soil for agriculture, which is the chief source of wealth 

for this region, has been already noticed. 

No water-power has been yet utilized in these counties; but excellent 

locations for its use occur along the course of the Red river in Wilkin county 

at Breckenridge and eastward. 

Boulders may usually be gathered from the till in sufficient numbers to 

supply the masonry of farm buildings, but there are no outcrops of rock for 

quarrying. Magnesian limestone forms a considerable proportion, III some 
* Compare the sixth annual report. 
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localities a half or even three-fourths, of the boulders; but it has not been 

burned for lime here because of the high cost of fuel. 

Briek-making was begun in 1880 by Joseph Hall, in the north edge of 

section 5, Breckenridge, on the east bank of the Red river about one mile 

north of the town. His product the first year was 350,000, sold for $12 per 

thousand. The bank of the river here is about twenty feet hia:h beina' soil 2 u' b , 

feet; stratified clay, used in this brick-making, yellowish above and dark gray 

below, about 8 feet; underlain by yellowish gray till. The bricks are pinkish 

in color. They require the addition of a third part as much sand as clay; and 

good sand for this purpose is obtained from an alluvial deposit beside the river 

forty rods farther north. 

Sand for plastering IS tbtained by dredging from the bed of the Red 

river near the mouth of the Bois des Sioux, costing $1 per load. 
Springs. Numerous springs issue at the foot of the blufl's along the shore of lake Traverse. They 

are often more or less impregnatedJwith iron, and are always very hard water, because of the carbonates 
of lime and magnesia in solution, which are frequently deposited in a porous mass that encrusts moss 

and leaves and is hence called "petrified moss." A notable deposit of this kind is formed by a spring 
about fifteen feet above lake Traverse, four miles northeast from Brown's V~"\lley. 

The St. Gabrielle springs in the N. E. } of section 17, Champion, three miles east-southeast from 

Campbell, are described as follows by Prof. Winchell in the sixth annual report. "Although there is a 

scummy deposit of iron running from them, the water tastes alkaline, and is very much like the water of 

the deep well at Campbell. There is a boggy area of about two and a half acres, lying a few feet above 
the stream (Rabbit river), from which the water of t,he springs runs into the creek. This area is in a 

bend of the stream, and lies about six feet below the genemllevel of the prairie. The stream is about 
twelve feet below the prairie, and empties into Bois des Sioux river. It is a small stream and has clear 

water, but an imperceptible current. In some of the springs which are scattered over the boggy area 
mentioned, there is a light-colored sand seen boiling up with the water, and in the sand are also some 

weathered small shells. The bog itself is peaty, and shows some small fresh-water shells. The banks of 

the stream show nothing but the usual gray drift-clay, containing boulders of granite and many pieces 

of limestone. 

ABORIGINAL EARTHWORKS. 

Many artificial mounds of the usual dome-like form, two to ten feet high, are situated on the top 

of the bluffs in Dakota west of Brown's Valley and the south eud of lake Traverse. 

Two-thirds ofa mile southeast from Brown's Valley, four such mounds, two to four feet high, lie 

on the verge of the bluff, close beside the carriage-road. 
On Pelican hill, a knoll on the crest of the bluff of lake Traverse, about twenty-five feet higher 

than the adjoining portions of the bluff, two miles northeast from Brown's Valley, is an aboriginal mound 

two rods across and three feet high. Some of the limestone blocks that abound on this knoll, constitute 

a part of the mound, which seems to have been bauked up around these ice-transported rock-masses. 

In the S. W. t of the S. W. t of section 28, Windsor, three aboriginal mounds lie close we&t of a 

school-house. The most eastern of these is about fifteen feet high and a hundred and fitty feet in diam

.eter; the middle one is about five feet high; and the western one, ten feet. There are also two mounds, 

about eight and five feet high, on the S. W. t of the N. E. t of this section 28. In both places they are 

near the line of bluff that overlooks lake Traverse, and mouuds five to eight feet high are found in several 

other places along the top of this southeastern bluff of the lake. 
In Wilkin county, one mound five feet high was seen an eighth of a mile southeast from the school

house which is in the southeast part of the village of McCauleyville; another of similar hight was observed 

about an eighth of a mile southeast from Mr. Connelly'S, beside the road to Breckenridge; and a third of 

about the same size is reported on the north side of the Red river near an old ford about a dozen miles 

east of Breckenridge. 
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in color. They require the addition of a third part as much sand as clay; and 

good sand for this purpose is obtained from an alluvial deposit beside the river 

forty rods farther north. 

Sand for plastering IS ~btained by dredging from the bed of the Red 

river near the mouth of the Bois des Sioux, costing $1 per load. 
Springs. Numerous springs issue at the foot of the bluffs along the shore of lake Traverse. They 

are often more or less impregnatedjwith iron, and are always very hard water, because of the carbonates 

of lime and magnesia in solution, which are frequently deposited in a porous mass that encrusts moss 
and leaves and is hence called "petrified moss." A notable deposit of this kind is formed by a spring 
about fifteen feet above lake Traverse, four miles northeast from Brown's Valley. 

The St. Gabrielle springs in the N. E. } of section 17, Champion, three miles east-southeast from 

Campbell, are described as follows by Pro!: Winchell in the sixth annual report. "Although there is a 
scummy deposit of iron running from them, the water tastes alhlJine, and is very much like the water of 

the deep well at Campbell. There is a boggy area of about two and a half acres, lying a few feet above 

the stream (Rabbit river), from which the water of t.he springs runs into the creek. This area is in a 

bend of the stream, and lies about six feet below the general level of the prairie. The stream is about 
twelve feet below the prairie, and empties into Bois des Sioux river. It is a small stream and has clear 

water, but an imperceptible current. In some of the springs which are scattered over the boggy area 
mentioned, there is a light-colored sand seen boiling up with the water, and in the sand are also some 

weathered small shells. The bog itself is peaty, and shows some small fresh-water shells. The banks of 

the stream show nothing but the usual gray drift-clay, containing boulders of granite and many pieces 

of limestone. 
ABORIGINAL EARTHWORKS. 

Many artificial mounds of the usual dome-like form, two to ten feet high, are sitnated on the top 

of the bluffs in Dakota west of Brown's Valley and the south end of lake Traverse. 

Two-thirds ofa mile southeast from Brown's Valley, four such mounds, two to four feet high, lie 

on the verge of the bluff, close beside the carriage-road. 
On Pelican hill, a knoll on the crest of the blnff of lake Traverse, about twenty-five feet higher 

than the adjoining portions of the bluff, two miles northeast from Brown's Valley, is an aboriginal mound 

two rods across and three feet high. Some of the limestone blocks that abound on this knoll, constitute 
a part of the mound, which seems to have been banked up around these ice-transported rock-masses. 

In the S. W. t of the S. W. t of section 28, Windsor, three aboriginal mounds lie close west of a 

school-house. The most eastern of these is about fifteen feet high and a hundred and fitty feet in diam

.eter; the middle one is about five feet high; and the western one, ten feet. There are also two mounds, 

about eight and five feet high, on the S. W. t of the N. E. ~. of this section 28. In both places they are 

near the line of bluff that overlooks lake Traverse, and mounds five to eight feet high are found in several 

other places along the top of this southeastern bluff of the lake. 
In Wilkin county, one mound five feet high was seen an eighth of a mile southeast from the school

house which is in the southeast part of the village of McCauleyville; another of similar mght was observed 

about an eighth of a mile southeast from Mr. Connelly's, beside the road to Breckenridge; and a third of 

about the same size is reported on the north side of the Red river near an old ford about a dozen miles 

east of Breckenridge. 
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CHAPTER XX. 
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THE GEOLOGY OF OTTER TAIL COUNTY. 

By WARREN UPHAM. 

Situation and area. Otter Tail county (plate 51) lies in the central part 

of western Minnesota. Fergus Falls, its largest town and county seat, is 

distant in a direct line about 160 and 170 miles, respectively, to the north

west from Minneapolis and Saint Paul. The other most important towns and 

villages are Perham and N ew York Mills, on the Northern Pacific railroad; 

Carlisle, northwest of Fergus Falls on the Saint Paul, Minneapolis & Manitoba 

railway; Elizabeth and Pelican Rapids, on the Pelican river; Parkdale, on the 

head-stream of the Pomme de Terre river; Clitherall, at the north end of 

Clitherall lake; Balmoral, on the southeast side of Otter Tail lake; and Parker's 

Prairie, near the southeast corner of the county. 

The len,l!;th of Otter Tail county from east to west is nine townships or 

fifty-four miles, and its width is seven townships or forty-two miles. It is a 

rectangle, excepting a deficiency of one township from its northwest corner, 

leaving its area sixty-two governmental townships, each six miles square, 

amounting to 2,240.20 square miles, or 1,433,726.44 acres, of which 162,748-

.67 acres are covered by water. 

SURFAOE FEATURES. 

Natural drainage. The greater part of this county lies within the basin 

of the Red river of the North, which this report, following the example of 

Owen, calls by this name from the mouth of Otter Tail lake. This is forty

two miles east of its junction with the Bois des Sioux river at Breckenridge, 

where the Red river turns its course ninety degrees, thence flowing north. 

The name Otter Tail river is restricted to the chief head-stream of the Red 

/ 

,i 

',i, 

CHAPTER XX. 

THE GEOLOGY OF OTTER TAIL COUNTY. 

By WARREN UPHAM. 

Situation and area. Otter Tail county (plate 51) lies in the central part 

of western Minnesota. Fergus Falls, its largest town and county seat, is 

distant in a direct line about 160 and 170 miles, respectively, to the north

west from Minneapolis and Saint Paul. The other most important towns and 

villages are Perham and New York Mills, on the Northern Pacific railroad; 

Carlisle, northwest of Fergus Falls on the Saint Paul, Minneapolis & Manitoba 

railway; Elizabeth and Pelican Rapids, on the Pelican river; Parkdale, on the 

head-stream of the Pomme de Terre river; Clitherall, at the north end of 

Clitherall lake; Balmoral, on the southeast side of Otter Tail lake; and Parker's 

Prairie, near the southeast corner of the county. 

The len~th of Otter Tail county from east to west is nine townships or 

fifty-four miles, and its width is seven townships or forty-two miles. It is a 

rectangle, excepting a deficiency of one township from its northwest corner, 

leaving its area sixty-two governmental townships, each six miles square, 

amounting to 2,240.20 square miles, or 1,433,726.44 acres, of which 162,748-

.67 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. The greater part of this county lies within the basin 

of the Red river of the North, which this report, following the example of 

Owen, calls by this name from the mouth of Otter Tail lake. This is forty

two miles east of its junction with the Bois des Sioux river at Breckenridge, 

where the Red river turns its course ninety degrees, thence flowing north. 

The name Otter Tail river is restricted to the chief head-stream of the Red 

/ 

,i 

',i, 

CHAPTER XX. 

THE GEOLOGY OF OTTER TAIL COUNTY. 

By WARREN UPHAM. 

Situation and area. Otter Tail county (plate 51) lies in the central part 

of western Minnesota. Fergus Falls, its largest town and county seat, is 

distant in a direct line about 160 and 170 miles, respectively, to the north

west from Minneapolis and Saint Paul. The other most important towns and 

villages are Perham and New York Mills, on the Northern Pacific railroad; 

Carlisle, northwest of Fergus Falls on the Saint Paul, Minneapolis & Manitoba 

railway; Elizabeth and Pelican Rapids, on the Pelican river; Parkdale, on the 

head-stream of the Pomme de Terre river; Clitherall, at the north end of 

Clitherall lake; Balmoral, on the southeast side of Otter Tail lake; and Parker's 

Prairie, near the southeast corner of the county. 

The len~th of Otter Tail county from east to west is nine townships or 

fifty-four miles, and its width is seven townships or forty-two miles. It is a 

rectangle, excepting a deficiency of one township from its northwest corner, 

leaving its area sixty-two governmental townships, each six miles square, 

amounting to 2,240.20 square miles, or 1,433,726.44 acres, of which 162,748-

.67 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. The greater part of this county lies within the basin 

of the Red river of the North, which this report, following the example of 

Owen, calls by this name from the mouth of Otter Tail lake. This is forty

two miles east of its junction with the Bois des Sioux river at Breckenridge, 

where the Red river turns its course ninety degrees, thence flowing north. 

The name Otter Tail river is restricted to the chief head-stream of the Red 

/ 



n 

" , ., 
-< 1:!it'.AMe~FI 
"" 'T (~ 

11. '>:1,1\'",° :Jii,,'tI ~ ,'~ 
- - l-"' '" "I'-' ur' 

• .,.,~. <', ~" 

• _ .. ; ","",,41 .~. 
.NOR.WE~ PF ..... i" N / ~ 

G~O.J(E _r*L ~ ~"( Pwl.I'I. en»f 
'."~ 

N T ... x"",'",..
.,~.-..--~- ... y 

. R,,?,X':'j W . ~~_, •.. ,,..-...... . . .!t_~~\'W i 
. _.~ 6' 1" -;-7'i 

~:L;,:- .. I!~,. ,I ' 
_ _"" I" UI n 1 

.... • . ' '. '::1" , _ ~A.- _.l~l4 n . ..J~b· " ·'"'' 

~
_ :JO 'l'f2;''Z''~'':': ~ 

. ___ '" e' 2~ ~ _ . ~ i;p~_. ____ ~~.;r. JJ"~ ., !lo ____ ..... , .;' -~.~-.~~ .... ~~-1 ~ 
~:z 

"'!j l> 

BLOWERS I -T l :l b~ 
n 
o , 

, 0 •• 
< 

d'NJ'h-I, ' ~S 

'"1 

~ \:~ ""lDnl.\ 

, 

" 
• 

• 

n 

c 

• 
~ 

< 

~ 't 

TE~', .:- ". 
GRANT COU NT Y 

'Ii. 

~ 
If.; 

r I.n:>l 

'r 1:1:1); 

~ 

o 
o 
o 

F ~, -t. . OE-f'j ql.; P/';·'O:, _ W OODSIOE JTl.I~.\ 
~ 1-~';~~-~ ~ln 

~; ~ 0 , 1- Ifli~ 0 

_<",,' ;.. . c: 
.' .~ ,t 'y" . .. ~ < 

" ?II' cC=-' "A.. *.- ,.xw.,,,~. !~'AJ r. ~ -i ' .... - ....... ~ . _ RI<S - ," ,7'"_1'0"-< EA GLEi...LAM£~E."fi\\ y..-t H I NsrQ N -:_-' ~f"" -I R' E . E. .... ~~~N HIl .... , .... ~tti6- uN lIA\fJf.:qp...... . ~~ . "'_~I",\RI>I-:~·$ ~~A(JI.I'+i -

A~! f . !I.tl'''·:~,,.o,. : ~,,~/Ml" ~ j 
',,-I,e "qA"l'~ t; ...... "'..~ - _. o 0 U G LAS 'c 0 U N i' y - - -. Of ••• --. 

I' "!,\.","""", 

~ '{,,,it/I,d n." '"J 

; O 'l''I'I '; ll '1' ,\11. (: O US TY ,,," ,,"",'~". 

~ a ·:nIIH;[' \ 1 .\"l' "\11 ILlI Hlo.;lllHY 

S I Il\!·Y"I· ~!l""I·:SI1T.\ " ,. l~~r I" 

*,~ 

.. , 
TIll 

" " ,~ 

• ,., BY WARRCN UPHA M I .,.,.~, 1."". - ." ... ..-. • L 

~ ~ 

I 

TE :~. 
~ 

A~6TA t 
fI> 

, .10 ' " , , A N T C o U N 

f id·:Pl.l H. I, II A;-;D ,,', \I I ' l l II 1l1 '; 1!>l I\ 

, Y 
I' '1,]...,,1\'"'' 

" 11114 .. S\ Inl': Y 'll ~!l ,,:'d,:s Il T, \ \ \ 

,

" () p", l"J 

.. ' I " I ' I '~ I { T ~\I' , ( : () l J."' ,'''''· '("Mud no' :; . \ I hr"i R. II<J "I~' .. ,.~ ,'" 
• " W,",,, ""'M ,~'''. ,,' ,, < 

L 
____________________________________________________________________________________ ~" =·":'"="'~'~':' .. :.~-=-~--=-~::=-~:: ____ _=~~~ ________ =_ ____ _=~. ... ~ 

~ 

o 

, , 
" 



OTTER TAIL COUNTY. 535 
Lakes.] 

rIver system; which flows to the south fifty miles from the north side of 

Becker county, passing through Elbow, Many Point, Hight of Land, Pine and 

Rush lakes, besides others of less size, and emptying into Otter Tail lake. 

Only one considerable stream is tributary to the Otter Tail river in this county, 

namely, Toad river, which flows into the north end of Pine lake. Dead 

river, the outlet of Dead and Star lakes, which flows into the northwest side of 

Otter Tail lake, and the outlet of Clitherall, East and West Battle lakes and 

others, flowiI!g into the southeast side of Otter Tail lake at Balmoral, are also 

large streams. 

Pelican river, which joins the Red river from the north three miles west 

of Fergus Falls, being its only notable tributary above Breckenridge, is forty

five Jlliles long in straight line, having its head-waters in southwestern Becker 

county. It receives the waters of many lakes, of which the largest are De

troit, Cormorant, Pelican, Lizzie, and Lida. 

In the east part of Otter Tail county are the sources of the Red Eye, 

Leaf and Wing rivers, which send their waters eastward to the Crow Wing 

and the Mississippi. Streams tributary to Long Prairie river, and by that 

to the Crow Wing, drain the south part of Eastern and Parker's Prairie. 

On the south, the farthest source of the Chippewa river is in Effington; 

and Saint Olaff and Tumuli, with portions of Eagle Lake, Tordenskjold and 

Dane Prairie, are drained by the Pomme de Terre river; both of which are 

branches of the Minnesota river. 

Lakes. Concerning the lakes of this district, Rev. C. M. Terry wrote as 

follows in the ninth annual report of this survey . 
• , Otter Tail is the banner county of the state for lakes. * It is said by those who have given their 

minds to counting them, that there are 430 lakes in the county. This number of lakes is not represented 
on any maps that I have seen. Still the number is sufficiently large, as anyoue will admit who has 
traveled over' the county. 

"A glance at the map shows that the lakes occupy the central townships of the county. The 
eastern and western tiers of towns have none, or a few small lakes. This distribution of the lakes corre
sponds with the position and bearing of the moraines. Entering the county at the north, in the town of 
Hobart, the general direction of this drift deposit is southwest until, in the vicinity of Fergus Falls, it 
tends southeast and east, and then swings northeast, where its greatest development is seen in the 'Leaf 
mountains,' as they are popularly called. This hilly area is gemmed with lakes. Every depression in 
the rough and rolling ground holds a mirror to the sky and clouds. They are of all sizes, shapes and 
depths. Some have outlets, the largest ones especially; others have none, except in very high water; 
others have no outlet whatever at any time. Of some the water is whitish or clouded, holding in solution 
mineral substances derived from the clays and gravels of the shores. Others are apparently perfectly 

pure, colorless and sparkling. 
"It is manifestly ,impossible to examine all these lakes in a single seoson. Only those were selected 

which are typical or in some respects remarkable. Of the smaller lakes, lake Sewell in Saint Olafi' is as 
~od a representative as any other. It is about two miles long and half a mile wide. The shores are not 

-~ According to Rev. J'. R. Hingeley, there are 1,029 lakes, b'actual couut, in Otter Tail county, not including sloughs and 
ponds. [N. H. W.] 
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--;-According to Rev. J. R. Hingeley, there are 1,029 lakes, bfactuaJ count, in Otter Tail county. not including sloughs and 
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very high and generally slope gently to the water's edge. There is a fringe of trees and shrubs of the 
common species about the lake, but most of the country is massive rolling prairie with frequent lakelets 
and sloughs. It was ascertained by sounding that the lake is 35 to 40 feet in the central or deeper parts. 

As there is no erosion of the banks the waters are quite pure and free from mineral substances. The 
bottom or floor of the lake is clay covered by gravel stones, and the beaches are deposits of sand and 

pebbles. 
" In all these smaller lakes the same features are repeated over and over. A large number of these 

lakes have no visible outlet except in very hIgh water. The channel of the outlet is grass-grown and dry, 

except a few weeks or perhaps a few days in the year. 
"Lake Clitherall is a beautiful sheet of water, nearly four miles long and one mile wide. It has a 

deep bay extending toward the south, a distance of two miles. The south shore is densely wooded and 
presents to the observer on the north side a very picturesque appearance. The shores at various points 
are bold and high, and there is a fringe of forest trees on the north side also, where the village of Clith
erall stands. There are one or two bars extending nearly across the lake, so that the water does not lie 
in one continuous basin. Our soundings gave for the east part of the lake a depth varying from 15 to 44 
feet, and for the west part from 10 to 32 feet. The water is clear and had at the date of our visit, August 
1st, a temperature of 77° F. This lake lies at an elevation of 1,332 feet above the sea. Its outlet is at 
the northwest side and discharges into West Battle la.ke. 

" West Battle lake lies in two basins. The western half is nearly twice as wide as the ~astern. 
The shores are in some places bold and abrupt, rising 40 to 60 feet above the lake. At other points the 
prairie slopes gently down to the water. There is not much forest. N early all the surrounding country, 
especially at the western extremity, is cultivated prairie. The lake is over six miles long. The western 
pl1rt is about two miles wide; the eastern division, about one mile wide. A high, wooded hill or promon
tory on the north side marks the line of division. Our soundings were made in the western part of the 
lake. The bottom of the lake is uneven. There are ridges and shallow places out some distance from 
the shore. We found repeatedly about 50 feet of water. The depths vary rapidly within short distances. 
The mass of the drift about these lakes is siliceous; some of these bluffs are almost pure sand; these 
crumble under the action of frost and weather, and are distributed over the bottom of the lake by the 
waves. All the beaches are sand and pebbles. There is very little vegetation in the waters of this lake. 

"Owing to the purity of its water and the inequalities of depth, this lake presents the most rapid 
and beautiful play of colors. There is not a more charming or attractive spot in Minnesota than the 
vicinity of the Bll,ttle lakes. They lie in the midst of the famous Park Region. Groves, lakes., cultivated 
frtrms, unoccupied woodland, conspire to give variety and beauty to the scenery. 

"West Battle lake has two inlets, one from lake Clitherall, the other from East Battle lake. Its 
outlet is on the north side, and after passing through several smaller lakes discharges into Otter Tail 
11,ke at Balmoral mills. 

"The country around East Battle lake is very broken and hilly. The Leaf mountains lie a few 
miles to the south. Several small streams convey the drainage of these hills to the lakes. The basin of 
this lake is very irregular. There are nnmerous promontories, points and bays. The depth varies from 
twenty to forty feet. Only a small part of the bke was sonnded, as no safe boat could be obtained. The 
hills and shore" of the lake are covered with trees and shrubs. The outlet into West Battle lake has evi
dently run much wider and larger than now. It flows through a low meadow or swamp, and is still a 
considerable stream about ten feet wide. 

"Otter Tail lake is the largest body of water in the county. Indeed, in this whole lake district 
which embraces parts of Becker, Otter Tail, Douglas, Pope and Kandiyohi counties, there is no lake which 
cau compare with this in size. It is about ten miles long and three miles wide. Its longest direction is 
from northeast to southwest. It has three inlets, one from the south and two from the north. The 
largest of these is known as Otter Tail creek and is the outlet of Rush lake. A large inlet also flows down 
from Dead lake on the north. At Balmoral mills on the south side it receives the surplus waters of the 
Battle lake chain. The soundings were in the southern central part of the lake, going out from Balmoral 
mills. For a distance of half a mile or more from the shore the water is quite shallow, only six to 
eighteen feet. Toward the centre of the lake it deepens to forty, fifty and sixty feet. This deeper area 
was followed for some distance toward the head of the lake, when the high wind prevented further meas
urements. The temperature of the water on the 30th of July was 74° F., air 78° F. Prof. Owen took the 
temperature of this lake on the 18th of June, and found it 65° F., air 64° F. The water is not perfectly 
pure. It has the yellowish or clouded color characteristic of shallow lak~s with clay bottoms and shores . 
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very high and generally slope gently to the water's edge. There is a fringe of trees and shrubs of the 

common species about the lake, but most of the country is massive rolling prairie with frequent lakelets 

and sloughs. It was ascertained by sounding that the lake is 35 to 40 feet in the central or deeper parts. 

As there is no erosion of the banks the waters are quite pure and free from mineral substances. The 

bottom or floor of the lake is clay covered by gravel stones, and the beaches are deposits of sand and 

pebbles. 
" In all these smaller lakes the same features are repeated over and over. A large number of these 

lakes have no visible outlet except in very hIgh water. The channel of the outlet is grass-grown and dry, 

except a few weeks or perhaps a few days in the year. 
"Lake Clitherall is a beautiful sheet of water, nearly four miles long and one mile wide. It has a 

deep bay extending toward the south, a distance of two miles. The south shore is densely wooded and 
presents to the observer on the north side a very picturesque appearance. The shores at various points 

are bold and high, and there is a fringe of forest trees on the north side also, where the village of Clith

emIl stands. There are one or two bars extending nearly across the lake, so that the water does not lie 

in one con tin nons basiu. Our souudings gave for the east part of the lake a depth varying from 15 to 44 
feet, and for the west part from 10 to 32 feet. The water is clear and had at the date of our visit, August 

1st, a temperature of 77° F. This lake lies at an elevation of 1,332 feet above the sea. Its outlet is at 

the northwest side and discharges into ,Vest Battle lake. 
"West Battle lake lies in two basins. The western half is nearly twice as wide as the !astern. 

The shores are in some places bold and abrupt, rising 40 to 60 feet above the lake. At other points the 

pnLirie slopes gently down to the water. There is not much forest. Nearly all the surrounding country, 
especially at the western extremity, is cultivated prairie. The lake is over six miles long. The western 

part is about two miles wide; the eastern division, about one mile wide. A high, wooded hill or promon
tory on the north side marks the line of division. Our soundings were made in the western part of the 

lake. The bottom of the lake is uneven. There are ridges and shallow places out some distance from 
the shore. We found repeatedly about 50 feet of water. The depths vary rapidly within short distances. 
The mass of the drift about these lakes is siliceous; some of these bluffs are almost pure sand; these 

crumble under the action of frost and weather, and are distributeel over the bottom of the lake by the 
waves. All the beaches are sand and pebbles. There is very little vegetation in the waters of this lake. 

" Owing to the purity of its water and the inequalities of depth, this lake presents the most rapid 
and beautiful play of colors. There is not a more charming or attractive spot in Minnesota than the 

vicinity of the Bllttle lakes. They lie in the midst of the famous Park Region. Groves, lakes., cultivated 
flums, uuoccupied woodland, conspire to give variety and beauty to the scenery. 

"West Battle lake has two inlets, one from lake Clitherall, the other from East Battle lake. Its 
outlet is on the north side, and after passing through several smaller lakes discharges into Otter Tail 
1~ke at Balmoral mills. 

"The country around East Battle lake is very broken and hilly. The Leaf mountains lie a few 

miles to the south. Several small streams convey the drainage of these hills to the lakes. The basin of 
this lake is very irregular. There are numerous promontories, points amI bays. The depth varies from 

twenty to forty feet. Only a small part of the lake was sounded, as no safe boat could be obtained. The 

hills and shores of the lake are covered with trees and shrubs. The outlet into West Battle lake has evi
dently run much wider and larger than now. It flows through a low meadow or swamp, and is still a 
considerable stream about ten feet wide. 

"Otter Tail lake is the largest body of water in the county. Indeed, in this whole lake district 
which embraces parts of Becker, Otter Tail, Douglas, Pope and Kandiyohi counties, there is no lake which 

cau compare with this in size. It is about ten miles long and three miles wide. Its longest direction is 
from northeast to southwest. It has three inlets, one from the south and two from the north. The 

largest of these is known as Otter Tail creek and is the outlet of Rush lake. A large inlet also flows down 

from Dead lake on the north. At Balmoral mills on the south side it receives the surplus waters of the 

Battle lake chain. The soundings were in the southern central part of the lake, going out from Balmoral 

mills. For a distance of half a mile or more from the shore the water is quite shallow, only six to 
eighteen feet. Toward the centre of the lake it deepens to forty, fifty and sixty feet. This deeper area 

was followed for some distance toward the head of the lake, when the high wind prevented furth er meas

urements. The tempemture of the water on the 30th of July was 74° F., air 78° F. Prof. Owen took the 

temperature of this lake on the 18th of June, and found it 65° F., air 64° F. The water is not perfectly 

pure. It has the yellowish or clouded color characteristic of shallow lak~s with clay bottoms and shores. 
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As there is no erosion of the banks the waters are quite pure and free from mineral substances. The 

bottom or floor of the lake is clay covered by gravel stones, and the beaches are deposits of sand and 
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except a few weeks or perhaps a few days in the year. 
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dently run much wider and larger than now. It flows through a low meadow or swamp, and is still a 
considerable stream about ten feet wide. 
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cau compare with this in size. It is about ten miles long and three miles wide. Its longest direction is 
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The'soil on the southern side is sandy; at other points, however, the clay is exposed, and the feeders are 
colored by the clay deposits through which they flow. 

"The lake is without islands or any bold and prominent indentations of the shore. It is therefore 
less picturesque and attractive than some other and smaller sheets of water. The outlet of Otter Tail lake 
is the Red river of the North, formerly known as the Otter Tail river. It is here 30 to 40 feet wide. 

"The southeastern shores of the lake are fringed with trees. Farther north the prairie comes to 
the wa.ter's edge. On the western and northern shores areJorests, interspersed with some fertile prairies 
or openings. 

"Northwest of Otter Tail are several lakes of irregular shape, surrounrled by forests and morainic 
hills and deposits of clay. Approaching Dead lake from the south, near its outlet, a fine growth of native 
forest trees is encountered. The suga.r maple, basswood, oak, elm, ash and ironwood are especIally notice
able. The lake itself is divided by bars aud points, into several distinct basins and bays. The bottom is 
as irregular in shape as the shore line. The main body of the lake is shallow. Our soundings gave from 
10 to 25 feet of water. There is a good growth of reeds, wild rice and other "egeta,tion in the lake. There 
are a few small islands. The shores are full of boulders, both granite and limestone rock. It is indeerl 
a lake of the woods, difficult of access, but wild and picturesque, a tiworite haunt of water-fowl and 
other game. The principal tributary is a small stream which connects it with Star lake. The country 
to the east is rough and hilly. One hill near the outlet rises ahruptly 98 feet above the water. On 
the north side the shores slope more gently and smoothly to the water. 

"Farther still to the northwest is a chain of very beautIful lllkes, lying on the west side of the 
great momine and tributary to Pelican ri ver. These are lake.> Lid,t anel Lizzie and Pelican lake. Between 
these lakes and on the east side, there is a fine forest of hard-wood trees of species alr~,'\dy mentioned. 
On the west side the prairie stretches away toward the Red rher. All the surrounc1.ing country is rolling 
and uneven. The largest of the three lakes is lake Lida. It is about seven miles long ml(l t~'o miles 
wide. A narrower arm, about one mile wide, extends south from the main body of the lake lor two 
miles. The eastern shore is wooded and hilly. The western shore is more level and the forest soon gives 
place to the prairie. 

"Between lakes Lida and Lizzi-e, which formerly constituted one lake, there are several old beaches, 
now covered with forest trees, indicating that the former level of the lake was from seven to ten feet 
higher than it is at present. 

"The outlet of lake Lida is at the north end. It is a strong current of water, three feet deep and 
fourteen feet wide. The temperature of the lake on the 13th of September was 63° F., air 70°. The 
lake varies in depth from 10 to 40 feet. About the shores it is shallow. The water is very pure and 
clear. There are several fine springs about the shores. There are, in the vicinity of these lakes, a nUill
ber of-cranberry marshes from which, without any effort at cultivation, a good many bushels of cranberries 
are gathered every year. 

"The southern part of lake Lizzie is quite shallow and narrow and filled with reeds ancl rushes 
for some distance out from the shore. The northern part is broader and deeper. The eastern shore is 
covered by forest, while on the western side the prairie, in some places, comes nearly to the lake. The 
country is massively rolling, and as a general rule sandy, but there are also large deposits of clay. One 
well, on the west side of this lake, was dug 78 feet, through sand and gravel, and another, a quarter of a 
mile away, 60 feet, through clay. The outlet of lake Lizzie is the Pelican river, at this point 40 feet 
wide and 3 to 4 feet deep. About a mile west of the outlet the river spreads out into Prairie lake, which 
has an area of about two square miles. The quality and temperature of the water did not differ mate
rially from that of lake Lida. There are two small islands of about two acres each in this lake. 

"Pelican lake is a very picturesque and beautiful lake with bold, high shores, wooded on the east
ern and prairie at the western end. The water is very pure and sparkling. The depth varies from 8 to 
40 feet. On the south side are some excellent springs. The exposures of soil on the lake shores are 
sandy; no clay was seen. The bottom is very uneven, especially in the south arm, which is sometimes 
called Fish lake. From this arm the outlet discharges its waters into lake Lizzie. 

"These three lakes with seven or eight others in Becker county, which lie above them, constitute 
the Pelican chain and are a grand reservoir of water, feeding that river with perpetually fresh supplies." 

"The course of the Otter Tail river in this county is southeast as far as Pine lake, and thence south 
to Otter Tail lake. The elevation of the river-bed above the sea near Perham is 1,324 feet. The eleva· 
tion of Otter Tail lake is about 1,315 feet. Thus far the river has no clearly marked valley. It flows in 
a channel eroded by its own agency in the drift. The banks vary from 6 to 20 feet high. Sometimes 
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The soil on the southern side is sandy; at other points, however, the clay is exposed, and the feeders are 
colored by the clay deposits through which they flow. 

"The lake is without islands or any bold and prominent indentations of the shore. It is therefore 

less picturesque and attractive than some other and smaller sheet~ of water. The outlet of Otter Tail lake 

is the Red river of the North, formerly known as the Otter Tail river. It is here :30 to 40 feet wide. 

"The southeastern shores of the lake are fringed with trees. Farther north the prairie comes to 

the wiLter's edge. On the western and northern shores are.forests, interspersed with some fertile prairies 
or openings. 

"Northwest of Otter Tail are several lakes of irreguhtr slmpe, surroundccl by forests and morainic 

hills and deposits of clay. Appro[tching Dead lake from the south, near its outlet, a fine growth of native 

forest trees is encountered. The sugar nmple, basswood, o[tk, elm, ash and ironwood are espectD,Ily notice

able. The lake itself is divided by bars and points, into several distinct ba,sins aud bays. The bottom is 

as irregnhtr in shape as the shore line. The ma,in body of the lake is shallow. Our soundings gave from 

10 to 25 feet of water. There is a good growth of reeds, wild rice and other \'egetation in the lake. There 

are a few small islands. The shores are full of boulders, both granite and limestone rock. It is indee(] 

a lake of the woods, difficult of access, but wild and pictures'lue, a t,worite haunt of wllkr-fowl and 

other game. The principal tributary is a small stream which connects it with Star lake. The country 

to the east is rough and hilly. One hill near the outlet rises ahruptly 98 feet alJo\'G the water. Oil 

the north side the shores slope more gently and smoothly to the water. 

"F,uther still to the northwest is a chain of very beautlflll lakes, lying on the west sicle of the 
great momine and trilmta,ry to Pelica,n ri ver. 'rhese a,re bke3 Licb anrl Lizzie and Pelican ,hLke. Between 

these lakes and on the east side, there is a fine forest of hard-wood trees of species already mentioned, 

On the west side the prairie stretches away toward the Hed riler. All the snrroull(ling country is rolling 

and uneven. The largest of the three lakes is lake Lida. It is about seVGn miles long ,mel t~'o miles 

wide. A narrower arm, about one mile wide, extends south from the main body of the lake 1<)1' two 
miles. The eastern shore is wooded and hilly. The western shore is more level [tll(l the [ore,;t soon gives 
place to the prairie. 

"Between lakes Lida and Lizzie, which formerly constituted one lake, there arc several old heaches, 

now covered with forest trees, indicating that the former level of the lake was from seven to ten feet 
higher than it is at present. 

" The outlet of lake Lida is at the north end. It is a strong current of water, three feet deep ami 
fourteen feet wide. The temperature of the lake on the 13th of September was 6:{0 F., air 70°. The 

lake varies in depth from 10 to 40 feet. About the shores it is shallow. The water is very pure and 

clear. There are several fine springs about the shores. There are, in the vicinity of these lakes, a num

ber of cranberry marshes from which, without any effort at culti vation, a good many bushels of cranberries 

are gathered every year. 

"The southern part of lake Lizzie is quite shallow and narrow and filled with reeds and rushes 
for some distance out from the shore. The northern part is broader and deeper. The eastern shore is 

covered by forest, while on the western side the prairie, in some plaees, comes nearly to the lake. The 

country is massively rolling, and as a general rule sandy, but there are also large deposits of clay. One 

well, on the west side of this lake, was dng 78 feet, through sand and gravel, and another, a quarter of a 

mile away, 60 feet, through clay. The outlet of lake Lizzie is the Pelican river, at this point 40 feet 
wide and 3 to 4 feet deep. About a mile west of the outlet the river spreads out into Prairie lake, which 

has an area of about two square miles. The quality and temperature of the water did not differ mate

rially from that of lake Lida. There are two small islands of about two acres each in this lake. 

"Pelican lake is a very picturesque and beautifnllake with bold, high shores, wooded on the east

ern and prairie at the western end. The water is very pure and sparkling. The depth varies from 8 to 

40 feet. On the south side are some excellent springs. The exposures of soil on the lake shores are 

sandYi no clay was seen. The bottom is very uneven, especially in the south arm, which is sometimes 

called Fish lake. From this arm the outlet discharges its waters into lake Lizzie. 
"These three lakes with seven or eight others in Becker county, which lie above them, constitute 

the Pelican chain and are a grand reservoir of water, feeding that river with perpetually fresh supplies." 

"The course of the Otter Tail river in this county is southeast as far as Pine lake, and thence south 

to Otter Tail lake. The elevation of the river-bed above the sea near Perham is 1,324 feet. The eleva

tion of Otter Tail lake is about 1,315 feet. Thus far the river has no clearly marked valley. It flows in 
a channel eroded by its own agency in the drift. The banks v~ry from 6 to 20 feet high. Sometimes 
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The soil on the southern side is sandy; at other points, however, the clay is exposed, and the feeders are 
colored by the clay deposits through which they flow. 

"The lake is without islands or any bold and prominent indentations of the shore. It is therefore 

less picturesque and attractive than some other and smaller sheet~ of water. The outlet of Otter Tail lake 

is the Red river of the North, formerly known as the Otter Tail river. It is here :30 to 40 feet wide. 

"The southeastern shores of the lake are fringed with trees. Farther north the prairie comes to 
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as irregnhtr in shape as the shore line. The ma,in body of the lake is shallow. Our soundings gave from 

10 to 25 feet of water. There is a good growth of reeds, wild rice and other \'egetation in the lake. There 

are a few small islands. The shores are full of boulders, both granite and limestone rock. It is indee(] 

a lake of the woods, difficult of access, but wild and pictures'lue, a t,worite haunt of wllkr-fowl and 

other game. The principal tributary is a small stream which connects it with Star lake. The country 

to the east is rough and hilly. One hill near the outlet rises ahruptly 98 feet alJo\'G the water. Oil 

the north side the shores slope more gently and smoothly to the water. 

"F,uther still to the northwest is a chain of very beautlflll lakes, lying on the west sicle of the 
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these lakes and on the east side, there is a fine forest of hard-wood trees of species already mentioned, 

On the west side the prairie stretches away toward the Hed riler. All the snrroull(ling country is rolling 

and uneven. The largest of the three lakes is lake Lida. It is about seVGn miles long ,mel t~'o miles 

wide. A narrower arm, about one mile wide, extends south from the main body of the lake 1<)1' two 
miles. The eastern shore is wooded and hilly. The western shore is more level [tll(l the [ore,;t soon gives 
place to the prairie. 

"Between lakes Lida and Lizzie, which formerly constituted one lake, there arc several old heaches, 

now covered with forest trees, indicating that the former level of the lake was from seven to ten feet 
higher than it is at present. 

" The outlet of lake Lida is at the north end. It is a strong current of water, three feet deep ami 
fourteen feet wide. The temperature of the lake on the 13th of September was 6:{0 F., air 70°. The 
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clear. There are several fine springs about the shores. There are, in the vicinity of these lakes, a num

ber of cranberry marshes from which, without any effort at culti vation, a good many bushels of cranberries 

are gathered every year. 

"The southern part of lake Lizzie is quite shallow and narrow and filled with reeds and rushes 
for some distance out from the shore. The northern part is broader and deeper. The eastern shore is 

covered by forest, while on the western side the prairie, in some plaees, comes nearly to the lake. The 

country is massively rolling, and as a general rule sandy, but there are also large deposits of clay. One 

well, on the west side of this lake, was dng 78 feet, through sand and gravel, and another, a quarter of a 

mile away, 60 feet, through clay. The outlet of lake Lizzie is the Pelican river, at this point 40 feet 
wide and 3 to 4 feet deep. About a mile west of the outlet the river spreads out into Prairie lake, which 

has an area of about two square miles. The quality and temperature of the water did not differ mate

rially from that of lake Lida. There are two small islands of about two acres each in this lake. 

"Pelican lake is a very picturesque and beautifnllake with bold, high shores, wooded on the east

ern and prairie at the western end. The water is very pure and sparkling. The depth varies from 8 to 

40 feet. On the south side are some excellent springs. The exposures of soil on the lake shores are 

sandYi no clay was seen. The bottom is very uneven, especially in the south arm, which is sometimes 

called Fish lake. From this arm the outlet discharges its waters into lake Lizzie. 
"These three lakes with seven or eight others in Becker county, which lie above them, constitute 

the Pelican chain and are a grand reservoir of water, feeding that river with perpetually fresh supplies." 

"The course of the Otter Tail river in this county is southeast as far as Pine lake, and thence south 

to Otter Tail lake. The elevation of the river-bed above the sea near Perham is 1,324 feet. The eleva

tion of Otter Tail lake is about 1,315 feet. Thus far the river has no clearly marked valley. It flows in 
a channel eroded by its own agency in the drift. The banks v~ry from 6 to 20 feet high. Sometimes 
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[Elevations. 

there are swamp-like expansions at one side or the other of the stream. At other points the banks are 

perpendicular or abrupt and the river has eroded the side of a bluff. But in general the characteristics 

of the river are those simply of a drainage channel, carrying off the surplus waters of the region. It is 

commouly termed the Otter Tail creek above the lake. Below Otter Tail lake the Red river assumes a 

somewhat different character. Having received in the lake itself two important aflluents, it flows out at 

the southern extremity a swift, strong current between moderately high bluffs. 

"The country through which the river winds is exceedingly hilly and rough. The morainic 

deposits are composed of clay, sand and gravel, and the river, eroding the sides of these hills and bluffs, 
becomes colored by the earthy matter held in snspension, so that it is milky or whitish-yellow in appear

ance. It passes through three or four lakes which are little more than expansions of the river where the 

conformation of the surface favored the spreading out of the water. Owen finds ten of these lakes, but 

some of them must have disappeared, for at present there are only three or four places that can claim 

that distinction. The descent is quite appreciable and the current generally rapid. In fairly high water 

the river rushes along with great power, and a ride in a bateau is an exhilarating pleasure. The fall from 

Otter Tail lake to Fergus Falls is about 142 feet, the elevation at Fergus Falls being 1,173 feet above the 

sea. The geueral course of the river, as may be seen by a glance at the map, is southwest, but meantime 
the windings of the chanuel direct its current toward nearly every point of the compass. Its flood-plain 

as a rule is co-extensive with its valley, which has been entirely eroded apparently by the present river." 

Topography. Besides the foregoing references to the contour of the 

county, the reader will find in a later portion of this chapter details of its belts 

of morainic hills, including the Leaf hills, which are the most prominent accu

mulations of morainic drift in Minnesota, having a hight 100 to 350 feet above 

the adjoining country. 

Elevations, Northern Pacific ra.ilrof1d. 

From profiles iu the office of S. D. Mason, engineer, Saint Paul. 

a. 111ain line. 

W.tdena Junction, two miles west of Wadena 
Oak Ridge creek, bed, 1310; grade 
Leaf river, bed, 1303; grade 
Bluffton 

Bluff creek, bed, 1308; grade 
Little run, bed, 1328; grade 
New York Mills 

Summit 200 to 400 feet farther west -

Summit, natural ground, highest on this railroad i u Minnesota _ 
Richland 

Otter Tail river, bed, 1324; grade 
Perham -

Summit, natural surface 

Otter Tail river, bed, 1340; grade 
At Thompson's lake, grade 
Hobart -

Summit, natural grounrl 

Miles from 
Duluth. 

163.9 

165.6 
166.4 

166.9 

167.0 

167.9 

174.8 
174.8 

177.2 
]79.8 

183.4 
185.5 

190.7 

192.6 

194.2 

195.4 

196.1 

Feet above 
the sea. 

1352 

1326 

1315 
1323 

1329 

1341 

1410 

1411 

1433 

1396 

1343 

1370 

1383 

1361 

1372 

1386 

1404 
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of the river are those simply of a drainage channel, carrying off the snrplns waters of the region. It is 

commonly termed the Otter Tail creek above the lake. Below Otter Tail lake the Red river assnmes a 

somewhat different character. Having received in the lake itself two important afflnents, it flows out at 

the sonthern extremity a swift, strong cnrrent between moderately high bluffs. 

"The country through which the river winds is exceedingly hilly and rough. The morainic 

deposits are composed of clay, sand and gravel, and the river, eroding the sides of these hills and bluffs, 
becomes colored by the earthy matter held in snspension, so that it is milky or whitish-yellow in appear

ance. It passes throngh three or fonr lakes which are little more than expansions of the river where the 

conformation of the snrf<1ce favored the spreading ont of the water. Owen finds ten of these lakes, bnt 

some of them must have disappeared, for at present there are only three or four places that can claim 

that distinction. The descent is quite appreciable and the current generally rapid. In fairly high water 

the river rushes along with great power, and a ride in a batean is an exhilarating pleasnre. The fall from 

Otter Tail lake to Fergus Falls is about 142 feet, the elevation at Fergus Falls being 1,173 feet above the 

sea. The general course of the river, as may be seeu by a glance at the map, is southwest, but meantime 
the windings of the channel direct its cnrrent toward nearly every point of the compass. Its flood-plain 

as a rnle is co-extensive with its valley, which has been entirely eroded apparently by the present river." 

Topography_ Besides the foregoing references to the contour of the 

county, the reader will find in a later portion of this chapter details of its belts 

of morainic hills, including the Leaf hills, which are the most prominent accu
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OTTER TAIL COUNTY. 
Elevations.] 

b. Fergu8 Fall8 &: Black Hills division. 

Wadena Junction -

Oak Ridge creek, bed, 1334; grade 

South Bluff creek, bed, 1323; grade 

Deer creek, bed, 1378; grade -

Deer Creek station -

Summit, cutting 5 feet; grade 

Rock creek, bed, 1393; grade 
Summit, grade -

Willow creek, bed, 1406; grade 
Henning 

Pease prairie, general surface 

East Battle creek, bed, 1369; grade 
Clitherall 

Summit, grade -

Outlet oflake Clitherall, bed, 1331; grade 
Lake Clitherall 

Battle Lake station 

Outlet of Turtle lake, bed, 1327; grade 
Turtle lake 

Maplewood 

Outlet of Bass lake, bed, 1327; grade 

Bass lake 

Red river, bed, 1228; graele 

Red river, bed, 1191; grade 
Pelican Junction -

Crossing St. P., M. & M. railway 
Fergus Falls 

Red river, bed, 1145; water, 1151; grade 

Pelican river, bed, 1120; water, 1124; ~rade 
Summit, grade -

Upper or Herman beach of lake Agassiz, forty rods wide, crest, 1080, 

ten feet above the depressions both east and weEit; grade 

Ames 

Miles from 
Wadeua. 

2.0 
.:., 

3.8 

5.4 

10.0 

10.3 

12.3 
12.7 

13.1 

17.4 

17.9 
19.-21. 

23.5 

29.0 

29.6 

31.2 

33.0 

36.4 

38.6 

41.8 

46.5 

49.6 
50.5 

50.7 
51.3 

51.7 

55.0 
56.0 

59.5 
60.1 

Elevations, St. Paul, J,linn(((pol18 &: ])fanitoba milway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Fergus Falls line. 

Pelican creek, near the south line of Otter Tail county, water, 1236; 

grade -
Dalton (a summit) 

Pomme de Terre river, water, 1224; grade 

Parkdale 

Sand lake, water, 1185; grade 
Crossing Northern Pacific railroad, F. F. & B. H. division -

Fergus Falls, freight depot 

Red river, water, 1178; grade 

Fergus Falls, passenger depot 

Pelican river, water, 1149; grade 

Carlisle 

Junction of branch to Pelican Rapids 

Lake, water, 1218; grade 

Rothsay 

Miles from 
Saint Paul. 

169.4 

175.6 
178.3 

179.1 

185.6 

186.1 

186.4 

186.5 
187.1 

191.8 

195.4 

195.7 

199.0 

204.0 
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Feet ahove 
the sea. 

1352 

1347 

1353 

1389 

1394 

1419 
1409 

1424 
1420 

1437 
1450 
1380 

1346 

1368 
1340 
1332 

1354 
1339 

1323-1328 

1360 

1335 
1325-1328 

1246 

1204 
1187 

1192 
1182 
1175 

1132 
1175 

1075 
1063 

Feet above 
the sea. 

1249 
1357 

1259 

1274 

1186 
1192 

1187 
1188 

1208 

1171 
1224 

1216 

1223 

1188 
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grade -
Dalton (a summit) 

Pomme de Terre river, water, 1224; grade 

Parkdale 

Sand lake, water, 1185; grade 
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Fergus Falls, freight depot 
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Miles from 
Saint PauL 

169.4 

175.6 

178.3 
179.1 

185.6 

186.1 

186.4 

186.5 
187.1 

191.8 

195.4 

195.7 

199.0 

204.0 

539 

Feet ahove 
the sea. 
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1450 
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b. Carlisle to Pelican Rapids. 

Junction, a third of a mile northwest of Carlisle 

Summit, cntting 8 feet; grade 

Summit, cutting 3 feet; grade 

Elizabeth 
Pelican river, water, 1228; grade 

Pelican river, water, 1231; grade 
Pelican river, water, 1268; grade 

Pelican river, water, 1276; grade 

Pelican riyer, water, 1280; grade 

Pelican Rapids 
Pelican river, mill-pond, water, 1301; grade 

[Elevations. 

Miles from Feet above 
Saint Paul. the sea. 

195.7 1216 

197.4 1280 
198.1 1282 

199.1 1255 

200.4 1239 
200.7 1244 
207.9 1278 
209.2 1289 
210.4 1286 
212.4 1303 
212.6 1316 

Most of the following elevations of rivers ltnd lakes are determined by exact surveys; others are 
estimated very approximately. 

Otter Tail river and lakes. 

On the line hetween Becker and Otter Tail counties 
On the line between Hobart and Gorman 

Pine lakes 
Two miles ~outheast from Perham -

Rush and Otter Tail lakes, estimated 
Leaf hkes, at the head of Leaf ri vel', estimated 

East an(l West Battle lakes, ,""hont 
Bhn~he lake, one mile south of Balmoral, about 

Red river of the North. 

~fouth of OttBr Tail lake, about -

At the railroad bridge in sec. 33, Aurdal 

At the railroad bridge near the east line of the corporation of Fergus Falls 
In Fergus Falls, at the bridge of the St. P., M. & M. railway 

In Fergus Falls, at the bridge of the Fergus & Black Hills division, Northern Pacific rail-
road 

Mouth of Pelican ri vel', about 

At Dayton bridge, in the S. W. t of sec. 20, Buse -
On the west line of sec. 30, Buse 

N ear the northeast corner of sec. 33, T. 132, R. 44 -
On the line between Otter Tail and Wilkin counties 

Pelican river and lakes. 

One mile east of Detroit in Becker county, mill-pond _ 
Detroit lake -

Lake Melissa, in Lake View, Becker county, about 
Pelican lake, about 

Lakes Lizzie and Lida, about 

Top of dam at Pelican Rapids. (This fall here is twel ve feet.) 
At the railroad bridge near the south line of Pelican _ 

At the railroad bridge 2i miles farther south, in Erhard's Grove _ 

One and one-half miles north of Elizabeth, near the north line of sec. 29 
On the line between Elizabeth and Fergus Falls, estimated 

At the bridge of the St. P., M. & M. railway, in the east edge of sec. 13, Carlisle 
.Jllnction with the Red river, about c 

Feet above 
the sea. 

1360 

1342 

1330 

1326 

1315 

1340 

1328 
1325 

Feet above 
the sea. 

1315 

1232 

1195 

1178 

1151 

1120 

1064 

1041 

1014 

1000 

Feet above 
the sea. 

1345 

1335 

1330 

1320 

1315 

1301 
1280 

1268 

1230 

1200 

1149 

1120 
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At the railroad bridge 2i miles farther south, in Erhard's Grove _ 

One and one-half miles north of Elizabeth, near the north line of sec. 29 
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Jllllction with the Red river, about -
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1330 

1320 

1315 
]301 

1280 

1268 

1230 

1200 

1149 
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b. Carlisle to Pelican Rapids. 
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Leaf bkes, at the head of Leaf river, estimated 
East ami West Battle lakes, about 

Blanche lake, one mile south of Balmoral, about 

Red river of the North. 

:'.:Iouth of OttBr Tail lake, about -

A t the railroad hridge in sec. 33, A urdal 
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<' 
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The extremes of elevation in Otter Tail county are, the highest point of the 

Leaf hills in or near section 32, Folden, about 1,750 feet above the sea, and 

where the Red river crosses the west line of the county, 1,000 feet above the 

sea. Estimates of the average hights of the townships are as follows: Pad

dock, 1,400 feet; Blowers, 1,410; Bluffton, 1,375; Compton, 1,360; Oak 

Valley, 1,400; Woodside, 1,390; Eastern, 1,400; Butler, 1,425; Homestead, 

1,425; Newton, 1,390; Deer Creek, 1,400; Inman, 1,440; Elmo, 1,420; Par

ker's Prairie, 1,440; T. 137, R. 38, 1,390; Pine Lake, 1,390; Otto, 1,390. , 
Leaf Lake, 1,380; East Battle Lake, 1,440; Folden, 1,500; Effiington,I,500; 

Gorman, 1,380; Perham, 1,380; Rush Lake, 1,375; Otter Tail, 1,340; Girard, 

1,365; Nidaros, 1,430; Leaf Mountain, 1,500; Hobart, 1,390; Edna, 1,400; 

T. 135, R. 40, 1,375; Amor, 1,360; Everts, 1,360; Clitherall, 1,390; Eagle 

Lake, 1,440; Candor, 1,390; Dora, 1,390; Star Lake, 1,375; Maine, 1,360; 

Swerdrup, 1,340; Tordenskjold, 1,350; Saint Olaff, 1,340; Dunn, 1,350; 
. , 

Lida,1,340; Maplewood, 1,380; Friberg, 1,350; Aurdal, 1,320; Dane Prairie, 

1,300; Tumuli, 1,280; Scambler, 1,350; Pelican, 1,340; Erhard's Grove, 

1,340; Elizabeth, 1,325; Fergus Falls, 1,250; Buse, 1,200; Aastad, 1,190; 

Norwegian Grove, 1,260; Trondhjem, 1,250; Oscar, 1,225; Carlisle, 1,175; 

T. 132, R. 44, 1,100; and Western, 1,090. 

According to these figures, the mean elevation of the eastern third of 

Otter Tail county is approximately 1,415 feet; of the central third, 1,380 feet; 

and of the western third 1,270 feet above the sea; giving 1,355 feet, approxi

mately, as the mean elevation of the whole county. 

Soil and timber. The soil of the greater part of this county is the unmod

ified glacial drift, called till or boulder-clay. This forms the surface of most 

of the smoothly undulating and moderately rolling areas and of the more 

rolling, knolly and hilly morainic belts. N ext to the surface it has become 

blackened by the decay of vegetat.ion to a depth of one or two feet, which 

constitutes the soil proper. Below this it has a yellowish color to a depth 

varying from 5 to 25 or sometimes 50 feet, due to the exposure to air and 

percolating water, which have changed the iron contained in this deposit from 

protoxide combinations to the hydrous sesqui-oxide or limonite. At greater 

depths the glacial drift has a much darker and bluish color. This formation 

is made up from the eroded rock-materials of large areas on the north, and 

shows intermingled boulders and fine detritus from Archrean granites, syenites 
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and crystalline schists, the magnesian limestone of the Winnipeg region, 

and the Cretaceous shales of Dakota. Its variety of ingredients, and notably 

its large proportion of limestone, not only as boulders and pebbles but in a 

finely pulverized condition, give a very high degree of fertility. This is 

developed by the ample rain-fall, which is distributed somewhat equally 

throughout the year, seldom to excess, and still more rarely so deficiently as to 

allow crops to be damaged by drought. Wheat, oats, and other cereals, pota

toes, sorghum, flax, garden vegetables and small fruits, live stock and butter, 

are the agricultural exports. 

Considerable tracts of stratified gravel and sand, belonging to the modi

fied drift, having a flat surface or more often moderately undulating or rolling, 

occur on the west side of the Pelican river in Dunn, Scam bIer and Pelican; in 

Hobart, Gorman and Perham, and in the east edge of Rush Lake; about Otter 

Tail lake in the townships of Maine, Amor, Otter Tail, Leaf Lake, Everts and 

Girard; in the weste.rn two-thirds of Nidaros and the north edge of Leaf Moun

tain; in the northeastern townships; south of the Leaf river in Deer Creek and 

Compton; and in Elmo, Woodside and Parker's Prairie. The gravel and sand 

of these tracts consists largely of limestone, varying from one-fourth to two

thirds, and for the most part their productiveness is fijcarcely inferior to that 

of the areas of till. 

Timber covers fully two-thirds of the county. From the west the prairie 

region extends in general to the Pelican river, to Fergus Falls, and to Swan 

and Ten Mile lakes; but a considerable body of timber is found in the north

east part of Norwegian Grove, and an extensive belt of woodland and oak 

openings reaches on the west side of the Pelican river from Erhard's Grove to 

Carlisle. Within the area that is mainly timbered, a belt of prairies extends 

quite across the centre of the county from north to south, including the plains 

and undulating tracts of modified drift in Gorman, Perham, Rush Lake, Otter 

Tail and Leaf Lake, and portions of Amor, Everts, Girard and Nidaros, and 

tracts of till in Clitherall, Eagle Lake and Saint Olaff, partly undulating in low 

swells, and partly forming the western third of the Leaf hills. Still farther 

east, patches of prairie several miles in extent are found in East Battle Lake , 
Deer Creek, Compton, Elmo and Parker's Prairie. 

The southwestern limit of the pines, spruce and balsam fir is in the vicinity 

of the Pine lakes, New York Mills and Wadena. Farther sOl1thwest the prm.. 
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cipal forest trees are oaks, elms, ash, basswood, maples, box-elders, ironwood, 

and poplars, with tamarack in the' swamps; and these also occur, interspersed 

with. groves of pines, spruce and fir, in the northeast part of the county. 

GEOLOGICAL STRUCTURE. 

No outcrop of the rocks underlying the drift is known in this county. 

The mass of limestone seen by Owen in his boat journey down the Red river, 

occurring in the river-bank at a point a little above Fergus Falls, was only a 

large slab, embedded in nearly horizontal position in the bank, instead of being 

in place as a solid bed. Yet the great abundance of large magnesian limestone 

boulders found at many places in the west half of Becker and Otter Tail 

counties, the section through nearly 300 feet of magnesian limestone, proba bly 

the equivalent of the Lower Magnesian limestone of the Mississippi valley, in 

the salt well at Humboldt, six miles southeast of Saint Vincent, and the eight 

feet of this stone penetrated just above the Archrean rocks in the railroad well 

at Herman in Grant county, suggest the probability that the first ascent of 

high land east of the Red river valley is due, through Otter Tail, Becker, 

Clay, Norman and Polk counties, to a prominent escarpment of this Cambrian 

limestone with its associated strata of sandstone, now deeply covered and con

cealed by the drift. In the eastern part of the county, however, it seems most 

probable that the rocks immediately underlying the drift are Archrean granite, 

syenite and schists. Above these, patches of Cretaceous beds doubtless exist 

in this region; but definite knowledge of these matters can only be gained by 

deep wells, none of which have yet reached the bottom of the drift in this 

county. The depth of the drift probably varies from 100 to 200 or 250 feet, 

ucepting the Leaf hills which add an equal amount, making its total thickness 

there 200 to 400 or perhaps 500 feet. 

The greater part of the drift is till, both in its moderately undulating or 

rolling and its hilly or morainic areas. The latter have a much larger prop or-

, tion of boulders than the former. Deposits of modified drift, however, cover 

probably a fourth part of the county, in flat or moderately undulating or rolling 

areas, which have been already enumerated in the remarks concerning the soil. 

Such stratified gravel and sand also form thin beds enclosed in the till, from 

which w~lls commonly' obtain their supply of water, often under hydrostatic 

pressure, so that it rises considerably above the water-bearing stratum. Len-
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ticular beds and kame-like knolls and hills of gravel and sand are also asso

ciated with the till in the morainic hills. 

Terminal moraines. A rather inconspicuous belt of morainic drift extends 

from the northwest corner of Hobart, on the north line of this county, south

southwest to Spirit lake and lake Lida, twelve miles. It here varies from one 

to three miles in width. Its knolls along most of this distance rise only 25 to 

50 feet, but they are much more abundant and have steeper and more broken 

slopes than upon adjoining areas to the east or west. At the southeast side 

of lake Lida it forms a range of hills 100 feet or more above the lake. These 

are conspicuously seen from the township of Maine, ten miles southeast. From 

lake Lida this moraine widens and covers the first six or seven miles east from 

the Pelican river, above which it rises 100 to 150 feet or more; being well exhib

ited for eighteen miles in the east portions of Erhard's Grove, Elizabeth and 

Fergus Falls. On the road from Maine to Elizabeth its hills are very numer

ous and irregular in outlines, short, trending from north to south more fre

quently than in other directions, and separated by hollows 25 to 50 feet deep. 

Here and for six miles southward, the contour along the Red river and about 

Wall lake, though within this morainic belt, is smoother than its other por

tions. At lake Lida these hills have their tops about 1,425 feet above the sea; 

thence to the vicinity of Fergus Falls this altitude gradually diminishes to 

1,300, not because the hills are smaller, but because the land on which they 

lie slopes in this direction. 

The portion of the county west of this moraine, excepting the tract on 

the southwest included in the basin of lake Agassiz, is mainly hilly, with the 

highest elevations 50 to 100 feet above the hollows, the contour being in mas

sive and broadly rounded swells, with long gently curving slopes. In part of 

Dunn, Scambler and Pelican this area is stratified gravel and sand on the sur

face and as deep as wells reach, while for ten or twelve miles southwestward 

from this tract large deposits of modified drift, consisting of similar gravel and 

sand, are frequently found under a comparatively thin surface of till, as shown 

by records of wells in Trondbjem and Oscar. Probably the remarkable sloughs 

along the border of lake Agassiz in Tanberg and Akron in Wilkin county are 

caused by springs issuing from the low western edge of this modified drift. 

These beds of gravel and sand underlying till, and others farther south and 

north in the west portion of this county and Becker county, and also beds of 
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stratified clay found In like situation in Aurdal and Tumuli, are perhaps sub

glacial deposits, formed during the time of the glacial recession from the Dovre 

moraine to the Fergus Falls ~oraine. The rolling and even hilly modified drift in 

Scambler and Pelican seems referable to nearly the same time, being deposited 

slightly later than the beds covered by till, after the melting of the ice-sheet 

had progressed so far that the rivers which had become subglacial along the 

last part of their course, were there uncovered, causing them to descend from 

the melting ice-fields directly upon the open land. Indian hill, in section 9, 

Oscar, affords a fine view of part of this area and of the moraine seven miles 

eastward, while at the west it overlooks the plain of Wilkin county, which 

stretches with slight descent twenty miles to the Red river. On the east side of 

this moraine the only prominent outlying hills are at the southeast corner of 

Hobart, where a gravelly ridge of irregular contour reaches two or three miles 

from north to south, its highest portion being about 150 feet above the sur

rounding country. These are the hills which one sees from Perham, looking 

northwest. 

The greatest development of the terminal moraines within the limits of 

Minnesota, is in southern Otter Tail county, where these drift-hills sweep in a 

semicircle from Fergus Falls southeast to the south line of the county and 

thence east and northeast to East Leaf lake, a distance of fifty miles. In the 

first twenty miles, or from Fergus Falls to the north side of lake Christina, at 

the northwest corner of Douglas county, the moraines are divided into two or 

three belts of roughly hilly land, with intervening areas of smoother contour. 

One to two miles east of Fergus Falls is a narrow belt of irregular hills and 

hollows, with the crests about 100 feet above the river. This series continues 

one to three miles wide for fifteen miles south-southeast, through Dane Prairie 

and Tumuli, into the northeast corner of Pomme de Terre township in Grant 

county. There it partly bends east to the high hills north of Pelican lake and 

lake Christina, and is partly represented by the less irregular but yet promi

nently hilly land which lies between Pelican and Pomme de Terre lakes and 

and continues thence a few miles farther south. tn Dane Prairie and Tumuli 

this moraine lies at the east side of a series of lakes, of which Swan and Ten 

. Mile lakes are the largest. Beside the latter, in sections 27 and 34, Tumuli, 

the contour for a. width of one-eighth to Q~~-f01~rt4 of flJ mile is in very irregular 
f;le 
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short hills, 25 to 40 feet above the lake, whose trend, northwest to southeast, 

is parallel with the lake and with the course of the moraine. These small hills 

are exceedingly rocky with granitic and gneissic b?ulders of all sizes up to five 

or six feet in diameter, which frequently cover half of the ground for several 

rods distance. Northeast from this typically morainic line the land for a few 

miles is in massive hills and swells, which rise 50 to 75 feet above intervening 

hollows and lakes. Its least hilly portion is Saint Olaff township, which has . 

mostly a rolling surface, in extensive swells 30 to 50 feet high. The east part 

of Tordenskjold is occupied by a second belt of very irregular hills, which is 

connected through sections 19 and 20 and the north part of sections 7 and 8 

with the series that lies at the east side of Wall lake and the Red river, reach

ing northwest to the broad area of this moraine in Friberg and Elizabeth. The 

Tordenskjold hills are also joined from the north by another line of drift depos

its, having a very rough contour in knolls, ridges and hillocks, 25 to 75 feet 

high, which extends ten miles with an average width of one mile, from section 

15, Maine, south-southeast by the east side of Turtle lake. The wide moraine 

resulting from the union of these subordinate series continues southeast to lake 

Ohristina. Where it is crossed by the road from Clitherall to Saint Olaff, its 

first and highest hill is called" Dutch bluff." At the south side of this, about 

125 feet lower, is a pretty lake, half a mile long, bordered all around by 

morainic hills. This belt of short ridges, knolls and hollows, has a width of 

three miles thence to the southwest. 

TIle Leaf hills. In Eagle Lake township, at the north side of lake Ohris

tina, the last described series and that which comes from the southwest by 

the north side of Pelicatl. lake, are united; and thence for the next twenty 

miles to the east and northeast the moraine forms a range five to three miles 

wide, composed of very irregular, roughly outlined hills, 100 to 300 feet high. 

This portion of the moraine is widely known by the name Leaf mountains. 

Occasionally this name is applied to its similar but less prominent portions in 

the west part of this county; and at White Earth agency I was informed that 

these hills in Becker county are sometimes called a branch of the Leaf moun

tains. Northeast of East Leaf lake, where the moraine is crossed by the road 

from Wadena to Otter Tail lake, its elevations rise only about 100 feet and are

named Leaf hills; which seems a more appropriate title, and will be used in 

this report to include the highest part of the range. Th~ common name has 
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currency because they are the only hills in this part of Minnesota which are 

conspicuously seen at any great distance. 

Approximate hights of the Leaf hills are as follows: Dutch bluff, about 

1,450 feet above the sea; Leaf hills in Eagle Lake township 1 400 to 1 500· , , " 
in the northeast corner of Lund and the northwest edge of Millerville, Douglas 

county, 1,500 to 1,600; in Leaf Mountain township, 1,550 to 1,650; in the 

northwest part of Effington, 1,600 to 1,700; highest summit of the Leaf hills, 

thought to be in section 32, Folden, about 1,750, being 350 feet above the 

average elevation of the surrounding country; thence for seven miles north

eastward, 1,650 to 1,600; depression where the range is crossed by Willow 

creek, the head-stream of Leaf river, about 1,425; hills in the next six miles 

north, to where the series is crossed by the Leaf river below East Leaf lake, 

1,640 to 1,450. 

The Leaf hills are the most massive morainic accumulations in Minnesota. 

In their highest portions they rise 200 to 350 feet above the adjoining country, 

which is itself covered deeply with drift. The top of the bed-rock beneath 

the Leaf hills is probably not higher than the bottom of lake Clitherall a few 

miles distant to the north, which is 1,288 to 1,300 feet above the sea. Fifteen 

miles south from the highest part of the Leaf hills, the bottom of lake Carlos 

is about 1,180 feet above sea-level. A gradient connecting these lake-beds 

would pass beneath the Leaf hills at an elevation of 1,250 feet, or 500 feet 

lower than the highest points of this moraine; and this thickness is very likely 

all drift, the top of the bed-rock being estimated to coincide approximately 

with the gradient mentioned. The general elevation of this entire region is 

thus doubtless due to prominence of the bed-rock above its hight in the valleys 

of the Red and Mississippi rivers on the west and east, in the same way that 

the preglacial contour remains to determine all the great river-basins and large 

areas of highland in the state; but the contour of the Leaf hills, rising in steep 

slopes to summits 100 to 200 and 350 feet above their bases and the inter

vening hollows, a quarter or a half of a mile or one mile distant, with no ex

posures of bed-rocks in them or in their vicinity, shows that these hills are 

wholly drift deposits, the underlying rock most probably not rising higher 

there than in other parts of this region. 

The road from Alexandria to Clitherall crosses this range in the township of 

Leaf Mountain. The summit of the road is near the south line of this township, 
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about 1,525 feet above the sea. The top of a hill a quarter of a mile east of 

this and about 125 feet higher, affords a fine view of these" mountains," which 

westward and northeastward rise in most tumultuous confusion 150 to 250 feet 

or more above the intervening depressions. They are massive, though very 

irregular in contour, with steeps slopes. No prevailing trend is noticeable. 

Between them are enclosed frequent lakes, which vary from a few rods to a 

mile in length, and one of the largest lies at the northeast foot of this hill. 

The material is unmodified drift, nearly like that which forms very extensive 

gently undulating tracts elsewhere. The principal difference is that rock-frag

ments, large and small, are generally more numerous upon these hills, and 

occasionally they occur in great abundance. 

The Leaf hills are also crossed by the road that runs northwest from 

Parker's Prairie. In Folden this road winds three or four miles among their 

knolls, hills and short ridges, rising about 100 feet above .the land on each 

side. Again, in going from Otter Tail lake to Wadena, this range is encoun

tered one to two miles northeast from East Leaf lake. Here its hillocks are 

only 40 to 60 feet above the hollows, and 100 to 125 feet above the lake. 

Their material is gravel and sand with enclosed boulders, unlike the stony and 

gravelly clay which makes up most of these morainic accumulations. This belt 

of irregular hillocks and hollows, occupying a width of about two miles, next 

extends in a course a little west of north twelve miles, running midway be

tween New York Mills and Rush lake. Its most northern portion traced and 

mapped consists of hills which rise 100 feet above the general level at the 

south side of Pine lake. 

Outlying hills west of this series occur along the south side of the J.1eaf 

lakes, where they are 50 t07 5 feet high; and for two miles south from East 

Battle lake, above which they rise about 150 feet. On the east side of this 

moraine two lines of hilly and irregular contour branch off from it. The most 

northern starts four miles south from the east end of East Leaf lake and ex-, 
tends nearly due east through Inman and Oak Valley into the northwest town

ship of Todd county. On the road from Wadena to Parker's Prairie this line 

is represented by a nearly level tract of unmodified boulder-clay, in contrast 

with all the rest of this road which has only stratified gravel and sand. Two 

miles farther east, in northwestern Todd county, it rises in conspicuous hill~ 
fully 100 feet above the general level. The other series starts from the highest 
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part of the Leaf hills, fifteen miles south of the Leaf lakes, and passes south

east into Douglas county. In its first few miles, through Effington and Par-

ker's Prairie, this morainic range decreases in hight from 200 to 7,5 feet. 

Eighth or Fergus Falls moraine. When the Minnesota lobe of the 1Oe

sheet receded from its seventh or Dovre moraine, its next pause or re-advance 

sufficient for the accumulation of a well-marked line of marginal drift deposits 

seems to have been along the course of the morainic series traced from Hobart 

southward by lake Lida to Fergus Falls, and by Swan and Ten Mile lakes to 

the north side of Pelican lake and lake Christina, this eighth or Fergus Falls 

moraine having been formed on the west border of the ice which still covered 

northern Minnesota. The southern border of the ice at this time apparently 

extended eastward from lake Christina along the course of the Leaf hills to 

their highest point, and thence southeastward through Spruce Hill in Douglas 

county and through southern and eastern Todd county. 

Ninth or Leaf Hills moraine. Later recession of the west margin of the 

ice and of its portion in southeastern Otter Tail county and in Todd county, is 

indicated by the morainic belt that reaches from Maine township south by 

Turtle lake and through Tordenskjold to the Leaf hills, and farther east by 

the morainic hills in northern Todd county; but when these were accumulated 

the ice-front probably still remained with no considerable or permanent reces" 

sion along the line of the Leaf hills in Eagle Lake, Leaf Mountain, Effington, 

and the south part of Folden. The portion of the Leaf hills farther north to 

East Leaf lake appears to have been formed along the east border of an ice

lobe whose west side was at Turtle lake, these morainic series on the east and 

west being accumulated where the ice had withdrawn considerably from its 

eighth or Fergus Falls moraine. The la~er or ninth morainic series may there

fore be well designated as the Leaf Hills moraine,' this and the preceding being 

merged together along the highest part of the Leaf Hills. The moraine con

tinuing north from East Leaf lake to Pine lake was probably formed on the 

west side of the ice during a halt in its subsequent retreat, being thus the 

latest marginal deposits of drift in this county. Between the times of the 

Fergus Falls and Leaf Hills moraines, the west boundary of the ice in Becker 

and Otter Tail counties seems to have receded ten to fifteen miles, and in 

Todd (jounty the glacial recession was from the most southern to the most 

northern tier of townships, some thirty-five miles. 
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Modified drift. By the next and much greater glacial retreat, to the tenth 

or Itasca moraine, Otter Tail, Becker and Wadena counties were uncovered 

from the ice; and very extensive deposits of modified drift, gathered from the 

ice-sheet by the floods produced in its melting, were spread upon these counties. 

Excepting the modified drift west of the Pelican river, and in Parker's Prairie, 

Elmo and Woodside, in the southeast corner of Otter Tail county, all the large 

areas of gravel and sand in this county were formed during this glacial melt

ing and recession from the Leaf hills to the Itasca moraine. The most remark

able of these deposits is the plain of Nidaros, about six miles long from south 

to north and three to four miles wide, elevated 100 to 125 feet above Clitherall 

lake, which bounds this plain on its northwest side. The south part of this 

tract, extending into Leaf Mountain township, is in broad undulations, 10 to 30 

feet high, having a prevailing trend from northeast to southwest. Some por

tions of the modified drift in Scambler and Pelican have a hilly contour, rising 

in smooth, gracefully curved slopes, 40 to 60 or 75 feet above the depressions 

and lakes. Undulations in long slopes, with elevations 15 to 25 or 35 feet above 

the enclosed hollows and lakes are common upon most of the areas of modified 

drift in this county. Its most flat tracts are in Perham, Rush Lake, Otter 

Tail, Nidaros, Woodside, Elmo and Parker's Prairie. 

Osars. Wall lake, five miles east of Fergus Falls, receives its name from 

au osar of coarse gravel on its west side, through which the lake has cut its 

outlet. This osar is a ridge a third of a mile long, 30 to 35 feet high in its 

northern half and 15 to 20 feet high in its southern half. At its south end, where 

it abuts on the higher area of rolling till, the gravel contains boulders up to 

two and even three or four feet in diameter, but they are absent or very rare 

in its other portions. The sides of .this gravel deposit have the very steep 

slopes characteristic of osars, but it has for the most part a level, plateau-like 

top, several rods wide, unlike typical osars. 

No other noteworthy ridges of modified drift belonging to this class were 

observed in my examination of this county; but in a part not traversed by 

me, Mr. Edward Curo of Perham reports a very interesting osar 20 to 100 

feet high, steep-sided and narrow-topped, extending some five miles east

northeasterly from section 12, Pine Lake, through the northwest part of Home

stead and into the south edge of Butler, to the head of Bluff creek. Mr. Curo 

describes this as composed of sand and coarse gravel, constituting a single, 
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definite ridge, with no others noticeably parallel with it or branching from it. 

On each side along most of its course are swamps, and in a few places the ridge 

sinks below the swamp-level. He is familiar with some of the remarkable 

osars of the state of Maine, where they are usually called" horsebacks," and 

he considers this ridge to be distinctly of the same character. 

Karnes. The Leaf Hills moraine in the vicinity of East Leaf lake consists 

of 'kame-like deposits of gravel and sand with enclosed boulders, as before 

statad, its elevations being 40 to 60 feet above the intervening hollows and about 

100 feet above the lake. The hills five miles northwest from Perham appear 

to be of the same kind. They are probably in the line of continuation of the 

Leaf lIills moraine from Turtle lake northward. In section 22, Maine, this 

moraine has a width of one mile and is composed almost wholly of kam,e-like 

hillocks and short ridges of gravel and sand, 10 to 40 feet high, with no 

boulders, the largest rock-fragments seen being one and a half feet in diameter. 

Frequent hillocks of kame-like gravel and sand occur in the township of 

Norwegian Grove, interspersed with swells and hills of till. 

A boulder worthy of mention lies about forty rods east-northeast from the 

top of Indian hill in Oscar, on land some 25 feet below that point. It is an 

angular block ten feet long, as exposed, a part being under-ground. Most of 

this rock is light gray granite, in which are enclosed many angular fragments 

of black hornblende schist (hornblende and black mica) of all sizes up to one 

and a half feet long and one piece even three and a half feet long, making 

probably a fourth part of the whole mass. No other boulders of this kind were 

found in this region, but a similar one was observed near Correll in Big Stone 

county (vol. I, p. 626). 

Lake Agass{z. The following are notes of the survey of the beaches of 

lake Aga'3siz in the southwest edge of Otter Tail county. 
Upper or Herman beach. Beach in section 34, Western, near JohnF. Wentworth's, 1070 to 1075 feet 

above the sea; surface at Mr. Wl'ntworth's barn, 1072. 
Beach twenty-five rods east of Albert Copeland's house, in the S. W. t of section 28, Western, 1070 

• to 1066; where it is crossed by the old road from Fergus Falls to Campbell, near the northwest corner of 
this section 28, 1072; through the next two miles north, finely developed, with nearly constant hight, 
1072 feet, beiug seven to ten feet above the depression at its east side, and twenty feet above the area 
westward, which was covered by lake Agassiz; at Michael J. Shortell's, section 9, Western, 1073; one 
mile farther north, 1078; and at A. J. Swift's, in the S. E. t of the N. W. t of section 4, Western, 1076. 
The beach at Mr. Swift's and for a half mile farther north is well exhibited, and (as in many other 

places) is bordered on its east side by a narrow strip of marsh. 
Beach in the S. W. t of the N. E. t of section 33, T. 132, R. 44, 1076; top of large aboriginal 

monnd, situated on the beach here, 1082; land thirty rods west, 1060, La,kelet fifteen rods iJ:) dia,meter, 

about an eighth of a mile northeast from the IlJ,r~e monnd, 1051, 

.. 
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1072 feet, being seven to ten feet above the depression at its east side, and twenty feet above the area 
westward, which was covered by lake Agassiz; at Michael J. Shortell's, section 9, Western, 1073; one 
mile farther north, 1078; and at A. J. Swift's, in the S. E. t of the N. W. t of section 4, Western, 1076. 
The beach at Mr. Swift's and for a half mile farther north is well exhibited, and (as in many other 
places) is bordered on its east side by a narrow strip of marsh. 

Beach in the S. W. t of the N. E. t of section 33, T. 132, R. 44, 1076; top of large aboriginal 
monnd, situated on the beach here, 1082; land thirty rods west, 1060, La,kelet fifteen rods iJ:) dia,meter, 

about an eighth of a mile nQrtheast from the ll\r~e mound, 1051, 
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definite ridge, with no others noticeably parallel with it or branching from it. 

On each side along most of its course are swamps, and in a few places the ridge 

sinks below the swamp-level. He is familiar with some of the remarkable 

osars of the state of Maine, where they are usually called" horsebacks," and 

he considers this ridge to be distinctly of the same character. 

Kames. The Leaf Hills moraine in the vicinity of East Leaf lake consists 

of kame-like deposits of gravel and sand with enclosed boulders, as before 

stated, its elevations being 40 to 60 feet above the intervening hollows and about 

100 feet above the lake. The hills five miles northwest from Perham appear 

to be of the same kind. They are probably in the line of continuation of the 

Leaf lIills moraine from Turtle lake northward. In section 22, Maine, this 

moraine has a width of one mile and is composed almost wholly of kam,e-like 

hillocks and short ridges of gravel and sand, 10 to 40 feet high, with no 

boulders, the largest rock-fragments seen being one and a half feet in diameter. 

Frequent hillocks of kame-like gravel and sand occur in the township of 

Norwegian Grove, interspersed with swells and hills of till. 

A boulder worthy of mention lies about forty rods east-northeast from the 

top of Indian hill in Oscar, on land some 25 feet below that point. It is an 

angular block ten feet long, as exposed, a part being under-ground. Most of 

this rock is light gray granite, in which are enclosed many angular fragments 

of black hornblende schist (hornblende and black mica) of all sizes up to one 

and a half feet long and one piece even three and a half feet long, making 

probably a fourth part of the whole mass. No other boulders of this kind were 

found in this region, but a similar one was observed near Correll in Big Stone 

county (vol. I, p. 626). 

Lake Agass£z. The following are notes of the survey of the beaches of 

lake Aga"siz in the southwest edge of Otter Tail county. 
Upper or Herman beach. Beach in section 34, Western, near JohnF. Wentworth's, 1070 to 1075 feet 

above the sea; surface at Mr. Wl'ntworth's barn, 1072. 
Beach twenty-five rods east of Albert Copeland's house, in the S. W. t of section 28, Western, 1070 

• to 1066; where it is crossed by the old road from Fergus Falls to Campbell, near the northwest corner of 
this section 28, 1072; through the next two miles north, finely developed, with nearly constant hight, 
1072 feet, being seven to ten feet above the depression at its east side, and twenty feet above the area 
westward, which was covered by lake Agassiz; at Michael J. Shortell's, section 9, Western, 1073; one 
mile farther north, 1078; and at A. J. Swift's, in the S. E. t of the N. W. t of section 4, Western, 1076. 
The beach at Mr. Swift's and for a half mile farther north is well exhibited, and (as in many other 
places) is bordered on its east side by a narrow strip of marsh. 

Beach in the S. W. t of the N. E. t of section 33, T. 132, R. 44, 1076; top of large aboriginal 
monnd, situated on the beach here, 1082; land thirty rods west, 1060, La,kelet fifteen rods iJ:) dia,meter, 

about an eighth of a mile nQrtheast from the ll\r~e mound, 1051, 
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Red river near the northeast corner of section 33, T. 132, R. 44, 1014; on the line between this 

township and Buse, 1041; at Dayton bridge, in the N. E. ~ of the S. W. ~ of section 20, Buse, 1064, being 

eight feet below the bridge. Railroad embankment, abandoned, at Dayton bridge, about 1102. S. A. 

Anderson's house, foundation, in the N. W. t of the S. W. t of section 29, Buse, 1147. 

No noticeable delta was brought into lake Agassiz by the Red river. 

Beach north of the Red river, near the south line of section 21, T. 132, R. 44, 1077; in this section 

21, an eighth of a mile north of the road from Fergus Falls to Breckenridge, 1079; and for the next mile 

north, 1077 to 1080. This is a typical beach-ridge, smoothly rounded, composed of sand and gravel that 
contain pebbles up to three inches in diameter; its width is thirty to forty rods; and its hight lI;bove the 

very fiat area on its west side, which was covered by lake Agassiz, usually somewhat marshy next to the 

bea~h, is about fifteen feet. On the east there is first a depression of four to six feet, succeeded within a 

quarter of a mile eastward by a gentle ascent which rises five to ten or fifteen feet above the beach. The 
material on each side of the beach is till, slightly modified by the lake on the west. It is all fertile prairie, 

beautifully green, or in many places yellow or purple with fiowers during July and August, the months in 

which this survey was made. At that time, in 1881, no houses had been built on this beach, or within 

a mile from it, along the first eleven miles north from the Red river; the first house found near the beach 

being in section 26, Akron, in Wilkin county. 

Beach, at a low portion, probably in the S. E. ;} of section 5, T. 132, R. 44, 1075. A lake nearly a 
mile long lies on the flat lowland, about one and a half miles west from this low part of the beach. The 

elevati~n of this lake was estimated at 1055 or 1050 feet above the sea; it is only a few feet lower than 
the general surface around it. 

Beach, probably near the north side of this section 5, 1077 to 1078. On its east side here. and for 

a half mile both to the south and north, is a slough, partly filled with good grass and partly with black 
rnshes; its width is about a fourth of a mile; and its elevation, about 1070 feet. The land west of the 
beach descends within one or two miles from 1060 to 1050 feet. 

Beach a quarter of a mile north from the point last noted, 1072. This is a low ridge of gravel and 
sand, only four feet above the slough on the east, and bordered on the west by marshy grassland, which 
slopes gently down, five to fifteen feet below this beach-ridge. 

Beach, at its lowe~t portion for this vicinity, within a third of a mile north of the preceding, and 
near the centre of section 32, Carlisle, 1070 to 1068; being only two feet above the marsh or slough on its 
east side. (A railroad grade, abandoned, lies a third of a mile east of this.) Beach a quarter of a mile 

farther north, ]077; and about one mile north from its lowest portion, 1075, cut by a ravine the bottom 
of which is nearly at 1063 feet'. (This is some thirty rods west of the abandoned railroad embankment.). 
Beach a fourth of a mile north-northwest from the last, 1077. 

Railroad grade, 1077, where it crosses the beach, about a mile northwesterly from the ravine men

tioned. Beach here, 1076, being eight to ten feet above the slough on its east side, and having about the 
same bight above the marsh next to it westward. The material of the beach, shown by the abandoned 

railroad embankment, which is made of it along a distance of a third of a mile, is coarse gravel filled with 
abund~lnt pebbles of all sizes up to six inches in diameter, fully half of them being limestone. 

Beach near the west side of section 7, Carlisle, at the west line of Otter Tail county, 1083. Here 
it is a smoothly rounded gravel ridge, about fifteen feet above the edge of the flat area that was covered 

by lake Agassiz on the west, and ten feet above a marsh or slough that lies a few rods distant on its east 
side. 

The NOIwoss bwch, where it is crossed by the road from Fergus Falls to Campbell, near the west line 
of section 28, Western, has an elevation very nearly 1045 feet above the sea. It is a wave-llke ridge of 

sand and gravel, with nearly fiat surfaces of till or boulder-clay on each side. In crossing it, the ascent 

from the east is about five feet, and the descent toward the west about ten feet. The width of the ridge, 
including its slopes, is some fifteen rods. . 

Icefarmed ridges. Low ridges a few feet in hight and three to six rods 

wide, composed of gravel and sand and frequently containing boulders, accumu

lated by ordinary ice during the recent epoch, were observed in the following 

localities: close south of Parker's Prairie, dividing a lakelet from the northeast 

end of lake Adley and used as a road-way; along a fourth of a mile ou the 
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Red river near the northeast corner of section 33, T. 132, R. 44, 1014; on the line between this 

township and Buse, 1041; at Dayton bridge, in the N. E. t of the S. W. t of section 20, Buse, 1064, being 

eight feet below the bridge. Railroad embankment, abandoned, at Dayton bridge, about 1102. S. A. 

Anderson's house, foundation, in the N. W. t of the S. W. t of section 29, Buse, 1147. 

No noticeable delta was brought into lake Agassiz by the Red river. 

Beach north of the Red river, near the south line of section 21, T. 132, R. 44, 1077; in this section 

21, an eighth of a mile north of the road from Fergus Falls to Breckenridge, 1079; and for the next mile 

nortb, 1077 to 1080. Thill is a typical beach-ridge, smoothly rounded, composed of sand and gravel that 

contain pebbles up to three inches in diameter; its width is thirty to forty rods; and its hight a.bove the 

very flat area on its west side, which was covered by lake Agassiz, usually somewhat marshy next to the 

bea~h, is about fifteen feet. On the east there is first a depression of four to six feet, succeeded within a 
quaTter of a mile eastward by a gentle ascent which rises five to ten or fifteen feet above the beach. The 

material on each side of the beach is till, slightly modified by the lake on the west. It is all fertile prairie, 

beautifully green, or in many places yellow or purple with flowers during July and August, the months in 

which this survey was made. At that time, in 1881, no houses had been built on this beach, or within 

a mile from it, along the first eleven miles north from the Red river; the first house found near the beach 

being in section 26, Akron, in Wilkin county. 

Beach, at a low portion, probably in the S. E. 10f section 5, T. 132, R. 44, 1075. A lake nearly a 
mile long lies on the flat lowland, about one and a half miles west from this low part of the beach. The 

elevati~n of this lake was estimated at 1055 or 1050 feet above the sea; it is only a few feet lower than 
the general surface around it. 

Beach, probably near the north side of this section 5, 1077 to 1078. On its east side here. and for 

tc half mile both to the south and north, is a slough, partly filled with good grass and partly with black 
rushes; its width is about a fourth of a mile; and its elevation, about 1070 feet. The land west of the 
beach descends within one or two miles from 1060 to 1050 feet. 

Beach a quarter of a mile north from the point last noted, 1072. This is a low ridge of gravel and 
sand, only four feet above the slough on the east, and bordered on the west by marshy grassland, which 
slopes gen tly down, five to fifteen feet below this beach-ridge. 

Beach, at its lowe£t portion for this vicinity, within a third of a mile north of the preceding, and 
near the centre of section 32, Carlisle, 1070 to 1068; being only two feet above the marsh or slough on its 

east side. (A mil road grade, abandoned, lies a third of a mile east of this.) Beach a quarter of a mile 
farther north, 1077; and about one mile north from its lowest portion, 1075, cut by a ravine the bottom 

of which is nearly at 1063 feet. (This is some thirty rods west of the abandoned railroad embankment.) 
Beach a fourth of a mile north-northwest from the last, 1077. 

Railroad grade, 1077, where it crosses the beach, about a mile northwesterly from the ravine men
tioned. Beach here, 1076, being eight to ten feet above the slough on its east side, and having about the 

same hight above the marsh next to it westward. The material of the beach, shown by the abandoned 
railroad embankment, which is made of it along a distance of a third of a mile, is coarse gravel filled with 
abundant pebbles of all sizes up to six inches in diameter, fully half of them being limestone. 

Beach near the west side of section 7, Carlisle, at the west line of Otter Tail county, 1083. Here 
it is a smoothly rounded gravel ridge, about fifteen feet above the edge of the flat area that was covered 
by lake Agassiz on the west, and ten feet above a marsh or slough that lies a few rods distant on its east 
side. 

The NOl"Cr08S beach, where it is crossed by the road from Fergus Falls to Campbell, near the westline 

of section 28, Western, has an elevation very nearly 1045 feet above the sea. It is a wave-like ridge of 

sand and gravel, with nearly flat surfaces of till or boulder-clay on each side. In crossing it, the ascent 
from the east is about five feet, and the descent toward the west about ten feet. The width of the ridge, 
including its slopes, is some fifteen rods. . 

Iceformed ridges. Low ridges a few feet in hight and three to six rods 

wide, composed of gravel and sand and frequently containing boulders, accumu

lated by ordinary ice during the recent epoch, were observed in the following 

localities: close south of Parker's Prairie, dividing a lakelet from the northeast 

(:)nd of lake Adley and used as a road-way; along a fourth of a mile Oll the 
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Red river near the northeast corner of section 33, T. 132, R. 44, 1014; on the line between this 

township and Buse, 1041; at Dayton bridge, in the N. E. t of the S. W. t of section 20, Buse, 1064, being 

eight feet below the bridge. Railroad embankment, abandoned, at Dayton bridge, about 1102. S. A. 

Anderson's house, foundation, in the N. W. t of the S. W. t of section 29, Buse, 1147. 

No noticeable delta was brought into lake Agassiz by the Red river. 

Beach north of the Red river, near the south line of section 21, T. 132, R. 44, 1077; in this section 

21, an eighth of a mile north of the road from Fergus Falls to Breckenridge, 1079; and for the next mile 

nortb, 1077 to 1080. Thill is a typical beach-ridge, smoothly rounded, composed of sand and gravel that 

contain pebbles up to three inches in diameter; its width is thirty to forty rods; and its hight a.bove the 

very flat area on its west side, which was covered by lake Agassiz, usually somewhat marshy next to the 

bea~h, is about fifteen feet. On the east there is first a depression of four to six feet, succeeded within a 
quaTter of a mile eastward by a gentle ascent which rises five to ten or fifteen feet above the beach. The 

material on each side of the beach is till, slightly modified by the lake on the west. It is all fertile prairie, 

beautifully green, or in many places yellow or purple with flowers during July and August, the months in 

which this survey was made. At that time, in 1881, no houses had been built on this beach, or within 

a mile from it, along the first eleven miles north from the Red river; the first house found near the beach 

being in section 26, Akron, in Wilkin county. 

Beach, at a low portion, probably in the S. E. 10f section 5, T. 132, R. 44, 1075. A lake nearly a 
mile long lies on the flat lowland, about one and a half miles west from this low part of the beach. The 

elevati~n of this lake was estimated at 1055 or 1050 feet above the sea; it is only a few feet lower than 
the general surface around it. 

Beach, probably near the north side of this section 5, 1077 to 1078. On its east side here. and for 

tc half mile both to the south and north, is a slough, partly filled with good grass and partly with black 
rushes; its width is about a fourth of a mile; and its elevation, about 1070 feet. The land west of the 
beach descends within one or two miles from 1060 to 1050 feet. 

Beach a quarter of a mile north from the point last noted, 1072. This is a low ridge of gravel and 
sand, only four feet above the slough on the east, and bordered on the west by marshy grassland, which 
slopes gen tly down, five to fifteen feet below this beach-ridge. 

Beach, at its lowe£t portion for this vicinity, within a third of a mile north of the preceding, and 
near the centre of section 32, Carlisle, 1070 to 1068; being only two feet above the marsh or slough on its 

east side. (A mil road grade, abandoned, lies a third of a mile east of this.) Beach a quarter of a mile 
farther north, 1077; and about one mile north from its lowest portion, 1075, cut by a ravine the bottom 

of which is nearly at 1063 feet. (This is some thirty rods west of the abandoned railroad embankment.) 
Beach a fourth of a mile north-northwest from the last, 1077. 

Railroad grade, 1077, where it crosses the beach, about a mile northwesterly from the ravine men
tioned. Beach here, 1076, being eight to ten feet above the slough on its east side, and having about the 

same hight above the marsh next to it westward. The material of the beach, shown by the abandoned 
railroad embankment, which is made of it along a distance of a third of a mile, is coarse gravel filled with 
abundant pebbles of all sizes up to six inches in diameter, fully half of them being limestone. 

Beach near the west side of section 7, Carlisle, at the west line of Otter Tail county, 1083. Here 
it is a smoothly rounded gravel ridge, about fifteen feet above the edge of the flat area that was covered 
by lake Agassiz on the west, and ten feet above a marsh or slough that lies a few rods distant on its east 
side. 

The NOl"Cr08S beach, where it is crossed by the road from Fergus Falls to Campbell, near the westline 

of section 28, Western, has an elevation very nearly 1045 feet above the sea. It is a wave-like ridge of 

sand and gravel, with nearly flat surfaces of till or boulder-clay on each side. In crossing it, the ascent 
from the east is about five feet, and the descent toward the west about ten feet. The width of the ridge, 
including its slopes, is some fifteen rods. . 

Iceformed ridges. Low ridges a few feet in hight and three to six rods 

wide, composed of gravel and sand and frequently containing boulders, accumu

lated by ordinary ice during the recent epoch, were observed in the following 

localities: close south of Parker's Prairie, dividing a lakelet from the northeast 

(:)nd of lake Adley and used as a road-way; along a fourth of a mile Oll the 
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east euu of lake Mari.an, sepilrating the lake from a tiwamp, likewise occupieu 

by a road; on the northwest shore of Clitherall lake ; along an eighth of 11 mile 

between lakes. Lida and Lizzie; for nearly the same clistttnce between the 

southeast and northwest parts of Spirit lake in Dora township; and in section 

35, Candor, extending forty or fifty rods, connecting two islands of Loon lake 

with the west shore. 

Wells in Otter 71dl ('mtnty. 

Bluirton. George Winters; sec. 2tl: well, 41 feet; soil, 2; sand, 11; a,lteruation8 or day tIl,,1 sand 

inlayers two to four feet thick, 22 ieet; and dark bluish till, 6 feet; W[1ter rose ten feet from the hott011l. 

Wells in this township are mostly 20 to 30 teet deep, sometimes wholly in till, hut 11su[1l1y havin~ Jive 

to ten feet of sand next below the soil. 

Deer Creek. The two following wells [1re on '1 very level phin of lliof!ific'! drift which oe~upie' the 

northeast qU[1rter of this township south of the Leaf river: Bolton brothers' well, in tile west part or '('c. 

14,27 feet deep, all gravel and saIl!I; allfl Mrs. A. N. 8tillnWllS' well, in the southwe"t "omer ofthi' sec

tion, 24 feet deep, being soil, 2, gravel with pehhles up to two or three iuches in diarllctcl', 'I, yelI!Jwioh 

sand, 6, and hard till, picked, 12, yellow in its upper two feet aud dark bluish helow, with w"ter at the 
bottom in a vein of sand, riSl ug two feet. 

Parker's Prain:e. Henry Asselu's well in the vill[1ge, north part of sec. 2:2: 55 feet deep; soil, ~~; 

yellowish sand and gravel, 1:3; and hard dark 1>luish till, 40, and extending lower; the only water ob

tained seeps from the b'lse of the modified (liift, at the depth of 15 feet. This well is ahout lifteen feet 

al)ove lake Adley, which lies within a few rods on the south. Most of the well," iu this viciuity are ten to 

twenty feet deep, wholly in modified drift, with ample supply of water. 

Gorman. Jonah Dinehart; N. E. } of sec ao: well, 30 fect; soil,2; yellowish saw! '111(! fine gnwel, 
18; white sand, 5; and brown, iron-rusted sand, 5 feet, with water in its lower portion, underlain hy 

yellow till. 

Perham. Wells iu the village, situate!! 011 an extensive, nearl.y level plain of modifier! (hift, are :20 

to 30 feet deep, all saud aud fine gravel, with ahuudance of water. 
August Mutschler; S. E.] of sec. 28: well, 52 feet; soil, 2; yellowish till, containing boulders up 

to three feet in diameter, 8; harder and more gravelly till, also yellowish, 25; intermingle(! saml and 
gravel, with little clay, yet probahly till, very Imrd to dig, crumhling like air-sl,wked lime hy exposure ill 

the air, 8; and stratified gravel and sand, easy to dig, containing pebbles up to six inches in dial1wtpr, H 

feet, with water in its lowest two feet, underlain hy very hard hlue till. In the bottom of this well, on 

the top of the underlying till, were two boulders, each weighing about halt' a ton. The hells l)enel rate,l 
by this well were all straw-colored, and were all so hard as to require picking, except the last nine fl'l,t. 

Blasius Hassler; in sec. 33, a half mile southwest from St. Joseph's church: well, 7U feet, ill Ii II , 

yellowish above and dark bluish helow; water rose from the bottom thirty feet. 
Ferdinand Bcedigheimer; sec. 36: well unfinished, seen whell20 feet deep; soil, 3; gravel and s,tllll, 

9; yellow clay, perhaps till, 7; and soft dark mud, smelling like that of sloughs, one foot lmel continuing 

deeper. 
Rush Lake. Jolm Doll; sec. 12: well, 25 feet; soil, 2; all sanel below, to w"ter in quicksand. 
Nidaros. Seven wells bored in this township hy Mr. Henry II. Russell, of Alex:1l1(lria, varying from 

30 to 90 feet in depth, are all in stratified sand and gravel to water at the bottom. The deepest is Chmles 

Lundgreen's, in sec. 18, in which the water is se\'en feet deep, having a permanent level P3 feet below the 

surface. It is situated on the high plain about a hundred feet above Clitherall lake. 
Hobart. D. Wellman; sec. 2: well, 33 feet; soil, H; all below is sand and fine gravel. The sur

face in this vicinity is undulating modified drift, rising in long slopes that form swells ,md hills 20 to 40 

feet above the lakes. 
J. G. Nichols; sec. 8: well, 12; soil, 1; sand, 11. This is ten feet above Rose lake, five rods distant. 

Michael Gorman; sec. 34: well, 57 feet; soil, 1; yellowish gray sand, 37; coarse gravel, 2; sand as 

before, 10; hard, white sand, 2; and dark bluish till, 5 feet, very Inrd, but becoming soft and sticky with 

seeping water. 
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east ellu of lake Marian, separating the lake from it ciwamp, likewise occupied 

by a road; on the northwest shore of Clitherall lake ; [llong an eighth of it mile 

between lakes. Lida and Lizzie; for nearly the same <listance between the 

southeast and northwest parts of Spirit lake in Dora township; and in flection 

35, Candor, extending forty or fifty rods, connecting two islands of Loon lake 

with the west shore. 

We1l8 in Otter lhil COUlIt!!. 

BluJlton. George Winters; sec. 2tl: well, 41 feet; soil, 2; sand, 11; a.Jternations or day un,I sand 

in layers two to four feet thick, 22 feet; and dark hluish till, 6 feet; wa,ter rose ten feet from the hott.om. 

Wells in this township '~re mostly 20 to 30 feet deep, sometimes wholly in till, hut. usually havin/l; livre 

to ten feet of sand next below the soil. 

Deer Creek. The two following wells are on ,1, very level plain of morlific(l drift which occupies the 

northeast quarter of this township south of the Leaf river: Bolton hrothers' well, in t.lle west part of see, 

14, 27 feet deep, all gravel and san'l; atlllMrs. A. N. 8tillnwlls' well, in the southwest comer of this sec

tion, 24 feet deep, being soil, 2, gravel with pehhles up to two or three iuches in dianlCter, 'I, yeUowi"h 

sand, 6, and hard till, picked, 12, yellow in its upper two feet aud dark bluish helow, wit.h "';Lter at the 
bottom in a vein of sand, rising two feet. 

Parker's Prairie. Henry Asselu's well in the village, north part of sec. 2:i: .55 feet. (Ieep; soil, :!; 
yellowish sand and gravel, 13; rmd hard dark bluish till, 40, and extending lower; the only waier ob

tained seeps from the bftse of the modified drift, at the dept.h of 15 feet.. This well is about. 11fteen feet 
al)ove lake Adley, wllich lies within a few rods on the south. Most of the wells iu t.his vicinit.y are t.en to 

twenty feet deep, wholly in modified drift, with ample supply of water. 

Gorman. Jonah Dinehart; N. E. }- of sec :30: well, 30 feet; soil,2; yellowish sand and fine gmvel, 
18; white saud, 5; and brown, iron-rusted saud, 5 feet, with water in its lower portion, uuderbin hy 

yellow tilL 

Perham. Wells in the village, sitm~te,l Oll an extensive, nearJ.y level plain of lllolli11etl (!rift, are :20 

to 30 feet deep, all sand and fine gravel, with ,thnndance of water. 
August Mutschler; S. E. ,1 of sec. 28: well, 52 feet; soil, 2; yellowish till, cont;Lining boulder;; up 

to three feet in diameter, 8; harder and more gmvelly till, also yellowish, 2,,; intermingled sawl and 

gravel, with little clay, yet probably till, very hard to dig, crumhling like air-sl:Lcked lime hy exposnre in 

the air, 8; and stratified gravel and sand, eas.y to dig, cont"illing pehhles np to six inches in (1ianwter, ~ 
feet, with water in its lowest two feet, underlain hy very hard hlue till. In the bottom of this well, on 

the top of the underlying till, were two boulders, eaeh weighing ahout half a tOil. The he,ls pellel rated 

by this well were all straw-colored, and were all so hard as to require picking, cxcept the last nine jt>d.. 

Blasins Hassler; in sec. 33, a half mile southwest from St. Joseph's church: well, 7(J feet., ill I ill, 

yellowish above and dark bluish below; water rose from the hottom thirty feet. 
Ferdinand Bmdigheimer; sec. 36: well unfinishecl, seen when 20 feet deep; soil, 3; gravel and san,I, 

9; yellow clay, perhaps till, 7; and soft dark mud, smelling like that of sloughs, one foot and continuing 

deeper. 
Eush Lake. John Doll; sec. 12: well, 25 feet; soil, 2; all sn,nd helow, to water iu quicksand. 

Nidaro8. Seven wells bored in this township by Mr. Henry H. Rassell, of Alexandria, varying from 

30 to 90 feet in depth, are all in stratified sf1nd and gmvel to water ~l,t the bottom. The deepest is Ch~1fles 
Lundgreen's, in sec. 18, in which the water is se,'en feet deep, hn,viug a perm,1,llent level 1'3 feet below the 

surface. It is situated on the high pln,in ahout a hundred feet above Clitherall 1«ke. 
Hobart. D. Wellman; sec. 2: well, 33 feet; soil, 16; all below is sand n,nd fiue gravel. The sur

face in this vicinity is undnlating modified drift, rising in long slopes that form swells ~1.l1d hills 20 to 40 

feet above the lakes. 
J. G. Nichols; sec. 8: well, 12; soil, 1; sand, 11. This is ten feet above Rose lake, five rods distn,ut. 

Michael Gorman; sec. 34: well, 57 feet; soil, 1; yellowish gray sn,nd, 37; coarse gmvel, 2; saud as 

before, 10; hard, white sand, 2; and dark bluish till, 5 feet, very htrd, hut becoming soft and sticky with 

seeping water. 
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tained seeps from the bftse of the modified drift, at the dept.h of 15 feet.. This well is about. 11fteen feet 
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Amor. Ole Sundberg; sec. 18: well, 25 feet; soil, Ii; all below is sand and gravel. Wells in this 

township are mostly 25 to 30 feet deep, finding only sand and gravel, with plenty of water. 

Clitherall. Hans Gilbertson; N. W. t of sec. 4: well 32 feet; all sand and fine gravel. 

lIfaine. R. F. Adley; sec. 23: well, 80 feet; soil, 1:\-; all below is stratified sand and gravel, holding 

pebbles up to four or five inches in diameter. Wells in this township, excepting its southwest part which 

is till, are 20 to 60 feet deep, or rarely more, in modified drift. 
St. OZaff. Several wells, bored by Mr. H. H. Russell in this township, range from 50 to 94 feet in 

depth, till being the prevailing material of them all, yellowish to the depth of about forty feet and dark 

bluish below. Mr. Kinney's well, 66 feet deep, in the southwest part of the township, was forty feet of 

yellow clay, proha.bly till, but said to be unmixed with gravel or pebbles; clayey quicksand, 14 feet; blue 

till, very hard, with numerous rock-fragments, 6 feet; and gravel and sand, 6 feet, with water which rose 

twenty-six feet. 
John Baardson; N. E. t of sec. 11: well, 31 feet; soil, 2; yellow till, 6; yellow sand, 8; yellowish 

gray clay, 5; and sand, with water in its lower part, 10 feet. 

Aurdal. A well 30 feet deep seen in sec. 23, was yellow till, 10 feet; and bluish clay, moist and 
sticky, containing no stones nor gravel, with water of disagreeable taste seeping from it, 20 feet and con

tinuing below. This vicini.ty consists of swells and hills of till, 30 to 60 feet mgh. (Compare this with 

the next.) 

Tumuli. A. Kaus; at Parkdale mills, in sec. 4: well, 22 feet; soil, lz; yellow till, well filled with 
rock-fragments, hard to dig, 4; and dark bluish clay, with no intermixture of gravel or sand, but contain

ing mrely, here and thflre, little fragments of rock up to three inches in diameter, easy to dig, 16 feet and 
extending deeper; water of good quality seeps and stands eight feet deep. This well is about a dozen 
rods south from A. Kaus & Son's milL In the excavation for the mill, the till was found to be three 

feet deep, underlain by at least ten feet of this peculiar dark clay. On the east side of the road, two 
rods east of the mill and for ten rods thence to the north, a newly exposed section four to se,·en feet high 
showed the same deposits, as sketched in fig. 31. In the south half of this section the first two to four 
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feet below the soil is till, and this is underlain by the peculiar clay, which in the northern half of the 

section rises to the surface but is there underlain at a depth of three or four feet by a lay!)r of till one to 
three feet thick, under which the clay again appears in the base of the section. In this clay infrequent 
limy concretions were observed, besides the occasional rock-fragments. It is doubtless a deposit from 

water, perhaps subglacial, in which case the pebbles or rock-fragments may have fallen from the overly
ing ice, or perhaps in some basin temporarily formed between the ice-margin and its morainic accumula

tions, in which case the fmgments of rock were probably dropped from thin sheets of ice frozen on the 
surface of the lake let along the front of the ice-sheet and then broken up, floated away and melted. If 
the second hypothesis be the true one, the till was brought by a re-advance of the ice-sheet. 

Scambler. Six wells reported by Mr. Russell in this township, varying from 25 to 55 feet in depth, 
were wholly in sand and gravel. 

Pdicrl1l. Eric Rishof; sec. 7: well, 70 feet; yellow till, 20 feet; and sand, with scarcely any gravel, 
for the entire 50 feet below; water in abundance at the bottom. 

R. E. Lacy; S. E. 1- of sec. 21: well, 41 feet; soil, 2; yellow till, 4; and yellow sand, 35 feet to 
water. For a thickness of about four feet in this well, 16 to 20 feet below the surface, one side of the ex
cavation was yellow till, while sand like that above and below occupied the other side. 

Elizabeth. Louis Candeau; sec. 8: well; 58 feet; yellow till, 12; softer, dark bluish clay, probably 
like that forming the lower part of the next well, and perhaps the same as was observed in Aurdal and 

TUIDuli, 26 feet; and sand in layers of different colors and degrees of fineness, 20 feet, with abundance of 
water in its lower portion. 

Town well, Elizabeth village, sec. 32: 45 feet deep; soil,2; white sand, 2; yellow till, 15; and moist, 
dark bluish clay, with no stone fragments, 26 feet; water rose eight feet from sand and gravel at the 
bottom. 

Fergus FaUs. Halvor Back and brother; in the north part of the city: well, 41 feet; yellow till, 
10; dark bluish till, 31; to water in sand. Small pieces of lignite, up to three inches in diameter, are 
found rarely in wells in this vicinity. 
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yellow clay, prolmbly till, but said to be unmixed with gravel or pebbles; clayey quicksand, 14 feet; blue 

till, very hard, with numerous rock-fragments, 6 feet; and gravel and sand, 6 feet, with water which rose 

twenty-six feet. 
John Baardson; N. E. t of sec. 11: well, 31 feet; soil, 2; yellow till, 6; yellow sand, 8; yellowish 

gray clay, 5; and sand, with water in its lower part, 10 feet. 

Aurdal. A well 30 feet deep seen in sec. 23, was yellow till, 10 feet; and bluish clay, moist and 
sticky, containing no stones nor gravel, with water of disagreeable taste seeping from it, 20 feet and con

tinuing below. This vicinity consists of swells and hills of till, 30 to 60 feet hlgh. (Compare this with 

the next.) 

Tumuli. A. Kaus; at Parkdale mills, in sec. 4: well, 22 feet; soil, 1~; yellow till, well filled with 
rock-fragments, hard to dig, 4; and dark bluish clay, with no intermixture of gravel or sand, but contain
ing r:uely, here and thp,re, little fragments of rock up to three inches in diameter, easy to dig, 16 feet and 

extending deeper; water of good quality seeps and stands eight feet deep. This well is about a dozen 
rods south from A. Kaus & Son's milL In the excavation for the mill, the till was found to be three 

feet deep, underlain by at least ten feet of this peculiar dark clay. On the east side of the road, two 
rods east of the mill and for ten rods thence to the north, a newly exposed section four to se,·en feet high 
showed the same deposit;, as sketched in fig. 31. In the south half of this section the first two to four 

~~~$fe-f§§ki'Ilfl1tt-'@j>4A¥if'~~@~~@~ 
FIG.31. SECTION AT PARKDALE MILLS, SEC. 4, TUMULI. 

Scale, 40 feet to an inch. 

feet below the soil is till, and this is underlain by the peculiar clay, which in the northern half of the 
section rises to the surface but is there underlain at a depth of three or four feet by a layer of till one to 

three feet thick, under which the clay again appeo,rs in the base of the section. In this clay infrequent 
limy concretions were observed, besides the occasional rock-fragments. It is doubtless a deposit from 
water, perho,ps subglaeio,l, in which case the pebbles or rock-fragments may have fallen from the overly

ing ice, or perhaps in some basin temporarily formed between the ice-margin and its morainic accumula
tions, in which case the fragments of rock were probably dropped from thin sheets of ice frozen on the 
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were wholly iu sand and gmveL 

Pdicll1l. Eric Rishof; sec. 7: well, 70 feet; yellow till, 20 feet; and sand, with scarcely any gravel, 
for the entire 50 feet below; water in abundance at the bottom. 

R. E. Lacy; S. E. } of sec. 21: well, 41 feet; soil, 2; yellow till, 4; and yellow sand, 35 feet to 
water. For a thickness of about four feet in this well, 16 to 20 feet below the surface, one side of the ex
cavation was yellow till, while sand like that above and below occupied the other side. 

Elizabeth. Louis Candeau; sec. 8: well; 58 feet; yellow till, 12; softer, dark bluish clay, probably 
like that forming the lower part of the next well, and perhaps the same as was ohserved in Aurdal and 

Tumuli, 26 feet; and sand in layers of different colors and degrees of fineness, 20 feet, with abundance of 
water in its lower portion. 

Town well, Elizabeth village, sec. 32: 45 feet deep; soil,2; white sand, 2; yellow till, 15; and moist, 
dark bluish clay, with no stone fragments, 26 feet; water rose eight feet from sand and gravel at the 
bottom. 

Fergus FaUs. Halvor Back and brother; in the north part of the city: well, 41 feet; yellow till, 

10; dark bluish till, 31; to water in sand. Small pieces of lignite, up to three inches in diameter, are 
found rarely in wells in this vicinity. 
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Amar. Ole Sundberg; sec. 18: well, 25 feet; soil, Ij; all below is sand and gravel. Wells in this 

township are mostly 25 to 30 feet deep, finding only sand and gravel, with plenty of water. 

Clitherall. Hans Gilbertson; N. W. t of sec. 4: well 32 feet; all sand and fine gravel. 
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is till, are 20 to 60 feet deep, or rarely more, in modified drift. 
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depth, till being the prevailing material of them all, yellowish to the depth of about forty feet and dark 

bluish below. Mr. Kinney's well, 66 feet deep, in the southwest part of the township, was forty feet of 

yellow clay, prolmbly till, but said to be unmixed with gravel or pebbles; clayey quicksand, 14 feet; blue 

till, very hard, with numerous rock-fragments, 6 feet; and gravel and sand, 6 feet, with water which rose 

twenty-six feet. 
John Baardson; N. E. t of sec. 11: well, 31 feet; soil, 2; yellow till, 6; yellow sand, 8; yellowish 

gray clay, 5; and sand, with water in its lower part, 10 feet. 

Aurdal. A well 30 feet deep seen in sec. 23, was yellow till, 10 feet; and bluish clay, moist and 
sticky, containing no stones nor gravel, with water of disagreeable taste seeping from it, 20 feet and con

tinuing below. This vicinity consists of swells and hills of till, 30 to 60 feet hlgh. (Compare this with 

the next.) 
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extending deeper; water of good quality seeps and stands eight feet deep. This well is about a dozen 
rods south from A. Kaus & Son's milL In the excavation for the mill, the till was found to be three 

feet deep, underlain by at least ten feet of this peculiar dark clay. On the east side of the road, two 
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feet below the soil is till, and this is underlain by the peculiar clay, which in the northern half of the 
section rises to the surface but is there underlain at a depth of three or four feet by a layer of till one to 

three feet thick, under which the clay again appeo,rs in the base of the section. In this clay infrequent 
limy concretions were observed, besides the occasional rock-fragments. It is doubtless a deposit from 
water, perho,ps subglaeio,l, in which case the pebbles or rock-fragments may have fallen from the overly

ing ice, or perhaps in some basin temporarily formed between the ice-margin and its morainic accumula
tions, in which case the fragments of rock were probably dropped from thin sheets of ice frozen on the 
surface. of the lake let along the front of the ice-sheet and then broken up, floated away and melted. If 

the second hypothesis be the true one, the till was brought by a re-advance of the ice-sheet. 

Scambler. Six wells reported by Mr. Russell in this township, varying from 25 to 55 feet in depth, 
were wholly iu sand and gmveL 

Pdicll1l. Eric Rishof; sec. 7: well, 70 feet; yellow till, 20 feet; and sand, with scarcely any gravel, 
for the entire 50 feet below; water in abundance at the bottom. 

R. E. Lacy; S. E. } of sec. 21: well, 41 feet; soil, 2; yellow till, 4; and yellow sand, 35 feet to 
water. For a thickness of about four feet in this well, 16 to 20 feet below the surface, one side of the ex
cavation was yellow till, while sand like that above and below occupied the other side. 

Elizabeth. Louis Candeau; sec. 8: well; 58 feet; yellow till, 12; softer, dark bluish clay, probably 
like that forming the lower part of the next well, and perhaps the same as was ohserved in Aurdal and 

Tumuli, 26 feet; and sand in layers of different colors and degrees of fineness, 20 feet, with abundance of 
water in its lower portion. 

Town well, Elizabeth village, sec. 32: 45 feet deep; soil,2; white sand, 2; yellow till, 15; and moist, 
dark bluish clay, with no stone fragments, 26 feet; water rose eight feet from sand and gravel at the 
bottom. 

Fergus FaUs. Halvor Back and brother; in the north part of the city: well, 41 feet; yellow till, 

10; dark bluish till, 31; to water in sand. Small pieces of lignite, up to three inches in diameter, are 
found rarely in wells in this vicinity. 
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A public well for use by fire-engines, at W. J. Van Dyke's store on the corner of Lincoln [Lvenue 

and Court street, went 12 feet through very coarsely rocky till, and then four fect in swamp-mud, in 

, which were tamarack stumps and roots, with trunks, branches and even the cones of these trees, forming 

an interglacial forest-bed. 

The river-bank at the north end of the lower bridge, five rods northeast from Pag~ & Wright's 

flouring-mill, consists of the S[Lme very coarsely rocky till at the top for a thicklless of 6 to 8 feet, cont[Lin

ing blocks of stone up to three feet and occasionally five feet in diameter. underlain hyat least 5 feet of 

sand and fine gravel. Similar stratification was also noticed near 1'\'lr. Wright's saw-mi IL 

Buse. James Gra),; in the north part of the township, one mile southwest from Fergus Falls: 

well, 85 feet; yellow till, 45; and yellow sand and gravel, 40, to water, which was found at the top of 

underlying till. 

S. A. Austin; S. W. } of sec. 29: well, 80 feet; soil, 1; yellow till, 35, sp[Lded for the first ten feet 

bnt picked below, enclosing occasional thin layers of sand and gravel; and blue till thence to the bottom, 

44 feet, similarly containing seams of modified drift nowhere exceeding one foot in thickness, none of them 

yielding auy considerable supply of water, so that this well was a failure. Another well about a o.ozen 

rods distant eastward, on land some ten feet 10 wer, gets plenty of good water at the depth of ten feet. 

Norwegian Grove. Martin Johnson; S. W. 1- of sec. 10: well, 25 feet; soil, 2; yellow till, 13; sand, 

6 in(,bes, with water; ana harder, dark bluish till, 10 feet, picked, containing no sandy layers and YIeld

ing no additional supply of water. 
Trondbjem. Lion H. Rud; sec. 19: well, 106 feet; till, 36; and sand [Lnd fine gravel, 70, to water 

at the bottom. Mr. Rud had dug four other wells before this, near it and on land of about the same 

hight. The record of one of these, 65 feet deep, about a dozen rods from the foregoing, was till, 20; gravel 
and sand, 20; gray clay, 6 inches; then, gravel composed wholly of pebbles up to four inches in diameter, 

with no sand, but changing he low into sand, which together make up the lower 25 feet, continuing also 

deeper; no water. Another, about the same distance from the deep well and seven rods from the last, 
went 25 feet, being in yellow till, spaded, 10; and harder blue till, picked, 15 feet and continuing below; 

no water. 
A well 85 feet deep in sec. 29 was yellow till, 25; very hard, cbyey gravel, probahly till, 5; and 

gravel and sand, 55 feet, being all fine sand in the lower part; no water. 
Oscar. Michael Skolrud; S. W. t of sec. 10, two-thirds of a mile southeast from Indian hill: well, 

60 feet, or more; till, about 20; all sand and fine gravel below; no water. 
Nels Gilbertson; sec. 21: well, 15 feet; black soil (in a depression), 4; yellow till, picked, tl; and 

yellow sand, with plenty of water, 3 feet, extending deeper. 
Peter Gilbertson; in the same sec. 21: well, 25 feet; soil, 2; yellow till, spaded, 15; and sand 8, 

with water in its lower part. 
Lutheran parsonage; sec. 22: well, 24 feet, all yellow till; water seeps from sandy and gravelly 

streaks near the bottom. 
Some of the cuts made for the railroad in this township, ten to twenty feet in depth, have 5 to 10 

feet. of yellow till next to the surface, with stratified sand and gravel below. 
Carlisle. Andrew O. Grotte; S. W. r of ,sec. 3: well, 35; soil, 2; yellow till to the bottom, all 

picked, excepting a few feet at the top; water seeps, chiefly at the depth of about 30 feet, often filling the 

well half full, but only three feet deep in dry winters. Some of the wells in this township are 50 t{) 75 

feet deep, wholly in till, which is dark bluish below. 
T. 132, R.44. Martin Goetzinger; sec. 25: well, 45 feet; soil, 2; yellow till, 17; quicksand, 22; 

and very hard, dark bluish till, 4 feet and lower; not much water. A houlder estimated to weigh three 
tons was found in the lower part of the upper till. The thick bed of modified drift is perhaps continuous 

with that encountered similarly by other wells along a distance of twenty-five miles thence northward, in 

Buse, Elizabeth, Oscar, Trondhjem and Pelican. 
Western. A. Thompson; N. W. t of sec. 3: well, 45; soil, .2; yellow till, partly picked, 18; softer 

blue till, 23; and sand, 2 feet and reaching deeper; water plentiful, two or three feet deep. Several 

pieces of lignite were found in both the yellow and the blue tilL 
A. J. Swift; N. W. t of sec. 4: well, 20 feet deep, on the east edge of the upper or Herman beach 

oflake Agassiz; soil, 2; gravel and sand, 10; yellow till, 4; and blue till, soft to dig, 4; extend,ng deeper. 

T. B. Roberts; sec. 14; well, 14 feet; soil, 2; yellow till, 10; quicksand, 2 feet and more; plenty 

of water. 
O. J. Sundhal; S. W. ! of sec. 20: well, 27 feet, on the Norcross beach of lake Agassiz, which is 

here a gracefully rounded ridge about twenty rods wide, five to eight feet above the depression on its east 
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yielding auy considerable supply of w(Lter, so that this well was a failure. Another well about a dozen 

rods distant eastward, on land some ten feet lower, gets plenty of good water at the depth of ten feet. 

Norwegian Grove. Martin Johnson; S. W. t of sec. 10: well, 25 feet; soil, 2; yellow till, 13; sand, 

6 in(,hes, with water; and harder, dark bluish till, 10 feet, picked, containing no sandy Jayers and YIeld

ing no additional supply of water. 
Trondhjem. Lion H. Rud; sec. 19: well, 106 feet; till, 36; ami sand and fine gr(Lvel, 70, to water 

at the bottom. Mr. Rud had dug four other wells before this, near it and on land of about the S(Lme 

hight. The record of one of these, 65 feet deep, about a dozen rods from the foregoing, was till, 20; gravel 
and sand, 20; gray clay, 6 inches; then, gravel composed wholly of pebhles up to four inches in diameter, 

with no sand, but changing helow into sand, which together make up the lower 25 feet, continuing also 

deeper; no water. Another, about the same distance from the deep well and seven rods from the last, 
went 25 feet, being in yellow till, spaded, 10; and harder blue till, picked, 15 feet and continuing below; 

no water. 
A well 85 feet deep in sec. 29 was yellow till, 25; very hard, clayey gravel, probahly lill, 5; and 

gravel and sand, 55 feet, being all fine sand in the lower part; no water. 

Oscar. Michael Skolrud; S. W. ? of sec. 10, two-thirds ofa mile southeast from Indian hill: well, 

60 feet, or more; till, about 20; all sand and fine gravel below; no water. 
Nels Gilbertson; sec. 21: well, 15 feet; black soil (in a depression), 4; yellow till, picked, tlj and 

yellow sand, with plenty of water, 3 feet, extending deeper. 
Peter Gilbertson; in the same sec. 21: well, 25 feet; soil, 2; yellow till, spaded, 15; and sand 8, 

with water in its lower part. 
Lutheran parsonage; sec. 22: well, 24 feet, all yellow till; water seeps from sandy and gravelly 

streaks near the bottom. 
Some of the cuts made for the railroad in this township, ten to twenty feet in depth, have 5 to 10 

feet. of yellow till next to the surface, with stratified sand and gravel below. 
Carlisle. Andrew O. Grotte; S. w. l' of .sec. 3: well, 35; soil, 2; yellow till to the bottom, all 

picked, excepting a few feet at the top; water seeps, chiefly at the depth of about 30 feet, often filling the 

well half full, but only three feet deep in dry winters. Some of the wells in this township are 50 to 75 

feet deep, wholly in till, which is dark bluish below. 
T. 132, R. 44. Martin Goetzinger; sec. 25: well, 45 feet; soil, 2; yellow till, 17; quicksand, 22; 

and very hard, dark bluish till, 4 feet and lower; not much water. A boulder estimated to weigh three 

tons was found in the lower part of the upper till. The thick bed of modified drift is perhaps continuous 

with that encountered similarly by other wells along a distance of twenty-fi ve miles thence northward, in 

Buse, Elizabeth, Oscar, Trondhjem and Pelican. 
Western. A. Thompson; N. W. } of sec. 3: well, 45; soil, 2; yellow till, partly picked, 18; softer 

blue till, 23; and sand, 2 feet and reaching deeper; water plentiful, two or three feet deep. Several 

pieces of lignite were found in both the yellow and the blue tilL 
A. J. Swift; N. W. t of sec. 4: well, 20 feet deep, on the east edge of the upper or Herman beach 

oflake Agassiz; soil, 2; gravel and sand, 10; yellow till, 4; and blue till, soft to dig, 4; extendll1g deeper. 

T. B. Roberts; sec. 14; well, 14 feet; soil, 2; yellow till, 10; quicksand, 2 feet and more; plenty 

of water. 
O. J. Sundhal; S. W. t of sec. 20: well, 27 feet, on the Norcross beach of lake Agassiz, which is 

here a gracefully rounded ridge about twenty rods wide, five to eight feet above the depression on its east 
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A public well for use by fire-engines, at W. J. Van Dyke's store on the corner of Lincoln avenue 

and Court street, went 12 feet through very coarsely rocky till, and then four fect in swamp-mud, in 

, which were tamarack stumps and roots, with trunks, branches and even the cones of these tree[;, forming 
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fiouring-mill, consists of the same very coarsely rocky till at the top for a thicklless of 6 to 8 feet, cont<1in
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sand and fine graveL Similar stratification was also noticed neM 1\'1r. Wright's saw-mill. 
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but picked below, enclosing occasional t.hin layers of sand and gravel; and blue till thence to the bottom, 

44 feet, similarly containing seams of modified drift nowhere exceeding one foot in thickness, none of them 

yielding auy considerable supply of w(Lter, so that this well was a failure. Another well about a dozen 

rods distant eastward, on land some ten feet lower, gets plenty of good water at the depth of ten feet. 

Norwegian Grove. Martin Johnson; S. W. t of sec. 10: well, 25 feet; soil, 2; yellow till, 13; sand, 

6 in(,hes, with water; and harder, dark bluish till, 10 feet, picked, containing no sandy Jayers and YIeld

ing no additional supply of water. 
Trondhjem. Lion H. Rud; sec. 19: well, 106 feet; till, 36; ami sand and fine gr(Lvel, 70, to water 

at the bottom. Mr. Rud had dug four other wells before this, near it and on land of about the S(Lme 

hight. The record of one of these, 65 feet deep, about a dozen rods from the foregoing, was till, 20; gravel 
and sand, 20; gray clay, 6 inches; then, gravel composed wholly of pebhles up to four inches in diameter, 

with no sand, but changing helow into sand, which together make up the lower 25 feet, continuing also 

deeper; no water. Another, about the same distance from the deep well and seven rods from the last, 
went 25 feet, being in yellow till, spaded, 10; and harder blue till, picked, 15 feet and continuing below; 

no water. 
A well 85 feet deep in sec. 29 was yellow till, 25; very hard, clayey gravel, probahly lill, 5; and 

gravel and sand, 55 feet, being all fine sand in the lower part; no water. 

Oscar. Michael Skolrud; S. W. ? of sec. 10, two-thirds ofa mile southeast from Indian hill: well, 

60 feet, or more; till, about 20; all sand and fine gravel below; no water. 
Nels Gilbertson; sec. 21: well, 15 feet; black soil (in a depression), 4; yellow till, picked, tlj and 

yellow sand, with plenty of water, 3 feet, extending deeper. 
Peter Gilbertson; in the same sec. 21: well, 25 feet; soil, 2; yellow till, spaded, 15; and sand 8, 

with water in its lower part. 
Lutheran parsonage; sec. 22: well, 24 feet, all yellow till; water seeps from sandy and gravelly 

streaks near the bottom. 
Some of the cuts made for the railroad in this township, ten to twenty feet in depth, have 5 to 10 

feet. of yellow till next to the surface, with stratified sand and gravel below. 
Carlisle. Andrew O. Grotte; S. w. l' of .sec. 3: well, 35; soil, 2; yellow till to the bottom, all 

picked, excepting a few feet at the top; water seeps, chiefly at the depth of about 30 feet, often filling the 

well half full, but only three feet deep in dry winters. Some of the wells in this township are 50 to 75 

feet deep, wholly in till, which is dark bluish below. 
T. 132, R. 44. Martin Goetzinger; sec. 25: well, 45 feet; soil, 2; yellow till, 17; quicksand, 22; 

and very hard, dark bluish till, 4 feet and lower; not much water. A boulder estimated to weigh three 

tons was found in the lower part of the upper till. The thick bed of modified drift is perhaps continuous 

with that encountered similarly by other wells along a distance of twenty-fi ve miles thence northward, in 

Buse, Elizabeth, Oscar, Trondhjem and Pelican. 
Western. A. Thompson; N. W. } of sec. 3: well, 45; soil, 2; yellow till, partly picked, 18; softer 

blue till, 23; and sand, 2 feet and reaching deeper; water plentiful, two or three feet deep. Several 

pieces of lignite were found in both the yellow and the blue tilL 
A. J. Swift; N. W. t of sec. 4: well, 20 feet deep, on the east edge of the upper or Herman beach 

oflake Agassiz; soil, 2; gravel and sand, 10; yellow till, 4; and blue till, soft to dig, 4; extendll1g deeper. 

T. B. Roberts; sec. 14; well, 14 feet; soil, 2; yellow till, 10; quicksand, 2 feet and more; plenty 

of water. 
O. J. Sundhal; S. W. t of sec. 20: well, 27 feet, on the Norcross beach of lake Agassiz, which is 

here a gracefully rounded ridge about twenty rods wide, five to eight feet above the depression on its east 
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side and ten to iHteen leet above the land next west; soil, 2; gravel and sand, 10; yellow till, 8; and blue 

till, 7; water seeps from the till, usually standing fifteen feet deep. 

Albert Copeland; S. w. 1 of sec. 28: well, 21 feet, all gravel and sand, with pebbles up to two or 

three (rarely four) inches in diameter; water abundant. This is on the upper or Herman beach of lake 

Agati~iz. • 
John Will; S. E. 1 of see. 30: well. 56 feet; soil, 2; yellow till, spaded, 12; hard sand, with a 

lit,tle water, 1 foot; dark, bluish till, 40 teet, very hard for the· first twelve feet and the last four feet, but 

soft to dig; in the intenening portions; and quicksanLl, dug into 1 foot, with water which rises only one 
fuot a.bO\"6 this layer. 

Hiehard Umla11l1; in the S. W. { of this see. :30, a third of a mile west from the last, and on land a 

few feet lower: well, .1:2] feet, dug in June, 1879; soil and sand. and. gravel, with whitish streaks of cal

eareous matter, 4] led; yellow till, spaded, 12; blue till, 26, picked. for the first five or six feet, but 

gruwing sorter he low all(l t.here spaded; sixteen hours after the last digging, in which no sign of water 

had heen ubserve,l, water was ,,,en entering the bottom of the well, and in ionr hours it rose to the 

surfll~e and uvertlowed in a l'onotantly runuing stream during the summer and autumn of that year; as 
no curbiug was put in the lower fourteen feet of this well, that portion gradually caved in, finally stop-
ping the arte"i<1u flow. 

MATERIAL RESOURCES. 

The agricultural capabilities of this district, and its ample supply of tim

ber, have been already noticed. 

TVater-powers. The following notes of water-powers were taken at the 

time of this survey, in 1879. 

On the Red river are the Fergus Falls flouring mills, owned by H. G. Page 

and George B. Wright, close below the lower bridge in Fergus Falls, having 

ten feet head; and George B. Wright's saw-mill, close below the upper bridge, 

with twelve feet head. A dam supplying fifteen feet head had also been 

recently built by Mr . .Jacob Austin, three-fourths of a mile above the last, in 

the east part of the corporation of Fergus Falls. The elevation of the river 

neax the east line of the corporation is 1,195 feet above the sea; of the pond 

abo\r~ t.he saw-mill, 1,173; anll close below Page & Wright's flouring-mill, 1,15l. 

The entire fall within the corporation limits, in three miles, is nearly seventy 

feet. Because of the numerous large lakes on the upper part of this stream, 

its volume here is not greatly affect.ed by either heavy rains and snow-melting 

or dry seasons. Moderate expense in the construction of dams to make Otter 

Tail, Rush and Pine bkes reservoirs, filled in spring several feet above their 

present level and drawn down in times of drought, would much increase the 

available water-power of the Red river at Fergus Falls and along all its extent 

from Otter Tail lake to Breckenridge. In this distance the river falls nearly 

375 feet, averaging five feet per mile. Its bed is the hard stony clay of the 

glacial drift, affording a good foundation for dams, and along most of this dis

tance the sloping river-banks permit the water to be carried in canals so as to 
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side and ten to fifteen feet above the land next west; soil, 2; gravel and sand, 10; yellow till, 8; and blue 

till, 7; water seeps from the till, usually standing fifteen feet deep. 

Albert Copeland; S. W.\ of sec. 28: well, 21 feet, all gravel and sand, with pebbles np to two or 

three (rarely four) inches in diameter; water abundant. This is on the upper or Herman beach of lake 

Agas . ..;iz. • 
John Will; S. E. .] of see. 30: well, 56 feet; soil, 2; yellow till, spaded, 12; hard sand, with a 

little wl.ter, 1 foot; dark, bluish til" 4U feet, very h,ud for the· first twel ve feet and the last four feet, bnt 

sort to dig: in the intenening portions; "nd quicksand, dag into 1 foot, with water which rises only one 

fuut above this byer. 

Hiehnrd Umlan.l; in the S. W. ~ of this see. :30, a third of a mile west from the last, and on land a 
few feet lower: well, ,[:2] feet, dug iu June, 187~; soil and sand and gmvel, with whitish streaks of cal

eareous llUttter, 4] feet; yellow till, spaded, 12; blue till, 26, picked for the first five or six feet, but 
growiog oofter helow and there spaded; sixteen hours after the last digging, in which no sign of' water 

hml heen uiJserve.l, water w"s seen entering the bottolU of the well, l,ud in four honrs it rose to the 

snrhtee and overtlowed in a l'unstantly runlJiug stream during the SUllllller and antulUn of that year; as 
no eurbing: was put in the luwer fourteen feet of this well, that portion gmdm,lIy caved in, finally stop-
ping the artesian flow. 

l\IATERIAL RESOURCES, 

The agricultural capabilities of this district, and its ample supply of tim

ber, have been already noticed. 

TYater-powe?'s. The following notes of water-powers were taken at the 

time of this survey, in 1879. 

On the Re(l river are the Fergus Falls flouring mills, owned by H. G. Page 

and George B. Wright, close below the lower bridge in Fergus Falls, having 

ten feet head; and George B. Wright's saw-mill, close below the upper bridge, 

with twelve feet head. A dam supplying fifteen feet head had also been 

recently built by Mr. .Jacob Austin, three-fourths of a mile above the last, in 

the east part of the corporation of Fergus Falls. The elevation of the river 

neilr the east line of the corporation is 1,195 feet above the sea; of the pond 

aJ)ovt? the saw-mill, 1,173; and close below Page & Wright's flouring-mill, 1,15l. 

The entire fall within the corporation limits, in three miles, is nearly seventy 

feet. Because of the numerous large lakes on the upper part of this stream, 

its volume here is not greatly affected by either heavy rains and snow-melting 

or dry seasons. Mo(lerate expense in the construction of dams to make Otter 

Tail, Rush and Pine lakes reservoirs, filled in spring several feet above their 

present level and drawn down in times of drought, would much increase the 

available water-power of the Red river at Fergus Falls and along all its extent 

from Otter Tail lake to Breckenridge. In this distance the river falls nearly 

375 feet, averaging five feet per mile. Its bed is the hard stony clay of the 

glacial drift, affording a good foundation for dams, and along most of this dis

tRilce the sloping river-banks permit the water to be carried in canals so as to 
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side and ten to fifteen feet above the land next west; soil, 2; gravel and sand, 10; yellow till, 8; and blue 

till, 7; water seeps from the till, usually standing fifteen feet deep. 

Albert Copeland; S. W.\ of sec. 28: well, 21 feet, all gravel and sand, with pebbles np to two or 

three (rarely four) inches in diameter; water abundant. This is on the upper or Herman beach of lake 

Agas . ..;iz. • 
John Will; S. E. .] of see. 30: well, 56 feet; soil, 2; yellow till, spaded, 12; hard sand, with a 

little wl.ter, 1 foot; dark, bluish til" 4U feet, very h,ud for the· first twel ve feet and the last four feet, bnt 

sort to dig: in the intenening portions; "nd quicksand, dag into 1 foot, with water which rises only one 

fuut above this byer. 

Hiehnrd Umlan.l; in the S. W. ~ of this see. :30, a third of a mile west from the last, and on land a 
few feet lower: well, ,[:2] feet, dug iu June, 187~; soil and sand and gmvel, with whitish streaks of cal

eareous llUttter, 4] feet; yellow till, spaded, 12; blue till, 26, picked for the first five or six feet, but 
growiog oofter helow and there spaded; sixteen hours after the last digging, in which no sign of' water 

hml heen uiJserve.l, water w"s seen entering the bottolU of the well, l,ud in four honrs it rose to the 

snrhtee and overtlowed in a l'unstantly runlJiug stream during the SUllllller and antulUn of that year; as 
no eurbing: was put in the luwer fourteen feet of this well, that portion gmdm,lIy caved in, finally stop-
ping the artesian flow. 

l\IATERIAL RESOURCES, 

The agricultural capabilities of this district, and its ample supply of tim

ber, have been already noticed. 

TYater-powe?'s. The following notes of water-powers were taken at the 

time of this survey, in 1879. 

On the Re(l river are the Fergus Falls flouring mills, owned by H. G. Page 

and George B. Wright, close below the lower bridge in Fergus Falls, having 

ten feet head; and George B. Wright's saw-mill, close below the upper bridge, 

with twelve feet head. A dam supplying fifteen feet head had also been 

recently built by Mr. .Jacob Austin, three-fourths of a mile above the last, in 

the east part of the corporation of Fergus Falls. The elevation of the river 

neilr the east line of the corporation is 1,195 feet above the sea; of the pond 

aJ)ovt? the saw-mill, 1,173; and close below Page & Wright's flouring-mill, 1,15l. 

The entire fall within the corporation limits, in three miles, is nearly seventy 

feet. Because of the numerous large lakes on the upper part of this stream, 

its volume here is not greatly affected by either heavy rains and snow-melting 

or dry seasons. Mo(lerate expense in the construction of dams to make Otter 

Tail, Rush and Pine lakes reservoirs, filled in spring several feet above their 

present level and drawn down in times of drought, would much increase the 

available water-power of the Red river at Fergus Falls and along all its extent 

from Otter Tail lake to Breckenridge. In this distance the river falls nearly 

375 feet, averaging five feet per mile. Its bed is the hard stony clay of the 

glacial drift, affording a good foundation for dams, and along most of this dis

tRilce the sloping river-banks permit the water to be carried in canals so as to 
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furnish any amount of head desired for milling purposes. On the W8St the 

wheat of the Red river valley, and on the east oak, maple, ash and pine bi1lber, 

invite the further utilization of the magnificent water-power of this river. 

Balmoral flouring mill, on the outlet of the West and East Battle and 

Clitherall group of lakes, has nine feet head. 

On the Pelican river are the Pelican River flouring mills at Elizabeth, 

with ten feet head; and R. L. Frazee's flouring mill at Pelican Rapids, with 

. twelve feet'head. Spring Creek flouring mill, in section 2, Scambler, on a trib

utary of Pelican lake, has fourteen feet head. The large lakes that are the 

sources of the Pelican river, and the descent of this stream about 200 feet 

from lake Lizzie to its mouth, with a channel and banks of glacial dl'ift, make 

its water-power almost equally valuable with that of the Red river. 

On the head-stream of the Pomme de Terre river are the Parkdale flour

ing mills, owned by A. Kaus & Son, in section 4, Tumuli, having twenty feet 

head. This power is made permanent through the summer by drawing several 

feet from a lake on the upper part of the stream. 

Building stone. Otter Tail county has no exposure of the bed-rocks, and 

therefore no quarrying; but the boulders of the drift are much used for foun

dations, walling cellars, curbing wells, and for highway culverts. 

Lime. Magnesian limestone boulders are gathered and burned for lime 

by M. Gelett in the southwest part of Parker's Prairie, near Fish lake; .J. R. 

Anderson in Leaf Mountain township; Orris Albertson near Clitherall; Hans 

Gilbertson and Andrew Vannerstrom in sections 4 and 5, Clitheioall, between 

West Battle lake and Turtle lake; Charles Black and Gilbert Gilbertson in 

Saint Olaff; .J. Westover in section 2, T. 135, R. 40, near the mouth of Dead 

lake; .James T. Thorn near Pelican lake; Mathias Halvorson, section 5, Fergus 

Falls; E. Barbeau and J. A. Nelson & Brothers in Fergus Falls; Andrew 

Wieber in Trondhjem; and Peter Carlson in the south part of Oscar; and prob

ably by many others in various parts of the county. These lime-burners 

average only a few hundred barrels apiece yearly, supplying only the demand 

of their vicinity. Most of the large boulders of the drift are granite, gneiss 

and other crystalline rocks, perhaps one in twenty being limestone; but a 

much greater proportion of the gravel of both the modified drift and till is 

limestone. At Dayton bridge this makes fully half of the gravel in the till. 
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wheat of the Red river valley, and on the east oak, maple, ash and pine t; i'lber, 

invite the further utilization of the magnificent water-power of thi:s river. 

Balmoral flouring mill, on the outlet of the West and East Battle and 

Clitherall group of lakes, has nine feet head. 

On the Pelican river are the Pelican River flouring mills at Elizabeth, 

with ten feet head; and R. L. Frazee's flouring mill at Pelican Rapids, with 
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utary of Pelican lake, has fourteen feet head. The large lakes that are the 
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its water-power almost equally valuable with that of the Red river. 

On the head-stream of the Pomme de Terre river are the Parkdale flour

ing mills, owned by A. Kaus & Son, in section 4, Tumuli, having twenty feet 

head. This power is made permanent through the summer by drawing several 

feet from a lake on the upper part of the stream. 

Building stone. Otter Tail county has no exposure of the bed-rocks, and 

therefore no quarrying; but the boulders of the drift are much used for foun

dations, walling cellars, curbing wells, and for highway culverts. 

Lime. Magnesian limestone boulders are gathered and burned for lime 

by M. Gelett in the southwest part of Parker's Prairie, near Fish lake; .J. R. 

Anderson in Leaf Mountain township; Orris Albertson near Clitherall; Hans 
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Falls; E. Barbeau and J. A. Nelson & Brothers in Fergus Falls; Andrew 

Wieber in Trondhjem; and Peter Carlson in the south part of Oscar; and prob

ably by many others in various parts of the county. These lime-burners 

average only a few hundred barrels apiece yearly, supplying only the demand 

of their vicinity. Most of the large boulders of the drift are granite, gneiss 

and other crystalline rocks, perhaps one in twenty being limestone; but a 

much greater proportion of the gravel of both the modified drift and till is 

limestone. At Dayton bridge this makes fully half of the gravel in the till. 
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furnish any amount of head desired for milling purposes. On the W8st the 

wheat of the Red river valley, and on the east oak, maple, ash and pine t; i'lber, 

invite the further utilization of the magnificent water-power of thi:s river. 

Balmoral flouring mill, on the outlet of the West and East Battle and 

Clitherall group of lakes, has nine feet head. 

On the Pelican river are the Pelican River flouring mills at Elizabeth, 

with ten feet head; and R. L. Frazee's flouring mill at Pelican Rapids, with 

twelve feet'head. Spring Creek flouring mill, in section 2, Scam bIer, on a trib

utary of Pelican lake, has fourteen feet head. The large lakes that are the 

sources of the Pelican river, and the descent of this stream about 200 feet 

from lake Lizzie to its mouth, with a channel and banks of glacial drift, make 

its water-power almost equally valuable with that of the Red river. 

On the head-stream of the Pomme de Terre river are the Parkdale flour

ing mills, owned by A. Kaus & Son, in section 4, Tumuli, having twenty feet 

head. This power is made permanent through the summer by drawing several 

feet from a lake on the upper part of the stream. 

Building stone. Otter Tail county has no exposure of the bed-rocks, and 

therefore no quarrying; but the boulders of the drift are much used for foun

dations, walling cellars, curbing wells, and for highway culverts. 

Lime. Magnesian limestone boulders are gathered and burned for lime 

by M. Gelett in the southwest part of Parker's Prairie, near Fish lake; .J. R. 

Anderson in Leaf Mountain township; Orris Albertson near Clitherall; Hans 

Gilbertson and Andrew Vannerstrom in sections 4 and 5, Clitherall, between 

West Battle lake and Turtle lake; Charles Black and Gilbert Gilbertson in 

Saint Olaff; J. Westover in section 2, T. 135, R. 40, near the mouth of Dead 

lake; James T. Thorn near Pelican lake; Mathias Halvorson, section 5, Fergus 

Falls; E. Barbeau and J. A. Nelson & Brothers in Fergus Falls; Andrew 

Wieber in Trondhjem; and Peter Carlson in the south part of Oscar; and prob

ably by many others in various parts of the county. These lime-burners 

average only a few hundred barrels apiece yearly, supplying only the demand 

of their vicinity. Most of the large boulders of the drift are granite, gneiss 

and other crystalline rocks, perhaps one in twenty being limestone; but a 

much greater proportion of the gravel of both the modified drift and till is 

limestone. At Dayton bridge this makes fully half of the gravel in the till. 
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Bricks. Heury Asseln made 100,000 bricks in 1878 on section 19, Par

ker's Prairie, near Fish lake which lies only a few feet lower than where the 

clay was dug. Below the soil there is five feet of yellowish clay suitable for 

this manufacture, but farther down the clay is gravelly till of the ordinary type, 

extending beyond the bottom of a well twenty feet deep. Some sand was 

mixed with the clay for tempering. These bricks were of fair quality, sold 

for $7 to $10 per thousand. 

In Fergus Falls bricks have been made SInce 1872 by J. A.'Nelson & 

Brothers. Their product in 1879 was 600,000, bringing $7 to $10 per thous

and. The clay is dug from rounded hills and swells about thirty feet above 

the river. Generally these hills consist of till, or gravelly clay with boulders; 

but sometimes this deposit, as in excavations near the court-house, is seen to 

contain pocket-like masses of stratified clay, extending several feet, and enclos

ing laminoo of sand, a sixteenth to an eighth of an inch thick. The clay dug 

by the Messrs. Nelson for brick-making is nearly free from gravel, but it holds 

occasional rock-fragments up to three inches in diameter, thought to vary in 

number from ten to fifty in a cart-load. No sand is added for tempering. 

These bricks are cream-colored, and of good and durable quality. 

Another brick-yard was opened in 1879 by S. R. Childs beside the Red 

river three miles west of Fergus Falls and a short distance south from the 

mouth of Pelican river. His product in 1879 was about 200,000. 

ABORIGINAL EARTHWORKS. 

Rev. C. M. Terry describes a series of about a dozen artificial mounds on 

a high bluff between East and West Battle lakes. "They have the appear

ance of having been a fortified camp. Some of them are long and four to six 

feet wide. Others are nearly round. The largest round mound is about six 

feet high." 

The largest group of artificial mounds observed in this county is on the 

south side of the Red river about fifty rods west from the mouth of Otter 

Tail lake. Here sixteen mounds, all having the usual dome-like form, were 

counted on a space extending some forty rods from north to south and about 

a dozen rods in width, elevated about 35 feet above the lake. One of these 

is ten feet high, but the others are small, varying from one to four feet in hight. 

The ten-feet mound and another close southeast from it, three feet high, have 
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been partly excavated and were found to contain human bones, being burial 

mounds. A ravine east of these divides them from a nearly level tract some 20 

feet above the lake, on which a third of a mile farther east are four mounds 

each three feet high excepting the most northern one, which has only half 

this size. A sketch map of these' localities is shown in fig. 32. 
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FlG.32. ABORIGINAL MOUNDS IN SEC. 4, EVARTS, AT THE MOUTH OF OTTER TAIL LAKE. 

Scale, 40 rods to an inch. 

At the east end of Otter Tail lake, a sixth of a mile south from the for-

mer site of Otter Tail City, three mounds are situated a few rods east of the 

road, lying in a nearly north and south line, the middle one being eight feet 

high and the others about two feet high. 

A half mile north from the site of Otter Tail City two mounds, each two 

or three feet high, were seen fifteen or twenty rods west from the road. 

In the northeast part of Rush Lake township, in or near the south half of 

section 1, four mounds, two to five feet in hight, were seen beside the road, 

three being on its west side and one on the east, between the road and Otter 

Tail river. 

In the N. W. i of section 36, Perham, four mounds from two ,to three 

feet high were noted, lying exactly in a straight line the direction of which is 

N. 35° W., referred to the true meridian. They are ten or fifteen rods east of 

the road, and the length of the series is some twenty rods. 

About a mile north from the last, a mound seven or eight feet high was 

seen a half mile east of the road. 

Several mounds about five feet high lie on the east side of Prairie lake in 

Pelican township. 

On the top of Indian hill in Oscar is an artificial mound forty feet long 

from north to south and twenty-five feet wide. Its hight is now two feet, but 

was probably once three feet. Two skeletons were disclosed by a small exca

vation in this mound. 
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In the north part of Carlisle t.wo hills that overlook Fish lake, above which 

they rise 40 or 50 feet, have each an artificial mound about three feet high on 

their tops. One of these is in the N. W. ! of the S. W. ! of section 3, and the 

other in the N. E. ! of the N. E. ! of section 5, Carlisle. 

On the upper or Herman beach of lake Agassiz, about a half mile south 

of the Red river and near the centre of section 33, T. 132, R. 44, is a mound 

six feet high; and within forty rods farther south are several others one to 

three feet high. 

Mr. J. A. Colehour and Rev. Myron Cooley, of Battle Lake, have given 

some attention and labor to ascertain the distribution and nature of the mounds 

in this county, and at the request of the state geologist :Mr. Cooley has furnished 

the following condensed statement of what has been ascertained by them. 

MOUNDS IN OTTER TAIL COUNTY. 

This county is rich in mounds and relics of that prehistoric people known 

as mound-builders. In the townships of Everts, Girard, Amor, Perham and 

Star Lake, numberless mounds are found of every shape and size together 

with many sites of prehistoric villages. In the woods on the north shore of 

East Battle lak~ there is a group of mounds; they have never been examined 

and are covered with a heavy growth of timber. A few pieces of pottery have 

been picked up occasionally in the vicinity. At the east end of Battle lake 

there are scores of mounds scattered around on the bluffs south of where the 

outlet from East Battle lake enters Battle lake. The general plan seems to 

have been a great semi-circle, terminating in two large mounds about eighty 

rods apart faeing the lake. One of these large mounds has been opened and 

parts of several skeletons taken out, also a curious bone chisel eight inches 

long ,mel an agate knife blade two inches long. One of the smaller mounds 

yielded up five skeletons and a mass of flint and agate chips. At the west end 

of Battle lake near the outlet there is another group of mounds which seem to 

be very ancient, as they have been weathered down more than any of the others, 

and those which have been examined show nothing but bone-dust ashes bits , , 
of charcoal, and in one instance a fragment of coarse woven matting. One of 

these mounds is twelve (12) feet high, another is 75 feet long by 5 feet high. 

There are about a dozen mounds in this group. On a bold bluff overlooking 

the Red river a short distance below where it leaves Otter Tail lake, is a group 
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of eighteen mounds; seventeen of these are small, from two and a half feet to 

four feet high and from tw~lve to twenty feet in diameter. The eighteenth 

mound, which stands on the highest part of the bluff, is as large as all the others 

put together. Several of these mounds have been partially excavated, and 

several skulls. and parts of skeletons taken out; also some clay balls the size 

of medium sized marbles, some stone implements, agate knife blades and flint 

and agate chipping::;. Dead lake seems to have been a favorite haunt of these 

people. At two places on the south shore there have been extensive villages, 

and many specimens of pottery, arrow points, spear-heads, stone hammers and 

other utensils .have been found. One of these village sites, where the Dead 

river leaves the lake, seems to have been protected on two sides by the Jake, 

on the third by the river, and on the fourth by a canal cut from the lake to the 

river, thus practically making an island of the village site. On the north shore of 

Dead lake in Perham township is a most interesting group of mounds. The bluff 

here is densely wooded and hard maple trees 18 inches in diameter are growing 

on some of the mounds. The mounds here are very numerous and of great variety. 

The largest round mound is about 10 feet high and 60 feet in diameter. A par

tial examination of this mound brought to light a few agates, pieces of stone ham

mers, a quantity of charcoal·and fragments of human bones. Directly north 

of this round mound is found a group in this position. The longest mound in 

w. 

o 

N. this group is 240 feet long by 12 feet wide and 4 to 5 feet 

in hight; the long mounds on the north and south are of the 

o 

same width and hight but only 60 and 42 feet long respec
E 

tively. The round mouQ.ds are exactly alike, about 15 feet in 

diameter and 5 fe~t high. None of these mounds have been 

8. thoroughly examined. Of the structure of these mounds all 

that have been excavated are similar. At a level with the surrounding surface 

a layer of coarse gravel is found, then a layer of sand, then more gravel, and 

over this a layer of black surface soil varying in thickness from 2 to 10 feet. 

If the mounds have been used for burial, the skeletons are in nearly every 

case found on the layer of sand. 

There have been many other mounds reported in other parts of the county, 

but the places have not been visited to find if the report could be :verified or not. 

It is safe to say, however, that Otter Tail county is as rich in prehistoric remains 

as any county in the state. In all cases the sand and gravel have been brought 

from the lake beach,and fragments of shells are frequently found in these layers. 
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CHAPTER XXI. 

THE GEOLOGY OF WADENA AND TODD COUNTIES. 

By WARREN UPHAM. 

Situation and area. Wadena and Todd counties (plate 52) are in the cen

tral part of Minnesota. Long Prairie, the county seat and largest town of 

Todd county, is distant 105 and 115 miles, respectively, northwest from Min

neapolis and Saint Paul. Wadena, the county seat and largest town of Wadena 

county, is 35 miles north-northwest from Long Prairie. 

Wadena county has a length of five townships from north to south, and a 

width of three from east to west, comprising thus fifteen townships of the gov

ernmental survey. Todd county has a length of seven townships from north to 

south, excepting that the most southern tier of sections belongs to Stearns 

county, leaving Todd county forty-one miles long; and its width is four town

ships, or twenty-four miles. The Crow Wing river, which forms the boundary 

between Moran, its most northeastern township, and Cass county, sets off to 

the latter about four square miles that would otherwise belong to Moran, being 

the only deficiency from the rectangl1lar outlines of both these counties. 

The area of Wadena county is 543.63 square miles, or 347,922.43 acres, 

of which 8,.524.62 acres are covered by water; and the area of Todd county is 

1,008.34 square miles, or 645,336.72 acres, of which 27,111.58 acres are 

covered by water. 

SURFACE FEATURES. 

Natural drainage. Each of these counties lies wholly within the Missis

sippi basin, and Wadena county belongs wholly to the basin of the Crow Wing 

river, which is the largest tributary of the Mississippi from the west above the 

Minnesota river. The principal branches of the Crow Wing river in Wadena 

county are Swamp river ou the east, and Shell, Cat, Leaf and Partridge rivers 
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W ADEN A AND TODD COUNTIES. 563 
Topography. ] 

on the west. From Todd county the Crow Wing river receIves its largest 

tributary, the Long Prairie river, which drains about half of Todd county, 

besides the northeast quarter of Douglas county. Red Eye river from the 

north and Wing river from the south are large affiuents of Leaf river; and 

Long P,[airie rIver receives Moran brook and Eagle creek from the west, and 

Fish Trap brook and Turtle creek from the east, besides numerous smaller 

streams. 

In southeastern Todd county the Swan river gathers its head-waters in 

Burnhamville and portions of adjoining townships, flowing thence east through 

Morrison county to the Mississippi. 

From Osakis lake the Sauk river flows east and then south through Little 

Sauk and Sauk lakes into Stearns county. Farther east, most of Birch Dale 

township and portions of Round Prairie and Gray Eagle are drained to the 

Sauk river in Stearns county by Adley creek. 
Lakes. The southern part of Wadena county has only a few small lakes, situated mostly near the 

Crow Wing river; but several lakes from one to two and a half miles long lie in the north part of this 

county, the largest being Blueberry lake in tbe centre of the most northwestern township. 

Osakis lake, seven miles long and from a half mile to two or three miles wide, is the largest in 

Todd county. Mr. Terry's description of this lake has been already given in the report of Douglas county. 
North and west of the Long Prairie river, Todd county has only few and small lakes, the largest being 

Dower lake in section 9, Staples. The half of the county south and east of this river, however, has many 
lakes, the largest of which, after Osakis lake, are Henry (or Maple), Little Sauk, Sauk and Fairy lakes 

toward the southwest, and the Birch Bark lakes, Swan, Latimer, Charlotte, Cold, Two Island, Thunder, 

Rice, Long and Fawn lakes toward the east. 

Topography. The surface of Wadena county is almost wholly gravel and 

sand, belonging to the modified drift, approximately level, but usually undulat

ing in long slopes, with the elevations 5 to 10 or 20 feet above the depressions, 

the average hight above the numerous streams being about 25 feet. 

Todd county is more diversified. Such modified drift occupies only a 

small portion of its area, being chiefly confined to belts one to two miles wide 

next to the line between this and Wadena county, on the Crow Wing river, on 

the Long Prairie river, and through the western third of Round Prairie. The 

remainder of this county, excepting several other small tracts of modified 

drift, is covered by the unmodified glacial drift, called till or boulder-clay. 

For the greater part this has a smoothly undulating or rolling surface, with 

elevations 20 to 40 feet above the depressions, but on considerable tracts it is 

more prominently rolling and hilly, constituting terminal moraines. To the 

latter class belong the drift hills 50 to 100 feet high north and east of Osakis 

lake and reaching thence southeast to Sauk and Birch Bark lakes; hills 100 
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564 THE GEOLOGY OF MINNESOTA. 
[Elev,.t!ons. 

to 200 feet high, occupying most of Gray Eagle and Burnhamville townships; 

and their continuation northward, 50 to 100 feet l;tigh, along the east border 

of the county to the east part of Fawn Lake township. Near the north eI).d 

of the county, a group of similar hills, 50 to 100 feet high, occurs in Stowe 

Prairie, c.ulminating in Mount N ebo; and a more extensive tract of like roughly .. 
hilly surface reaches from Moran brook northeasterly into Moran township. 

Along the greater part of its course northward from Long Prairie village, 

the valley of Long Prairie river has a width of about a mile and is bounded by 

moderate slopes which rise gradually to an average hight 40 to 60 or 75 feet 

above this stream, seldom forming the steep bluff's that indicate undermining 

erosion by the river; but in the west edge of Long Prairie and through Rey

nolds this valley is only a fourth to a third of a mile wide and is enclosed by 

bluff's 60 to 75 feet high, with steep slopes, while in Leslie it is bordered by 

irregular morainic hills. 
Elevations, NOI·them Pacific railroad, 

From profiles in the office of S. D. Mason, engineer, Saint Paul. 

a. Main line. 

Motley 
Summit, grade -
Hayden Brook, bed, 1230; grade -
Staples' Mills -
Dower Lake station (a summit) -
Aldrich -
Partridge river, bed, 1306; grade -
Verndale 
Wing river, bed, 1314; grade 
East branch of Union creek, bed, 1~28; grade 
West branch of Union creek, bed, 1323; grade -
Wadena -
Wadena Junction -

Miles from 
Duluth. 

137.1 
141.2 
14::1.3 
144.6 
146.6 
151.3 
151.5 
155.3· 
156.5 
161.0 
161.4 
161.9 
163.9 

b. Little Falls &: Dakota railroad (leased by Northern Pacific railroad). 

Manley creek, bed, 1169; grade -
Summit, cutting 23 feet; grade 
Summit, grade and natural surface . 
Summit, grade and natural surface 
Gray Eagle -
Prairie brook, bed, 1177; grade 
Birch Bark lakes, about 
Birch Lake station 

Summit, grade and natural surface 
Spaulding 

Summit, cutting 13 feet; grade 
Sauk river, bed, 1212; grade _ 
Sauk Center 

Miles from 
Little Falls. 

18.0 
19.2 
20.8 
22.6 
25.1 
27.8 
27.8 
28.6 
29.7 
31.1 
32.6 
36.7 
37.0 

Feet above 
the sea. 
1227 
1255 
1243 
1276 
1293 
1327 
1325 
1349 
1330 
1343 
1343 
1350 
11152 

Feet above 
the sea. 
1177 
1259 
1269 
1292 
1223 
1192 
1175 
1226 
1281 
1292 
1338 
1225 
1232 
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WADENA AND TODD COUNTIES. 
Elevations.] 

Elevations, Saint Panl, Minneapol'is & Manitob(t milway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Fer,qus Fall.~ line. 

Silver creek, water, 1271; grade -
West Union 
Osakis 

b. Srtulc Center & Northern bmnch. 

Sauk Center 
Hobogan creek, water, 1231; grade -
Ashley creek, water, 1240; grade -
Summit, cutting 8 feet; grade 
Creek, water, 1260; grade -
Little Sauk 
Sauk river, water, 1239; gwde 
Summit, grade and natural surface 
Creek, water, 1295; grade -
Long Prairie 
Long Prairie river, water, 1286; grade 
Dick's creek, water, 1268; grade 
Browerville 
Clarissa -
Eagle creek, water, 1328; grade -
Eagle creek, water, 1345; grade 
Eagle Bend 

Miles from 
Saint Paul. 

122.4 

124 .. 5 

130.4 

Miles from 
Saint Paul. 

117.2 
117.7 

120.4 
122,0 

122.8 

126.9 
127,0 

129.6 
134.5 

135.4 
135.7 

142.8 

143.0 
148.5 

150.1 
152.3 

153.6 

565 

Feet above 
the sea. 
1280 

1336 
1342 

Feet above 
the sea. 
1254 

1247 

1258 
1299 
1270 
1252 

1252 

1346 
1300 

1298 
1293 

1278 
1281 
1331 

1338 
1353 

1383 

Approximate elevations of rivers and lakes are as follows: Crow Wing 

rivf'r on the north line of Wadena county, estimated 1,350 feet above sea

level, and at Motley, 1,206, two or three feet lower than at the northeast 

corner of Todd county, and as much higher than at the mouth of Long :rrairie 

river; Leaf river on the west line of Wadena county, about 1,300; Long 

Prairie river on the west line of Todd county, estimated 1,310, at Long Prairie, 

1,274, and at its mouth, 1,203; Osakis lake, about 1,310; Little Sauk lake, 

1,240; Sauk lake, 1,220; and the Birch Bark lakes, 1,175. 

The highest land in Wadena county is about 1,400 feet, and its lowest 

land, where the Crow Wing river crosses the east line of Thomastown, is about 

1,225 feet above the sea. The mean elevation of this county is approximately 

1,350 feet. 

Morainic hills in Gray Eagle, Burnhamville and Stowe Prairie, 1,450 to 

1,500 feet above the sea, are the highest points of land in Todd county; and 

its lowest land, the sltore of the Crow Wing river at the northeast corner of 
., 

Villard, is 1,208 feet above sea-level. Estimates of the average hight of the 

townships are as follows: Villard, 1,260 fe.et; Fawn Lake, 1,280; Ward, 

WADENA AND TODD COUNTIES. 
Elevations.] 

Elevations, Saint Panl, MinneapoUs & Manitob(t milway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Fer,qus Fall.9 !-ine. 

Silver creek, water, 1271; grade -
West Union 

Osakis 

b. Snulc Center & Northern bmnch. 

Sauk Center 

Hobogan creek, water, 1231; grade 

Ashley creek, water, 1240; grade -

Summit, cutting 8 feet; grade 

Creek, water, 1260; gmde -
Little Sauk 

Sauk river, water, 1239; gU1de 

Summit, grade and natural surface 

Creek, water, 129.5; grade -
Long Prairie 

Long Prairie river, water, 1286; grade 

Dick's creek, water, 1268; grade 
Browerville 

Clarissa -

Eagle creek, water, 1328; grade -

Eagle creek, water, 134.5; grade 
Eagle Bend 

Miles from 
Saint Paul. 

122.4 

124 . .5 

130.4 

Miles from 
Saint Paul. 

117.2 

117.7 

120.4 

122.0 

122.8 

126.9 

127.0 

129.6 

134 . .5 

13.5.4 

13.5.7 

142.8 

143.0 

148.5 

150.1 

152.3 

153.6 
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Feet above 
the sea. 
1280 

1336 

1342 

Feet above 
the sea. 

1254 

1247 

1258 

1299 

1270 

12.52 

12.52 

1346 

1300 

1298 

1293 

1278 

1281 

1331 

1338 

1353 

1383 

Approximate elevations of rivers and lakes are as follows: Crow Wing 

rivpr on the north line of Wadena county, estimated 1,350 feet above sea

level, and at Motley, 1,206, two or three feet lower than at the northeast 

corner of Todd county, and as much higher than at the mouth of Long ;prairie 

river; Leaf river on the west line of Wadena county, about 1,300; Long 

Prairie river on the west line of Todd county, estimated 1,310, at Long Prairie, 

1,274, and at its mouth, 1,203; Osakis lake, about 1,310; Little Sauk lake, 

1,240; Sauk lake, 1,220; and the Birch Bark lakes, 1,175. 

The highest land in Wadena county is about 1,400 feet, and its lowest 

land, where the Crow Wing river crosses the east line of Thomastown, is about 

1,225 feet above the sea. The mean elevation of this county is approximately 

1,350 feet. 

Morainic hills in Gray Eagle, Burnhamville and Stowe Prairie, 1,450 to 

1,500 feet above the sea, are the highest points of land in Todd county; and 

its lowest land, the sl10re of the Crow Wing river at the northeast corner of 
.' 

Villard, is 1,208 feet above sea-level. Estimates of the average hight of the 

townships are as follows: Villard, 1,260 fe.et; Fawn Lake, 1,280; Ward, 

WADENA AND TODD COUNTIES. 
Elevations.] 

Elevations, Saint Panl, MinneapoUs & Manitob(t milway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Fer,qus Fall.9 !-ine. 

Silver creek, water, 1271; grade -
West Union 

Osakis 

b. Snulc Center & Northern bmnch. 

Sauk Center 

Hobogan creek, water, 1231; grade 

Ashley creek, water, 1240; grade -

Summit, cutting 8 feet; grade 

Creek, water, 1260; gmde -
Little Sauk 

Sauk river, water, 1239; gU1de 

Summit, grade and natural surface 

Creek, water, 129.5; grade -
Long Prairie 

Long Prairie river, water, 1286; grade 

Dick's creek, water, 1268; grade 
Browerville 

Clarissa -

Eagle creek, water, 1328; grade -

Eagle creek, water, 134.5; grade 
Eagle Bend 

Miles from 
Saint Paul. 

122.4 

124 . .5 

130.4 

Miles from 
Saint Paul. 

117.2 

117.7 

120.4 

122.0 

122.8 

126.9 

127.0 

129.6 

134 . .5 

13.5.4 

13.5.7 

142.8 

143.0 

148.5 

150.1 

152.3 

153.6 

565 

Feet above 
the sea. 
1280 

1336 

1342 

Feet above 
the sea. 

1254 

1247 

1258 

1299 

1270 

12.52 

12.52 

1346 

1300 

1298 

1293 

1278 

1281 

1331 

1338 

1353 

1383 

Approximate elevations of rivers and lakes are as follows: Crow Wing 

rivpr on the north line of Wadena county, estimated 1,350 feet above sea

level, and at Motley, 1,206, two or three feet lower than at the northeast 

corner of Todd county, and as much higher than at the mouth of Long ;prairie 

river; Leaf river on the west line of Wadena county, about 1,300; Long 

Prairie river on the west line of Todd county, estimated 1,310, at Long Prairie, 

1,274, and at its mouth, 1,203; Osakis lake, about 1,310; Little Sauk lake, 

1,240; Sauk lake, 1,220; and the Birch Bark lakes, 1,175. 

The highest land in Wadena county is about 1,400 feet, and its lowest 

land, where the Crow Wing river crosses the east line of Thomastown, is about 

1,225 feet above the sea. The mean elevation of this county is approximately 

1,350 feet. 

Morainic hills in Gray Eagle, Burnhamville and Stowe Prairie, 1,450 to 

1,500 feet above the sea, are the highest points of land in Todd county; and 

its lowest land, the sl10re of the Crow Wing river at the northeast corner of 
.' 

Villard, is 1,208 feet above sea-level. Estimates of the average hight of the 

townships are as follows: Villard, 1,260 fe.et; Fawn Lake, 1,280; Ward, 



566 THE GEOLOGY OF MINNESOTA. 
[Soil and tim her. 

1,320; Hartford, 1,330; Burnhamville, 1,300; Gray Eagle, 1,275; Staples, 

1,320; Moran, 1,280; Long Prairie, 1,325; Round Prairie, 1,300; Birch Dale, 

1,275; Bartlett, 1,380; Germania, 1,400; Eagle Valley, 1,360; Iona, 1,360; 

Reynolds, 1,360; Le Sauk, 1,325; Kandota, 1,280; Stowe Prairie, 1,400; 

Bertha, 1,410; Wykeham, 1,400; Leslie, 1,360; Gordon, 1,330; and West 

Union, 1,310. The mean elevation of Todd county, derived from these figures, 

is approximately 1,330 feet. 

Soil and timber. The soil of Wadena county is sandy and gravelly, but 

under cultivation it shows a good degree of fertility. Pinus Banksiana, Lam

bert, commonly called" jack pine," growing with straight trunks forty to fifty 

feet high, covers most of this county with a rather open and scanty forest, in 

which there is comparatively little underbrush, the ground being carpeted with 

grasses, sedges, low blueberries, bearberries and aromatic wintergreen. In 

exceptional situations, as along streams and about lakes, more dense timber 

occurs, including red and white pines, black spruce, balsam fir, tamarack, bur 

and white and black oaks, sugar and white maples, box-elder, white and red 

elms, black and green ash, wild plum, wild black and red cherries, sheep

berry, ironwood, canoe birch, and poplars. Basswood and cottonwood are 

found infrequently with the foregoing, being most plentiful southward. Moun

tain ash, limited to the north part of the county, attains a diameter of six 

inches. Among the shrubs that grow in these situations are the frost grape, 

Virgini'an creeper, climbing bitter-sweet, smooth sumach, prickly ash, hazel

nuts of two species, choke-cherry, red raspberry, species of thorn, wild roses, 

prickly and smooth gooseberries, black currant, species of cornel, wolfberry, 

high bush cranberry, low birch, hoary alder, and willows. 

Todd county has for the most part a very productive clayey soil, which 

bears a heavy growth of timber, usually with much underbrush, the list of 

the trees and shrubs being nearly the same as that just enumerated. Th~ 

general southwestern limit of the evergreen trees, namely, the pines, spruce 

and fir, and of blueberries and wintergreen, is approximately at a line drawn 

diagonally from the northwest to the southeast corner of this county; but 

minor irregularities in the course of this line cause it to cross the county in a 

nearly east to west course, from the north part of Burnnamville to the north 

part of Leslie. The jack pine reaches a few miles farther southwest than the 

white pine. The former grows preferably on sandy and gravelly land, and the 
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latter on clayey soil. Much white pine of large size occurs in Germania and 

eastward to Moran brook, and in Fawn Lake and the east township of Ward. 

Prairies a few miles in extent occur in the south part of Wadena county, 

reaching southward on the east side of Wing river into Stowe Prairie town

ship in Todd county; and on the north side of the Shell river a prairie extends 

from the edge of Shell River township about eight miles northward into Hub

bard county. 

Long prairie borders the river of this name some twenty miles, with an 

average width of about one mile, from lake Oharlotte and Long Prairie village 

north to the west line of Fawn Lake township. It is in part level alluvium 

and in part sand and gravel of the modified drift, the latter mostly with a some

what undulating surface in long slopes, its higher portions being 10 to 20 feet 

above the depressions. Like most of the tracts called prairie in Wadena 

county, this is mainly covered with scattering hazels, dwarfed oaks and other 

shrubs, having little clear grass land. 

Round prairie, about five miles long from north to south and two miles 

wide, in the western third of Round Prairie township and the east edge of 

Little Sauk, is a grassy prairie, mostly without tree or bush, composed of 

similar modified drift, nearly level, excepting toward its south end where it is 

quite rolling with elevations 10 to 25 feet above the numerous enclosed hollows. 

Pleasant prairie, a mile in diameter, lies a little farther southeast in the south 

edge of Round Prairie township, on the east side of Big Spring or Prairie 

brook. 

The northeast boundary of the great prairie region of southwestern Min

nesota crosses the southwest corner of Todd county, and includes sections 31 

and 32 and parts of adjoining sections in Gordon, nearly all of West Union, 

and the south edge of Kandota. From the higher parts of West Union, an 

extensive view of limitless prairie is seen toward the south and southwest. 

GEOLOGICAL STRUCTURE. 

Archcean rocks. Wadena county has no outcrop of the bed-rocks and 

they are exposed at only two localities in Todd county. These are in the 

townships of Moran and Ward. 

In the channel of the Long Prairie river at the mouth of Fish Trap brook 

and for a third of a mile along this brook next above its mouth, being in the west 

• 
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part of section 34, Moran, five miles southwest from Motley, are extensive out

crops of dark and tough, nearly black dioryte, resembling that found at "the 

point," about a half mile south of Little Falls in Morrison county. It is a 

very compact, coarsely crystalline rock, with no lamination or apparent tend

ency to split more readily in one direction than another. Some of the large 

blocks of this stone, lying in the bed of the Fish Trap brook near E. P. Jones' 

mill, which is an eighth of a mile above its mouth, ring sonorously like an iron 

kettle when struck by a hammer. This rock forms ledges one to four rods 

long, rising one to five feet above the water, in the channel of Long Prairie 

river and in both its banks at the mouth of this tributary, and at a few places 

for six or eight rods distance both above and below. Its outcrops along Fish 

Trap brook are seen at many places to Jones' mill, but above this for about a 

quarter of a mile are mostly covered by the mill-pond. Farther above, it has 

no exposure along this brook, which flows over glacial drift with many boulders 

and frequent rapids. In the vicinity of the mill its ledges occupy a width 

from two to four rods, and rise about twenty feet above the brook. It is 

mostly divided by joints from two to ten feet apart; but when Mr. Jones built 

his dam, he reports that he uncovered an extent of thirty feet of it without a 

seam. This rock is wholly worthless for quarrying because of its toughness 

to drill, and more especially because of the difficulty to bring it into any 

desired dimension. It is very hard to fracture and is evidently very durable. 

Frequent outcrops of this rock, of small extent and hight, are reported 

within the next two miles eastward, in sections 34 and 35 and in the S. W. i 

of section 36, also probably reaching across the township line, into the edge 

of the sections next south. Mr. Jones, who has explored this district, thinks 

that the only exception from the character of the rock as described, is a small 

belt seen at the east side of Fish Trap brook, extending from the lumbermen's 

dam at its mouth a distance of about ten rods along the east shore of the pond. 

Here a nearly black slate is exposed, having its cleavage vertical or differing 

from this within a limit of five degrees upon each side. Its strike is N. 55° 

W., being parallel with the brook. The width of this slate visible is only from 

five to fifteen feet, and its contact with the neighboring dioryte is not seen. 

The second locality of outcropping rock is ten and a half miles farther 

southwest, lying nearly at the centre of the N. E. i of section 15, T. 131, R. 

33, the west township of Ward. It is on land of Joseph W oell, a third of a 
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mile west of Long Prairie river, and an eighth of a mile east of the road from 

Motley to Long Prairie, which here runs on the west edge of the valley-plain 

of modified drift and alluvium. The extent of this ledge is some twenty rods 

from northwest to southeast, with a width of three or four rods, including sev

eral exposures, the longest of which reaches about a hundred feet. Their hight 

is from four to eight feet above the plain, which is about fifteen feet above the 

river. This rock, mostly quite uniforn:, in composition, color, and texture 

throughout this area, is a bright-colored, medium-grained, gray syenite; con

taining about equal amounts of quartz;whitish feldspar, and dark, nearly black 

hornblende; with a somewhat smaller proportion of a light-green mineral 

(probably epidote), in rather smaller grains than the foregoing. This seems 

to be the same mineral with that seen in the rock of Cass county, five miles 

northwest of Motley, and it is present as a principal ingredient of the rock in 

Ashley, Stearns county; but it has not been noted in other outcrops of these 

crystalline rocks. The whole ledge here has this mineral in nearly equal 

amount, the only exceptions being very rare concretions, one to two inches 

long and thin, composed of a dark-greenish micaceous mineral, and very rare 

seams or veins, a sixteenth to an eighth of an inch wide and a few feet long, 

composed of the light-green mineral which is generally disseminated through 

this rock. The only other vein or variety noted was a mass of coarsely crys

talline, flesh-colored feldspar, exposed upon a patch of only about one foot, but 

probably forming part of a long vein, adjoining which the rock was more 

jointed and coarse-grained than ordinary. This ledge is generally intersected 

by nearly vertical joints, from two or three to eight feet apart. It has never 

been quarried, but will probably be found valuable for common masonry; and 

dimension stone, six to eight feet long, could be readily obtained. Though 

nowhere obviously schistose, the grains of this rock are all slightly prolonged 

in parallelism with each other. 

Glacial and modijied drift. The surfaces of the rock-outcrops just described 

are smoothly planed and rounded by glaciation, but their strim have been 

effaced by weathering. 

The average thickness of the drift in these counties is probably from 100 

to 150 feet. Its topographic features and material have been stated in an 

earlier part of the chapter; leaving the conditions of its deposition, and the 

glacial movements indicated by these drift deposits, to be noticed he~e. 
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Excavations in the till of Todd county.generally show that the gravel 

which it contains is in considerable part, sometimes as much as one third, 

limestone· but limestone boulders on the surface are quite infrequent, probably , . 

not one in two hundred, excepting in the southwest part of the county, where 

in West Union and the southwest portions of Leslie, Gordon and Kandota, 

they are plentiful, making a tenth or twentieth part of the superficial boulders. 

The region from which the limestone was brought by the ice-sheet, lies on the 

northwest, the nearest outcrops of this rock being in Manitoba; so that it 

seems to prove the ice-flow to have coDie largely from the northwest when the 

greater part of the till was deposited, followed at the last by an ice-flow that 

came mainly from the north and northeast, bringing scarcely any limestone, its 

boulders more abundant than in the till from the northwest, being only granite, 

syenite, gneiss, crystalline schists, slate and trappean rocks, such as occur in 

place in the region fr~m the lake of the Woods to lake Superior. 

These observations accord with the interpretation, which is given in this 

and other chapters, of the belts of morainic drift as accumulated on the mar

gin of the ice-sheet during pauses in its final retreat. When this ice-sheet of 

the last glacial epoch attained its greatest extent, and while its earlier moraines 

of recession were being accumulated, the ice-current upon this district was 

doubtless from the northwest and north, being confluent a little farther east 

with an ice-current that came from the region of lake Superior on the northeast. 

In seven preceding stages of the glacial recession the gradual diminution in 

area of the Minnesota lobe of the ice-sheet is shown, till this lobe, which at 

first reached from the Red river valley to Des Moines, was contracted to com

paratively a very small area, extending from the Leaf hills northward through 

Becker county and bounded on the west by the eighth or Fergus Falls moraine 

in its course from lake Christina and Fergus Falls northward to Detroit and 

the White Earth agency. The course of the moraines marking the glacial 

boundary at this time shows that the ice-flow from the northwest could no 

longer extend across Becker, Otter Tail, Wadena and Todd counties, but that 

in its place the ice-flow on this district came, during the time of the Fergus' 

Falls and Leaf Hills moraines, from the north and northeast. 

At the time of the seventh or Dovre moraine the southwest border of the 

ice flowing from the north accumulated a distinct belt of morainic drift which 

crosses s~outhwestern Todd county, entering it from Spruce Hill township in 
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Douglas county, passing through the west half of Leslie to Battle point on the 

east side of Osakis lake, and thence southeast through Gordon and the south

west corner of Little Sauk to sections 9 and 15, Kandota, beyond which it 

forms a hilly tract east, of Sauk lake, continuing southeastward into Stearns 

county, but reaching on its north side into Birch Dale and Gray Eagle, where 

it is probably blended with the next. 

At the time of the eighth or Fergus Falls moraine, this portion of the 

glacial margin had retreated only a few miles; but on the east side of Todd 

county a much greater recession had taken place, withdrawing the ice-front. 

from northeastern Stearns county to the vicinity of lake Alexander in northern 

Morrison county. The southern limit of the ice-sheet in Todd county at this 

stage is marked by a morainic belt a few miles northeast from the preceding in 

southwestern Todd county, its course being from Spruce Hill through the 

north and east part of Leslie, southeastward by Henry or Maple lake to Little 

Sauk and Cedar lake, eastward through Birch Dale and Gray Eagle, and north

ward through Burnhamville, the east townships of Hartford and Ward and the 

east part of Fawn Lake. Thence it turns eastward and southeastward to lake 

Alexander, Fort Ripley and Little Falls, beyond which it passes to the north

east, forming in Morrison county a loop convex toward the south, similar to 

its loop in Todd county. 

, By the next recession of the ice to its ninth or Leaf Hills moraine, though 

its margin continued almost without change at the Leaf hills in Otter Tail 

county, most of Todd county was uncovered and the ice-front fell back to its 

northern tier of townships, there accumulating prominent morainic hills in 

Stowe Prairie and on Moran brook. 

This glacial recession was attended by the formation of extensive kame

like deposits along the west side of the eighth' or Fergus Falls moraine in 

Burnhamville, Hartford and Ward. The most southern portion of this tract 

observed is in the east half of sections 24 and 25, Long Prairie, where mod

erately undulating gravel and sand occupies a width of a third of a mile next 

west of the Twin lakes. Northward this tract increases in width to about two 

miles in the northwest corner of Burnhamville and the south edge of Hartford, 

and is called the "pine ridges" or "barrens," being covered by jack pines and 

small black and bur oaks. It consists of short ridges, knolls and hills of gravel 

and sand, sometimes with numerous boulders, rising 25 to 100 feet above the 
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many small marshes and lakelets that are enclosed in the hollows. It contin

ues through sections 20, 17, 8 and 5, in the east township of Hartford, passing 

the east end of Cold lake, and reaches half-way through Ward, where it borders 

the east side of Thunder and Rice lakes. In this extent of seven miles form

ing the north half of this tract, its average width is about one mile, and its 

knolls, hilloGks and short ridges, trending commonly from north to south, are 

25 to 50 feet high, consisting of sand and coarse gravel, with water-worn cob

bles up to a foot in diameter, occasionally also enclosing larger boulders. 

About four miles farther north a distinct osar, or steep-sided and narrow

topped ridge of gravel and sand, about 50 feet high and a mile long, is reported 

by Mr. R. O. Sirrine, extending from the west side of Pine Island lake in 

section 31, Fawn Lake township, west to the highway. 

The modified drift of Round and Long prairies, described on a preceding 

page, and another area of flat or moderately undulating gravel and sand that 

reaches from southeastern Otter Tail county into the west edge of Bertha and 

Wykeham and to the head of Eagle creek in the north part of Leslie, were also 

deposited during this glacial recession from the Fergus Falls to the Leaf Hills 

morame. 

A very great retreat of the ice-sheet ensued when it was withdrawn from 

the Leaf hills and northern Todd county to its tenth or Itasca moraine, which 

is conspicuously exhibited in a broad belt of drift hills that extends from north 

to south by the east side of lake Itasca and thence bends to the east, passing 

north of Fish Hook lake and south of Leech lake. Most of the area in Becker, 

Otter Tail, Hubbard and Wadena counties lying between the Leaf Hills mo

raine and the Itasca moraine is overspread by modified drift, consisting of flat 

or moderately undulating gravel and sand, deposited by the floods discharged 

from the surface of the melting and retreating ice, in the lower part of which 

this material, besides much clay and many boulders, had been held. These 

beds of modified drift were carried by the glacial streams to the border of the 

receding ice-sheet and deposited upon the till or boulder-clay, the upper part of 

which had been contained in the ice like the gravel and sand, being the part of 

the ice-held drift that was not removed by these streams. The thickness of the 

stratified gravel and sand thus spread over the till in Wadena county usually 

varies from a few feet to 25 or 50 feet, or perhaps more in some localities; but 

occasionall,Y the till rises quite to the surface, and it is often reached by wells 
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beds of modified drift were carried by the glacial streams to the border of the 

receding ice-sheet and deposited upon the till or boulder-clay, the upper part of 

which had been contained in the ice like the gravel and sand, being the part of 

the ice-held drift that was not removed by these streams. The thickness of the 

stratified gravel and sand thus spread over the till in Wadena county usually 

varies from a few feet to 25 or 50 feet, or perhaps more in some localities; but 
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and exposed in the banks and beds of streams, which are then strewn with 

frequent boulders. 

Silicified wood. Several fine specimens of silicified wood, from a few 

inches to two feet long, were found near together in the till by Mr. E. F. 

Chase about a quarter of a mile west of W est Union depot. These are the 

largest pieces of sil!cified wood that have come to my knowledge as occurring 

in the drift in Minnesota, though small fragments have been found in many 

places through the west half of the state. Their source was doubtless more 

than a hundred miles distant northwestward, probably in Dakota, where such 

petrified wood abounds. Their occurrence agrees with that of the drift lime

stone, and with strim noted in western Stearns county, along the Minnesota 

river and farther south to Cottonwood county, proving that the west part of 

Minnesota was covered by ice flowing southeastward from the region of the 

Red river and lake Winnipeg. 

Alluvium. The flat tract of gravel, sand and fine silt or clay, bordering 

the Long Prairie river most of the way from the village of Long Prairie to its 

mouth, with a width varying from a half mile to one mile, having a hight only 

5 to 15 or 20 feet above the river, is alluvium deposited by the stream in its 

stages of flood since the ice age. Outside this alluvial tract, a considerable 

part of the belt called the Long prairie is modified drift, usually undulating 10 

to 20 feet in long and smooth slopes and elevated 20 to 40 feet above the river. 

Icejormed ridges of gravel and sand, a few feet high and three to six rods 

wide, were observed on the west side of lake Charlotte in Long Prairie, extend

ing a half mile between the lake and a marsh; and on the northwest side of 

Osakis lake, extending some three miles from Curtis point in the east part of 

section 7, Gordon, westward to Worden's point in Douglas county. These 

were noticed because in each case roads lie on them. Such ridges are doubt

less frequent on the shores of nearly all the lakes in this region, where they 

are bordered by marsh or low land. In part they are due to ordinary wave 

action, but in larger degree to ice, pushing these materials from the shallow 

lake-bed to the shore, as is often shown by the presence of large boulders In 

these ridges evidently so transported from the basin of the lake. 
Wells in Wadena county. 

Thomastown. F. L. Handerson; N. E. t of sec. 8: well, 22 feet; soil, 11'; sand and gravel, holding 
pebbles up to two or three inches in diameter, all the way below; water in large supply, about two feet 
deep; a boulder fully four feet in diameter, found in the bottom of this well, was doubtless lying on till. 
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Ald,ricl!. Wells in Verndale are 10 to 25 feet deep, all gravel and sand below the dark soil, which 
has a thickness of two feet; digging can go only about 15 feet, because of inflowing water, but driven or 
bored wells often go deeper, all obtaining water in abundance. 

Wadena. Wells in this village and township are 15 to 20 feet deep, all the way in modified drift; 
water abundant and excellent. In the village the section is commonly soil, 2 feet; fine yellow sand, 1 
foot; soft, laminated yellow clay, 2 to 5 feet, sometimes wanting; and sand and gravel below, usually 
growing coarser downward to water. On undulating tracts, where the gravel is coarser than:on the flat 
land, its largest pebbles are three to four inches in diameter. 

Wing River. William Robinson; sec. 10, at Cook's steam saw-mill: w~ll, 14 feet; black soil, 1 
foot; sand and gravel all the way below, to water. 

Leaf River. A. Amidon; S. E. 1- of sec. 25 in the south township: well, 42 feet, probably the 
deepest in this county; soil 2; sand and gravel, 20; dark bluish till or boulder-clay, very hard, picked, 
10 feet; and yellowish gray sand below, with layers of gravel and of quicksand, 10 feet and continuing 
deeper; water two or three feet deep. 

Shell Rivel". Driven wells in Shell City go 25 to 35 feet, all in sand and gravel. 

Wells in Todd C01mty. 

Staplc«. At the depot wells go 12 to 15 feet in sand and gravel, finding plenty of wateJ::. This 
modified drift is coarsest below, where it contains cobbles up to six or sometimes ten inches in diameter. 

1. N, Clemans; N. E. t of sec. 10: well, 10 feet; soil, 1 foot; hard clay, perhaps till, 9 feet and 
reaching deeper, enclosing layers of sand and gravel one to three inches thick; water comes from one of 
these seams at the bottom, filling the well half full. 

Ward. R. O. Sirrine; S. E. 1- of sec. 10 in the west township: well, 19 feet; black soil, 1 foot; 
all caving sand and gravel below. This is on the plain of valley drift bordering the Long Prairie river. 
In other parts of this township wells are 15 to 30 feet deep in till, which is yellowish in its upper portion 
and dark bluish below. 

Hartford. The wells are nearly as in Ward, being till except a belt of sand and gravel on the Long 
Prairie river. 

Burnhamville. Wells in Pillsbury village are 10 to 20 feet deep, all stratified gravel and sand. 
Excepting narrow tracts of modified drift or alluvium along streams, the wells of this township are till, 
like the following. 

Virgil Barnes; S, E. J of sec. 30, T, 129, R. 32: well,55 feet; soil, 1; yellow till, spaded, 7; dark 
bluish till, much harder, but yet spaded, 43 feet, containing a layer of quicksand about a foot thick nine
teen feet helow the surface, with water seeping from it but failing in a dry season; beneath the till this 
well went 4 feet into sand and fine gravel, which continued lower; water in three or four hours rose five 
feet above the top of this bed. 

Long Prairie. Chandler, Fisher & Waits' store; on the top of a hill in the east part of the village: 
well, 50 feet; soil, 2; yellow till, 12; and blue till, easier to dig than the yellow till, 36; water rose 
twenty-five feet from quicksand at the bottom. Other wells in the southeast half of the village are 10 to 
35 feet deep in till; but on its north and west borders they are 15 to 20 feet deep in stratified sand and 
gravel. 

Floyd Lawson; sec, 32: well, 20 feet; soil, 1; yellowish gravelly clay, 3; interbedded sand and 
coars(l gravel, with cobbles up to one foot in diameter, 16 feet, to water. 

Round Prairie. A. T. Tracy; N. W. J, of sec. 17: well, 25 feet; soil, 1~; a layer of very hard clay 
with intermixed gravel, 6 inches; and sand and fine gravel, 23 feet. 

C. S. Hamlin; S. E, { of the S. W. 4' of this sec. 17: well, 30 feet; soil, 2; yellow till, picked, 28; 
water seeps. 

Bartlett. .T. B. Kelly; N. W.\ of sec. 6: three wells each 16 feet deep, on a level plain of modified 
drift which stretches northward into Wadena county; bl~ck soil, 2; an iron-rusted layer, about 1 foot; 
and yellowish gravel and sand, 13, becoming finer downward; water abundant, of excellent quality, as it 
is through all this district. 

Germania. August Luebke; S. E. !, of sec. 4: well, 36 feet, in yellow till succeeded below by dark 
bluish till; water seeps, an ample supply. 

School-house at the middle of the south side of sec. 5: well, 20 feet; soil, 2; yellow till, picked,17; 
sand, 6 inches; and yellow till again beneath; in a few hours water rose five feet from the sand. 

. John J. Egly; north part of sec. 6: well, 29 feet; soil, 2; yellow till, mostly picked, 22; and dark 
till, about the same as the preceding in hardness, picked, 5 feet and continuing deeper; the only sand and 
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gravel found were in cylindrical, nearly level veins, described in size as "like a man's arm;" no water 

was found, and this well was given up. Only about two rods from this, a well 12 feet deep is soil, 2; 
yellow till, 8; and sand, 2 feet, yielding an ample supply of water, underlain by yellow till. 

Eagle Valley. Wells in Clarissa village, on a plain of modified drift bordering Eagle creek, are 15 
to 20 feet deep in stratified gravel and sand. Other portions of this township are till. 

Reynolds. William Freeman; N. E. } of sec. 5, T. 129, R. 34: well, :30 feet; soil, 2; sand and 
gravel, 8; and till, yellow above and blue below, picked, 20; water rose from the bottom, filling the well 

. half full. This is on the north edge of the alluvial belt of Long Prairie river, at the foot of a bluff about 

40 feet high, which is composed of till, as is also t,he whole township, excepting narrow bottomlands along 
the streams. 

Little Sauk. Julins Goodwater; sec. 27: well, 22; soil, 1; yellow till, 10; blue till, 11; water seeps. 

Kandota. Olavus Hendrickson; sec. 21: well, 22; soil, 1, yellow till, picked, 7; gravel, 3; and again 
again yellow till, 11 feet; water rose slowly five feet from sand at the bottom. 

Stowe Rivl!!r and Bertha. Most of the wells in these townships are 15 to :30 feet deep, in till. 
Leslie. The following wells are in the south half of Leslie. William Beach; in Clotho, N. W. ~. of 

sec. 1, on the alluvium of Long Prairie river: well, 16 feet deep, all gravel and sand to water. 

John W. Brown; N. E. } of sec. 15: well, 26 feet; soil, 2; yellow till, spaded, 3; gravel and sand, 

1 foot; yellow till, very hard, picked, 8; fine, white sand, 6 inches; coarse gravel, n feet, containing 
pebbles up to three or four inches in diameter; and blue till, very hard, picked, 10 feet and continuing 

deeper; water came from sandy streaks in the blue till, rising about ten feet. Owing to the decay of 
wooden curbing, the water in this well, though at first good, became too offensive in smell and taste to 

be used. 
Allen W. Curtis; N. W. {- of sec. 28: well, 15 feet; soil, 2; yellow till, partly very hard, requiring 

to be picked, 12; and gravel, 1 foot, from which water rose four feet. 
Gordon. A. D. Cram; on the southeast shore of Osakis lake, two miles east of Osakis: well, 28 

feet; soil, 2; yellow till, spaded, 8; much harder blue till, picked, 4 feet, and bored below to the 
amount in both of 18 feet; from sand at the bottom water rose in two hours to a permanent level two feet 

below the surface, which is about ten feet above the level of Osakis lake only a few rods distant. This 
well and numerous others in this township, though having good water atfirst, are disused because of the 

contamination of the water by decaying wood curbing: 
Ole Johnson; sec. 28: well, 20; soil, 2; yellow till, 17; water rose two or three feet from gravel 

which was dug into one foot and extended deeper. 
West Union. S. M. Herbert; N. W. 1 of sec. 23: well, 43 feet; soil, 1; yellow till, picked, 10; 

blue till, less gravelly and softer, readily spaded, 19; sand, 2; and again similar blue till, 11; water rose 

several feet from quicksand at the bottom. 
H. M. Judd; S. W. t of this section 23: well, 25 feet; soil, 1; yellow till, picked, 10; softer blue till, 

as in the foregoing well, dug 12 feet and bored 2 feet lower, when the auger fell and water rose about 

five feet. 

MATERIAL RESOURCES. 

Agriculture is the leading industry and resource of this district; and its 

good supply of timber places the production of lumber and wooden manu

factures next. 

Water-powers in use at the time of this survey in 1881 were as follows: 
Verndale ftouring mills, E. M. Britts & Co., on the Wing river near the centre of section 18, Ald

rich, one and a half miles north of Verndale; three run of stone; head, about twelve feet. This dam is 

founded on the till, which is covered here by ten feet of sandy and gravelly modified drift. 
Gdod water-power is also available on the Shell river at Shell City, and at numerous points on the 

Crow Wing river and its other tributaries in Wadena county. 
Fisher Brothers' saw-mill on the Wing river in the north part of section 5, Bertha; head, six feet; 

sawing basswood, oak, poplar and white pine, the last being mostly hauled from Germania township. 
John D.Nickey's saw-mill on Eagle creek in the N. E. } of section 36, Eagle Valley; head, ten feet, 

flowing back three-fourths of a mile; sawing oak, basswood, poplar and birch, but scarcely any white 
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gravel, 8; and till, yellow above and blue below, picked, 20; water rose from the bottom, filling the well 

. half full. This is on the north edge of the alluvial belt of Long Pmirie river, at the foot of a, bluff about 

40 feet high, which is composed of till, as is also t,he whole township, excepting narrow bottomlunds along 
the streams. 

Little Sauk. Julius Goodwater; sec. 27: well, 22; soil, 1; yellow till, 10; blue till, 11; water seeps. 

Kandota. Olavus Hendrickson; sec. 21: well, 22; soil, 1, yellow till, picked, 7; gmvel, 3; and again 
again yellow till, 11 feet; water rose slowly five feet from sand at the bottom. 

Stowe Rive:r and Bertha. Most of the wells in these townships are 15 to :30 feet deep, in till. 
Leslie. The following wells are in the south half of Leslie. William Beach; in Clotho, N. W. } of 

sec. 1, on the alluvium of Long Prairie river: well, 16 feet deep, all gravel and sand to water. 

John W. Brown; N. E. t of sec. 15: well, 26 feet; soil, 2; yellow till, spaded, 3; gravel and sand, 

1 foot; yellow till, very hard, picked, 8; fine, white sand, 6 inches; CO'1rse gravel, n feet, containing 
pebbles up to three or four inches in diameter; and blue till, very hard, picked, 10 feet and continuing 

deeper; water came from sandy streaks in the blue till, rising about ten feet. Owing to the decay of 
wooden curbing, the water in this well, though at first good, became too offensive in smell and taste to 

be used. 
Allen W. Curtis; N. W. t- of sec. 28: well, 15 feet; soil, 2; yellow till, partly very hard, requiring 

to be picked, 12; and gravel, 1 foot, from which water rose four feet. 
Gordon. A. D. Cram; on the southeast shore of Osakis lake, two miles east of Osakis: well, 28 

feet; soil, 2; yellow till, spaded, 8; much harder blue till, picked, 4 feet, and bored below to the 
amount in both of 18 feet; from sand at the bottom water rose in two hours to a permanent level two feet 

below the surface, which is about ten feet above the level of Osakis lake only a few rods distant. This 
well and numerous others in this township, though having good water at first, are disused because of the 

contamination of the water by decaying wood curbing: 
Ole Johnson; sec. 2R: well, 20; soil, 2; yellow till, 17; water rose two or three feet from gravel 

which was dug into one foot and extended deeper. 
West Union. S. M. Herbert; N. W. } of sec. 23: well, 43 feet; soil, 1; yellow till, picked, 10; 

blue till, less gravelly and softer, readily spaded, 19; sand, 2; a,nd again similar blue till, 11; water rose 

several feet from quicksand at the bottom. 
H. M. Judd; S. W. t of this section 23: well, 25 feet; soil, 1; yellow till, picked, 10; softer blue till, 

as in the foregoing well, dug 12 feet and bored 2 feet lower, when the auger fell and water rose about 

five feet. 

MATERIAL RESOURCES. 

Agriculture is the leading industry and resource of this district; and its 

good supply of timber places the production of lumber and wooden manu

factures next. 

Water-powers III use at the time of this survey in 1881 were as follows: 
Verndale :flouring mills, E. M. Britts & Co., on the Wing river near the centre of section 18, Ald

rich, one and a half miles north of Verndale; three run of stone; head, about twelve feet. This dam is 

founded on the till, which is covered here by ten feet of sandy and gravelly modified drift. 
G60d water-power is also available on the Shell river at Shell City, and at numerous points on the 

Crow Wing river and its other tributaries in Wadena county. 
Fisher Brothers' saw-mill on the Wing river in the north part of section 5, Bertha; head, six feet; 

sawing basswood, oak, poplar and white p'ine, the last being mostly hauled from Germania township. 

John D. Nickey's saw-mill on Eagle creek in the N. E. t of section 36, Eagle Valley; head, ten feet, 

flowing back three-fourths of a mile; sawing oak, basswood, poplar and birch, but scarcely any white 

WADENA AND TODD COUNTIES. 575 
w "ter-powers. J 

gravel found were in cylindrical, nearly level veins, described in size as "like a man's arm;" no water 
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pine. The lllllt occurs scatteringly here and for two miles southeastward to Dick's creek; but it is not 
found farther west along Eagle creek. 

Mathillll Brown's saw-mill on Dick's creek in the southwest edge of section 8 of the west township 
of Hartford; head, about ten feet; sawing basswood, oak, poplar, llllh and white pine, the last being mostly 
hauled from the east part of Hartford. 

E. P. Jones' saw-mill on Fish Trap brook near its mouth, in section 34, Moran; manufacturing 
pine lumber and shingles; head, nine feet. 

Besides this mill-dam, three dams are built on Fish Trap brook to supply water for floating or 
"driving" logs from where they are cut on its upper waters into the Crow Wing river, by which and the 
Mississippi they are brought to the saw-mills in Minneapolis. These dams are at the mouth of the brook, 
with head of six feet; in the west part of section 24, Fawn Lake, with head of five or six feet; and some 
three-fourths of a mile above the Illllt, in the north part of section 25, also about six feet. 

Several dams of similar hight are also built for lumbering purposes on Moran brook. 
James Hart's saw-mill on Turtle creek in the S. W. t of section 6 of the east township of Ward; 

sawing mostly white pine, which is cut in this township and Fawn Lake; head, nine feet. 
Long Prairie flouring mill, Chandler, Fisher & Wait; on the northellllt or left side of Long Prairie 

river, in the west edge of section 18, Long Prairie, nearly two miles west from the village; three run of 
stone; head, seven feet, flowing back one and a half miles. 

At this place also, on the southwest bank of the river, is a saw-mill, of the same ownership, manu
facturing lumber of basswood, oak, ash, maple, elm, tamarack and white pine, the lllllt being hauled to 
the mill from the east part of Hartford. 

Little Sauk flouring mills, McNiece Brothers & Carpenter; three run of stone; head, twelve feet, 
flowing the Sauk river back eight miles, through three lakes, the two western of which were Roberts lake, 
in the southwest part of Little Sauk, and Gurney lake, in sections 1 and 12, West Union, originally sepa
rated by arellll of marsh, now as united called Little Sauk lake. 

West Union flouring mill, A. J. Haney; on the Sauk river in the Routheastcorner of section 3, West 
Union, a mile west of Gurney lake; three run of stone; head, eighteen feet, flowing back only about sixty 
rods, making a pond of five acres. 

Daniel Burnham's saw-mills, sawing and planing lumber and making sash and doors, besides a 
grist-mill; on the Swan river in Pillsbury, Burnhainville; head, eight feet, flowing Little Swan lake, one 
mile long. 

Bear Head saw-mill, Batchelor Brothers; manufacturing lumber and shingles; on the Swan river 
in the south part of section 33 of the north township of Burnhamville; head, eight feet, flowing the stream 
back two and a half miles to Swan lake, which is raised one and a half feet by this dam. 

Building stone. No quarrying has been done in the rock-outcrops of this 

district, but the syenite in Ward seems worthy of it. Boulders are much 

used for ordinary rough masonry. 

Lime. Magnesian limestone boulders are burned for lime by John Bail 

in section 18 of the south township of Leslie; by J. C. Stone and David Lane 

and his sons, in the southwest part of Gordon, Mr. Stone's supply of boulders 

being gathered mostly from the shores of Osakis lake; and by Joseph Jordan, 

Byron King, D. W. Phelps and George R. Virgin, in West Union. Most of 

these average only 50 to 100 barrels each, or one kilnful, yearly; supplying 

the needs of themselves and neighbors. The usual price is $1.25 per barrel. 

The largest blocks found weigh two or three tons. About a fourth part of 

the lime is brown, like that of the Shakopee limestone, while the remaining 
three-fourths are white lime. 

576 THE GEOLOGY'OF MINNESOTA. 
[Lime. 

pine. The last occurs scatteringly here and for two miles southeastward to Dick's creek; but it is not 

found farther west along Eagle creek. 
Mathias Brown's saw-mill on Dick's creek in the southwest edge of section 8 of the west townshlp 

of Hartford; head, about ten feet; sawing basswood, oak, poplar, ash and white pine, the last being mostly 

hauled from the east part of Hartford. 

E. P. Jones' saw-mill on Fish Trap brook near its mouth, in section 34, Moran; manufacturing 

pine lumber and shingles; head, nine feet. 

Besides this mill-dam, three dams are built on Fish Trap brook to supply water for floating or 

"driving" logs from where they are cut on its upper waters into the Crow Wing river, by which and the 

Mississippi they are brought to the saw-mills in Mi=eapolis. These dams are at the mouth of the brook, 

with head of six feet; in the west part of section 24, Fawn Lake, with head of five or six feet; and some 
three-fourths of a mile above the last, in the north part of section 25, also about six feet. 

Several dams of similar hight are also built for lumbering purposes on Moran brook. 

James Hart's saw-mill on Turtle creek in the S. W. t of section 6 of the east township of Ward; 
sawing mostly white pine, which is cut in this township and Fawn Lake; head, nine feet. 

Long Prairie flouring mill, Chandler, Fisher & Wait; on the northeast or left side of Long Prairie 
river, in the west edge of section 18, Long Prairie, nearly two miles west from the village; three run of 
stone; head, seven feet, flowing back one and a half miles. 

At this place also, on the southwest bank of the river, is a saw-mill, of the same ownership, manu
facturing lumber of basswood, oak, ash, maple, elm, tamarack and white pine, the last being hauled to 
the mill from the east part of Hartford. 

Little Sauk flouring mills, McNiece Brothers & Carpenter; three run of stone; head, twelve feet, 
flowing the Sauk river back eight miles, through three lakes, the two western of which were Roberts lake, 
in the southwest part of Little Sauk, and Gurney lake, in sections 1 and 12, West Union, originally sepa
rated by areas of marsh, now as united called Little Sauk lake. 

West Union flouring mill, A. J. Haney; on the Sauk river in the Houtheastcorner of section 3, West 
Union, a mile west of Gurney lake; three run of stone; head, eighteen feet, flowing back only about sixty 
rods, making a pond of five acres. 

Daniel Burnham's saw-mills, sawing and planing lumber and making sash and doors, besides a 
grist-mill; on the Swan river in Pillsbury, Burnhainville; head, eight feet, flowing Little Swan lake, one 
mile long. 

Bear Head saw-mill, Batchelor Brothers; manufacturing lumber and shingles; on the Swan river 
in the south part of section 33 of the north township of Burnhamville; head, eight feet, flowing the stream 
back two and a half miles to Swan lake, which is raised one and a half feet by this dam. 

Building stone. No quarrying has been done in the rock-outcrops of this 

district, but the syenite in Ward seems worthy of it. Boulders are much 

used for ordinary rough masonry. 

Lime. Magnesian limestone boulders are burned for lime by John Bail 

in section 18 of the south township of Leslie; by J. C. Stone and David Lane 

and his sons, in the southwest part of Gordon, Mr. Stone's supply of boulders 

being gathereJ mostly from the shores of Osa,kis lake; and by Joseph Jordan, 

Byron King, D. W. Phelps and George R. Virgin, in West Union. Most of 

these average only 50 to 100 barrels each, or one kilnful, yearly; supplying 

the needs of themselves and neighbors. The usual price is $1.25 per barrel. 

The largest blocks found weigh two or three tons. About a fourth part of 

the lime is brown, like that of the Shakopee limestone, while the remaining 
three-fourths are white lime. 

576 THE GEOLOGY'OF MINNESOTA. 
[Lime. 

pine. The last occurs scatteringly here and for two miles southeastward to Dick's creek; but it is not 

found farther west along Eagle creek. 
Mathias Brown's saw-mill on Dick's creek in the southwest edge of section 8 of the west townshlp 

of Hartford; head, about ten feet; sawing basswood, oak, poplar, ash and white pine, the last being mostly 

hauled from the east part of Hartford. 

E. P. Jones' saw-mill on Fish Trap brook near its mouth, in section 34, Moran; manufacturing 

pine lumber and shingles; head, nine feet. 

Besides this mill-dam, three dams are built on Fish Trap brook to supply water for floating or 

"driving" logs from where they are cut on its upper waters into the Crow Wing river, by which and the 

Mississippi they are brought to the saw-mills in Mi=eapolis. These dams are at the mouth of the brook, 

with head of six feet; in the west part of section 24, Fawn Lake, with head of five or six feet; and some 
three-fourths of a mile above the last, in the north part of section 25, also about six feet. 

Several dams of similar hight are also built for lumbering purposes on Moran brook. 

James Hart's saw-mill on Turtle creek in the S. W. t of section 6 of the east township of Ward; 
sawing mostly white pine, which is cut in this township and Fawn Lake; head, nine feet. 

Long Prairie flouring mill, Chandler, Fisher & Wait; on the northeast or left side of Long Prairie 
river, in the west edge of section 18, Long Prairie, nearly two miles west from the village; three run of 
stone; head, seven feet, flowing back one and a half miles. 

At this place also, on the southwest bank of the river, is a saw-mill, of the same ownership, manu
facturing lumber of basswood, oak, ash, maple, elm, tamarack and white pine, the last being hauled to 
the mill from the east part of Hartford. 

Little Sauk flouring mills, McNiece Brothers & Carpenter; three run of stone; head, twelve feet, 
flowing the Sauk river back eight miles, through three lakes, the two western of which were Roberts lake, 
in the southwest part of Little Sauk, and Gurney lake, in sections 1 and 12, West Union, originally sepa
rated by areas of marsh, now as united called Little Sauk lake. 

West Union flouring mill, A. J. Haney; on the Sauk river in the Houtheastcorner of section 3, West 
Union, a mile west of Gurney lake; three run of stone; head, eighteen feet, flowing back only about sixty 
rods, making a pond of five acres. 

Daniel Burnham's saw-mills, sawing and planing lumber and making sash and doors, besides a 
grist-mill; on the Swan river in Pillsbury, Burnhainville; head, eight feet, flowing Little Swan lake, one 
mile long. 

Bear Head saw-mill, Batchelor Brothers; manufacturing lumber and shingles; on the Swan river 
in the south part of section 33 of the north township of Burnhamville; head, eight feet, flowing the stream 
back two and a half miles to Swan lake, which is raised one and a half feet by this dam. 

Building stone. No quarrying has been done in the rock-outcrops of this 

district, but the syenite in Ward seems worthy of it. Boulders are much 

used for ordinary rough masonry. 

Lime. Magnesian limestone boulders are burned for lime by John Bail 

in section 18 of the south township of Leslie; by J. C. Stone and David Lane 

and his sons, in the southwest part of Gordon, Mr. Stone's supply of boulders 

being gathereJ mostly from the shores of Osa,kis lake; and by Joseph Jordan, 

Byron King, D. W. Phelps and George R. Virgin, in West Union. Most of 

these average only 50 to 100 barrels each, or one kilnful, yearly; supplying 

the needs of themselves and neighbors. The usual price is $1.25 per barrel. 

The largest blocks found weigh two or three tons. About a fourth part of 

the lime is brown, like that of the Shakopee limestone, while the remaining 
three-fourths are white lime. 



.. 

WADENA AND 'l'ODD COUNTIES. 577 
Brick-making.] 

Bricks. In the S. W. t of section 8, Stowe Prairie, seven miles south of 

Wadena, brick-making was begun in 1881 by Murray & Allen, their product 

that year being 80,000, sold in Wadena for $11 per thousand. These are red 

bricks of fair quality, made from stratified clay, to which an eighth part as 

much sand is added for tempering. 

Attempts to make bricks by Frank and ,Joseph Ward in the S. W. ~ .. of 

section 10, Stowe Prairie, in 1879 and 1880, failed on aceount of the limestone 

particles in the clay (till), by which the bricks were cracked after burning. 

In the north part of Moran brieks were first made in 1880 by Mealey & 

Staples on the south side of the railroad about a half mile east of Hayden 

brook and lake, or nearly two miles east of Staples depot. About 75,000 red 

bricks of fair quality were made there. 

In 1881 H. B. Morrison of Motley opened a brick-yard three-fourths of a 

mile farther east, on the north side of the railroad near the middle of section 

18, Moran, five miles west of Motley, produeing red bricks of bright eolor and 

of excellent quality as to strength and durability. His produet in 1881 was 

about 450,000, selling at $8 to $10 per thousand, loaded on the cars. Wood 

for fuel eosts $2 per cord. Sand, obtained within a short distance, is mixed 

with the clay for tempering, in the proportion of one to five. N ext below the 

soil is yellowish gray, laminated clay four feet thick, used for the brick-making, 

found to extend over a large area, probably a mile square; and this is under-
• lain by sand and gravel, in which a well here gets water abundantly at the 

depth of fifteen feet. 

Near the centre of section 35, Eagle Valley, two miles southeast from 

Clarissa, brick-making was begun in 1880 by George G. Howe. His product 

in 1880 was 80,000, and in 1881 about 125,000, selling at $8 per thousand. 

They are of good, durable quality, and are cream-colored, excepting near the 

outside of the kiln where their color is reddish. Mr. Howe also makes curved 

bricks for wells, at $10 per thousand. The clay used is gray, levelly stratified, 

exposed by the excavation to a depth of five or six feet. It contains limy 

concretions in some parts, .which are therefore rejected. No sand is added. 

This locality is in the valley of a little brook, the slopes which rise near on 

each side being ordinary till. 

Red bricks were made by John Zennder some ten years ago about a mile 

west of Long Prairie village, in the S. W. t Qf t~le N. E, ~ of section 19, and. 

7~ 

WADENA AND 'l'ODD COUNTIES. 577 
Brick-making.] 

Brick8. In the S. W. i of section 8, Stowe Prairie, seven miles south of 

Wadena, brick-making was begun in 1881 by Murray & Allen, their product 

that year being 80,000, sold in Wadena for $11 per thousand. These are reu 

bricks of fair quality, made from stratified clay, to which an eighth part as 

much sand is added for tempering. 

Attempts to make bricks by Frank and .J oseph Ward in the S. W. ~ .. of 

section 10, Stowe Prairie, in 1879 and 1880, failed on account of the limestone 

particles in the clay (till), by which the bricks were cracked after burning. 

In the north part of Moran bricks were first made in 1880 by Mealey & 

Staples on the south side of the railroad about a half mile east of Hayden 

brook and lake, or nearly two miles east of Staples depot. About 75,000 red 

bricks of fair quality were made there. 

In 1881 H. B. Morrison of Motley opened a brick-yard three-fourths of a 

mile farther east, on the north side of the railroad near the midllle of section 

18, Moran, five miles west of Motley, producing red bricks of bright color /:tnd 

of excellent quality as to strength and durability. His product in 1881 was 

about 450,000, selling at $8 to $10 per thousand, loaded on the cars. Wood 

for fuel costs $2 per corel. Sand, obtained within a short distance, is mixed 

with the clay for tempering, in the proportion of one to five. N ext below the 

soil is yellowish gray, laminated clay four feet thick, used for the briek-making, 

found to extend over a large area, probably a mile square; and this is under-
• lain by sand and gravel, in which a well here gets water abundantly at the 

depth of fifteen feet. 

Near the centre of seetion 35, Eagle Valley, two miles southeast from 

Clarissa, brick-making was begun in 1880 by George G. Howe. His product 

in 1880 was 80,000, and in 1881 about 125,000, selling at $8 per thousand. 

They are of good, durable quality, and are cream-colored, excepting near the 

outside of the kiln where their color is reddish. Mr. Howe also makes curved 

bricks for wells, at $10 per thousand. The clay used is gray, levelly stratified, 

exposed by the excavation to a depth of five or six feet. It contains limy 

concretions in some parts, .which are therefore rejected. No sand is added. 

This locality is in the valley of a little brook, the slopes which rise near on 

each side being ordinary till. 

Red bricks were made by John Zennder some ten years ago about a mile 

west of Long Prairi\:l village, in the S. W. t Qf t~le N. E. ~ of section 19, and 
7~ 

WADENA AND 'l'ODD COUNTIES. 577 
Brick-making.] 

Brick8. In the S. W. i of section 8, Stowe Prairie, seven miles south of 

Wadena, brick-making was begun in 1881 by Murray & Allen, their product 

that year being 80,000, sold in Wadena for $11 per thousand. These are reu 

bricks of fair quality, made from stratified clay, to which an eighth part as 

much sand is added for tempering. 

Attempts to make bricks by Frank and .J oseph Ward in the S. W. ~ .. of 

section 10, Stowe Prairie, in 1879 and 1880, failed on account of the limestone 

particles in the clay (till), by which the bricks were cracked after burning. 

In the north part of Moran bricks were first made in 1880 by Mealey & 

Staples on the south side of the railroad about a half mile east of Hayden 

brook and lake, or nearly two miles east of Staples depot. About 75,000 red 

bricks of fair quality were made there. 

In 1881 H. B. Morrison of Motley opened a brick-yard three-fourths of a 

mile farther east, on the north side of the railroad near the midllle of section 

18, Moran, five miles west of Motley, producing red bricks of bright color /:tnd 

of excellent quality as to strength and durability. His product in 1881 was 

about 450,000, selling at $8 to $10 per thousand, loaded on the cars. Wood 

for fuel costs $2 per corel. Sand, obtained within a short distance, is mixed 

with the clay for tempering, in the proportion of one to five. N ext below the 

soil is yellowish gray, laminated clay four feet thick, used for the briek-making, 

found to extend over a large area, probably a mile square; and this is under-
• lain by sand and gravel, in which a well here gets water abundantly at the 

depth of fifteen feet. 

Near the centre of seetion 35, Eagle Valley, two miles southeast from 

Clarissa, brick-making was begun in 1880 by George G. Howe. His product 

in 1880 was 80,000, and in 1881 about 125,000, selling at $8 per thousand. 

They are of good, durable quality, and are cream-colored, excepting near the 

outside of the kiln where their color is reddish. Mr. Howe also makes curved 

bricks for wells, at $10 per thousand. The clay used is gray, levelly stratified, 

exposed by the excavation to a depth of five or six feet. It contains limy 

concretions in some parts, .which are therefore rejected. No sand is added. 

This locality is in the valley of a little brook, the slopes which rise near on 

each side being ordinary till. 

Red bricks were made by John Zennder some ten years ago about a mile 

west of Long Prairi\:l village, in the S. W. t Qf t~le N. E. ~ of section 19, and 
7~ 



578 THE GEOLOGY OF MINNESOTA. 
(Brick-making. 

also on his farm two miles southeast from this village. They were made from 

the till or boulder-clay, and were of poor quality, being cracked by particles 

of lime due to the limestone gravel in the till. 

William Hartung in 1878 made red bricks for building his house, in the 

N. W. i of section 9, Birch Dale. 

A kiln of dark red bricks was made about eight years ago on land of L. 

S. Bishop in the S. E. i of the N. E. i of section 23, Birch Dale, close north 

of the Middle Birch Bark lake. 

Brick-making was begun in 1881 by Pangburn & Moore on the east shore 

of Sauk lake in the south edge of section 26, Kandota, three miles northeast 

from Sauk Center, where their product of bricks is chiefly used or sent away 

by rail. Their excavations are forty to seventy rods north of the county line. 

The clay-bank rises steeply from the water's edge to a hight of 15 to 20 feet, 

and from its top a level surface extends back ten to twenty rods, which is the 

width of the stratified clay. The surface farther east is rolling till, which also 

seems to form the opposite shore, about two-thinls of a mile distant. At the 

south end of the most southern excavation the black soil is directly underlain 

by a bed of yellowish gray clay about ten feet thick; next is a bed of yellow

ish sand, about 5 feet thick, exposed along a distance of four or five rods; and 

under this is clay like that above. In both these clay deposits occasional limy 

concretions are noticeable, forming little irregular sheets, an eighth to a quarter 

of an inch thick and one to four inches broad, e~bedded in horizontal position. 

In the northern part of this excavation, which extends in all about fifteen 

rods, the whole thickness of twenty feet from the lake-level to the top of the 

bank is levelly bedded clay, mostly weathered to a yellowish gray color. Some 

of the concretionary sheets before mentioned were also seen in this portion. 

Farther north, an excavation ten rods long is also wholly clay. Here its 

lower part contains many cylindric ferruginous concretions, reminding one of 

limbs and twigs of trees, films of iron-rust being arranged in the clay in the 

concentric manner of the rings of the growth in wood. In the upper ten feet 

of this excavation, above these concretions, the clay is very distinctly and 

finely laminated, and includes occasional ferruginous lamime up to a third of 

an inch thick, also laminoo of coarse sand up to a fourth of an inch thick. A 

bone six inches long, bearing marks of gnawing, was f<lInd in this northern 

e4cava,tiou about ten feet below the surface, being the only fossil detected 
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here. This clay was probably deposited in a channel melted out from the sur

face of the ice-sheet at its thinned margin, while ice yet filled the hollow in 

which Sauk lake lies. The bank newly undermined by the lake at several 

places within a half mile to the north consists of clay somewhat laminated hor

izontally, but containing considerable gravel and here and there stones as large 

as a foot in diameter, being perhaps a subglacial deposit. The amount of clay 

free from gravel and adapted for brick-making is sufficient for extensive work 

many years. The bricks are cream-colored, excepting near the outside of 

the kiln where they are red. No addition of sand is needed for tempering. 
Springs. A half mile northeast from Wadena, on the east branch of Union creek in the S. w. 1 of ~ec

tion 5, are" sulphur springs," whose w[l,ter possesses cathartic properties. 
Cool springs of excellent water occur [.t Shell City. 

On the east shore of Sauk lake, about a half mile north from P,mghurn & Moore's hrick-yard, a 
large chalybeate spring issues Ollly twenty feet from the lake,. to which it ponrs a stream a foot wide and 

three inches deep. It is on land of Am·on Doty, in section 26, Kandota. 

The" Big Spring" which forms the source of Big Spring creek or Prairie brook, in the S. w. 1 of 

section 20, Round Prairie, is situated on the west border of a large tamaraek swamp, anrl is some ten roc18 

east from the edge of the Hound prairie, the surface of which averages about :2::; feet above this spring. It 
is a basin of very clear water, forty or fifty feet long from east to west, twenty feet, wide, and three to six 
feet deep. A sluggish stream, four feet wide and six inches deep, tlows from it. No irony sediment is 

seen here. 

ABORIGINAL EARTHWORKS. 

Mr. O. E. Garrison, in the account of his canoe journey on the Crow Wing and Mississippi rivers 
published in the ninth annual report of this survey, gives the following note of ahoriginal earthworks in 

Wadena connty. "In section 3, T. 136 N., R. 33 W., on the left bank of the Crow vYing liver ne,u the 

head of a rapids are two ancient mounds. I landed and made the following rough measnrements. The 

one nearest the river is fifty-six paces from the top of the river-bank, here "bont twelve feet high; its 

longest diameter is nearly pamllel with the course of the stream; the shape is oval, the longer diameter 
being forty-five feet, and the hightfour feet. The second mound is thirty-three paces farther west, having 

about the same size and direction as the first, lmt is somewhat higher. North of hoth is a depression as 

if the earth had been excavated in making them. The soil is sandy with no houlders, exeept in the river 

channel where they are large and numerous." 
Five mounds of the usual dome-like form, five to seven feet high, armngecl in asomewha,t quincnn

cial group, the central one being the largest, with a distance of about a hundred feet from it to each of 
the others, lie on Ole Swanson's land, in the N. E. l of section 4 of the south township of Burnhamville, 

ten or fifteen feet ahove Little Swan lake and nearly a fourth of a mile from its shore. 
About a half mile farther nOl"th, in section 83 of the north township of Burnh,wwille, several abor

iginal mounds one and a half to two feet high occur on land of C. D. Batchelor on the north side of the 

road some fifty rods northeast from the Bear Head mill. 
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CHAPTER XXII. 

THE GEOLOGY OF CROW WING AND MORRISON COUNTIES. 

By WARREN UPHAM. 

Situation and area. Crow Wing and Morrison counties (plate 53) lie in 

the centre of Minnesota. Its exact geographical centre is very close to Fort 

Ripley and the mouth of the N okasippi river, their parallel and meridian 

dividing the state into four parts that are nearly equal in area. Little Falls, 

the county seat and largest town of Morrison county, is about 90 miles north

west from Minneapolis and Saint Paul; and Brainerd, the county seat and 

largest town of Crow Wing county, is 27 miles north of Little Falls. Other 

important villages are Deerwood in Crow Wing county, and Belle Prairie, 

Royalton, Gmvelville, Rich Prairie or Pierz, Swanville and North Prairie in 

Morrison county. Crow Wing, on the east side of the Mississippi river oppo

site the mouth of the Crow Wing river, was once a large town, being promi

nent in the early history of Minnesota as an Indian trading-post. Granite 

City, about five miles northeast from Rich Prairie in Morrison county, was a 

considerable village before the Indian outbreak in 1862, when it was abandoned. 

Crow Wing county has an approximately triangular form, being 29~ miles 

long from north to south, and 28 miles wide in its southern tier of townships. 

Its area is 574.74 square miles, or 367,838.13 acres, of which 42,494.63 acres 

are covered by water. 

Morrison county is about 40 miles long from east to west, and its greatest 

width, on its western boundary is 39k miles, but east of the Mississippi river 

its width is only 23 miles. The area of Morrison county is 1,154.82 square 

miles, or 739,088.97 acres, of which 8,171.77 acres are covered by water. 

I 

.~ 

CHAPTER XXII. 

THE GEOLOGY OF CROW WING AND MORRISON COUNTIES. 

By WARREN UPHAM. 

Situation and area. Crow Wing and Morrison counties (plate 53) lie in 

the centre of Minnesota. Its exact g-eographical centre is very close to Fort 

Ripley and the mouth of the Nokasippi river, their parallel and meridian 

dividing- the state into four parts that are nearly equal in area. Little Falls, 

the county seat and largest town of Morrison county, is about 90 miles north

west from Minneapolis and Saint Paul; and Brainerd, the county seat and 

largest town of Crow Wing county, is 27 miles north of Little Falls. Other 

important villages are Deerwood in Crow Wing county, and Belle Prairie, 

Royalton, Gravelville, Rich Prairie or Pierz, Swanville and North Prairie in 

Morrison county. Crow Wing, on the east side of the Mississippi river oppo

site the mouth of the Crow Wing river, was once a large town, being promi

nent in the early history of Minnesota as an Indian trading-post. Granite 

City, about five miles northeast from Rich Prairie in Morrison county, was a 

considerable village before the Indian outbreak in 1862, when it was abandoned. 

Crow Wing county has an approximately triangular form, being 29~ miles 

long from north to south, and 28 miles wiele in its southern tier of townships. 

Its area is 574.74 square miles, or 367,838.13 acres, of which 42,494.63 acres 

are covered by water. 

Morrison county is about 40 miles long from east to west, and its greatest 

width, on its western boundary is 39z miles, but east of the Mississippi river 

its width is only 23 miles. The area of Morrison county is 1,154.82 square 

miles, or 739,088.97 acres, of which 8,171.77 acres are covered by water. 

I 

.~ 

CHAPTER XXII. 

THE GEOLOGY OF CROW WING AND MORRISON COUNTIES. 

By WARREN UPHAM. 

Situation and area. Crow Wing and Morrison counties (plate 53) lie in 

the centre of Minnesota. Its exact g-eographical centre is very close to Fort 

Ripley and the mouth of the Nokasippi river, their parallel and meridian 

dividing- the state into four parts that are nearly equal in area. Little Falls, 

the county seat and largest town of Morrison county, is about 90 miles north

west from Minneapolis and Saint Paul; and Brainerd, the county seat and 

largest town of Crow Wing county, is 27 miles north of Little Falls. Other 

important villages are Deerwood in Crow Wing county, and Belle Prairie, 

Royalton, Gravelville, Rich Prairie or Pierz, Swanville and North Prairie in 

Morrison county. Crow Wing, on the east side of the Mississippi river oppo

site the mouth of the Crow Wing river, was once a large town, being promi

nent in the early history of Minnesota as an Indian trading-post. Granite 

City, about five miles northeast from Rich Prairie in Morrison county, was a 

considerable village before the Indian outbreak in 1862, when it was abandoned. 

Crow Wing county has an approximately triangular form, being 29~ miles 

long from north to south, and 28 miles wiele in its southern tier of townships. 

Its area is 574.74 square miles, or 367,838.13 acres, of which 42,494.63 acres 

are covered by water. 

Morrison county is about 40 miles long from east to west, and its greatest 

width, on its western boundary is 39z miles, but east of the Mississippi river 

its width is only 23 miles. The area of Morrison county is 1,154.82 square 

miles, or 739,088.97 acres, of which 8,171.77 acres are covered by water. 



(~ t-: "I'H_I' \1 \"U ,, \II H\ 1 1I1:SI'lln 

SI'BY '-' 01· ''' :-;'' 1·;-;0 1.\ 

CHOW WI:\G A~1l :1I0I{HI S( ):\ 
COl '~TII'; S 

" ·,}, Ir",. 

(,.,." I ,ft.-

BY WARReN U PHAM 

--
1" I'I.","u,,* 
"f ,{ 1" ill I ,Of , 

V, ./.""II'"" , ./l" 
TiJl."'I,,"'I •• " .... '. 1/,. 

,', 

hit '''~,.,. i'" '"'."'1/' "'II'.~ "', """" 
hli b ,,/1, "~,, ~ II. {,,.., MI "" " "'''' 
1 c/., " /~". 

'.f< , " , .,," " •• 
, 

" 

, 
", , 

P L AT A' ,5.1 

o 

• 

(~ t-: "I'H_I' \1 \"U ,, \II H\ 1 1I1:SI'lln 

SI'BY '-' 01· ''' :-;'' 1·;-;0 1.\ 

CHOW WI:\G A~1l :1I0I{HI S( ):\ 
COl '~TII'; S 

" ·,}, Ir",. 

(,.,." I ,ft.-

BY WARReN U PHAM 

--
1" I'I.","u,,* 
"f ,{ 1" ill I ,Of , 

V, ./.""II'"" , ./l" 
TiJl."'I,,"'I •• " .... '. 1/,. 

,', 

hit '''~,.,. i'" '"'."'1/' "'II'.~ "', """" 
hli b ,,/1, "~,, ~ II. {,,.., MI "" " "'''' 
1 c/., " /~". 

'.f< , " , .,," " •• 
, 

" 

, 
", , 

P L AT A' ,5.1 

o 

• 



CROW WING AND MORRISON COUNTIES. 581 
Topography.] 

SURFACE FEATURES. 

Natural drainage. The Mississippi river is the north and west boundary 

of Crow Wing county; and it flows southward across Morrison county, divid

ing it into nearly equal parts. Its chief tributaries from the east in these 

counties are Rabbit river, Sand creek, Nokasippi river, Fletcher creek, and 

Platte river. The largest of these is the Platte river, which has its source in 

the Platte lakes on the line between Crow Wing and Morrison counties, thence 

flowing southwesterly thirty miles and uniting with the Mississippi in the 

northwest corner of Benton county. Skunk river is an important tributary 

to the Platte from the east. The affiuents to the Mississippi river from the 

west are the Crow Wing river, which forms the northern boundary of that part 

of Morrison county, the Little Elk river, Pike creek, Swan river, Little Two 

rivers, the" main Two rivers," and Spunk brook. Lake Alexander anll Fish 

Trap lake in northwestern Morrison county are the sources of the Fish Trap 

brook, which flows northwesterly into Todd county, being tributary to the 

Long Prairie river and by that to the Crow Wing. The east border of these 

counties from Mille Lacs southward belongs to the basin of Rum river, which 

is tributary to the Mississippi at Anoka. 
~ 

Lakes. Mille Lacs, which touches the east line of Crow Wing county, is one of the hrgest hkes 
wholly included within the limits of Minnesota. The other principal lakes of Crow Wing county 

are Round lake and Pike or Borden lake, tributary to JliIille Lacs; Sisabagflma lake and others, forming 
the head of JliIud river, which joins the JliIississippi at Aitkin; Serpent lake at Deerwood, the head of 

Rabbit river; Grave and Long lakes, through which the Nokasippi river flows; find the Platte lakes on the 

south line of this county. 

Excepting the Platte lakes just mentioned and others in their vicinity, eastern JliIorrison county 
has few lakes, the most noteworthy being the Rice lakes, the southern Platte lake and Fish lake, lying 

between Little Falls anel Rich Prairie. In western JliIorrison county on ly a few little lakelet,~ occur south of 

Lake Alexander, Fish Trap and Shamano lakes, which, with several others of small size, make up an in

teresting group in the northwest part of the county, beautiful for their hilly shores, numerous points, 

b~ys and islands, and abounding in fish and water-fowl, while deer and other game live in the surround
ing forest. The same attractions to the sportsma,n are also supplied by the lake region of the upper Platte 

and Nokasippi rivers, about Mille Lacs, and around Deerwood. 

Topography. These counties present much variety in their topographic 

features. A roughly hilly belt of morainic drift, chiefly till, with scanty kame

like deposits of gravel and sand, borders the west side of Morrison county, 

lying mainly in Todd county but reaching in some places a mile or two across 

the county line into Elmdale, Culdrum and the south half of Parkerstown. 

North from the south fork of Little Elk river it reaches two or three miles 

into Morrison county in the northwest part of Parkers town and the township 

next north.' It then turns eastward and occupies a width of two miles south 
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Long Prairie river and by that to the Crow Wing. The east border of these 

counties from Mille Lacs southward belongs to the basin of Rum river, which 

is tributary to the Mississippi at Anoka. 
') 

Lctkes. Mille Lacs, which touches the east line of Crow Wing county, is one of the hlrgest hikes 

wholly included within the limits of Minnesota. The other principal lakes of Crow Wing county 

are Round lake and Pike or Borden lake, tributary to Mille Lacs; Sisabagama lake and others, forming 
the head of Mud river, which joins the Mississippi at Aitkin; Serpent lake at Deerwood, the head of 

Rabbit river; Grave and Long lakes, through which the Nokasippi river flows; and the Platte hikes on the 

south line of this county. 

Excepting the Platte lakes just mentioned and others in their vicinity, eastern Monison county 
has few lakes, the most noteworthy being the Rice lakes, the southern Platte lake and Fish lake, lying 

between Little Falls and Rich Prairie. In western Morrison county only a few little lakelets occur gouth of 

Lake Alexander, Fish Trap and Shamano lakes, which, with several others of small size, make up an in
teresting group in the northwest part of the county, beautiful for their hilly shores, numerous points, 

b~ys and islands, and abounding in fish and water-fowl, while deer and other game live in the surround

ing forest. The same attractions to the sportsman are also supplied by the lake region of the upper Pbtte 

and Nokasippi rivers, about Mille Lacs, and around Deerwood. 

Topography. These counties present much variety in their topographic 

features. A roughly hilly belt of morainic drift, chiefly till, with scanty kame

like deposits of gravel and sand, borders the west side of Morrison county, 

lying mainly in Todd county but reaching in some places a mile or two across 

the county line into Elmdale, Culdrum and the south half of Parkerstown. 

North from the south fork of Little Elk river it reaches two or three miles 

into Morrison county in the northwest part of Parkerstown and the township 

next north.' It then turns eastward and occupies a width of two miles south 

CROW WING AND MORRISON COUNTIES. 581 
Topography.] 

SURFACE FEATURES. 

Natural drainage. The Mississippi river is the north and west boundary 

of Crow Wing county; and it flows southward across Morrison county, divid

ing it into nearly equal parts. Its chief tributaries from the east in these 

counties are Rabbit river, Sand creek, Nokasippi river, Fletcher creek, and 

Platte river. The largest of these is the Platte river, which has its source in 

the Platte lakes on the line between Crow Wing and Morrison counties, thence 

flowing southwesterly thirty miles and uniting with the Mississippi in the 

northwest corner of Benton county. Skunk river is an important tributary 

to the Platte from the east. The affiuents to the Mississippi river from the 

west are the Crow Wing river, which forms the northern boundary of that part 

of Morrison county, the Little Elk river, Pike creek, Swan river, Little Two 

rivers, the" main Two rivers," and Spunk brook. Lake Alexander anll Fish 

Trap lake in northwestern Morrison county are the sources of the Fish Trap 

brook, which flows northwesterly into Todd county, being tributary to the 

Long Prairie river and by that to the Crow Wing. The east border of these 

counties from Mille Lacs southward belongs to the basin of Rum river, which 

is tributary to the Mississippi at Anoka. 
') 

Lctkes. Mille Lacs, which touches the east line of Crow Wing county, is one of the hlrgest hikes 

wholly included within the limits of Minnesota. The other principal lakes of Crow Wing county 

are Round lake and Pike or Borden lake, tributary to Mille Lacs; Sisabagama lake and others, forming 
the head of Mud river, which joins the Mississippi at Aitkin; Serpent lake at Deerwood, the head of 

Rabbit river; Grave and Long lakes, through which the Nokasippi river flows; and the Platte hikes on the 

south line of this county. 

Excepting the Platte lakes just mentioned and others in their vicinity, eastern Monison county 
has few lakes, the most noteworthy being the Rice lakes, the southern Platte lake and Fish lake, lying 

between Little Falls and Rich Prairie. In western Morrison county only a few little lakelets occur gouth of 

Lake Alexander, Fish Trap and Shamano lakes, which, with several others of small size, make up an in
teresting group in the northwest part of the county, beautiful for their hilly shores, numerous points, 

b~ys and islands, and abounding in fish and water-fowl, while deer and other game live in the surround

ing forest. The same attractions to the sportsman are also supplied by the lake region of the upper Pbtte 

and Nokasippi rivers, about Mille Lacs, and around Deerwood. 

Topography. These counties present much variety in their topographic 

features. A roughly hilly belt of morainic drift, chiefly till, with scanty kame

like deposits of gravel and sand, borders the west side of Morrison county, 

lying mainly in Todd county but reaching in some places a mile or two across 

the county line into Elmdale, Culdrum and the south half of Parkerstown. 

North from the south fork of Little Elk river it reaches two or three miles 

into Morrison county in the northwest part of Parkerstown and the township 

next north.' It then turns eastward and occupies a width of two miles south 



582 THE GEOLOGY OF MiNNESOTA.. 
[Drift hiIis. 

of Fish Trap lake and lake Alexander, above which these mOraInIC hills rise 

100 to 150 feet. Similar drift hills, but of less hight, border the northwest 

side of Fish Trap lake and the north side of the east half of lake Alexander, . 

N ext to the north a width of one to two miles between these lakes and Sha

mano lake, and extending from the county line about seven miles to the east, 

is undulating and in part nearly level modified drift, being a sandy and grav

elly area of "brush prairie," while the more clayey moraines both south and 

north of it are heavily timbered. North of Shamano lake, morainic hills of 

till occupy a width of two or three miles, separated from the Crow Wing river 

by a mile or more of modified drift which is gravel and sand, partly level or 

moderately undulating and partly in low hillocks and ridges. Farther east

ward a broad morainic area extends from the Crow Wing river fifteen miles 

south, having a width of six to ten miles from lake Alexander and Shamano 

lake east to the Mississippi river. Its highest portions rise about 100 feet 

above lake Alexander, or 200 to 250 feet above the Crow Wing and Mississippi 

flvers. Adjoining the mouth of the Crow Wing, and at Fort Ripley and for 

the next three miles southward, low and nearly level tracts of gravel and sand 

belonging to the modified drift, averaging about a mile in width, lie between 

these morainic hills and the Mississippi river. 

On the north side of the Little Elk river, between it and the morainic 

area, a large tract of modified drift extends a dozen miles northwest from the 

Mississippi, narrowing from six miles in width at the east to about two miles 

in T. 131, R. 30. Its northwest extremity is two or three miles south from 

the east end of lake Alexander. Green prairie, adjoining the Mississippi, and 

most of this tract west to Fish lake, are flat or only slightly undulating. From 

the west end of Fish lake, kames or knolls, small plateaus and short ridges o( 

gravel and sand, having cobbles up to one foot in diameter but no larger 

boulders, rising 30 to 50 feet above the smoothly undulating gravel and sand 

on each side, extend three miles west-northwest, with an average width of 

about a mile. Two to three miles south of Fish lake similar kames, and pro

longed ridges of such modified drift, called osars, run one or two miles from 

northwest to southwest on each side of the Little Elk river and parallel with it, 

in section 36, T. 130, R. 30, extending into portions of adjoining sections. These 

ridges are popularly denominated "horse-backs" and "hog-backs." . Their 
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hight is 40 to 60 feet above the adjoining country or 50 to 75 feet above the 

Little Elk river. 

Southward from the morainic area and this tract of modified drift, most 

of the southwest part of Morrison county'is moderately undulating or rolling 

till, rising in smooth swells 20 to 40 feet above the water-courses. In south

eastern Elmdale, south of the north branch of Two rivers the surface for several 

miles is very level till, and this continues into the edge of Stearns county. 

Between the main Two rivers and Little Two rivers a belt of level gravel and 

sand of the modified drift extends from the northeast part of Elmdale east to 

the Mississippi -river. A similar plain, mostly from a half mile to one mile 

wide, borders the Mississippi through Little Falls, Swan River and Two 

Rivers, with a hight 25 to 50 feet above the river, being highest (as compared 

with the river) toward the south. Its narrowest place is half-way between 

Swan river and Pike creek, and its greatest width is two miles in the north 

part of Little Falls ;est from the mouth of Little Elk river. 

East of the Mississippi a morainic belt one to two or three miles wide 

extends from north to' south through Moorville, Belle Prairie and Little Falls 

nearly parallel with the Mississippi river, from which it is separated by a 

plain of modified drift one to three miles wide and 25 to 50 feet above the 

rIver. Along the northern two-thirds of this morainic belt, its· elevations are 

only 40 to 75 feet above the valley-plain, thus averaging about 100 feet above 

the Mississippi, ~but in the south edge of Belle Prairie and in Little Falls its 

hight is from 100 to 200 feet. Where it is crossed by the road from Little 

Falls to Rich Prairie, it attains nearly its greatest hight, and its material is 

almost wholly till or boulder-clay. On another road that crosses this moraine 

one to· one and a half miles farther north, where its hight is 75 to 100 feet, 

the material forming the surface is sand and coarse gravel, with cobbles up to 

about one foot in diameter but no large boulders. The same modified drift 

forms Hole-in-the-Day's bluff, a notable conical hill, 40 feet above the average 

hight of the range and about 150 feet ab.ove the Mississippi, situated in the 

.south edge of Belle Prairie, one and a half miles northeast from Little Falls. 

The many knolls and short ridges making up the moraine in that vicinity are 

all such modified drift, but till probably forms the core of the range. Three 

or four miles farther north, this moraine east of Belle Prairie village is mostly 

till; and this, with considerable kame-like gravel and sand, forms its extension 

northward in this township and Moorville. 
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N ext east of this moraine, modified drift covers a width of three to six 

miles exceptina' in the southeast corner of Belle Prairie, where it is narrowed , b 

to one mile. In the east part of Little Falls and southwestern Pierz, this tract 

of gravel and sand widens to seven or eight miles from east to west; and 

thence being again contracted to a narrow belt, it continues southwest through 

Bellevue to the Mississippi. On the north this tract also reaches to the Mis

sissippi river in Crow Wing, Brainerd and townships farther north, having 

there a width of two to four miles east of the river. Its contour is for the 

most part flat or only slightly undulating, but in some portions it is knolly, 

ridged and even hilly. About Rice lake on Whitely creek, two miles north

east from Brainerd, it consists of kames, or short, irregular hills and ridges of 

coarse gravel and sand, varying from 50 to 125 feet in hight. At Brainerd it 

is a flat plain 50 to 60 feet above the Mississippi river. In the next three 

miles southwestwanl, its surface is again in kame-like hillocks and ridges, 20 

to 40 feet above the enclosed hollows; but through the six miles thence to 

the old town-site of Crow Wing it is nearly level. In Morrison county kame

like portions were observed west of Little Rice lake in· the south part of Belle 

Prairie, where the surface is rather massively rolling; and on the southwest 

side of Fish lake, where knolls and short ridges 20 to 40 feet high cover a 

small area. 

Farther east both these counties are mainly till, but limited tracts of mod

ified drift are found here and there. One is at the nort~east end of Long 

lake, where kames 50 to 75 feet high occupy a width of nearly a mile, lying 

mostly on the west sille of the N okasippi river and the head of the lake, from 

which a nearly level tract of gravel and sand extends three miles eastward. 

Another deposit of gravel and sand, flat or slightly undulating, extends from 

Borden lake east to Mille Lacs and Round lake, having a length of three miles 

adjoining Mille Lacs, partly in Aitkin county, with a width of one mile and a 

hight 10 to 30 feet above these lakes. The surface of the till from Deerwood 

south to Sisabagama lake, and thence southwest to Daggett brook and the belt 

of modified drift in Crow Wing and Moorville, is moderately undulating or 

rolling, with the crests of its swells 10 to 30 feet above the depressions. A 

more prominently rolling and hilly morainic belt extends from the highest 

part of the moraine in Little Falls northeastwardly by Tanner's hill, 100 feet 

high, a mile northwest of Gravelville, along the upper Platte river and between 
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the Platte lakes and Daggett brook, to the northwest side of Mille Lacs. Its 

hills near the Platte river in T. 42, R. 30, are 50 to 100 feet high. III T. 44, 

R. 28, a hill in this belt about 150 feet high is crossed by the line between 

sections 21 and 22, and another about 100 feet high lies in section 24, close 

to Mille Lacs, being the most prominent elevation seen on this lake in the 

entire circuit of its shore. About Pike or Borden lake and north of Round 

lake the morainic swells and hills are 40 to 75 feet high. South of this mo

raine the sheet of till regains its more smoothly undulating and rolling surf~JCe, 

but includes some morainic accumulations on the Hillman brook and its tribu

taries and near the sources of the West branch of Rum river. 
Elcnlliul1s, Northern Pacific railrortd. 

From profiles in the office of fl. D. Mason, engineer, flaint Paul. 

a. Dnluth line. 

Summit, cutting 8 feet; grade 
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the Platte lakes and Daggett brook, to the northwest side of Mille Lacs. Its 

hills near the Platte river in T. 42, R. 30, are 50 to 100 feet high. Iu T. 44, 

R. 28, a hill in this belt about 150 feet high is crossed by the line between 

sections 21 and 22, and another about 100 feet high lies in section 24, close 

to Mille Lacs, being the most prominent elevation seen on this lake in the 

entire circuit of its shore. About Pike or Borden lake and north of Round 

lake the morainic swells and hills are 40 to 75 feet high. South of this mo

raine the sheet of till regains its more smoothly undulating and rolling surface, 

but includes some morainic accumulations on the Hillman brook and its tribu

taries and near the sources of the West branch of Rum river. 
Flcmtiul18, Northern Pacific railroad. 
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Irish creek, bed, ] 152; grade 

Swau river, bed, 1149; grade 

Swallville 
Summit, cutting G feet; grade 
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Litte Falls. 

13.7 

14.3 

16.0 
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Feet above 
the sea. 
1159 

1162 

1173 

1192 

The following elevations of the Mississippi river at its ordinary low-water stage have been deter

mined hy the United States engineer corps under the direction of Capt. C. J. AI.len. (These ~gures 
. 1 t ct'on of three feet to accord with the milroad elevations precedmg. Both senes are retluue a sn) ,1'1.1 ~ 1 

referred to sea-Ieyel by accepting the elevation of lake Superior deteIlllined by the United States lake 

~urvey, 002 feet ahove mean tide). 

frlississippi rille? .. 

At Aitkin 
At the east line of Crow Wing COUlIty, about 

Mouth of Pine river 
Head of Big Eddy ncpids 
Foot of Big Eddy rapids 
At Island rapids (f,tll about one foot in a sixth of a rnile\ 

At Brainerd 
Mouth of Crow Wing river 
Month of Nokasippi river 

Head of Courad's shoals 
Foot of Conrad's shoals -
Head of Little Elk rapids 
Ferry at head of mpids, Little Falls 
Foot of rapids, Little Falls, opposite south part of Mill island 

Head of Pike rapids 
Foot of Pike rapids -
A t upper end of McDougall's island 

At south line of Bellf'vue 
Mouth of Platte river, at south line of Two Rivers 

Feet above 
the sea. 

1193 

1188 

1180 

1173 

1171 
1167 

1155 

1148 

1142 

1109 

1107 

1105 
1093 
]086 

1070 

1067 

1036 
1034 

1029 

The descent of the Missi'3sippi river within the limits of these counties is 

thus 159 feet. The Crow Wing river at Motley is 1,206 feet above the sea, 

descending nearly 60 feet thence to its mouth. Mille Lacs, as determined 

by the United States engineers, is 1,251 feet above the sea; and the Platte 

lakes at the head of Platte river, and Sisabagama and Grave lakes, have nearly 

the same hight. Long lake on the N okasippi river is estimated to be 1,225 

feet, and lake Alexander 1,275 feet above the sea. 

Morainic hills near the we~t shore of Mille Lacs, in T. 44, R. 28, 1,350 

to 1,400 feet, and the Mississippi river at the mouth of the N okasippi, 1,142 

feet above the sea, are the extremes of elevation in Crow Wing county. 

The mean elevation of this county is approximately 1,260 feet. 

The highest land in Morrison county consists of morainic hills in the 

neighborhood of lake Alexander, the tops of which are about 1,400 feet above 

sea-level; and its lowest land is the shore of the Mississippi river in Two 
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Rivers township, 1,029 feet. Estimates of the average hights of the townships 

are as follows: T. 42, R. 28, 1,275 feet; T. 41, R. 28, 1,300; T. 40, R. 28, 

1,275; Morrill, 1,225; T. 42, R. 29, 1,260; T. 41, R. 29, 1,260; T. 40, R. 29, 

1,275; Ripley, 1,260; Pierz, 1,220; Buckmantown, 1,1t\(); Belle Prairie, 

1,180; Little Falls, 1,160; Bellevue, 1,100; Motley, 1,275; Greun Prairie, 

1,230; Pike Creek, 1,170; Swan River, 1,140; Two Rivers, 1,lOU; Parkers-

. town, 1,260; Cudrum, 1,240; and ElmdaJe, 1,200. The mean elevation of 

Morrison county, derived from these figures, is fLpproximately 1,220 feet. 

Soil and timber. The boulder-clay or till is good farming land, except 

very limited portions of the morainic belts which are too hilly and stony for 

cultivation, and such areas are valuable for pasturage. The soils of gravel 

and sand belonging to the modified drift have less fertility and are more 

quickly exhausted by cropping; but from Motley to Crow Wing awl thence 

southward through Morrison county they are fairly productive, a.nd have been 

in large part brought under cultivation because they were prairie or only cov

ered by brush and small trees, so that the land was easily cleared and pre

pared for the plow. About Brainerd and northeastward the gravel and sand 

deposits are less fertile and are but little cultivated; this difference being 

chiefly due to the lack of limestone which is a considerable ingredient in the 

modified drift farther west and south. 

Heavy timber covers the areas of till and some portions of the mo(1ified 

drift. On the latter jack pines, red or "Norway" pines, blac,k and bur oaks, 

and the poplar or aspen, are the characteristic species oC trees, The site of 

Brainerd was a thick forest of jack pines, growing with very straight trunks 

forty to sixty feet high and eight to twelve inches in diameter. Much jack pine 

also grows on a belt next east of the moraine in Crow Wing, Moorville, Belle 

Prairie and Little Falls; and much red pine is found on the tract of modified 

drift in Green Prairie north of the Little Elk river. More numerous species 

of trees flourish on the till soils, including the white pine, black spruce, balsam 

fir, white, bur and black oaks, ironwood, white, red and rock elms, hackberry, 

basswood, sugar and' soft maple, box-elder, black and green ash, canoe and 

yellow birch, poplars, butternut, bitter hickory, wild plum, red and black 

cherries, and Juneberry. Among the shrubs are the hazel-nut, prickly ash, 

ch9ke-cherry, red and black raspberries, high blackberry, wild rose, thorn, 

prickly and smooth gooseberries, black currant, wolfberry, staghorn and smooth 
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sumach (the former extending west to lake Alexander), frost grape, Virginia 

creeper, climbing bitter-sweet, New Jersey tea or red-root (plentiful on sandy 

land), species of cornel, honeysuckle and arrow-wood, the high bush cranberry, 

alder, and willows. There is abundance of strawberries, running blackberries, 

low blueberries, aromatic wintergreen or checkerberry and bearberry (in sandy 

pine woods), dwarf cornel or bunch-berry, sand cherries on prairies, and cran

berries and creeping snowberry in bogs. Tamarack is plentiful in swamps. 

Red cedar occurs rarely on bluffy shores of rivers and lakes. Arbor-vitm 

grows in a swamp near the west side of Borden lake, this being apparently its 

southern limit, though it also occurs south of Mille Lacs. 

The general southwestern limit of the pines, spruce and fir, crosses Buck

mantown, Bellevue and the south part of Swan River, thence continuing north

westward through Culdrum into Todd county. Much white pine has been 

cut, and much remains, in Parkers town and thence northward in Green Prairie 

and Motley, about the head of the West branch of Rum river, on Hillman 

brook, and on the upper portions of Skunk, Platte and N okasippi rivers. 

Prairies of grass with scarcely any shrubby plants occupied a considerable 

part of the modified drift plain bordering the east side of the Mississippi river 

southward through Belle Prairie and part of Little Falls; also a tract of two 

or three square miles in the southwest part of Bellevue; and another about 

three miles long from north to south and a mile wide in Crow Wing. Green 

prairie, also three miles long from north to south and a mile wide, North 

prairie in Two Rivers, and Rich prairie, which is three to four miles wide and 

reaehes eleven or twelve miles from the middle of Pierz south through the 

west part of Buckmantown and the east edge of Bellevue, continuing onward 
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GEOLOGICAL STRUCTURE. 
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sumach (the former extending west to lake Alexander), frost grape, Virginia 

creeper, climbing bitter-sweet, New Jersey tea or red-root (plentiful on sandy 

land), species of cornel, honeysuckle and arrow-wood, the high bush cranberry, 
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pine woods), dwarf cornel or bunch-berry, sand cherries on prairies, and cran

berries and creeping snowberry in bogs. Tamarack is plentiful III swamps. 

Red cedar occurs rarely on bluffy shores of rivers and lakes. Arbor-vitm 

grows in a swamp near the west side of Borden lake, this being apparently its 

sout.hern limit, though it also occurs south of Mille Lacs. 

The general southwestern limit of the pines, spruce and fir, crosses Buck

mantown, Bellevue and the south part of Swan River, thence continuing north

westward through Culdrum into Todd county. Much white pine has been 

cut, and much remains, in Parkers town and thence northward in Green Prairie 

and Motley, about the head of the West branch of Rum river, on Hillman 

brook, and on the upper portions of Skunk, Platte and N okasippi rivers. 

Prairies of grass with scarcely any shrubby plants occupied a considerable 

part of the modified drift plain bordering the east side of the Mississippi river 
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belong to a group which has its characteristic development in the syenites of 

Benton and Stearns counties, and in the granites and gneisses of the upper 

Minnesota valley. Though the geographical continuation of the second group 

. of slate and associated rocks cannot be traced because of overlying drift, their 

lithological character shows them to be probably connected and of the same 

age with the slates of the lower part of the St. Louis river and its vicinity. 

The hydromica schists found in Carlton county near Moose Lake station may 

also belong to this second group. 

It seems probable that the slate, staurolitic schist and dioryte of Morrison 

county, and of northern Todd county at and east from the mouth of Fish Trap 

brook, form a synclinal axis or bal'lin bounded both east and west by forma

tions of granite, syenite and gneiss. In describing the ledges observed in 

Morrison county, these groups are treated of separately, the eastern, mostly 

granitic and gneissic rocks, which are believed to be the older, being first 

considered. 

Buckmantown. The only rock-outcrop in this township, so far as learned 

of, is on land of A. B. Skinner, in the S. W. i of the N. W. ! of section 18, a 

short distance east of the road which runs on the west line of the township, 

and north of a small creek. It is a coarse-grained, reddish syenite, nearly 

like that which occurs at many places in Sauk Rapids and Watab, Benton 

county. Several exposures of the rock are seen upon a space of about one 

acre, the largest being about four rods long from north to south, and rising 

three or four feet above the gravel surface. Many blocks, four to fifteen feet 

in diameter, are scattered near. 

Rich Prairie and vicinity. Proceeding northward toward the village of 

Rich Prairie, in Pierz township, the next exposure of rock is found about one 

and a fourth miles south of this village. It is at the east side of Skunk river, 

in the S. W. t of section 17, on land of John Stumpf. Its area is equal to 

about forty feet square, and its hight is ten feet above the river. This rock 

is a gray granite, containing considerable black mica. 

One and a half miles west from the last, and about a third of a mile south 

of' Fish lake, upon the S. E. t of section 13, T. 40, R. 31, is an outcrop of 

rock extending about fifteen rods from east to west and twelve rods from north 

to south, rising four or five feet above the general surface. Its eastern part 

is owned by Nicholas Meyer, and its western part by Anton Rauch. This is a 
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fine-O'rained liO'ht gray oTanite very uniform in texture, with no veins or 
b 'b b' 

masses of other rock visible. It is divided by joints into beds one to two feet 

thick, dipping about 20° S., but it is not cut by vertical joints. It has been 

only slightly quarried, by Mr. Meyer for cellar walls. This stone has a . 

pleasing color for building and monumental work, and a good degree of 

strength and durability. It is readily quarried in any dimensions that are 

ordinarily called for, and is easily cut or hammered. The ledge is valuable for 

quarrying, and a large excavation may be made without trouble from water, 

as the surrounding land is the porous sand and gravel of the modified drift; 

which also affords a nearly level and dry road for hauling the stone away. 

About three miles southeast from Rich Prairie, exposures of the bed-rock, 

probably granite, are reported to cover three or four acres, on land of :Mathias 

Neuman, in the S. ~ of the N. E. oJ: of section 22. It has been slightly 

quarried. 

One mile east of Rich Prairie or Pierz, the east bank of Skunk river be

tween forty and eighty rods north of the mouth of Hillman brook has frequent 

outcrops of gneiss, rising one to three feet above the general surface and ten 

to twenty feet above the stream, next to which they occupy a belt about six 

rods wide. This gneiss contai.ns black mica and flesh-colored feldspar, the 

latter being sometimes gathered in layers or veins one to three inches wide. 

All these outcrops are more or less laminated, this structure being nearly ver

tical. They are all somewhat contorted and jointed. The strike is N. E. or 

N. 50° E., bearing in the direction of "Granite City," four miles distant, where l 

similar gneiss has extensive exposures. 

Along Hillman brook. In ascending this brook, my first observation of 

rock in place was at its lowest "roll dam," situated about three and a half 

miles above its mouth, in the north part of the N. W. i of section 18, T. 40, 

R. 29. This outcrop is at the north end of the dam, and occupies an area 

about four rods long from north to south, by twenty to forty feet wide. Its 

southeastern two-thirds are gneiss, nearly like that described, rather obscurely 

and contortedly foliated but indicating a N. E. to S. W. strike. This gneiss 

has much black mica and flesh-colored feldspar, and it is traversed by veins of 

this feldspar from an eighth of an inch to six inches wide. One of these 

veins, varying from three to six inches in width, nearly vertical, is visible for 

an extent of twenty feet in a straight east-to-west course. The joints of the 

gneiss are from two to ten feet apart. 
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The northwestern third of this ledge, extending within sight twenty feet 

from north to south and ten feet wide, is a fine-grained granite, containing 

much feldspar, which is partly gray and partly flesh-colored. This portion of 

the ledge is probably part of a dike or mass of erupted rock; it is rhomboid

ally divided by intersecting systems of joints, which are from two to twelve 

inches apart. 

Ledges occur frequently in the vicinity of the second and third "roll 

dams," situated respectively about forty rOlls below and twenty rods above 

the mouth of the Little Hillman brook, tributary to the main stream from the 

south. About a mile above the mouth of the Little I-Ellman brook and a short 

distance, perhaps a quarter of a mile, above its dam, this stream is reported to 

flow some twenty rods in a gorge with walls of rock at each side, fi ve to twenty 

feet high. Also, frequent outcrops of rock are found between these streams 

from their junction east and northeast to the" big dam" of Hillman brook. 

This" big dam" is on the S. E. i of section 35, T. 41, R. 29, about sixty 

rods west of its east line, and twenty rods south of its north line. Rock-out

crops of considerable extent occur at several places upon each side of the Hill

man brook for a fourth or a third of a mile below and along an equal distance 

above the" big dam." These are gneiss and granite with the same characters 

as at" Granite City" and in the vicinity of Rich Prairie. Farther east the 

regIOn drained by this brook and its tributaries has no known exposures of 

rock. 

At the south end of this dam, about 400 feet south of the sluice-ways, 

the gneiss is typical, including much black mica. Its coarse foliation is nearly 

vertical, with strike varying from N. 25° E. to N. 40° E. At the north end 

of the dam, 100 feet north of its. sluices, the rock is a fine-grained gray granite, 

with black mica, nearly like that on land of Meyer and Rauch, south of Fish 

lake and a few miles southwest of Rich Prairie. This granite is here exposed 

upon an area which extends at least twenty rods east and ten rods west from 

the dam, and is from three to six rods wide. Mostly it is divided into rhom

boidal masses from a few inches to four or five feet in dimension by joints, 

and no portion seen was sufficiently free from joints to yield large quarried 

blocks; yet it is quite likely that good quarry-stone would be obtained by 

excavating a few feet in depth. The texture and rift are nearly the same as 

south of Fish lake, to which this formation is probably continuous; the rock 
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IS equally compact and uniform in quality; and the color, though on the sur

face here weathered to a dull brownish tint, would probably be the same 

handsome gray as at Fish lake in deep quarrying. 

"Granite Oity." In the west part of section 21, T. 41, R. 29, on the 

northwest side of Skunk river, is the site where a steam saw-mill and a con

siderable town existed during several years next preceding the Indian out

break of 1862. Its buildings remained empty from that time and were 

gradually removed or burned, the last continuing until 1873. The nearest 

farming immigrants are found about a half mile down the river, and from them 

northeastward the region drained by the upper part of the Skunk river and 

extending to Mille Lacs is an unbroken forest. 

The rock outcropping at "Granite City," from which the name arose, is 

coarse gray gneiss, containing much black mica. Its strike is from northeast 

to southwest, and its dip is vertical or within a few degrees of it, being in 

some places 85° or 80° to the northwest, and elsewhere the same to the south

east. This rock forms numerous bare hillocks and ridges, ten to thirty feet 

above the Skunk river, for a fourth of a mile along its northwest side, and 

occurring in less amount on its southeast side. It is also seen on the south

east side in an exposure of a few acres, rising ten to twenty feet above the 

river at a fourth of a mile farther east. All these outcrops, so far as seen, are 

gneiss, everywhere more or less contorted, often quite twisted and bent in 

lamination for short spaces, but having throughout a prevailing N. E. to S. W. 

strike and nearly vertical dip. The 8kunk river is here ten to twenty feet 

wide, and flows in a meandering course among these ledges. 

About six miles above "Granite City," on the northwest side of Skunk 

river, a little beyond where this stream is crossed by the road used for carry

ing the supplies distributed yearly to the Mille Lacs Indians, rock exposures 

are reported to cover as large an area as at "Granite City," but to have less 

hight above the adjoining surface of the drift. This is in or near the north

west corner of T. 41, R. 28. 

Near the Platte 1'iver. Numerous outcrops of rocks occur within one to 

two miles west of the Platte river through the six miles next north of Gravel

ville, which is an enterprising new village, with mills, situated on this river in 

the N. E. i of the N. E. i of section 35, T. 41, R. 31. The first of these 

ledges is one to two miles north of Gravelville, in the N. E. t of section 261 
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the east -edge of section 23, and the west part of section 24, T. 41, R. 31. 

The longest extent of this tract is from northeast to southwest, reaching a 

mile and probably including sixty to eighty acres of rock. In the N. E. i of 

section 26 it is granite, sometimes pink and sometimes gray, rising eight or 

ten feet above the general surface, which is nearly level. In the W. ~ of the 

N. W. i of section 24, these ledges rise ten to twenty feet above the adjoining 

swamps. The rock here is a dark gray gneiss, mostly obscure in its lamina

tion. The strike, at least in part, is S. 700 W., but generally, because of the 

~ontorted and indistinct lamination, it is not clearly exhibited. 

In the north part of section 18, on land of John F. Whitney, and iil the 

adjoining south part of section 7, T. 41, R. 30, one and a half miles northeast 

from the last locality, are extensive exposures of the same dark gray gneiss 

last described. This contains considerable black mica. It is for the main P/jI"t 

obscurely laminated, and, though nowhere a true granite, it is rarely so defi

nite in its foliation as to show strike and dip. In some portions the strike is 

seen to be from north to south; and the dip appears to be nearly vertical. 

Beginning near Mr. Whitney's house, close to the centre of section 18, fre

quent outcrops of this rock, rising one to five feet above the general surface, 

continue north to the north side of this section and into section 7. This sec

tion line crosses the most extensive of these tracts of rock, which covers some 

thirty acres, and here rises 25 or 30 feet above the adjoining swampy tracts. 

This gneiss has a nearly uniform character throughout the half mile here seen. 

Another outcrop of rock, probably the same, is reported one and a half miles 

farther north, near the centre of section 6, covering about ten acres, and rising 

five to ten feet above the general surface. Three miles west from this a small 

ledge, covering five or six rods square, and one to three feet high, was found 

by surveyors near the middle of the north side of section 3, T. 41, R. 31, five 

miles east-northeast from Belle Prairie. Other ledges, which have not yet 

been observed, will probably be found in this district when its woods are 

cleared away. Thence northward to Brainerd and northeast to Mille Lacs, 

and beyond, no exposures of the bed-rock are known. 

Slates, staurolite-bearing mica schist, and dioryte. The rocks which remain 

to be described in Morrison county, found along the Mississippi river and west 

of it, belong, as already stated, to a group lithologically different from the fore-
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of it, belong, as already stated, to a group lithologically different from the fore-
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going, and probably newer in age. The first exposure is on the Little Elk 

river near its mouth, about two and a half miles north of Little Falls. The 

most extensive outcrop here, about six rods square and ten feet in hight, is on 

the northeast side of the Li~tle Elk river, opposite Henry S. Hill's mill, 

about thirty rods above the mouth of this stream. This rock is dark, nearly 

black slate (argillyte), like that of Little Falls. It continues upon this north

east shore about ten rods down stream, southeastward, and for a few rods 

northwest above the dam; and is also visible in low exposures at the bridge, 

twenty rods above the mill. Opposite the mill the course of the cleavage 

is N. 40° E. (referred, as are all the bearings stated in these chapters, to the 

true meridian), and its dip is nearly vertical, varying to 80° S. E This slate 

contains occasional veins of white quartz, from a quarter of an Inch to two or 

thre, inches in width and one to twenty feet or more in length. These coin

cide closely with the cleavage in their strike and verticality. These slates 

throughout are rather soft and easily broken; and they are much divided, 

usually into rhomboidal masses from two or three inches to one foot in di

mension, by joints. In one system of these joints, dipping about 60° S. E., 

they are mostly six to twelve inches apart in parallel planes. Other joints, 

dipping 20° to 45° to the north-northwest and from that to north, and a s,s

tern dipping 15° W., are about half as numerous as those first mentioned. An

other system of joints, cutting these, is vertical, or between vertical and dips 

of 60° to each side, with their strike between west-northwest and north-north

west. No macroscopic staurolite, garnet, nor pyrite crystals were noticed here, 

but distinct laminre, made by aggregation of minute crystals of stauIolite or 

mica, not fissile and extending Itransversely across the cleavage, are found in 

much of this rock, nearly as at Little Falls. These probably mark the orig

inal lines of stratification, but unfortunately their dip and strike here were not 

noted. The Mississippi river between this locality and Little Falls has nu

merous alluvial islands. 

At the ferry, a half-mile above Little Falls, this slate has low outcrops 

two to six or rarely eight feet above the river. On the west side these are 

seen at several places for twenty rods below the ferry. On the east side they 

are best exhibited at the ferry-landing and for eight or ten rods farther north. 

The cleavage here bears N. 35° to 40° E., and is nearly vertical. Some four 

rods north of the landing a very compact layer occurs, ten feet thick, showing 
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scarcely any slaty cleavage. About two rods farther north a quartz vein a 

foot wide was noted, conformable with the cleavage. 

At the rapids, or Little Falls of the Mississippi, beside the town of this 

name, this dark slate, varying from mica schist to argillyte, has extensive out

crops in each shore, and forms the north end of Mill island, on the west side 

of which it makes a perpendicular cliff twenty feet high. The principal rapid 

extends a fifth of a mile from about 600 feet above this island to 500 feet 

below its north end, the descent being five feet. Here the slate has mainly a 

firm and strong texture, having been only slightly decomposed or softened by 

weathering; but it is too variable in its cleavage, and is too frequently con

torted and intersected by veins and joints, to promise well for quarrying for 

roofing-slate. It has been slightly quarried on the east shore, nearly opposite 

the north end of Mill island, for use in foundations, but no massive blocks 

nor any of regular form are obtainable. Its cleavage is usually quite perfect, 

into sheets a fourth or an eighth of an inch in thickness; it is nearly vertical, 

not varying from this more than five degrees to either side, so far as seen in 

my examination; and its strike is N. 250 to 350 E. A lamination transverse 

to the cleavage, and supposed to indicate the original planes of sedimentation, . 
but not showing any tendency to split, was found well exhibited in a section 

twenty feet long and five feet high, at the outmost point beside the river on 

the east shore. The laminoo or layers referred to are from a twentieth to an 

eighth of an inch thick, and differ from the remainder of the macroscopically 

homogeneous slate in containing many minute crystals of staurolite and per

haps mica. These layers, which are very distinct, show many small undula

tions; but in respect to their entire extent, run nearly in a straight line. Their 

dip is about 150 N. W. White quartz veins occur somewhat frequently in 

this slate, varying from an eighth of an inch to three inches in width, and ex

tending from ten to fifty or seventy-five feet. Their strike and dip are con

formable with the slaty cleavage. The thickest of these veins, situated in 

the channel of the river, is said to be one foot wide. In the east part of 

Little Falls this slate is encountered at the depth of about ten feet in digging 

wells; but it is not found thus in the west part, between this and its exposure 

at the river. 

In some small portions of these outcrops the slaty cleavage is absent or 

scarcely noticeable, and the rock, massive, compact and hard, with sharp 
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tending from ten to fifty or seventy-five feet. Their strike and dip are con

formable with the slaty cleavage. The thickest of these veins, situated in 

the channel of the river, is said to be one foot wide. In the east part of 

Little Falls this slate is encountered at the depth of about ten feet in digging 
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jointage angles, is apparently a dark quartzyte. Professor Winchell adds:* 

"Besides these variations there are nearly continuous layers of more or less 

lenticular and concretionary lumps or nodules, sometimes six or eight inches 

thick, of a rock very firm and dark-colored, but which on weathering becomes 

superficially lighter-colored, and shows needles and spangles of dark-green 

amphibole. The matrix in which those crystals lie is not well characterized, 

but is quartzitic and perhaps also feldspathic, so that on a fresh fracture the 

amphibole crystals are hardly observable. They appear on the weathering 

of the rock. A system of joints gives the rock, viewed across the 

river, the appearance of being conspicuously stratified, with a dip up the river 

of about 45 deg. from the horizon. The slatiness, which is nearly perpendicu

lar, is somewhat injured, at least superficially, by the frequency of joints, of 

which there are at least two systems intersecting each other at a small angle, 

thus cutting the slates into rhomboidal masses, as they weather to pieces. 

Opposite the village of Little Falls a trap dyke of basic doleryte, 

apparently about 10 feet wide, appears in the slate, going diagonally across 

the slate; and on the south sine of the dyke, in the lee of its protection against 

the current of the river, as well as against, possibly, th,e ice of the ice-period, 

the slate (or schist) is decomposed to the depth of four or five feet at least, 

making a greenish-blue clay, or incipient kaolin." 

At Campbell's point, on the east shore of the Mississippi, about a half 

mile south of the middle of Little Falls village, and about a fifth of a mile 

south from the south end of Mill island, rock is exposed along a distance of 

five or six rods, rising eight or ten feet above the river. In describing this 

rock and its probable origin, professor Winchell states that it "consists, in 

general, of a hard, dark-colored dioryte, containing mainly amphibole in coarse 

crystals, and a little feldspar (labradorite?). The outward characters of this 

rock are the same as the concretionary lumps that exist in the slate already 

described. It is here simply in larger area and bulk. It is parted by joints 

that cause it to fall to pieces in slabs and cuboidal masses. This may be here 

in the form of a dyke, but its relation to the slate cannot be seen. The point 

which is formed by it is considerably higher than the bottomland on either 

side, but falls away somewhat on receding from the river, the rock itself be

coming lost to view in the swampy bottoms, or involved with the drift of the 

* Sixth annual report, p. 50. 
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river-bluffs. On long-weathered surfaces, under the action of the water, there 

is a-ridged and furrowed form that shows the same direction and trend as the 

slatiness of the slate, i. e. N. 18 deg. E. [magnetic]. The ridges are about i 

inch apart, and about i or l inch high, separated by intervening furrows. 

This surface configuration is apparently due to the alternate arrangement of 

the mineral contents, and perhaps has its origin in a metamorphosed condition 

of the slate itself, or of the sedimentary rocks from which they both may have 

been derived. Thus this could not be of the nature of an igneous dyke, but 

a metamorphic variation due to the complex nature of the original sediments. 

This view is strengthened by the occurrence of a similar dioryte rock, in con

cretionary masses, in the slate itself, running in more or less regular layers or 

lines. This alternation of mineral contents does not pervade the whole of the 

rock exposed on 'the point;' but it is a conspicuous feature in some places. 

The ridges are composed of the lighter-colored minerals, and the furrows of 

the amphibole." 

At Pike rapids, which are three and a half miles south of Little Falls 

and about a quarter of a mile south of the mouth of Swan river, numerous 

low outcrops of schist occur in the banks and channel of the Mississippi along 

a distance of about an eighth of a mile, from the head to the foot 0'£ these 

rapids, which descend about three feet. The rock here is a mica schist, con

taining many large crystals of staurolite and often small garnets. No veins 

or masses of quartz were noticed. On the west shore, which is only six to 

ten feet high, its exposures are numerous, but rise only one to five feet above 

the water. It rises in the channel of the river above its bed of boulders and 

sometimes above the water at frequent intervals across its whole width, the 

most conspicuous of these ledges being an island eight or ten feet high near 

the east side of the river. Small and low outcrops are also seen in the east 

shore, which is a steep bank of glacial drift, or till capped with gravel, about 40 

feet high. This rock has a laminated structure, which corresponds in strike 

with the cleavage of the slate at Little Falls and on the Little Elk river. 

Therefore it should not, probably, be regarded as representative of the original 

layers of sediment, from which this rock has been derived by metamorphism. 

This lamination or foliation in the outcrops along the west shore at Pike 

rapids has a strike N. 20° E., with a dip 70° to 75° N. 70° W.* 

--.. The site of the fort or stockade in which Lieut. Z. M. Pike and his men spent the winter of 1805-6, from which the 
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At Cash's rapids, about two and a half miles below Pike rapids, schist 

nearly like the foregoing occurs in low outcrops in the channel and en the 

west shore, rising two or three feet above low water. 

About a quarter of a mile below the last, and probably in th~ north edge 

of section 17, Bellevue, rock almost exactly the same as at Pike rapids is seen 

in the east shore of the river along a distance of about fifteen rods, rising at 

the highest place, near its south end, fifteen feet above low water. Its lami

nation has a strike N. 25° to 30° E., and dips about 45° N. 65° W. Some 

twenty-five or thirty rods farther south, it again has a small exposure in the 

east bank, and forms an island which rises about eight feet above low water, 

and extends eight or ten rods from northeast to southwest, situated about a 

third of the way across the river from its east side. 

Half a mile farther south, at the middle of Muncy's rapids, which are a 

quarter of a mile long, mica schist, filled with many large staurolite crystals, 

and sometimes also including small garnets, as at Pike rapids, extends about 

twenty-five rods along the east shore of the Mississippi, rising some eight feet 

above low water. This is on land of Isaac P. Lambert, in the north part of 

the S. W. ;l of section 17, Bellevue. Its strike, nearly the same as at the 

last place, is N. 25° to 30° E., and its dip is about 60° N. 65° W. It has 

been slightly quarried for cellar-walls, etc., and lies in layers from three inches 

to one foot thick. This rock also juts up at many places in the adjoining 

channel of the river along a distance of fifty rods or more, rising two or three 

feet above low water. 

About a half mile below the last, the same staurolitic mica schist out

crops at the west side of the river, having an extent of only a few rods, but 

·rising steeply to a hight of fifteen feet or more above the river. This is on 

the land of Charles Gillpatrick, in the N. E. ! of the N. W. ! of section 32, 

Swan River. Its strike is N. 20° E., and its dip is about 70° N. 70° W. It 

contains occasional masses or bunches of white quartz; one noted being a foot 

in length. This is the most southerly exposure of the staurolitic schist, which 

thus has frequent outcrops for four miles along the Mississippi, at Pike rapids 

and southward. Its lithological characters are nearly uniform throughout this 

extent; and its lamination has a nearly constant strike and dip. Proceeding 
r~p~ds .received their name, has been found by Mr. Nathan Richardson, of Little Falls, at a point on the west side of the Mis
SISSIPP' about fifty rods below these rapids, on nearly level land some fifteen feet above the river and not over sixty feet from 
its shore at low water. This stockade was about thirty-eight feet square. At its northwest co~ner is a large pile of stones, 
doubtless used for a fire-place. The first settlers, twenty-five years ago, saw two of the bottom logs still remaiuing. 
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northward, we find this strike and dip continued in the cleavage of the slate 

at Little Falls and on the Little Elk river, but with a slight deviation of the 

strike to a more northeasterly course. Beyond these outcrops northeastward, 

the nearest exposure of similar rocks is the district of slate ledges at the 

Northern Pacific Junction and on the St. Louis river, a hundred miles to the 

east-northeast. There the cleavage strikes nearly due east. 

The only remaining outcrops of these crystalline rocks beside the Missis

sippi in Morrison county are about a half mile south from the last, being at 

Blanchard's rapids, best exposed upon the west side of the river, on land of 

Allen Blanchard, in the S. E. i of section 32, Swan River. Here ledges are 

seen at numerous places upon an area of twenty or twenty-five acres, but no

where rising more than two to four feet above the general surface. The 

largest exposure beside the river is fully a hundred feet long and averages 

forty feet in width. This is uniformly a very hard, compact, dark dioryte. It 

has no staurolite crystals. It shows no lamination, but is very much divided 

by joints, which are from one or two inches to a foot apart and nearly vertical. 

Their two principal sets bear N. 75° W. and due N. Lumps of white quartz, 

up to six inches in diameter, occur in this rock; and a vein of it a foot wide 

was reported, but at the time of my observation was covered by high water. 

This rock reaches in occasional outcrops one or two feet above low water some 

three-fourths of the way across the river, which is here an eighth of a mile 

wide; but it has no exposures on the east shore. About ten rods west from 

the large outcrop beside the river, nearly the same rock, but much less divided 

by joints and somewhat finer-grained, is exposed upon a space about a hundred 

feet square, from which the covering of drift, with a thick growth of timber, 

was swept away about ten years ago by the sudden flood from a broken ice

gorge. 

A stratum of rock, apparently belonging in the same group with the pre

ceding, was encountered by the well of Mr. Calvin A. Tuttle, two and a half 

miles south from the last and close north of the mouth of the" main Two 

rivers." This well is about 23 feet above the Mississippi, which flows close 

at the east. Its depth of 50 feet was as follows: soil, 1 ~ feet; gravel, with 

pebbles up to six inches in diameter, 4 feet; "white stony clay," probably a 

marly till, 4! feet; bluish till, 7 feet; apparently decomposed rock, of various 

colors and in irregular masses, with considerable kaolin in oblique layers, up 
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east-northeast. There the cleavage strikes nearly due east. 

The only remaining outcrops of these crystalline rocks beside the Missis

sippi in Morrison county are about a half mile south from the last, being at 

Blanchard's rapids, best exposed upon the west side of the river, on land of 

Allen Blanchard, in the S. E. ~ of section 32, Swan River. Here ledges are 

seen at numerous places upon an area of twenty or twenty-five acres, but no

where rising more than two to four feet above the general surface. The 

largest exposure beside the river is fully a hundred feet long and averages 

forty feet in width. This is uniformly a very hard, compact, dark dioryte. It 

has no staurolite crystals. It shows no lamination, but is very much diviued 

by joints, which are from one or two inches to a foot apart and nearly vertical. 

Their two principal sets bear N. 75° W. and due N. Lumps of white quartz, 

up to six inches in diameter, occur in this rock; and a vein of it a foot wide 

was reported, but at the time of my observation was covered by high water. 

This rock reaches in occasional outcrops one or two feet above low water some 

three-fourths of the way across the river, which is here an eighth of a mile 

wide; but it has no exposures on the east shore. About ten rods west from 

the large outcrop beside the river, nearly the same rock, but much less divided 

by joints and somewhat finer-grained, is exposed upon a space about a hundred 

feet square, from which t~e covering of drift, with a thick growth of timber, 

was swept away about ten years ago by the sudden flood from a broken ice

gorge. 

A stratum of rock, apparently belonging in the same group with the pre

ceding, was encountered by the well of Mr. Calvin A. Tuttle, two and a half 

miles south from the last and close north of the mouth of the" main Two 

rivers." This well is about 23 feet above the Mississippi, which flows close 

at the east. Its depth of 50 feet was as follows: soil, 1 ~ feet; gravel, with 

pebbles up to six inches in diameter, 4 feet; "white stony clay," probably a 

marly till, 4t feet; bluish till, 7 feet; apparently decomposed rock, of various 

colors and in irregular masses, with considerable kaolin in oblique layers, up 

CROW WING AND MORRISON COUNTIES. 599 
Dloryte.J 

northward, we find this strike and dip continued in the cleavage of the slate 

at Little Falls and on the Little Elk river, but with a slight deviation of the 

strike to a more northeasterly course. Beyond these outcrops northeastward, 

the nearest exposure of similar rocks is the district of slate ledges at the 

Northern Pacific Junction and on the St. Louis river, a hundred miles to the 

east-northeast. There the cleavage strikes nearly due east. 

The only remaining outcrops of these crystalline rocks beside the Missis

sippi in Morrison county are about a half mile south from the last, being at 

Blanchard's rapids, best exposed upon the west side of the river, on land of 

Allen Blanchard, in the S. E. ~ of section 32, Swan River. Here ledges are 

seen at numerous places upon an area of twenty or twenty-five acres, but no

where rising more than two to four feet above the general surface. The 

largest exposure beside the river is fully a hundred feet long and averages 

forty feet in width. This is uniformly a very hard, compact, dark dioryte. It 

has no staurolite crystals. It shows no lamination, but is very much diviued 

by joints, which are from one or two inches to a foot apart and nearly vertical. 

Their two principal sets bear N. 75° W. and due N. Lumps of white quartz, 

up to six inches in diameter, occur in this rock; and a vein of it a foot wide 

was reported, but at the time of my observation was covered by high water. 

This rock reaches in occasional outcrops one or two feet above low water some 

three-fourths of the way across the river, which is here an eighth of a mile 

wide; but it has no exposures on the east shore. About ten rods west from 

the large outcrop beside the river, nearly the same rock, but much less divided 

by joints and somewhat finer-grained, is exposed upon a space about a hundred 

feet square, from which t~e covering of drift, with a thick growth of timber, 

was swept away about ten years ago by the sudden flood from a broken ice

gorge. 

A stratum of rock, apparently belonging in the same group with the pre

ceding, was encountered by the well of Mr. Calvin A. Tuttle, two and a half 

miles south from the last and close north of the mouth of the" main Two 

rivers." This well is about 23 feet above the Mississippi, which flows close 

at the east. Its depth of 50 feet was as follows: soil, 1 ~ feet; gravel, with 

pebbles up to six inches in diameter, 4 feet; "white stony clay," probably a 

marly till, 4t feet; bluish till, 7 feet; apparently decomposed rock, of various 

colors and in irregular masses, with considerable kaolin in oblique layers, up 



600 THE GEOLOGY OF MINNESOTA. 
[Crystalline rock. 

to about six inches in thickness, 8 feet; and thence to the bottom apparently 

a decomposed hydromica schist, dug into 25 feet and bored into 4 feet deeper. 

At the time of excavation, which was done with pick and shovel, this rock was 

thrown out in pieces up to ten pounds in weight; but all these, within a few 

weeks, by exposure to air and rain, were crumbled to a powder. It had no 

staurolite crystals; but occasional quartz lumps, from three to ten pounds in 

weight, and one of fifty pounds, were found in it. 

On the Swan river. Swan. river, in the southwest corner of section 1, of 

Swan River township, about one and a half miles above its mouth, as reported 

by Mr. Samuel Lee, has a fall of nine feet in six rods, over a bed of roc~ 

closely like that of Pike rapids, one and a half miles east. He thinks this 

rock has no exposure in the banks, of which that on the northeast is low, while 

that on the southwest is about 40 feet high, being composed of gravel and 

sand. 

At the Ledoux bridge on Swan river, in the S. E. ;}; of the S. E. ;}; of 

section 4, Swan River township, a dark, compact rock, in part slaty and in 

part resembling quartzyte, is exposed in the bed of the stream and forms the 

foundation of the bridge abutments. Specimens were obtained; but observa

tions of jointing, cleavage, or lamination, were prevented by the high stage of 

the water. Several exposures of this rock are reported in the channel of the 

river within a quarter of a mile above and below this bridge. 

West of Little Falls. In the S. E. ;}; of the N. E. it of section 13, T. 129, 

R. 30, about one and one-half miles northwest of Little Falls, numerous out

crops of rock, rising one to five feet above the general surface, occur upon an 

area some thirty rods long from north-northwest to south-southeast, and ten to 

twenty rods wide. This rock is all massively crystalline, with no apparent 

lamination or cleavage. It is all quite dark, probably including much horn

blende. In part it is fine-grained; but mostly it is about medium-grained, and 

in part is quite coarse. The last of these varieties is sometimes decayed and 

friable, but mainly this rock is very compact and hard, not readily splitting in 

any particular direction. No staurolite, garnet, nor pyrite crystals were ob

served. Nearly all the varieties of this rock, when long exposed to the 

weather, tend to exhibit crystals of a greenish mineral, a si~teenth to a fourth 

of an inch long; and by further weathering these are dissolved, leaving small 

cavities. Mica is rarely present; it was noted only in narrow veins, a half to 

600 THE GEOLOGY OF MINNESOTA. 
[Crystalline rock. 

to about six inches in thickness, 8 feet; and thence to the bottom apparently 

a decomposed hydromica schist, dug into 25 feet and bored into 4 feet deeper. 

At the time of excavation, which was done with pick and shovel, this rock was 

thrown out in pieces up to ten pounds in weight; but all these, within a few 

weeks, by exposure to air and rain, were crumbled to a powder. It had no 

staurolite crystals; but occasional quartz lumps, from three to ten pounds in 

weight, and one of fifty pounds, were found in it. 

On the Swan river. Swan. river, in the southwest corner of section 1, of 

Swan River township, about one and a half miles above its mouth, as reported 

by Mr. Samuel Lee, has a fall of nine feet in six rods, over a bed of roc~ 

closely like that of Pike rapids, one and a half miles east. He thinks this 

rock has no exposure in the banks, of which that on the northeast is low, while 

that on the southwest is about 40 feet high, being composed of gravel and 

sand. 

At the Ledoux bridge on Swan river, in the S. E. i of the S. E. i of 

section 4, Swan River township, a dark, compact rock, in part slaty and in 

part resembling quartzyte, is exposed in the bed of the stream and forms the 

foundation of the bridge abutments. Specimens were obtained; but observa

tions of jointing, cleavage, or lamination, were prevented by the high stage of 

the water. Several exposures of this rock are reported in the channel of the 

river within a quarter of a mile above and below this bridge. 

West of Little Falls. In the S. E. i of the N. E. i of section 13, T. 129, 

R. 30, about one and one-half miles northwest of Little Falls, numerous out

crops of rock, rising one to five feet above the general surface, occur upon an 

area some thirty rods long from north-northwest to south-southeast, and ten to 

twenty rods wide. This rock is all massively crystalline, with no apparent 

lamination or cleavage. It is all quite dark, probably including much horn

blende. In part it is fine-grained; but mostly it is about medium-grained, and 

in part is quite coarse. The last of these varieties is sometimes decayed and 

friable, but mainly this rock is very compact and hard, not readily splitting in 

any particular direction. No staurolite, garnet, nor pyrite crystals were ob

served. Nearly all the varieties of this rock, when long exposed to the 

weather, tend to exhibit crystals of a greenish mineral, a si~teenth to a fourth 

of an inch long; and by further weathering these are dissolved, leaving small 

cavities. Mica is rarely present; it was noted only in narrow veins, a half to 

600 THE GEOLOGY OF MINNESOTA. 
[Crystalline rock. 

to about six inches in thickness, 8 feet; and thence to the bottom apparently 

a decomposed hydromica schist, dug into 25 feet and bored into 4 feet deeper. 

At the time of excavation, which was done with pick and shovel, this rock was 

thrown out in pieces up to ten pounds in weight; but all these, within a few 

weeks, by exposure to air and rain, were crumbled to a powder. It had no 

staurolite crystals; but occasional quartz lumps, from three to ten pounds in 

weight, and one of fifty pounds, were found in it. 

On the Swan river. Swan. river, in the southwest corner of section 1, of 

Swan River township, about one and a half miles above its mouth, as reported 

by Mr. Samuel Lee, has a fall of nine feet in six rods, over a bed of roc~ 

closely like that of Pike rapids, one and a half miles east. He thinks this 

rock has no exposure in the banks, of which that on the northeast is low, while 

that on the southwest is about 40 feet high, being composed of gravel and 

sand. 

At the Ledoux bridge on Swan river, in the S. E. i of the S. E. i of 

section 4, Swan River township, a dark, compact rock, in part slaty and in 

part resembling quartzyte, is exposed in the bed of the stream and forms the 

foundation of the bridge abutments. Specimens were obtained; but observa

tions of jointing, cleavage, or lamination, were prevented by the high stage of 

the water. Several exposures of this rock are reported in the channel of the 

river within a quarter of a mile above and below this bridge. 

West of Little Falls. In the S. E. i of the N. E. i of section 13, T. 129, 

R. 30, about one and one-half miles northwest of Little Falls, numerous out

crops of rock, rising one to five feet above the general surface, occur upon an 

area some thirty rods long from north-northwest to south-southeast, and ten to 

twenty rods wide. This rock is all massively crystalline, with no apparent 

lamination or cleavage. It is all quite dark, probably including much horn

blende. In part it is fine-grained; but mostly it is about medium-grained, and 

in part is quite coarse. The last of these varieties is sometimes decayed and 

friable, but mainly this rock is very compact and hard, not readily splitting in 

any particular direction. No staurolite, garnet, nor pyrite crystals were ob

served. Nearly all the varieties of this rock, when long exposed to the 

weather, tend to exhibit crystals of a greenish mineral, a si~teenth to a fourth 

of an inch long; and by further weathering these are dissolved, leaving small 

cavities. Mica is rarely present; it was noted only in narrow veins, a half to 



CROW WING AND MORRISON COUNTIES. 601 
Crystalline rocks.] 

one inch wide and of small extent. These ledges are on the east border of an 

area of till, which thence extends indefinitely westward. They are ten to 

fifteen feet above a grass-marsh, a half mile wide, which lies on the east and 

southeast, but are scarcely higher than the plain of modified drift which occu

pies the Mississippi valley eastward. 

Near the fork of Little Elk river. The only other outcrops of the crystal

line rocks known in Morrison county are in the N. E. i of section 7, T. 130, 

R. 30, being between the north and south forks of the Little Elk river, about 

a quarter of a mile northwest of their junction. One of these ledges is crossed 

by the road some thirty rods west from the ford of the north fork. Thence 

the rock reaches about fifteen rods south, with a width of one to two rods; but 

northward its exposures extend fully an eighth of a mile, occurring frequently 

upon a width of five to ten rods. It is said to have no outcrops upon any of 

the streams of this vicinity. As this whole region is wooded, other outcrops 

may have escaped notice. The rock here rises in ragged knolls and small 

north-to-south ridges, three to eight feet above the general surface, which is 

10 to 25 feet above the north fork. It is nowhere massively crystalline, like 

the dioryte at "the point" near Little Falls; but is a dark schist, having 

always a more or less distinct lamination, often irregular and contorted. Its 

strike is uniformly from northeast to southwest, or within five degrees of this; 

and its dip varies from vertical to 75° N. W. It has no slaty cleavage, and 

is all very compact and hard, with few joints. In color and texture it is 

nearly like some portions of the Little Falls ledges. So far as examined, it 

has no staurolite nor garnet crystals. In one place a specimen was obtained, 

holding numerous large pyrite crystals, but these are not generally noticeable. 

This dark rock sometimes becomes, by weathering, spotted with brown particles; 

and by further weathering these are dissolved, leaving a minutely pitted 

surface. Often the rock includes gray, apparently quartzose, lenticular masses, 

a half to one inch thick and four to twelve inches long, coinciding with the 

nearly vertical northeast to southwest lamination. It has been slightly quar

ried by Gilbert T. Smith for his mill, situated a half mile to the east. 

OretaceoU8 bed8. 

At the mouth of the" main Two rivers" in Morrison county, Cretaceous 

beds outcrop in the west bank of the Mississippi .river along a distance of ~ 
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quarter of a mile, and in the banks of Two rivers for perhaps the same extent, 

being overlain by 10 to 30 feet of drift. About a sixth of a mile south from 

the entrance of Two rivers the lower part of the Mississippi bank to a hight 

of several feet is gray clay, from which many specimens of two species of 

lamellibranch shells have been obtained, the valves being united. One of these 

species is five inches long, 2!l: inches high, and 24 inches thick; it is a Margari

tana, very nearly allied to M. Nebrascensis, Meek & Hayden, from which it differs 

in having no considerable depression or corrugation on the sides. The other 

is a species of Unio, almost certainly U. Dance, Meek & Hayden; it is about 

3~ inches long, H inches high, and an inch thick. Some of the Unio speci

mens are remarkably elongated taperingly, resembling U. subspatulatus, M. & 

H. These are fresh-water genera. A lignitic layer occurs some three feet 

aboye the river along a few rods half-way between where these fossils are 

found and the mouth of Two rivers, showing occasionally a seam of lignite an 

inch thick, with nearly black clay and particles of lignite for several inches 

above and below. This layer of lignitic clay is also seen in the right or south

east bank of Two rivers along an extent of ten rods between 20 and 30 rods 

above its mouth, being about one foot thick and three to four feet above the 

water. The lignitic deposits indicate, like the fresh-water shells, that these 

beds were formed in a river or estuary. 

Ten to twenty-five rods north from the mouth of Two rivers, the west 

bank of the Mississippi shows three to eight feet above the water an ex

posure of a gray, hard rock, as fine-grained as shale, with no marks of lamina

tion, but in some parts concretionary and stained with iron-rust (limonite). 

The following analysis* of this rock by Prof. Dodge gives a remarkably large 

percentage of alumina, hardly equaled by any known rock or mineral; one of 

the analyses of beauxite stated in Dana's Manual of Mineralogu being the near

est found. "Ohemical series, No. 83. A siliceous rock, to a great extent 

soluble in hydrochloric acid. The rock was analyzed as a silicate, and its 

composition found to be as follows: silica, 19.81 per cent.;' alumina, 52.43; 

oxide of iron, 1.32; calcium carbonate, 1.64; soda,0.44; water, 23.23; mak

ing a total of 98.87. In appearance this rock bears a considerable resem

blance to compact gray limestone. Its hardness is a little less than that of 
limestone." 

* Tenth annual report, p. 210. 
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A perfect tooth of Otodus appendieulatus, Ag., was found by Eddie Young 

on a sand-bar of Two rivers ab9~t a fourth of a mile above its mouth. Other 

shark's teeth and fragments, belonging to various species, have been also found 

there and on the south branch of Two rivers near Holding's Ford in Stearns 

county, about eight miles distant to the southwest. These indicate that ma

rine Cretaceous beds probably underlie the drift somewhere within the basin 

of the stream; though it is possible that they were wholly eroded by the ice, 

their fossils being now contained in the drift.-r 

Glacial and modified drift. 

The rock-outcrops in Morrison county generally show glaciated surfaces, 

rounded and planed by the ice-sheet, but no glacial strire were observed, these 

having been effaced by weathering. 

The average thickness of the drift in these counties is probably about a 

hundred feet. In a former part of this chapter, treating of topographic fea

tures, the contour and material of the drift have been already described. A 

few additional notes will find place here, and the probable glacial movements 

and conditions attending the formation of these drift deposits will be briefly 

stated. 

By far the greater part of the drift here has been brought from the north

east. It contains frequent boulders, small fragments and pebbles of the dark 

or reddish eruptive rocks and the red sandstone that occur in place on the 

shores of lake Superior. Most of the large boulders, however; and a good 
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on a sand-bar of Two rivers abo~t a fourth of a mile above its mouth. Other 

shark's teeth and fragments, belonging to various species, have been also found 

there and on the south branch of Two rivers near Holding's Ford in Stearns 

county, about eight miles distant to the southwest. These indicate that ma

rine Cretaceous beds probably underlie the drift somewhere within the basin 

of the stream; though it is possible that they were wholly eroded by the ice, 

their fossils being now contained in the drift.t 

Gla'eial and modijied drift. 

The rock-outcrops in Morrison county generally show glaciated surfaces, 

rounded and planed by the ice-sheet, but no glacial strim were observed, these 

having been effaced by weathering. 
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of the state. It is also a noteworthy fact that boulders are somewhat more 

numerous in the till forming the east part o( the Red river valley plain, and 

on the higher)and eastward, than farther south, as in the basin of the Minne

sota river. Sand and gravel are also present in larger amount as components 

of the till in these counties and through northeastern Minnesota than in the 

till of western and southern Minnesota, brought from the northwest and de

rived in larger part from Cretaceous shales. In this respect, and in its abun

dant boulders, the northeastern till resembles that of the New England states. 

Limestone boulders or even pebbles are a.bsent or very rare in all the 

drift deposits on the east part of these counties. Not one was found in a . 

careful examination of three miles of the shingle beach on the northwest shore 

of Mille Lacs. The most eastern locality in this district where limestone 

gravel was observed as a considerable component of the till, was in an exca

vation at Young Brothers' mill, near the mouth of Two rivers. Its occurrence 

there shows that during some part of the ice age a glacial current from the 

northwest here mingled drift brought from the region of the Red river and lake 

Winnipeg with the northeastern drift. Yet the latest ice-flow upon all western 

Morrison county evidently came from the north and northeast, for scarcely any, 

limestone can be found among the boulders and pebbles of the till on the surface 

in that part of the district, not averaging one in five hundred. The modified 

drift on the Crow Wing river and thence southward through Morrison county 

has a somewhat greater proportion of limestone gravel, contributed by glacial 

streams poured down from the melting ice-fields upon a large area toward the 

northwest. 

Examination of the pebbles forming the shingle beach on the northwest 

side of Mille Lacs shows them to be as follows: dark trappean rocks, nearly 

all fine-grained, with rarely one of coarse-grained dioryte, and a few of some

what slaty appearance, together about half of all; r~ddish, mostly finely crys~ 

talline felsyte rocks, not often porphyritic or coarsely crystalline, nearly a 

fourth part; dull red sandstone, also nearly a fourth part, the foregoing three 

groups, which are plainly referable to the region of lake Superior, making 

together nineteen-twentieths, or more, of the whole; while the remainder are 

granite, syenite, white quartz, and occasionally a pebble of nearly white sand

stone. No limestone, shale, distinct slate, nor conglomerate, was seen. 

Such examination of the pebbles and rock-fragments on the northeast 
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shore of lake Alexander shows about a third of all there to be granite, syenite 

and gneiss; about a third, dark trappean rocks, varying to dark, evidently 

sedimentary rocks with slaty look but only very rarely having a distinct 

cleavage; about a fourth part reddish crystalline felsytes, with some of red 

sandstone; a few of white quartz; agates, rare; limestone pebbles, perhaps 

one in three hundred, occurring only in small pieces, three to four inches long 

or of less size; no conglomerate. 

The modified drift of the Mississippi valley was similarly examined 

where the river-road crosses Hay creek near the south line of Swan River 

township. About one in two hundred of the pebbles is limestone; a hundredth 

part is red sandstone; the remainder, nearly 99 per cent. of the whole, are 

dark greenish or brownish trap, reddish and gray granite, syenite, and other 

crystalline rocks. 

In my work of mapping the belts of morainic drift through Morrison, 

Stearns and Todd counties, in 1880 and 1881, much valuable aid was con

tributed by Dr. Thomas M. Young, of Minneapolis, then living in Royalton, 

whose observations covered considerable portions of these counties, and who 

had studied out the nature and probable origin of these remarkable drift depos

its, as early as 1873, regarding them as terminal moraines. 

When the ice-sheet of the last glacial epoch was gradually melting away 

and retreating northward, its boundary was driven back by successive steps 

or stages of recession, being in northern Stearns county and the south part of 

eastern Morrison county at the time of the formation of its seventh or Dovre mo

raine. This seems to be represented by the drift hills in northeastern Stearns 

county east of Spunk brook and opposite the mouth of the Platte river. It 

probably includes a part of the morainic hills a few miles east and southeast 

of Little Falls; and its farther course eastward may be found in the region . 
about the sources of the W e~t branch of Rum river and of Hillman brook. 

At the time of the eighth or Fergus Falls moraine, the lobate southern 

border of the ice-sheet appears to have accumulated the moraine on the west

ern boundary of Morrison county, lying mostly in Todd county; its continu

ation eastward by the south side of lake Alexander to the Mississippi river; 

the moraine east of the Mississippi in Moorville, Belle Prairie and Little Falls; 

and its farther extent, bending to the northeast and passing along the upper 

Platte river, to the northwest side of Mille Lacs. 
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At the time of the ninth or Leaf Hills moraine, the ice-sheet had probably 

withdrawn from this district, excepting in a part of northwestern Morrison 

county, where this moraine seems to be represented by the prominent drift 

hills north of Shamano lake and lake Alexander, blending in part east of lake 

Alexander with the preceding. The continuation of the Leaf Hills moraine 

northeastward is a belt of conspicuously hilly drift in Cass county, extending 

from Sylvan lake, between Pillager and Gull River, north and east by Gull 

lake, the west side of Pelican lake, Cross lake and the east half of White Fish 

lake, to Crooked lake. 

The deposition of the modified drift III these counties took place mostly, 

as elsewhere, while the ice-sheet was retreating. The rivers flowing from the 

melting ice-fields brought the gravel, sand and clay of these stratified beds. 

Such coarse sediments of gravel and sand as were deposited by the glacial 

rivers in their ice-walled channels or among masses of ice near the edge of the 

ice-sheet, constitute the osars and kames. Much gravel and sand, and all of 

the clay and fine silt of these rivers, were carried beyond the ice-margin and 

spread with a flat or only moderately undulating surface along the courses 

by which these waters flowed onward in their descent to the ocean. The 

thickness of this modified drift, when thus spread in smooth plains, is often 

only a few feet, though more commonly 20 to 40 feet, with till below. 

Springs, depositing travertine in the form of "petrified moss," occur on 

the south side of Two rivers a quarter of a mile above Young Brothers' mill. 

Wells in Grato Wing county. 

Bmincrd. R. K. Whiteley; in the town: well, 53 feet deep; soil, 1; fine sand, 20; whitish clay, 
3 feet; CO:11'se s:1nd, becoming gmvelly below, 25; and gravel. 4 feet, with water. This layer of clay 
about twenty feet beneath the surface, uuderlies nearly the whole town-site. Some wells get a permanent 

supply of W:1te1' above this; but better wn,ter is obtained by wells of similar depth with the foregoing. 

Henry HarlU:1n; sec. 28, three and a half miles east of the town: well, 50 feet, all till, yellow and 
reddish, very hard; never-tl~iling water seeps in the lower part of the well, becoming ten or fifteen feet 
deep. 

Grato Wing. Benj:1lUin Shontell; sec. 2: well, 7 feet, all sll,nd; W:1ter soft, about the same as rain
water. This is :1bout 50 feet above the Mississippi river, which flows within :1n eighth of a mile on the 
northwest. 

Wells at the old town-site of Crow Wing are 20 to 30 feet deep, all sand and gravel. 

MOrtn,i/lc. S. M. Putnam; S. W.J of sec. 2: well, 12 feet; dark soil, i; sand and fine gravel, 11; 
three feet of water, inexhaustible. 

W. B. Lovejoy; N. E. t of sec. 23; well, 16; soil, 2; saud and gravel, 14 feet and continuing 
deeper; water of excellent quality, hard. 

Daniel S. Mooers; sec. 27: well, 23 feet; soil, 2; sand and coarse gravel, 21; four feet of water. 

T. 144, R. 30. T. P. 'Russell; N. W. '\ of sec. 10: well, 31 feet; soil, 2; yellow and reddish till, 29; 
h:1rd, requiring to be picked, cont:1ining a layer of sand about six inches thick fifteen feet below the sur-
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county, where this moraine seems to be represented by the prominent drift 

hills north of Shamano lake and lake Alexander, blending in part east of lake 

Alexander with the preceding. The continuation of the Leaf Hills moraine 

northeastward is a belt of conspicuously hilly drift in Cass county, extending 

from Sylvan lake, between Pillager and Gull River, north and east by Gull 

lake, the west side of Pelican lake, Cross lake and the east half of White Fish 

lake, to Crooked lake. 

The deposition of the modified drift m these counties took place mostly, 

as elsewhere, while the ice-sheet was retreating. The rivers flowing from the 

melting ice-fields brought the gravel, sand and clay of these stratified beds. 

Such coarse sediments of gravel and sand as were deposited by the glacial 

rivers in their ice-walled channels or among masses of ice near the edge of the 

ice-sheet, constitute the osars and kames. Much gravel and sand, and all of 

the clay and fine silt of these rivers, were carried beyond the ice-margin and 

spread with a flat or only moderately undulating surface along the courses 

by which these waters flowed onward in their descent to the ocean. The 

thickness of this modified drift, when thus spread in smooth plains, is often 

only a few feet, though more commonly 20 to 40 feet, with till below. 

Springs, depositing travertine in the form of "petrified moss," occur on 

the south side of Two rivers a quarter of a mile above Young Brothers' mill. 

Wells in Crow Wing county. 

Bmincrd. R. K. Whiteley; in the town: well, 53 feet deep; soil, 1; fine sand, 20; whitish clay, 
3 feet; coarse sand, hecoming gmvelly helow, 25; and gravel, 4 feet, with water. This layer of clay 

abont twenty feet beneath the surface, underlies nearly the whole town-site. Some wells get a permanent 

supply of water ahove this; hut hetter Wll,ter is obt"ined by wells of similar depth with the foregoing. 

Henry Harman; sec. 28, three and a half miles east of the town: well, 50 feet, all till, yellow and 
reddish, very hard; never-ltl,iling water seeps in the lower part of the well, becoming ten or fifteen feet 
deep. 

Crow Wing. Benjamin Shontell; sec. 2: well, 7 feet, aU sa.nd; water soft, about the same as rain
water. This is ahout 50 feet above the Mississippi river, which flows within an eighth of a mile on the 
northwest. 

Wells at the old town-site of Crow Wiug are 20 to 30 feet deep, all sand and gravel. 

MotYI"ville. S. M. Putnam; S. W. l of sec. 2: well, 12 feet; dark soil, i; sand and fine gravel, 11; 
three feet of water, inexhaustible. 

W. B. Lovejoy; N. E. ;} of sec. 23; well, 16; soil, 2; sand and gravel, 14 feet and continuing 
deeper; water of excellent qu<\lity, hard. 

Daniel S. Mooers; sec. 27: well, 23 feet; soil, 2; sand and coarse gravel, 21; four feet of water. 

T. 144, R. 30. T. P. 'Russell; N. W .. } of sec. 10: well 31 feet· soil 2' yellow and reddish till 29' , " , , , 
hard, requiring to be picked, cont"ining a layer of sand about six inches thick fifteen feet below the sur-
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face, and others one to three inches thick below; water comes in all these layers of modified drift, stand
ing usually six feet deep; it is soft water, nearly as good to wash with as min-water. 

ThomasWadham; N. W. tofsec. 11: well,3G feet; soil, 1; all below is yellowish anll somewlmt 
reddish till, requiring to be picked, containing many stones and pebbles and a large proportion of sa,nd; 
soft water seeps near the bottom, becoming five feet deep. 

T. 144, R. 28. David S. Borden; S. W. } of sec. 2: well, 18feet; soil, 1; gravel and s,md, 10; and 
till, dug into 1 foot; water soft as rain. Till forms the surface twenty rods west and ten rolis north. 

Wells in Morrison C01lnty. 

Pierz. Frank Jaeger; S. E. t of sec. 34, in the north part of the village: well, 40 feet; soil, 11; 
gravel and sand, interstratified, including pebbles up to six inches in diameter, 20 feet; and dark gray 
till, 18} feet and continuing below; water, becoming two feet deep, seeps from sandy veins at the hottom. 

Mrs. Christopher Vernig; N. E. 1 of sec. 8, in the south part of the village: well, 36 feet; soil, 1; 
gravel and sand, interbedded, with pebbles or cobbles up to a foot in diameter, 25 feet, and dark, ve~y 
hard till, 10 feet; water rose from the bottom ten feet in one day. 

Bucltmanto1vn. John L. Estey; N. E. 1 of sec. 18; well, 2G feet; soil, 1.); all below was reddish 
till; water seeps, a plentiful supply. 

Edward S. Arnold; sec. 20: well, 14 feet; soil, 2; reddish till, picked, 8; more saudyawl softer 
till, shoveled, 4; water rose quickly four feet from the bottom, which was darker and very hanl till. 

Belle Prairie. Amos Clark; sec. 10, T. 42, R 32: well, 18; soil, 2; sand and gravel, 14; and very 
hard gray till, 2 feet and below. 

Andrew Hanson; N. E. :} of sec. 24, T. 41, R 31: well, 27 feet; soil, 1; till, very hard, yellowish 
for the first three or four feet and dark bluish below, 25 feet, containing occasional layers of sand three to 
six inches thick; and gravel, one foot and extending deeper, from which water rose ten feet in one day. 

William Harrison; sec. 34, T. 41, R 31: well, 42 feet; soil, 1; sand aud gravel, 5; yellow till, 14; 
blue clay, 1; and yellow till as above, 21; water rose in a few days to be twenty feet deep, and has 
remained at that level permanently during three years. 

Wells in the village are 8 to 15 feet deep, wholly sand and gravel. 

Little Falls. Wells in the town are 15 to 25 or 30 feet deep, all sand and gravel in the west part, 
but in the east part they go about ten feet into slate rock, there finding water. William Bredfeld'ti well 
is an example of those which are all modified drift; this was mainly sand, with some htyers of gravel, 
containing cobbles up to a foot in diameter, to water in gravel at the depth of 25 feet. 

The two following are in the part of this township west of the Mississippi river. E. E. Glass; S. 
W. t of sec. 12: well, 28 feet; soil, 2; till, 26, yellowish above and reddish below, spaded for the first six 
feet, beyond which it was very hard, requiring to be picked; no clear sand or gravel, except at the 
bottom, where water was found in a vein of gravel, from which it rose fifteen feet in two days. 

William Sly; sec. 30: well 15 feet; soil, 1; yellow till, picked, 14; water came in this till at the 
bottom, rising three feet in three hours; is hard water, but a majority of the wells in this neighborhood 

have soft water. 
Bellevue. Peter McDougall; sec. 29, on the Mississippi valley l)lain, about 50 feet above the river: 

well, 47 feet; soil, 2; fine gravel and sand, becoming comser below, 45 feet, to water. 
Thomas M. Young; Royalton village: well, 18 feet; soil, 2; coarse gravel, 5; sand, 4; hard yellow 

till, picked, 7; water rose three feet from sand at the bottom. 
The two following are in the east township of Bellevue. Peter McDougall, jr.; sec. 16: well, 20; 

soil,2 ; and red, very hard till, 18. 
John S. Bouck; sec. 17: well, 47 feet; soil, 2; hard, red till, 44; gravel and quicksand, 1 foot, with 

water, not rising. 
(keen Prairie. Wells on the river-road go 15 to 25 feet in stratified sand and gravel, finding no 

clay. The largest cobbles encountered are about a foot in diameter. 
Jeremiah Barnhart; sec. 6, T. 130, R. 30: well, 22; soil, 1; yellow till, picked, 10; caving sand and 

gravel, 10; and till below, dug into only foot; water plentiful, soft. 
Swan River. A. K. Miller; N. W. } of sec. 4: well, 28 feet; soil 2; yellow till, G; reddish till, 20, 

both requiring to be picked; no layers of sand or gravel; water seeps from a sand vein a foot thick and 

about two feet wide, at the depth of twenty-six feet. 
Frank X. Ledoux; S. E. t of this sec. 4: well, 12 feet; soil, 2; gravel, 3; and sand 7. This is 

alluvium of the Swan river which flows near. 
William H. Thompson, S. W. t of sec. 8: well, 23; soil, 2; yellow till, 21, enclosing occasional sandy 
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face, and others one to three inches thick below; water comes in all these layers of modified drift stand-
ing usually six feet deep; it is soft water, nearlya.s good to wash with as r[Lin-water. ' 

Thomas Wadham; N. W. :} of sec. 11: well, 36 feet; soil, 1; all below is yellowish [IUd .~omewlmt 
reddish till, requiring to be picked, containing m[Lny stones and pebbles [Lnll a large proportion of sand; 
soft water seeps near the bottom, becoming fi ve feet deep. 

T. 144, E. 28. David S. Borden; S. W. t of sec. 2: well, 18 feet; soil, 1; gnwel and slm,1, lu; and 
till, dug into 1 foot; water soft as rain. Till forms the surface twenty rods west ltnd ten rods north. 

Wells in Morrison county. 

Pierz. Frank Jaeger; S. E. } of sec. 34, in the north part of the village: well, 40 feet; soil, 1~; 
gravel and sand, interstratified, including pebbles up to six inches in diameter, 20 feet; and dark gmy 

till, 18:\ feet and continuing below; w[Lter, becoming two feet deep, seeps from s[Ludy veins at the bottom. 

Mrs. Christopher Vernig; N. E. 1 of sec. 8, in the south part of the village' well 36 feet· soil l' 
gravel and sand, interbedded, with pebbles or cobbles up to a foot in diltmeter, 2~ feet: and d~r~, v~~; 
hard till, 10 feet; water rose from the bottom ten feet in one day. 

Buckmantmon. John L. Estey; N. E. !r of sec. 18; well, 26 feet; soil, 1*; all below W[LS reddish 
till; water seeps, a plentiful supply. 

Edward S. Arnold; sec. 20: well, 14 feet; soil, 2; reddish till, picked, 8; more sandy amI softer 
till, shoveled, 4; water rose quickly four feet from the bottom, which was darker and very hard till. 

Belle Prairie. Amos Clark; sec. 10, T. 42, R. 32: well, 18; soil, 2; sand and gravel, 14; and very 
hard gray till, 2 feet and below. 

Andrew Hanson; N. E. } of sec. 24, T. 41, R. 31: well, 27 feet; soil, 1; till, very hard, yellowish 
for the first three or four feet and dark bluish below, 25 feet, containing occn.sional byers of saud three to 

six inches thick; and gravel, one foot and extending deeper, from which water rose ten feet iu one day. 

William H:1rrison; sec. 34, T. 41, R. 31: well, 42 feet; soil, 1; s[LIllI aud gravel, 5; yellow till, 14; 

blue clay, 1; and yellow till as above, 21; water rose in a few days to be twenty feet deep, and has 
remained at that level permanently during three years. 

Wells in the village are 8 to 15 feet deep, wholly sand and gravel. 

Little Fall~. Wells in the town are 15 to 25 or 30 feet deep, all sand ltlld gravel in the west part, 

but in the east part they go about ten feet into slate rock, there finding Wll-ter. William Bredfeld's well 
is an example of those which are all modified drift; this was mainly s[Lnd, with some htyers of gr[Lvel, 

containing cobbles up to a foot in diameter, to water in gravel at the depth of 25 feet. 

The two following are in the part of this township west of the Mississippi river. E. E. Glass; S. 

W. t of sec. 12: well, 28 feet; soil, 2; till, 26, yellowish above [Lnc1 reddish below, spaded for the first six 

feet, beyond which it was very hard, requiriug to be picked; no clear sand or gmvel, except at the 

bottom, where water was found in a vein of gravel, from which it rose fifteen feet in two days. 

William Sly; sec. 30: well 15 feet; soil, 1; ye.llow till, picked, 14; water came in this till at the 

bottom, rising three feet in three hours; is hard Wl1ter, but [L ml1jority of the wells in this ueighborhood 

have soft water. 

Bellevue. Peter McDougall; sec. 29, on the Mississippi valley plain, about 50 feet above the river: 

well, 47 feet; soil, 2; fine gravel and sand, becomiug COl,rser below, 45 feet, to wttter. 

Thomas M. Young; Royalton vilbge: well, 18 feet; soil, 2; coarse gmvel, 5; s[Lnd, 4; bard yellow 

till, picked, 7; water rose three feet from sand at the bottom. 
The two following are in the east township of Bellevue. Peter McDougall, jr.; sec. 16: well, 20; 

soil,2 ; and red, very hard till, 18. 
John S. Bouck; sec. 17: well, 47 feet; soil, 2; hard, red till, 44; gravel [Lnd quicksl1nd, 1 foot, with 

water, not rising. 
Green Prairie. Wells on the river-road go 15 to 25 feet in stratified sand and gravel, finding no 

clay. The largest cobbles encountered are about a foot in dbmeter. 
Jeremiah Barnhart; sec. 6, T. 130, R. 30: well, 22; soil, 1; yellow till, picked, 10; clwing sl1nd and 

gravel, 10; and till below, dug into only foot; water plentiful, soft. 
Swan River. A. K. Miller; N. W. t of sec. 4: well, 28 feet; soil 2; yellow till, 6; reddish till, 20, 

both requiring to be picked; no layers of sand or gravel; water seeps from a saud vein a foot tbick and 

about two feet wide, at the depth of twenty-six feet. 
Frank X. Ledoux; S. E. t of this sec. 4: well, 12 feet; soil, 2; gravel, 3; and sand 7. This is 

alluvium of the Swan river which flows near. 
William H. Thompson, S. W. t of sec. 8: well, 23; soil, 2; yellow till, 21, enclosing occasional sandy 
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face, and others one to three inches thick below; water comes in all these layers of modified drift stand-
ing usually six feet deep; it is soft water, nearlya.s good to wash with as r[Lin-water. ' 

Thomas Wadham; N. W. :} of sec. 11: well, 36 feet; soil, 1; all below is yellowish [IUd .~omewlmt 
reddish till, requiring to be picked, containing m[Lny stones and pebbles [Lnll a large proportion of sand; 
soft water seeps near the bottom, becoming fi ve feet deep. 

T. 144, E. 28. David S. Borden; S. W. t of sec. 2: well, 18 feet; soil, 1; gnwel and slm,1, lu; and 
till, dug into 1 foot; water soft as rain. Till forms the surface twenty rods west ltnd ten rods north. 

Wells in Morrison county. 

Pierz. Frank Jaeger; S. E. } of sec. 34, in the north part of the village: well, 40 feet; soil, 1~; 
gravel and sand, interstratified, including pebbles up to six inches in diameter, 20 feet; and dark gmy 

till, 18:\ feet and continuing below; w[Lter, becoming two feet deep, seeps from s[Ludy veins at the bottom. 

Mrs. Christopher Vernig; N. E. 1 of sec. 8, in the south part of the village' well 36 feet· soil l' 
gravel and sand, interbedded, with pebbles or cobbles up to a foot in diltmeter, 2~ feet: and d~r~, v~~; 
hard till, 10 feet; water rose from the bottom ten feet in one day. 

Buckmantmon. John L. Estey; N. E. !r of sec. 18; well, 26 feet; soil, 1*; all below W[LS reddish 
till; water seeps, a plentiful supply. 

Edward S. Arnold; sec. 20: well, 14 feet; soil, 2; reddish till, picked, 8; more sandy amI softer 
till, shoveled, 4; water rose quickly four feet from the bottom, which was darker and very hard till. 

Belle Prairie. Amos Clark; sec. 10, T. 42, R. 32: well, 18; soil, 2; sand and gravel, 14; and very 
hard gray till, 2 feet and below. 

Andrew Hanson; N. E. } of sec. 24, T. 41, R. 31: well, 27 feet; soil, 1; till, very hard, yellowish 
for the first three or four feet and dark bluish below, 25 feet, containing occn.sional byers of saud three to 

six inches thick; and gravel, one foot and extending deeper, from which water rose ten feet iu one day. 

William H:1rrison; sec. 34, T. 41, R. 31: well, 42 feet; soil, 1; s[LIllI aud gravel, 5; yellow till, 14; 

blue clay, 1; and yellow till as above, 21; water rose in a few days to be twenty feet deep, and has 
remained at that level permanently during three years. 

Wells in the village are 8 to 15 feet deep, wholly sand and gravel. 

Little Fall~. Wells in the town are 15 to 25 or 30 feet deep, all sand ltlld gravel in the west part, 

but in the east part they go about ten feet into slate rock, there finding Wll-ter. William Bredfeld's well 
is an example of those which are all modified drift; this was mainly s[Lnd, with some htyers of gr[Lvel, 

containing cobbles up to a foot in diameter, to water in gravel at the depth of 25 feet. 

The two following are in the part of this township west of the Mississippi river. E. E. Glass; S. 

W. t of sec. 12: well, 28 feet; soil, 2; till, 26, yellowish above [Lnc1 reddish below, spaded for the first six 

feet, beyond which it was very hard, requiriug to be picked; no clear sand or gmvel, except at the 

bottom, where water was found in a vein of gravel, from which it rose fifteen feet in two days. 

William Sly; sec. 30: well 15 feet; soil, 1; ye.llow till, picked, 14; water came in this till at the 

bottom, rising three feet in three hours; is hard Wl1ter, but [L ml1jority of the wells in this ueighborhood 

have soft water. 

Bellevue. Peter McDougall; sec. 29, on the Mississippi valley plain, about 50 feet above the river: 

well, 47 feet; soil, 2; fine gravel and sand, becomiug COl,rser below, 45 feet, to wttter. 

Thomas M. Young; Royalton vilbge: well, 18 feet; soil, 2; coarse gmvel, 5; s[Lnd, 4; bard yellow 

till, picked, 7; water rose three feet from sand at the bottom. 
The two following are in the east township of Bellevue. Peter McDougall, jr.; sec. 16: well, 20; 

soil,2 ; and red, very hard till, 18. 
John S. Bouck; sec. 17: well, 47 feet; soil, 2; hard, red till, 44; gravel [Lnd quicksl1nd, 1 foot, with 

water, not rising. 
Green Prairie. Wells on the river-road go 15 to 25 feet in stratified sand and gravel, finding no 

clay. The largest cobbles encountered are about a foot in dbmeter. 
Jeremiah Barnhart; sec. 6, T. 130, R. 30: well, 22; soil, 1; yellow till, picked, 10; clwing sl1nd and 

gravel, 10; and till below, dug into only foot; water plentiful, soft. 
Swan River. A. K. Miller; N. W. t of sec. 4: well, 28 feet; soil 2; yellow till, 6; reddish till, 20, 

both requiring to be picked; no layers of sand or gravel; water seeps from a saud vein a foot tbick and 

about two feet wide, at the depth of twenty-six feet. 
Frank X. Ledoux; S. E. t of this sec. 4: well, 12 feet; soil, 2; gravel, 3; and sand 7. This is 

alluvium of the Swan river which flows near. 
William H. Thompson, S. W. t of sec. 8: well, 23; soil, 2; yellow till, 21, enclosing occasional sandy 
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layers one to six inches thick, but no water; at the bottom water came in a sandy vein, and rose four feet 

in a few hours. 

C. W. Lakin; S. W. t of sec. 32 in the southeast part of the township, near the Mississippi river: 

well, 26 feet; soil, 2; yellow till, mostly spaded, 9 feet, with occasional sandy layers one to six inches 

thick; coarse gravel, 1 foot, yielding considerable water; harder blue till, also having occasional sandy 

streaks, 12 feet; and gravel and sand, with water rising from it a few feet, dug into 2 feet and extending 

deeper. Two pieces of wood were found in the compl,ct blue till of this well; the first, six inches long 

and an inch thick, was at the depth of twelve feet, just beneath the layer of gravel; and the second, 

which projected into the well from the side and was broken off, was at the depth of eighteen feet, the 

part obtained being eight inches long and two in diameter. 

Two Rivers. Isaiah L. Foster; sec. 2: well, 20 feet; soil, 2; a hard, ferruginous, gravelly layer, 8 
inches; sand and fine gravel, with quicksand at the bottom, 17; water hard, plentiful and good. 

. Ueorge Geissel; North Pmirie village: well, 65 feet; soil, 1~; loamy gravel, 2; and sand with 
occasional layers of fiue gravel, 61} feet; water comes in fine gravel at the bottom. 

Parkerstown. Wells in this township are 10 to 30 feet deep, in till. 

auldrum. Allus Kurgel; S. W. ! of sec. 34 in the north township: well, 32 feet; soil, 1; very hard 

reddish till, 29; and darker, bluish till, 2 feet aud deeper; water seeps, failing in dry seasons. A piece of 
wood, in texture resembling white pine, was found in this very hard till at the depth of twenty-five feet, 

projecting into the well from the side, so that a part of it one and a half feet long and two or three inches 
thick was chopped off. 

G. W. Pancake; S. W. ~- of sec. 12 in the south township: a cellar dug five feet deep goes into very 
hard, red till, which can only be excavated by picking. 

MATERIAL RESOURCES. 

The excellent supply of timber, and the agricultural capabilities of this 

district have been treated of in an earlier part of this chapter. Water-powers, 

quarrying, and brick-making remain to be noticed. 

Water-powers in use, and dams for lumbering purposes, at the time of this 

survey, in 1881, were as follows: 

On the Skuuk river, Theodore Kasper's grist and saw-mill, two miles northeast from Pierz or Rich 
Pmirie, with eight feet head; and Wilhelm Berg & Sons' saw-mill in the N. W. !, of section 30 in the 
south township of Pierz, with seven feet head. 

On Hillman brook and its bmnches, dams to supply water for log-driving; one on Black brook, a 
tributary from the east in T. 41, R. 28, about twenty rods above its mouth, with seven feet head; the 

uppermost on Hillman brook, about thirty rods abo~e the mouth of Black brook, having eight feet head; 

the second, about a mile down the stream, also having eight feet head; the "big dam," some two miles 
fluther down, in section 35, T. 41, R. 29, having nine feet head; the Estey dam, three or four miles below the 

last, having six feet head; and one on the Little Hillman brook, three-fourths of a mile above its mouth, 

having seven feet head. From these dams the water is drawn away to raise the stream at time of low 

water. Several other 1ams on this brook, built to make the water a few feet deeper where boulders 
obstTIlct the channel, but not provided with gates for drawing water from them, are called "roll dams." 

On the Platte river are two or more dams for lumbering, and Gravel & Goulet's mill at Gmvel
ville for sawing and planing lumber and manufacturing flour, with about six feet head. 

On Spunk brook, the North Prairie flouring mill in the N. W. t of section 27, Two Rivers, owned 
by Geissel & Zeis, having sixteen feet head; three run of stone. 

On Two rivers, in section 8, a fourth of a mile above its mouth, the Two Rivers flouring mill, 

owned by Young Brothers, having twenty feet head; Calvin A. Tuttle's lower saW-mill, in the S. E. t 
of section 7, a half mile above the last, having eight feet head; and his upper saw-mill, on the north 
branch in section 14, Two Rivers, having nine feet head. 

On Swan river, in the east edge of section 12, a third of a mile above its mouth the Swan river 
. flouring mill, owned by Samuel Lee & Sons, having eleven feet head, flowing back a f~urth of a mill} 
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layers one to six inches thick, but no water; at the bottom water carne in a sandy vein, and rose fonr feet 

in a few hours. 

C. W. Lakin; S. W. t of sec. 32 in the southeast part of the township, near the Mississippi river: 

well, 26 feet; soil, 2; yellow till, mostly spaded, 9 feet, with occasional sandy layers one to six inches 

thick; coarse gravel, 1 foot, yielding considerable water; harder blue till, also having occasional sandy 

streaks, 12 feet; and gravel and sand, with wa.ter rising from it a few feet, dug into 2 feet and extending 

deeper. Two pieces of wood were found in the compact blue till of this well; the first, six inches long 

and an inch thick, was at the depth of twelve feet, just beneath the layer of gravel; and the second, 

which projected into the well from the side and was broken off, was at the depth of eighteen feet, the 
part obtained being eight inches long and two in diameter. 

Two Rivers. Isaiah L. Foster; sec. 2: well, 20 feet; soil, 2; a hard, ferruginous, gravelly layer, 8 

inches; sand l:md fine gravel, with quicksand at the bottom, 17; water hard, plentiful and good. 

. (ieorge Geissel; North Pnl,irie village: well, 65 feet; soil, 1~'; loamy gravel, 2; and sand with 

occasional layers of fine gravel, 6n· feet; water comes in fine gravel at the bottom. 
Parkerstown. Wells-in this township are 10 to 30 feet deep, in till. 

Ouldrum. Allus Kurgel; S. W. ~ of sec. 34 in the north township: well, 32 feet; soil, 1; very hard 

reddish till, 29; and dluker, bluish till, 2 feet and deeper; water seeps, failing in dry seasons. A piece of 
wood, in texture resembling white pine, was found in this very hard till at the depth of twenty-five feet, 

projecting into the well from the side, so that a part of it one and a half feet long and two or three inches 
thick was chopped off. 

G. W. Pancake; S. W. } of sec. 12 in the south township: a cellar dug five feet deep goes into very 
hard, red till, which can only be excavated by picking. 

MATERIAL RESOURCES. 

The excellent supply of timber, and the agricultural capabilities of this 

district have been treated of in an earlier part of this chapter . Water-powers, 

quarrying, and brick-making remain to be noticed. 

Water-powers in use, and dams for lumbering purposes, at the time of this 

survey, in 1881, were as follows: 

On the Skuuk river, Theodore Kasper's grist and saw-mill, two miles northeast from Pierz or Rich 
Prairie, with eight feet head; and Wilhelm Berg & Sons' saw-mill in the N. W. ~- of section 30 in the 
south township of Pierz, with seven feet head. 

On Hillman brook and its branches, dams to supply water for log-driving; one on Black brook, a 
tributary from the east in T. 41, R. 28, about twenty rods above its mouth, with seven feet head; the 

uppermost on Hillman brook, about thirty rods abo~e the mouth of Black brook, having eight feet head; 
the second, about a mile down the stream, also having eight feet head; the" big dam," some two miles 

fhrther down, in section 35, T. 41, R. 29, having nine feet head; the Estey darn, three or four miles below the 

last, having six feet head; and one on the Little Hillman brook, three-fourths of a mile above its mouth, 
having seven feet head. From these dams the water is drawn away to raise the stream at time of low 

water. Several other ~ams on this brook, built to make the water a few feet deeper where boulders 
obstruct the channel, but not provided with gates for drawing water from them, are called" roll dams." 

On the Platte river are two or more darns for lumbering, and Gravel & Goulet's mill at Gravel
ville for sawing and planing lumber and manufacturing flour, with about six feet head. 

On Spunk brook, the North Prairie flouring mill in the N. W. t of section 27, Two Rivers, owned 
by Geissel & Zeis, having sixteen feet head; three run of stone. 
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On Swan river, in the east edge of section 12, a third of a mile above its mouth the Swan river 
. flouring mill, owned by Samuel Lee & Sons, having eleven feet head, flowing back a f~urth of a mile 

608 THE GEOLOGY OF MINNESOTA. 
[Material resources. 

layers one to six inches thick, but no water; at the bottom water carne in a sandy vein, and rose fonr feet 

in a few hours. 

C. W. Lakin; S. W. t of sec. 32 in the southeast part of the township, near the Mississippi river: 

well, 26 feet; soil, 2; yellow till, mostly spaded, 9 feet, with occasional sandy layers one to six inches 

thick; coarse gravel, 1 foot, yielding considerable water; harder blue till, also having occasional sandy 

streaks, 12 feet; and gravel and sand, with wa.ter rising from it a few feet, dug into 2 feet and extending 

deeper. Two pieces of wood were found in the compact blue till of this well; the first, six inches long 

and an inch thick, was at the depth of twelve feet, just beneath the layer of gravel; and the second, 

which projected into the well from the side and was broken off, was at the depth of eighteen feet, the 
part obtained being eight inches long and two in diameter. 

Two Rivers. Isaiah L. Foster; sec. 2: well, 20 feet; soil, 2; a hard, ferruginous, gravelly layer, 8 

inches; sand l:md fine gravel, with quicksand at the bottom, 17; water hard, plentiful and good. 

. (ieorge Geissel; North Pnl,irie village: well, 65 feet; soil, 1~'; loamy gravel, 2; and sand with 

occasional layers of fine gravel, 6n· feet; water comes in fine gravel at the bottom. 
Parkerstown. Wells-in this township are 10 to 30 feet deep, in till. 

Ouldrum. Allus Kurgel; S. W. ~ of sec. 34 in the north township: well, 32 feet; soil, 1; very hard 

reddish till, 29; and dluker, bluish till, 2 feet and deeper; water seeps, failing in dry seasons. A piece of 
wood, in texture resembling white pine, was found in this very hard till at the depth of twenty-five feet, 

projecting into the well from the side, so that a part of it one and a half feet long and two or three inches 
thick was chopped off. 

G. W. Pancake; S. W. } of sec. 12 in the south township: a cellar dug five feet deep goes into very 
hard, red till, which can only be excavated by picking. 

MATERIAL RESOURCES. 

The excellent supply of timber, and the agricultural capabilities of this 

district have been treated of in an earlier part of this chapter . Water-powers, 

quarrying, and brick-making remain to be noticed. 

Water-powers in use, and dams for lumbering purposes, at the time of this 

survey, in 1881, were as follows: 

On the Skuuk river, Theodore Kasper's grist and saw-mill, two miles northeast from Pierz or Rich 
Prairie, with eight feet head; and Wilhelm Berg & Sons' saw-mill in the N. W. ~- of section 30 in the 
south township of Pierz, with seven feet head. 

On Hillman brook and its branches, dams to supply water for log-driving; one on Black brook, a 
tributary from the east in T. 41, R. 28, about twenty rods above its mouth, with seven feet head; the 

uppermost on Hillman brook, about thirty rods abo~e the mouth of Black brook, having eight feet head; 
the second, about a mile down the stream, also having eight feet head; the" big dam," some two miles 

fhrther down, in section 35, T. 41, R. 29, having nine feet head; the Estey darn, three or four miles below the 

last, having six feet head; and one on the Little Hillman brook, three-fourths of a mile above its mouth, 
having seven feet head. From these dams the water is drawn away to raise the stream at time of low 

water. Several other ~ams on this brook, built to make the water a few feet deeper where boulders 
obstruct the channel, but not provided with gates for drawing water from them, are called" roll dams." 

On the Platte river are two or more darns for lumbering, and Gravel & Goulet's mill at Gravel
ville for sawing and planing lumber and manufacturing flour, with about six feet head. 

On Spunk brook, the North Prairie flouring mill in the N. W. t of section 27, Two Rivers, owned 
by Geissel & Zeis, having sixteen feet head; three run of stone. 

On Two rivers, in section 8, a fourth of a mile above its mouth, the Two Rivers flouring mill, 
owned by Young Brothers, having twenty feet head; Calvin A. Tuttle's lower saw-mill, in the S. E. t 
of section 7, a half mile above the last, having eight feet head; and his upper saw-mill, on the north 
branch in section 14, Two Rivers, having nine feet head. 

On Swan river, in the east edge of section 12, a third of a mile above its mouth the Swan river 
. flouring mill, owned by Samuel Lee & Sons, having eleven feet head, flowing back a f~urth of a mile 



CROW WING AND MORRISON COUNTIES. 609 
Material resources.] 

and an unused faU of nine feet in a few rods in the southwest corner of section 1, one and a half miles 
above the mouth of the river. 

On the Little Elk river are Henry S. Hill's saw- and grist-mill near its mouth, having twelve feet 
head, flowing back about one and a half miles; and Gilbert T. Smith's saw- and shingle-mill in the west 
part of section 8, T. 130, R. 30, having seven feet head, flowing hack a half mile. 

Other good water-powers wait to be employed on these streams, and on 

the Nokasippi, and especially on the Mississippi river at Little Falls and Pike 

·rapids. 

Building stone. The outcrops of rock in Morrison county, described in 

the preceding pages, have been slightly quarried at several localities. The 

most promising seems to be the granite seen a short distance south of Fish 

lake, some three miles southwest from Rich Prairie. Drift boulders are con

siderably used for rough masonry. 

Bricks. When Fort Ripley was built, the bricks required were made on 

the west side of the Mississippi river, near the fort. They are red and of 

good quality. 

In 1879 brick-making was begun by William Schwartz on the east side 

of the Mississippi a mile northeast from Brainerd. His product in 1880 was 

about 2,000,000, and in 1881 abont 4,000,000, half of them being used in 

building the Northern Pacific railroad shops in Brainerd, and many of the re

mainder by other. builders in that city, while some are sold in Duluth and 

along the Northern Pacific railroad west to Dakota. The price is $10 per 

thousand, loaded on the cars. .Jack pine, quite pitchy and well adapted for 

brick-burning, costs $2 per cord. A branch railroad, one mile long, is built 

to this brick-yard. The excavation for clay is beside the Mississippi river, 

which is here bordered by a nearly level plain elevated about 55 feet above 

ordinary low water. At the top, 10 to 15 feet of sand is removed; next is a 

bed of horizontally laminated, dark bluish clay, 25 feet; then similar clay, free 

from gravel but showing no lines of lamination, 10 or 15 feet, to the water

level. The whole section is modified drift. All this clay is very "strong," 

requiring in brick-making an intermixture of one part of sand to two of the 

clay. The bricks are cream-colored and of excellent quality. No fossils nor 

wood have been found in this excavation. The clay deposit has a large ex

tent, being found by borings to reach nearly a mile along the Fiver, with a 

width of a half mile. Its southwest end is near the cemetery, a half mile 

from the centre of Brainerd. 
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On the northwest side of Mille Lacs, several aboriginal mounds, mostly of the ordinary dome-like 
form, but also including low embankments a few rods long, lie in a group on low land about a third of a 
mile from the lake-shore, being near the middle of the north side of the S. W. t of section 12, T. 44, R. 
28. The largest of these is ten feet high. 

Some two miles eastward, in the edge of Aitkin county, the line between sections 5 and 6, T. 44, 
R. 27, intersects a group of eight or ten mounds, arranged in two lines from southwest to northeast, 
nearly parallel with the lake-shore, which is about thirty rods distant. One of these mounds is four rods 
long, one and a half rods wide and four or five feet high. The others are round OJ" nearly so. Many frag- • 
ments of Indian pottery are found by Mr. A. R. Nichols in his garden close by the .shore of Mille Lacs in 

the west part of section 5 in this township. 
Several low earthworks in oblong mounds or emlJankments three to four feet high, the most no

table one extending three rods from north to south, were observed in Green Prairie township beside the 
road north of Fish lake, on land about ten feet above the lake, some forty rods east from the brook that 
flows into it. 

Peculiar earthworks are found a half to three-fourths of a mile north of Little Falls, on the plain 
of modified drift east of the Mississippi river, elevated 27 feet above the river, being near the northwest 
corner of the village plat. They are described by Prof. Winchell as "low, circular ridges from eight to 
twelve feet across, rising but two or three feet above the general level. These are scattered over a small 
distance. . They may have been designed for habit1ttion, having been formed at first by slightly 
excavating the surface of the ground, and then building rude arched coverings supported by wooden 
branches and enclosed by earth. As these decayed and fell in, the resulting forms would be exactly 
what are now seen. Beyond the limits of the village, further north, is an interesting ridge, nearly 
straight, running obliquely back from the river and a hundred and eight paces in length. This is of a 
very different nature, though plainly artificial. It is from three to four feet high. It has two low spots, 
or openings through it, which separate it into three main parts. It does not extend to the immediate 
river-bank, but is separated from it by an interval of several rods. The design of this ridge is not evi
dent, but it must have had some relation to other works in the neighborhood. It may not, however, 
have the same age as the small circular ridges." 

The following other localities of aboriginal mounds are described by Mr. Nathan Richardson. On 
section 35, T. 41, R. 31, in the south edge of Belle Prairie six miles east from Little Falls, nearly forty 
mounds are found around the shore of a lake, which was called by the Indians "the lake lietween the 
hills." A mile east from this lake is a group of about a dozen mounds, two of which were dug into a few 
years ago, a skeleton being found in each. "Going from these nearly south about two miles, on the 
point of dry land running down to the thoronghfare between the two Rice lakes, there are three mounds 
near together, much larger than these I have mentioned. Then by crossing the stream connecting the 
two lakes and following down the strip of dry land between them about half a mile, you come to the 
largest mound known in the county. It is about twenty-five feet in hight. Passing on about one 
mile, on the southwest bank of East Rice lake, eight or ten more of the smaller size are found. Occasion
ally one or two small ones are met with in other parts of the county." 

Hole-in-the-Day's bluff, one and a half miles northeast from Little Falls, described on a preceding 
page, has its name from that of a Chippewa Indian, a famous slayer of Sioux (Dakotahs) in the conflicts 
between these tribes, who was buried, in accordance with his request, on the top of this hill. The pros
pect from it is very beautiful, overlooking a wide extent of country in every direction, with the smooth 
Belle prairie and the Mississippi river at its foot on the west. 

Chipped quartz in the modified d'rijt. In the sixth annual report of this survey Prof. Winchell de
scribed a.nd figured six implements of white quartz and chert, which were found, with many chipped 
fragments of white quartz, such as would be produced in the manufacture of implements, on the surface 
and through the upper three or four feet of the sand and gravel that form the plain of modified drift on 
the east side of Pike rltpids, at Little Falls on both sides of the river, and at the mouth of the Little Elk 
river. Prof. Winchell writes: "These chips are all angular, some of them being as sharp as knives, and 
perfectly unwaterworn, and they occur in a waterworn deposit. They vary in thickness from that of 
paper, and the size of one's finger-nail, to one and two inches across, of irregular, angular fo~ms. Almost 
no other coarse material is fonnd in the surface sand in which. they are found; and whatever there is, is 
waterworn and rounded. The chips are generally without evidence of designed form, and nearly all the 
angular pieces are also destitnte of all evidences of artificial shaping, so far as their forms are concerned. 
Only a few pieces were found that seemed to show the work of careful chipping, and they are not perfect. 
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The most certainly chipped form found was taken at Little Elk river, but was of brown chert. 

If they are of human origin, the wonderful abundance of these chips indicates either an aston

ishing amount of work done, as if there had been a grand manufactory in the neighborhood, or an enor

mous lapse of time for its performance. 

"There is one other source to which these chips can be referred. The veins of white quartz trav

ersing the slate at Little Falls, from which these chips were originally derived, were observed in one 

instance (near the mouth of Little Elk river) to split into ::mgular pieces similar to those taken from the 

surface sand 01 the plain, under the action of moisture and frost. This was seen at a point where the 

freshet water of Little Elk river had lately carried away the surface materials, laying bare a large area of 

the slate. The quartz of the vein, not having a mineral cleavage, yet had an irregular fracturing tendency 

which resulted in the disintegration of a considerable quantity of the vein. It is supposable that in some 

earlier history of the river, when it was large enough to cover the whole vaJ[ey from the drift bluffs a 

mile east of Little Falls to the drift bluffs several miles west, this same disintegration under natural 

causes took place, and that by some means the fragments were distributed by the water of the river, 

perhaps by floating ice, over the flat on which they are found when it was the bottom of the river. This 

supposition meets with the following obstacles: 
"1. There is no point throughoAlt the whole region round about where the slate conveying these 

quartz veins rises to the level of the surface of this plain so as to be within the range of transporting 

agencies, whether of the water of the river or of floating ice, but the quartz veins are many feet lower 

than the flat on which the chips occur. 
"2. During the high stage of water that formed the chip-beariug terrace, that plain itself was 

intact from side to side, the present river-ehannel, which is cut down to the blate aud the quartz veins, 

not having been excavated. 
" 3. The chips seen at Little Elk river, resembling these supposed human remains, were in the 

bed of the river, and 1mder the drift originally, even the unmodified glacier drift, while the transported 

chips are over the glacier drift and in a water-washed sand. 
,. 4. If these chips were the product of natural disintegration and river distribution, they would 

be expected to show some attrition incident to the long period of wearing they had passed through. On 
the contrary, while embraced in a water-washed and rounded sand, or fine gravel, they are themselves 

not worn in the least. 
"5. The quartz fragments, while mainly destitute of evidence of designed shape, do in a few 

cases appear to be imperfect forms oCarrow-heads or of cutting or scraping instruments, and also have, 

along the edges, the appearance of having received repeated blows, and present small fresh surfaces of 

forced fracture. 
"6. In gathering about three quarts of these chips, eight pieces were found that could be thought 

to have a designed form, and two of these are of brown chert and undeniably the product of human 

design. 
"Some of these chips have been submitted to Mr. F. W. Putnam, curator of Peabody museum 

of arch::eology and ethnology, Cambridge, Mass. After an examination he says he has no hesitation in 

saying that he 'considers them identical with those known to be formed by the band of man when making 

implements of stone.' One of the chert specimens he regards 'a finished implement.' " 
The interest in these observations lies in their testimony of man's presence in this region during 

the recession of the last ice-sheet, the melting of which supplied the modified drift that contains these 

quartz fragments in its upper part. Further important evidence of this is afforded by the disco"ery by 
Miss Franc E. Babbitt ofa stratum a few inches thick containing very abundant chipped quartz fragments, 

underlying twelve or fifteen feet of the stratified gravel and sand, and resting below on a few inches of 

sand, which passed downward into a coarse waterworn gravel, immediately overlying till. This was 

found in a gap or notch cut by drainage in the west edge of the plain of modified drift, 310 rods, very 

nearly, or almost one mile, north of the east-west road by Vasaly's hotel in Little Falls, being 10 rods 

west of the road to Belle Prairie, and 38 rods from the river. * In this connection it should be added that 

recent discoveries in the drift gravel near Trenton, New Jersey, by Dr. C. C. Abbott and others, have 

abundantly proved that men lived there in this closing stage of the glacial period. 

* Miss Rabbit's observations and specimens are described in Proc. Amer. Assoc. for Adv. of Science for 1883, vol. xxxii, pages 
385-390. and in the American Naturalist for June and July, 1884, vol. xviii, pages 594-60; and 697-708. Also see notes on these 
Bpecim~DS by Mr. F. W. Putnam in his report for 1883 as curator of the Peabody museum, and in the American Naturalist, vol. 

xviii, p. 555. 
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The most certainly chipped form found was taken at Little Elk river, but was of brown chert. 

If they are of human origin, the wonderful abundance of these chips indicates either an aston

ishing amount of work done, as if there had been a grand manufactory in the neighborhood, or an enor
mous lapse of time for its performance. 

"There is one other source to which these chips can be referred. The veins of white quartz trav

ersing the slate at Little Falls, from which these chips were originally derived, were observed in one 

instance (near the mouth of Little Elk river) to split into angular pieces similar to those taken from the 

surface sand ot the plain, under the action of moisture and frost. This was seen at a point where the 

freshet water of Little Elk river had lately carried away the surface materials, laying bare a large area of 

the slate. The quartz of the vein, not having a mineral cleavage, yet had an irregular fracturing tendency 
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bed of the river, and under the drift origiually, even the unmodified glacier drift, while the transported 

chips are over the glacier drift and in a water-washed sand. 
,- 4. If these chips were the product of natural disintegration and river dist.ribution, they would 

be expected to show some attrition incideut to the loug period of wearing they had passed through. On 

the coutrary, while embraced iu a water-wu,shed aud rouuded saud, or fine gravel, they are themselves 

not worn in the least. 
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underlying twelve or fifteen feet of the stratified gravel and sand, and resting below on a few inches of 

sand, which passed downward into a coarse waterworn gravel, immediately overlying till. This was 

found in a gap or notch cut by drainage in the west edge of the plain of modified drift, 310 rods, very 

nearly, or almost one mile, north of the east-west road by Vasaly's hotel in Little Falls, being 10 rods 

west of the road to Belle Prairie, and 38 rods from the river. * In this connection it shonld be added that 

recent discoveries in the drift gravel near Trenton, New Jersey, by Dr. C. C. Abbott and others, have 
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xviii, p. 555. 

r 

CROW WING AND MORRISON COUNTIES. 611 
Archleology.] 

The most certainly chipped form found was taken at Little Elk river, but was of brown chert. 

If they are of human origin, the wonderful abundance of these chips indicates either an aston

ishing amount of work done, as if there had been a grand manufactory in the neighborhood, or an enor
mous lapse of time for its performance. 

"There is one other source to which these chips can be referred. The veins of white quartz trav

ersing the slate at Little Falls, from which these chips were originally derived, were observed in one 

instance (near the mouth of Little Elk river) to split into angular pieces similar to those taken from the 

surface sand ot the plain, under the action of moisture and frost. This was seen at a point where the 

freshet water of Little Elk river had lately carried away the surface materials, laying bare a large area of 

the slate. The quartz of the vein, not having a mineral cleavage, yet had an irregular fracturing tendency 

which resulted in the disintegration of a considerable quantity of the vein. It is supposable that in some 

earlier history of the river, wheu it w"s large enough to cover the whole valley from the drift bluffs a 

mile east of Little Falls to the drift bluffs several miles west, this same disintegration under natural 

causes took place, and that by some means the fragments were distributed by the water of the river, 

perhaps by floating ice, over the flat on which they are found when it was the bottom of the river. This 

supposition meets with the following obstacles: 
"1. There is no point throughont the whole region round about where the slate conveying these 

quartz veins rises to the level of the surface of this plain so as to be within the range of transporting 

agencies, whether of the water of the river or of floating ice, but the quartz veins are many feet lower 

than the flat on which the chips occur. 
"2. Duriug the high stage of water that formed the chip-bearing terrace, that plain itself was 

intact from side to side, the preseut river-channel, which is cut down to the slate and the l[uartz veius, 

not having been excavated. 
"3. The chips seen at Little Elk river, resembliug these supposed humau remains, were iu the 

bed of the river, and under the drift origiually, even the unmodified glacier drift, while the transported 

chips are over the glacier drift and in a water-washed sand. 
,- 4. If these chips were the product of natural disintegration and river dist.ribution, they would 

be expected to show some attrition incideut to the loug period of wearing they had passed through. On 

the coutrary, while embraced iu a water-wu,shed aud rouuded saud, or fine gravel, they are themselves 

not worn in the least. 
"5. The quartz fragments, while mainly destitute of evidence of designed shape, do in a few 

cases appear to be imperfect forms of'arrow-heads or of cutting or scraping instruments, and also have, 

aloug the edges, the appearance of having received repeated blows, amI present small fresh surfaces of 

forced fracture. 
"6. Iu gatheriug about three qu[trts of these chips, eight pieces were found that coulcl be thought 

to have a desigued form, and two of these are of brown chert and undeniably the product of human 

design. 
"Some of these chips have been submitted to Mr. F. W. Putuam, curator of Peabody museum 
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saying that he 'cousiders them identical with those known to be formed by the hand of man when making 
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found in a gap or notch cut by drainage in the west edge of the plain of modified drift, 310 rods, very 

nearly, or almost one mile, north of the east-west road by Vasaly's hotel in Little Falls, being 10 rods 

west of the road to Belle Prairie, and 38 rods from the river. * In this connection it shonld be added that 

recent discoveries in the drift gravel near Trenton, New Jersey, by Dr. C. C. Abbott and others, have 

abundantly proved that men lived there in this closing stage of the glacial period. 

* Miss Babbit's observations and specimens are described in Proc. Amer. Assoc. jor Adv. of Sclence for 1883, vol. xxxii, pages 
385-390; and in the American Naturalist for Jnne and Jnly, 1884, vol. xviii, pages 594-60; and 697-708. Also see notes o~ tbese 
specimens by Mr. F. W. Putnam in his report for 1883 as curator of the Peabody museum, aud III the Amencan Naturahst, vol. 

xviii, p. 555. 

r 



OHAPTER XXIII. 

THE GEOLOGY OF MILLE LACS AND KANABEC COUNTIES. 

By WARREN UPHAM .. 

Situation and area. Mille Lacs and Kanabec counties (plate 54) are in 

the east central part of Minnesota. Princeton, the county seat and largest 

town of Mille Lacs county, is about 45 miles north-northwest from Minneapo

lis and St. Paul. Brunswick, the county seat of Kanabec county, is 23 miles 

northeast from Princeton. 

Mille Lacs county is 47 miles long from north to south. In its northern 

eighteen miles it has a width of three townships, but farther south its width 

is only two townships or twelve miles. The area of Mille Lacs county is 

688.19 square miles, or 440,443.18 acres, of which 74,945.53 acres are covered 

by water. 

Kanabec county has a length of five townships, about thirty miles, an~ a 

width of three townships or eighteen miles. Its area is 541.99 square miles, 

or 346,872.30 acres, of which 9,336.41 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. Mille Lacs county derives its name from the large 

lake crossed by its northern boundary, to which this name, signifiying " Thous

sand lakes," was given by the early French explorers. This lake is the 

source of the Rum river (a translation of its Chippewa name), which thence 

flows southward through the entire length of the county, receiving the drain

age of nearly all its area. The exceptions are a narrow tract upon its east 

side, which is drained eastward by the head-streams of Knife, Ann and Ground 

House rivers, tributaries of the Snake river; and the south part of Greenbush, 
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which is drained southward by Battle brook to the St. Francis and Elk rivers. 

Numerous small streams are tributary to the Rum river in Mille Lacs county, 

the largest from the east being Bogus brook, and from the west Bradbury and 

Tibbetts brooks and the West branch. Estes brook is an important affluent 

of the West branch in the south edge of Milo township. 

The Snake river (a translation of its Chippewa name, Kanabec, which is 

pronounced with a heavy accent on the middle syllable) flows from north to 

south and then east through Kanabec county, draining nearly its whole area. 

A small tract on the northeast lies within the basin of the south branch of 

Grindstone river, a tributary of the Kettle river; and a few square miles in 

the south part of Brunswick send their surplus waters south to Stanchfield 

creek and the Rum river. The chief tributaries of the Snake river in Kanabec 

county are Chesley brook, or Little Snake river, and Mud creek on the east, 

and Knife, Ann and Ground House rivers on the west. 
Lakes. After Red lake, Mille Lacs is the next largest included wholly within the limits of Minne

sota. Its area is approximately two hunclred square miles. In the first f"w miles of the course of Rum 
river southward from Mille Lacs, it flows through three lakes, each about two miles long. Thence south
ward for some thirty miles Mille Lacs county has only few and very small lakelets; but several of small 
extent occur in its southern part, the hrgest being Rice lake in southeastern Greenbush, and Silver lake 
a short distance east of Princeton, each about a mile long. 

In Kanahec county lakes are more frequent, but not abundant, the largest being Knife and Ann 
lakes, each about two miles long, trending from northeast to southwest. 

Topography. The contour of these counties varies from slightly undulat

ing to rolling and in some parts moderately hilly. The elevations, however, 

seldom rise so high as 75 feet above the neighboring streams, and more com

monly their hight is from 20 to 40 feet. Minor irregularities of contour turn 

the rivers and brooks in meandering courses, and the valleys are not deep 

enough to be important features in the topography. Details of portions which 

have been particularly examined are given in a later part of this chapter in 

treating of the geologic formations. 

Elevations, Saint Cloud & Hinckley branch, Saint Paul, Minneapolis & .Manitoba -railway. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Estes brook, water, 1092; grade 

Bridgeman 
West branch of Rum river, water, 1058; grade 

Rum river, water, 1044; grade 

Millaca 
Bogus brook, water, 1043; grade 
South branch of Ground House river, water, 1020; grade 

Ground House -

Miles from 
Saint Cloud. 

22.0 
25.0 
25.7 
27.9 
28.1 
33.9 
36.3 
40.7 

Feet above 
the sea. 

1102 
1095 
1078 
1068 
1069 
1076 
1048 
1042 

MILLE LACS AND KANABEC COUNTIES. 613 
Natural drainage.] 

which is drained southward by Battle brook to the St. Francis and Elk rivers. 

Numerous small streams are tributary to the Rum river in Mille Lacs county, 

the largest from the east being Bogus brook, and from the west Bradbury and 

Tibbetts brooks and the West branch. Estes brook is an important affiuent 

of the West branch in the south edge of Milo township. 

The Snake river (a translation of its Chippewa name, Kanabec, which is 

pronounced with a heavy accent on the middle syllable) flows from north to 

south and then east through Kanabec county, draining nearly its whole area. 

A small tract on the northeast lies within the basin of the south branch of 

Grindstone river, a tributary of the Kettle river; and a few square miles in 

the south part of Brunswick send their surplus waters south to Stanchfield 

creek and the Rum river. The chief tributaries of the Snake river in Kanabec 

county are Chesley brook, or Little Snake river, and Mud creek on the east, 

and Knife, Ann and Ground House rivers on the west. 
Lukes. After Red lake, Mille Lacs is the next largest included wholly within the limits of Minne

sota. Its area is approximately two hundred square miles. In the first f"w miles of the course of Rum 
river southward from Mille Lacs, it fiows through three lakes, each about two miles long. Thence south

ward for some thirty miles Mille Lacs county has only few and very small lakelets; but several of small 
extent occur in its southern part, the largest being Rice lake in southeastern Greenbush, and Silver lake 

a short distance east of Princeton, each about a mile long. 

In Kanahec county lakes are more frequent, but not abundant, the largest being Knife and Ann 

lakes, each about two miles long, trending from northeast to southwest. 

Topography. The contour of these counties varies from slightly undulat

lUg to rolling and in some parts moderately hilly. The elevations, however, 

seldom rise so high as 75 feet above the neighboring streams, and more com

monly their hight is from 20 to 40 feet. Minor irregularities of contour turn 

the rivers and brooks in meandering courses, and the valleys are not deep 

enough to be important features in the topography. Details of portions which 

have been particularly examined are given in a later part of this chapter in 

treating of the geologic formations. 

Elevations, Saint Cloud & Hinckley branch, Saint Paul, Minneapolis & Manitoba railwu.y. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Estes brook, water, 1092; grade 

Bridgeman 
West branch of Rum river, water, 1058; grade 

Rum river, water, 1044; grade 

Millaca 
Bogus brook, water, 1043; grade 
South branch of Ground House river, water, 1020; grade 

Ground House 

Miles from 
Saint Cloud. 

22.0 
25.0 

25.7 

27.9 

28.1 

33.9 
36.3 

40.7 

Feet above 
the sea. 

1102 

1095 
1078 

1068 

1069 

1076 

1048 

1042 

MILLE LACS AND KANABEC COUNTIES. 613 
Natural drainage.] 

which is drained southward by Battle brook to the St. Francis and Elk rivers. 

Numerous small streams are tributary to the Rum river in Mille Lacs county, 

the largest from the east being Bogus brook, and from the west Bradbury and 

Tibbetts brooks and the West branch. Estes brook is an important affiuent 

of the West branch in the south edge of Milo township. 

The Snake river (a translation of its Chippewa name, Kanabec, which is 

pronounced with a heavy accent on the middle syllable) flows from north to 

south and then east through Kanabec county, draining nearly its whole area. 

A small tract on the northeast lies within the basin of the south branch of 

Grindstone river, a tributary of the Kettle river; and a few square miles in 

the south part of Brunswick send their surplus waters south to Stanchfield 

creek and the Rum river. The chief tributaries of the Snake river in Kanabec 

county are Chesley brook, or Little Snake river, and Mud creek on the east, 

and Knife, Ann and Ground House rivers on the west. 
Lukes. After Red lake, Mille Lacs is the next largest included wholly within the limits of Minne

sota. Its area is approximately two hundred square miles. In the first f"w miles of the course of Rum 
river southward from Mille Lacs, it fiows through three lakes, each about two miles long. Thence south

ward for some thirty miles Mille Lacs county has only few and very small lakelets; but several of small 
extent occur in its southern part, the largest being Rice lake in southeastern Greenbush, and Silver lake 

a short distance east of Princeton, each about a mile long. 

In Kanahec county lakes are more frequent, but not abundant, the largest being Knife and Ann 

lakes, each about two miles long, trending from northeast to southwest. 

Topography. The contour of these counties varies from slightly undulat

lUg to rolling and in some parts moderately hilly. The elevations, however, 

seldom rise so high as 75 feet above the neighboring streams, and more com

monly their hight is from 20 to 40 feet. Minor irregularities of contour turn 

the rivers and brooks in meandering courses, and the valleys are not deep 

enough to be important features in the topography. Details of portions which 

have been particularly examined are given in a later part of this chapter in 

treating of the geologic formations. 

Elevations, Saint Cloud & Hinckley branch, Saint Paul, Minneapolis & Manitoba railwu.y. 

From profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

Estes brook, water, 1092; grade 

Bridgeman 
West branch of Rum river, water, 1058; grade 

Rum river, water, 1044; grade 

Millaca 
Bogus brook, water, 1043; grade 
South branch of Ground House river, water, 1020; grade 

Ground House 

Miles from 
Saint Cloud. 

22.0 
25.0 

25.7 

27.9 

28.1 

33.9 
36.3 

40.7 

Feet above 
the sea. 

1102 

1095 
1078 

1068 

1069 

1076 

1048 

1042 



614 THE GEOLOGY OF MINNESOTA. 
[Soil and timber. 

Ground House river, water, 1023; grade -

Ann river, water, 960; grade -

Snake river, water, 947; grade 

Mud creek, water, 1003; grade -

Pokegama creek, water, 1013; grade 

Pokegama 

Little Pokegama creek, water, 1013; grade 
Hinckley 

Snake river and Mille Lacs. 
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1,300 feet above the sea; and its lowest land, where the Rum river crosses 

its south line, is about 1,000 feet. The mean elevation of this county is esti
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bee county is approximately 1,100 feet. 

The mean elevation of Kana-. 
Soil and timber. Both these counties have a fertile soil, chiefly consisting 

of boulder-clay or till. Narrow areas of stratified gravel and sand, belonging 

to the modified drift, occur here and there along the larger streams; and this 

formation covers the south part of Greenbush and Princeton, and considerable 

portions of Brunswick and Grass Lake. In the two first named townships 

much of its surface was originally covered only by shrubs and few scattered 

small trees, being known as "brush prairie," and some of it was natural grass

land, or true prairie, without tree or bush. 

All other portions of this district, excepting small marshes, or rarely a 

sandy tract beside a river or lake, was originally heavily timbered. Clearings 

for farms have as yet removed only a slight fraction of this forest. The whole 
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district, excepting Greenbush and part of Milo on the southwest, is more or 

less occupied by white, red and jack pines, black spruce and balsam fir. Of 

these evergreen trees the largest and far the most valuable is the white pine, 

great supplies of which have been cut during many years past on the Rum 

and Snake rivers and their tributaries. "Norway" or red pine is plentiful on 

the sandy and gravelly morainic drift hills in the northeast part of T. 39, R. 

26, and also within six miles south of Mille Lacs. There is much jack pine 

(Pinus Banksiana) on the slightly undulating modified drift in the first two 

miles north from Princeton. Arbor-vitoo, commonly called "white cedar," 

occurs in swamps about the south side of Mille Lacs and eastward through 

northern Kanabec county. Red cedar is very rare, growing on the bluffy 

shores of lakes and rivers. Tamarack is abundant in swamps. Resides these 

coniferous trees, the following are also common or frequent, and make up a 

large part of the forest growth: bur, white and black oaks, sugar maple, box

elder, basswood, white and red elms, poplars, black and green ash, butternut, 

bitter hickory, ironwood, and yellow and canoe birches. Soft maple, white 

ash and cottonwood occur rarely. 

Among the shrubs are frost grape, Virginian creeper, climbing bitter

sweet, staghorn and smooth sumach, prickly ash, hazel, low birch, alder, and 

willows. The wild fruits and berries include the American plum, black cherry, 

small red cherry, sand cherry (near Princeton), black haw or sheepberry, high 

bush cranberry, prickly and smooth gooseberries, black and red currants, red 

and black-cap raspberries, high blackberry, dewberry, low blueberries, cran

berries, and strawberries. 

GEOLOGICAL STRUCTUP,E. 

Archcean rocks. At Stony Brook dam, on the West branch of Rum river 

near the centre of section 19, T. 38, R. 27, fifteen and a half miles in a 

straight line northwest from Princeton, and about three-fourths of a mile east

southeast from Brown's lumber camp and the mouth of Stony brook, the ex

cavation at the north end of the dam shows a small exposure, about twenty

five feet across, of the same coarse, reddish syenite as occurs at and near the 

"roll dam," situated a little more than a mile farther west, in Alberta, Benton 

county. This has a smooth surface, nearly free from joints. Its hight is only 

one or two feet above the river. 
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In section 29, T. 38, R. 27, this rock occurs at many places in the banks 

and channel of the river along a distance of more than a half mile. These 

ledges begin about a mile southeast from the Stony Brook dam. The follow

ing notes describe them in the order that they were found in following down 

the river. 

The first outcrop noted, perhaps below some which were not seen by me, 

occurs on the west or right side of the stream; and is about fifty feet square, 

reaching from the bank nearly across the river, which through this section 

varies from two to four rods in width, and is from three to six feet deep. It 

. here has a fall of one foot, and the rock rises one to two feet above it. This 

is a massive syenite, coarse-grained and reddish, indistinguishable from that 

at the" roll dam." 

At about twenty-five rods and again at thirty-five rods from the preced

ing, down the stream, which here flows south, ledges of the same rock are ex

posed in the left bank of the river, at each place having a length of about 

twenty-five feet and a hight of three or four feet. 

Some twenty rods south from the last, where the river turns east, its right 

bank just below the bend has an outcrop of the same rock, extending four rods 

and rising five or six feet above the water. A part of this ledge is divided 

by east-to-west joints, one to two or three feet apart; but the higher southern 

part, like most of these outcrops, is massive, rarely intersected by joints. 

About forty rods below the last, southeasterly, the river flows, falling 

about one and a half feet, over ledges of the same rock, in part di'Vided by 

east-to-west joints. In the east or left bank these outcrops rise six feet above 

the water. Low exposures of this rock continue in the left bank about eight 

rods south, and after an interval of four or five rods again appear in the left 

bank for about fifty feet, rising seven feet above the river. 

Twenty rods down stream, south-southwest from the last, ledges of the 

same rock re-appear in the left bank, and reach ten or twelve rods west-south

west, down the stream, rising five to eight feet above it. 

Some ten rods below, westerly from the last, it is again exposed III the 

left bank at a small island. 

From twenty to forty rods farther down the stream, westerly to where 

it turns south, then flowing south and southeast, there are frequent outcrops 

of the same rock at each side of the stream, above which these ledges rise 
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from one to five feet. No exposures of rock are known below this on the 

West branch of Rum river; and none were found elsewhere in this reo-ion ex-
• b , 

cept as described in the banks and channel of this stream. The descent of 

the West branch in its course of about three and a half miles from the" roll 

dam" to the lowest of these ledges, is estimateu to be about 25 feet.* 

'rhe numerous rock exposures seen along these three miles are remark

ably alike in lithological character, being a coarse, flesh-colored or reddish 

syenite, with occasional particles of mica. It is well adapted to be quarried 

for ordinary masonry and building purposes; but it has not yet been worked 

because settlements have not extended into this district. 

On the main Rum river, generally denominated the" East branch," the 

drift and topographic features are mainly like those described on the West 

branch. Its only exposures of the bed-rock are about thirty miles, in a direct 

line, north of Princeton, being six to ten miles south of Mille Lacs. Low out

crops of small area, seen in descending this stream at Rum river falls, in the 

S. E. i of section 18, T. 41, R. 26, a half mile above the mouth of Bradbury 

brook, and at other points a.few miles below these falls, are described by Nor

wood as syenite, hornblende rock, gneiss, granite, and greenstone. Another 

outcrop is reported at the" ledge dam," on the south fork of the Bradbury 

brook, three or four miles above its junction with the East branch. 

In Kanabec county these crystalline rocks outcrop on Ann river in the 

vicinity of the Ann Lake dam; and on Snake river at and near its Upper and 

Lower falls which are situated in T. 42, R. 23, respectively one and a half 

and two and a half miles south from the north line of the county. 

The Ann Lake dam is situated two miles below the mouth of this lake in 

the east edge of the S. E. i of section 30, T. 40, R. 24. About ten rods 

south from the gate of this dam, is a rock exposure six or eight rods in length 

and width; but the rock does not appear here in the channel or bank of the 

river. Its next outcrop is some fifty rods down stream, southeast, being in the 

S. W. i of section 29, at the southwest end of the" roll dam ," extending ten 

or twelve rods beside the river, and about six rods in width. These outcrops 

rise five to ten feet above the river. Again, about thirty rods down stream, 

--*-The adjoining land is moderately undulating till, varying from a few feet to thirty or forty feet above the river, well 
wooded, but with litOe pine. Its soil promises well for agriculture. The pineries which still remain upon the head-waters of 
the West branch begin several miles farther northwest, beyond the west line Qf Mille I,acs county. 
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line, north of Princeton, being six to ten miles south of Mille Lacs. Low out

crops of small area, seen in descending this stream at Rum river falls, in the 

S. E. i of section 18, T. 41, R. 26, a half mile above the mouth of Bradbury 

brook, and at other points a .few miles below these falls, are described by N or

wood as syenite, hornblende rock, gneiss, granite, and greenstone. Another 

outcrop is reported at the "ledge dam," on the south fork of the Bradbury 

brook, three or four miles above its junction with the East branch. 

In Kanabec county these crystalline rocks outcrop on Ann river in the 

vicinity of the Ann Lake dam; and on Snake river at and near its Upper and 
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river. Its next outcrop is some fifty rods down stream, southeast, being in the 

S. W. i of section 29, at the southwest end of the "roll dam," extending ten 

or twelve rods beside the river, and about six rods in width. These outcrops 

rise five to ten feet above the river. Again, about thirty rods down stream, 

--. The adjoining land is moderately undulating till, varying from a f~w f~et to lhirt~ or fort! feet above the river, well 
wooded, but with litt.!e pine. Its soil promises well for agriculture. The pmenes wblCh stlll rernam upon the bea4-waters of 
the West branch begin several miles farther northwest, beyond the west line of I<U!le Lacs county. 
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south from the last and in the same quarter-section, or in the north edge.of 

section 32, at a "breakwater," a ledge two or three rods in extent is found a . 
few rods southwest from the stream, and six or eight feet above it, but not 

rising above the general surface. All these outcrops are on the south west 

side of the river. They are all alike, being a light gray, rather fine-grained 

granite, somewhat decomposed next to the surface, so that it breaks with a 

crumbling fracture. In excavation by quarrying it would probably be found 

adapted for building purposes, with fair durability. Throughout these ex

posures it has a very uniform texture, with no noteworthy variation and no in

cluded veins. It is cut by joints from two to ten or fifteen feet apart. 

Similar rock-outcrops are reported on the Little Ann river two to four 

miles west and northwest from the foregoing, in section 26, T. 40, R. 25, and 

probably in the S. E. t of section 14, occurring at several places in the chan

nel and banks of the stream; but not at its dam, which is in or near the 

S. w. t of section 1I. 

The route taken in going to the Upper and Lower falls of Snake river 

was from Kettle River station southwesterly by ~he north side of Pine lakes 

to McClure's lumber camp, situated on the west side of Cowan's brook, in the 

N. W. t of the N. W. t of section 35, T. 43, R. 23. The logging-road which 

follows down Cowan's brook, at about two-thirds of a mile south from this 

camp, in the S. E. t of section 34 of this township, a little north of the line

between Aitkin and Kanabec counties, goes over a spot which is strewn with 

many blocks of a fine-grained, gray granite, containing black mica. This is 

doubtless the bed-rock here, at a little depth below the surface. 

About a mile farther southwest, some forty rods below Mr. McClure's 

landing and a quarter of a mile above the mouth of Cowan's brook, probably 

in the N. W. ! of the S. E. t of section 4, T. 42, R. 23, a medium-grained 

gray granite, with a little black mica, outcrops in both banks of Snake river 

and forms a short rapid. These ledges on the left shore extend about forty 

feet, rising only one or two feet above the water;· but on the right bank, a 

short distance below, they reach a hundred feet or more, having a hight six 

or eight feet above the river. 

An eighth of a mile farther south, a finely laminated, dark gray mica 

schist forms outcrops two or three rods long and six feet above the river, in 

each bank. This has a northerly dip, varying from 5° to 15°. It is traversed 
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doubtless the bed-rock here, at a little depth below the surface. 

About a mile farther southwest, some forty rods below Mr. McClure's 

landing and a quarter of a mile above the mouth of Cowan's brook, probably 

in the N. W. i of the S. E. i of section 4, T. 42, R. 23, a medium-grained 

gray granite, with a little black mica, outcrops in both banks of Snake river 
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schist forms outcrops two or three rods long and six feet above the river, in 

each bank. This has a northerly dip, varying from 50 to 150. It is traversed 



MILLE LAOS AND KANABEO OOUNTIES. 619 
Geological structure.] 

irregularly by veins, from one inch to one foot, and on the west bank from one 

to four feet in width, composed of coarsely crystalline light gray granite, which 

has crystals of white mica an inch long. 

The head of the Upper falls of Snake river is about two-thirds of a mile 

south from the mouth of Cowan's brook, in the north part of section 9. The 

first noteworthy ledges beyond those last described are about twenty-five rods 

below, west-southwest from, the head of these rapids. Here the river flows 

ten rods westerly between walls of granite only thirty to forty feet apart, with 

a descent of two or three feet. This is called the "jaws of the Upper falls." 

The rock here is mainly gray granite, in part fine-grained, but more generally 

of medium or very coarse grain. It also encloses many veins and masses, 

from one to eight feet in width, of exceedingly coarsely crystalline granite, 

with flesh-colored feldspar, or of such feldspar alone; and these in some portions 

make up nearly half of the rock exposed. Veins of white quartz, up to one 

foot in diameter, are also present. In some parts this rock has a distinct but 

much contorted lamination, being thus changed to gneiss and mica schist. 

Joints, vertical and nearly horizontal or oblique, divide these ledges into blocks 

from one to five or ten feet in dimension. Because of this structure the chan

nel eroded by the river is enclosed by zigzag, nearly vertical walls, which are 

10 to 15 feet high. The same formation, with great lithological variety, 

reaches twenty to forty rods from the river on each side, and rises 25 to 40 

feet above it; and extends with nearly continuous exposures a third of a mile 

or more along the river south and southwest to the foot of these falls, which 

is near the mouth of Hay creek, a tributary from the west. Similar rocks, in

cluding very coarse granite, occur also at the" roll dam" and at the" gate dam" 

on this creek, situated respectively three-fourths of a mile and one mile above 

its mouth. On the east side of Snake river, about thirty rods south of the 

"jaws of the Upper falls," the rock for several rods is darkish gray gneiss, 

dipping 30° to 40° S. Some twenty-five rods farther south, it is a medium

grained, ,light gray granite, containing both black and white mica, the former 

most abundant· this is a little northeast from a small island in the river, and , 
about an eighth of a mile north from the foot of these rapids of the Upper 

falls. This granite by its color and texture promises to be a handsome and 

easily wrought building-stone. It has more extensive exposures one mile 

farther southeast along the Lower falls. 
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A quarter of a mile south from the Jast, an exposure of dark granite or 

gneiss extends about ten rods along the southwest bank of the river. It is 

divided by a conspicuous system of joints which dip about 45° s~utherly. No 

outcrop occurs here on the northeast or left bank. 

About forty rods southerly from the last, an outcrop of medium-grained, 

flesh-colored granite forms a gmall rapid. It occurs in the channel and has 

small and low exposures on each shore. 

The head of the Lower falls is about an eighth of a mile south from the 

last, being where the river bends eastward in the north part of section 16. 

Between the Upper and Lower falls, as also above and below them, the land 

is slightly or moderately undulating till, 5 to 25 feet above the river, which is 

from three to eight rods wide. 

The Lower falls of Snake river lie in the E. ~ of the N. E. i of section 16, 

T. 42, R. 23, and in the N. W. 4 of section 15, reaching about three-fourths 

of a mile, in which the river flows east and east-northeast, falling some twenty 

feet in this distance by a succession of rapids, but having no great fall at any 

one place. Along this distance the river is bordered by abundant granitic 

ledges, roughly ragged, jointed and broken, but rarely vertical, varying from 

10 to 30 feet in hight. These rock-outcrops reach twenty to forty rods or 

more from the river upon each side, and form several east-to-west ridges, an 

eighth to a fourth of a mile long, rising 25 to 40 feet above the river. They 

rise most steeply in the south or right bank of the river, owing to a general 

system of joints which dips about 60° southerly. Throughout this area the 

principal rock is a medium-grained, light gray granite, desirable for quarrying, 

like that found fifty or sixty rods south from the "jaws" of the Upper falls. 

This rock is usually divided by joints at intervals of five to ten feet; and it in

cludes veins and masses of gneiss, mica schist, very coarse flesh-colored granite, 

and of feldspar; but these are far less frequent than at the Upper falls. 

The place of the river's channel across this formation may have been 

determined by a ~ratum of dark, partly crumbling mica schist, which seems 

to be included in the granite. It is seen in each bank of the river ~long the 

central and east part of the Lower falls for a distance of a quarter of a mile; its 

best exposure is in the east part of this distance, where its strike is E. or N. 

80° E., coinciding with the course of the river. The dip of this bed is about 

75° 8., and its thickness appears to be about one hundred feet. This schist 
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encloses occasional seams of white quartz up to three and sometimes six inches 

in thickness, coinciding with the foliation. 

Potsdam sandstone. Below these falls, the only remaining outcrops of 

rock on:the Snake river in Kanabec county are sandstones, in part conglomer

itic, which are believed to belong to the Potsdam period. No fossils were 

found in them. Their first exposure is about one and a half miles southeast 

from the Lower falls, being at O'Brien's camp, in the north part of section 23, 

T. 42, R. 23, where the river turns from a west to a south course. Here a dark 

red sandstone, divided throughout in layers from a quarter of an inch to two 

inches thick, is exposed in the river's west or right bank for twenty-five rods 

at and south from its sharp bend, seen at several places to !1 hight two to six 

feet above the water. Its best exposure is just below this, reaching twenty 
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It has mainly a sloping surface, rising from the water's edge to about five feet 

above it; but at its east end for nearly 100 feet it has a vertical outcrop, 

rising in its highest part seven to ten feet above the river. This rock is a 

coarse-grained sandstone, of gray and iron-rusted color, divided by weathering 
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it has an eastward dip, which appears to be slightly variable in amount and 
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some layers this rock has a deep dull red color for three or four inches verti

cally through a length of six to ten feet. This entire outcrop encloses pebbles 

here and there, mostly quartz or quartzose, of all sizes up to three and a half 

inches in diameter, but they are nowhere so plentiful as to give the rock the 

character of an ordinary conglomerate. 

Below this point the next exposures of rock on the Snake river are at 

Chengwatana in Pine county. 

Glacial and modified drift. The outcrops of rock in these counties have a 

planed and rounded surface due to glaciation; but no glacial strioo were ob

served. 

Probably the average thickness of the drift here is from 75 to 100 feet. 

It is mostly boulder-clay or till, brought from the northeast as shown by the 

material of the abundant boulders. This deposit has a gray color, with usually 

more or less of a reddish tint, due to the portion of its material which was 

derived from the red sandstone and shales in the region of lake Superior. The 

same reddish tint is also frequently noticeable in the beds of modified drift, 

which are chiefly gravel and sand. These are found occasionally enclosed in 

the till, being there the source of the water often obtained in large supply by 

wells; but they form more considerable portions of the morainic drift hills, 

interbedded there with deposits of till, or in the superficial knolly and ridged 

accumulations called kames. This modified drift is also spread with a nearly 

level or only slightly undulating contour in narrow belts bordering some por

tions of the rivers; and it constjtutes the surface of large parts of Greenbush, 

Princeton, Brunswick and Grass Lake. Its hight above the streams in these' 

townships and elsewhere is only 10 to 30 or rarely 40 feet. 

Limestone boulders and pebbles are absent or very rare in the drift of this 

district, excepting on its southern edge, where their occurrence shows that a 

part of the drift there was brought by an ice-current from the west and north

west. In the excavation for the foundation of a steam-mill in Princeton on 

the east bank of the Rum river about thirty rods above the mouth of the West 

branch, very large slabs of limestone were found in the drift, and several tons 

of it were used for masonry. 

Most of the large boulders throughout the district are granite, syenite 

and gneiss; about an eighth part are reddish felsitic rocks, metamorphic or 

igneous; and about a sixteenth part are dark trappean rocks. 
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A mass of drift copper, weighing about five pounds, was found by Mr. 

Benjamin R. Soule in the excavation at the north end of Stony Brook dam on 

the West branch of Rum rIver. Another piece of drift copper, weighing 

twenty-seven pounds, was found by lumbermen in 1878 in the channel of 

Chesley brook about one and a half miles from its mouth, near the north line 

of Kanabec county. Many smaller masses of drift copper, usually not exceed

ing a few ounces, have been found in digging wells and cellars, or on the sur

f';tce. These, like the felsitic and trappean boulders, are referable to the lake 

Superior region, and demonstrate the northeastern origin of these drift deposits. 

An examination of the gravel in the modified drift at Fish Lake dam on 

Ann river near its mouth, shows about equal representation of the four follow

ing groups, which together make up nearly all of the pebbles and cobbles: 

granites and granitic rocks; dull red crystalline rocks, occasionally amygda

loidal; dark trappean rocks; and light buff sandstone, like that which outcrops 

at Hinckley, in Pine county. Red compact felsite, or possibly in part jasper, 

red sandstone, and black slate or slaty rocks, are also present in less numbers. 

White quartz is very rare, and limestone is wholly absent. No conglomerate 

waS seen here, but one piece, a foot long, of dark gray color, was observed in the 

till three or four miles farther northwest. 

Mille Lacs is bordered in part by beaches of sand and gravel, which alter

nate with other parts strewn with many boulders, occasionally· forming re

markable ridges. Such ridges of boulders are also found on many smaller 

lakes. They have been formed in some cases by the erosion of the till or 

boulder-clay, all its other portions being carried away by the waves; and in 

other cases, where the lake is shallow and its shore low, by the expanding 

power of ice pushing these blocks of rock from the bed of the lake to its mar

gIll. Col. Charles Whittlesey writes: "On the shores of Mille Lacs, which 

is at the source of the Rum river in Minnesota, and which is about twenty 

miles in diameter, there are very heavy lines of large boulders, rising five and 

six feet above water-level. There are also several small islands in this lake, 

at different distances from the shore, composed entirely of large boulders, gen

erally more than two feet in diameter, wh~ch have accumulated in the same 

way with those on the shore. One of these has a hight of twelve or fifteen 

/ feet, wholly free of gravel or earth. They are from one to four miles from 

the shore, and in shallow water. The boulders are syenite, granite, trap, 
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gneiss, etc., being the same with those which occur in the drift beds of the· 

adjacent shore."* The most conspicuous of these small islands of boulders, 

situated about six miles east from the mouth of the lake and nearly four mileR 

from the nearest part of the shore, is regarded by the Chippewa Indians of 

this region with superstitious awe. 

Curious rolled masses of clay, which may be denominated clay-pebbles, 

were found by Rev. U. W. Small in the modified drift that forms the east . 

bank of the main Rum river a half mile north of Princeton. This bank is 30 

or 40 feet high, and consists of sand and fine gravel. The clay-pebbles occur 

plentifully in the lower ten or fifteen feet of this deposit, next to the level of 

the river. They are mostly elongated, spindle-shaped, somewhat in the form 
~ 

of sweet potatoes, and vary from three or four to eight or nine inches in 

length; but some of them are nearly globular, being two to three inches in 

diameter. Only one was Jound with a distinctly flattened form. The clay is 

jointed, as seen by breaking open these masses, the joints having an irregular 

course and being from a~half inch to. an inch apart. Very thin black films, 

probably manganese dioxide, occur on the jointage planes. Some of these clay_ 

pebbles have gravel-stones from a fourth to three-fourths of an inch in diam

. eter embedded in their sides, this gravel being larger than any in the deposit 

where they are found, showing that the masses of clay were rolled along over 

coarser deposits. About a half mile farther north Mr. Small found a bed of 

similar clay forming the lower part of the river bank; and his opinion as to 

the mode of formation of these remarkable 'pebbles of clay seems to be correct, 

namely, that the jointed structure of the clay permitted lumps to be dislodged 

by the eroding action of the stream, which in rolling them onward gave them 

their present shape. Since their formation considerable additional modified 

drift was deposited, covering both the bed of clay and the stratum that con

tains the clay-pebbles with several feet of fine gravel and sand.t 

For the greater part the till of this district is moderately undulating or 

rolling, its elevations being 10 to 30 feet above the hollows, to which the de

scent is by smooth slopes. It has a distinctly morainic contour, in short and 

steep ridges and hillocks, grouped irregularly and enclosing here and there 

small marshes and lakelets, in the vicinity of Stony brook and along a belt a 

* .. On the Fresh-water Glacial Drift of the North western States," in Smithsonian Contributions, 1864, pages 28 and 29. 
t A notice of these clay-pebbles is given by Prof Winchell in Proc. Amer. A.,oc. for Adv. of Science for 1883, vol. xxxii. 
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similar clay forming the lower part of the river bank; and his opinion as to 

the mode of formation of these remarkable pebbles of clay seems to be correct, 

namely, that the jointed structure of the clay permitted lumps to be dislodged 

by the eroding action of the stream, which in rolling them onward gave them 

their present shape. Since their formation considerable additional modified 

drift was deposited, covering both the bed of clay and the stratum that con

tains the clay-pebbles with several feet of fine gravel and sand.t 

For the greater part the till of this district is moderately undulating or 
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• "On the Fresh-water Glacial Drift of the Northwel:!tern States," in Smithsonian Contributions, 1864, pages 28 and 29. 
t A notice of these clay-pebbles is given by Prof Wincbell in Proc. Amer. A,soc. for Ad". of Science for 1883, vol. xxxii. 
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mile or so in width extending thence northeastward across the Rum river ill 

section 2, T. 38, R. 27, and through T. :3D, R. 26, in whieh it lies on the 

northwest. side of Mike Drew brook and on the south side of Ground HOllse 

flver. This morainic belt continues eastward through Kanabec eounty, l).y 

Ann lake and across Ann river, to the Snake river, Spring hrook aw1 Murl lake. 

Its characteristic contour and material, small and irregular hilh3 of till with 

very abundant boulders, rising 25 to 75 feet above the enclosed lakelets anrl 

the adjacent streams, are well seen on Ann river and on the efLst side of SWLke 

river in the northeast part of T. 39, R. 24. From Rum river northeastward 

through T. 39, R. 26, this range is in part kame-like hills fLnd short rirlges, GU 

to 100 feet high, composed of sand and very coarse gravel, with a.hunrlant 

cobbles up to one or two feet in diameter, but having few boulden, of larger 

SIze. One of its highest elevations is Stony hill, in the N. W. J of section 1, 

T. 38, R. 27, beside the Rum river lumber-road about three-fourths of a Illile 

north from the mouth of Mike Drew brook. 

The till containing limestone on the south edge of these counties proh

ably belongs to the time of the fourth or Kiester moraine, when the ice-flow 

from the north and that from the west seem to have been confluent on that 

area. The morainic belt described in the preceding paragraph belongs ap

parently to the time of the fifth or Elysian moraine. It may also have been 

partly formed in the next halt of the glacial recession, when the sixth or Wa

conia moraine was accumulated. The seventh or Dovre moraine probably i.'! .. 
traceable from the upper part of Hillman brook in Morrison county eastward 

through this district, passing south of Mille Lacs and across the northern part 

of Kanabec county. At the time of the eighth or Fergus Falls moraine, the 

ice-sheet seems to have wholly retired from theF:e counties, its marginal ac

cumulations being prominent in eastern Crow Wing county and the adjoining 

part of Aitkin county, on the northwest side of Mille Lacs, while eaF:t of this 

lake the lobate ice-border, curving to the south, formed a series of morainic 

hills of till, observed in the south edge of Aitkin county from the Snake river 

eastward to the Pine lakes, and thence extending northea:;;terly in Pine county 

toward Kettle River station. More full exploration of thl:;; region may result, 

however in some better correlation of these moraines. , 
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'i'I-tE GEOLOGY of MtNNE80'tA. 
[Well •. 

Wells in lIJilie LacB county. 

Pri,lce/on. Wells in the village are from 20 to 30 feet deep in gravel and sand, obtaining plentiful 

water of good '1nality but hard. 
AS:1 Bullis; S. W. ,r of sec. 12: well, 18 feet; soil, 1; all caving gravel and sand belo:w, to water in 

qnieksand. The water is hnrd, owing to the limestone in the drift of this vicinity. Within a mile to 

the south, till forms low s,Yells, including among its boulders slabs of limestone up to ten feet in length. 

Martin V. B. Cater; sec. 29: well, 20; soil, 1; sand and gravel, 19, to water in coarse gravel. The 

deep wells of this neighborhood, 20 to 30 feet deep, h:1ve hard water, especially d1l1ing the dry season; 

hut the shallow wells, 10 to 15 feet deep, are soft or less hal'd, some of them being considered as soft as 
rain-water. 

Greenbush. Samuel Marshall; sec. 20: well, 22 feet; soil, 1; yellow till, 8; very stony till, 3; till 

as alJove, 2; sand, 1~ feet; very hard till, with mu(;h iron-rust, 5; and gravel, 1~ feet, with water, not 

rising. This is on a hill, some 30 feet above the general level of the sand and gravel which cover most of 
this south half of the township. 

lIli/o. A. T. Chisholm; S. E. -\ of see. 22: well, 26 feet; soil, 1; reddish till, of the usual some

what sanely character, "cry hard, all picked, 25 feet and continuing lower; water comes in erevices of the 
till in the I ast four feet and at the bottom, usually standing three to fi. ve feet deep, inexhaustible by the 

most rapid drawing. This is hard water, especially in the ilryseason; but the West branch of Rnm river, 

which flows ne:tT by, is soft water, anil so are some of the shallow wells of this neighhorhood, only 10 to 
15 feet deep. 

Wells in Kanabec county. 

Bnlllswiek. Farm of Danforth Brothers & Bean, base of supplies for lumber camps on the upper 
Snake river aad its brJnJhe3; C.1St edge of the N. E. 1 ofse;. 1: well, 22 feet; all eaving gravel and sand; 
water nearly as soft as rain. 

Peter Leaf; sec. 4: well, 25 feet; soil, 1; gravel and sand, 24. 

Clrass Lake. John A. Peterson; S. E .. J of sec. 14: well, 30 feet; soil, 1; yellowish and reddish 
till, picked, 27; quicksand, 2 feet and extending lower, with water. Grass lake, about a third of :1 mile 
in (liameter, lies close southeast. 

Ben.iamin ~orton; sec. 18: well, 16 feet; soil, 2; clay, 4; sand and gravel, 10. 

T. 39, R. 23. John L. Spence; sec. 8: well, 10 feet; soil, 1; yellow till, 8; and quicksand, 1 foot 
and continuing lower, with water. 

John Hart; sec. 18: well. 23 feet; soil, 2; yellowish, quite gravelly till, 18; and sand, 3 feet and 
deeper; water, found in the stratum of ~and, rose to a permanent level four feet above it. 

A. De Wolf; S. W. 1 of this sec. 18: well, 28 feet; soil, 1; sand, 6; coarser sand and gravel, 6; 
yellow and dark gr'ly hard till, picked, 15 feet, also extending below. 

T. 38, Ii. 24. Ann i'mn, Isaac Staples' base of snpplies for lumber camps on the upper Ann river; 
N. E. t of sec. 21: well, 39 feet; soil, 1; s:1ncly and clayey silt, 6; yellow gravel and sand, with'a reddish 
tint, 3:2 feet, to water in tluicksand; it is considered nearly as soft as rain-water. 

~lATERIAL l{ESOURCES. 

Lumbering is the leauing business of this district; but the soil is good for 

agriculture, and many farms are being cleared and brought under cultivation. 

Water-powers were employed for manufacturing in 1880 at the two Prince

ton flouring mills, owned by Allen & Sadley, on the West branch of RUIh river 

close to its mouth and one and a half miles above, the lower with nine feet and 

the upper with eight feet head, each having two run of stone; and the Kana

bec mills, on the Ground House river in section 12, Brunswick, owned by S. 

E. Tallman, sawing lumber and manufacturing flour, with head of about five. 
feet. 
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A list of the dams usecl for nu~iIltl~illing a sllftieient supply of water lor lug-driving, is as lollol\ R, 

chiefly on the authority of Mr. Leonard Pratt of Princeton and Mr. Duane Porter of Chellgwatana. 
On the Rum river, a da.m having six: feet head, three-fourths of a mile south of lake Onamia or 

First lake. 
On Bradhury brook a dam of six: feet one mile above its mouth; another of six feet on the north 

fork of this brook; three miles above the junction of the forks; the upper dam on the north fork, two 
miles above the last, also about six feet; and on the south fork three dams respectively three four and . " 
five miles above the junction of the forks, each having about six feet head . 

• On Tibbetts brook seven dams: one three-fourt,hs of a mile ahove its month, Keven feet; others at 
ODe and a half mi!es, lour miles, and six miles from its mouth, each SeyeH lee!.; the firth, three-J'mrths 
of a mile above the last, eight feet; and the sixth and seventh, one ami a half and fonr miles farther np 
the brook, each seven feet. 

On Mike Drew creek, one of five feet head a half mile abuve it,~ mouth; awl another two miles 
farther up, with a head of six feet. 

On Bogus brook, a dam six miles from its mouth, having six fcet head; and a second, one and a 
half miles ahove this, having seven feet head. 

On the West braueh of Rum river are the Stony Brook dam, about three-fourths of a mile below 
the mouth of Stony hrook, having nine feet head, a second, nine miles ahove this, having six feet hear]; 
aud a third, four miles ahove the last, lmving eigbt feet head. 

Snake river has a dam of nine or ten feet heltd on section 24, T. 42, R. 23, a few miles southeast 
from the Lower falls. Its upper dam, situated in Aitkin county, on the S. W. ': of sec. 21, T. 4:{, R. 23, 

has eigbt feet head. 
Bergman's brook has a dam of five feet head a half mile above its mouth. 
Hay creek, west of the Upper falis, has two dams, each of ahout six feet helLd. 
Snow-shoe brook bas a dam of seven feet head a mile ahoye its mouth. 
Knife river has two dams, one of seven feet just below tbe inlet frOID Knife lake, which it flows; 

and the Little Knife dam, in the north part of section 28, T. 41, R. 24, iJavillg seven feet bead. 
Ann river bas two dams, namely, tbe Fish Lake dam, near the mouth of tbe river, with head of 

five feet; and the Ann Lake dam, with head of seven feet, in the S. E. j of ser'tion ao, T. 40, R. 24, two 

miles helow Ann lake, which it raises five feet. 
Ground House river has a "hig dam," with eleven feet hearl, in section 7, Brullswiek, just, helow 

the junction of the north and south branches. Its north hral1l'h ha,; two chtnls, each of about eight feet 

bead; and the south branch formerly 11ad a dam of six feet head. 
. Chesley brook, also calieAUtlao Snake river, has three dams; the first, a mile above its mouth, 
has seven feet head; the second, three miles from tbe mouth, ten feet; and the third, four miles above 

the last, five or six feet. 
Mud ~reek has a dam just below the mouth of Mud lake, with about seven feet head; and another 

higher up this stream bas a head of about five feet. 

Building stone. The syenite on the West branch of Rum river, and the 

granite at Ann Lake dam and at the Lower falls of Snake river, will furnish 

good building stone, when the Jevelopment of the region produces a demand 

for it. 
B1·icks. G. W. Dunton has made bricks Slllce 1876 in the N. E. ! of sec. 

21 Princeton nearly two miles north of the town and about a half mile west , , 
of Rum river. His product in 1879 was 400,000, selling at $7 per thousand. 

These are red bricks of good quality. Sand is mixed with the clay for tem

pering in the proportion of one to three. The section of the well at this brick

yard, 24 feet deep, is horizontally laminated c1ay, yellowish to a depth of 16 

feet, and dark bluish for the next 8 feet; wator rose four feet from sand and 

gravel at the bottom, 
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On the ,Vest branch of Rum river are the St.ony Brook nam, about three-fonrt.lJs of a. mile below 

the month of Stony brook, lutving nine feet hean, a second, nine miles ahove this, haying six feet hrea(1; 

and a third, four miles above the last, hf1ving eight feet heacl. 
Snake river has a dam of nine or teo feet. head on sedinn 24, T. 42, R :2;3, a few llliles southeast. 

from the Lower falls. Its upper dam, sit.uate,] in Ait.kin county, on the R. W. : of se(;. 21, T. 4:" It. 2:" 
has eight feet head. 

Bergman's brook has a dam of five feet head a half mile above its month. 

Hay creek, west of the Upper fa.lls, has two d'lms, each of about six feet hea(l. 

Snow-shoe brook has a dam of seven feet head a mile aboye its mouth. 
Knife river has two d~lms, one of seven teet just below tbe inlet from Knife lake, which it flows; 

aud the Little Knife dam, in the north part of section 28, T. 41, R. 24, having seven feet heacl. 
Aun river has two dams, namely, the Fish Lake dam, near the mouth of the river, with head of 

five feet; aud the Anu Lake d',lll, with bef1d of seven feet, in the R. E. I of se,·tiou :lO, T. 40, R. 24, two 

miles below Ann lake, whie.h it raises five feet. 
Grouun House river has a "big dam," with eleven feet hearl, ill section 7, Brullswick, jnst. below 

the juuction of the north f1nd south branches. Its north brandl has two dams, each of ahout eight feet 

hef1d; and t.he south branch formerly had a dam of six feet head. 
Chesley brook, also calleAittlEl'Snake river, has three dams; the first, a mile above its mouth, 

has seven feet head; the second, three miles from the mouth, ten feet; and the third, four miles above 

the last, fi ve or si x feet. 
Mud ,reek has a ,lam jnst below the mouth of ~1ud bke, with ahout seveu feet 11('a(1; and another 

higher up t.his stream has a head of about five feet. 

Bu/ZcZz'ng stone. The syenite on the West branch of Rum river, and the 

granite at Ann Lake dam and at the Lower ficlls of Snake ri vel', will flll'ni:;h 

good building stone, when the development of the region produces a demand 

for it. 

Bricks. G. W. Dunton has made bricks smce 1876 in the N. E. 1 of sec. 

21, Princeton, nearly two miles north of the town and about il half mile west 

of Rum river. His product in 1879 was 400,000, selling at $7 per thousand. 

These are red bricks of good quality. San(l is mixe(l with the clny for tem

pering in the proportion of one to three. The section of the well at this brick

yard, 24 feet deep, is horizontally laminated clay, yellowish to a depth of 16 

feet, and dark bluish for the next 8 feet; wator rO . .,e four feet from sand and 

gravel at the bottom, 
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gravel at the bottom, 



628 THE GEOLOGY OF MINNESOTA. 
r Aboriginal earthworkR. 

Jonas S. Scott & Son, living in the S. E. ! of section 12, Greenbush, began 

brick-making in 1879 in the S. W. i of section 7, Princeton, close to the West 

branch of Rum river. Their product in 1879 and 1880 was about 120,000. 

The bricks are of dull reddish color, and are hard and durable.' The clay re

fIuires an intermixture of half as much sand for tempering. 

In Brunswick red bricks of fair quality have been made in small am'ount 

from the till, which is free from limestone and so sandy that it is suitably tem

pered for this use, by John Peterson in section 4, Andrew Olson in section 10, 

and Olaf Borg and F. K, Nilson in section 26, 

Springs, Notably large springs occur along the course of Spring brook, 

in the northwest edge of T. 39, R. 23; and there is a copious chalybeate spring 

un Ja.nd of Isaac Staples in the north part of section 21, T. 39, R. 24, on the 

wC'st sil1e of Ann river near the house of the Ann farm. 

ABORIGINAL EARTHWORKS. 

In section 25, Greenhush, on lVlr. Samuel Marshall's land east of the north part of Rice lake, is l\ 
round mounu about fifteen feet high, situated some fifteen rods from the lake-shore. Within thirty rods 
about this are twenty or thirty smaller mounds, two to four feet high. There is a tradition that three 
lhlkot:, warriors, l,illed in a fight with the Chippewas, were huried ill the largest mound. In plowing 

oyer this mound, the plow struck lind splintered a log of wood enclosed in it nea·r the surlilce. 

On t,he ea,t, side of Su"ke river, oppo~it.e the mouth of Ann river, on laud Itbout 35 feet above 
t.lw riyr-r rlm1 n ,]uarter of a mile from it" flTe t.he en.lthworks of an "01<1 Indian fort." Embankments, 
l",ving" hight t,laee to five feet n.hove the bottom of ~\ slight trench on their inner side, extend in an 

irregularly lOllr-.';ided outline a.bont nine rOlls long from northeast to southwest and five rods across the 
ell<l,_ 1t is supposed to lmve been the work of the Chippewas in their wars with the Dakotas, probably 
aided j,y the snperintencience of some white /lUln. • 

Twenty or more mounds of the usual dome· like form aTe situated on the north side of the Ann 
I iH'r ahont n half mile west from its mouth, being forty to sixt.y rods west from the Fish Lake dam. 

They are mostly frolll t,wo to lour het high; but one, ahont seventy-fi ve feet in diameter, has a hight of 
"i;:!:ht feet, with steep sides and flattened top. 

On the southeast side of Fish lake, in section 34, are two mounds, each about ten feet high. 
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owr this mono<1, the plow struck lind splintered a log of wood eo closed ill it nea.r the snriilCe. 

On t,he ea,t, side of Sn[tke river, opposite the month of Ano river, on laud ahout 3.5 feet ahove 

til(> rin'r rlml a ,]narter of a mile from it" [tTe t,he ealthworks of an "01<1 Indiao fort." Emhankments, 

hal'illg" hight three to five feet ahove t,he bottom of ~t slight treoch on their inner side, extend in an 

ilTegularly h>llr-.,itlerl outline a,bout nine rOlls long from llortheast to southwest amI five rods across the 

elhh It is "uppo:-;erl to have been the work of the Chippewas io their wars with the Dakotas, prohably 
ai(ledl,y the supcrioten<1ence of some white man. • 

Twenty or more mounLls of the usual domc·like form are situated on the nOl'th side of the Ann 

liYer al)ont a half mile west from its mouth, being forty to sixty rods west from the Fish Lake dam. 

They are mostly frum t,wo to four feet high; hut ooe, about seventy-fi ve feet in diameter, has a hight of 
(·ight feet, with steep sides and flattened top. 

Un the southeast "ide of Fish lake, in section 34, are two mounds, each ahout ten feet high. 
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round moullll "bout fifteen feet high, situated some fifteen rods from the lake-shore. 'Within thirty rods 

nbout this are twenty or thirty slllaller mounds, two to four feet high. There is a tradition that three 

l),lkota warriors, l,ilIed in a fight with the Chippewas, were huried ill the largest mound. III plowing 

owr this mono<1, the plow struck lind splintered a log of wood eo closed ill it nea.r the snriilCe. 

On t,he ea,t, side of Sn[tke river, opposite the month of Ano river, on laud ahout 3.5 feet ahove 

til(> rin'r rlml a ,]narter of a mile from it" [tTe t,he ealthworks of an "01<1 Indiao fort." Emhankments, 

hal'illg" hight three to five feet ahove t,he bottom of ~t slight treoch on their inner side, extend in an 

ilTegularly h>llr-.,itlerl outline a,bout nine rOlls long from llortheast to southwest amI five rods across the 
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OHAPTER XXIV. 

THE GEOLOGY Olr PINE COUNTY. 

By WARREN UPHAM. 

Situation and area. Pine county (pla.te 55) lies at the middle of the east 

border of Minnesota, adjoining Wisconsin, from which it is separated in part 

by the Saint Croix river. Pine City, the county seat and largest town, is 

sixty miles north of Saint Paul and Minneapolis. 

The length of this county from north to south is 48 miles. Its northern 

half is 36 miles wide, but the width of its southern half decreases to 15 miles 

on the south boundary. The area of Pine county is 1,444.50 square miles, or 

924,477.51 acres, of which 15,844.68 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. Pine county lies wholly within the St. Croix basin, 

excepting a few square miles on its northeast edge, which are drained by the 

Nemadji river to lake Superior. The chief tributaries of the St. Croix river 

in this county, in their orcler descending the stream, are Spruce, Tamarack, 

Crooked, Sand and Bear creeks, Kettle and Snake rivers, and Rock creek, 

the last joining the" St. Croix in Chisago county. 

Kettle and Snake rivers are large streams. The former receives Moose 

and Willow rivers from the east and Pine and Gl'indstone rivers from the west. 

Mission creek and Pokegama creek and lake are important tributaries to Snake 

river from- the north. 

Lakes. Through most of Pine county only infrequent and small lakes are found; but they are 
abundant neaf its north side and on the west between Pine and Grindstone rivers, the largest of these 
being Sturgeon, Island, Oak, Pine and Grindstone lakes, from two to three miles long, trending from 
north to I!outh Qf southwest; Two of larger size, namely, Cross and Pokegama lakes, each about four 
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[Elevations. 

miles long from north to south and averaging a half mile wide, lie in the south part of the county. The 

Snake ri\'er touches the south end of Pokegama lake and flows through Cross lake. 

Topography. Some portions of this county are nearly level or only slightly 

undulating, such being the contour of much of the tract of gravel and sand, 

belonging to the modified drift, in some parts three or four miles wide. which 

borders the Kettle river, and of a large area of till that extends east and south

east from the south end of Cross lake to the St. Croix valley. The opposite 

extreme of rough morainic hills and short ridges, consisting mostly of till, very 

irregularly grouped, rising 40 to 60 or 75 feet above the enclosed hollows and 

lakelets, is the contol...r of the southeast part of Royalton and the west part of 

Rock Creek aUll Pine City townships, reaching northeastward to the south 

end of Cross lake. Similar morainic hills border the Pine lakes, the upper 

Pine lake being in the southeast corner of Aitkin county, and continue from 

them several miles northeastward into the southwest part of Kettle River 

township. When the region east of the Kettle river is more fully explored, 

probably such belts of hilly drift will be found there, being continuations of 

those observed about the Pine lakes and farther to the south in Kanabec 

county. Besides these strongly contrasted types of contour, large areas of 

this county, probably three-fourths of its entire extent, are moderately undu

lating or rolling till, rising by gentle slopes 25 to 40 feet above the streams 

and the frequent marshes and tamarack swamps. 

The St. Croix river on the boundary of this county flows in a valley a 

half lllile to a mile or more in width, which it has eroded 75 to 150 feet below 

the average of the adjoining country. The Kettle river along a part of its 

course lies in a picturesque gorge, walled by bluff::; of ::;andstone 75 to 100 

feet high, described more partieularly in a hter portion of this chapter. Abo\'e 

Cross lake the Snake river has no considerable valley; but between this lake 

and its mouth its erosion is measured by bluffs that inc·rease in hight from 

50 to 100 feet. 

Elcmlio118, Saillt Paul & Duluth railro(lIl. 

From plofiies in the (>lUce of H. A. Hwensoll, engineer, ~l,int Paul. 

South hranch of l{oek creek, water, DID; gra(le _ 

North branch of Rock creek, water, D25; grade 
Summit, cutting 3 feet; graue 

Cut, 33 feet maximum uepth, only 300 feet long; grade 

Opposite Devil's lake, filling Hi feet; grade 

Miles from 
~aint Paul. 

58.8 

5D.4 
61.2 

62.7 

62.8 

Feet above 
the sea. 

D32 
D38 
D83 
DG6 
D64 
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[EJevat.ions. 

miles long from north to south and averaging a half mile wide, lie in the south part of tIle county. The 

Snake rirer touches the south end of Pokegama lake and flows through Cross lake. 

Topography. Some portions of this county are nearly level or only slightly 

undulating, such being the contour of much of the tract of gravel and sand, 

belonging to the modified drift, in some parts three or four miles wide, which 

borders the Kettle river, and of a large area of till that extends east and south

east from the south end of Cross lake to the St. Croix valley. The opposite 

extreme of rough morainic hills and short ridges, consisting mostly of till, very 

irregularly grouped, rising 40 to 60 or 75 feet above the enclosed hollows and 

lakelets, is the contol...f of the southeast part of Royalton and the west part of 

Rock Creek and Pine City townships, reaching northeastward to the south 

end of Cross lake. Similar morainic hills border the Pine lakes, the upper 

Pine lake being in the southeast corner of Aitkin county, and continue from 

them several miles northeastward into the southwest part of Kettle River 

township. When the region east of the Kettle river is more fully explored, 

probably such belts of hilly drift will be found there, being continuations of 

those observed about the Pine lakes and farther to the south in Kanabec 

county. Besides these strongly contrasted types of contour, large areas of 

this county, probably three-fourths of its elltire extent, are moderately undu

lating or rolling till, rising by gentle slopes 25 to 40 feet above the stream:> 

and the frequent marshes and tamarack swamps. 

The St. Croix river on the boundary of this county flows in a valley a 

half mile to a mile or more in width, which it has eroded 75 to 150 feet below 

the average of the adjoining country. The Kettle river along a p:ut of its 

course lies in a picturesque gorge, walled by bluff:> of sands tone 75 to 100 

feothigh, described more partieularly in it bter portion of this chapter. Abo\'e 

Cross lake the Snake river has no considerable valley; but between this lake 

and its mouth its erosion is measurell by bluffs that inc;'ease in hight from 

50 to 100 feet. 

Erc1'ltri0118, 8aillt raul «: J)u/uth rairroall. 

From p,oftie' in the nllice of H. A. Hwell~oll, engineer, Sl,int Panl. 

SOllth hranch of l{oek m'eek, water, 010; grarle _ 

North branch of Rock creek, water, 025; grade 

Summit, wtting 3 feet; grade 

Cut, 33 feet maximum depth, only 300 feet long; grade 

Opposite Devil's lake, filling H; feet; grade 

Miles from 
Saint Paul. 

58.8 

50.4 

61.2 

62.7 

62.8 

Feet ahove 
the sea. 
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Determined by the Uuited i'1tatt's engineer corps, under the diredion of Capt. C. J. Allen. 

St. Croix river ou the east line of Pine county, [~hout 

At the mouth of Snake river -

At Rush City ferry 

Bottom of sluice-gate of Chengwatana dam on the Snake river 

Top of Cheugwatana dam 

Fed "bo··e 
the sea. 

900 

798 
772 

929.6 
939 

Tbis dam flows Cross and Pokegama lakes, and holds the Snake river as nearly level hack-water 
for sixteen miles to Millett's mpills in Kanabec county, evell when the gate of the dam is open two or 

three feet below its top. 

The highest portions of Pine county, in its northeastern and northwest

ern townships, are about 1,200 feet above the sea; and its lowest land, where 

the St. Croix river crosses its south line, is about 780 feet. The mean ele

vation of this county is approximately 1,075 feet. 

Soil and timber. The subsoil is mostly reddish gray boulder-clay or till, 

which has a fertile black soil about one foot thick, well adapted for wheat, 

oats, potatoes, and all the crops that belong to this latitude. Only compara

tively small tracts of swamp and of gravelly and sandy modified drift are un

suitable for agriculture. These latter areas are often destitute of timber, or 

bear only a few small tamaracks in the swamps and scattering red and jack 

pines on the flat or undulating sandy land. 

All other portions of the county are well wooded, bearing white arrd red 

pines, spruce, balsam fir, tamarack and arbor-vital, the last two named occur-
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ring in swamps and along streams; bur, white and black oaks; ironwood; white, 

red and rock elms; hackberry; black, white and green ash; sugar and soft 

maples; basswood; wild plum, black cherry, and June-berry; butternut and 

bitter hickory; yellow and canoe birches; and two species of poplar. Low 

blueberries, cranberries, red and black raspberries, high blackberry, aromatic 

wintergreen or checkerberry, black currants, prickly and smooth gooseberries, 

and ha.zelnuts, grow in abundance. The huckleberry, mayflower, bearberry 

and sweet fern were observed at the Lower falls of Kettle river. 

GEOLOGICAL STRUCTURE. 

Ar-ekmtn 1"oeks. The most northern outcrops of rock in this county adjoin 

its north line, occurring near the Kettle river in sections 4 a.nd 9, T. 45, R. 

20, and reach thence along a distance of several miles southwesterly, where 

mica schist, in some portions conspicuously veined with white quartz, is re

ported as forming knobs 40 to 75 feet high. The continuation of this and 

associated formations of granite and gneiss toward the southwest is found in 

Kana.bec county at the Upper and Lower falls of Snake river, and in Aitkin 

county at the dam on this river, situated in the S. W. i of section 21, T. 43, 

R. 23, a few miles above these falls, and again in the north part of the same 

township, a few miles above this dam and a half to one mile below the fork of 

Snake river. Northward, this mica schist continues in Carlton county two 

miles on the Kettle river, and borders the lower part of Split Rock river, trib

utary to the Kettle river from the west in section 32, T. 46, R. 20. Six miles 

farther east a darkish gray hydromica schist, dipping 15° to 25° S. or S. 15° 

E., outcrops in the vicinity of Moose Lake station, which is two and a half 

miles north of Pine county line. 

Oopper--bear-ing trap. My examination of the trappean rocks and their 

beds of tufaceous conglomerate, includes the three miles of Kettle river next 

to its mouth, and also two ledges seen in its west bank about a mile below the 

mouth of Grindstone river; outcrops on the St. Croix oelow Kettle river; and 

a belt eros sed by the Snake river in the two miles next east from Chengwa

tana. Numerous other outcrops of these rocks are reported by Owen and 

Shumard, and more recently by Irving, on the Kettle river in the ten miles 

between points examined by me; but through the middle part of this distance, 
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according to Prof. Irving, the river is without exposure of roek for about five 

miles, mostly in T. 40, R. 20. 

In northern Michigan this trappean formation is rich in copper, which is 

there extensively and profitably mined. Its continuation westward in north

ern Wisconsin and on the north shore of lake Superior, as also in Pine and 

Chisago counties, contains generally traces of copper ores, often green in color, 

most abundant in seams and veins and in decomposing portions of the roek, 

and rarely particles and even considerable masses of native c.opper; but no 

profitable mining of copper has yet been found in Minnesota. 

The most northern exposures of trap on the Kettle river are in T. 41, R. 

20. The ledges seen by me in this township are situated about twelve rods 

apart, in the southwest bank, a mile below Grindstone river, being in the S. 

E. 1 of section 22. The southern of these outcrops is about seventy-five feet 

long and rises three to five feet above the river; and the northern has about 

half this length and hight. Both are trap (diabase), somewhat decomposed, 

of dull red or dark rusty color, partly amygdaloidal, and much divided by 

irregular joints and cracks into fragments from one to twelve inches long. 

Other outerops in this township are described as follows by Prof. Trving: 

"Through sec. 35, T. 41, R. 20 'V., the river pursues a nearly southerly eourse, 

and on the east side, continuing for over half a mile, is a west-facing cliff 10 to 

30 feet high of the typical fine-grained diabase. The east slope of the ledge 

is gradual, and the strike and dip are plainly to be made out, as respectively 

N 6° E., and 50° E. On the north line of the same section, and again in sec

tion 22, similarly-placed ledges are largely exposed, the river making in this 

distance about a mile of westing, so that between the south line of r. 41, R. 

20 W. and the exposures in section 22 the river crosses a mile in width of 

Keweenawan beds, with an average eastern dip of 50°. The last plaee is of 

great interest, for only 300 paces north of the stream~ and directly in the course 

of the northward-trending diabases, is a cliff of horizontal light-colored Cam

brian sandstone 40 feet high and several hundred pitces in length."* 

Kettle river from the east line of T. 40, R. 20, to its mouth, a distance 

of about six miles, consists of a succession of rapids, alternating with portions 

that have a gentle current. My notes cover the lower half of this extent, 

--; The Copper-bearing Rocks of Lake Sup"'ior (MonographS of the Unitcil States Geolo;;ica\ Survey, vol. v), page ~14, 
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"Through sec. 35, T. 41, R. 20 W., the river pursues a nearly southerly course, 

and on the east side, continuing for over half a mile, is a west-facing cliff 10 to 

30 feet high of the typical fine-grained diabase. The east slope of the ledge 

is gradual, and the strike and dip are plainly to be made out, as respectively 

N 6° E., and 50° E. On the north line of the same section, and again in sec
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--; The Copper-bearing Roc,,", of Lake SupM'wr (Monographs of the Uoitecl States Geological Survey, vol. v), page ~H, 

80 
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beginning at the elbow where the river bends from a south to an east course, 

in the southern part of section 32, T. 40, R. 19. Prof. Irving's notes on the 

upper part of these rapids are as follows: "In the N. W. ! of the N. E. ! of 

sec: 32, T. 40, R. 19 W., the east bank of the stream shows a diabase ledge 

15 feet high and 35 rods long. Just opposite, on the other side of the stream, 

is a flat-lying reddish conglomerate. Porphyry conglomerate occurs again on 

the east bank of the river, near the centre of the S. W. :i of sec. 29, T. 40, R. 

19 W., and again in a large exposure a mile farther up stream in the N. E. i 

of the S. E. 1 of sec. 19, where it plainly lies at a very flat angle. These 

three exposures appear all to be part of the same conglomerate bed. Six hun

dred paces up stream from the last exposure, typical diabase and diabase

amygdaloid are in sight." 

From the bend where my observations begin, an outcrop of trap (diabase) 

extends about twenty-five rods eastward in the southwest bank of the river, 

rising perpendicularly at each end about ten feet above the water, but in its 

middle portion having a hight of only two or three feet. Much of this rock 

is the usual dark and tough, fine-grained trap; it is minutely pitted upon 

weathered surfaces; and is often divided by joints into rhombic masses from 

three inches to two feet long. Some portions are amygdaloidal, holding green 

bunches of chlorite and prehnite, apparently because of decomposition and 

metamorphism. Veins of calcite in the form of satin spar, from a sixteenth of 

an inch to one inch in thickness, and sometimes ten feet or more in length, 

occur in many of the joints, vertical, oblique and horizontal, in the decompos

ing parts of these ledges. 

About a half mile farther east, near the centre of the S. W. ! of the S. 

W. 1 of section 33, trap is exposed in the northeast bank of the river, having 

an extent of a few rods and rising about five feet above low water. This is 

known as the" copper claim," from prospecting shafts sunk here by Mr. N. C. 

D. Taylor, in 1865. 

H ere the river turns south and holds this course to its mouth. A little 

below the "copper claim," in the north part of the N. W. i of section 4, T. 39, 

R. 19, its east shore is trap, declining in hight from ten to two feet along its ex

tent of about forty rods from north to south, overlain by a bluff of red till, 25 
to 30 feet high. 

N ext this rock outcrops at many place~ on the west shore of the river 
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along a distance of nearly a quarter of a mile, at the middle part of the west 

side of this section 4. It rises one to five feet above the river. Generally it 

is somewhat decomposed, being often olilitic and nodular, with frequent green 

stains. Small porti?ns of it are tufaceous conglomerate. It is much divided 

by joints from two to eighteen inches apart, varying in inclination from 45° to 

vertical. Their most conspicuous system of parallel planes has an east-north

east strike. All this lower part of Kettle river has low shores or bluff:'3 only 

25 to 40 feet high, and the adjoining country is moderately undulating drift . 

. The mouth of Kettle river is divided by two small islands into three . 
channels. Opposite its mouth and for three miles above and one mile be-

low, the St. Croix river is turned in two channels, by three long islands, which 

together are called the" Big island." The eastern large ehannel is the state 

boundary; and the western is commonly called the "slough." In both the 

river has a strong current, with numerous rapids, the largest fall being two or 

three feet in a few rods at a reef of trap which crosses both channels near the 

middle of the upper island. This extent of about four miles on the St. Croix 

river is named Kettle River rapids. The highest outcrops of trap in this dis

tance rise only a few feet above the water. 

Descending the St. Croix from the mouth of Kettle river, the first rock 

was found at the south end of the" Big island." Here very compact and hard, 

fine-grained, dark trap (diabase) has an extent of about twelve rods from east 

to west and a hight of five feet. Prof. Irving describes this or other neighbor

ing outcrops of the same rock as "apparently striking north and south with a 

very low eastern dip," and states that light-colored horizontal sandstone is 

exposed near by. 

About a mile farther south, near the south line of section 20, trappean 

rock, nearly like the last, divided by joints one to four feet apart, forms the west 

shore of the river for ten or twelve rods, reaching five to ten feet above the 

water. It again has an exposure of similar extent in the same bank some 

fifty rods farther southwest, in the N. W. t of section 29, T. 39, R. 19, being 

about twenty-five rods below the north end of the" Thousand islands," where 

another ledge of this rock occurs. 

The most southern outcrop of trap on this part of the St. Croix is found 

.. on the Wisconsin side about a half mile south from the last. Its visible length 

is only about ten feet, and its hight six feet. Forty rods farther south, oppo-
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site the last of the "Thousand islands," is the most northern point on the 

St. Croix river at which I observed the St. Croix sandstone, which thence is 

frequently exposed along a distance of nearly twenty miles to the south. 

The southwestward continuation of this area of copper-bearing trap IS . 
found on the Snake river at Chengwatana and for two miles east. Farther 

southwest the bed rocks are universally concealed by the drift, as also along 

this river above to its sandstone outcrops in Kanabec county. Chengwatana 

dam, in Snake river at the mouth of Cross lake, is built on ledges of trap and 

conglomerate, which here and in their other outcrops, seen at many places 

within the next two miles below, rise five to fifteen feet above the rive;. 

Their exposures are restricted to its channel and banks, and the adjoining 

region is gently undulating or nearly level drift, 20 to 50 feet higher. The 

greater part of this belt consists of dark, hard and compact, fine-grained, tough 

trap (diabase). Other portions show various stages of decomposition and meta

morphism, and bear amygdaloidal masses of chlorite, prehnite, and other 

minerals, and veins of calcite. 

Prof. T. C. Chamberlin has given a detailed description of this locality, 

and concludes that "the rocks, whether compact diabases, amygdaloids, or 

conglomerates, are tYllically Keweenawan in aspect, and leave no room for 

doubt that they belong to the copper-bearing series and form the western and 

perhaps terminal margin of the lake Superior synclinal trough."* 

Search for copper in these rocks was made several years ago I by Mr. 

Adolph Munch, about three-fourths of a mile below Chengwatana, by several 

shafts of little depth, upon each side of the river and in its channel. During 1880 

and 1881, further prospecting for copper was entered upon by the Chengwa-' 

tana Mining company, represented by Mr. J. Bennett Smith, who has sunk 

shafts at three points on the north side of the river, three-fourths of a mile, 

one mile, and one and a half miles east from Chengwatana. The first of these 

is in a dark red, ochery conglomerate, which contains many water-worn pebbles, 

mostly from a half inch to two inches in diameter, apparently derived from 

the trap, but altered and decomposed. Mr. Smith states that this bed of con

glomerate is thirty feet thick, with strike N. 15° E. and dip 70° S. 75° E. 

Re reports another bed of conglomerate, very coarse, fifty feet thick, a half 

* The COPl,er-bearing Rocks oj Lake Superior, pages 242-8. 
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mile east of Chengwatana, and a third, about twenty-five feet thick, at the 

mouth of Cross lake, close above the dam. 

At the time of my observation here, October 17, 1881, Mr. Smith was 

at work at the shaft a mile east of Ohengwatana, in an amygdaloidal bed, 

fifty feet in width, dipping 700 S. 750 E. This had been excavated tv a 

depth of 45 feet, below which farther exploration has since been made with a 

diamond drill. The hanging wall is very hard, fine-grained black trap; next 

to this the first five or six- feet are soft, decomposed amygdaloid, holding many 

chloritic bunches, from a quarter of an inch to two inches in diameter; the cen

tral and lower portions are somewhat harder, and contain much calcareous 

spar in crystalline masses and in banded veins, besides a large variety of other 

minerals; the foot wall is compact and hard, somewhat amygdaloidal trap. All 

these beds of conglomerate and amygdaloid have approximately the same strike 

and dip. Professor Ohamberlin reports the strike of these strata on the Snake 

river to be N. 100 to 150 E., and their dip 600 to 700 eastward (S. 750 to 800 

E.). The formation was made up by successive overflows of molten rock, 

which cooled to form hard finely crystalline trap (diabase) beneath, but often 

in the upper part became scoriaceous and amygdaloidal; and between these 

eruptions, during intervals of repose, layers of tufaceous conglomerate some

times were accumulated. 

St. Oroix sandstone. An area of sandstone, referred to the lower part of 

the St. Oroix formation,* extends on the Kettle river from about three miles 

north of Kettle River station southward along a distance of twenty or twenty

five miles. The most northern outcrop of this sandstone is reported in a 

bluff at the west side of Kettle river near the southwest corner of section 10, 

T. 44, R. 20. Its next exposure is one and a h:;t.lf miles south of Kettle 

River station, in the north part of section 3, T. 43, R. 20, where it rises about 

ten feet in the northeast bank of Kettle river. Here and frequently onward 

to the mouth of the Grindstone river, this rock forms the river-bed and produces 

rapids. Where the old Government road crossed the Kettle river, one and a 

half miles below this reef, the sandstone rises ten to fifteen feet in its right 

bank. Through the next fifteen miles, to about a mile below the Grindstone 

river, a deep channel has been eroded by the Kettle river in this formation, 

* This sandstone is not a legitimate part of the St. Croix formation, but is separated from it by a becl of shales from sey
enty-five to a hundred feet thick. It may represent the Potsdam sandstone. Compare the report on Goodhue county, p. 32.

N.H.W. 
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bluff at the west side of Kettle river near the southwest corner of section 10, 

T. 44, R. 20. Its next exposure is one and a h:~Jf miles south of Kettle 

River station, in the north part of section 3, T. 43, R. 20, where it rises about 

ten feet in the northeast bank of Kettle river. Here and frequently onward 

to the mouth of the Grindstone river, this rock forms the river-bed and produces 

rapids. Where the old Government road crossed the Kettle river, one and a 

half miles below this reef, the sandstone rises ten to fifteen feet in its right 

bank. Through the next fifteen miles, to about a mile below the Grindstone 

river, a deep channel has been eroded by the Kettle river in this formation, 

* This sandstone is not a legitimate part of the St. Croix formation, but is separated from it by a bed of shales from sev
enty-five to a hundred feet thick. It may represent the Potsdam sandstone. Compare the report on Goodhue county, p. 32.

N.H.W. 
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which is seen almost uninterruptedly along both sides, often making a wall 5 

to 20 feet high at the water's edge, and ascending within a distance of an 

eighth to a third of a mile from the stream in bluffs 75 to 100 feet high, their 

upper half being usually vertical cliffs. Occasionally tower-like masses are 

left isolated beyond the line of the bluff, the edge of which, also, is in many 

places broken into immense blocks, some of which have been already dislodged, 

while others are separated by yawning chasms, from one to six feet or more 

across and ten to twenty-five feet deep, ending in cavernous clefts and recesses 

below. This whole gorge fifteen miles long, like that of the Mississippi eight 

miles long from Fort Snelling to Minneapolis, has probably been cut by the 

river since the ice age. The drift in the vicinity of this part of Kettle river 

is thin, and the sandstone reaches from the base to the top of its bluffs, which 

rise to the general level of the adjoining country, 75 to 100 feet higher than 

the surface at Kettle River station. On tributary ravines and creeks this rock 

often forms picturesque cliffs to a distance of a half mile or one mile above 

their mouths; but farther back the water-courses are usually of small depth, 

not cutting through the moderately undulating drift-sheet, and only few 

exposures of the underlying sandstone are known. This sandstone is mostly 

fine but partly coarse in grain, rarely conglomeritic, seldom very hard and 

sometimes easily crumbling, usually gray or buff in color, and in stratification 

nearly level or inclined only a few degrees. 

At the Upper falls (or Dalles) of the Kettle river, situated four miles 

east of Miller station, in the south edge of T. 43, R. 20, the river flows south

west in rapids about a half mile long, closely bordered upon each side by 

ragged cliffs of this rock 50 to 100 feet high. About a sixth of a mile below 

the foot of this rapid, a little stream joins. the river from the west, having a 

pretty water-fall, 13 feet high, a dozen rods above its mouth. Here the sand

stone rises in successive steps of ten to twenty feet each, often overhanging, 

to a hight about 75 feet above the river. It is fine-grained, slightly reddish 

or yellowish brown, and bedded in layers from six inches to three feet thick. 

These layers are nearly level, but resemble many modern sand deposits in 

being often obliquely laminated, their dips varying from 10° to 45°, mostly 

southward. On the small tributary mentioned, this sandstone forms a pictur

esque ravine extending about a mile northwestward from the river. At a basin 
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near the head of this gorge, it dips about three feet in a hundred feet, or 

approximately two degrees, to the southeast. 

The Lower falls of Kettle river are in the south part of section 15, T. 42, 

R. 20, being a short distance below a very large chalybeate spring which 

issues at the foot of the eastern bluff, and about a mile south of a tributary 

whose loudly dashing descent down this bluff is hidden from view by heavy 

woods. In the three miles between these falls of Kettle river, it flows with a 

gentle current. At the Lower falls the sandstone forms both shores and the 

river's channel, in the middle of which it rises in an island with vertical walls 

and nearly level top, about a hundred feet across, and 10 or 12 feet above the 

water at the head of this fall. West of the island is a perpendicular descent 

of four or five feet, with rapids which fall two feet within a few rods above, 

and as much more within twenty rods below, making a total of about eight 

feet. East and south of the island the descent is a nearly continuous rapid, 

broken by vertical falls of only about one foot. The sandstone here is fine

grained and somewhat friable; its color is yellowish gray; and its stratification, 

in beds from six inches to three feet thick, has a slight dip to the south, vary

ing from one to four feet in a hundred feet. 

In sections 16 and 17 of this township, one and two miles west from the 

Lower falls, exposures of this sandstone occur on the south side of a small 

brook, 10 to 20 feet above it, and at the general level of the surrounding drift

covered country. In tht\ west part of section 17, it is hard and fine-grained, 

and was quarried sever~s ago to test its value as a grindstone. - -'I, . 
At Hinckley, on tli~ .. Otlndstone river four miles above its mouth, this 

sandstone has been quarried by the Saint Paul & Duluth railroad company. The 

section thus exposed is six to nine feet high and about 250 feet long from 

north to south, lying close north of the river and east of the railroad. The 

top of this ledge is twelve feet above the river, and is overlain by three to 

eight feet of very coarse gravel, nearly like till. This rock is a hard and com

pact, medium-grained sandstone of light buff color, nearly level in stratifica

tion. Its beds v~ry from one inch to two feet in thickness, and in some 

portions they show oblique lamination, which is inclined 100 to 150 northward. 

Quarrying was begun here in 1878, since which time this stone has been 

largely used for bridge-masonry. 

This rock is reported to occur frequently in large blocks, and perhaps 
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has low outcrops in place, along the north branch of Grindstone river, and about 

Grindstone lake. Below Hinckley this river has cut its channel about fifty 

feet deep in drift deposits, and no exposures of rock in place were found. From 

its mouth north along Kettle river, the sandstone occurs in the bluffs, has 

extensive exposures where the old Government road crosses Deer creek, and 

forms Pine Island rapids about four miles south of the Lower falls. A half 

mile to one mile below the mouth of Grindstone river, ledges of sandstone, 

nearly level in bedding, light gray in color, and often containing fine gravel up 

to an eighth or a fourth of an inch in diameter, occur a short distance west of. 

Kettle river, having a hight 20 to 40 feet above it. On the east side of Kettle 

river here and probably at intervals through several miles farther southeast, 

to the head of the rapids and abundant trappean outcrops which reach thence 

to its mouth, an interrupted line of sandstone bluffs, declining southeastward 

from 50 to 25 feet in hight, is found a fourth to a third of a mile from the 

rIver. 

The next observation of sandstone southeastward is by Owen, who 

reports it on the southeast side of the St. Oroix river a little below the head 

of the Kettle River rapids. It is red, much shattered, and is underlain by 

a conglomerate. Near by are numerous outcrops of cupriferous eruptive rock.* 

Below the Ohengwatana trappean belt, the next exposures of rock on the 

Snake river are near its mouth. Its northeast bluff in the S. ~ of the N. E. t 

of section 36, T. 39, R. 20, about a mile above its junction with the St. Oroix, 

has an outcrop of gray and white sandstone, which extends about twenty 

rods, rising ten to fifteen feet above the river. This .is a levelly stratified, 

somewhat friable rock, in layers from three inches to one and a half feet thick, 

mostly intersected by nearly vertical joints two to five feet apart. It was 

quarried a few years ago by Mr. T. R. Rice and others for the foundation of 

the court house at Grantsburgh, seven miles east in Burnett county, Wisconsin. 

Two or three feet above the line of low water, this sandstone includes a layer 

of conglomerate, one foot thick, composed of gravel and pebbles up to an inch 

in diameter, mostly white quartz, all much water-worn. 

Half a mile farther east, where the river turns from a north to an east 

" East and northeast from the Kettlc River rapids on the St. Croix, no outcrops of the hed-rock have heen learned of 
in Pine connty, by much inquiry addressed to surveyors and lumbermen who are familiar with this part of the St. Croix and 
with its tributaries, Bear, Sand, Crooked and Tamarack creeks. The region consists chiefly of till, rising hy gentle slopes to 
hlghts 25 to 50 feet above the streams, and is well timbered with hard wood and much reel and white pine, 
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hl~hts 25 to 50 feet above the streams, and is well timbered with hard wood and much reel and white pine. 
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course, about a hundred rods above its mouth, another outcrop of this forma

tion was seen along an extent of about fifty feet and to a hight of six feet. 

The lowest beds here, about four feet in hight, are whitish and yellowish, 

somewhat pebbly sandstone, in layers from a quarter of an inch to six inches 

thick; in part rhomboidally divided by many joints; levelly stratified at the 

east, but at the middle of the exposure dipping 10 to 100 southwesterly and 

disappearing. The overlying beds are soft, finely laminated shales, red, green 

and yellow. TheIr red layers are from an inch toone and a half feet thick, 

rarely enclosing yellow laminro; and the green vary from one to four inches in 

thickness, including yellow layers up to three-fourths of an inch thick. 

On the St. Croix river similar beds were noted in its southeast bank, 

opposite the most southern of the "Thousand islands," a mile above the 

mouth of Snake river. Here whitish and slightly yellowish, soft sandstone 

was exposed along a distance of forty feet, and to a hight of ten feet above 

the water, in the base of a high bluff. It is bedded in horizontal layers, which 

are obliquely laminated, and vary from three to twelve inches in thickness, 

sometimes divided by layers a quarter of an inch to one inch thick of greenish 

sand. Under this sandstone, the three feet next to the water consisted of soft 

shales, the upper one and a half to two feet being dark red, finely laminated, 

with occasional thin streaks of green or yellow; then, about a foot of light 

green color, with little yellow and red, underlain at the water's edge by a 

second red stratum. An eighth of a mile farther south this eastern bluff, about 

90 feet high, exposes a vertical thickness of fifteen feet of nearly white, level 

sandstone, 35 to 50 feet above the river. 

A quarter of a mile below the mouth of Snake river, this sandstone occurs, 

thinly covered with alluvium, a few rods north of Mr. T. R. Rice's house, on 
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course, about a hundred rods above its mouth, another outcrop of this forma
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are probably the middle part of the St. Croix formation or group, being higher 

stratigraphically than the beds seen on the Kettle river. 

Glacial and ~lOdified drift. Glacial strim, seen at several places on the 

sandstone at Hinckley, ran S. and S. 5° W., by the true meridian. 

The average thickness of the drift deposits on this county is estimated 

to be about seventy-fiye feet. In some parts it is comparatively thin, but in 

other parts it exceeds one hundred feet. Except near the southern border, 

both the till :illd modIfied drift have a distinctly reddish tint, being colored 

thus by the part of their material derived from red sandstone and shales in 

the region of lake Superior. The plentiful boulders of the till include granite, 

syenite, gneiss and crystalline schists, reddish felsitic rock of igneous or 

metamorphic origin, dark and very hard trap, black slaty rocks, red sand

stone, and rarely fragments of conglomerate. 

South of the Snake river, however, in the morainic hills of Royalton and 

northeast to Devil's lake and the south end of Cross lake, as also on the flat 

are:t of till extending thence eastward, the felsitic, trappean, slaty and con

glomerate boulders, which are referable to the region on the northeast, are 

less frequent or absent; and the color of the drift is dark bluish at a consider

able depth, weathered to yellowish gray near the surface, instead of the red

dish tint observed farther north. Limestone boulders and gravel, brought by 

an ice-current from the west, are also found in these deposits of till south of 

the Snake river, but none occur elsewhere in this county. 

The morainic accumulations and the flat or slightly undulating till thus 

shown to be brought from the west probably were deposited at the time of 

the fifth or Elysian moraine. At this time and while the later sixth, seventh 

and eighth ( or Waconia, Dovre and Fergus Falls) moraines were being formed, 

the southern boundary of the lake Superior lobe of the ice-sheet probably 

crossed this county, the Fergus Falls moraine being perhaps represented by 

the drift hills that border the Pine lak(i)s and extend northeastward nearly to 

Kettle River station. The continuation of this moraine should be looked for 

from S1mrgeon lake eastward in the northern tier of townships. 

An old glacial outlet oj lake Super·ior. During the time of formation of the 

Fergus Falls and Leaf Hills moraines, the west part of the basin of lake Superior, 

vacated by the retreating ice-sheet, held a lake at a level about five hundred 

feet above the present surface of lake Superior, because ice still filled the 
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north and east parts of this lake basin. The outlet of the lake at this stage is 

found at the head of the Bois Brule river in northwestern Wisconsin. Mr. H. 

S. Treherne describes the source of this stream as a swamp extending several 

miles in a valley which is eroded 75 to 100 feet below the adjoining country, 

the distance between its bluffs in the narrowest place being about 1,000 feet. 

The highest part of the swamp at the divide between the Bois Brule and St. 

Croix rivers is 1,070 feet above the sea. Along this avenue the outflow from 

lake Superior while thus pent up by the ice-barrier on the east passed south 

to the St. Croix river. When it began to cut a channel for itself, the highest 

land that it flowed over was about 1,150 feet above the sea, or 550 feet above 

lake Superior. Probably the highest part of the swamp has been filled twenty 

or twenty-five feet since the lake forsook this mouth, which was thus lowered by 

erosion to 450 feet, approximately, above the present lake-level. The Upper 

St. Croix lake, 1,011 feet above the sea, about four miles long and a half mile 

wide, is formed like Big Stone lake, Lac qui Parle and lake Pepin, the old 

valley, in which the lake lies, having been filled below it by the alluvium of 

its tributaries. 

The gravel and sand of the modified drift, thinly spread with a flat or 

slightly undulating surface upon the till in the vicinity of Pine City and along 

the Snake, Kettle and St. Croix rivers, and accumulated more or less in swells 

and kame-like knolls and short ridges, 10 to 30 feet high, along a distance of 

several miles south and north of Kettle River station, were deposited during 

the recession of the ice-sheet, these sediments. from the glacial rivers having 

been contained, together with boulders and clay, in the lower part of the ice, 

being finally exposed on its surface as it melted. The knolly and ridged con

tour of some of these deposits is due to their being laid down by the glacial 

streams before they had passed the ice-margin, in basins and channels of ice, 

which afterward melted away. 

Oopper nuggets. A mass of drift copper weighing eighty pounds is said 

to have been found by Scott La Prairie in the bed of the Snake river a short 

distance below Chengwatana. Another piece weighing twenty-two pounds 

was found on the St. Croix river about three miles east of the mouth of Tama

rack ~reek. Other pieces from a few ounces or less to a few pounds in weight 

have been frequently found· in the drift or on the surface, especially in the 

gravelly beds of streams. 
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WeUs in Pine county. 

Kettle River. The well of the railroad water-tank at Kettle River station is 10 feet deep, all red 

gravel and sand; soft water. 
At Pine River mills, one and a half miles southwest from the station, wells go in the same modi

fied drift 8 to 13 feet. 
Hinckley. The railroad well, 25 feet deep is soil and clay, 2 feet, succeeded below by sand and 

gravel to the bottom. Other wells in this village have the same section, hut are mostly only 15 to 20 feet 
deep. Some of these wells have soft water, nearly as good to wash with as rain-water j but in others the 
water is somewhat hard, not being quite satisfactory for use in washing with soap. 

Pine City. Wells in the town are 10 to 20 feet deep, all sand and fine gravel; water plentiful and 
of excellent quality, but somewhat hard, as also are all the wells and springs in this county south of 
the Snake river. 

A well at the old stave-factory close south of the town, is 30 feet deep, all the way in yellow till, 
to water in gravel and sand at the bottom. 

J. D. Wilcox; S. E. t of sec. 33, a half mile southeast from Pine City: well dug 24 feet and bored 
29 feet lower; yellow till, hlud, picked, 20; dark bluish till, moist and softer, containing little gravel, 
like the till of southern and western Minnesota, 33; the only water obtained was at the base of the yellow 
till, not rising but filling the reservoir dug four feet below in the blue till. 

Royalton. D. Petersoll; N. W. t of sec. 15: well, 26 feet; yellow till, 6; dark bluish till, harder 
than the yellow, requiring to be picked, 13; and sand, 6 feet and continuing lower. 

MATERIAL RESOURCES. 

The agricultural capabilities of Pine county, and its valuable forests, 

have been noted in an earlier part of this chapter. :Much lumber is manufac

tured here, but mostly by steam-mills; and a far greater amount, cut from the 

pineries of this county and on the upper waters of the St. Croix and Snake 

rivers, is floated down the St. Croix to be manufactured at Stillwater and 

points farther south. 

Water-powers are available on nearly all the streams, and with the more 

full settlement of this region they will doubtless be utilized for the manufac

ture of lumber, furniture and wooden wares, and for flouring mills. The only 

wat€tf:-power employed for manufacturing in 1881 was at the Pine River mill, in 

section 32 of the west part of Kettle River, owned by Wyman X. Folsom, 

sawing lumber and making shingles, having about eight feet head. 
Darns built to provide water for log-driving are as follows: 
On the Snake river at Chengwataua, having a head of nine or ten feet, ponding the river back 

through Cross and Pokegama lakes and onward to a point about four miles west of the county line. 
From the Chengwatalla dam to its mouth the Snake river deilcends by a gradual slope 130 feet in about 
nine miles, averaging fourteen feet per mile. 

On the Grindstone river are five dams, one at the mouth of Grindstone lake, which is raised by it' 
six feet; a second in the S. E. t of section 10, Hinckley, nearly three miles northwest from the station, 
having a head of twelve feet; a third at Brinnan & Strong's steam saw-mill in Hinckley village west of 
the railroad, having a head of ten feet, used for floating logs to the mill but not for water-power; a 
fourth, situated one mile east of Hinckley, having about six feet head; and the fifth and lowest, at the 
old Government road crossing, a mile above the mouth of the river, having seven or eight feet head. 

Kettle river has no dams, but some of the tributaries of the St. Croix in this county farther east, 
on which much lumbering is done, have such dams for log-driving. 
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water is Bomewhat hard, not being quite s!1tistactory for use in washing with soap. 
Pine City. ,Vells in the town !1re 10 to 20 feet deep, all sand and fine gravel; water plentiful and 

of excellent quality, but somewhat hard, as also are all the wells and springs in this county south of 

the Snake river. 
A well at the old st!1ve-factory close south of the town, is 30 feet deep, all the way in yellow till, 

to water in gravel and sand at the bottom. 
J. D. Wilcox; S. E. t of sec. 33, l1 half mile southeast from Pine City: well dug 24 feet and bored 

29 feet lower; yellow till, h"rcl, picked, 20; d"rk bluish till, moist and softer, containing little gravel, 

like the till of southern and western Minnesot", 33; the only water obt"ined was at the base of the yellow 
till, not rising hut filling the reservoir dug four feet below in the blue till. 

Royalton. D. Petersoll; N. w. t of sec. 15: well, 26 feet; yellow till, 6; dark bluish till, harder 
than the yellow, requiring to be picked, 13; "nd sand, 6 feet and continuing lower. 

MATERIAL RESOURCES. 

The agricultural capabilities of Pine county, and its valuable forests, 

have been noted in an earlier part of this chapter. :Much lumber is manufac

tured here, but mostly by steam-mills; and a far greater amount, cut from the 

pineries of this county ancl on the upper waters of the St. Croix and Snake 

rivers, is floatecl clown the St. Croix to be manufactured at Stillwater and 

points farther south. 

Water-powers are available on nearly all the streams, and with the more 

full settlement of this region they will doubtless be utilized for the manufac

ture of lumber, furniture and wooden wares, ancl for flouring mills. The only 

watet'-power employed for manufacturing in 1881 was at the Pine River mill, in 

section 32 of the west part of Kettle River, owned by Wyman X. Folsom, 

sawing lumber and making shingles, having about eight feet head. 
D"ms built t{) provide water for log-driving are as follows: 

On the Snake river at Chengw"tana, having a head of nine or ten feet, ponding the river back 
through Cross and Pokegama lakes and onward to a point about four miles west of the county line. 

From the Chengwatana darn to its mouth the Snake river de£cends by" gradual slope 130 feet in about 
nine miles, "vemging fourteen feet per mile. 

On the Grindstone river are five dams, one "t the mouth of Grindstone l"ke, which is raised by it 
six feet; "second in the S. E. t of section 10, Hinckley, nearly three miles northwest from the st"tion, 

b"ving a he"d of twel ve feet; "third "t Bl"inn"n & Strong's steam s"w-mill in Hinckley village west of 

the railroad, h"ving a head of ten feet, used for floating logs to the mill but not for water-power; a 

fourth, situated one mile east of Hinckley, h!1ving about six feet head; and the fifth and lowest, at the 

old Government road crossing, a mile above the mouth of the river, having seven or eight feet head. 

Kettle river has no dams, but some of the tributaries of the St. Croix in this county farther east, 
on which much lumbering is done, have such dams for log-driving. 



PINE COUNTY. 645 
Aboriginal earth works. J 

The St. Croix river has a strong current along the boundary of Pine county, its descent being about 
120 feet, or an average of nearly three feet per mile. 

Building stone. A quarry of hard and durable light-buff sandstone is 

worked at Hinckley. It has been more fully described in the preceding pages. 

Probably rock of nearly the same quality might be quarried on section 17, T. 

42, R. 20, two and a half miles southeast from Miller. The trap-rocks at 

Chengwatana and the white sandstone on the Snake river near its mouth , 
though less valuable stone, have been also quarried for building purposes.* 

Springs. On many of the streams, and occasionally on the borders of lakes, 

springs of very clear, cold water are found. In many cases the presence of 

iron in the water is shown by iron-rust deposited on the sides and bottom of 

the spring. The most noteworthy is the Big spring, situated on the east side 

of the Kettle river, three or four rods from it and some five feet above it, 

about an eighth of a mile north of the Lower falls. It issues at the foot of a 

nearly perpendicular sandstone wall, and fills a basin about three rods across 

and three to five feet deep with very transparent water. A considerable 

stream is constantly flowing from it. 
ABORIGINAL EARTHWORKS. 

Several artificial mounds of the llI5nal round form, varying from one and a half to tbree feet in 
hight, were observed along a distance of some twenty-five rods close east to the road fi'om Pine City to 

Chengwatana about a mile north from the south end of Cross lake and an eighth of a mile north from a 
school-house, on land some fifteen feet above the lake and six to twelve rods east from its shore. 

At Pine City a mound about twelve feet high was leveled down on the hlnd used for the lumber

yard of the steam saw-mill. It was some twenty rods south of Suake river and a quarter of a mile west 
from Cross lake, on land ten or fifteen feet above the river. Captain Sod, a Chippewa about a hundred 

years old, says that after a battle with the Sioux (Dakotas), some of them were buried in this mound, 

one being a very large man. This was an intrusive burial, the mound having been built at some much 
earlier date. In its removal, several skeletons were exhumed, some being found in erect position, and 

one was of gigantic size. No other mounds were learned of in this vicinity. 
On an island in Pokegama lake an aborigimll e~uthwork ahout six feet high, possibly designed for 

military defense, is now flowed around by water raised by the Chengwatana dam. A musket and a 

skull are'said to have been dug from this mound. 

* Since this report was written by Mr. Upham an important quarrying industry bas sprung up on the Kettle river, giving 
rise to a village known as Sand.<.;tone, situated a short distallce south from where the old government. road crosses the K(,t.Ue 
river, northeast from Miller. Here the bluffs of sandrock rise about 100 feet., sometimes nearly vertical fruru the water, but 
more frequently at some distance back from the river, t.he intervening area being occupied by a coarse talus of SCrt!CS that 
descends from the top to the water level. The gorge is old, and was once probably a course of drainage for an out.let of lake 
Superior at a date somewhat earlier than tbat desenbed by Mr. Upham by way of the St. Cruix lake. The last drift epoch 
probably found this gorge in existence, and it was occupied with glacial waters during its prevalence. The scantiness of the 
drift-sheet, as descrihed hy Mr. Upbam, indicates this no less than the width and deptb of the gorge itself. Tbere is an iuex
haustible amount of a fine building-stone in these bluffs. This rock is shipped extensively to Minneapolis, and somewhat to 
st. Paul and Duluth. It is light-colored, and is described as Hinckley sandrock in vol. i. of this report. The cbief opening is 
owned by Grant and Knowles, St. Paul, and leased by Ring and Tobin, MinlJeapolis. The rounded grains of pure quartz are 
sufficiently cemented by interstitial silica to render them angular when disintegrated, and to produce a, "ery durable, and 
sometimes a very hard siliceous rock which in some parts is a true quartzyte. During the season of 18.'\7 one hundred and 
twenty men were continually occupied at this quarry, and an average of six cars per day, each coutaining ahout. 35,000 pounds, 
were shipped away. It sells for 35 cents per cubic foot, or 30 cents per face foot when dressed. The lleW Science Hall, of tbe 

Univer.ityof Minnesota is built largely of this stone.-N. H. W. 
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springs of very clear, cold water are found. In many cases the presence of 

iron in the water is shown by iron-rust deposited on the sides and bottom of 

the spring. The most noteworthy is the Big spring, situated on the east side 

of the Kettle river, three or four rods from it and some five feet above it, 

about an eighth of a mile north of the Lower falls. It issues at the foot of a 

nearly perpendicular sandstone wall, and fills a basin about three rods across 

and three to five feet deep with very transparent water. A considerable 

stream is constantly flowing from it. 
ABORIGINAL EARTHWORKS. 

Several artificial mounds of the UlSnal round form, varying from one and a half to three feeL in 
hight, were observed along a distance of some twenty-five rods close east to the road ii'om Pine City to 

Chengwatana about a mile north from the south end of Cross lake and an eighth of a mile north from a 
school-honse, on land some fifteen feet above the lake and six to twelve rods east from its shore. 

At Pine City a mound abont twelve feet high was leveled down on the bnd used for the lumher
yard of the steam saw-mill. It was some twenty rods south of Snake river and a quarter of a mile west 

from Cross lake, on land ten or fifteen feet ahove the river. Capt. 'lin Sod, a Chippewa ahout a huudred 
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rise to a village known as Sand,<.;tone, situated a short distance south from where the old government road crosses the Kettle 
river, northeast from Miller. Here the bluffs of sandrock rise about 100 feet., somet.imes nearly vertical frum the water, hut. 
more frequently at some distance back from the river, the intervening area Leing occupied by a cuarse taltls of scn:es that 
descends from the top to the water level. The gorge is old, and was once pro})alJly a course of drainage for an outlet of l.1.ke 
Superior at a date somewhat earlier than tbat descnbed by Mr. Uphalll by way of the St. Cruix lake. The last drift epoch 
prubably found this gorge in existence, and it was occnpied with glacial waters during its prevalence. The scantiness of the 
drift-sbeet, as described by Mr. Upham, indicates tbis no less than the width and deptb of tbe gorge itself. There is an inex
haustible amount of a fine building-stone in these bluffs. This rock is shipped extensively to Minneapolis, and somewhat to 
St. Paul and Duluth. It is light-colored, and is uescribcd as Jlinckley sandrock in vol. i. of this report. The chief opening i3 
owned by Grant and Knowles, St. Paul, aDd leased by Ring and Tobin, Minneapolis. The rounded grains of pure quartz are 
suffieiently cemented by interstitial silica to render them angular when disintegrated, aml to produce a "ery durable, aud 
sometimes a very hard siliceous rock which in some parts is a true ql1artzyte. During the season of 18.'17 one hundred and 
twenty men were continually occupied at this quarry, and an average of six cars per day, each coutaining ahuut. 35,000 pounds, 
were shipped away. It sells for 35 cents per cllbic foot, or 30 cents per face foot when dressed. The new Science Hall, of the 

Univer.ity of Minnesota is built largely of this stone.-N. H. W. 
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yard of the steam saw-mill. It was some twenty rods south of Snake river and a quarter of a mile west 

from Cross lake, on land ten or fifteen feet ahove the river. Capt. 'lin Sod, a Chippewa ahout a huudred 

years old, says that after a hattie with the Sioux (D~lkotas), some of them were huried in this mound, 
one being a very large man. This was an intrusive hurial, the mound having heen huilt at some much 

earlier date. In its removal, several skeletons were exhnmed, some heing Lound in erect position, ,tnd 

one was of gigantic size. No other mounds were learned of in this vicinity, 
On an island in Pokegama lake an ahoriginal e~lfthwork ahout six teet higb, possibly designed for 

military defense, is now flowed around by water raised by the Chengwatana dam. A musket and a 

skull are 'said to have heen dug from this mound. 

* Since tbis report was written by Mr. Upham an important quarrying industry bas sprung up on the Kettle river, giving 
rise to a village known as Sand,<.;tone, situated a short distance south from where the old government road crosses the Kettle 
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twenty men were continually occupied at this quarry, and an average of six cars per day, each coutaining ahuut. 35,000 pounds, 
were shipped away. It sells for 35 cents per cllbic foot, or 30 cents per face foot when dressed. The new Science Hall, of the 

Univer.ity of Minnesota is built largely of this stone.-N. H. W. 



OHAPTER XXIX. 

THE GEOLOGY OF BECKER COUNTY. 

By WARREN UPHAM. 

Situation and area. Becker county (plate 60) lies in northwestern Minne

sota. Itasca lake, the source of the Mississippi, is only three miles north of 

the northeast corner of this county. Detroit, the county seat and largest 

town, is about a hundred and eighty miles northwest from Minneapolis and 

Saint paul. Frazee City, Audubon and Lake Park are also prosperous vil

lages. 

The length of Becker county from east to west is forty-eight miles, and 

its width is thirty miles, including forty townships of the governmental sur

veys. More exactly stated, its area is 1,445.41 square miles, or 925,060~75 

acres, of which 88,073.66 acres are covered by water. 

SURFACE FEATURES. 

Natural drainafle. About three-fourths of this county lies within the 

basin of the Red river of the North. The source of Otter Tail river, the heail

stream of the Red river,is a few miles north of the north line of Becker county, 

being thirteen miles west of Itasca lake. Thence the Otter Tail river flows 

south through this county, and in Otter Tail and Wilkin counties, t~kiDg the 

name Red river, it turns its course to the west and north. Toad and Pelican 

rivers are affiuents of this main stream, with which they unite in Otter Tail 

county. The northwest part of Becker county is drained by the head-streams 

of the Buffalo and Wild Rice rivers, which flow westward to the Red river. 

On the east are the sources of the Fish Hook, Straight, Shell, Blueberry 
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BECKER COUNTY. 647 
Topography.] 

and Red Eye rivers, which drain the two most eastern ranges of townships 

and portions of the one next farther west, flowing eastward into the Crow 

Wing river and so to the Mississippi. 
Lakl8. This couuty is well supplied with lakes, the hLrgest being Cormomnt lake, about five miles 

long and two miles wide, in its southwest corner, emptying southward to Pelican lake amI river in Otter 
Tail count,y. Closely associatell with this are Upper Cormorant [md Little Cormorant lakes and lake Ida. 
The Pelicau river flows through lake Gabriel, Floyd and Detroit lakes, and likes Sallie and Melissa, 
besides several others of larger size in Otter T'lil county. Lakes Maud and Eunice, the latter giving its 
name to a township, are tributary to this river near the south line of the county. Buffalo, Flat and Rock 
lakes are the head of Buffalo river; and White Earth river, a bmnch of the Wild Rice, begins in Tulaby 
and White Earth lakes. The Otter Tail river in this connty flows through Elbow, Many Point, Round, 
Hight of Land, and several other lakes. In the east part of the county, Toad, Shell and Straight lakes 
are at or near the sources of the rivers so named. The map shows about a hundred lakes that equal or 
exceed a half mile in length. 

Topography. The surface varies in contour from slightly undulating, 

with swells 5 to 15 or 20 feet above the depressions, lakes and streams, to 

massively rolling in swells 30 to 50 feet high, with long, smooth slopes, and 

roughly knolly and hilly, with elevations 25 to 75 feet above the irregular 

enclosed hollows, sloughs and lakelets. The last described type of CON.tour 

marks the belts of morainic drift, one of which, three to five miles wide, ex

tends from White Earth lake and Agency southward through Richwood and 

the western two-thirds of Erie and Burlington. Another belt of similarly hilly 

drift lies nearly parallel with this a few miles farther east. 

From the south part of the county a very gradual ascent rises about 

two hundred feet in crossing it northward upon its eastern two-thirds, to a 

western limit at the White Earth Agency, the elevation of these northern 

townships being about 1,600 feet above the sea. At the Agency a very beau

tiful view is seen westward, overlooking the half dozen northwestern town

ships and portions of Clay and Norman counties beyond. In the first four 

miles west from the White Earth Agency there is a descent of about three 
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THE GEOLOGY OF MINNESOTA. 
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The extremes of elevation in Becker county are about 1,600 to 1,650 feet in 

its northern part, and about 1,150 feet where the South branch of the Wild Rice 

river crosses its west line. Estimated hights of some of the larger lakes are 

as follows: Detroit lake, 1,335 feet; lakes Sallie and Melissa, 1,330; Pelican 

lake (in Otter Tail county), 1,320; Cormorant lake, 1,350; Hight of Land 

and Shell lakes, 1,425; White Earth lake, 1,500. The mean elevation of 

Becker county, estimated according to the contour lines of the map, is ap

proximately 1,440 feet above the sea. 

Soil and timber. This county has a fertile soil, and is fast being brought 

under cultivation. The only tracts not suited for agriculture are the bluffs of 

streams, frequent marshes or sloughs which yield a valuable crop of hay, and 

certain roughly knolly or hilly and stony portions of the morainic belts, which 

will yet have utility for their timber or as pastures when cleared. 

The eastern two-thirds of the county are in part lightly and in part heav

ily timbered, but also include occasional tracts of "brush prairie," which has 

few or no trees but bears shrubs, as dwarfed oaks, hazel, prairie willow, bear

berry, wolfberry, New Jersey tea, and the lead plant, commonly called" shoe

strings" in allusion to its long and slender, tough roots, which are troublesome 

in plowing. The Second prairie of Straight river, which is mostly of this kind 

but is partly natural grassland, without bushes, extends from Hubbard county 

westward along the north side of Straight river in Carsonville nearly to Carson 

City; and the Third prairie, somewhat brushy throughout its whole extent, 

lying between the Straight and Shell rivers, stretches from Carson City four 

miles to the west and about seven miles to the north. The woodlands of this 

eastern third of the county are mostly rather open and the ground grassy, so 

that they afford good pasturage. 
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BECKER COUNTY. 649 
Tree. and shrn bs.l 

Prairie extends from the Red river valley eastward to the White Earth 

Agency and Detroit, occupying the western third of the county. The south 

half of this third, however, has frequent groves, both on lake-shores and on 

the rolling uplands, giving a very pretty, park-like aspect to many portions of 

Detroit, Audubon, Lake Park, Cormorant, Lake Eunice and Lake View. 

The following species of trees and shrubs have been observed in Becker 

and Otter Tail counties, by Mr. R. L. Frazee, manufacturer'of lumber at 

Frazee City: white pine, red (often called "Norway") pine, and gray or 

Banks' pine, commonly called "jack pine," black spruce, balsam fir, balsam 

poplar, paper or canoe birch, and beaked hazelnut, common northeast from the 

Northern Pacific railroad; white elm, bass, sugar maple, box-elder, black ash, 

bur and white oak, ironwood, species of willow, poplar or aspen, tamarack, 

prickly ash, smooth sumach, climbing bitter-sweet, wild plum, wild red cherry 

and choke cherry, nine-bark, red raspberry and high blackberry, thorn, June

berry, prickly and smooth gooseberries, black currant, wolfberry, high bush 

cranberry, and hazelnut (Corylus Americana), common generally; slippery or 

red elm, black oak, large-toothed poplar, and black cherry, less frequent; red 

oak, silver and red maples, black raspberries, and elder, scarce; cottonwood, 

seen rarely about the shores of lakes; and hackberry, known only at one 

place, which is in Otter Tail county near lake Lida. 

Several species of trees and shrubs not in this list were identified by Mr. 

O. E. Garrison between the White Earth Agency and the Otter Tail river on 

the road to Carson City, namely, white, red and green ash, swamp white-oak, 

gray oak, water beech, white spruce,- moose-wood, sheep-berry, arrow-wood, 

yellow honeysuckle, bush-honeysuckle, hoary alder, low birch, sand cherry, 

meadow-sweet, hardhack, and wild rose. 

Arbor-vital and mountain ash occur in the vicinity of Straight and Shell 

lakes, this being their southwestern limit. Low blueberries, bog cranberries, 

strawberries, and Seneca snake-root, are plentiful. Large quantities of the 

latter are gathered and sold by the Chippewa Indians. Besides the pines and 

other conifers, many species of shrubs, herbaceous flowering plants, ferns and 

mosses, grow in this northern forest to southwestern limits here approximately 

coincident with the line of the' Northern Pacific railroad. 
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650 THE GEOLOGY OF MINNESOTA.. 
[Geological structure. 

GEOLOGICAL STRUCTURE. 

No exposure of the bed-rock is known in Becker county, but blocks of 

very hard, light buff magnesian limestone, up to ten or twelve feet in length, 

occur abundantly on the descending slope west of the White Earth Agency, 

especially in ravines about three miles from the Agency, som~ two hundred 

feet below that place and a hundred feet above the slightly undulating plain 

on the west. Limestone boulders are also very plentiful and large in some 

places on the rolling land one to two miles south of Audubon, 75 to 100 feet 

above that station, having thus approximately the same hight of 1,400 feet 

above the sea, as in the ravines mentioned west of the White Earth Agency. 

The distance between these localities is about twenty miles in a line from 

north to south. They are in the course of a prominent terrace-like belt of 

ascending slope which extends from west to east along the south side of the 

railroad through Audubon and thence bends to the north, extending along the 

east side of Audubon and Hamden and onward in range 41 to the north line 

of the county. In Audubon, Detroit and Richwood, it rises about a hundred 

feet in one or two miles, and northward its aflcent increases to three hundred 

feet, which change in level is made upon a rolling belt about four miles wide. 

Beyond the limits of Becker county this belt continues northward and north

eastward, and is a very prominent topographic feature for a distance of at 

least sixty miles, to the region between Red lake and the head of the Turtle 

river; while on the southwest it is continued, with nearly the same character 

as in Audubon, through Lake Park and thence west and south in Clay county 

through Eglund, Parke and Tansem, and through the entire extent of the most 

western range of townships of Otter Tail county, the ascent along this dis

tance of fifty miles from north to south being a hundred to a hundred and fifty 

feet within a width of two or three miles. 

This line of terrace-like ascent is thus a very remarkable and conspicuous 

feature in the contour of this region for more than a hundred miles. On one 

side of it an undulating and rolling plateau-like area stretches far to the east, 

maintaining nearly the same average elevation as the top of this slope, which 

increases in hight northward from 1,400 feet in Otter Tail county to 1,600 

feet about the sources of the Otter Tail and Mississippi rivers. On the other 

side a smoothly undulating or flat surface descends by a very gentle slope to 

the Red river. Drift deposits universally conceal the bed-rock upon all this 

• 

650 THE GEOLOGY OF MINNESOTA.. 
[Geological structure. 

GEOLOGICAL STRUCTURE. 

No exposure of the bed-rock is known in Becker county, but blocks of 

very hard, light buff magnesian limestone, up to ten or twelve feet in length, 

occur abundantly on the descending slope west of the White Earth Agency, 

especially in ravines about three miles from the Agency, some, two hundred 

feet below that place and a hundred feet above the slightly undulating plain 

on the west. Limestone boulders are also very plentiful and large in some 

places on the rolling land one to two miles south of Audubon, 75 to 100 feet 

above that station, having thus approximately the same hight of 1,400 feet 

above the sea, as in the ravines mentioned west of the White Earth Agency. 

The distance between these localities is about twenty miles in a line from 

north to south. They are in the course of a prominent terrace-like belt of 

ascending slope which extends from west to east along the south side of the 

railroad through Audubon and thence bends to the north, extending along the 

east side of Audubon and Hamden and onward in range 41 to the north line 

of the county. In Audubon, Detroit and Rich wood, it rises about a hundred 

feet in one or two miles, and northward its aflcent increases to three hundred 

feet, which change in level is made upon a rolling belt about four miles wide. 

Beyond the limits of Becker county this belt continues northward and north

eastward, and is a very prominent topographic feature for a distance of at 

least sixty miles, to the region between Red lake and the head of the Turtle 

river; while on the southwest it is continued, with nearly the same character 

as in Audubon, through Lake Park and thence west and south in Clay county 

through Eglund, Parke and Tansem, and through the entire extent of the most 

western range of townships of Otter Tail county, the ascent along this dis

tance of fifty miles from north to south being a hundred to a hundred and fifty 

feet within a width of two or three miles. 

This line of terrace-like ascent is thus a very remarkable and conspicuous 

feature in the contour of this region for more than a hundred miles. On one 

side of it an undulating and rolling plateau-like area stretches far to the east, 

maintaining nearly the same average elevation as the top of this slope, which 

increases in hight northward from 1,400 feet in Otter Tail county to 1,600 

feet about the sources of the Otter Tail and Mississippi rivers. On the other 

side a smoothly undulating or flat surface descends by a very gentle slope to 

the Red river. Drift deposits universally conceal the bed-rock upon all this 

• 

650 THE GEOLOGY OF MINNESOTA.. 
[Geological structure. 

GEOLOGICAL STRUCTURE. 

No exposure of the bed-rock is known in Becker county, but blocks of 

very hard, light buff magnesian limestone, up to ten or twelve feet in length, 

occur abundantly on the descending slope west of the White Earth Agency, 

especially in ravines about three miles from the Agency, some, two hundred 

feet below that place and a hundred feet above the slightly undulating plain 

on the west. Limestone boulders are also very plentiful and large in some 

places on the rolling land one to two miles south of Audubon, 75 to 100 feet 

above that station, having thus approximately the same hight of 1,400 feet 

above the sea, as in the ravines mentioned west of the White Earth Agency. 

The distance between these localities is about twenty miles in a line from 

north to south. They are in the course of a prominent terrace-like belt of 

ascending slope which extends from west to east along the south side of the 

railroad through Audubon and thence bends to the north, extending along the 

east side of Audubon and Hamden and onward in range 41 to the north line 

of the county. In Audubon, Detroit and Rich wood, it rises about a hundred 

feet in one or two miles, and northward its aflcent increases to three hundred 

feet, which change in level is made upon a rolling belt about four miles wide. 

Beyond the limits of Becker county this belt continues northward and north

eastward, and is a very prominent topographic feature for a distance of at 

least sixty miles, to the region between Red lake and the head of the Turtle 

river; while on the southwest it is continued, with nearly the same character 

as in Audubon, through Lake Park and thence west and south in Clay county 

through Eglund, Parke and Tansem, and through the entire extent of the most 

western range of townships of Otter Tail county, the ascent along this dis

tance of fifty miles from north to south being a hundred to a hundred and fifty 

feet within a width of two or three miles. 

This line of terrace-like ascent is thus a very remarkable and conspicuous 

feature in the contour of this region for more than a hundred miles. On one 

side of it an undulating and rolling plateau-like area stretches far to the east, 

maintaining nearly the same average elevation as the top of this slope, which 

increases in hight northward from 1,400 feet in Otter Tail county to 1,600 

feet about the sources of the Otter Tail and Mississippi rivers. On the other 

side a smoothly undulating or flat surface descends by a very gentle slope to 

the Red river. Drift deposits universally conceal the bed-rock upon all this 



BECKER COUNTY. 651 Geological structure .. j 

region, but the great abundance of limestone boulders at the localities before 

described, this great terrace a hundred miles long, and the section of a well 

drilled at Humboldt, six miles southeast of Saint Vincent, through 295 feet 

(from the depth of 180 to 475 feet) of such light-buff magnesian limestone, 

believed to be of the same age as the Lower Magnesian limestone in the Min

nesota and Mississippi valleys, together make it highly probable that the same 

formation, existing in the form of an escarpment under the drift, is the cause 

of this terrace. 

Outcrops of the rocks of the Trenton formation near Winnipeg show that 

the dip of this limestone must be toward the northwest. The continuation of 

the latter, to which most of the limestone blocks and boulders observed in this 

county doubtless belong, would probably coincide in elevation with this ter

race, which seems therefore to be due to the erosion of the limestone for some 

distance thence westward and northward, although it remains at Humboldt a 

hundred miles farther northwest, where it lies at a much lower level and was 

not removed in the process of denudation that formed the broad Red River 

valley. Somewhere within probably fifty to a hundred miles east of the ter

race, this limestone would abut upon the edge of the Archooan granites, syen

ites and schists of central and northern Minnesota, with the intervention of 

the Potsdam red sandstone or quartzyte in some places, as observed at Pokeg

ama falls on the upper Mississippi river and at the falls on Prairie river four 

miles farther northeast. 

Patches of Cretaceous deposits doubtless underlie the drift here and there, 

separating it by probably a comparatively small thickness of shales from the 

floor of Cambrian or Archooan rocks. 

Glacial and modified drift. The average thickness of the drift in this 

county is probably about a hundred and fifty feet. Its base is not reached by 

the deepest wells, excepting at two places in Audubon. Its topographic ex

pression and differences of elevation have been stated on preceding pages. 

The greater part of the two morainic belts is boulder-clay or till, often with 

very plentiful boulders. Till also forms the intervening tract, and is spread 

with a smoothly undulating or rolling surface over the western portion of the 

county, excepting a considerable area of prominently rolling modified drift, 

which extends from the north part of Detroit southwesterly to Pelican Rapids 

in Otter Tail county. In the report of that county an attempt to explain the 
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mode of deposition of these swells and smoothly sloping massive hills of strati

fied gravel and sand has been already given. The total length of this area is 

about thirty miles, and its width is from three to eight miles. The slopes of 

these swells and hills vary in steepness from one to ten feet in a hundred. In 

Detroit and the northwest part of Lake View they rise 30 to 40 feet above 

the intervening depressions, sloughs and lakelets; in Lake Eunice township 

their hight is 40 to 75 feet; and in the southeast part of Cormorant they are 

75 to 100 feet high, charmingly grouped, presenting in the combination of 

lakes, groves, and broadly massive, smooth hills, clad with the prairie green

sward, a very pleasing prospect. The highest part of the road in section 35, 

Cormorant, is a good point from which to take in this view. 

Gravel and sand of the modified drift also occur in considerable amount, 

with the till, as a component of the morainic belts, occasionally forming the 

crests of the highest knobs, as of" Detroit mountain," which lies three miles 

east of Detroit, rising about 125 feet above the adjoining country at its west 

side, or approximately 1,500 feet above the sea. On the smooth sheet of till 

farther west deposits of kame-like gravel and sand were observed rarely, form

ing knolls 15 or 20 feet above the surrounding expanse. In the east part of 

the county gravel and sand were spread quite widely by the glacial floods in 

a rather thin sheet upon the till, the thickness of the modified drift being 

usually 10 to 30 feet. Though the subsoil there and around Detroit and 

thence s.outhwestward to Cormorant and Pelican lakes is gravel and sand, it is 

covered by a fertile black soil and is good farming land, owing partly to the 

presence of much fine detritus of limestone. 

Besides the limestone boulders of the till, it has many of granite, syenite 

and schist; indeed, the latter kinds predominate, being generally nine-tenths 

or nineteen-twentieths of all. In the west and especially the northwest part 

of this county, the proportion of boulders is small, a larger part of the till 

there being derived from Cretaceous shales, its transportation by the ice-sheet 

having been from northwest to southeast. In the east half of the county the 

diminishing proportion of limestone and the more abundant granitic boulders 

indicate that the glacial currents there came mainly from the north and north-

east. .J,.' 

The two series of morainic drift knolls and hills that extend from north 

to south through the central part of this county, were accumulated on the west 
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border of the receding ice-sheet and belong to the time of the eighth and ninth 

or Fergus Falls and Leaf Hills moraines. The tenth or Itasca moraine, next 

on the north and east, touches the northeast corner of Becker county. At the 

tIme of its formation all the remainder of this county was uncovered from the 
ice-sheet. 

A bed of shell-marl occurs in the banks of Buffalo river in section 28, T. 

141, R. 41, seven miles south of the White Earth Agency. The stream is in 

a valley 30 to 40 feet below the adjoining country. Its banks about twenty 

rods southeast from the bridge are made up of soil 2 feet· white shelly marl , " , 
1 foot; and alluvial sand and gravel, 6 feet, to the level of the water. Prob-

ably the names of White Earth river and lake, and of the Indian agency named 

from them, came in the first place from some such deposit of white marl. 
Wells in Beckel' cOlln(y. 

Carsomrille. Wells on the Second and Third prairies are 20 to 40 feet deep in gravel and sand, some
times entering till below. 

White Earth Agency. A well at the agent's house went 105 feet in till, obtaining water which rose 
from the bottom about fifty feet. 

Erie. Obadiah Sims; sec. 34: well, 38 feet; soil, 2; gravel and $ancl, 30; very hard, gray till, 6 
feet and continuing below; water scanty. 

Burlington. A. P. Hall; sec. 8: water formerly stood, during wet weather, in a depression near 
Mr. Hall's stables; but he dug there twelve feet through yellow till or boulder-clay, at that depth com
ing to a thick deposit of sand, into which the water is drained away. This is among very numerous and 
irregular hills and knolls of morainic till, conta.ining frequent boulders of all sizes up to six teet in cliam
eter. 

J. A. Philbrick; sec. 14: well, 35 feet; soil, with scattered boulders, 3 feet; and stratified gravel 
and sand 32 feet, to water. This is at the east edge of the western morainic belt. 

William Chilton; sec. 26, a third of a mile northwest from Frazee City: well, 26 feet; soil, 2; 
sand and gravel, 10; and till, 14, yellowish in its upper part, dark bluish near the bottom, also continu
ing deeper. 

Richwood. The following wells are in the western township. A. S. Blowers; sec. 2: well, 32 
feet; soil, 2; yellow till, 10; sand, about an inch; dllrk bluish clay, probably till, yet soft and easily 
spaded, very sticky, 20 feet; water came in a vein of sand and gravel at the bottom, from which it rose 
six feet. Several pieces of lignite were found in the last foot of this well. 

Swan Johnson; sec. 8: well, 35 feet; soil, 2; yellow till, 18; sand, one foot thick in the side of 
the well, thinning ont to nothing at the opposite side; blue till, harder than the yellow, 12; and sancl 
with water, 2 feet. 

Charles Norberg; in the same sec. 8: well, 15 feet; soil, 2; yellowish till, 12; and sand with 
water, 1 foot. 

Detroit. Wells in the city are 20 to 40 feet deep in gravel and sand, finding an abundant supply 
of water. An example is J. A. Bowman's well, 35 feet deep: soil, I}; a hard, ferruginous layer of fine 
gravel and sand, 1 foot; gray gravel, 2; another rather hard layer of sand and gravel, 1~; nearly white 
sand, 2; and irony gravel, with pebbles and cobbles up to six inches in diameter, with interstratified beds 

of yellow sand, 27 feet, to water. 
A .well on Mr. Bailey's land in sec. 32, went 70 feet; being gravel and sand, 18; and blue till, 52, 

containing no sandy veins and yielding no water, so that this well was given up. Another well forty feet 
fluther west fonnd a copions spring 18 feet below the surface, probably in a slight depression of the nn
derlying till, snch as to determine the conrse of the drainage from the overlying porous modified drift. 

The locality is abont twenty feet above Long lake, which lies on the west. 
Hwmden. E. N. Jellum, in the north part of this township, has a flowing well, the water rising 

from its hottom, abont 100 feet below the snrface. 
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John Kroll's well in sec. 28, is about 75 feet deep, all in till. An artesian flow of water rose im
mediately from a bed of sand and gravel at the bottom. When confined in a pipe, the water comes to a 
level fourteen feet above the surface. It is softer than that of the ordinary shallow wells thereabout. 

Thomas Pierce, in sec. 26, bored 92 feet, through soil, 2; yellow till, 6; and harder dark bluish 
till, 84; no sandy layers were found, and no water, excepting an unreliable supply from the upper till., 
very scanty or failing in dry seasons. 

Audubon. Mr. H. H. Russell of Alexandria reports the following wells in this township. The 
town well in the village was yellow till, about 15 feet; and blue till, about 45 feet. At 60 feet a bed of 
gravel was struck, containing water under such pressure that it suddenly lifted the six hundred pounds 
of auger and shafting twenty feet, filling the lower eighteen feet of the boring, twelve inches in diameter, 
with gravel. In three minutes the water rose to its permanent level, two feet below the surface. 

William H. Irish's well in this village, on a little higher ground, was guarded from the accident 
experienced in the town well, by keeping the hole filled with water while boring. Water was found at 
about the same depth, and rose from the bottom to six feet below the surface. 

Rasmus Boye; sec. 7: well, 110 feet; till, about 70 feet, yellow and having its usual characters in 
the upper part, but dark, very tenacious, nearly destitute of grit and gravel, yet containing occasional 
cobbles and boulders, with fragments of lignite, in its lower part; then, from the depth of about seventy 
feet to the bottom, were 40 feet of blue shales, variously tinted, some dark and others lighter in color, 
probably Cretaceous beds. 

Joseph R. Marshall, sec. 19, on a swell of land forty or fifty feet above a large lake near on the 
east: well, 118 feet; yellow till, 22; iron-rusted gravel and sand, 5; yellow till again, 10; dark bluish 
till, nearly like the lower part of the till in Mr. Boye's well, 43; dry gray sand, 26; blue till of lighter 
tint, more sandy and harder than that above, 12; underlain, as was thought, by a bed of hard rock, which 
prevented further borinl!:; no water was obtained. 

Lake Eunice. L. G. Stevenson; N. W. t of sec. 32: well, 82 feet; soil, 2; clayey sand, 3; and 
sand and fine gravel, 77, to water, in quicksand, supposed to be at the level of the neighboring lakes. 

Cuba. Nils T. Sanvigen; sec. 6: well, :37 feet; soil, 2; hard, yellow till, picked, 28; dark bluish 
till, partly streaked with yellow, 7; water rose seven feet from sand at the bottom. 

Lake Park. The town well in the village, 91 feet deep, was yellow till, 40; dark bluish, soft and 
sticky till, holding frequent cobbles and boulders but only little finer gravel, 51; water rose fifty-six feet 
from gravel at the bottom. This and the next, like the wells in Audubon, are reported by Mr. Russell. 

Rev. K. Bjorgo's well, twenty or thirty rods from the preceding, had the same section to .this 
depth, but water did not rise above the gravel at the bottom. The boring was therefore continued 
twenty-four feet lower, to a total of 115 feet, going in this lower part through 10 feet of gravel, in which 
two-thirds of the pebbles are limestone, and then 14 feet in more sandy and harder, lighter-colored bnt 
still bluish till. No additional supply of water was obtained. Numerous fragments of lignite were 
fonnd in the limestone gravel. 

MATERIAL RESOURCES. 

Agriculture must be the chief industry and source of wealth here. In a 

former part of this chapter the soil and the ample supply of timber have been 

noticed. The beautiful lakes, picturesquely hilly tracts, and generally cool 

and invigorating summer temperature of this district, seem likely to make it 

a favorite resort for such as seek rest and renewal of health and energy in 

summer vacations. To the sportsman, also, the fish of these lakes and the 

deer and other game of the primeval, pathless woods that still remain in the 

central and eastern parts of the county, offer attractions unsurpassed by any 

other section of the state. 

Water-powers utilized at the time of this survey in 1879 were as follows: 
R. L. Frazee's mills, manufacturing flour and lnmber, on the Otter Tail river at Frazee City, hav

ing a head of twelve feet. 
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John Kroll's well in sec. 28, is about 75 feet deep, all in till. An artesian flow of water rose im

mediately from a bed of sand and gravel at the bottom. When confined in a pipe, the water comes to a 

level fourteen feet above the surface. It is softer than that of the ordinary shallow wells thereabout. 
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On the Pelican river the Detroit flouring mills, about a mile southeast from Detroit, with ten feet 
head; and Milton's flouring mill in the southwest corner of Lake View, having ahout eight feet head. 

The Cormorant flouring mill, on the outlet from Cormorant lake, with twelve feet head. 
The Richwood mills, manufacturing tlour mul lumber, on the Buffalo river a short distance helow 

Buffalo lake; head, ten feet. 

E. M. Britts & Co. 's mill, manufacturing tlour and lumber, on the Straight river at Carson City; 
head, fifteen feet, raising Straight lake live feet. There is said to be another valuable power on the 
Straight river within three miles below this; and other good water-powers are available on all the larger 
streams, especially on the Otter Tail river, which might be made relittblc in the driest seasons by using 
its numerous lakes as reservoirs. 

Lime. The drift boulders and blocks of magnesian limestone that have 

been before mentioned, furnish inexhaustible material for the manufacture of 

lime. Shaw & Martin burn several hundred barrels of lime yearly at Detroit 

and at the locality before described three miles west of the White Earth 

Agency. 1hey have gathered much limestone for this use between one and 

two miles south of Audubon. About five-sixths of this lime is white and the 

remainder is yellowish. It is sold at $1.50 per barrel. 

Christian Peterson in section 4 of the west township of Richwood, and 

Daniel Keech in section 14, Lake Park, have also burned lime. 

Bricks. In Detroit, about a third of a mile south of the town, Shaw & 

Martin began brick-making in 1878. The clay used seems to be a~ alluvial 

deposit, as it contains small gasteropod shells of recent fresh-water species. 

Its thickness is three or four feet; and it is underlain by sand and gravel. 

An intermixture of some sand is required for tempering, and the grains of 

limestone in the sand cause the bricks to be more or less damaged by a multi

tude otfine cracks, made by the slacking and consequent swelling of the lime 

particles after the bricks have been burned. The color of these bricks varies 

from yellowish near the fire to red in the outer part of the kiln. 

In 1879 a kiln of 50,000 bricks was made by Mr. Thomas J. Martin at 

the White Earth Agency, about fifteen rods ~ortheast from the agent's house. 

The clay used there was the two or three feet next to the black soil on the 

lower part of a slope of till, some fifteen feet above a lake which lies near by 

on the north and northwest. This superficial portion was found to be nearly 

free from gravel; but the clay at a greater depth could not be used because 

of its gravelly character, with much limestone. The sand used for tempering, 

in the proportion of one part to two of the clay, was brought from sandy kame

like knolls south of the lime-kiln three miles farther west. 

ABORIGINAL EARTHWORKS. 

Three artificial mounds, from eight to twelve feet high, are situated about a mile southelSt from 

Detroit, near the ehore of Detroit lake. 
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OHAPTER XXX. 

THE GEOLOGY OF CLAY COUNTY. 

By WARREN UPHAM. 

• 

8itua#on and area. Clay county (plate 61) lies in northwestern Minne

sota, adjoining Dakota, from which it is separated by the Red river of the 

North. Moorhead, the county seat and largest town, is distant 210 and 220 

miles, respectively, to the northwest from Minneapolis and Saint Paul. Barnes

ville, Sabin, Glyndon, Muskoda and Hawley are important villages. Fargo, 

situated' on the west side of the Red river opposite Moorhead, is one of the 

largest cities of Dakota. 

The length of Clay county from north to south is 36 miles, and its width 

IS from 28 to 31 miles. Its area is 1,067.36 square miles, or 683,108.82 

acres, of which 14,984.16 acres are covered by water. 

SURFACE FEATURES. 

Natural drainage. This county is drained by the Red river and its trib

utaries, the Buffalo and Wild Rice rivers. Only the South branch of the 

Wild Rice lies in Clay county.' The Buffalo river has its sources near the 

center of Becker county, thence flowing westerly to Glyndon, near, which 

place it receives the waters of its South branch, beyond that point flowing 

northwest to its mouth in Georgetown. 
Lakes. On the western two-thirrlB of Clay county which were covered by the glacial lake Agassiz, 

the drift deposits and alluvium are spread with a very slightly undulating or quite flat surface that has 
no hollows holding lakes, though it has slight depressions occupied by sloughs or marshes, in . some (lllI;e.!I 

extending several miles. The smoothly undulating or rolling high land farther east bears numerous lake
lets of various sizes up to one or two miles in length. They are most frequent in Hawley, Hiland Grove, 
Eglund and Parke. . 

TopofJraph?J. In the foregoing paragraph concerning lakes, the very simple 
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OLAY COUNTY. 657 
Topography.] 

contour of this county has been described in a general manner. The flat plain 

on the west is part of the widely known Red river valley. This expanse has 

an exceedingly flat surface, sloping imperceptibly northward, as also from each 

side to its central line. The Red river has its course in this axial depression, 

where it, has cut a channel 20 to 60 feet deep. It is bordered by only few 

and narrow areas of bottomland, instead of which its banks usually rise steeply 

on one side and by moderate slopes on the other to the plain which thence 

reaches nearly level ten to twenty-five miles from the river. Its tributaries 

cross the plain in similar channels, which, as also the Red river, have occa

sional gullies connected . with them, dry through most of the year, varying 

from a few hundred feet to a mile or more in length.* Between the drainage 

lines, areas often five to fifteen miles wide remain unmarked by any water 

courses. The highest portions of these tracts are commonly from two to five 

feet above the lowest. 

In crossing the vast plain of this valley on clear days, the higher land at 

its sides, and the groves along its rivers, are first seen in the distance as if 

their upper edges were raised a little above the horizon, with a very narrow 

strip of sky below. The first appearance of the tree-tops thus somewhat re

sembles that of dense flocks of birds flying very low several miles away. By 

rising a few feet, as from the ground to a wagon, or by nearer approach, the 

outlines become clearly defined as a grove, with a mere line of sky beneath it. 

Besides this mirage, the traveler is reminded, in the same manner as at sea, 

that the earth is round. The surface of the plain is seen only for a distance 

of three or four miles; houses and grain-stacks have their tops visible first, 

after which, in approaching, they gradually come into full view; and the high

lands, ten or fifteen miles away, forming the side of the valley, apparently lie 

beyond a wide depression, like a distant high coast. 

The prominent topographic features of all this reglOn are doubtless due 

to the form of the underlying rock-surface, upon which the drift is spread in 

a sheet of somewhat uniform thickness. Erosion, before the ice age, had sculp

tured the rocks which are everywhere buried and concealed under this uni

versal drift-sheet and had formed the broad nearly level depression of the ., 
~ gully ofthi. kiud has been formed in the northeast part of the city of Moorhead within a few years past, being mostly 
channeled in an unusually heavy rain-storm soon after the beginning of building there. It is ten to twenty f~et deep anel twenty 
to fifty feet wide, with perpendicular sides. It extends about a half mile in a no~thw.ester.Jy course, reachmg the Red n ~er a 
half mile northeast from the Northern Pacific railroad bridge. By its gradual wldemng, It has outgrown some of the brIdges 
built over it. 
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6b8 'rHE GEOLOGY OF MINNEsotA. 
[ElevationS. 

Red river valley, which is 1,000 to 800 feet, from south to north, above the 

sea. Slopes and terraces of these rocks beneath the drift cause the rise east

ward from this valley to the lake-sprinkled plateau, 1,300 to 1,600 feet above 

the sea, which reaches from Glenwood, Alexandria and Fergus Falls, to the 

sources of the Mississippi. For example, though the traveler finds no ledge 

of rock in going from the Red river at Fargo and Moorhead seventy-five miles 

east-northeast to Itasca lake, it is yet almost or quite certain that the form of 

the surface, marked by two remarkable terraces, is due to that of the bed

rocks, which probably are Cretaceous shales under the Red river plain and 

strata of Cambrian limestone and sandstone farther east. The flat of the Red 

river valley extends from Moorhead to about six miles east of Glyndon, with 

a slight ascent of about fifty feet in these fifteen miles. The next two or 

three miles rise two hundred feet to the top of a terrace which reaches from 

south to north the whole length of the Red river valley in Minnesota, though 

it is not all the way so distinct nor so high as here. Beyond this ascent the 

surface is again nearly level, being a sheet of slightly undulating or rolling 

till, with a rise of perhaps four or five feet per mile, through twenty-five miles 

eastward. N ext is a terrace, also reaching a long distance from north to south, 

which is ascended in three or four miles~ rising about three hundred feet, to 

the White Earth Agency, which thus commands a very extensive western 

prospect. Thence a, more rolling plateau extends, with little change in the 

average hight, thirty miles eastward to Itasca lake. 

In like manner the elevation of the Coteau des Prairies in southwestern 

Minnesota, 1,500 to 2,000 feet above the sea, and the terrace-like ascent at 

the west side of the flat Red river valley in Dakota, lying at a distance of 

twenty to thirty miles west of the Red river, and stretching from the south 

bend of the Cheyenne river north to the British line where it is called Pem

bina mountain, are undoubtedly due to the contour of the bed-rocks, probably 

there shales of the later Cretaceous and Laramie periods, rather than to differ

ences in the thickness of the drift, by which the older formations are covered. 
Elevations, Northern Pacific railroad. 

From profiles in the office of S. D. Mason, engineer, Saint Paul. 

Hay creek, bed, 1202; grade 
Hay creek, bed, 1167; grade -
Buffalo river, bed, 1150; grade -

Miles from 
Saint Paul. 

224.2 
226.5 
227.4 

Feet above 
the sea. 

1207 
1180 
1166 
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Buffalo river, bed, 1143; grade 
Buffalo river, bed, 1140; grade 

Buffalo river, bed, 1133; grade 
Buffalo river, bed, 1131; grade 
Hawley 

Summit, cutting 5 feet; grade 

CLAY COUNTY. 

Upper or Herman beach oflake Agassiz, crest, 1114; grade -
The cut through this beach deposit of gravel and sand extends 

600 feet. The natural surface for two-fifths of a mile east from 
this beach is 1097 to 1100. Thence a gradual ascent eastward passes 
above the level of the crest of the beach at a distance of three-fifths 

of a mile from it. 

M'uskoda -
Buffalo river, bed, 940; grade 

There is no ascent west of this river, the grade llU the way 

thence to Glyndon being lower than on the bridge. 

Glyndon 
South branch of Buffalo river, bed, 896; grade -

Moorhead 
Red river, bed, 864; low water, 86Q; usual high water, 895 to 900; ex

treme high water in exceptional years, 903; grade 

Fargo 
From the bridge crossing the Red river a level grade extends 

twel ve and a half miles west. 

Miles from 
Saint Paul. 

228.1 

228.7 

229.9 

230.2 

230.4 

231.5 

234.6 

234.9 

239.0 

243.4 

245.5 

252.0 

252.2 

252.7 

Elevations, Sctint Paul, JJlinneapoUs & IYlaniloua railway. 

FroID profiles in the office of Col. C. C. Smith, engineer, Saint Paul. 

a. Red river valley line in Minne8oia. 

Barnesville 

Miles from 
Saint Paul. 

217.5 

Willow river (more commonly called Whiskey creek), water, 992; grade 217.9 

Junction of branch to Moorhead - 218.5 

Sieber's creek, water, 977; grade 220.2 

Buffalo creek, water, 955; grade 222.8 

Glyndon, crossing Northern Pacific railroad - ~34.9 
Buffalo river, bed, 905; water, 910; grade 236.5 
Averill 241.6 

Felton 249.2 

Borup, close north of the line between Clay and Norman counties - 254.7 

b. Barne8ville to Moorhead (continuing as the Red river valley line in Dakota). 

Junction a mile north of Barnesville 

Sabin -
Moorhead 

c. Moorhead &; Northern branch. 

Junction in east part of Moorhead 

Kragnes 
Buffalo river, low water, 851; high water, 870 to 880; grade 

Geor!l;etowll 

Miles from 
Snint Paul. 

218.5 

231.9 

211.0 

Miles from 
Saint Paul. 

241.0 

249.0 

255.4 

~55,8 

659 

Feet above 
the serLo 
1157 

1152 

1143 

1146 

1151 

1193 

1100 

1090 

957 

925 

917 

906 

905 

905 

Feet above 
the sea. 

1018 

1007 

998 

987 

961 

925 

923 

91ll 

917 

913 

Feet t1bove 
the sea. 

998 

9213 

903 

Feet alJove 
the sea. 

£04 

890 

882 

e'3~ 
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660 THE GEOLOGY OF MINNESOTA. 
[Soil and timber. 

The following elevations of the Red river are derived in part from these railroad profiles, and in 
part from a survey of this river by the United States engineer corps under the direction of Capt. C. J. 

Allen. 

Red river of the North, ordinary low water. 

At the southwest corner of Clay county 
(Highest floods, about 910.) 

Mouth of the Wild Rice river of Dakota 
At Moorhead and Fargo 

(Highest floods, 893.) 

Mouth of Cheyenne river 
MOl1th of Buffalo river -

. (Highest floods, about 880.) 

Feet above 
the sea. 

885 

874 
869 

856 
850 

The extremes of elevation in this county are 1,350 feet for the highest 

swells and hills on the east border of the county in Hiland Grove, Eglund, 

Parke and Tansem, and 850 feet on the shore of the Red river in Georgetown. 

Estimates of the average hights of townships are as follows: Ulen, 1,150 feet; 

Goose Prairie, 1,220; Hiland Grove, 1,240; Eglund, 1,250; Parke, 1,275; 

Tansem, 1,250; Hagen, 1,050; Keon, 1,125; Cromwell, 1,175; Hawley, 

1,150; Skree, 1,120; Humboldt, 1,090; Felton, 925; T. 141, R. 46, 960; 

T. 140, R. 46,980; Riverton, 1,000; Elkton, 990; Barnesville, 980; Viding, 

900; Morken, 910; Molund, 910; Glyndon, 925; Elmwood, 940; George

town, 890; Kragnes, 890; Oakport, 900; Moorhead, 910; T. 138, R. 48, 

915; T. 137, R. 48, 920. The mean elevation of Clay county, derived from 

these figures, is approximately 1,030 feet above the. sea. 

Soil and timber. The black soil averages two feet thick. It is easily cul

tivated and very fertile. Wheat is the staple export, but all other crops 

proper to this latitude are profitably raised. Miscellaneous agriculture, mar

ket gardening, stock-breeding and dairying, will eventually acquire prominent 

rank, with subdivision of the land into small farms, as the county becomes 

more fully populated. At present, nearly all the great plain of the Red river 

valley.is made a great wheat-field, and the plowing, seeding and harvesting on 

some of the immense farms are very impressive sights, the workmen and 

teams being marshaled in nearly as regular order as the battalions of an army. 

With small exceptions, this county is wholly prairie. 'In the east part, 

timber occurs about the shores of the lakes and occasionally forms groves that 

extend a half mile or more on the rolling and hilly uplands, the largest of these 

timbered tracts being in the central part of Eglund. The Red river is contin

uously fringed with timber, and its larger tributaries have their course marked 
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The following elevations of the Red river aTe derived in part from these railroad profiles, and in 

part from a survey of this river by the United States engineer corps under the direction of Capt. C. J. 

A.llen. 

Red river of the North, ordinary low water. 

At the southwest corner of Clay county 
(Highest floods, about 910.) 

l\Iouth of the Wild Rice river of Dakota 

At Moorhead and Far-go 
(Highest floods, 89~.) 

Mouth of Cheyenne river 

MOl1th of Buft":.,lo river -
. (Highest floods, about 880.) 

Feet above 
the sea. 

885 
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The extremes of elevation in this county are 1,350 feet for the highest 

swells and hills on the east border of the county in Hiland Grove, Eglund, 

Parke and Tansem, and 850 feet on the shore of the Red river in Georgetown. 

Estimates of the average hights of townships are as follows: Dlen, 1,150 feet; 

Goose Prairie, 1,220; Hiland Grove, 1,240; Eglund, 1,250; Parke, 1,275; 

Tansem, 1,250; Hagen, 1,050; Keon, 1,125; Cromwell, 1,175; Hawley, 

1,150; Skree, 1,120; Humboldt, 1,090; Felton, 925; T. 141, R. 46, 960; 
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900; Morken, 910; Molund, 910; Glyndon, 925; Elmwood, 940; George

town, 890; Kragnes, 890; Oakport, 900; Moorhead, 910; T. 138, R. 48, 

915; T. 137, R. 48, 920. The mean elevation of Clay county, derived from 

these figures, is approximately 1,030 feet above the sea. 
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proper to this latitude are profitably raised. Miscellaneous agriculture, mar

ket gardening, stock-breeding and dairying, will eventually acquire prominent 

rank, with subdivision of the land into small farms, as the county becomes 

more fully populated. At present, nearly all the great plain of the Red river 

valley.is made a great wheat-field, and the plowing, seeding and harvesting on 

some of the immense farms are very impressive sights, the workmen and 

teams being marshaled in nearly as regular order as the battalions of an army. 

With small exceptions, this county is wholly prairie. 'In the east part, 

timber occurs about the shores of the lakes and occasionally forms groves that 

extend a half mile or more on the rolling and hilly uplands, the largest of these 

timbered tracts being in the central part of Eglund. The Red river is contin

uously fringed with timber, and its larger tributaries have their course marked 

660 THE GEOLOGY OF MINNESOTA.. 
[Soil and timber. 

The following elevations of the Red river aTe derived in part from these railroad profiles, and in 

part from a survey of this river by the United States engineer corps under the direction of Capt. C. J. 

A.llen. 

Red river of the North, ordinary low water. 

At the southwest corner of Clay county 
(Highest floods, about 910.) 

l\Iouth of the Wild Rice river of Dakota 

At Moorhead and Far-go 
(Highest floods, 89~.) 

Mouth of Cheyenne river 

MOl1th of Buft":.,lo river -
. (Highest floods, about 880.) 

Feet above 
the sea. 

885 

874 
869 

856 
850 

The extremes of elevation in this county are 1,350 feet for the highest 

swells and hills on the east border of the county in Hiland Grove, Eglund, 

Parke and Tansem, and 850 feet on the shore of the Red river in Georgetown. 

Estimates of the average hights of townships are as follows: Dlen, 1,150 feet; 

Goose Prairie, 1,220; Hiland Grove, 1,240; Eglund, 1,250; Parke, 1,275; 

Tansem, 1,250; Hagen, 1,050; Keon, 1,125; Cromwell, 1,175; Hawley, 

1,150; Skree, 1,120; Humboldt, 1,090; Felton, 925; T. 141, R. 46, 960; 

T. 140, R. 46,980; Riverton, 1,000; Elkton, 990; Barnesville, 980; Viding, 

900; Morken, 910; Molund, 910; Glyndon, 925; Elmwood, 940; George

town, 890; Kragnes, 890; Oakport, 900; Moorhead, 910; T. 138, R. 48, 

915; T. 137, R. 48, 920. The mean elevation of Clay county, derived from 

these figures, is approximately 1,030 feet above the sea. 

Soil and timber. The black soil averages two feet thick. It is easily cul

tivated and very fertile. Wheat is the staple export, but all other crops 

proper to this latitude are profitably raised. Miscellaneous agriculture, mar

ket gardening, stock-breeding and dairying, will eventually acquire prominent 

rank, with subdivision of the land into small farms, as the county becomes 

more fully populated. At present, nearly all the great plain of the Red river 

valley.is made a great wheat-field, and the plowing, seeding and harvesting on 

some of the immense farms are very impressive sights, the workmen and 

teams being marshaled in nearly as regular order as the battalions of an army. 

With small exceptions, this county is wholly prairie. 'In the east part, 

timber occurs about the shores of the lakes and occasionally forms groves that 

extend a half mile or more on the rolling and hilly uplands, the largest of these 

timbered tracts being in the central part of Eglund. The Red river is contin

uously fringed with timber, and its larger tributaries have their course marked 



CLAY COUNTY. 
Geological sLructure. 

661 

in the same way. The growth of wood is here confined mostly to the banks 

of the streams. The trees and shrubs which thus occur along the Red and 

Buffalo rivers in northwestern Clay county, are stated by Mr. Adam Stein, 

of Georgetown, to be the following: white ash, white and slippery elm, bur 

oak, ironwood, poplar, box-elder, wild plum, hackberry, prickly ash, frost grape, 

choke-cherry, red raspberry, rose, thorn, prickly and smooth gooseberries, 

black currant and hazelnut, more or less common; wild red cherry, Juneberry, 

high bush cranberry, and cottonwood, rare. 

GEOLOGICAL STRUCTURE. 

The bed-rocks, casually discussed in an earlier part of the chapter as to 

their probable influence on the topography, have no outcrops in this county, 

being heavily overlain by drift. A well at Fargo, however, went below the 

drift'into shales and sandrock, which are probably of Cretaceous age, like the 

similar formations that occupy the greater part of Dakota. The first 95 feet 

were clay, stratified ~in its upper part, but perhaps till for some portion below; 

next was a layer of gravel, 10 feet; then till, 115 feet; beneath which the 

remaining 42 feet, supposed to be Cretaceous deposits, were soft, dark blue 

shale, 32 feet; coarse sandrock, 6 feet; and a second shale, 4 feet, in which 

the well stopped at a total depth of 262 feet."!; 

Capt. J. H. Smyser of Riverton states that a cut made for the Northern 

Pacific railroad near the northeast corner of section 10 in that township en

countered numerous large slabs and blocks of limestone, which he supposed to 

be part of a ledge. It was in the bottom of the east part of the cut, and is 

said to have been covered by ballast when the track was laid. 

Glacial and modified drift. The average thickness of the drift deposits is 

probably about one hundred and fifty feet. Boulder-clay or till" having the 

same general characters as in the basin of the Minnesota river and through

out all the western and southern portions of the state, forms most of the surface 

upon the eastern two-thirds or three-fourths of this county, including much 

of the Red river valley plain, on which it reaches to varying limits five to ten 

miles east of the river. Rarely small kame-like knolls of gravel and sand are 

observed on the surface of the till east from the upper beach of lake Agassiz. 

In gravel of the modified drift, containing pebbles up to one and a half 

* II'port of U. s. geologica! survey of the territories, 1872; page 301. 
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inches in diameter, the following proportions were found: at Hawley, 125 

pebbles of limestone to 70 of granite and other crystalline rocks; and at Mus

koda, 44 of limestone to 36 of the granitic. The limestone pebbles are most 

abundant in number, but in total volume they are only about equal to the 

granitic pebbles. Of the larger boulders in the till, however, probably on an 

average nineteen-twentieths are granites, syenites, gneisses and crystalline 

schists. 

A forest-bed found in Mr. Marth's well in Barnesville, overlain by twelve 

feet of till, situated about 1,000 feet above the sea, much lower than the Her

man and Norcross beaches of lake Agassiz, indicates that in the midst of the 

great ice age there was an interglacial epoch, when a warm climate melted 

away the ice far enough to drain this valley northward. Another well in 

Mitchell, Wilkin county, reported in a preceding chapter, gives similar testi

mony. 

Lacustrine deposits. The shore-lines of lake Agassiz are marked by low, 

gracefully rounded beach-ridges of gravel and sand. The upper or Herman 

beach is well exhibited a quarter of a mile east of Muskoda station. It is a 

ridge of interbedded gravel and sand, thirty-five rods wide and fifteen feet 

high, with its top 1,114 feet above the sea. A fine section is. exposed by its 

excavation for railroad ballast, showing the stratification to be mainly level, 

but inclined at the sides parallel with the gently sloping surface. This beach

ridge or bar is separated from the higher land eastward by a depression about 

fifteen feet deep and nearly a half mile wide. 

N ext west of this ridge, at Muskoda station and onward, the Northern 

Pacific railroad cuts through a thick and extensive deposit of sand, with beds 

of gravel and clay in some portions, constituting a plain about two miles wide. 

This extends three miles to the north and also occupies an equal tract south 

of the Buffalo river, which here enters the area formerly covered by lake 

Agassiz. These beds, declining slightly toward the west, have their surface 

1,075 to 1,100 feet above the sea, being 100 feet below the adjoining uplands 

on the east, and 150 feet above the plain of the Red river valley, which begins 

within one or two miles farther west and extends fifteen miles to the Red 

flver. They appear to be the delta brought down by the Buffalo river and 

spread in the side of the lake at its mouth. Since the drainage of the lake 

the river has excavated a large gap through this deposit, 
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The formation of this delta by the Buffalo river, while the Red river where 

it entered lake Agassiz in southwestern Otter Tail county and the Wild Rice 

river in Norman county formed no appreciable deposits of this kind, must ap

parently be due to the outlines of the ice-sheet and the position and trends of 

its margin at times of halt and of rapid retreat during its final melting. On 

account of these conditions large deposits of modified drift were supplied to 

form deltas by some of the streams tributary to lake Agassiz, while very little 

was brought by others. The Sand Hill river in the south edge of Polk county 

deposited in the lake a similarly massive delta, consisting chiefly of fine sand, 

which is blown by the wind into dunes that occupy an area of three or four 

square miles. In Dakota a remarkable delta, also blown into conspicuous 

dunes, was brought into lake Agassiz by the Cheyenne river southwest of 

Fargo; and in Manitoba the delta of the Assiniboine river forms a large area 

of sand hills and dunes, which extend some fifty miles along the north side of 

the Assiniboine next below the mouth of the Souris river. 

Alluvium. The thickness of the alluvial beds that form the surface ofthe 

flat Red river valley for a width of five to fifteen miles from the river, has 

perhaps been in some instances overstated in the reported sections of wells, 

because of the liability that the transition to underlying till might fail to be 

noticed, the latter being also clay, similar in color and differing from the strati

fied clay chiefly in containing some intermixture of gravel and boulders, which 

indeed are so scanty in the till of western Minnesota that often they are hardly 

noticeable in well-boring. It seems probable that the greatest thickness of the 

stratified alluvial clay along the central depression of the Red river valley 

varies generally from 60 to 90 feet, though doubtless in some portions of the 

valley exceeding 100 feet, and that the depth assigned to this deposit in wells 

may often "include some thickness of the underlying till. Whatever till was 

contained in the ice-sheet and allowed to fall in the water of lake Agassiz as 

the ice melted away, would evidently be soft to bore through, perhaps not 

harder than bedG of alluvial clay deposited overit; but till that lay beneath 

the ice-sheet would be much harder. The borings reported at Glyndon seem 

to give reliable evidence that the alluvium and englacial till, the latter prob

ably not exceeding twenty-five feet in thickness, there measured together 100 

feet, an unusual depression in the sheet of till having been filled by the silt 

of the Buffalo river and its South branch. 
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One of the wells in alluvial beds at Glyndon is specially interesting be

cause it shows remains of vegetation and drift wood at the depth of 13 to 18 

feet; and the two borings at G. S. Barnes & Oo.'s elevator in this village found 

a log and decaying fragments of wood at the depth of 35 feet. These deposits, 

like the si.milar vegetal layer found still deeper in the stratified clay of this 

valley at McCauleyville in Wilkin county, prove that the deposition of these 

sediments was from rivers in their stages of flood, after lake Agassi.z was 

drained to Hudson bay. 

Lake Agassiz. Detailed notes of the survey and determinations of the 

elevation of the beaches of lake Agassiz are as follows: 
Uppcr or Herrnrtn beach. Elevation of this beacb, a low rounded ridge of the usual character, 

composed of gmvel and sand, at the east side of section 33, Tenney, 1100 feet above the sea. The 
land thence for two-thirds of a mile east is smooth till, a few feet lower than the beach. Beyond this 
the next third of a mile northeastward in the north part of section 34, is very rocky with many boulders 
up to six and rarely ten feet in diameter, the contour being moderately rolling, 10 to 30 or 40 feet above the 
beach. Farther eastward here and through the next fifteen miles north to the Northern Pacific railroad, 
the moderately rolling or smoothly hilly till rises 100 to 250 feet above this beach within the distance of 

about ten miles between it and the east line of the county. 
Elevation of the beach-ridge in the east half of section 28, Humboldt, one-fourth to three-fourths 

of a mile south of Willow river, 1098 to 1100 feet. In the three miles westward to Barnesville, the area 
that was covered by lake Agassiz shows here and there boulders projecting one to two feet above the snr
face, which is till, slightly smoothed by the lake. 

The beach for three-fourths of a mile:north from Willow river consists of a belt of gravel and sand, 
lying on an eastwardly ascending slope of till. Through the next one and a half miles northward, in the 
N. W. } of section 22, and in section 15, Hnmboldt, the shore of lake Agassiz is not marked by the usual 
beach of gravel and sand, but instead becomes a belt of marshy and springy land, twenty to fifty rods wide, 
rising by a gentle slope eastward, rough with many hummocks and hollows, in some portions forming 
a quaking bog, in which horses and oxen attempting to cross are mired. 

In the next two miles northward through sections 10 and 3, Humboldt, the beach is nowhere well 
marked as a ridge, but is mainly a belt of sand and gravel, lying on a slope of till which gradually rises 
30 or 40 feet higher at the east. The lack of typical beach deposits on this shore through the north half 
of Humboldt is probably due to its sheltered situation in the lee of islands on the northwest. The course 
of the shore-currents, determined by the prevailing winds, seems to have been southward, as on the 
shores of lake Michigan. 

Highest part of the southern island in the east edge of lake Agassiz, in the N. E. t of section 5, 
Humboldt, extending northward into Skree, 1117 to 1122. This island was about a mile long from south 
to north. Beach on its west side, a well developed ridge of gravel, near the middle of the north line of 
section 5, 1095; and for a third of a mile north-northwest from the last, 1094 to 1096. On the east side 
of this beach, as it continues northward, is a slough two-thirds of a mile long from south to north, and 
about thirty rods wide, 1085. This was evidently filled by a lagoon, sheltered on the southeast by the 
island, aud separated from the main lake by the beach. Toward the northeast it widened into a shallow 
expanse of water, eight to fifteen feet deep, about one and a half miles wide, divided from the broad lake 
on the west by two islands and this beach which connected them together. Lake Agassiz here appears to 
have stood at the hight of 1090 to 1095 feet. 

Beach in the north part of section 32, Skree, a broad, rounded ridge of gravel with pebbles up to 
three or four inches in diameter, 1103; and through the next half mile, in the south half of section 29, 
Skree, 1102 to 1104. Along part of this distance the beach is bounded eastward by a steeper descent than 
usual, the land next east being 1085 to 1090. This beach continues northward in a typical ridge through 
sections 29 and 20, Skree. 

Beach at L. Williams', in the southwest t of the S. E. t of section 20, Skree, 1101; a fourth of a 
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One of the wells in alluvial beds at Glyndon is specially interesting be

cause it shows remains of vegetation and drift wood at the depth of 13 to 18 

feet; and the two borings at G. S. Barnes & Oo.'s elevator in this village found 

a log and decaying fragments of wood at the depth of 35 feet. These deposits, 

like the si.milar vegetal layer found still deeper in the stratified clay of this 

valley at McCauleyville in Wilkin county, prove that the deposition of these 

sediments was from rivers in their stages of flood, after lake Agassi.z was 

drained to Hudson bay. 

Lake Agassiz. Detailed notes of the survey and determinations of the 

elevation of the beaches of lake Agassiz are as follows: 
Upper or Hernum beach. Elevation of this beach, a low rounded ridge of the usual character, 

composed of gravel and sand, at the east side of section 33, Teuney, 1100 feet above the sea. The 

land thence for two-thirds of a mile east is smooth till, a few feet lower thau the beach. Beyond this 

the next third of a mile northeastward iu the north part of section 34, is very rocky with many boulders 

up to six and rarely ten feet iu diameter, the contour being moderately rolling, 10 to 30 or 40 feet above the 

beach. Farther eastward here and through the next fifteen miles north to the Northern Pacific railroad, 
the moderately rolling or smoothly hilly till rises 100 to 250 feet above this beach within the distance of 

about ten miles between it aud the east line of the county. 
Elevation of the beach-ridge in the east half of section 28, Humboldt, one-fourth to three-fourths 

of a mile south of Willow river, 1098 to 1100 feet. In the three miles westward to Barnesville, the area 
that was covered by lake Agassiz shows here and there boulders projecting one to two feet above the sur

face, which is till, slightly smoothed by the lake. 
The beach for three-fourths of a mile:north from Willow river consists of a belt of gravel and sand, 

lying on an eastwardly ascending slope of till. Through the next one and a half miles northward, in the 
N. W. t of section 22, and in section 15, Humholdt, the shore of lake Agassiz is not marked by the usual 

beach of gravel and sand, but instead becomes a belt of marshy and springy land, twenty to fifty rods wide, 

rising by a gentle slope eastward, rough with many hummocks and hollows, in some portions forming 
a quaking bog, in which horses and oxen attempting to cross are mired. 
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of Humboldt is probably due to its sheltered situation in the lee of islands on the northwest. The course 

of the shore-currents, determined by the prevailing winds, seems to have been southward, as on the 
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Humboldt, extending northward into Skree, 1117 to 1122. This island was about a mile long from south 
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about thirty rods wide, 1085. This was evidently filled by a lagoon, sheltered on the southeast by the 
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have stood at the hight of 1090 to 1095 feet. 

Beach in the north part of section 32, Skree, a broad, rounded ridge of gravel with pebbles up to 

three or four inches in diameter, 1103; and through the next half mile, in the south half of section 29, 

Skree, 1102 to 1104. Along part of this distance the beach is bounded eastward by a steeper descent than 

nsual, the land next east being 1085 to 1090. This beach continues northward in a typical ridge through 
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Beach at L. Williams', in the southwest t of the S. E. t of section 20, Skree, 1101 j a fourth of a 
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mile farther north, 1106; a half mile north of Mr. Williams', near the middle of the north line of section 
20, 1110; continuing a very definite ridge through the south half of section 17, 1109 to 1lIO. 

Near the middle of this section 17, Skree, the beach deposit of gravel and sand ceases at the west 
side of the northern island, which was situated in the east half of this section and extended also eastward 
in along, low projection nearly across the south side of section 16, and northward half-way across section 
8. Highest part of this island, in or near the N. E. ~- of the N. W. ,] of section 17, Skree, is about 1125. 
The old sh,ore of the north half of this island has no beach-ridge nor other deposits of gravel aud sand, 
but is plentifully strewn with large boulders up to five and ten feet in diameter, and many of these projec~ 
two to five feet above the general surface. The lake-waves eroded here, and deposited the sand and 
gravel gathered from this till as a beach a little farther south. 

North and northeast from this northern island, a lower expanse, nearly.level and in some portions 
marshy, resembling the broad flat valley of the Red river, extends one and a half miles to the east shore 
of la):e Agassiz, its hight being 1075 to 1090, or ten to twenty-five feet below the surface of the ancient 
lake. The distance between these islands was two miles, and the distance from the summit of the first 
to that of the second, nearly due north almost four miles. Each of them rose about twenty-five 
feet above lake Agassiz. The strait between them and the mainland eastward was ten to twenty feet 
deep, and from one to one and a half miles wide, excepting a narrow place near the southeast comer of 
section 16. East of the northern island the main shore of the lake was indented by a bay a third to a 
half of a mile wide, and about ten feet deep, stretching two and a half miles southeastward from the 
lake at the northwest corner of section 10, to the west part of section 23, Skree. The shore of the lake 
east of its islands, along this bay, and northwesterly to the north line of this township, lacks the 
beach deposits which elsewhere distinguish it. 

In its continnation northwestward the shore-line of the old lake runs diagonaliy across section 32, 
Hawley, where it again presents the anomalous character of a very springy and marshy belt twenty to 
forty rods wide, rough with hummocks and in many places so deeply miry that it is dangerous for teams. 
This boggy tract has a gentle descent westward, its lower portion being 1085, and its upper border, very 
nearly level across this whole section, being 1098 to 1100, which was almost exactly the hight of lake 
Agassiz, as shown by its distinct beach of gravel and sand at the south and north. Next eastward rises a 
moderately undulating slope of till, strewn with abundant boulders; and rarely a boulder, two to five 
feet in diameter, is seen on the springy land that marks the border of the ancient lake. 

The delta brought into the east side of lake Agassiz by the Buffalo river extends about five miles 
southwestward from Mnskoda, forming a continuously descending plain of stratified sand and fine gravel, 
declining from 1100 near Muskoda to 1073 at its southwestern limit in the north part of section 34, 
Riverton. Here, and northward along a distance of three miles to the Buffalo river, this delta-plain is 
terminated by a steep slope, like the face of a terrace; the outer portion of the original delta, beyond this 
line, has been carried away by the waves and shore-currents of the lake when it stood at the lower level 

_ marked by the Norcross beach. . 
Threshold of church a fourth of a mile southeas~ from Mnskoda depot, 1113. Beach here and for a 

third of a mile south to the Buffalo river, as also at the excavation for the railroad, twenty-five rods 
north of the church, 1113 to 1114. The beach here is thirty-five rods wide, rising fourteen or fifteen 
feet, in a gentle swell, above the edge of the delta of modified drift on the west, and descending the same 
amount to the depression at its east side. It is made up of interstratified gravel and sand, the former 
prevailing, including pebbles up to three or four inches and rarely six or even nine inches in diameter 
all water-worn. No boulders occur here; nor are they found in any of the beach deposits of lake 
Agassiz. 

Beach in next two miles north of Muskoda, 1113 to 1125; at its lowest depression, about one mile 
north of Muskoda, 1105; at William Perkins' house, in the S. E.! of the S. E. t of section 30, Cromwell, 
1122; an eighth to a third of a mile south-southeast from Mr. Perkins', 1130. A nearly or quite con
tinuous depression, a fifth to a third of a'mile wide, lies at the east side of this beach, declining in ele
vation from 1118 teet near Mr. Perkins' house to 1100 at Muskoda. 

The surface of lake Agassiz at Muskoda was 1105 feet, very approximately, above our present sea
level. Within five to ten miles northward, its bight seems to have been 1110 to 1115 feet. 

Beach through the north half of section 30, Cromwell, 1128 to 1131; and through the west part of 
sections 19 and 18, Cromwell, 1125 to 1130, composed of sand and fine gravel, not generally in a typical 
ridge, but often with a depression two to five feet lower eastward, and bounded on the west by a descent 
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mile farther north, 1106; a half mile north of Mr. Williams', near the middle of the north line of section 
20, 1110; continuing a very definite ridge through the south half of section 17, 1109 to 1110. 

Near the middle of this section 17, Skree, the beach deposit of gravel and sand ceases at the west 

side of the northern island, which was situated in the east half of this section and extended ~Llso eastward 

in a long, low projection nearly across the south side of section 16, and northward half-way across section 

8, Highest part of this island, in or near the N. E. 1 of the N. W.] of section 17, Skree, is ahout 1125. 

The old sh.ore of the north half of this island has no beach-ridge nor other deposits of gravel and sand; 

but is plentifully strewn with large boulders up to five and ten feet in diameter, and many of these project 
two to five feet above the general surface. The lake-waves eroded here, and deposited the sand and 
gravel gathered from this till as a beach a little f"rther south. 

North and northeast from this northern island, a lower expanse, nearly.levcl and in some portions 

marshy, resembling the broad fiat valley of the Red river, extends one and a half miles to the east shore 

of la};:e Agassiz, its hight being 1075 to 1090, or ten to twenty-five feet below the surface of the ancient 
lake. The distance between these islands was two miles, and the distn,nce from the summit of the first 

to that of the second, nearly due north almost four miles. Each of them rose about twenty-five 

feet above lake Agassiz. The strait between them and the mainland eastward wa$ ten to twenty feet 

deep, and from one to one and a half mites wide, excepting a narrow place near the southeast corner of 
section 16. East of the northern island the main shore of the lake was indented by a bay a third to a 

half of a mile wide, and about ten feet deep, stretching two and a half mites southeastward from the 

lake at the northwest corner of section 10, to the west part of section 2:3, Skree. The shore of the lake 
east of its islands, along this bay, and northwesterly to the north line of this township, lacks the 
beach deposits which elsewhere distinguish it. 

In its continuation northwestward the shore-line of the old lake runs diagonaliy across section 32, 

Hawley, where it again presents the anomalous character of a very sprin~'Y and marshy belt twenty to 

forty rods wide, rough with hummocks and in many places so deeply miry that it is dangerous for teams. 
This boggy tract has a gentle descent westward, its lower portion being 1085, and its upper border, very 

nearly level across this whole section, being 1098 to 1100, which was almost exactly the hight of lake 
Agassiz, as shown by its distinct beach of gravel and sand at the south and north. Next eastward rises a 

moderately undulating slope of till, strewn with abundant boulders; and rarely a boulder, two to five 
feet in diameter, is seen on the springy land that marks the border of the ancient hike. 

The delta brought into the east side of lake Agassiz by the Buffalo river extends about five mites 
southwestward from Muskoda, forming a continuously descending plain of stratified sand and fine gravel, 

declining from 1100 near Muskoda to 1073 at its southwestern limit in the north part of section 34, 
Riverton. Here, and northward along a distance of three miles to the Buffalo river, this delta-plain is 

terminated by a steep slope, like the face of a terrace; the outer portion of the original delta, beyond this 
line, has been carried away by the waves and shore-currents of the lake when it stooel at the lower level 

marked by the Norcross beach. . 

Threshold of church a fourth of a mite southeas~ from Muskoda depot, 1113. Beach here and for a 

third of a mile south to the Buffalo river, as also at the excavation for the railroad, twenty-five rods 
north of the church, 1113 to 1114. The beach here is thirty-five rods wide, rising tourteen or fifteen 

feet, in a gentle swell, above the edge of the delta of modified drift on the west, and descending the same 

amount to the depression at its east side. It is made up of interstratified gravel and sand, the former 
prevailing, including pebbles up to three or four inches and rarely six or even nine inches in diameter 

all water-worn. No boulders occur here; nor are they found in any of the beach deposits of lake 

Agassiz. 
Beach in next two miles north of Muskoda, 1113 to 1125; at its lowest depression, about one mile 

north of Muskoda, 1105; at William Perkins' house, in the S. E. ~ of the S. E. ~ of section 30, Cromwell, 
1122; an eighth to a third of a mile south-southeast from Mr. Perkins', 1130. A nearly or quite con

tiriuous depression, a fifth to a third of a' mile wide, lies at the east side of this beach, declining in ele

vation frorn 1118 feet near Mr. Perkins' house to 1100 at Muskoda. 
The surface of lake Agassiz at Muskoda was 1105 feet, very approximately, above our present sea

level. Within five to ten miles northward, its bight seems to have been 1110 to 1115 feet. 
Beach through the north half of section 30, Cromwell, 1128 to 1131; and through the west part of 

sections 19 and 18, Cromwell, 1125 to 1130, composed of sand and fine gravel, not generally in a typical 

ridge, but often with a depression two to five feet lower eastward, and bounded on the west by a descent 
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mile farther north, 1106; a half mile north of Mr. Williams', near the middle of the north line of section 
20, 1110; continuing a very definite ridge through the south half of section 17, 1109 to 1110. 

Near the middle of this section 17, Skree, the beach deposit of gravel and sand ceases at the west 
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but is plentifully strewn with large boulders up to five and ten feet in diameter, and many of these project 
two to five feet above the general surface. The lake-waves eroded here, and deposited the sand and 
gravel gathered from this till as a beach a little f"rther south. 

North and northeast from this northern island, a lower expanse, nearly.levcl and in some portions 

marshy, resembling the broad fiat valley of the Red river, extends one and a half miles to the east shore 
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to that of the second, nearly due north almost four miles. Each of them rose about twenty-five 
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deep, and from one to one and a half mites wide, excepting a narrow place near the southeast corner of 
section 16. East of the northern island the main shore of the lake was indented by a bay a third to a 
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forty rods wide, rough with hummocks and in many places so deeply miry that it is dangerous for teams. 
This boggy tract has a gentle descent westward, its lower portion being 1085, and its upper border, very 

nearly level across this whole section, being 1098 to 1100, which was almost exactly the hight of lake 
Agassiz, as shown by its distinct beach of gravel and sand at the south and north. Next eastward rises a 

moderately undulating slope of till, strewn with abundant boulders; and rarely a boulder, two to five 
feet in diameter, is seen on the springy land that marks the border of the ancient hike. 

The delta brought into the east side of lake Agassiz by the Buffalo river extends about five mites 
southwestward from Muskoda, forming a continuously descending plain of stratified sand and fine gravel, 

declining from 1100 near Muskoda to 1073 at its southwestern limit in the north part of section 34, 
Riverton. Here, and northward along a distance of three miles to the Buffalo river, this delta-plain is 

terminated by a steep slope, like the face of a terrace; the outer portion of the original delta, beyond this 
line, has been carried away by the waves and shore-currents of the lake when it stooel at the lower level 

marked by the Norcross beach. . 

Threshold of church a fourth of a mite southeas~ from Muskoda depot, 1113. Beach here and for a 

third of a mile south to the Buffalo river, as also at the excavation for the railroad, twenty-five rods 
north of the church, 1113 to 1114. The beach here is thirty-five rods wide, rising tourteen or fifteen 

feet, in a gentle swell, above the edge of the delta of modified drift on the west, and descending the same 

amount to the depression at its east side. It is made up of interstratified gravel and sand, the former 
prevailing, including pebbles up to three or four inches and rarely six or even nine inches in diameter 

all water-worn. No boulders occur here; nor are they found in any of the beach deposits of lake 

Agassiz. 
Beach in next two miles north of Muskoda, 1113 to 1125; at its lowest depression, about one mile 

north of Muskoda, 1105; at William Perkins' house, in the S. E. ~ of the S. E. ~ of section 30, Cromwell, 
1122; an eighth to a third of a mile south-southeast from Mr. Perkins', 1130. A nearly or quite con

tiriuous depression, a fifth to a third of a' mile wide, lies at the east side of this beach, declining in ele

vation frorn 1118 feet near Mr. Perkins' house to 1100 at Muskoda. 
The surface of lake Agassiz at Muskoda was 1105 feet, very approximately, above our present sea

level. Within five to ten miles northward, its bight seems to have been 1110 to 1115 feet. 
Beach through the north half of section 30, Cromwell, 1128 to 1131; and through the west part of 

sections 19 and 18, Cromwell, 1125 to 1130, composed of sand and fine gravel, not generally in a typical 

ridge, but often with a depression two to five feet lower eastward, and bounded on the west by a descent 
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of about thirty feet within an eighth of a mile. A surface of slightly undulating till rises very graduiLlly 
from this beach eastward. 

Beach at a high portion, in or near the S. E. t of section 1, T. 140, R. 46, 1136. For a mile south
ward from this point it is a finely rounded ridge of gravel, 1130 to 1136. The depression at its east side 
is four to six feet lower; then the surface gently rises at a fourth to a third of a mile' from the beach to 
1135 or 1140, beyond which eastward this nearly level, but slightly undulating expanse of till rises only 
five or ten feet per mile. 

Beach a fourth of a mile northeast from the high point mentioned, probably in the N. W. t of 
section 6, Cromwell, 1128 to 1127. This is an ordinary beach-ridge of gravel and sand, with a depression 
of two or three feet next east. 

Near the south line of section 29, Keon, both the Herman and Norcross beaches, here about two
thirds of a mile apart, are intersected by a water-course. At its north side the upper or Herman beach, 
near the east line ofsectiou 29, and in the N. W. ~ of section 28, Keon, consists of two well-marked ~dges 
of gravel and sand, some thirty rods apart, and about ten feet above the land eastward and between th~m. 
These ridges unite in or near the S. W. t of the S. W. t of section 21, Keon, at the hight of 1130 to 1132 

feet. 
Beach three-fourthE of a mile farther north, probably near the north line of section 21, Keon, a 

typical gravel ridge, 1134 feet, ten feet above the land next east; but only a sixth of a mile farther north 
east, this beach-ridge is depressed to 1123 feet. 

A lower beach, contemporaneous with the Herman beach farther south, but formed when the sur
face of the lake in this latitude had fallen slightly from its highest level, is finely exhibited at a distance 
of one-third to two~thirds of a mile west of the upper beach, through the four miles from the south side of 
section 20 to the northeast corner of section 4, Keon. The elevation of this secondary beach, in the south 
part of section 20, is 1115 feet; thence to a stream near the east line of the S. E. t of section 17, 1118 to 
1123; a,t each side of this stream, 1118; northward, in the northwest part of section 16, and in the S. W. t 
of section 9, 1118 to 1121; and in thp. north part of section 9, 1121 to 1127. 

The elevation of the upper beach in this township, 1123 to lla4, shows that the hight oflake Agassiz 
here was about 1115 to 1120 feet. The secondary beach was made by the lake after it had fallen six to 
ten feet. 

Surface of ground at Christian Sether's house, in the S. W. t of section 10, Keon, 1129. Upper 
beach through the west part of this section 10, 1130 to 1137, rising toward the north. This is a typieal 
beach-ridge of gravel, descending in a rather abrupt slope on its east side to land Six or eight feet lower, 
which thence ascends with a slightly undulating surface eastward. 
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beach, parallel with this and about three-fourths of a mile distant to the northwest, in sections 4 and 34, 
1123 to 1127, being thus ten feet lower than the highest parts of the eastern beach. Extensive sloughs, 
enclosing lakelets, lie between these beaches in sections 34 and 35, Hagen, at an elevation of 1115 to 1120 

, feet, but sinking northward to 1105 feet. The secondary beach continues to the northeast corner ofsec
tion 26, T. 142, R. 45, declining in hight northeastward, as it approaches the South branch of the Wild 
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wide, five to eight feet above the area of till next southeast, and about fifteen feet above the surface close 
at its northwest side, 1138 to 1142, mostly 1140. Beach at Nels Wiger's houRe, probably in the N. W. t
of section 28, Ulen, 1133; about forty rods west from this, 1140. 

South branch of Wild Rice river in the S. W. ~ of section 21, Ulen, 1095. 

Beach, typical gravel ridge, in or near the west half of section 16, Ulen, a half mile to one and a 
half miles north of the South branch, 1140 to 1143; surface of till an eighth to a fourth of a mile next 
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of about thirty feet within an eighth of a mile. A surface of slightly undulating till rises very gradually 
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thirds of a mile apart, are intersected by a water-course. At its north side the upper or Herman beach, 
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HeIde's to the South branch of the Wild Rice river, in a low, gently rounded ridge of gravel, thirty rods 

wide, five to eight feet above the area of till next southeast, and about fifteen feet above the surface close 

at its northwest side, 1138 to 1142, mostly 1140. Beach at Nels Wiger's houRe, probably in the N. W. t
of section 28, Ulen, 1133; about forty rods west from this, 1140. 
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face of the lake in this latitude had fallen slightly from its highest level, is finely exhibited at a distance 
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beach through the west part of this section 10, 1130 to 1137, rising toward the north. This is a typical 

beach-ridge of gravel, descending in a rather abrupt slope on its east side to land six or eight feet lower, 
which thence ascends with a slightly undulating surface eastward. 
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1123 to 1127, being thus ten feet lower than the highest parts of the eastern beach. Extensive sloughs, 

enclosing lakelets, lie between these beaches in sections 34 and 35, Hagen, at an elevation of 1115 to 1120 
; feet, but sinking northward to 1105 feet. The secondary beach continues to the northeast corner of sec

tion 26, T. 142, R. 45, declining in hight northeastward, as it approaches the South branch of the Wild 
Rice river, being at 1125 to 1115 feet. 
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Hagen, probably there being about 975 feet above the sea, or 160 feet below this upper beach of lake 
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wide, five to eight feet above the area of till next southeast, and about fifteen feet above the surface close 

at its northwest side, 1138 to 1142, mostly 1140. Beach at Nels Wiger's houRe, probably in the N. W. t
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Beach, typical gravel ridge, in or near the west half of section 16, Ulen, a half mile to one and a 
half miles north of the South branch, 1140 to 1143; surface of till an eighth to a fourth of a mile next 
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east, 1135. Farther east, the slightly or moderately undulating expanse of till has an average ascent of 

about ten feet per mile for fifteen miles, tQ the base of the highland at the White Earth Agency, which 

is dimly visible, blue, close to the horizon. Westward, the surface gradually descends to the Norcross 

beach, nearly sixty feet lower, which is the farthest land in sight in that direction, about three miles dis
tant, beyond which lies the flat Red river valley. 

Beach, a well-defined ridge, in sections 9 and 4, Ulen, 1139 to 1144; and at a high portion, in or 
near'the S. E. ~ of the S. E. t of seetion 33, Home Lake, in the south edge of Norman county, 1149 feel.. 

Norcross beael!. The Norcross beacb of lake Agassiz is well exhibited at D. D, Daniels' house, in 

the S. W. t of the S. E. t of sec. 20, Tenney, about one and a half miles east from Barnesville, being a 

low, smoothly rounded ridge of gravel and sand, with the elevation of' 1061 feet above the sea. 

In Riverton township, and in sections 35 and 26, T. 140, R. 46, the eroded western border of the 
delta of Buffalo l'i vel' marks the shore of lake Agassiz at the time of the Norcross beach. 

In the west part of section 24, T. 140, R. 46, and for four miles northward, the Norcross beach 

.lies a half to three-fourths of a mile west of the upper beach and about fifty feet lower. The terrace 
which lies between these beaches is strewn with occasional boulders up to six, eight or ten feet in diam

eter, and rarely of larger size, much more abundant than upon the average surface of the till in this 

region; indicating that the surface there has been considerably eroded by the waves of the lake. The 

largest boulder seen in this county lies about fifty rods west of the upper heach in or near section 12, T. 
140, R. 46. Its dimensions are 15 by 12 by 5 feet, and its top is 1095 feet above the sea. It is gneiss, 

minutely porphyritic with white feldspar crystals up to an eighth or a fourth of an inch long.· 
The elevation of the foot of the western slope of the upper or Herman heach along the north part 

of the east line of this T. 140, R. 46, is 1095 to 1100 feet. Crest of the Norcross beach in section 12, T. 

140, R. 46, six miles north of Muskoda, 1080; and along the distance of three miles through sections 13, 
12 and 1, it varies from 1075 to 1085 feet. In section 31, T. 141, R. 45, its hight is 1085 feet. Like the 
Herman beach, it is a low, smoothly rounded :ridge of gravel and sand, usually having a depression of 

three to Jive feet or more at its east side. 
Through the west part of T. 141, R. 45, the Norcross beach is one to one and a half miles west of 

the upper beach. Thence it crosses T. 142, R. 45, in a north-northeast course, lying two to three miles 

northwest and west of the upper beach. Its hight in these townships is approximately 1080 feet. 
Campbell and McCauZeyville beaches. These lower beaches of lake Agassiz are respectively 1002 and 

983 feet above the sea where they are crossed by the Northern Pacific railroad in Riverton between three
fourths of a mile and one and a half miles east from the Buffalo river bridge. In the north edge of the 

county, they extend through the central part of T. 142, R. 45, in a northeast and north course, lying one 
to two miles west of the Norcross beach. Their elevations were not determined in this township, but 

they are probably about five feet higher than in Riverton. 
Along the course of these beaches, where the first appreciable ascent is made above the plain of 

the Red river valley, the surface of the till is strewn with many boulders, chiefly granitic, of all sizes up 

to five or rarely ten feet in diameter. They are about as numerous as is usual where twenty to forty 
feet of till have been removed by excavation, as for grading; the boulders that were contained in the till 

being left scattered over the surface. A similar amount of erosion was probably effected by the lake

waves along many parts of this shore during the stages of the Campbell and McCauleyville beaches. Only 

in few places, however, is a steep escarpment observable, such as is formed by undermining waves; hence 
it is probable that most of the erosion was done in the shallow margin of the lake, beneath its surface. 

Thereby the sand and gravel of the beaches was obtained, and the descent immediately bordering them 

on their lakeward side was increased, while the clay of this erosion sank in the more still, deep portions 

of the lake. The boulders mentioned cannot be supposed to have stranded from floating ice; for then 

they would occur to some extent in some of the beach and delta deposits. 

Wells:in Clay county . 

. Ulen. Reier Severson; sec. 26: well, 25 feet; soil, 2; all below is yellow till, with no veins lof 

sand or gravel; water seeps. 
B. O. HeIde's well, in the S. W. t of sec. 30, on the upper or Herman beach of lake Agassiz, is 10 

feet deep in gravel and sand. 
Goose Prairie. Andrew Herseth; sec. 28: well, 30 feet; soil, 2; yellow till, picked, 16; and sand, 

12 feet, to water. 
Hiland (h:Q'lJe. her Iverson; sec. 10: well, 18 feet; Boil,2; yellow till, 6; and fine yellow sand, 10. 
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east, 1135. Farther east, the slightly or moderately undulating expanse of till has an average ascent of 

about ten feet per mile for fifteen miles, to the ba~e of the highland at the White Earth Agency, which 

is dimly visible, blue, close to the horizon. Westward, the surface gradually descends to the Norcross 

beach, nearly sixty feet lower, which is the farthest land in sight in that direction, about three miles dis
tant, beyond which lies the flat Red river valley. 

Beach, a well-defined ridge, in sections 9 and 4, Ulen, 1139 to 1144; and at a high portion, in or 
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140, R. 46, six miles north of Muskoda, 1080; and along the distance of three miles through sections 13, 
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Herman beach, it is a low, smoothly rounded :ridge of gravel and sand, usually having a depression of 

three to five feet or more at its east side. 
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they are probably about five feet higher than in Riverton. 
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on their lakeward side was increased, while the clay of this erosion s,tnk in the more still, deep portions 

of the lake. The boulders mentioned cannot be supposed to have stranded from floating ice; for then 

they would occur to some extent in some of the beach and delta deposits. 

Wells:in Clay county . 

. Ulen. Reier Severson; sec. 26: well, 25 feet; soil, 2; all below is yellow till, with no veins lof 

sand or gravel; water seeps. 
B. O. HeIde's well, in the S. W.!- of sec. 30, on the upper or Herman beach of lake Agassiz, is 10 

feet deep in gravel and sand. 
Goose Prairie. Andrew Herseth; sec. 28: well, 30 feet; soil, 2; yellow till, picked, 16; and sand, 

12 feet, to water. 
Hiland (h:ope, lver Iverson; sec. 10: well, 18 feet; Boil,2; yellow till, 6; and fine yellow sand, 10. 
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Peter Hanson; sec. 11: well, 24 feet; soil, 2; yellow till, spaded but hard, 16; and sand, 6 feet, to 

water. 
Parke. Dr. Charles Sill, living in sec. 7, states that the prominently rolling land in the east half of 

this township, though generally till or boulder-clay on the surface, is found in many places to be under
lain at a slight depth, sometimes less than five feet, by thick deposits of sand. The last three wells fore
going, and nnmerous wells and sections in the western ranges of Otter Tail county, similarly show modi
fied drift overlain by till of no great thickness. Some discussion of their mode of deposition is given in 

the report of Otter Tail county. 
T. 141, R. 45. Christian Sether; S. W. t of sec. 10: well, 22 feet; soil, 2; yellow till, picked, 18; 

lind gravel and sand, 2 feet and continuing deeper; water rose three feet above the top of the gravel. This 
is about twenty rods east of the upper heach of lake Agassiz, which is found by excavations to be gravel 

and sand, to a depth of at least six feet. 
Crornwell. David France; N. E. t of sec. 8: well, 14 feet; yellow till, mostly picked, 12; and gravel 

and sand, 2 feet, containing water. 
William Perkins; S. E. t of sec. 30: well on the upper or Herman beach of lake Agassiz, 12 feet, 

all gravel and sand. 
Hawley. Andrew Wilson; sec 4: well, 54 feet; soil, 2; hard, yellow till, 18;· coarse gravel, water-

washed, nearly all pebbles up to six inches in diameter, with scarcely any sand, 2 feet; sand, coarse ahove 
hut very fine below, 8; again, yellow till, with streaks of whitish calcareous matter, 20; a darker, very 
hard, clayey layer, 6 inches; quicksand, with water which does not rise, 6 inches; and dark, iron-rusted 

till, very hard, 3 feet and below. 
Walter Shave; sec. 10: well, 72 feet; soil, 2; yellow till, picked, 15; sand, 20; yellow, marly till, 

30; a dark bluish, very hard, elayey layer, 1 foot; and gravel, 1 foot, with water which does not rise and 
therefore required a basin to be dug to hold it, this being in brown, very hard till, 3 feet. . The order of 
deposits found by this well and the preceding is the same. They are about a mile apart. The contour 
of the region is smoothly rolling, in swells 20 to 40 feet high. 

Tenney. D. D. Daniels; S. E. t of sec. 20: well, 25 feet, on the Norcross beach of lake Agassiz; soil, 
2; gravel and sand, 2; soft, yellow clay, not gravelly, 4; and again sand and gravel,17; one to two feet 

of water. 
John H. Sieber's well on the Herman beach near the east side of the N. E. t of sec. 28, is 14 feet 

deep, all gravel and sand. 
Riverton. E. L. Belknap's weli, in the N. E. t of section 24, on the delta deposited by the Buffalo 

river in lake Agassiz, went 23 feet in sand, to water . 
. Elkton. Abraham Henry; S. W. t of sec. 26: well, 9 feet; soil, 2; yellow clay, 3; gravel and sand, 

4, containing pebbles up to two inches in diameter; water plenty and good. 
A well at the railroad section-house, about a half mile west of Mr. Henry'S, on a swell ten feet 

above the general surface, is 12 feet deep, all the wayin gravel and sand. Another well abOut three miles 
farther west is 60 feet deep, mainly in till. 

Barnesville. Town well, 22 feet deep; soil, 2; yellow quicksand, 4; hard, dark bluish till, 16 feet 
and continuing lower; water seeps from the quicksand, filling the well usually half full, not failing in dry 
seasons. 

John Marth; in the village: well, 13; soil (the blackened surface of the till), 2; yellowish till, 10; 
then, quicksand, 1 foot, containing several branches and trunks of trees, thought to be tamarack, up to 
eight inches in diameter, lying across the well, which, together with the i.D.fl.ow of water, prevented far
ther digging. 

A well 32 feet deep at the elevator was soil, 1 foot; marly till, 6 feet; sand and gravel, 23; and 
blue clay, probably till, 2 feet; to water in quicksand, from which it rose twelve feet. 

Molund. Ole Lie; sec. 8: well, 30 feet; sand, 15; and stratified clay, 15, gray for the first five feet 
but dark bluish below. 

Glyndon. The well at the railroad engine-house, 21 feet deep, recorded by Prof. Winchell in the 
sixth annual report, was black soil 1 foot; yellow quicksand, 12 feet; blue quicksand, sheets of turf and 
vegetable deposits, 3~c feet; blue clay and drift wood, 2 feet; and blue clay, 2~ feet. 

On G. S. Barnes' farm about one and a half miles west of the village a well 112 feet deep, bored 
by Brophy Brothers, is reported by them to have been soil, 3; yellow quicksand, 16; dark bluish clay, 
free from stones, 30; yellow quicksand again, 6; dark clay, like the preceding, 45; brown, very hard 
stony clay or till, 10; and gravel, containing pebbles up to two or three inches in diam'eter, 2·feet, from 
which water rose and has since stood at a permanent level ten feet below the surface. 
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Two other borings were made by the Brophy Brothers at the elevator owned by G. S. Barnes & Co. 

in the town; but these were unsuccessful, not penetrating to water, because of hreaking the augers in 

the till, called" hardpan," at the bottom. In the deeper one of these borings a depth of 125 feet was 

reached, the section being reported as soil, 3; quicksand, 22; dark clay, free from stones, 75; very hard, 

yellowish till, 15; and softer till, 10. The till in these borings is said to have been so hard that only a 

tenth as fast progress could be made in it as in the dark alluvial clay ahove. A log of wood, which was 

called" cedar," about a foot in diameter, was encountered hy one of these borings in the d[,rk [Illuvium, 

thirty-five feet below the surface; and the other horing, about a dozen feet distant, found" rotten chips" 

of wood at the same depth. This layer is prohahly coutinuous with the vegetal deposits found in the 
well at the engine-house somewhat farther west. 

Elmwood. A well at Sabin station, 18 feet deep, was all yellowish, fine clayey and sandy silt, with 

no gravelly layers; seven or eight feet of w'1ter. About twenty rods to the southeast the railroad cuts 

through a swell of till with frequent boulders up to three feet in diameter and the ordinary proportion of 

gravel. 

C. F. Cornell; N. E. 1 of sec. 6 in the south township of Elmwood: well, 18 feet; soil, 2; yellow 
till, 16, and extending lower; water seeps from the hottom standing five feet deep. 

Carl Ernst; sec. 32 in this south township: well, 70, seen while being hored at this depth; soil, 2; 

yellow till, 6; and darker hluish till, 62 feet andcontinuinghelow; no layers of gravel and sand; no W<lter. 
Georgetown. E. R. Hutchinson; sec. 10: well, 28 feet; soil, 2; yellow clay, 25 feet, containing 

gravel at least in its lower part and therefore till; sand, 3 or 4 inches, with dark till helow; water rose 

eleven feet in a few hours. 
At the former post of the Hudson Bay Company, in the village, a well was dug in 1860 to the 

depth of 80 feet; it went all the way in clay, perhaps wholly alluvial, yellowish for about ten feet at the 
top and dark bluish below, containing no sandy layers and snpplying no water. Mussel shells are said 

to have been found in this well ten or twelve feet below the surface. 
Kragnes. D. C. Smyth; sec. 20: well, 26 feet; soil, 2; yellowish gray clay, stratified, 8; dark, soft 

and moist, stratified clay, 15; "hlack sand,» with water, 1 foot, underlain hy dark hlnish clay; water 

rose about eight feet. 
lYloorhead. George M. Richardson, some three miles northeast from Moorhead, has a flowing well, 

which is reported to have a depth of 100 feet or more. 
The common wells in the city are 10 to 20 or 25 feet deep, obtaining an ample supply of water. 

Throughout Moorhead and Fargo the alluvial clay at a depth varying froni six to twenty-two feet encloses 

a water-hearing hed (')f sand, which is usually three or four feet thick and occasionally reaches a thickness 

often feet. 
At John Erickson's brewery a well 104 feet deep, descrihed by Prof. Winchell in the sixth annual 

report, was light-colored clay, 20 feet; qnicksand, 4 feet; and hlue clay, 80 teet, containing gravel and 
boulders in its lower part; underlain by sand from which water rose immediately ahout eighty feet. 

Far;o. A. H. Moore's well in Fargo, 95 feet deep, within a mile west from the last, was similar, be

ing yellow clay, 15 feet; sand, 3 feet; and dark hluish clay, 77 feet, said to have heen free from pehhles and 

gravel, excepting in its last two feet; underlain by sand from which water rose to seven feet below the 

surface. 
The well at the Pillsbury & Hulhert elevator in the north part of Fargo is 150 feet deep, going 

through several water-bearing heds, bnt shutting ont the water of these ahd receiving its supply from a 

layer of fine, white gravel at the hottom; water softer than that of the Red river rises from this layer to 

a permanent level eight feet helow the surface, coming in such amonnt that it can not be lowered hy 

pumping. 

The water of all this region, not only in wells and springs but also in the 

streams is hard because of the carbonates of lime and magnesia which it has , 
dissolved in soaking through the ground. The only practicable way to pro-

vide water satisfactory for washing with soap is by collecting the rain from 

roofs. By the construction of cisterns, this soft water may be kept constantly 

on hand, there being a good supply of rain in all seasons excepting winter, 
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when it falls as snow. The water of streams and wells also contains a small 

proportion of the alkaline sulphates of lime, soda and potassa, and carbonate 

of soda, not generally in sufficient amount to be perceptible to the taste, but 

enough to cause a more rapid and offensive decay of wood and other organic 

matters than in the water of wells in parts of the state farther east and south. 

The wooden well-curbing, commonly pine, which has been often used in this 

region, soon contaminates the water, and when such wells are left stagnant or 

only drawn from slightly, the water becomes too foul in smell and taste to be 

drank, even by cattle, and it may be the cause of sickness before reaching 

this stage. If bricks, stone, or iron or cement pipe are used for lining wells, 

and the water in them is frequently renewed by being largely drawn from, it 

is entirely wholesome and palatable, and is well adapted for nearly all uses, 

excepting for washing with soap, as before mentioned, and for steam-boilers, 

in which the large amount of scale deposited from it in evaporation is objec

tionable. 

MATERIAL l{ESOURCES. 

Wheat is the great product of this county, as of the whole Red river val

ley. Both in yield and quality it here surpasses most other portions of the 

Northwest. In other directions, however, the agricultural capabilities of this 

county are great and will some day be more fully developed, as has been indi

cated in a former part of this chapter, where the soil and timber are described. 

Waterj)owers employed in 1881 were as follows, being three in number, 

situated on the Buffalo river: 

Hawley flouring mills; Craik & Kroll; three-fourths of a mile south of 

Hawley; head, nine feet; three run of stone. 

Buffalo flouring mills; owned hy Mrs. Elizabeth Jacobson; leased by 

William E. Bennett; about two miles south of Hawley; head, also nine feet; 

two run of stone. 

M uskoda flouring mills; Bennett & Pryor; a half mile southwest from 

Muskoda depot; four run of stone; head, sixteen feet, with canal seven rods 

long. 

Several other water-powers are available on this river; and there are said 

to be two mill-privileges on the Willow river, one close east of Barnesville, and 

another about a mile and a half farther east. 

Lime has been burned from the magnesian limestone boulders of the drift 
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CLAY COUNTY. 671 
A b6riginal Earth works.] 

by Nils Larson, George Hildreth and others, in the southwest part of Eglund 

and in Parke. The total yearly product is only a few hundred barrels, sold 

at $1 per barrel. It is mostly white lime of excellent quality, but about a 

tenth part is yellowish. The limestone boulders are mostly three to five feet 

long; the largest found had a length of ten feet. 

Bricks. A large business in brick-maki.ng is done at Moorhead by Lamb 

Brothers, who began in 1874; Kruegel & Truitt, who began in 1878; and 

John G. Bergquist and John Early, who began in 1881. Their product in 

1881 was as follows: Lamb Brothers, 3,000,000, employing thirty men five 

months; Kruegel & Truitt, 1,500,000, employing twenty men; Mr. Bergquist, 

1,000,000, employing a dozen men; and Mr. Early, 800,000, employing ten 

men. The black soil is removed to the depth of a foot or one and a half feet; 

the next one to two feet of the alluvial clay is used for brick-making, its color 

being dark above and yellowish beneath; the lower continuation of this de

posit is unsuited for this use, because of limy concretions. No sand is required 

for tempering. Sand needed for mortar is brought from Muskoda at the cost 
• 

of about $3 per cubic yard. The bricks are cream-colored, and of very good 

quality, selling at about $10 per thousand. Oak wood, used for fuel, costs $5 

per cord. 
ABORIGINAL EARTHWORKS. 

An artificial mound, two or three feet high, is situated on the top of a swell of till some 40 or 50 

feet above the upper edge of the delt>1. of the Buffalo river about two-thirds of a mile south of Muskoda 

depot and one-third of a mile south of the bridge. 
Another aboriginal mound, fifty feet in diameter and five feet high, composed of fine gravel though 

the adjoining surface is boulder-clay or till, is situated in or near the N. W. t of section 22, T. 142, R. 45, 
about a half mile south of the South branch of the Wild Rice river. It is on land about 60 feet ahove the 

east border of the fiat plain of the Red river valley in section 16 of this township. 

... 
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Surface features, 580. 

Natural drainage, 58l. 
Lakes, 581. 
Topography, 58l. 
Elevations, 58l. 
Soil and timber, 587. 
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Archrean rocks, 588. 
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Rich Prairie and vicinity, 589. 
Along Hillman brook, 590. 
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schists, and dioryte, 593. 
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Oldest residence in Minnesota, 100 f. n. 
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. Day ton's bluff, 367. • 
Decomposed gneiss aud granite, 195,196. 
Deep wells: Hastings, 81; Lake City, 17; 

Mankato, 35; Minneapolis, 279-286; 
St. Paul, 359-365. 

Depth of alluvium at Belle Plaine, 134. 
Descriptions of the towns of Hennepin 

county, 266; of Ramsey county, 348. 
Dikelocephalus, 33, 34, 35, 381. 
Dikes of trap, 212, 437, 596. 
Dimensions of the gorge below the St. 

Anthony falls, 318. 
Dioryte, 454, 568, 593, 596, 599. 
Diospyros, 43. 
Discina, 33. 
Doleryte, dike, 596. 
Dolomite, 119. 
Douglas and Pope counties, chapter on, 

471-498. 
Situation and area, 471. 
Surface features, 471. 

Natural drainage, 471. 
Lakes, 472. 
Topography, 475. 
Elevations, 479. 
Soil and timber, 480. 

Geological structure, 48l. 
Drift, 482. 
Terminal moraines, 482. 
Chamberlin on Alpine glaciers, 483. 
Osars, 486. 
Leaf Hills, 488. 
Modified drift, 489. 
Boulders, 492. 
Ice-formed ridges, 493. 
Wells in Douglas county, 493. 
Wells in Pope county, 494. 

Material resources, 495. 
Water-powers, 495. 
Buildiug stone, 496. 
Lime, 496. 
Bricks, 496. 
Springs, 497. 

Aboriginal earthworks, 498. 
Dovre moraine, 213, 226, 233, 464, 488, 

516, 545, 570, 605, 625. 
Drift: Wabasha county, 14, 17; Good

hue, 45-51; Dakota, 84-96; Carver and 
Scott, 105, 127-136; Sibley and Nicol
let, 151, 165, 171, 172; McLeod, 184-
186; Renville, 198-201; Swift and 
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Chippewa, 207, 210, 213-216: Kandi
yohi and Meeker, 225, 227, 232-285; 
Wright, 251-258. Hennepin, 265, 293, 
297-306; Ramsey, 347, 359, 365-372; 
Washington, 38D-3D2, 3g8; Chisago, 
Isanti and Anoka, 400, 40D-418; Ben
ton and Sherburne, 4~l7, 432, 438-441; 
Stearns, 44G, 452, 461-4G4; Douglas 
and Pope, 481-492; Grant and Steven:;;, 
503; Wilkin and Traverse, 515, 532; 
Otter Tail, 538, 541,543-553; Wadena 
and Todd, 5G3, 56D-573; Crow vYing 
and Morrison, 581, 603-606; Mille Lacs 
and Kanabec, G22-fi25; Pine, 6.'30,6.12-
G43; Becker, 650-65.'3; Clay, 66l. 

Drift, clay-pebbles in, 624. 
copper in, 48, D5, 130, 303, 372, 3D2, 

421, 6~3, 643. 

fossils in, 201, 252, 306, 3D8, 573, GG2. 
lignite in, 1G6, 253, 2D3, 306, 410, 

482, 602. 
modes of deposition, 41G, 482-4fJ2, 605. 
origin of, 84, 129, 131, 184, 255, 2D3, 

413-418, 462. 
sandstone in, 464. 
thickness of, 15, 127, 1D8, 213, 232, 

251, 260, 482, 502, 515, 543, MD, 
6'22, 603, 642, 65l. 

A.lso see BonZders, Till, Mo(lified drift, 
JJIoTaines, Glacial driJ't, Glacial 
epochs, ((,1uZ Glacial striw. 

Drift-clay. See Till. 
Drift.less area, 2. 
Drillings, llot,es on; from deep well at 

East Minneapolis, 27D; well at, \Vash
hurn "C" mill, 280; West hotel well, 
282; deep well at, elevator "B," St. 
Paul, 3GO; well at St. Paul Harvester 
Works, 361; deep well at Mendota, 
a34. See al:,;o Deep wells. 

Dunes, 418. 

Eamozindata (high rock), 77. 
Elevations: \Vahasha count,y, 6; Good

hue, 28; Dakota, G5; Carver and Scott" 
112; Sibley and Nicollet, 152; Mc
Leod, 181; Renville, 192; Swift and 
Chippewa, 208; Kandiyohi and Meek
er, 229; Wright, 247; Hennepin, 26D, 
296; Ramsey, 349; Washington, 377, 
391; Chisago, Isanti and Anoka, 401; 
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Benton and Sherburne, 429; Stearns, 
450; Douglas and Pope, 479; Grant and 
Stevens, 001; Wilkin and Traverse, 
513; Otter Tail, 538; Wadena and 
Todd, 564; Crow Wing and Morrison, 
585; Mille Lacs and Kanabec, 613; 
Pine, 630; Becker, 647; Clay, 658. 

Elevations of Cannon river, 63; Lake 
Pepin, 6, 30; Mille Lacs, 614; Minne
sota river, 62, 114, 152, ]92,208; Mis
sippi river, 6, 30, 63, 247, ?69, 352, 
378, 402, 429, 586; Otter Tail river, 
and lakes, 540; Pelican river and 
lakes, 540; Red river of the North, 
514, 540, 660; Snake river, 614, 631; 
St. Croix river, 378, 402,631. 

Ellipsocephalus, 35. 
Elysian moraine, 128, 166, 213, 415,439, 

440, 463, 516, 625, 642. 
Endoceras magni vent rum, 290. 
Erosion by the falls of St. Anthony, 313, 

341. 
Erosion by glacial action, 3, 24, 642, 

645 f. n. 
Erosion by streams: Wabasba county, 

2-6; Goodbue, 22-25; Dakota, 63-ti4, 
88-94; Carver and Scott, 106-Ul, 130-
136; Sibley and Nicollet, 150-152; Ren
ville, 191; Swift and Chippewa, 207, 
208, 214; :Meeker, 228; Wright, 256-
258; Hennepin, 313-341; Ramsey, 346; 
Washington, 377;'Chisago, Isanti and 
Anoka, 401; Benton and Sherburne, 
427; Douglas and Pope, 478, 49:!; 
Grant and Stevens, 500; Wilkin and 
Traverse, 513, 521; Otter Tail, 537; 
Wadena and Todd, 563; Mille Lacs 
and Kanabec, 613; Pine, 630, 635; 
Clay, 657. 

Erosion in Lower Magnesian, 383. 
Eskers. See Kames. • Euomphalus, 35. 
Exploring for coal, 260, 459-461; cop

per and silver, 407, 636; gold, 436. 

Falls of the Kettle river, 638, 639; St. 
Anthony, 313-341; Vermilion river, 
72. 

Fault in Jordan sandstone, 71; in the 
Cambrian, 383-386. 

Fauna, primordial 33-35. 

Feldspar, 156, 590. 
Fergus Falls moraine, 545, 549, 570, 605, 

625, 653. 
Ficus, 43. 
Fires, prairie, 155, 181, 232. 
Fish, northern limit of speckled trout, 

65. 
Fish -scales in Cretaceous, 461. 
Flats. See Terraces. 
Flood-plains. See Termces. 
Flowing wells, 51, 169, 363, 493, 507, 

528, 556, 654. 
Forest-bed in drift, 199, 466, 555, 662. 
Forests of the state. See Trees and Shrubs. 
Fossils, Cretaceous, 43, 84, 165, 461, 602, 

603. 
drift, 133, 142, 165, 185, 186, 201, 252, 

306, 397, 669. 
Lower Magnesian, 37. 
post glacial gravel, 201. 
St. Croix formation, 13, 33, 40-8. 
St. Lawrence, 381. 
St. Peter sandstone, 7ft 
Shakopee limestone, 38. 
Trenton, 289, 356, 357, 358. 

Fossil wood, 17, 84, 97, 608, 664. 
Fragments of lignite, 253. See also 

Lignite. 
Frontenac, quarries at, 53. 
Frontenac stone, 13. 
Fuel, 341. See also, Trees. 

Galena, 41. 
Garnets, 459, 597, 598. 
Gas in wells, 137, 166, 169, 237, 466. 
Gasteropods of tbe St. Croix, 31l, 38. 
Geological structure: Wabasha county, 

9-14; Goodhue, 31-51; Dakota, 70-96; 
Carver and Scott, 117-136; Sibley and 
Nicollet, 155-166; McLeod, 184-
186; Renville, 194-201; Swift and 
Chippewa, 210-216; Kandiyohi and 
Meeker, 232-235; V\Tright, 250-258; 
Hennepin, 278-313; Ramsey, 356-372; 
Washington, 381-392; Chisago, Isanti 
and Anoka, 405-418; Benton and Sher
burne, 431-441; Stearus, 452-464; 
Douglas and Pope, 481-493; Grant and 
Stevens, 502-506; Wilkin and Trav
erse, 515-527; Otter Tail, 543-553; 
Wadena and Todd, 562-573; Crow 
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drift, 133, 142, 165, 185, 186, 201, 252, 

306, 397, 669. 
Lower Magnesian, 37. 
post glacial gravel, 201. 
St,. Croix formation, 13, 33, 4ct8. 
St. Lawrence, 381. 
St. Peter sandstone, 7R. 
Shakopee limestone, 38. 
Trenton, 289, 356, 357, 358. 

Fossil wood, 17, 84, 97, 608, 664. 
Fragments of lignite, 253. See also 

Lignite. 
Frontenac, quarries at, 53. 
Frontenac stone, 13. 
Fuel, 341. See also, Trees. 

Galena, 41. 
Garnets, 459, 597, 598. 
Gas in wells, 137, 166, 169, 237, 466. 
Gasteropods of the St. Croix, 31), 38. 
Geological structure: Wabasha county, 

9-14; Goodhue, 31-51; Dakota, 70-96; 
Carver and Scott, 117-136; Sibley and 
Nicollet, 155-166; McLeod, 184-
186; Renville, 194-201; Swift and 
Chippewa, 210-216; Kandiyohi and 
Meeker, 232-235; 'Wright, 250-258; 
Hennepin, 278-313; Ramsey, 356-372; 
Washington, 381-392; Chisago, Isanti 
and Anoka, 405-418; Benton and Sher
burne, 4.'31-441; Stearns, 452-464; 
Douglas and Pope, 481-493; Grant and 
Stevens, 502-506; Wilkin and Trav
erse, 515-527; Otter Tail, 543-553; 
Wadena and Todd, 562-573; Crow 
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Benton and Sherburne, 429; Stearns, 
450; Douglas and Pope, 479; Grant and 
Stevens, 501; Wilkin and Traverse, 
513; Otter Tail, 538; Wadena and 
Todd, 564; Crow Wing and Morrison, 
585; Mille Lacs and Kanabec, 613; 
Pine, 630; Becker, 647; Clay, 658. 
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Erosion by glacial action, 3, 24, 642, 
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4; 
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Wing and Morrison, 588, 606; Mille 
Lacs and Kanabec, 615-625; Pine, 632 
-643; Becker, 650-651; Clay, 661. 

. Glacial currents, 24, 48. 
Glacial (unmodified) drift: Sibley and 

Nicollet counties, 165; Renville, 198; 
Wright, 251; Chisago, Isanti and Ano
ka, 409; Benton and Sherburne, 438; 
Grant and Stevens, 503; Wilkin and 
Traverse, 515; Wadena and Todd, 569; 
Crow Wing and Morrison, 603; Mille 
Lacs and Kanabec, 622-625; Pine, 642; 
Becker, 651; Clay,661. See also, Till. 

Glacial erosion, 3, 24. 
Glacial epoch, probable date of, 341. 
Glacial epochs, 24, 46, 48, 84, 171, 185, 

225, 252, 255, 294, 462-464. 
Glacial outlet of lake Superior, 642, 

645 f. n. 
Glacial strire, 156, 165, 198, 213, 312, 409, 

411, 438, 453, 461. 
Glacis terraces,. 109. 
Glenwood springs, 310. 
Gneiss, 156, 194, 211, 453, 590-593, 619. 
Gold, 19, 436. 
Goniobasis livescens, 20l. 
Goodhue county, chapter on, 20-6l. 

Situation and area, 20. 
Surface features, 20. 

Natural drainage, 20. 
Water-power mills, 21. 
Topography, 22. 
Changes of level in lake Pepin, 25. 
Surface features of townships, 26. 
Elevations, 28. 
Soil and timber, 30. 

Geological structure, 31. 
St. Croix formation, 31. 
Lower Magnesian limestone, 36. 
New Richmond sandstone, 37. 
Shakopee limestone, 38. 
St. Peter sandstone, 39. 
Rocks of the Trenton period, 39. 
Cretaceous, 43. 
Drift, 45. 
Till, 45. 
Pebbly clay, 46. 
Gravel plains and terraces, 48. 
Stanton fiats, 49. 
Wells, 51. 

Material resources, 52. 
Building stone, 52. 
Quicklime, 54 . 
Sand for mortar, 54. 
Brick, 55. 
Stoneware, 55. 
Peat, 56. 

Al'chreology, 56-6l. 
Granite, 156,157, 194,195, 212, 454-459, 

589-593, 618-620. 
boulders of, See Boulders. 

"Granite City," 591, 592. 
Grant and Stevens counties, chap tel' on, 

499-510. 
Situation and area, 499. 
Surface features, 499. 

Natural draiuage, 499. 
Lakes, 500. 
Topography, 500. 
Elevations, 501. 
Soil and timber, 502. 

Geological structure, 502. 
Glacial drift, 503. 
Lake Agassiz, 504. 
Beach ridges, 505. 
Wells in Grant county, 506. 
Wells in Stevens county, 507. 

Material resources, 509. 
Water-powers, 509. 
Building stone, 509. 
Lime, 509. 
Bricks, 509. 

Aboriginal earthworks, 510. 
Graptolites, 13, 35. 
Gravel plains. See Ten"aces. 
Gravel, fossiliferous, 20l. 
Gray boulder clay, 84. See also Till. 
Gray clay, Cretaceous, with shells, 602. 
Gray gneiss. See Gneiss. 
Gray granite. See Granite. 
Gray syenite. See Syenite. 
Gray till soil. See Till. 
Great Medieine spring, 311. 
Green shales, 40, 42, 289. 
Gypsum (selenite) crystals, 459, 460, 506. 
Gyraulus parvus, 201. 

Hrematite in drift,.95. 
Hardpan. See Till. 
Hennepin county, chapter on, 264-344. 

Situation and area, 264. 
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Surface features; 264. 
Natural drainage, 264. 
Topography, 265. 
Towns, descriptions of, 266. 
Elevations, 268. 
Soil and timber, 275. 
Trees and shrubs, 277. 

Geological structure, 278. 
Deep wells at Minneapolis, 279-286. 
St. Peter sandstone, 286. 
Trenton shales and limestone, 288. 
Cretaceous, 292. 
Drift, 293. 
Tills, 294. 
Copper masses, 372. 
Gravel and sand, 295. 
Sections in till, 297-305. 
Minnetrista kame, 305. 
Drift fossils, 306. 
Wells, 306. 
Medicinal springs, 308. 
Glacial marks, 312. 

Recession of the falls of St. Anthony, 
313. 

Dimensions of gorge below the falls, 
318. 

Richardt'S view of the falls-1857, 
319. 

Bond's description of the falls in 
1853,319. 

Capt. Eastman's Falls in 1853, 320. 
Hesler's views in 1851,320. 
Lewis' views in 1848, 321. 
Lmmans' Falls in 1842, 322. 
Featherstonhaugh's, 1835, 323. 
Keating's measurements, 325. 
Beltrami's description in 1823, 326. 
Schoolcraft's description in 1820,326. 
Maj. Long's description in 1817,328. 
Maj. Pike at the falls in 1805, 328. 
Carver's view in 1766, 329. 
Discovery of the falls by Hennepin, 

1680,333. 
Data for fixing rate of recession, 334. 
Possible errors, 338. 
Conclusions, 341. 

Material resources, 341. 
Fuel, 341. 
Building stone, 341. 
Brick clay, 342. 
Lime, 342. 

Water-powers, 343. 
Earthworks, 344. 

Herman beach, 505, 519, 522, 551, 662, 
664. 

Hights. See Elevations. 
Hinckley sandrock, 639, 645 f. n. 
"Hog-backs," 582. 
Hole-in-the-Day's bluff, 583, 610. 
Holopea, 35, 38. 
Hornblende schist, 194, 211. 
Hornblendic rock, 436, 454. 
" Horse-backs," 582. 
Hospital well, St. Peter, 169. 

Ice-sheet, 24, 47, 84, 133, 171, 184, 232, 
251, 410, 413, 416, 439, 463, 483, 487, 
503, 516, 545, 549, 570, 572, 605, 6-12, 
653. 
drift contained in. See Drift. 

Ice-formed ridges, 181, 223, 245, 418, 493, 
552, 573. 

Illrenurus, 34. 
Inglewood springs, 309. 
Inoceramus problematicus, 461. 
Interglacial forest-bed, 199, 466, 555, 

662. 
epochs, 84, 171, 185, 662. 

Intervals, 109. See also Alluvium. 
Inyan bosndata (standing rock), 76. 
Iron pyrites, crystals, 157. 
Iron springs. See Ohalybeate. 
Isanti county, chapter on, 399-425. See 

Ohisago, Isanti and Anoka counties for 
contents of chapter. 

Itasca moraine, 572, 653. 

Jack pine, 451, 566, 587, 615, 631,649. 
Joints, 157, 406, 433, 434, 437, 438,452, 

454, 456, 458, 568, 569, 590, 594, 596, 
616, 618, 620, 634, 635. 

Jordan sandstone, Wabasha county' 9' , , 
Goodhue, 31; Dakota, 71; Carver and 
Scott, 121-123, 139; Sibley and Nicol
let, 161 ; Washington, 38l. 

Kames, 96, 168, 185, 191, 234, 305, 440, 
486, 551, 571, 584. 

Kame-like mounds, 191, 200, 428, 584, 
66l. 

Kanabec county, chapter on, 612-628. 
See Mille Lacs and Kanabec for con
tents of chapter. 
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Ice-sheet, 24, 47, 84, 133, 171, 184, 232, 
251, 410, 413, 416, 439, 463, 483, 487, 
503, 516, 545, 549, 570, 572, 605, 612, 
653. 
drift contained in. See Drift. 

Ice-formed ridges, 181,223 245 418 493 , , , , 
552,573. 

Illrenurus, 34. 
Inglewood springs, 309. 
Inoceramus problematicus, 461. 
Interglacial forest-bed, 199, 466, 555, 

662. 
epochs, 84, 171, 185, 662. 

Intervals, 109. See also Alluvium. 
Inyan bosndata (standing rock), 76. 
Iron pyrites, crystals, 157. 
Iron springs. See Ohalybeate. 
Isanti county, chapter on, 399-425. See 

Ohisago, Isanti and Anoka counties for 
contents of chapter. 

Itasca moraine, 572, 653. 
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tents of chapter. 
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Kandiyohi and Meeker connties, chap
ter on, 220-242. 

Situation and area, 220. 
Surface features, 221. 

Natural drainage, 221. 
Ice-formed ridges, 223. 
Topography of Kandiyohi, 2~4. 
Topography of Meeker, 227. 
Elevations, 229. 
Soil and timber, 230. 
Trees in Kandiyohi, 231. 
Trees in Meeker, 232. 

Geological structure, 232. 
Drift, 232. 
Kames, 234. 
Boulders, 234. 
Limeston~ boulders, 234. 
Wells in Kandiyohi, 235. 
Wells in Meeker 236. 

lVIaterial resources, 238. 
Water-powers, 238. 
Bnilding stone, 239. 
Lime, 239. 
Bricks, 240. 

.Aboriginal earthquakes, 241. 
Kaolin, 196. 
Kettle holes, 133. See also Pot holes. 
Kettle moraine, 245. 
Kettle river sandstone, 637. 
Kiester moraine, 415, 625. 
Knolls, origin of, 168. See also Kames. 

Lacustrine deposits, 662. 
Lake .Agassiz, 134, 500, 504, 505, 517-

527, 551, 656, 662, 664-667. 
Lake Pepin, changes of level, 25, 

origin of, 4. 
Lakes: Wabasha county, 3; Dakota, 63; 

Carver, 103; Scott, 104; Sibley and 
Nicollet, 150; McLeod, 180; Renville, 
191; Swift and Chippewa, 206; Kandi
yohi and Meeker, 221; Wright, 244; 
Hennepin, 265; Washington, 392; Ohi
Rago, Isanti and .Anoka, 400; Benton 
and Sherbnrne, 427; Stearns, 446; 
Donglas and Pope, 472-474; Grant 
and Stevens, 500; Otter Tail, 535-538; 
Wadena and Todd, 563; Crow Wing 
and Morrison, 581; Mille Lacs and 
Kanabec,613; Pine, 629; Becker, 647; 
Clay, 656. 

Laminated clay soil, 68, 69. 
J..Ieaf hills, 546-549. 
Leaf hills Illoraine, 549, 570-571, 60G, 

653. 
Leaf mountains. See Leaf hills. 
Legnminosites, 43. 
Leperditia, species of, 28ft 
Leptmna sericea, 357. 
Lignite in Oretaceons, 84, 16;), lfJ7, 4.52, 

459, 482, 602. 
in drift" 166, 253, 293,306,410,482,602. 
in wells, 136-138, 1G6-169, 187, 201, 

216, 235, 238, 258, 30G, 420, 46G, 494, 
507, 531, 653. 

Lignitic clay, 602. 
Lime: Goodhue county, .54; Dakota, 98; 

Oarver and Scott, 140; Sibley ami 
Nicollet, 177; MeLeod, 188; Renville, 
204; Swift and Ohippewa, 219; Kandi
yohi and Meeker, 239; Wright, 2GO; 
Hennepin, 342; Cltisago, Isanti and 
.Anoka, 422; Stearns, 468; Douglas and 
Pope, 496; Grant and Stevens, 509; 
Otter Tail, 557; Wadena and Todd, 
576; Becker, 655; Olay, 670 . 

Limestone boulders and pebbles, 184,199, 
230, 234, 252, 260, 371, 422, 503, 543, 
622, 650, 655, 661. 

Limestone formations. See LOUJe1' lJlag
nesian, Shakopee, 8t. Lawrence and 
T1'enton. 

Lingulas, 33, 42, 357, 408. 
Little Falls & Dakota railway, eleva

tions, 479, 564, 585. 
Lituites, 40. 
Loam, 3, 7, 18, 31, 47, 68, 95, 371. 

origin of, 47. 
Loess Loam. See Lown. 

origin of, 42. 
Lonchocephalus, 34. 
Lower Magnesian limestone: ,Vabasha 

count,y, 9, 12, 19; Goodhue, 36, 53; 
Dakota, 70, 72; Oarver and Scott, 1 UI, 
124; Sibley and Nicollet, 162, 176; 
Washington, 382-385; Ohisago, Isanti 
fwd .Anoka, 409; Becker, 651. 

Lower Silurian formation. 70. 

:M:aclurea, 2.53. 
Madison sandstone of Irving, 14, 32. 
Magnesian limestone. See LOWe)' 11fag-

nesian limestone. 
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Maquoketa shales, 41. 
Margaritana, 602. , 
Mastodon and man co· existent in Wash

ington county, 397. 
Material resources: Wabasha county, 

18, 19; Goodhue, 52-56; Dakota, 98-
100; Carver and Scott, 139-146; Sibley 
and Nicollet, 176-179; McLeod, 188; 
Renville, 203; Swift and Chippewa, 
218; Kandiyohi and Meeker, 238-240; 
Wright, 259-262; Hennepin, 341-344; 
Ramsey, 372-373; Washington, 393-
397; Chisago, Isanti and Anoka, 421-
424; Benton and Sherburne, 443; 
Stearns, 467-470; Douglas and Pope, 
495-497; Grant and Stevens, 509; Wil
kin and Traverse, 532; Otter Tail, 
556-558; Wademt and Todd, 575-579; 
Crow Wing and Morrison, 608; Mille 
Lacs and Kanabec, 626-628; Pine, 644-; 
Becker, 654; Clay, 670. 

McCauleyville beach, 520,522, 523, 667. 
McLeod county, chapter on, 1RO-189. 

Situation and area, 180. 
Surface features, 180. 

Natural drainage, 180. 
Topograpby, 181. 
Elevations, 181. 
Soil and timber, 182. 
Trees and sbru bs, 183. 

Geological structure, 184. 
Glacial drift, 184. 
Modified drift, 185. 
Wells, 186. 

Material resources, 188. 
Water-powers, 188. 
Building stone, 188. 
Lime, 188. 
Bricks, 188. 

Aboriginal earthworks, 189. 
Medicinal springs, 308. 
Meeker county, chapter on, 220-242. 

See Kandiyohi and Meeker counties for 
contents of chapter. 

Mendota limestone of Irving, 14, 16, 32. 
Menocephalus, 34. 
Metalliferous veins, 407, 436. 
Metamorphic rocks, 117. 
Mica schist, 618, 620, 632. 
Mille Ilaes, 581, 613. 

Mille Lacs and Kanabec counties, chap
ter on, 612-628. 

Situation and area, 612. 
Surface features, 612. 

Natural drainage, 612. 
Lakes, 613. 
Topography, 613. 
Elevations, 613. 
Soil and timber, 614. 
Trees and shrubs, 615. 

Geological structure, 615. 
Archffian rocks, 615. 
Potsdam sandstone, 621. 
Glacial and modified drift, 622. 
Drift copper, 623. 
Moraines, 625. 
Wells, 626. 

Material resources, 626. 
Water-powers, 626. 
Building stone, 627. 
Bricks, 627. 
Springs, 628. 

Aboriginal earthworks, 628. 
Mills at Minneapolis, 343. See also Wa

ter-powers. 
Minerals, 95, 204. 
Mining for coal, 197, 260, 293,460. 

copper and silver, 407, 421, 633. 
Minneapolis & St. Louis railway, ele

vations, 113, 152, 192, 269, 270. 
Minneapolis, Lyndale & Minnetonka 

railway, elevations, 272. 
Minnesota & Northwestern railway, ele

vations, 29, 67, 113, 350. 
Minnesota river, elevations, 114, 152,193, 

209,274. 
valley of, 63, 64, 108-111, 131. 

Minnesota stoneware company, 56. 
tripoli company, 394-396. 

Minnetonka lake, water of, 311. 
Minnetrista kame, 305. 
Mirage view in Clay county, 657. 
Mississippi river, elevations of, 247,274, 

352. 
valley of, 3-6, 64. 
water of, 311. 

Modes of deposition of till and modified 
drift, 48, 416, 482, 605. See also Drift. 

Modified drift: Goodhue county, 46; Da
kota, 84; Carver and Scott, 110, 111; 
Sibley and Nicollet, 168, 171-175; Mc-
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Leod, 185; Renville, 198, 200; Swift 
and Chippewa, 215, 216; Kandiyohi 
and Meeker, 233; Wright, 251; Hen
nepin, 265, 293-306; Ramsey, 268; 
Washington, 392; Chisago, Isanti and 
Anoka, 400, 413; Benton and Sher
burne, 427; Stearns,4408; Douglas and 
Pope, 478-48~, 489-492; Otter Tail, 
550; Wadena aud Todd, 572; Crow 
Wing and Morrison, 582-584, 606; 
Mille Lacs and Kanabec, 622-625; 
Pine,612; Becker, 651; Clay,66l. 
deposited upon the latest till: 415. 
overlain by yellow till, 413. 

Moraines, terminal: Carver and Scott 
counties, 105-107; Swift and Chippe
wa, 213; Kandiyohi and Meeker, 224-
~26, 233; Wrigbt, 252; Henuepiu 316 
f. n.; 'Wasbington, 389; Cbisago,Isanti 
Hml Anoka, 415; Douglas and Pope, 
'1::;~-J8i<; Otter Tail, 544-549; Wa
dena and Todd, 570-572; Crow Wing 
and l\Iorrison, 605; Mille Lacs and 
Kanabec, 625; Pine, 642; Becker, 652. 

Moraines, buried, 199, 214. 
Morainic till, 400, 427, 439, 446-448, 

462, 475-477, 572, 582, 605, 625, 6i2, 
651. 

lVlorrison county, chapter on, 580-61l. 
See Grow Wing and ]lorrison for con

tents of chapter. 
Mounds: Wabasha county, 19; Good

hue, 56; Dakota, 100; Carver and Scott, 
14 7; Sibley and Nicollet: 179; McLeod, 
189; Kandiyohi and Meeker, 241; 
Wright" 262; Hennepin, 344; Ramsey, 
374; Chisago, Isanti and Anoka, 424, 
Benton and Sherburne, 444; Stearns, 
470; Douglas and Pope, 498; Wilkin 
and Traverse, 533; Otter Tail, 558-
561; Wadena and Todd, 579; Crow 
Wing and Morrison, 610; Mille Lacs 
and Kanabec, 628; Pine, 645; Becker, 
655; Clay, 671. 

l\found View, 368. 
Murchisonia, species of, 289. 

tri carinata, 357. 
ventricosa, 357. 

Native copper in drift, 48, 95, 130, 303, 
372, 392, 421, 623, 643. 

Natural drainage: Wabasha county, 1, 
2; Goodhue, 20,21; Dakota, 62,63; 
Carver and Scott, 103; Sibley and 
Nicollet, 149; McLeod, 180; Renville, 
190; Swift and Chippewa, 206; Kan
diyohi and Meeker, 221; Wright, 244; 
Hennepin, 264; Ramsey, 345; Wash-' 
ington, :)75; Chisago, Isanti and Ano
ka, 399; Benton and Sherburne, 426; 
Stearns, 445; Douglas and Pope, 471; 
Grant and Stevens, 499; Wilkin and 
rrraversc, 511; Otter Tail, 534; Wadena 
and 'l'odd, 562; Crow Wing and Mor
rison, 581; Mille Lacs and Kanabec, 
612; Pine, 629; Becker, 646; Clay, 656. 

New Richmond sandstone : Wabasha 
county, 11, 12; Goodbue, 37; Dakot,a, 
73; at asylum quarry, St. Peter, U4; 
Wasbington county, 387. 

Nicollet county, cbapter on, 148-179. 
See Sibley and Nicollet counties for con
tents of chapter. 

Norcross beach, 506, 519, 522, 523, 552, 
667. 

N ortbern Pacific railroad, elevations, 
514, 5~8, 56!, 647, 658. 

Duluth line, 585. 
Little Falls & Dakota, 585. 
St. Paul & Minneapolis line, 585. 

Norway pine, 405,566,587,615,631,649. 

Obolella polita, 33. 
Obolus apollinis, 33. 
Ochreous clay, 163. 
Old water-courses. See Ancient channels 

and water-courses. 
Oolyte, 12, 387. 
Orbicllla, species of, 408. 
Origin of brick clay, 47, 131, 342. 

Lake Pepin, 4. 
Orthis, species of, 33, 290, 357. 

barabuensis, 33. 
minneapolis, 357. 
perveta, 357. 
plicatella, 357. 
remnicha, 33. 
sandbergi, 33. 
subequata, 357. 
tricenaria, 289, 307. 

Orthoceratites, 38, 40, 42. 
Osars, 486-488, 490, 550, 572, 582. 
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Otodns appendiculatus, 603. 
Otter TaH county, chapter on, 534-561. 

Situation and area, 53·i. 
Surface features, 534. 

Natural drainage, 534. 
Lakes, 535. 
Topography, 538. 
Elevations, 538. 
Soil and timber, 541. 
Trees and shrubs, 542. 

Geological structure, 543. 
Terminal moraines, 544. 
Leaf hills, 546. 
Fergus Falls moraine, 549. 
Leaf hms moraine, 549. 
Modified drift, 550. 
Osars, 550. 
Kames, 551. 
Granite bonlder, 551. 
Lake Agassiz, 551. 
Upper or Herman beach, 551. 
Norcross beach, 552. 
Ice-formed ridges, 552. 
Wells, 553. 

Material resources, 556. 
'Vater-powers, 55G. 
Bnihling stone, 557. 
Lime, 557. 
Bricks, 558. 

Aboriginal earthworks, 5G8. 
Mounus, 560. 

Peat" 56, 181, 424. 
Pebbly ej.1Y, 46. 
PemphigaspiH, 24. 
Pepin, lnke, cause of, 4. 
Petmia, 42. 
Petrified moss, 147, 311, 498, 533, 60G. 
Pine, 542. 

.Tack pine, 451, 56li, 587, 615, G31, 649. 
Norway or red pine, 405, 5G6, 587, G15, 

G31, (;49. 
\Vhite pine, 8, 31, 70 f. n., 277, 3f,5, 

405,430,4.51,481,56(;,587, G15, G31, 
G49. 

Pille county, chapter on, G29-G45. 
Situation and area, G29. 
Surface features, G29. 

Natural drainage, 629. 
Lakes, 629. 
rropography, 630. 

Elevations, 630. 
Soil and timber, 631. 
Trees and shrubs, 632. 

Geological structure, 632. 
Archrean rocks, 632. 
Copper-bearing trap, 632. 
Trappean rocks, 635. 
St.. Croix sandstone, 637. 
Glacial and modified drift, 642. 
Glacial outlet of lake Superior, 642. 
Copper nuggets, 643. 
Wells, 644. 

l\'.1:aterial resou rces, 644. 
Water-powers, 644. 
Building stone, 645.· 
Springs, 645. 
Kettle river quarries, 645 f. n. 

Aboriginal earthworks, 645. 
Plateaus. See Terraces. 
Platyceras, ~5. 
Pleurotomaria, 35, 38. 

subconica, 357. 
Pope county, chapter on, 471-498. See 

DongZas and Pope connUes for contents 
of cbapter. 

Pot-holes, 159, 212, 406. 
Potsdam, 32, 35, 157-160, 405, 621. 

conglomerate and quartzyte, 157, 160, 
622. 

sandstone, 117, 159, 62], 637, f. n. 
Pottery at Red Wing, 43. 
Pottery clay, 44. 
Porcelain clay, 19. 
Prairie fires, 155, 18], 232. 
Prairies, 22, 64, 68, 110, 154, 183, 193, 

20G, 210, 231, 2<17, 249, 381, 431, 451, 
481, 502, 542, 567, 588, 614, 648, 660. 

Prehnite, 634, 636. 
Primordial fauna of the upper Missis· 

sippi, 35 . 
Prospecting for copper, 407, 636; gold, 

436. 
Pteropods of the St. Croix, 35. 
Ptychaspis, 34-, 35. 
Pyrite~ 460. 

Quarries: Wabasha county, 13; Good
hue, 36-43, 53, 54; Dakota, 72,75, Rl, 
83, 98; Carver and Scott, 119, 120, 123, 
126, 139, 140; Sibley and Nicollet, 160-
163, 176; Swift and Chippewa, 218; 
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Otodl1s appendiculatus, 603. 
Otter Tail county, chapter on, 534-561. 

Situation and area, 53·!. 
Surface features, 534. 

Natural drainage, 534. 
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Soil and timber, 54l. 
Trees and shrubs, 542. 
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Leaf hills moraine, 549. 
Modified drift, 550. 
Osars, 550. 
Karnes, 551. 
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Wells, 553. 
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Li me, 557. 
Bricks, 558. 

Aboriginal earthworks, 508. 
lVloUlllls, 5GO. 

Peat, 56, 181, 424. 
Pebbly ellY, 46. 
Pemphigaspis, 24. 
Pepin, lake, cause of, 4. 
Petmia, 42. 
Petrifieclmoss, 147, 311, 498, 533, 606. 
Pine, 542. 

Jack pine, 451, .566, 587, 615, t)31, 649. 
Norway or red pine, 405, 566,587,615, 

6:31, 649. 
\Vbite pine, 8, 31, 70 f. n., 277, 3.55, 

405, 43~ 451, 481, 566, 587, 615, 631, 
649. 

Pine count,y, chapter on, 629-645. 
Situation and area, 629. 
Surface features, 629. 

Natural drainage, 629. 
Lakes, 629. 
'ropography, 630. 

Elevations, 630. 
Soil and timber, 63t. 
Trees and shrubs, 632. 

Geological structure, 632. 
Archrean rocks, 632. 
Copper-bearing trap, 6:32. 
Trappean rocks, 6:35. 
St. Croix sandstone, 637. 
Glacial and modified drift, 642. 
Glacial outlet of lake Superior, 642. 
Copper nuggets, 643. 
Wells, 644. 

Material resources, 644. 
Water-powers, 644. 
Building stone, 645. 
Springs, 645. 
Kettle river quarries, 645 f. n. 

Aboriginal earthworks, 645. 
Plateaus. See Terraces. 
Platyceras, b5. 
Pleurotomaria, 35, 38. 

subconica, 357. 
Pope county, chapter on, 471-498. See 

Douglas and Pope counties for contents 
of chapter. 

Pot-holes, 159, 212, 406. 
Potsdam, :32, 35, 157-160, 405, 621. 

conglomerate and quartzyte, 157, 160, 
622. 

sandstone, 117, 159, 621, 637, f. n. 
Pottery at Red Wing, 43. 
Pottery clay, 44. 
Porcelain clay, 19. 
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Prospecting for copper, 407, 636; gold, 
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Pteropods of the St. Croix, 35. 
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Pyrite, 460. 

Quarries: Wabasha county, 13; Good
hue, 36-43, 53, 54; Dakota, 72,75,81, 
83,98; Carver and Scott, 119, 120, 123, 
126, 139, 140; Sibley and Nicollet, 160-
163, 176; Swift and Chippewa, 218; 
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Pope county, chapter on, 471-498. See 

Douglas and Pope counties for contents 
of chapter. 

Pot-holes, 159, 212, 406. 
Potsdam, :32, 35, 157-160, 405, 621. 

conglomerate and quartzyte, 157, 160, 
622. 

sandstone, 117, 159, 621, 637, f. n. 
Pottery at Red Wing, 43. 
Pottery clay, 44. 
Porcelain clay, 19. 
Prairie fires, 155, 181, 2:32. 
Prairies, 22, 64, 68, 110, 154, 183, 193, 

206, 210, 231, 2,.17, 249, 381, 431, 451, 
481, 502, 542, 567, 588, 614, 648, 660. 

Prehnite, 634, 636. 
Primordial fauna of the upper Missis
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Prospecting for copper, 407, 636; gold, 

436. 
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Ptychaspis, 34, 35. 
Pyrite, 460. 

Quarries: Wabasha county, 13; Good
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163, 176; Swift and Chippewa, 218; 
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Hennepin, 341, 342; Ramsey, 373; 
Washington, 387, 389, 393, 394; Chi
sago, 422; Benton, 431-436, 443; 
Stearns, 456, 468; Morrison, 590, 598, 
609. 

Quartz, lumps of, 599, 6UO. 
Quicklime at Red Wing, 53, 54. See also 

Lime. -

Rain fall, 1M, 248, 542. 
Ramsey county, chapter on, 34fl-374. 

Situation and area, 345. 
Surface features, 345. 

Natural drainage, 345. 
Topography, 346. 
Towns, description of, 3-18. 
Elevations, 849. 
Soil and timber, 352. 
Trees and shrubs, 354. 

Geological structure, 356. 
Trenton shales and limestone, 356. 
St. Peter sandstone, 358. 
Deep wells, 359. 
Drift, 365. 
Till, 365. 
Section in drift, 3ti7. 
Modified drift, 368. 
Section in valley drift, 369. 
Loam, 371. 
Copper nuggets, 372. 
Wells, 372. 

Material resources, 372. 
'.rimber and fuel, 372. 
Building stone, 373. 
~lills and water-powers, 37B. 

Earthworks, 374. 
Recession of the falls of St. Anthony, 

313-34l. 
Red brick, 18, 55, 100, 141, 189, 219, 261, 

373, 423, 443, 470, 496, 577, 609, 627. 
Red pine, 405, 5fi6, 587, 615, 631, 649. 
Red quartzytes, 35, 158, 159. 
Red river valley, 531, 670. 
Red rock, painted by Indians, 397. 
Red syenite, 432-438, 457. 
Red till, 68, 85, 87, 198, 215, 255, 275, 

276, 293, 365, 380, 389, 409. 
Red till overlain by blue till and yellow 

till, 86, 293, 303, 409. 
Red Wing brick, 55. 

pottery, 43. 

1;17 

section in river terrace, 50. 
stoncware, 55. 
till sheet at, 46. 

Renville county, chapter on, 190-204. 
Situation and area, 190. 
Surface features, 190. 

Natural drainage, 190. 
Topography, 19l. 
Elevations, 192. 
Soil and timbcr, 193. 

Geological structurc, 194. 
Archma,n rocks, 194. 
Dccomposcli gneiss and granite, 196. 
Cretaceolls beds, 197. 
Glacial and modified drift" 198. 
Wells, 20l. 

Material resources, 203. 
Building stone, 203. 
Lime, 204. 
Bricks, 204. 
Mi ncrals, 204. 

Rhynchonella ainsliei, ;157. 
capax, 290, 357. 

Richmond sandstone. See New Rich-
mond sandstone. 

Rich valley channel, 90. 
River Warren, 52l. 
Rock decomposed in place, 196. 

Saint Anthony falls, 313, 34l. 
Saint Cloud granite, 4;32, 433, 455, 457, 

468. 
Saint Croix sandst.one: Wabasha county, 

13; Goodhue, 31; Washington, 381; 
Chisago, 407; Pine, 637-641. 

Saint Lawrence limestone: Wabasha 
COUlIty, 9, 19; Dakota, 70; Carver and 
Scott, 119, 121, 139; Sibley and Nicol
let, 170, 176, 177; Washington, 38l. 

Saint Paul & Duluth railway, eleva
tions, 351, 379, 401, 630. 

Saint Paul, Minneapolis & Manitoba 
railway, elevations, 208, 247, 269, 357, 
402, 479, 659. 
Breckenridge line, 229, 247, 501, 513. 
Brown's Valley branch, 501, 514. 
Carlisle to Pelican Rapids,' 540. 
Fergus Falls line, 429, 450, 501, 513, 

539, 565. 
Osseo branch, 269. 
Si1\1~ CerMe and Northern br<tnch, 565. 

SCIENTIFIC INDEX. 689 

Hennepin, 341, 342; Ramsey, 373; 
Washington, 387, 389, 393, 394; Chi
sago, 422; Benton, 431-436, 443; 
Stearns, 456, 468; Morrison, 590, 598, 
609. 

Quartz, lumps of, 599, 6UO. 
Quicklime at Red Wing, 53, 54. See also 

Lime. -

Rainfall, 1M, 248, 542. 
Ramsey county, chapter on, 34ii-374. 

Situation and area, 345. 
Surface features, 345. 

Natural drainage, 345. 
Topography, 346. 
Towns, description of, 3-1,8. 
Elevations, 849. 
Soil and timber, 352. 
Trees and shrubs, 354. 

Geological structure, 356. 
Trenton shales and limestone, 356. 
St. Peter sandstone, 358. 
Deep wells, 359. 
Drift, 365. 
Till, 365. 
Section in drift, 307. 
Modified drift, 368. 
Section in valley drift, 369. 
Loam, 37l. 
Copper nuggets, 372. 
Wells, 372. 

Material resources, 372. 
'l'imbcr and fuel: 372. 
Building stone, 373. 
Mills and water-powers, 37:3-

Earthworks, 374. 
Recession of the falls of St. Anthony, 

313-341. 
Red brick, 1R, 55, 100, 141, 189, 219, 261, 

373, 423, 443, 470, 496, 577, 609, 627. 
Red pine, 405, 51)6, 587, 615, 631, 649. 
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276, 293, 365, 380, 389, 409. 
Red till overlain by blue till and yellow 

till, 86, 293, 303, 409. 
Red Wing brick, 55. 

pottery, 43. 
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section in river terrace, 50. 
stoneware, 55. 
till sheet at, 46. 

Renville county, chapter on, 190-204. 
Situation and area, 190. 
Surface features, 190. 

Natural drainage, 190. 
Topography, un. 
Elevations, 192. 
Soil and timber, 193. 

Geological structure, 191. 
Archa1an rockB, 194. 
DecompoBcll gneiss and granite, 196. 
CretaccollB beds, 197. 
Glacial and modified drift" 198. 
Wells, 201. 

Material reBOUl"CeS, 203. 
Building stone, 203. 
Lime, 204. 
Brieks, 204. 
Mi nera Is, 204. 

Rhynchonella a,insliei, :{57. 
eapax, 290, 357. 

Richmond sandstone. See New Rich-
mond sandstone. 

Rich valley channel, 90. 
River Wanen, 52l. 
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Saint Cloud granite, 4:)2, 433, 455, 457, 

468. 
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St. Cloud and Hinckley branch, 429, 
613. 

Saint Paul & Northern Pacific railway, 
elevations, 271, 350, 429. 

Saint Peter sandstone: \Vabasha county, 
10; Goodhue, 39; Dakota, 75-82, 99; 
Hennepin, 278-28~, 286-288; RaMley, 
358, 364; Washington, 388; Carver 
and Scott, 126. 
physical character of, 287. 

Salix proteaofolia, 43. 
Salt, well at Belle Plaine, 147. 
Sandstone. See Jordan, New Richmond, 

Potsdam, St. Oroix, and St. PeteT fOTma
tions. 

Sandy plains and terraces. See TeTTCwes. 
Satin~spar, 634. 
Sauk Rapids granite, 432, 433, 443. 
Scaphites larviformis, 461. 
Schist, 156, 597, 598, 601. 
Scolithus, 35, 78. 
Scott county, chapter on, 102-147. See 

OarveT and Scott counties for contents 
of chapter. 

Sections. See also Wells. 
Belle Plaine salt well, 117, 118. 
Cambrian, 384. 
Chaska, drift, 144. 
Cretaceous: Goodhue county, 43, 44; 

Sibley and Nicollet, 165; Stearns, 
459, 461. 
sandstone, 165. 

Dayton, Wright county, drift" ~54. 

Drift: Goodhue county, 50; Carver 
and Scott, 144; Hennepin, 297-805; 
Ramsey, 367-371; Washington, 398; 
Chisago, Isanti and Anoka, 411. 

Frontenac, quarry, 53. 
HastingR, well, 82. 
J ordau sandstone, 121. 
Lake City, well, 17. 
Little Cannon valley, Trenton, 41. 
Lower lVIagnesian limestone, 125, 384, 

387. 
Minneapolis, wells, 279-286. 
Nest lake, Kandiyohi county, brick 

clay, 240. 
Parkdale, Otter Tail county, drift, 

554. 
Point Douglas, Washington county, 

Oambrian, 384. . 

Red Wing, river-terrace, 50;wel1, 52. 
St. Anthony falls, 301. 
St. Croix formation, 31. 
St. Lawrence, 120. 
St. Paul, wells, 359-365. 
St. Peter, well, 169. 
Shakopee limestone, 125. 
Stillwater, drift, 398. • 
Trenton formation, 41, 289, 357, 387. 

shales, 297-299. 
Selenite, 459, 460, 506. 
Serpulites, 35, 78. 
Shakopee limestone : Wabasha county, 

10, 12; Goodhue, 37, 38; Dakota, 73-
75; Carvel' and Scott, 126; Sibley and 

. Nicollet, 162; Washington, 387,388. 
mounds, 11 f. n. 

Shark's teeth in Cretaceous, 461, 603. 
Shell-marl, 469, 653. 
Shells in post glacial gravel, 201. 
Sherburne county, chapter on, 426-444. 

See Benton and Sherburne counties for 
contents of chapter. 

Shrubs: Wabasha county,8; Carver and 
Scott, 116; Sibley and Nicollet, ]55; 
McLeod, 183; Swift and Chippewa, 210; 
Kandiyohi, 231; Meeker, 232; Wright, 
250; Hennepin, 277; Ramsey, 354; Chi
sago, Isanti and Anoka, 405; Benton 
and Sherburne, 430; Douglas ana 
Pope, 481; Wilkin and Traverse, 515; 
Wadena and Todd, 566; Crow Wing 
and Morrison, 587; Mille Lacs and 
Kanabec,615; Pine,632; Becker, 649; 
Clay, 661. 

Sibley and Nicollet counties, chapter on, 
148-179. 

Situation and area, 148. 
Surface features, 149. 

Natural drainage, ]49. 
Topography, 150. 
Elevations, 152. 
Soil and timber, 153. 
Trees and shrubs, 154. 

Geological structure, 155. 
Arch::ean rocks, 156. 
Potsdam conglomerate and quartz-

yte, 157. 
St. Lawrence limestone, 160. 
Jordan sandstone, 161. 
Lower MagneSian limestone, 162. 
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Oretaceous strata, 163. 
Glacial drift, 165. 
Wells in Sibley county, 166. 
Wells in Nicollet county, 168. 
Terraces of till, 170. 
Modified drift, 17l. 
Terraces of modified drift, 172. 
Alluvium, 175. 

Material resources, 176. 
Water-powers, 176. 
Building stone, 176. 
Lime, 177. 
Bricks, 177. 
Springs, 179. 

Aboriginal earthworks, 179. 
Silicified wood, 573. 
Silurian rocks, 10, 39-43, 70, 82, 288, 

356, 388, 409. 
Silver, 407, 421. 
Sink-holes, 11. 
Slate, outcrops of, Todd county, 568; 

Morrison county, 593. 
Soils and subsoils: Wabasha county, 7; 

Goodhue,30; Dakota, 67; Carver and 
Scott, 115; Sibley and Nicollet, 153; 
McLeod, 182; Renville, 193; Swift and 
Chippewa, 210; Kandiyohi and Mee
ker, 231; Wright., 248; Hennepin, 275; 
Ramsey, 352; Washington, 3~0; Chi
sago, Isanti and Anoka, 404; Benton 
and Sherburne, 430; Stearns, 451; 
Douglas and Pope, 480; Grant and 
Stevens, 502; Wilkin and Traverse, 
515; Otter Tail, 541; Wadena and 
Todd, 566; Crow Wing and Morrison, 
587, Mille Lacs and Kanabec,614; 
Pine, 631; Becker, 648; Clay, 660. 

Speckled trout, 65. 
Sphrerium striatinum, 20l. 
Springa, 21, 146, 179, 308-312, 443, 497, 

533, 606, 628, 645. 
Stanton flats, 49. 
Staurolite, 597, 598. 
Staurolite-bearing mica schist, 593. 
Stearns county, chapter on, 445-470. 

Situation and area, 445. 
Surface features, 445. 
~ atural drainage, 445. 
Lakes, 446. 
Topography, 446. 
Elevations, 450. 

Soil and timber, 451. 
Geological structure, 452. 

Archrean rocks in, 452. 
Ashley, 452. 
Sauk Center, 452. 
Melrose, 453. 
Wakefie1<l1 454. 
Rockville, 454. 
St. Joseph, 455. 
St. Augusta, 455. 
St. Cloud, 455. 
Le Sauk, 458. 
Brockway, 459. 

Cretaceous beds, 459. 
Lignite, 460. 
Glacial and modified drift, 46:1. 
Wells, 464. 

Material resources, 467. 
Water-powers, 467. 
Building stone, 468. 
Lime, 468. 
Bricks, 469. 

Aboriginal earthworks, 470. 
Stevens county, chapter on, 499-510. See 

Grant and Stevens counties for contents 
of chapter. 

Stillwater, trilobite bed, 38l. 
Stoneware at Red Wing, 43, 55. 
Strire. See Glltcial strifE. 
Stromatoporoids, 38. 
Strophomena alternata, 357. 

Minnesotensis, 289, 357. 
Sugar-loaf mound, 13. 
Sugar maple, 70 f. n. 
Sulphur springs, 497. 
Swift and Chi ppewa counties, chapter 

on, 205-219. 
Situation and area, 205. 
Surface features, 206. 

Natural drainage, 206. 
Topography, 206. 
Elevations, 208. 
Soil and timber, 210. 
Trees and shrubs, 210. 

Geological structure, 2tO. 
Archreau rocks, 2tO. 
Glacial and modified drift, 213. 
Terminal moraines, 213. 
Buried moraine, 214. 
Red till, 215. 
Modified drift, 215. 
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Elevations, 450. 

Soil and timber, 451. 
Geological structure, 452. 
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Material resources, 467. 
Water-powers, 467. 
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Lime, 468. 
Bricks, 469. 
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Grant and Stevens counties for contents 
of chapter. 

Still water, trilobite bed, 381. 
Stoneware at Red Wing, 43, 55. 
Strim. See Glacial strim. 
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Wells in Swift county, 216. 
Wells in Chippewa county, 217. 

Material resources, 218. 
Water-powers, 218. 
Building stone: 218. 
Lime, 219. 
Bricks, 219. 

Syenite, 212, 432-438, 452, 453-459, 569, 
589, 616, 617. 

Tamarack used by Indians, 45l. 
Taylor's Falls Mining Company, 407. 
Terminal moraines. See Moraines. 
Ten'ar.es: "\Vabasha county, ::S, 17; Good-

hue, 45, 48-50; Dakota, 85-88, 91-94; 
Carvel' and Scott, 106, 109-111, 131; 
Sibley and Nicollet, 170, 172; McLeod, 
184; Renville, 200; Swift and Chip
pewa, 216; Hennepin, 295; 'Washing
ton, 377, 390; Chisago, Isanti and 
Anoka, 417; Becker, fl50; Clay, 658. 
alluvial, 17, 73. 
gravel and modified drift, 48, 88, 91-
94,110,131,172,216,295,377,390,417. 
till, 170, 200. 

Terra-cotta clay, 47,423. 
Theca primordialis, 35. 
Thickness of drift. See Drift. 
Till. See also Wells. Wabasha county, 

14, 18; Goodhue, 45, 46; Dakota, 68, 
85-88; Carver and Scott, 127-131,133, 
146; Sibley and Nicollet, 166, 170; Mc
Leod, 182, 184; Renville, 198-200; 
Swift and Chippewa, 215; Kandiyohi 
and Meeker, 227, 232; Wright, 254-
258; Hennepin, 275, 293-303, 312; 
Ramsey, 365-372; Washington, 389-
392; Chisago, Isanti and A.noka, 409-
417; Benton and Sherburne, 428, 439; 
Stearns, 446-448; Douglas and Pope, 
484, 491; Grant and Stevens, 502; Wil
kin and Traverse, 518; Otter Tail, 542; 
Wadena and Todd, 569; Crow Wing 
and Morrison, 583, 587, 603; Mille 
Lacs and Kanabec, 622; Pine, 642; 
Becker, 651; Clay, 661. 
blue, 14, 45, 166, 186, 254, 297-304, 

411,412. 
change of color, 45, 184, 302 f. n. 
gray, 45, 68, 275, 277, 293, 297-304, 

371, 389. 

later gray, 85, 86. 
older gray, 85, 86, 294. 
origin of, 85, 184, 232, 255, 294, 410, 

416, 439, 462, 603. 
red, 68, 85, 86, 166, 215, 255, 275, 276, 

293, 297-30!, 365-371, 389, 410,412, 
415, 642. 

red overlain by blue till and yellow 
till, 254, 409, 413. 

thickness of. See Drift. 
yellow, 254, 409, 411, 412, 414. 

Timber. See Trees. 
Todd county, chapter on, 562-579. See 

Wadena and Todd counties for contents 
of chapter. 

Topography: Wabasha, 2-6; Goodhue, 
20-28; Dakota, 63-65; Carver and 
Scott, 105-111; Sibley and Nicollet, . 
150-152; McLeod, 181; Renville, 191, 
192; Swift and Chippewa, 206-208; 
Kandiyohi, 224-227; Meeker 227-229; 
Wright, 245-247; Hennepin, 265-268; 
Ramsey, 346-349; Washington, 376, 
377; Chisago, Isanti and Anoka, 400, 
401; Benton and Sherburne, 427, 428; 
Stearns, 446-450; Douglas and Pope, 
475-479; Grant and Stevens, 500; Wil-

. kin and Traverse, 512, 513; Otter Tail, 
538; Wadena and Todd, 563, 564; Crow 
Wing and Morrison, 581-885; Mille 
Lacs and Kanabec, 613; Pine, 630; 
Becker, 647; Clay, 656-658. 

Trap-rock, 406,633-636. 
Traverse county, chapter on, 511-533. 

See Wilkin and Traverse counties for 
contents of chapter. 

Travertine. See Petrified moss . 
Treaty medal in a Red Wing monnd, 58. 
Trees: Wabasha county, 8; Goodhne, 

31; Dakot;1, 69; Carver and Scott, 116; 
Sibley and Nicollet, 155; McLeod, 183; 
Swift and Chippewa, 210; Kandiyohi 
and Meeker, 231, 232; Wright, 249; 
Hennepin, 277; Ramsey, 354; Wash
ington, 3RO; Chisago, Isanti and Ano
ka, 404; Benton and Sherbnrne, 430; 
Stearns, 451; Douglas and Pope, 481; 
Grant and Stevens, 502; Wilkin and 
Traverse, 515; Otter Tail, 542; Wa
dena and Todd, 567; Crow Wing and 
Morrison, 587; Mille Lacs and Kan-
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abec, 614; Pine, 631; Becker, 648; 
Clay, 660. 

Trenton shales and.1imestone: Wabasha 
county, 10; Goodhue, 39-43; Dakota, 
70, 82-84, 93, 98; Hennepin, 278-283, 
288-292, 298, 341; Ramsey, 356, 360, 
364, 373; A.noka, 409, 422; Washing
ton, 386, 38~. 

Trial'thrella auroralis, 34. 
Trilobites of the St. Croix, 33, 37, 408. 
Triplesia primordialis, 33. 
Tripoli beds in Washington county, 394; 

RalllSey, 370, 37l. 
Trout, 65. 

Unio, 20l. 
danre, Meek and Hayden, 602. 

Unmodified drift. See Glacial dr-ift. 
Upper primordial fauna, 35. 
Upper Trenton shales and limestone. 

See Trenton. 

Valleys. See Erosion. 
Valleys now filling up, 3, 6, 48, 377. 
Valvata tricarinata, Say, 20l. 
Vegetable remains in drift, 50, 185. See 

also Lignite and Wood. 
Veins of calcite, 634, 636. 

containing ores, 406, 436. 
feldspar, 156, 194, 452, 569, 590. 
quartz, 594, 595, 599, 619, 632. 

Vermilion valley, 89. 

Wabasha county, chapter on, 1-19. 
Situation and area, 1. 
Surface features, l. 

Natural drainage, 1. 
Water-power mills, 2. 
Topography, 2. 
Origin of lake Pepin, 4. 
Elevations, 6. 
Soil and timber, 7. 

Geological structure, 9. 
Trenton limestone, 10. 
St. Peter sandstone, 10. 
Shakopee limestone, 10. 
New Richmond sandstone, 1l. 
Lower Magnesian limestone 12. 
St. Croix formation, 13. 
Cretaceous, 14. 
Drift, 14. 

Wells, 15. 
Terraces, 17. 
LOCHS loam, 18. 

Material resources, 18. 
Bricks, ]8. 
Building stone, 19. 
Gold, 19. 

Earthworks, 19. 

Waconia moraine 128, 166,213,233,415, 
440, 463, 488, 516, 625, 642. 

Wadena and rfodd counties, 562-579. 
Situation and area, 5HZ. 
Surface features, 562. 

Natural drainage, 562. 
Lakes, 563. 
Topography, 563. 
Elevations, 564. 
Soil and timber, 566. 

Geological structure, 567. 
Archrean rocks, 567. 
Glacial and modified drift, 569. 
Till, 570. 
Moraines, 571. 
Silicified wood, 573. 
Alluvium, 573. 
Ice-formed ridgeH, 573. 
Wells in Wadena county, 573. 
Wells in Todd county, 574. 

Material resources, 575. 
Water-powers, 575. 
Building stone, 576. 
Lime, 576. 
Bricks, 577. 
Springs, 579. 

Aboriginal earthworks, 579. 
"Walnut, black, 70 f. n., 117. 
Warren, river, 521. 
Washington county, chapter on, 375-

398. 
Situation and area, 375. 
Surface features, 375. 

Natural drainage, 375. 
Topography, 376. 
Elevations, 377. 
Soil and timber, 380. 

Geological structure, 38l. 
St. Lawrence limestone, 38l. 
Jordan sandstone, 38l. 
Lower Magnesian limestone, 382. 
Cambrian, 383. 
Calcareous sandrock, 385. 
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Surface features, 562. 

Natural drainage, 562. 
Lakes, 563. 
Topography, 563. 
Elevations, 564. 
Soil and timber, 566. 

Geological structure, 567. 
Archman rocks, 567. 
Glacial and modified drift, 569. 
Till, 570. 
Moraines, 57l. 
Silicified wood, 573. 
Alluvium, 573. 
Ice·formed ridges, 573. 
Wells in Wadena county, 573. 
Wells in Todd county, 574. 

Material resources, 575. 
Water-powers, 575. 
Building stone, 576. 
Lime, 576. 
Bricks, 577. 
Springs, 579. 

Aboriginal earthworks, 579. 
vValnut, black, 70 f. n., 117. 
Warren, river, 521. 
Washington county, chapter on, 375-

398. 
Situation and area, 375. 
Surface features, 375. 

Natural drainage, 375. 
Topography, 376. 
Elevations, 377. 
Soil and timber, 380. 

Geological structure, 381. 
St. Lawrence limestone, 38l. 
Jordan sandstone, 38l. 
Lower Magnesian limestone, 382. 
Cambrian, 383. 
Calcareous sandrock, 385. 
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Section in lake blnff at Stillwater, 
387. 

St. Peter sandstone, 388. 
Trenton limestone, 388. 
Drift, 389. 
Morainic area, 389. 
Gravel and sand terraces, 390. 
Copper boulders, 392. 
Wells, 393. 

Material resources, 393. 
Quarries, 393. 
Tripoli, 394. 
Assay of tripoli, 396. 
W ater-powers, 396. 
Mastodon and man co· existent, 397. 

Red rock, painted by Indians, 397. 
Water-conrses. See Ancient channels. 
Water-powers: Wabasha county, 2; 

Goodhue, 21; Dakota, 63; Carver and 
Scott, 139; Sibley and Nicollet, 176; 
McLeod, 188; Renville, 203; Swift and 
Chippewa, 218; Kandiyohi and Mee
ker, 238; Wright, 259; Hennepin, 343; 
Ramsey, 373; Washington, 376; Chi
sago, Isanti and Anoka, 421; Benton 
and Sherburne, 443; Stearns, 467; 
Douglas and Pope, 495; Grant and 
Stevens, 509; Otter Tail, 556; ·Wadena 
and Todd, 575; Crow Wing and Mor
rison, 608; Mille Lacs and Kanabec, 
626; Pine, 644; Becker, 654; Clay, 670. 

Well, salt, at Belle Plaine, 147. 
Wells: Wabasha county, 15-17; Good

hne, 50; Dakota, 81, 96; Carver, 136; 
Scott, 138; Sibley, 166; Nicollet, 168; 
McLeod, 186; Renville, 201; Swift" 216; 
Chippewa, 217; Kandiyohi, 235; Mee
ker, 236; Wright, 258; Hennepin,279-
286,306; Ramsey, 359-365, 372; Wash
ington, 393; Chisago, 418; Isanti, 419; 
Anoka, 420; Benton, 441, Sherburne, 
442; Stearns, 464; Douglas, 493; Pope, 
494; Grant, 506; Stevens, 507; Wilkin, 
528; Traverse, 529; Otter Tail, 553-
556; Wadena, 573; Todd, 574; Crow 
Wing, 606; Morrison, 607; Mille Lacs, 
626; Kanabec, 626; Pine, 644; Becker, 
653; Clay, 667-670. 

Wheat, 154, 183, 193, 210, 231, 249, 481, 
502, 515, 531, 542, 631, 660. 

White pine, 8, 31, 70 f. n., 277,31)5, 405, 
430, 451, 481, 566, 587, 615, 631, 649. 

Wilkin and Traverse counties, chapter 
on, 511-533. 

Situation and area, 51l. 
Surface features, 51l. 

Natural drainage, 51l. 
Topography, 511. 
Elevations, 51l. 
Soil aud timber, 515. 

Geological structure, 515. 
Glacial drift, 516. 
Lake Agassiz, 517. 
River Warren, 52!. 
Beaches, 522-527. 
Recent alluvium, 527. 
Wells in Wilkin county, 527. 
Wells in Traverse county, 530. 
Wheat, 531. 

Material resources, 532. 
Water-powers, 532. 
Brick-making, 533. 
Springs, 533. 

AQoriginal earthworks, 533. 
Wisconsin Central railway, elevations, 

351, 379. 
Wisconsin, Minnesota & Pacific railway, 

elevations, 29, 67. 
Wood. See Trees. 
Wood in drift, 17, 51, 98, 410, 466, 506, 

573, 669. 
Wooden well-curbing, 97, 467, 507, 532, 

575, 670. 
Worms, fossil, 35, 78. 
·Wright connty, chapter on, 243-263. 

Situation and area, 243. 
Surface features, 244. 

Natural drainage, 24-1. 
Lakes, 244. 
Ice-formed ridges, 245. 
Topography, 245. 
Elevations, 247. 
Soil and timber, 248. 
Trees and shrubs, 249. 

Geological structure, 250. 
Glacial and modified drift, 25l. 
Moraines, 252. 
Fossiliferous beds, 252. 
Boulders, 252. 
Lignite, fragments of, 253. 
Section in the till, 254. 
Erosion by streams, 256. 
Wells, 258. 

" 

694 THE GEOLOGY OF MINNEsOtA. 

Section in lake bluff at Still water, 
387. 

St. Peter sandstone, 388. 
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Drift, 389. 
Morainic area, 389. 
Gravel and sand terraces, 390. 
Copper boulders, 392. 
Wells, 393. 

Material resources, 393. 
Quarries, 393. 
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Assay of tripoli, 396. 
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Water-courses. See AnC'ient chnnnels. 
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Well, salt, at Belle Plaine, 147. 
Wells: Wabasha county, 15-17; Good

hue, 50; Dakota, 81, 96; Carver, 136; 
Scott, 138; Sibley, 166; Nicollet, 168; 
McLeod, 186; Renville, 201; Swift, 216; 
Chippewa, 217; Kandiyohi,235; Mee
ker, 236; Wright, 258; Hennepin,279-
286,306; Ramsey, 359-365,372; Wash
ington, 393; Chisago, 418; Isanti, 419; 
Anoka, 420; Benton, 441, Sherburne, 
442; Stearns,464; Douglas, 493; Pope, 
494; Grant, 500; Stevens, 507; Wilkin, 
528; Traverse, 529; Otter Tail, 553-
556; Wadena, 573; Todd, 574; Crow 
Wing, 606; Morrison,607; Mille Lacs, 
626; Kanabec, 626; Pine, 644; Becker, 
653; Clay, 667-670. 
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White pine, 8, 31, 70 f. n., 277,355, 405, 
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Wooden well-curbing, 97, 467, 507, 532, 

575, 670. 
Worms, fossil, 35, 78. 
Wright county, chapter on, 243-263. 

Situation and area, 243. 
Surface features, 244. 

Natural drainage, 241. 
Lakes, 244. 
Ice-formed ridges, 245. 
Topography, 245. 
Elevations, 247. 
Soil and timber, 248. 
Trees and shrubs, 249. 

Geological structure, 250. 
Glacial and modified drift, 25l. 
Moraines, 252. 
Fossiliferous beds, 252. 
Boulders, 252. 
Lignite, fragments of, 253. 
Section in the till, 254. 
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Matedal resources, 259. 
Water-powers, 259. 
Building stoue, 260. 
Coal, explorat,ions for, 260. 
Lime, 260. 
Bricks, 260. 

Aboriginal earthworks, 262 . 

• 

SCIENTIFIC INDEX. 695 

Yellow till, 254, 409, 411, 412,414. See 
also Till. 

Zumbro river, 1,3,4 f. n., 7, 17, 25, 26, 
27. 

Zygospira, 0\57. 
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