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ADDRESS. 

ST, ANTHON"Y, MINN" t 
Dec. 31, 1872. f 

Hon. J, S, Pillsbury, president of the board of regents of the Uni
ve1'sity of J1. innesota : 

DEAR BIR :-1 have the honor herewith to present the first 
annual report of progrel"S on the geological and natural history 
survey of the state, required by the provisions of the law creating 
the same. The field work covered by this report is that performed 
by myself alone between the first of September and the closing of 
the season, on the 12th day of November, by the first fall of snow. 
The means at my disposal not admitting of the employment of as
sistants, it has only been possible to make a general reconnoissance 
of the state by visiting those parts accessible by railroad. In that 
way I have succeeded in making a connected section of observed 
strata from the trap anti granite rocks, which lie at the base of our 
geological system, to the Galena limestone, in the Lower Silurian, 
including also about forty f('et of the latter. Between the Galena 
and the Cretaceous no intervening rocks have been seen, bllt it is 
probable that the remainder of the Lower Silurian, including the 
Maquoketa shales and the Niagara limestone, which in the N orth
west seems to constitute the Upper Silurian, as well as the lower 
portions of the Devonian, are in place in some parts of the southern 
portion of the state. A few sections have also been taken in the 
Cretaceous clays and sandstones in the southern part of the state. 
Developments of considerable interest and economical importance 
have already been made in connection with this series of rocks, as 
detailed in the accompanying report; and it is believed that they 
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will afford in the future progress of the survey some of the best 
exemrlifications, not only of the scientific value, but also of the 
practical usefulness of our investigations. . 

The small geological map of the state accompanying this report 
is intended to embody all that is known concerning the geograph
ical outlines of the various formations embraced within the state. 
With the exception of the southeastern part of the state, the out
lines of the geology of which have been more minutely laid out by 
Mr. W. D. Hurlbut, of Rochester, Minn., this map is to be re
garded as only an approximation to the actual bearing of the strata, 
the boundaries of which are marked by tortuosities which it will 
be the future work of the survey to carefully trace out. 

It becomes my pleasant duty to acknowledge the active interest 
and aid of the president of the university in the initiation of the 
survey in various matters of administrative courtesy touching its 
relation to the university. Rooms have been provided in the uni
versity building for the storage of specimens and for laboratory 
work; and the nucleus of a geological museum has already been 
established. 

Mr. W. D. Hurlbut, of Rochester, who, as a pioneer in the sci
entific development of the gel)logy of southern. Minnesota, has 
gathered information which it would require several seasons of field 
work for one man to collect, has freely aided me by giving aU the 
information in his possession, and has spent considerable time gra
tuitously in guiding me to points of interest. The preliminary 
map accompanying this report shows the minuteness with which 
he has observed the geological boundaries in that part of the state. 

Prof. W m. F. Phelps, of the normal school at Winona, has given 
much information concerning that section of the state, and has 
accompanied me to various places of geological importance. His 
collection of fossils from the Trenton and other Silurian rocks 
stored in the museum of the normal school, has been opened for 
examination and study. He has donated to the geological museum 
of the university plaster casts of some of the largest and most per
fect specimens of trilobites ever found in the state of Minnesota. 

Mr. A. J. Hill, of St. Paul, has enjoyed unusual facilities for col
lecting the most complete information concerning the relative 
altitudes of different parts of the state as shown by railroad pro
files, and has tendered to the survey the free use of aU his tables. 
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Dr. H. H. Guthrie, of St. Charles, and Mr. A. Van Vorhes, of 
Stillwater, guided me in making observations at those places; giv
ing me much valuable information. 

Mr. Frank Wilson, of Mantorville, has placed in the university 
museum a large collection of fossils from the Galena limestone, on 
temporary deposit. For the benefit of the geological survey he 
has submitted them for examination and nomenclature. 

The St. Paul & Sioux City, and Sioux City & St. Paul R. R., the 
Northern Pacific R. R. and the Southern Minnesota R. R. have 
materially aided in the prosecution of the field-work by granting 
continuous passes on their roads. The Winona & St. Peter R. R. 
has also granted trip passes on application. 

[n general the people of the state, so far as I have come in con
tact with them, have manifested much interest in the survey, and 
€xpressed a willingness to aid in its progress in every way in their 
power. 

Allow me to thank you for the cordiality with which you have 
Qfficially counseled and aided me in making the preliminary re
connoissance, and for personal favors at your hands. 

, Very respectfully, 
N. H. WINCHELL, 

State Geologist. 
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I. 

HISTORICAL SKETCH AND LIST OF PUBLICATIONS 
RELATING 'r'O THE GEOLOGY AND NATURAL 

HISTORY OF MINNESOTA. 

The earliest published accounts of' the natural features and 
resources of Minnesota are found in the writings of the J esnit 
missionaries. These, however, are generally too vague or too gen
eral in their statements to be of much scientific value. The first 
printed account and distinct mention of the Mississippi river, 
within the limits ot Minnesota, seems to be that of Father Henne
pin. who visited the falls of St. Anthony in 1680, and gave them 
their name, although Father Marquette discovered the river at 
lower points as early as 1673. Father Hennepin's book, published 
at Utrecht in ] 679, has the following title: Voyage ou nouvelle 
decouverte d' un tres grand pays dans L' Amerique entre nouveau 
Mexique et la mer glaciale par le R. P. Lmtis Hennepin, avec toute.~ 
les particttlaritez de ce Pais, d!: de celui connue sous le nom de La 
Louisiane,. les advantages qu' on en peut tirer par l' etablissement 
des colonies,. enriche de Cartes Geographiques: augmente de quelques 
figures en taille douce ;·-avec un voyage qui contiente une Relation 
exacte de l'Origine, .Moeurs, Coutumes, Religion, Guerres, d!: Voyages 
des Caraibes sauvages des Isles Antilles de l'Amerigue, faite par le 
Sieur De La Borde, tiree du Cabinet de Monsr. Blondel. 

The voyage proper of Hennepin is divided into seventy-six chap
ters. The following titles show the relations of' some of these 
chapters to the state of Minnesota . 
• " * " " * " 

XXXVI. Depart d'Auteur en Canot du fort Crevecoeur avec 
les deux hommes, dont il a ete parle. pour se rendre aux Nations 
eloignees. 
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XXXVII. Quels ont ete les motifs que l'Auteur a eus ci-devant 
de cacher les memoires qu' il avoit de cette Decouverte & de ne les 
pas inferer dans la Description de sa Louisiane. 

XXXVIII. Continuation' du voyage de l'Auteur sur Ie Fleuve 
Meschasipi. 

XXXIX. Raisons qui nous obligerent de remonter Ie Fleuve 
Meschasipi sans aller plus loin vel'S la Mer. 

XL. Depart de Koroa sur Ie Fleuve Meschasipi. 
XLI. Description de la beaute du Fleuve Meschasipi, des tel' res, 

qui Ie bordent de part & d'autre, & qui sont d'un beaute' ravissante 
& des Mines de cuivre, de plomb, & de carbon de terre qu'on y a 
trouva. 

XLII. Description' des divers langes de ces peuples & de leur 
soumission a' leurs Chefs; des Mannieres differentes de cel'! peuples 
de Meschasipi d'avec les sauvages du Canada & du peu de fruit, qu' 
on peut esperer pour la Religion chretiene parmi eux. 

XLIII. Description de la peche vue nous faissons des etourgeons. 
Crainte de nos gens qui ne vouloient point paRser en remontaut 
pres de l' embouchure de la Riviere des Illinois, & du changement 
des terres et du climat en allant vel'S Ie Nord . 
* .. * .. .. .. * .. 

LIX. Les sauvages sont halte au dessus du saut de St. Antoine 
de Padoue. Ils se trouvent en necessite de vivresj l' Auteur va 
avec Ie Picard a' Riviere d' Ouisconsin. Aventures de leur voyage. 

LX. Chasse des Tortues, Ie canot enleve' a' l' Auteur par un 
vent impetueux, ce qui Ie jette dans un grande necessite avec son 
compagnon de voyage. 

Memoire sur les Moeurs, Coutumes, et Religion des sauvages de l' 
Amerique Septentrionale, par Nicolas Perrot, publie pour la premiere 
fois, par Ie R. P. J. Tailhan de la compagne de Jesus, 1864. 12mo· 
341 pp. 

This valuable memoir remained in manuscript from 1670 till 
1864 without publication. 

In the latter part of the seventeenth century Baron La Hontan, 
Lord Lieutenant of the French colony at Placentia, N ewfound
land, traveled over much of the Northwest, visiting the territory 
now embraced in Minnesota, and describing the nations and many 
of the natural features of the country. His book is entitled: New 
Voyages'to North America, containing an account ()/ the several na-
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tions Qfthat vast continent, theil' customs, commerce and way of ~Vav
igation upon the Lakes and Rivers j the several attempts of the En
glish and French to dispossess one another, with the relations of the. 
miscarriage C!f the formerj and the varions adventures between the 
French and the Iroquese, confederates of Engla,nd, from 1683 to 1694. 

Historical Collections qf Louisiana, embracing translations of 
manv rare and valuable documents relating to the natural, civil and 
political history of that state. Part J V. Redfield, N ew York, 1852, 
8vo. pp.268. (map.) Contain:;; original narratives by Marquette, 
Allouez, Membre, Hennepin and Douay, relating to the discovery 
and exploration of the Mississippi river. 

Barly voyages up and down the Mississippi. By Cavalier, St. 
Cosme, Le Sueur, Gravier and Geugnas, with an introduction and 
notes by John G. Shea, Albany, 1861, 4to. pp.191. 

The travels of Jonathan Carver were performed in 1766,'67 and '68. 
His may be regarded the first contribution to the natural history 
of the country bordering on the upper Mississippi. His work is 
printed under the title of: Three Years' Travels throughout the 
interior parts of NOl'th America. Containing an account of the 
lakes, islands and rivers, catar,tCts, mountains, minerals, soil and 
vegetable productions of the northwest regions of that vast conti
nent, with a description of the birds, beasts, reptiles, insects and 
fishes peculiar to that country, together with a concise history of 
the genius, manners and customs of the Indians inhabiting the 
lands that lie adjacent to the heads and west of the river Mississippi; 
and an appendix describing the uncultivated parts of America that 
are the most propel' for forming settlements; by Jonathan Carver, 
captain of the provincial troops in America; 16mo. pp. 280. 

Mr. Schoolcraft's first expedition to the sources of the Missis
sippi river was performed in 1820. His report was published un
der the following title: Narrative Journal Qftravelsfrom Detroit 
northwest through the great chain oj lakr;s to the sources of the Mis
sissippi river in 1820. By Henry R. Schoolcraft, performed as a 
member of the expedition under Governor Cass, embellished with a 
map and eight copper plate engravings, 8vo. pp. 419. 

In the year 1823 the United States Government ordered an ex
pedition to the sources of the St. Peter river, lake Winne peg and 
lake of the Woods, the report of which was published by congress 
under the following title: Narrative qf an expedition to the sources 
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()f the St. Peter river, lake Winnepeek, lake of the Woods, &c., per
formed in the year 1823 by order of Hon. J. C. Calhoun, secretary 
()f war, under the command of Stephen H. Long, U. S. topograph
ical engineers. 2 vols., pp. 458 and 248, with an appendix of 156 
pages. 

CONTENTS OF VOLUME r. 

Chapter I. Dpparture from Philadelphia-Geology of the AI
leghanies-Vumberland road-Wheelillg. 

Chapter II. Zanesville-Salt and iron works-Colum bus
Piqua-Indian antiquities-Ohio canals-Fort Wayne. 

Chapter-III. Description of Fort Wayne and vicinity~Fur 
trade-Potawotamies. . 

Chapter IV. Cary mission house-Lake Michigan-Chicago. 
Chapter V. Rock river-Menomones-Geology of the country 

west of lake Michigan-Prairie du Chien-Sauks and Foxes. 
Chapter VI. Prairie duChien-Indian remains-Division of the 

party-Mississippi-Dacotah villages-Fort St. Anthony f:111s
River St. Peter. 

Chapter VII. Geology of the Mississippi-The expedition as
cends the St. Peter's-Charaeter of the country-Arrival at lake 
Traverse. 

Chapter VIII. Account of the Dacotahs, or Sioux Indians-
Their division into tribes--Their numbers, language, manners and 
customs--Notice of Watonwan, principal chief of the Yanktonian 
tribe-Description of the Columbia Fur Company's establishment 
at lake Traverse. 

CONTENTS OF VOLUME II. 

Chapter I. The party leave Jake Traverse-They fall in with 
large herds of buffalo-Observations upon the rovings of this ani
mal-Meeting with a war party of the Wahkpahotas who mani
fest hostile dispositions-Arrival at Pembina. 

Chapter II. Fort Douglas and IJord Selkirk's colony-Bark ca
noes-Lake Winne peek-Fort Alexander-River Winne peek
Rapids-Portages-Fine falls-Lake of the Woods--Northwest
ernmost point of the Boundary line- Rainy Lake river and lake
Fort-Series of rapids and falls-Dividing ridge-Falls of Kaman
atekwoya-Arrival at Fort William. 
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Chapter III. Account of the Chippewa Indians-Their usages, 
manners and customs. 

Chapter IV. Depa.rture from Fort William-Trap formations 
on lake Superior-Michipecotton house-Arrival at Sault St. 
Marie-Conclusion of the journey. 

Chapter V. General description of the country traversed by the 
expedition, designed as a topographical report to the war depart
ment, by S. H. Long, U. S. T. E. (Divided into seven chapters.) 

CONTENTS OF THE APPENDIX. 

Part I. Natural History. Zoology by Thomas Say-Catalogue 
and descriptions. Botany by Lewis D. de Schweinitz. 

Part II. A.stronumy. 
Part III. Meteorology. 
Part IV. Indian Vocabularies. 
Mons. J. C. Beltrami, who started out as a member of Major 

Long's party of exploration to the sources of the St. Peter river, 
parted from him, and exploring the Mississippi to its source, pub
lished his observations under the following title: La Decouverte 
des sources du Mississippi, et de la riviere Sanglante. 

Descriptions du cour entier du Mississippi * * * * 
aussique du cour entier d l' Ohio, Observations critico-philosophiques 
sur les moeurs, la religion, les superstitions, les coutumes, les armes. 
les chasses, la guerre, la paix, le nombrement, l'ori,qine, etc., etc" de 
plusieurs nations indiennes * * * * * Preuves 
evidentes que le Mississippi est la premiere riviere du monde. Par 
J. C. Beltrami, Membre de plusieurs academies, 1824, pp. 327. 

Narrative of an e.'cpedition through the Upper Mississippi to 
Itasca lake, the actual source oj this river, embracing an explora
tory trip through the St. Croix and Burntwood (or Brule) rivers in 
1832, under the direction of Henry R. Schoolcraft. (Published by 
Harper & Brothers,) pp. 307, 8vo. 

Besides the narrative this book embraces an appendix, as follows: 
I. Natural History. 1. List of shells collected by Mr. School

craft. By William Cooper. 2. Localities of minerals observed 
in 1831 and 183~ in the Northwest. By H. R. Schoolcraft. 3. 
Localities of plants collected in the northwestern expeditions of 
1831 and 1832. By Douglass Houghton, M. D., surgeon to the 
expedition. 
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II. Indian languages. Part of a course of lectures on the gram
matical structure of the Indian languages, delivered before the St. 
Mary's committee of the Algic society. By H. R. Schoolcraft. 

III. Official 'reports, embracing among others a report of Dr. 
Houghton on the copper of lake Superior; dated Fredonia, N. Y., 
Nov. 14, 1831. 

Summary narrative of an exploratory expedition to the sources oj 
the .i.Yississippi river in 1820, resumed~and completed by the discov
eryof its origin in Itasca lake in 1832. With appendices com
prising the original repod of the copper mines of lake Superior, 
and observations on the geology of the lake basins and the summit 
of the Mississippi; together with all the official reports and scien
tific papers of both expeditions. By Henry R. Schoolcraft. Phila
delphia. Lippencott, Grambo & Co., 1855. 

Besides the narrative, the following scientific papers are included 
in the appendix: 

1. OJ the expedition of 1820. 

Results of observations for latitudes and 10ngituiles during the 
expedition of 1820. By David B. Douglass, captain of engineers, 
U.S.A. 

Report on the copper mines of lake Superior. By H. R. School
craft. 

Observations on the mineralogy and geology of the country em
bracing the sources of the Mississippi river and the great lake 
basins. By H. R. Schoolcraft. 

Report on the value and extent of the mineral lands of lake Su
perior, in reply to a resolution of the U. S. Congress. By H. R. 
Schoolcraft. 

Rapid glances at the geology of western New York beyond th(: 
Rome summit, in 1820. By H. R. Schoolcraft. 

A memoir on the geological position of a fossil tree in the sec· 
ondary rocks of Illinois. Albany, N. Y. E. & E. Hosford, pp. 18. 
1822. By H. R. Schoolcraft. 

List of plants collected by Capt. D. B. Douglass at the sources 
of the Mississippi river. Am. Jour. Sci. and Arts, vol. 4, p. 56. 
By John Torrey, M. D. 

A letter embracing notices of the zoology of the Northwest. Ad
dressed to Dr. Mitchell on the return of the expedition. By H. 
R. Schoolcraft. 

Species of bivalves, collected by Mr. Schoolcraft and Captain 
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Douglass in the Northwest, published in the 6th volume of the 
Am. Jour. Sci. pp. 120-259, By D. H. Barnes. 

Fresh wl1ter shelis, collected by Mr. Schoolcraft, in the valleys 
of the Fox and Wisconsin rivers. Am. Phil. Trans., vol 5. By 
Mr. Isaac Lea. 

Summary remarks respecting the zoological species noticed in 
the expedition. By Dr. Samuel L. Mitchell. 

Mus bursarius. Medical Repository, vol. 21, p. 248. By Dr. 
Samuel L. Mitchell. 

8ciunts tre-decem-striatns. Med. Repos., vol. 21. By Dr. Samuel 
L. Mitchell. 

Proteus of the Lakes. Am. Jour. Sci., vol. 4. By Dr. Samuel 
L. Mitchell. 

Memoranda of climatic phenomena, and the distribution of solar 
heat in 1820. By H. R. Schoolcraft. 

II. OJ the expedition oj 1832. 

Limits and range of the Oervus sylvestris in the northwestern 
parts of the United States. Northwest Journal. By H. R. School
craft. 

Description of the Fringilia vespertina discovered by Mr. School
craft in the Northwest. Annals of the New York Lyceum of 
Natural History. By William Cooper. 

List of shells coilected by Mr. Schoolcraft during his expedition 
to the sources of the Mississippi river in 1832. By William Cooper. 

List of species and localities of plants collected during the ex
ploring expeditions of Mr. Schoolcraft in 1831 and 1832. By 
Douglass Houghton, M. D., surgeon to the expeditions. 

A report on the existence of deposits of copper in the trap rocks 
of Upper Michigan. By Douglass Houghton. 

Remarks on the occurrence of native silver and the ores of silver 
in the stratification of the basins of lakes Huron and Superior. By 
H. R. Schoolcraft. 

A general summary of localities of minerals observed in the 
Northwest. By Henry R. Schoolcraft. 

Geological outlines of the valley of Takwymenon, in the basin of 
lake Superior. By H. R. Schoolcraft. 

Suggestions respecting the geological epoch of the deposit of the. 
red sandstones of the St. Mary's falls of Michigan. By H. R. 
Schoolcraft. 
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Table of geographical positions observed in 1836. By J. N. 
Nicollet. 

Report oj a geological1'econnoi8sance, made in 1835 from the seat 
of government by the way qf Green bay and the Wisconsin territor'y 
to the Coteau de Prairie, an elevated ridge dividing the Missouri 
from the St. Peter's river. By G. W. Featherstonhaugh, U. S. ge
ologist. Dated April 22, 1836. Printed by order of the senate. 
Doc. 333, pp. 168. 

Notes on the Wisconsin territor1j, particularly with riference to 
the Iowa district or Black Hawk purchase, with a map. By Lieut. 
Albert Lea, U. S. dragoons, 1836, 16mo. 53 pages, close print. 

Report intended to illustrate a map qf the hydrographical basin 
of the Upper Mississippi river. By J. N. Nicollet in employ under 
the bureau of the corps of topographical engineers, and under in
struCtions dated April 7, 1838. pp. 170, 26th Congress, 2nd ses
sion, senate, [237]. Printed Feb. 16, 1841, 500 copies ordered. 
Also 28th Congress, 2nd sess., House of reps. [52J, Jan. 11, 1845, 
1500 copies ordered. 

This valuable document on the Upper Mississippi consists of:
Part 1. Physical geography of the region embraced within the 

map, with incidental notes on its geology, mineralogy and botany. 
Part II. Comprises: determination of altitude by barometer; de

termination of time; determination of latitude; determination of 
longitude; a table showing results of observations. 

[A sketch of the early history of St. Louis was prepared by Mr. 
Nicollet to accompany his report, but as he died without assigning 
it a place it is inserted after Part 1.J 

Appendix "An is a table of geographical positions giving lati
tudes, longitudes and altitudes above the gulf of Mexico. 

Appendix "B" is a catalogue of plants collected by Mr. Charles 
Geyer, under the direction of Mr. J. N. Nicollet during his explo
ration of the region between the Mississippi and Missouri rivers. 
By Prof. John Torrey, M. D. 

Appendix "c" is a list of fossils belonging to the several forma
tions alluded to in the report, arranged according to localities. 

A Canoe Voyage up the Minnay Soior, with an account of the lead 
and copper deposits qf Wisconsin, oj the gold region oj the Cher
okee country, and sketches of popular manners, «c., «c., «c. By G. 
W. FeatherstJuhaugh, F. R. S., F. G: S. The preface is dated 
Dec. 1846. 8vo. Vol. I has pp. 416. Vol. II has pp. 351. 
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Report of a geological survey if Wisconsin, Iowa and Minnesota, 
and incidentally if a portion if Nebraska territory. Made under 
instructions from the U. S. treasury department, by David Dale 
Owen, U. S. geologist, during the years 1847, 1848, 1849 and 1850. 
4to, pp. 638, 72 wood cuts, 27 steel plates, 18 colored maps, stone 
and copper. Philadelphia, Lippencott, Grambo & Co., 1852. 

This volume, embracing a field exteuding from St. Louis to the 
British line, and from the west shore of Lake Michigan to the 
Missouri river, is by far the most valuable 'contribution to the nat· 
ural history of the Northwest that had at that time appeared. It 
throws the first real light, derived from the systematized science of 
modern times, on the geology and the present fauna and flora of 
Minnesota. The works of major Long and of Mr. Schoolcraft, 
mainly narrative or dealing with observations incidentally made 
on the geology and natural history of the routes they took, em
brace many essential facts and able memoirs on special subjects. 
The report of Dr. Owen is both comprehensive and detailed. He 
had a numerous corps of able naturalists, and his examinations 
were sufficiently prolonged to enable him to gather reliable facts 
enough to lay down correctly the groundwork of a vast extent of 
scientific research. It is a fortunate thing for geology that at the 
head of this enterprise was a man so conscientIOus in his state
ments, and so careful in his researches. It is no rebuke to geology 
to say that it has suffered less from its open foes than from the 
rash generalizations of some of its advocates. Dr. Owen was ena
bled not only to prove the falsity of some of the statements of 
mere touri3ts who had passed through the state, but to establish 
on correct paleontological evidence the age of most of the bedded 
rocks of Minnesota, and to throw much light on its topography 
and soil. It would be expecting too much to look for a pioneer 
report on so vast a field t,hat should show no errors. Some of these 
have already been pointed out by more recent observers who con. 
fined their examinations to certain parts of the territory on which 
Dr. Owen reported. Others may appear hereafter. 

Dr. Owen's corps consisted of the following gentlemen: 
J. G. NORWOOD, assistant geologist. 
J. EVANS, B. F. SHUMARD, B. C. MAOY, C. WHITTLESEY, A. LIT. 

TON, R. OWEN. heads of sub-~orps. 
G. WARREN, H. PRATTEN, F. B. MEEK, J. BEAL, sub-assistants. 
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Dr. Owen's own report, covering the first 206 pages of the vol
ume, is divided into six chapters. He gives a brief history of the 
explorations of the various corps, sketches the difficulties and ad
venture:: which beiell them, and names the salient points of inter
est in the progress and the results of the survey, in the introduc
tion. The chapters are as follows: 

Ohapter I. Formations of the Upper Mississippi and its tribu
taries, belonging to the Silurian period. 

Chapter II. Formation of Cedar, and part of Lower Iowa river, 
belonging to the Devonian period. 

Chapter III. Carboniferous rocks of southern and western Iowa. 
Chapter IV. Formations of the interior of Wisconsin and Min

nesota. 
Chapter V. Formations of lake Superior. 
Chapter VI. Incidental observations on the Missouri river, and 

on the mauvaises terres (bad lands). 
Dr. Norwood's report on some portions of the country adjacent 

to lake Superior consists of:-
Chapter I. Boundaries and topographical notices. 
Chapter II. Descriptive catalogue of the rocks referred to in his 

report. 
Chapter III. Narrative of the explorations made in 1847, be

tween La Pointe and St. Louis river; and between Fond du Lac 
and the falls of St. Anthony, and on the St. Croix river. 

Chapter IV. Physical structure and geology of the northwest
ern and western portions of the valley of lake Superior. 

Col. Chas. Whittlesey's report pertains to that portion of Wis
consin bordering on the south shore of lake Superior. 

Chapter I. General description and geology of the Bad river 
country, and of that between the Bad river and the Brule; with 
descriptions and d6tailed sections of rocks like those which in Mich
igan are copper-bearing; and accounts of the magnetic iron beds 
of the Penokie iron range, and of "Iron ridge," in Dodge county, 
Wisconsin. 

Chapter II. Description of the country between the Wisconsin 
and Menomonie rivers; with a discussion of the general geology, 
and its relations to other parts of the Northwest. 

Chapter III. Red clay and drift of Green bay and Wisconsin. 
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Chapter IV. Barometrical and thermometrical observations. 
Chapter V. Lumbering on the waters of Green bay. 
Dr. B. F. Shumard's report pertains to local and detailed obser

vations in the valleys of the Minnesota, Mississippi and Wisconsin 
rivers. 

Chapter I. Detailed observations on the St. Peter's and its trib
utaries. 

Chapter II. Local sections on the Upper Mississippi. 
Chapter III. Local sections on the Wisconsin and Baraboo

rivers. 
Chapter IV. Observations on Snake, Kettle and Rush rivers . 
Dr. J. Leidy furnished for the volume a memoir on the remains 

of extinct 21fammalia and Chelonia from Nebraska territory. 
The appendix embraces :-
Article I. Description of new and imperfectly known genera 

and species of organic remains collected during the geological sur
veys of Wisconsin, Iowa and Minnesota. By D. D. Owen. 

Article II. Descriptions of one new genus and twenty-two new 
species of Crinoidea, from the Subcw'boniferous limestone of Iowa. 
By D. D. Oww and B. F. Shumard, 

Article III. Summary of the distribution of orders, genera and 
species in the Northwest. 

Article IV. Additional chemical examinations. By D. D. Owen. 
Article V. Systematic catalogue of plants of Wisconsin and 

and Minnesota. By C. C. Parry. 
Article VI. Table of stratigraphical and geographical distribu

tion of genera and species in the Northwest. 
The Pembina settlement. Letter from the secretary qf war trans

mitting report of Maj. Wood relative to his expedition to Pem bina 
settlement, and the condition of affairs on the northwestern frontier 
of the territory of Minnesota. Mar. 19, 1850. 8vo. pp. 55. Ex. 
Doc. No. 51, 31st Cong., 1st session. 

Letterfrom the secretary of war communicating the report of an 
expedition to the territory of MinneRota. By brevet Capt. Pope, 
Feb. 5, 1850. Senate, 31st Congress, 1st Sess. Ex. Doc. No. 42, 
pp. 56. Comprises nine chapters and an appendix containing 
tables of distances. 

Letter from the secretary of war transmitting report of brevet 
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eaptain J. L. Reno, 011 the survey, &c., of a road from Mendota to 
the Big Sioux river. 33rd Congress, 1st session, House of Repre
sentatives [97J, pp. 12. 

Reports of explorations and surveys to ascertain the most practi
cable and economical route for a railroad from the M ississiZJpi rivet' 
to the Pacific ocean. Made under the direction of the secretary of 
war in 1853-4:, according to acts of Congress of May 3, 1853, May 
31, 1854, and August 5, 1854:. Thirteen volumes, 4:to., Washing
ton, 1856-60. 

Single papers. 
1. Route near the 47th and 49th parallels of north latitude, 

vol. I. pp. 39-55. 
2. Synopsis of a report of the reconnoissance ofrai lroad route 

from Puget sound, via Smith's pass to the Mississippi river. By 
Fred W. Lander, C. E.; vol. II, pp. 45. 

Vol. XII. Parts I and II are wholly devoted to the Northern 
Pacific route, viz: 

Part I. Narrative aq.d final ff~port of exploration for a route for 
Pacific R. R. near the 47th and 49th parallels of north latitude" 
from St. Paul to Puget sound. By I. I. tltevens, govemor of Wash
ington territory, 1855, pp. 358. 41, 2 map8, 1 profile, 70 engravings. 

Part II. Botanical report, pp. 7-76, 6 plates; zoological report, 
pp. 1-399, 76 plates. 

Letter, upon the agricultural and mineral resources of the north- -
western territories, on the route if the Northern Pacific R. R. By 
Philip Ritz, Washington, D. C.; 8vo. pp. 8, 1868. 

Minnesota. Its place amon.CJ the states. Being the first annual 
report of the commissioner of statistics, J. A. Wl::eelock, for the 
year ending Jan. 1st, 1860, 8vo. pp. 171. 

Minnesota. Its progress and capabilities. Being the second an
nual report of the commissioner of statistics for the years 1860 and 
1861. By J. A. Wheelock. 8vo. pp. 126. 

Notes on the geology if some portions if Minnesota from St. Paul 
to the western part of the state. By James Hall, 1866, 4to. pp. 12. 
Read June 15, 1!:i66, before the Phil. Soc. of Philadelphia. 

Survey if the upper Mississippi river. Letter from the secre
tary if war in answer to the resolution of the House * * * 
with general Warren's report of the surveys of the upper Missis
sippi river and its tributaries, 8vo., pp. 116, Sen. Doc. 39th Cong., 
2d Sess. Feb. 15, 1867. 
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Report oj Gen. Warren on the survey of the upper Mississippi 
river, for the yem' ending June 30, 1867, 8vo. pp. 6. [Printed in 
appendix "D," report of the chief of engineers; and as Ex. Doc. 
No. 1. House of Reps., 40th Cong., 2d Sess., Sept. 14, 1867.J 

Repm·t of Gen. Warren on the survey qf the upper Mississippi 
river for the year ending? 8vo. pp. 10, 40th Cong .• 2d sess. Ex. 
Doc. 247. Aprii 8, 1868. 

Report QfGen. Warren/or the year ending June 30, 1868, on the 
survey qf the upper' Mississippi river. 8vo. pp. 86. [Printed in 
appendix" G," report of chief of engineers; and as Ex. Doc. 1, Part 
II .. House of Reps., 40th Cong., 3d sess., Aug. 31, 1868.J 

On certain physical features of the upper Mississippi rive,.. By 
Gen •. G. K. Warren. Read by Gen. Warren before the Am. Assoc. 
Adv. Sci., Aug., 1868, Chlcago, 1ll. rPrinted only in the American 
Naturalist for November, 1868.J 

Geology of southern Minnesota. A series of five papers by W. D. 
Hurlbut, published in the Hh volume of the Minnesota Teacher, 
1871. 

Geological rambles in 2l1innesota. Two papers published in the 
4th volume of the Minuesota Teacher, 1871. By J. H. Kloos. 

A Cretaceous basin in the Bauk valley, Minnesota. By J. H. 
Kloos. A paper published in the Am. Journal of Science and Arts, 
Jan. 1872, dated October. 1871. Condensed and republished in the 
Minnesota Teacher, vol. 5., 1872. 

The first State Legislature met in 1859. Although it was bur
dened with the legislation incident to the organization of the vari
ous institutions of the new State, the subject of a geological survey 
and its evident im portance to the material development of the State. 
received due attention. A law was passed ordering at once a re
print of portions of the geological report of Wisconsin. by professor 
Daniels, for the years 1854 and 1858. This republication, printed 
in 1860, contained Prof. Daniels' "Sketch of the Lead &egion," 
with notes on the evidences of iron ore, which closed with a state
ment of the "objects of a geological and natural history surv~y," 
embracing 34 pp. It also embraced a paper. read before the Amer
ican Geographical and Statistical Society on the 31st of January, 
1856, by Mr. A. S. Hewitt, on the "Statistics and History of the 
production of iron." pp. 47. Five hundred copies ordered printed. 
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The second Legislature passed March 10, 1860, a eonclirrent res
olution providing for "Commissioners" tu report on the geology of 
the state, and to submit a plan for a thorough geological survey of 
the state. The commissioner" appointed were Charles L. Anderson 
and Thomas Clark. These gentlemen submitted separate reports 
under the date of Jan. 25, 1861, making an octavo pamphlet of 
26 pages, of which 2,000 copies were ordered printed. This pam
phlet embraces a chapter on the general geologicalleatures of Min
nesota, and one on a plan: for a geological survey, by Mr. Anderson; 
also one by Mr. Clark on the meteorology if the state, and another 
on some general topographical and geographical features of the 
northeastern portion of the state. 

The report of'the state geolo~ist, Aug. H. Hanchett, M. D., is a 
pamphlet of 82 pages, 8vo., and is da.ted N ew York city, Nov. 13, 
1864. It was made in pursuance of executive instructions bearing 
date July 12, 1864. It contains a short report of ten pages, by Dr. 
Hanchett, and a valuable report by Mr. Clark on (1) The phys
£cal geographtJ of the district embraced in that portion of the state 
bordering on lake Superior. (2) A discussion of the meteorology 
qf the district. (3) A list if the leading plants and trees of the 
district. 500 copies printed. 

The first report of H. H. Eames. as state geologist, was made in 
pursuance of an act of the seventh Legislature, and printed in 1866. 
Two editions of 3,000 copies each were ordered. It is a pamphlet 
of 23 pages, and pertains specially to "The metalliferous region 
bordering on lake Superior." It gives the details of personal ex
plorations and the results of chemical assays of ores for the preciouf' 
metals. 

Report of explorations in the mineral regions of Minnesota, during 
the years 1848, 1859 and 1864; by Col. Chas. Whittlesey. Printed 
by order of the legislature in 1866, 8vo. pp. 52, close type, with 
wood-cut illustrations. 3,000 copies ordered. 

This, by far the most valuable state document pertaining to the 
geology and natural history of the state that has yet appeared, em
braces short chapters as follows: General geology; phenomena of 
the drift period; .general elevations in Minnesota; fluch,ations in the 
level if the lakes; climate. 
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Notes on the valley of the Baragas river. 
" " Kawimbash river. 

" " 'l'wo Islands river. 

" " Manedowish river. 
., " Baptism river. .. H Palisade river. 

" " Beaver flver. 

" " Low Bush river. 

" " l!;ncampment river. 

" " French river. 

" " Knife river. 

" " Sucker river. ,. Henry Schmidt's river. 

" " Hollow Rack river. 
., " St. Louis river. 
" " Rainy Lake river. 

Notes un the shores of the Esq uamega, Vermilion and Crane lakes 
&.nd on the cost of mining copper. 

Geological reconnoissance 0/ the northern, middle and other coun
ties 0/ Minnesota. By Henry H. Eames, state geologist, printed in 
1866, 8vo., 58 pp. This pamphlet comprises the second, and last, 
report of Mr. Eames. It embraces: 

A brief outlme of the different formations or systems of rocks 
that form the crust of the earth; remarks on the igneous, the coal
bearing, and the sandstone and limestone rocks of the state; also 
on peat; on mineral and fissure veins; on agricultural chemistry; 
on a geological reconnoissance "in detail" of the countieH of St. 
Louis, Lake, Itasca, Cass, Todd, Otter Tail, Douglas, Stearns. 
Morrison. Benton, Sherburne. Hedwood, Cottonwood, Ramsey and 
Washington; together with results of assays and thermometrical 
and barometrical observations iu the months of June, July and 
August. 

Copper-bearing veins having- been discovered in the valley of'the 
Kettle river, and at Taylor's Falls, in the vp.lley of the St. Croix 
river, the Legislature passed, Mar. 2, 1865, an act to aid in their 
investigation. The report of Mr. N. C. D. Taylor, the following 
year, consists of only two pages, incorporating Mr. James Hall's 
estimate of the copper prospects of that district. 500 copies printed. 

Indications of brine having been discovered at Belle Plaine, in 
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Scott county, the Legislature passed, 28th day of February, 1870, 
an act appropriating land in aid of a boring for the purpose of de
veloping the saJt, should any exist. In 1871 another similar ap
propriation was made by the legislature, conditional on a favorable 
report by a competent geologist, to be appointed by the governor. 
Prof. A. Winchell, of Ann Arbor, Mich., having been so appointed, 
made the required examination; and his report, dated June 17.1871, 
was printed by order of the ~enate. It is an 8vo. pam ph let of 16 
pages. Notwithstanding the unfavorable opinion of the geologist, 
the Legislature made the further appropriation, Feb. 29, 1872, of 
six other sections of "state salt lands," for the further sinking of 
the well. making eighteen sections or eleven thousand three hun
dred and twenty acres of land in all. No brine in workable quan
tities was obtained . • The same legislature passed, March 1st, 1872, the present com-
prehensive law placing the geological and natural history survey 
under the direction of the board of regents of the state university. 
This law reads as follows: 

GENERAL LAWS OF MINNESOTA, 1872, CHAPTER xxx. 

An Act to provide for a geological and natural history survey of 
the state and to entrust the same to the Ulliver~ity of Minn'~sota. 

Be it enacted by the Legislature 0/ the Stcde of Minnesota: 

SECTWN 1. It shall be the duty of the board of regents of the 
Uuiversity of Minnesota to cause to be begun as soon as may be 
practicable, and to carry.on a thorough geological anu natural his
tory survey of the state. 

SEC. 2. The geological survey shall be carried on with a view 
to a complete account of the mineral kingdom as represented in the 
state, including the number, order, dip, and magnitude of the sev
eral geological strata, th~ir richness in ores, coals, clays, peats, 
salines and mineral waters, marls, cements, building stones and 
other useful materials, the value of said substances for economical 
purposes and their accessibility; also an accurate chemical analysis 
of the various rocks, soils, ores, clays, peats, marls and other min
eral substances, of which complete and exact records shall be made. 

SEC. 3. The natural history survey shall include, first an exam
ination of the vegetable productions of the state, em bracing all 
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trees, shruh3, herbs and grasses native or naturalized in the state; 
second, a complete and scientific account of the animal kingdom as 
properly represented in the state, including all m~mmalia, fishes, 
reptiles, birds and insects. 

SEO. 4. The said surveys and examinations shall be made in the 
manner and order following: first, the geological survey proper, 
together with the necessary and implied mineralogical investiga
tions, all of which shall be undertaken as soon as may be practica
ble, and be carried forward with such expedition as may be con
sistent with economy and thoroughvess; second, the botanical ex
aminations; third, the zoological investigations; provided, however, 
that whenever the ~aid board of regents may find it most econom
ical to prosecute different portions of the surveys in conjunction, 
or that the public interest demands it, they may, in their discretion, 
depart from the above prescribed order. And in the employment 
of assist,mts in the said surveys, the board of regents shall at all 
times give the preference to the students and graduates of the Uni
versity of Mivnesota, provided the same be well qualified for the 
duties. 

SEO. 5. The said board of regents shall also cause to be collected 
and tabulated such meteorological statistics as may be needed to 
account for the variety of climate in the various parts of the state; 
also to cause to be ascertained [by] barometrical observations or 
other appropriate means the relative p.levations and depressions of 
the different parts of the state; and also on or before the completion 
of the said surveys, to cause to be compiled from such actual sur
veys and measurements as may be necessary, an accurate map of 
the state, w bich map when approved by the governor shall be the 
official map of the state. 

SEC. 6. It shall be the duty of said board of regents to eause 
proper specimens, skillfully prepared, secured and labelled, of all 
rocks, soils, ores, coals, fossils, cements, building stones, plants. 
woods, skins and skeletons of animals, birds, insects and fishes, and 
other mineral, vegetable and animal substances and organisms dis
covered or examined in the course of said surveys, to be preserved 
for public inspection free of cost, in the University of Minnesota, 
i~ rooms conve~ient of ac~ess and properly warmed, lighted, ven
tIlated and furmshed, and lD charge of a proper scientific curator; 
and they shall also, whenever the same may be practicable, cause 
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duplicates in reasonable numbers and quantities of the above 
named specimens, to be collected and preserved for the purpose of 
exchanges with other state universi~ies and scientific institutions, 
of which latter the Smithsonian Institution at Washington shall 
have the preferen ceo 

SEC. 7. The said board of regents shall cause a geological map 
of the state to be made, as soon as may be practicable, upon which, 
by colors and other appropriate means and devices, the various ge
ological formations shall be represented. 

SEC. 8. It shall be the duty of the said board of regents, 
through their president, to make, on or before the second 'l'uesday 
in December of each and every year, a report showing the progrP,8s 
of said surveys, accompanid by such maps, drawings and specifi-

. actions as may be necessary and proper to exemplify the same to 
the governor, who shall lay the same before the legislature; and 
the said board of regents upon the completion of any separate por
tion of the said surveys, shall cause to be prepared a memoir or 
final report, which shall embody in a convenient manner all useful 
and important information accumulated in the couriiie of the inves
tigation of the particular department or portion, which report or 
memoir shall likewise be communicated through the governor to 
the legislature. 

SEC. 9. To carry out the provisions of this act the sum of 
one thousand dollars per annum is hereby appropriated, to be 
drawn and expel1ded by the LsaidJ board of regents of the Univer
sity of Minnesota. 

SEC. 10. ThIS act shall take effect and be in force from and 
after its approval. 

Approved March 1, 1872. 



40 ANNUAL REPOltT. 

II. 

GENERAL PRINCIPLES. 

Th e science of geology is based on those general principles 
which, resulting from the accumulated observations of its advocates 
during the last half century, have become to the geologist himself 
the merest alphabet to which he seldom recurs in the prosecution 
of his more advanced investigations. The following brief state
ment of those principles is here given for the benefit of those per-' 
sons who are not specially acquainted with the science, but yet are 
fascinated, perhaps, by its wonderful progress, and its success in 
utilizing its discoveries to the general good, and wish to compre
hend at a glance the sub-structure on which it is built. It is Lot 
an occult science. Its data are open to the investigation of the 
commonest observer. It is founded on such simple things as the 
running of brooks, the blowing of winds, the rippling of waves, 
the shining of the sun, the cooling of heated matter, the growth 
of vegetation and the death of animals that live OR land and in the 
sea, These everyday operations have given to the earth its exter
nal aspects, and have left their history in the rocks. The con
stancy of the present laws 01 nature through the lapse of the geo
logical ag~s, is a pre-requisite to the existence of the science. 
Time, as the word is commonly understood, must be immensely 
lengthened out. These two postulates granted-that time is long, 
and that the physical laws of the universe have been constant through
out time-and nothing more is needed for the foundation of the 
science. The geologist, with these postulates, and by the aid of a 
knowledge of' the physical laws of nature derived from a com pre
belJsive examination of the earth in the light of all the sciences, 
may read in the rocks the grand changeR the earth has,undergone 
since "the beginning." The failure to comprehend the science of 
geology is very often attributable to a restricted acquaintance with 
the principles of other sciences which it involves; for however 
sim pIe the first process in whi<;h it begins, those processes are, 



CHART 0]' GEOLOGICAL NOME-NCLA TITRE. 
Intended to express the relation Q/ Minnesota to the great Geological Set'ies of the Earth, and the probable equivalenc1/ Q/ some of the names the formations have received in the various States and in Europe. 

BY N. II VVINCHELL. 

AGES. PERIODS. /EPOCHS. Sub-Epochs-(strata.) 
ERAS. 

(Systems.) (Groups.) (li'ormaiions.) NORTH AMERICA. 
I 

MINNESOTA. 
I 

IOWA. 
I 

ILLINOIS. 
I 

TENNESSEE. I EUROPE. 

I I HUMAN. Bluff. Alluvium. Peat. Blufl'. Alluvium. Peat. Alluvium. PeM. Loess. Alluvium. Alluvium and Bluff Group. Loess. Peat. Bog Ore. Cave deposits. Bog Ore. Terraces. Bluff. Bog Ore. Terraces. Cave deposits. 
QUATERNARY. 

ro Boulders. Gravel. M(}mines. Boulders. Gravel. Moraines. Gravel Ridges. Momines. Pebbles. Boulders. Gravel Ridges. Moraines. is GLAOIAL. Wanting. 
OJ Erie Clay. Glacial Drift. Hardpan Clay, or Glacial Drift. Boulders. GlacialOJay. Moraines. Glacial Clays. Glacial Drift. 
P-< AGE OIf 
'd 

C~NOZOIC. '" UPPER TERTIARY. Sumter Beds. Wanting. - Newer Pliocene. «l ? Wanting. Bluff Lignite. Older Pliocene. "' 

I 
S MAMMALS. 
'" '" Yorktown Beds. e. 

TERTIARY. MIDDLE TERTIARY. ? Wanting. Wanting. La Grange Group. (Orange sand.) Miocene. "' G 
'bi, 

I 
I " Vicksburg. Upper Eocene. -<1 

LOWER TERTIARY. 

I 'H .Jackson. ? Wanting. Eocene. Plntel' Creek Group. Middle Eocene. 0 Claiborne. Lower EGcene. 
0) 
bJ) 

-<1 
UPPEl~ CRETACEOUS. Fox Hills. Wanting? Wanting. Wanting. Ripley. Maestricht Beds. 

Fort Pierre. White Chalk. 
0 

-- Niobrara. Benton. Inocemmns Beds. Green Sand. Chalk Marl. -- CRETACEOUS. MIDDLE AND LOWER Benton. Dakota? Woodbury Sandstone and Shales Coffee Sand. Upper Green Sand. Dakota. Wltnting. Nishnabotany Sandstone. Wanting. Wanting. Gault. CRETACEOUS. Wanting? Wanting. AGE OF Wanting? Wanting. Wanting. Wanting. Lower Green Sand. 
ro -M ESOZOIO. 'd 
«l 

" I 
WEALDEN. Wanting. Wanting. Wanting. Wanting. Wanting. Wealden. ,., 

REPTILES Q 

'H 
0 

JURASSIO. OOLITIC. Not yet snbdivided in N. America, Oolite. 
'" LIASSIC. Nor separated from the Triassic. Wanting. Wanting. Wanting. Wanting. Lias. "" -<j --

TRIASSIC. NEW RED SANDSTONE. 
Not yet subdivided in N. America. 

I 
Keuper. 

Occurs In New Mexico, Colorado Wanting. Wanting. Wanting. Wanting. Muschelkalk. 
and Dakota. Bnnter Sandstein. 

I INot certainly identified in N. Am., 
Stinkstein. 

PERMIAN. PERMIAN. Rauchwache. I nor separated from OoallYI easu,.es. Wanting. Wanting. Wanting. Wanting. Zechstein. 
CARBONIFEROUS Rothe Todt-Ieigende. 

or 

I I 
Upper Uoal Measures. 

I I 
Upper Coal Measures. 

I 
Upper Coal Measuses. 

I 
Coal Measures. 

I 
Upper {loal Measures. COAL MEASURES. COAL MEASURES. Wanting? Middle Co,,1 Measures. Conglomemte. Lower Uoal Measures. Lower Ooalll'leasures . Lower Uoal Measures. False Ooal Measures. Lower Coal MeasUl·es. .; 

" AGE 01<' 

'" 
CAIW. CONGLOMERA~E'1 I I I \ I I 

bIJ 
0 

COAL PLANTS MILLSTONE GRIT. Parma Conglomerate. Wanting? ? Millstone Grit. ? Millstone Grit. ,.. 
" -<1 >--
'0 and Chester Limestone. St. Louis Limestone. Chester Umestone. 
'" MISSISSIPPI. Ht. Louis Limestone. Keolcul{ Limestone. St. Louis Limestone. Monntain Limestone. Monntain Limestone. "" Keokuk Limestone. ? Keokulc Limestone. -<1 

AMPHIBIANS. S UB-CAltBO NIFERO US. Burlington Limestone. Burlington Limestone. Burlington Limestone> 

II MARSHALL. I Marshall Sandstone. 
I 

? I Kinderhook. 
I 

Kinderhook. 
I 

Siliceous. I Old Red Sandstone. 

HAMILTON. [ I 
Huron Shales. 

I 
Huron Shales_ IHamilton Limestone and Shales. I Genesee Division. 

I 
Black Shale. 

I 
Cypridiner schiefer. 

HAMILTON. Hamilton Limestone IIamilton Limestone. Hamilton Beds. Wanting. Ortlioceras schiefer. 
DEVONIAN Spiriferen sand&tein. 

-8" 

I I I I I I 
0 

~- or Corniferous I,imestone. Corniferous Limestone? Corniferolls Limestone. -- CORNIFEROUS. 
UPPER Onondaga Limestone. Wanting. Wanting. Onondaga Limestone. Wanting. 

AGE OF 

FISHES. 
HELDERBERG. 

I 
Schoharie Grit. 

I I I I I 
ORISKANY. Caud,,-Galli Grit. Wanting. Wanting. Upper Oriskany. Wanttng. 

Oriskany Sandstone. Lower Orislmny. 

Up. Pentamerus Limestone. 
Encrinal Umestone. 

LOWER HELDERBERG. HELDERBERG. Delthyris Shaly Limestone. 
? Wanting. Lower Helderberg Group. Lower Helderberg. Lndlow Group. J,ow. Pentamerns Limestone. 

Water Limestone. 

d SAUNA. I SALINA. I Onondaga Salt Group. I -? I Wanting. 
I 

Wanting. 
I 

Wanting. I P ALA~OZOIC. .~ 

I I 
.e 

I 
Guelph Limestone. 

I 
Niagam Limestone. 

I 
Niagara Limestone. 

I 

Niagara Group. I Meniscus Limestone. I Wenlock Limestone. 
iii NIAGARA. Niagara Limestone. WenlOCK Shales. 

SILURIAN, '" 
Niagara Shale. 

'" I j I I I I 
e. 
"'- CLINTON. Clinton Group. Wanting. Wanting. Wanting. Dyestonb Group. Upper Llandovery. ~ 

NIAGARA. 
or MEDINA. I Medina Sandstone. I Wanting. I Wanting. 

I 
Wantiug. I White Oak Mountain sandstonesl Upper Caradoc Sandstone. 

I I I I I Clinch Mountain Sandstones. I 
Conlston Grits. 

AGE OIl' ONEIDA. Oneida Conglomerate. Wantil!g. Wanting. Wanting. Lower Llandovery. 

13 

I I I j \ 

bJJ 
CINCINNATI. CinCinnati Gmup. Maquoketa Shales. Maquol{eta Shales. Cincinnati Group. Nashvllle. <i 

'0 MOLLUSKS. Caradoc, or Bala Group. 
'" <=i CINCINNATI. Galena Limestone. 
bJj Trenton Limestone. Galena Limestone. Galena Limestone. Trenton. Upper Llandeilo. -<1 .:0:1 TRENTON. Black HiveI' Limestone. Galena Limestone. 

'" Trenton Limestone and Shales. Trenton Limestone. Trenton Limestone. 
'" Bird's Eye Limestone. 
~ Chazy I-imestone. 

'" 

I I I I I I 
'" St. Peter Sandstone. St. Peter Sandstone. St. Peter Division. s: St. Peter Sandstone. 
0 QUEBEC. Low. Magnesian Limestone. Low. Magnesian Limestone. Low. Magnesian Limestone. Calciferous DivIsion. Knox Group. Lower Llandeilo. ...:J 

PRIMOltDIAL. 

I I I I I I 
St. Croix Sandstone. Potsdam Sandstone. Chilhowee Sandstone. 

POTSDAM. Potsdam Sandst6ne. Potsdam Sandstone. Sioux Quartzite. Not exposed. Ocoee Conglomerate. Lingula Flags. 

I AGE OF I I I 
Huronian Sy!!tem. 

I 
Hnronian System. 

\ 

Not exposed. 

I I .:{!> I Cambrian. EOZOlC. 
WATER AND FIltE. EOZOIC. METAMORPHIC. Laurentian ·System. Laurentian System Not exposed. Not exposed. Metamorphic. Fundamental Gneiss. 

AZOIC. I AGE OF FIRE. 
I I AZOIC. I IGNEOUS. 

I 
Primary Granites and Syenites. I I Not exposed. I Not exposed. 

I 
Azoic. Iprimary Granites and Syenites. 
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when duly amplified, very often the starting points of other sci
ences which first grew up, expanded and usurped the whole field of 
sci~ntific thought. It is a simple thing to observe the growth of 
a plant from the seed-it is another to know the relations of that 
plant to others by which it may be surrounded, and by botanical 
cla!'sification to define its nature and structure. It is an easy thing 
to see the effect of the sun's rays on the vegetation of' the earth. 
and to comprehend the cause for the change of the seasons, as well 
as to note the alternations of day and night, but the versed astron
omer only can realize the full force of the great laws involved in 
these changes, and indiciite their effect on the eartil when acting 
through the lapse of ages. It is an ~asy thing to note the freezing 
up of' the streams, and their bounding violence Oil being relea;;;ed 
in the spring; to see the destruction of forests by tempests and by 
fires; to observe the blowing of sands and the da'lhing of waves; 
but, although these things are very simple, the science of meteor
ology is too abstruse to be even fairly appreciated by the common 
mind. The rw,ting of'iron, the decaying of' wood, the cementation 
of gravel by percolating water, the demolition of rocky outcrops 
and their conversion into soil by the sol vent acbon of the moisture 
of the air and of' overflowing streams, are things of common and 
easy observation, but the science of chemistry, ill the light of which 
they alone can be adequately understood, is the outgrowth of the 
laws of occult affinities between the particles of'matter, the full 
power of which it is impossible to estimate, and much more to ex
press. Th us all the sciences, and notably that of zoology, have 
yielded up to the geologist their keys to the arcana of' nature, and 
lave assi:,;ted in interpreting the otherwise unintelligible records 

TV hieh lie in the rocks of the earth. The geologist must not be re-
~-icted to the mere inspection of the rocks, for he has to question 

tile botanist\ the chemist, the zoologist, the astronomer, and the 
general physicist. These are in a broad sense his aids. By his 
generalizations the society of the sciences is lTIiide evident, and 
some of their varied bearings one upon the other are adjusted, and 
expressed in their full signifi.;ance. In return the science of' geol
ogy reflects light on the other sciences~ It gives greater value to 
the labors of the mineralogist, guides the miner in his explorations, 
opens fields for investigation to the chemist. shows the botanist 
and the zoologist thousand8 of unnamed and unclassified species, 
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propounds to the astronomer the glacial epoch for explanation, and 
explain3 to the agriculturist the true basis of the difference in soils. 

The rocks which are dassed, in general, as Granitic and Meta
morphic are tho,se which appeared first above the waters of the uni
versal ocean, or have since been upheaved by internal forces from 
the heated mass within the crust.. In the former case they have 
been dry land since they first appeared above the ocean, and have 
supplied largely the materials of the later, overlying, sedimentary 
formations. In the latter case they have been protruded upward 
through the sedi mentary rocks, tilting them in various directions 
and so fracturing their bedding as to disclose their contents to the 
geologist. Round the bases of these early granitic areas the cur
rents of the ocean, driven by the rising and falling of the tides, by 
the rotary motion of the earth, and by the unequal distribution of 
the heat of the sun, flowed with an unceasing activity, and the tu
multuous waters beat with a violence that probably is never wit
nessed in modern days. They were thus gradually torn down, and 
their debris was spread over the uneven ocean bed in horizontal 
layers according to the direction and force of the currents. In 
that manner the primordial, or Potsdarn, sandstone was formed. 
It hence everywhere lies at the base of the evidently sedimentary 
rocks. It was deposited in the bed of the ocean. If it now appears 
as dry land, it is because the ocean's bed has risen above the water 
level. The history which may be read from it is that of the ocean's 
bed. It tells of deep waters and shoal waters, of muddy bottoms 
and stony bottoms, of warm, drying sunshine and gentle winds, of 
violent currents and stormy seas, of impure waters heated by fre
quent ejections of sulphurous gases from below the thin crust, and 
of chemical reactions that to-day are the familiar steps of the labo
ratory. It reveals the earliest of created beings. 'l'hey lived in 
the ocean. Their remains are dug out of the hardened sediment 
by the geologist, and he calls them fossils. 

The changes that continued to go on in the conditions of the 
earth, owing to the cooling and the shrinking of the interior, 
effected various changes in the relative prevalence and positions of 
the land and water. Additional dry land appeared, thus bringing 
from the bed of the ocean a part of the freshly formed Potsdam 
sandstone. A period of repose sufficed for the deposit of the calca
reous material of the Lower Jfagnesian, which next overlies the 
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Potsdam. This, however, was not spread over the earlier sand
stone, except where the latter still extended below the ocean. It 
was accompanied with new and more abundant forms of animal 
life, so that it may be certainly distingqished from the foregoing 
and from the succeeding formations. The conditions of the oceanic 
waters were such that chemical reactions resulted in the precipita
tion of the carbonates of lime and magnesia. Silica, also, seems to 
have been in solution, and to have shared in the incessant changes 
in the surrounding affinities. These three substances, with some 
iron and traces of alumina and manganese, make up the mass of 
the Lower Magnesian limestone. The prevalence of silica in the 
form of sand gives it also the name of Calciferous sandrock. The 
chert, in its lower portions, is also largely composed of siliceous 
material. 

To the Lower Magnesian succeeds the St. Peter sandstone. 
That in turn is followed in ascending order by the Trenton shales 
and limestones. Thus, through the whole thickness of the strati
fied rocks of the earth, each formation marks all epoch in the his
tory of the ocean's bed. The dry land constantly increased in 
area, gradually bringing to the surface the sediments of the latest 
preceding epoch. Hence the areas of the various formations are 
arranged over the face of the country in broad beltR in consecutive 
order, revealing the ehronological system as well as the territorial 
accessions with which the continent grew. 

The rocks thus deposited in the bottom of the ocean, and subse
quently raised to the level of dry land, are called stratified or aque
ous, in distinction from the earliest, or igneous, which show no 
arrangement into beds. The lowest sedimentary rocks are locally 
so changed by contact with escaping gases and molten material as 
to essentially altfjr their usual character, The limestones have 
been converted to saccharoidal marbles,the sandstones to quartzytes, 
the clays and shales to slatp's, while many of the earliest are also 
entirely changed by chemical transformations among their ele
ments, restlting froUl the same grand agencies, to schists and even 
gneiss, mica and hornblende slate, that can hardly be distinguished 
from some of the i.gneous rocb themselves. The geologists of Can -
ada even report granite and syenite, pertaining to the Laurentian, as 
metamorphic sedimentary rocks. (See Geology of Canada, 1863,p.23) 

It is evident that when the true succe8sion of the rocks of the 
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earth has once been made out by the study of their permanent 
characters, the geologist may enter any country however remote 
or unknown and enter fearlessly on the work of deciphering the 
age of its rocks, depending solely on the universality of the grand 
principles of his science. II 

A complete geological history of the past can be read from the 
rocks of the earth only by the study of causes and effects 'operating 
in the present. In order to that a perfect acquaintance with the 
various departments of natural science becomes essential. The 
laws of physICS, chemistry and astronomy have with their multi
form ramifications played as important parts in the early geolog
ical ages as they now play in the transactions of every day. The 
natural forces concerned in vegetable growth, distribution and 
decay, are involved in tbe deposition and preservation of the coal 
rocks in their proper horizon. Hence botany with its allied sub
ject, meteorology, i,;; embraced in a perfect knowledge of geology. 
The identification of the rocks of the great Coal Period, as distin
gU;f'hed from others containing coal, is based on a botanical law, a 
distinction in plants. As to zoology, that subordinate department 
derives much of its significance and value from the uses it sub
serves to' geology. Its nomenclature, and its principles have been 
wonderfully modified and extended by the discovery and proper 
clas3ification of the animal forms embraced in the strata of the 
earth's crust, while the science of zoology furnishes to the geolo
gist the only reliable key to the establishment of the age of any of 
the stratified rocks of the earth, All characters, except those 
known as paleontological, fail of permanence, and cannot be de
pended on at distant points. A geological survey cannot be con
ducted, much less completed, without a full examination and delin
eation of the animals and plants that are preserved in the rocks 
surveyed. The dead past far outnumbers the living present. It is 
with the greatest propriety that botanical and zoologic 11 depart
ments are usually attached to the geological surveys undertaken 
by the various states of the union, intended to embrlfCe also the 
enumeration of living species. 

The sltbjoined chart of geological nomenclature is intended to 
con vey all idea of the relatiou of Minnesota to the great geological 
series of the earth, and to express the probable equivalency of some 
of the names which the formations have raceived in different states 
and in Europe. 



UNIVERSITY OF MINNESOTA. 45 

III. 

THE SURFACE CONTOUR OF THE STATE. 

The intimate relation subsisting between the geology and the 
topography of the state is more evident than in some of the other 
states of the union. The causes which determine the location of 
the great continental water-shed are those which determined the 
existence of the Laurentian and lake Superior ranges of igneous 
and metamorphic rocks. The area of these rocks in Minnesota, as 
well as in Wisconsin and Michigan, includes some of the sources 
of the great river systems of the North west and of the continent. 
From this area, since pre-Silurian times, streams have run in all 
diredions toward the ocean. Within this area, in the state of 
Minnesota, are the headwaters of the St. Lawrence system of 
drainage, which enters the Atlantic ocean toward the east; those 
of the MississippI which enters the gulf of Mexico toward the 
south, and those of the Red river of the North, which, taking an 
opposite course, finds the ocean level toward the north, through 
Hudson's bay, in British America. This watershed consists not in 
the form of a definite and abrupt ridge. The oldest rocks are, on 
the contrary, spread out over a very extensive region of flat and 
often prairie country. Occasional knobs of the<;e rocks protrude 
through the drift, or they show extensive tract'S of denuded surfact', 
rising blft few feet above the surrounding level. 

While in general these rock!'! form the principal watershed, in 
some parts of' the state the later sedimentary rocks rise much 
higher and give origiu to numerous streams which reach the main 
valleys at considerable distance from the granite areas. Sur h an 
elevated area of sedimentary rocks occurs in southern Minnesota, 
forming there tbe summit of a second water-shed. Freeborn, Fari
bault, Martin and CottoIlwood counties are probably the most ele
vated in the state, the altitude there reaching nearly 1,600 feet 
above the ocean. How much of this extraordinary elevation is 
due to a moraine-like accumulation of drift, it is impossible to say, 
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but probably the average thickness of that deposit would not fall 
short of one hundred feet. Streams from this area enter Iowa 
toward the south, some also running northward and joining the 
Minnesota river. The course of the surface drainage is in this 
case dependent very little on the character of the underlying rock. 
But where the drift is lighter, the direction of subordinate streams 
is often determined by the bearing of the sedimentary rocks. A 
stream is most likely to be located in the depression caused by the 
erosion or other destruction of the outcropping edge of a soft or 
friable rock, the more persistent formation adjoining it, above and 
below, forming the divides between it and other streams. Other 
causes, however, principally those superinduced by undulations in 
the strata over long distances, so as to cause them to leave the di
rection ot the principal or tributary valleys, and the variations of 
level brought about by the unequal deposit.ion of the drift during 
the prevalence of the ice of the glacial epoch, have very generally 
masked the effect of unequal ero~ion of the strata on the direction 
of surface drainage. One remarkable instance of the effect of geo
logical causes in determining the location of valleys, and hence of 
drainage streams, through variations in the hardness of the under
lying rock, may be mentioned. The Mississippi river, from a short 
distance below the mou th of the St. Croix to the southern bound
ary line of the state, and to the mouth of the Wisconsin river 
which joins it at Prairie du Chien from the east, flows through a 
tract of country in which the drift forces acted with far less vio
lence than in other tracts further to the east or west, or even 
further to the south. Whatever may be the cause of the compar
ative exemption of this district from the prevalence of the drift in 
that latitude in other parts of the United States, it is a fact so 
observable that Mr. J. D. Whitney, some years ago, denominated 
it a "driftless region," where it enters the state of Iowa. Hence it 
is here, if anywhere, that the character of the underlying rock 
would influence the direction of drainage. Throughout this 
distance the bluffs of the Mississippi are specially elevated and 
rocky. The river has not il1frequently cut into the formations, 
with which it comes in contact, a perpendicular depth of over six 
hundred feet, excavating a channel often of fbur or five, and some
times of nearly ten miles in width. Sometimes old channels that 
have been abandoned lie along one side, or both, and are filled 
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with water only during the freshet season. Throughout this dis
tance it follows exactly the strike of the Lower Silurian rocks. 
The St. Peter sandstone, on which it enters at St. Anthony's falls, 
is underlain by a very enduring rock known as the Lower Magne
sian limestone. That, in order, is also underlain by the more 
erosible sandstones of the St. Croix valley. Hence we have an en
during limestone rock intercalated oetween two easily destructible 
sandstones. Yet it is a remarkable fact that this I imestone, the 
strike of which would ordinarily form, under the operation of nat
ural causes, a ridge or divide turning the surface waters in opposite 
directions into the valleys of the sandstone areas, forms the sum
mits of the river bluffs nearly the whole dista.nce. The river ha'l 
not only cut its channel through the first sandstone, a thickness 
of over one hundred feet, and the Lower Magnesian limestone, a 
thickness of about three hundred feet, but also inlo the lower 
sandstone to the depth of two or three hundred feet, on which 
it is now running. At the present time the river lies in the 
strik~ of the more enduring limestone, the overlying sandstone 
having retreated from the immediate river banks. Its agency in 
locating the river is only manifest by the existence to the present 
day, of isolated outliers of it, in the form of the well known 
.. Trenton mounds," on the eastern side of the river, its present 
line of outcrop running some miles further west. While the river 
has been slowly wearing its way into the Lower Magnesian lime
stone, and through it into the St. Croix sandstone, on the line 
where the overlying St. Peter sand8tone predetermined it, the St. 
Peter itself has almost entirely disappeared from the river, and 
been lost under the attacks of the elements, its sub8tance having 
been spread over the high prairies, or on the low bottom lands, as 
the principal ingredient of the rich loams which characterize that 
portion of Minnesota. Hence we also have the singular phenom
enon of a slight descent in the surface of the country westward 
from the tops of the bluffs of the Mississippi, in southern Minne
sota, while the streams tributary to it actually reach it by flowing 
to the east. This can be explained only on the supposition that 
the St. Peter sandstone formerly had its outcrop about where the 
Mississippi now runs, forming then there, as it forms now along 
its line of junction with the Lower Ma.qnesian limestone, a marked 
depression in the general surface, but that in the lapse of time its 
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line of outcrop, and necessarily that of all overlying rocks, was 
driven, by the operation of destructive agencies, further to the 
west, leaving the next lower formation to round out the bluff's 
along the river. The tributary streams, having once entered the 
Mississippi from the west, would keep their beds also eroded down 
to a level with that river, and would continue to enter that stream 
by passing in like manner between high and rocky banks, which 
would attain their greatest hight just at their union with the 
bluff's of the Mississippi. At Prairie du Chien the direction of the 
strike of the St. Peter sandstone, and of all the Silurian rocks 
changes, and passes away from the Mississippi valley toward the 
east. But the Wisconsin rivet bears the same relation to the St. 
Peter sandstone, running along its ancient line of bearing, its main 
outcropping edge being driven away from the immediate valley 
toward the south, while outliers on the northern side attest its 
former prevalence intact over the whole valley. 

Enough has been said to show the importance of a knowledge of 
elevations above a common level at all ascertained points through
out the state. Efforts have been made to obtain the hypsometrical 
data of the state complete up to the present time, so far as indica
ted by railroad or other surveys. The following list of elevations 
is the result. To this list additions will be made from time to 
time. The figures show the altitudes of the points named above 
lake Superior, and above the ocean. When not otherwise men
tioned, the points given are on the grade of the road. 
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On the line oj the Lake Sltperior d' Mississippi R. R. 

Miles 
from 

Duluth. 

FURNISHED BY A. J. HILL. 

--- ._-------'-----------
o Surface of lake Superior at Duluth ID 1~70 ... _ ... 
o Duluth .................•.................... 

21 Thomson. Dalles of the St. Louis river ....... 
33 Highest point on entire line, both of grade and na-

tural surface ................................. . 
45 Moose Lake depot ............................. . 
60 Kettle River depot. (Ground a little to the north 

and south is 15 to 20 feet higher)......... . .. . 
78 Hinckley, at Grindstone river .......... . ...... . 

Lowest place between Hinckley and next summit, 
grade ...................................... . 

80 Summit, grade ................................ . 
86 Summit, (,:lQ feet higher than at % mile to the N. 

, or S.), grade .............................. .. 
90 Pine City. at Snake river .......... , ............ . 

Two and a half miles south of Snake river, at sum-
mit, grade ................................. . 

101 Rush City, at creek ............................. . 
Descending gradually from Rush City to Goose 

creek 
Goose creek, grade... . . . . . . . . . . . . . . . . .. . ... ' .. . 
Between Goose creek and N. Branch ........... . 

113 N. Branch derot ............................. . 
Between N. Branch and Wyoming... ' ....... . 

125· Wyoming, at the river, grade ................... . 
125 Wyoming depot ............................... . 
129 Forest Lake depot .............................. . 
132 Summit between Forest Lake and Rice cceek .... . 
133% Rice creek. grade.. . •......... " .............. . 

Country generally level for five miles south of Rice 
creek. 

137% Centerville depot ............................... . 
142% White Bear, junction to Stillwater... . . . . . . .. . .. . 
145M Summit between White Bear lake and St. Paul (8 

feet cut), grade .............................. . 
151 Between Phalen's lake and 5t. Paul ............. . 
154 Lowest known water in Miss. R'I 

at ~t. PauL ............... I Extreme range I 
154 Highe&t known water in Miss. J{ 19 feet. f 

R. at St. Paul. ........•.... 

4 

• 

Feet Feet 
above above 

lake Su- the 
perior. ocean. 
---.---

0 602 
6 608 

430 1032 

51\9 1171 
462 1064 

428 1030 
429 1031 

408 1010 
418 1020 

388 990 
347 949 

381 983 
314 916 

289 891 
318 920 
292 894 
309 911 
291 893 
294 896 
307 909 
;352 954 
319 921 

329 9.3 •. 
332 934 

362 964 
273 b75 

81 683 
100 702 
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On the line oj the Northem Pacific R. R. 

FURNISHED BY W. MILNOR ROBERTS, CHIEF ENGINEER. 

Miles 
!i'om 

Duluth. 

____ ~I---------------------------------
o !Duluth (levd of L. Superior) about .... " ... , .... . 

24 J unctIOn (natural ground).. . . . . . . . . . . . . .. . .... . 
24.2 Junction (grade) ...................... , 
:.l7 Otter creek (bed of creek) ...... , " ...... ' ....... . 
M (natural ground) ................ . 
34.1 Norman (grade), ....... , .............. , ....... . 
41.7 Kettle river (heel of the river) .... ' ... , ... ' 
44,7 (natural ground) .. , ... , .. " .... , .. 
46 Island lake (grade) , .......... ,.:, .... ' ... '" 
51.7 famarack river (bed of the river) .......... " .. . 
.51. 9 (natural ground) ........ ' ........ . 
55.2 (natural ground) ................. . 
58.1 Sicottes (grade) ..............•.............. , .. . 
62.2 Hay rivet' (bed of the river) ....... , ............ . 
62.8 (natural ground)........ ..... . 
65.4 Sandy river (bed of the river) ........... , ....... . 
72.:3 (natural ground) ...... , .......... . 
73.1' (nfttural ground) ................. . 
76 Kimberly (grade) ................. ' ............ . 
76,5 Rice river (bed of the river) .............. , ...... . 
80.8 (natural ground) ........ , ........ . 
83.5 Sisabagama creek (bed of creek) ............... . 
85.3 (natural surface) ..... " ....... . 
87.1 Aitkin (grade) ................................. . 
87.7 Mud river (bed of tbe river) ................... . 
90.2 (natural ground) ................. , 
91.8 Cedar river (bed of the river) .............. ' ... . 
97 .. 5 (natural surface) ............ , " .. . 
98.2 Deerwood (grade) ............................. . 

103.6 (natural surface) ... " ........... . 
115 Brainerd (grade) ........ ' .... ,. " .. " ........ . 
115,.) MississippI river (bed of river), ..... , ..... , ... , .. . 

Banks of (he Mississippi river (grade) ........... . 
1~0.f) Fremhmttn's (grade) ............ , .............. . 
120.9 (natural ground) ...... , ..........• 
122,5 Gull river (bed of the river) ....................•• 
124.7 (natural ground) .. , ...... , ...... . 
1~7.6 Pillager creek (bed of creek) ......... " ... "., .. 
128.2 Pillager (grade) .................... , ....... .. 
135.5 (natural ground) ................. . 
136.5 Crow Wing rIver (bed of the river) ..... " ....... . 
137.1 Motley (grade) ............................... .. 
141.5 (natural ground) ............. "" 
143.3 Hayden's branch (bed of creek) ........... , .. , .. . 
150,9 (natural ground) .............. '" . 
151.3 Aldrich (grade) ............................... . 
151.5 Partridge river (bed of river). .......... , ....... . 
155.3 (natural ground) ..... ,........ " 
150.5 Wing river (bed of river) ....................... . 
158.2 (natural ground) .................. 1 

Above 
lake Suo 
perior. 

---
0 

479 
480 
526 
73:) 
722 
6115 
7<!9 
705 
685 
709 
678 
665 
622 
638 
613 
61::! 
660 
631 
603 
648 
600 
635 
602 
586 
618 
593 
699 
666 
697 
604 
5:~8 
604 
599 
606 
561 
604 
566 
580 
622 
597 
6!.0 
650 
624 
742 
726 
704 
747 
712 
757 

Above 
the 

ocean. 

-
602 

1081 
1082 
1128 
1335 
1324 
1287 
1331 
1307 
12117 
1311 
1280 
1267 
1224 
1240 
1215 
1214 
1262 
1233 
1205 
1250 
1202 
1237 
1204 
1l~8 
1220 
1195 
1301 
1268 
1299 
1206 
1140 
1206 
1201 
1208 
1163 
1206 
1168 
1182 
1224 
1199 
12:.l2 
1252 
12'Z6 
1344 
1328 
W06 
1349 
1314 
1359 



UNIVERSITY OF MINNESOTA. 51 

On the line of t 'te NOI·them Pacific R. H.-continued. 

Miles I 
hom 

Duluth. 

161.a Union creek (bed of creek) ..................... . 
161.9 Wadena (grade) ............................. . 
164.1 I natural ground) ................. . 
166.4 Leaf river (bed of river) ...................... . 
174.8 New York Mills (g~ade) ....................... . 
177.2 (natural ground) ................. . 
18:3.4 Otter Tail river (bed of rIver)........ . ..... . 
18':).5 Perham (grade) ..................... . 
190.7 (natural ground) ................ . 
192.6 Otter Tail river (bed of the river) .............. . 
195.4 Hobart (gracle) ................................. . 
196.J (natural ground) .................. . 
196.2 Otter Tail river (bed of the river) ............... . 
201.4 (natural ground) ............... . 
205.8 Pelican river (bed of fhe river) .................. . 
206.6 Detroit (grade) ................................ . 
210.7 (natural ground) ............... . 
210.9 Oak Lake (grade)... ..... ..... ............ . 
213.6 Audubon (grade) ............................. . 
214.7 (natural ground) ................. . 
217 (natural ground), .............. .. 
219.2 Lake Park (grade) ............................ . 
224.2 Hay creek (bed of crrek) ......................... . 
226.6 Hay creek (bed of creek) ...................... .. 
227.4 Buffalo river (bed of river) .................... .. 
2:10.1 Buffalo river (bed of river) ................... , " 
230.4 Hawley (grade) ................................ . 
2:3 L. 4 (natural ground) ................. . 
2:34.9 Muskoda (grade) ............................. . 
238.3 Buffalo river (bed of river) ...................... . 
242 Red river flats (natural ground) ................ . 
24:3.2 Glyndon (grade) ....................... .. 
252 Moorhead (grade) ........ " ................. .. 
252.2 Red river (bed of river)........... .. .......... . 

Red river banks (natural ground) ...... . 

I A bove I Above 
I"ke Su- the 
perior. ocean. 

720 1:322 
749 1351 
754 13.56 
707 1309 
809 1411 
831 14;)3 
718 1320 
760 1368 
779 D81 
73.5 18:37 
784 1386 
802 1404 
753 1:355 
820 1422 
707 13:39 
762 1364 
i)06 1408 
767 1369 
708 1310 
667 1269 
718 1:350 
73:1 1335 
600 1202 
567 1169 
: 50 1152 
532 11::{4 
550 1152 
[,95 1197 
483 1085 
33i) 940 
378 980 
323 92.5 
304 906 
257 E59 
302 904 
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On the line of the St. Paul (ff; Sioux City and Sioux City & St. Paul R. R. '8. 

Miles I 
from 

St. Paul. 

FURNISHED BY HON. E. F. DRAKE. 

47 Belle Plaine. . . .. . . .. .... . . . . ......... . 
52 Blakely. ...... ....... ... . ......... . 
58 East Henderson .................... · .......... . 
63 Le Sueur ..... , ... ' ........... , ................ . 
69 Ottawa ... , ..... , , ........ , ................. , 
77 Kasota .................. · .... ·, .. ··· ...... .. 
86 Mankato .... , ... , ............ ·.·.·············· 
90 South Bend .. , ............... , ....... , ....... . 

100 Lake Crystal, ............ , .. , ....... , ......... . 
110 Madelia ........ , ........... ·.····.······,··· 
121 Rt. James. . . . . . . . . . . . .. . ......... , ........ , .. . 
130 Butterfield .................................... . 
137 Mountain Lake ..... , ......................... . 
143 Bingham Lake .................. , ............ . 
148 Windom.................. .. ...... . 
154 Wilder.. . . . . .. ." .................... . ..... . 
160 Heron Lake .............................. ,' .. 
170 Hersey ....... , .. , .......... , ......... " ....... . 
178 Worthington ........................... , .... , , . 
188 Bigelow... . .. .., .................. , .. , ....... 'I 
196 Sibley ................................ , ........ . 
24.5 Le MRXS •..••.•••• , •.••. ,., .•• , •••• , ...•.•••• 

St. Paul & Pacific R. R.-Main line. 

Above Above 
lake the 

Superior ocean. 

123 725 
126 728 
132 734 
151 753 
188 790 
198 800 
189 791 
206 80S 
392 994 
419 1021 
471 1073 
.582 1184 
698 1300 
818 1420 
751 1353 
846 1448 
815 1417 
883 1485 
980 1582 

1029 1631 
907 1509 
619 1221 

FROM THE RECORDS IN THE OFFICE OF THE CHIEF ENGINEER, C. A. 

Miles 
from 

St. Pau!' 

F. MORRIS. BY N. H. W. 

o Low water in Mississippi river at St. Paul ..... : .. 
o St. Paul depot ..................... ,...... . .. ' 
o Ba~e of the capitol, St. Paul. . . . . . . . . . . . . . . .. . .. 
o Bluffs back of the capitol-

Head of Robert street. . ..........•........ 
Summit avenue bluff .......•.........•••.... 

5 Summit between St. Paul and St. Anthony (3 feet 
cut) .... ' ...................................•. 

9.5 Junction at St. Anthony ....................... . 

Above 
lake 

Superior 

81 
102 
190 

308 
318 

328 
240 

Above 
the 

ocean. 

683 
704 
792 

911 
920 

930 
842 



UNIVERSITY OF MDTNES')TA. 

S Paul & Pacific R R.-Main 11·l1e-colltinued. 

Miles 
flom 

'8t. Paul. 

9.5 Mississippi R. (low water) at Nicollet island, St. 
Anthony .................................... . 

10.5 Minneapolis station ......................... . 
Mississippi R. (low water) half mile below St. An-

thony fall~ .................. ' ................ . 
17 Self's lake (water) .......................... .. 
24 Wayzata station ............................... . 
25 Lake Minnetonka (water) ....................... . 
28 Long Lake station.......................... . .. 
40 Crow River crossing (track) .................... , 
40 Delano ...................................... . 
4876' Waverly station.. . . . . . . . . . . . . . . . . .. . ......... . 
5176' Twelve Mile creek (track) ...................... . 
54 Howard lake ....... . ........................ . 
57 Smith lake ...................•............... 
59 .............•.............................. 
()O Sucker creek (tracH) ........................... . 
60 Sucker creek (water) .......................... . 
61 Cokato ..................................... . 
()4 Collin wood creek (track) ........................ . 
()7Y2 ...•.....•••......••.••..........•...•.....•.•. 
68.5 Level of marsh ................................ . 
·69.5 ............................................. . 
72 Darwin (Big praine) ........................ . 
79 Litchfield station .............................. . 
86 Swede Grove station. . . . . . . . . . . . . . .. . .......... . 
89 Anderson's hill (cut 15 feet) ..................... . 
91 Summit (Atwater) ........... , ................ . 
92 Cut 10Yz feet ................................. . 
95.5 Highest point on line (cut3 feet) ............... . 
98 Very rolling surface to Kandiyohi station ......... . 

105 Willmar station (at Foot lake) ................... . 
110.5 l?t. John's ..................................... . 
118 Nearly level to Kerkhoven .................... . 
127 Snl10th surface to De Graff station ...•........... 
132 Sharp summit (cut 16 feet) ..................... . 
134 Gradual descent, smooth surface to Benson sta-

tion ..................... - .................. . 
1:35 . 5 Chippewa river (bridge track) ............. . 
135.5 Chippewa river (water) ............ _ ............ . 
140 Gradual ascent, smooth surface, to Clontarf sta-

tion .........•.. - ............................ . 
147 Gradual abcent, smooth surface, to 147's mile 

post .......................................... . 
150 Hancock station ............................. . 
151.5 Summit ........ ' . . .. ...... . ................. . 
155.5 Pomme de Terre rival' (track} .................. . 
155.5 Pomme de Terre river (water) ............•...... 
159 Morris station... . . . . . . . . . . .................. . 
161 Summit (161 's mile post) ..................... .. 
167.5 Smooth surface to Donnelly station ............. . 
178 Gradual descent, smooth surface, to Herman :sta-

tion ..........•.•....•..........•............. 

Above 
lake 

Supenor 

198 
232 

118 
253 
334 
326 
352 
g~6 

326 
:)97 
398 
408 
452 
448 
415 
39~ 
448 
425 
519 
490 
520 
530 
5'27 
590 
614 
609 
6:39 
667 
620 
527 
519 
506 
459 
404 

445 
433 
418 

442 

472 
553 
570 
476 
464 
527 
554 
52~ 

468 

53 

Above 
the 

Ol'ean. 

800 
834 

720 
85·5 
936 
92.-, 
954 
928 
928 
999 

1000 
1010 
1054 
1050 
1017 
99" 

10.50 
1027 
1121 
109~ 
11'2'2 
1132 
1129 
1192 
1216 
l~ll 
1241 
1269 
1222 
1129 
1121 
1108 
1061 
1065 

1047 
103f> 
1020 

1044 

1074 
115,5 
1172 
1078 
1066 
1129 
1156 
1124 

1070 



ANNUAL REPORT. 

St. Paul ce· Pacific E. B.-Main line-continued. 

Mileq 
from 

St. Paul. 

184.5 Smooth surface to Mustinka creek ............... . 
18.5.5 Smooth surface to Gorton ...................... . 
11:14.5 Smooth surface to Tintah. . . . . . . .. . . . . .. . ...... . 
201 Smooth surface to Rabbit run .. _ ................ . 
202 Smooth surface to <iampbell station ....... - ...... . 
:t09 Smooth surface to Doran station ................ . 
217 Smooth surface to Breckenridge station _ ........ - . 

St. Paul, Stillwater ce· Toylor's Falls R. R. 

.Above 
lake Suo 

perior. 

424 . 
420 
i:S93 
380 
380 
369 
3'i7 

.Above 
the 

Ocean. 

1026 
1022 

995 
9':i2 
982 
971 

59 

COPIED FROM PROFILE IN THE OFFLCE OF THE CHIEF ENGINEER, 

J. S. SEWELL, BY N. H. W. 

:Nliles I 
from 

8t. Paul. 
__ 1 ___________ _ 

o St. Paul. Low water in :VJississippi river ... . 
o St. PaUl. High water in Mississippi river ....... . 
1.5 Junct.ion with St. Paul & Pacific H. R. _ ......... . 

Crossing of L. S. and M. R. R., Phalen's creek 
(track) .................................. . 

Grade of L. S. and M. R. R. here is 20 feet 
lower ...................... _ ................ . 

2 Phalen's creek (bottom) third cro~sing ........... . 
3 Broken surface to second crossing of Phalen's creek 

(track) ................................... .. 
3 Phalen's creek, second crossing (bottom) ....••... 
3.5 Broken surface to first :crossmg of Phalen's creek 

(track) .................................... " 
3.5 first crossing of Phalen's creek (bottom) ......... . 
4.5 Broken surface to creek at Ame~' farm (track) .... . 
4.5 Creek at Ames' farm (bottom) ................... . 
6 Broken ascent to beglUning of descent to the Mis-

sissippi river (cut 15 feet) ....... " ............ . 
6.5 Broken Aurfac' to tamarack swamp (track) ....... . 
6.5 Tamarack swamp (natural surface) .... ___ ....... . 
8 Snmmit one mile west of Oakdale station (cut 10 

feet) ...... _ ... _ ............................ . 
9 Oakdale station ................................ . 

III Broken surface to the level of Lower Bass 
lake ... '" ............................ " 

1J Level of Upper Bass lake ....................... . 
1 ~ Lake Elmo station. . . .. . . . . . . .. . . . . . . .. . .•..... / 
13 Ne!l-rlv level and smooth surface to road on ell.at 

line of Oakdale ....... _ . . . . .. . ......... _ .... . 

.Above l Above 
iake su., the 
perior. ocean. 

---1---

81 68a 
100 702 
172 774 

227 829 

~07 80!} 
~Ol 803 

251 8~3-
23() 838 

269 871 
~fl1 853 
321 923 
290 892 

~ 

386 938 
370 978 
371 973 

406 1008 
377 979 

284 886 
~9!:! $100 
331 933 

321 923 



UNIVEI~SITY OF MINNESOTA. 

St. Paul, Stillwater &- Taylor's Falls B. B.-continued. 

-Miles 
from 

St. Paul. 

V'> Summit four miles from Stillwater .............. . 
15.5 Junction W. Wlsconsin R. R. (cut 17 f.:let) ....... . 
17.5 Broken descent to marsh (bottom). . . . . . . . . . .. . .. 
17.5 Center of gravel ridge, one and a half miles from 

Stillwater (cut 50 feet} ........................ . 
19 Broken descent to high water at Stillwater ....... . 
19 Low water in St. Croix lake at Stillwater ......... . 

Above 
lake Su-
perior. 

827 
28.5 
151 

171 
85 
-;5 

55 

Above 
the 

ocean. 

9~9 
.'l1:l7 
753 

773 
687 
'67 

Branch line of the. St. Paul (f· Pacific R. B., from St. Anthony to Brainenl. 

FROM THE RECORDS IN THE OFFICE OF THE CHIEF ];NGINEER, C. A. 

F. MORltIS. ABSTRACTED BY N. H. WINCHELL. 

Miles 
rom 

'St. Paul. 

9.5 JunctIOn at St. Anthony ...................... .. 
17 Manomin (Fridley) ............................ . 
17 Rice creek (water level) ..... -................... . 
21. 5 Coon creek (water level) ...... ' . . . . . .. . ......... . 
27 Anoka ..................................... . 
27.5 Rum river (water levei) ...................... .. 
34 Itasca ....................................... .. 
39 Elk RlVer station .............................. . 
43 Elk river (water level) .......................... . 
48 Big Lake station ........................ . 
56 Becker ..........•............................ 
63 Clear Lake station. . . . . . . . . . . .. .... .: ........ . 
73.5 St. Cloud, E. shore of Mississippi river ........... . 
75 St. Uloud. W. shore of Mississippi river ... ' ...... . 

Mississippi river at St. Cloud bridge. . . . .. . ...... . 
Mississippi river at Sauk Rapids (water).. . . . . .. ., 

76 Sauk Rapids station.. . . . . . . . . . . . . . .. . ......... . 
82 Watab station .................... ·· ....... .. 
85 Little Rock river (track} ........... , ............ . 
85 Little Rock river (water) ...................... . 
89 Rice's station.. .. . . . . .. . . . . . . . .. . . . . . . . . . . . .. .. 
95 Platte river (track) ............................ . 
95 'Platte river (water) ............................ . 
96 Royalton.. . .. .. .... .. .. .. .. . .. .. .. .. .. . .. ... .. 

106 Smooth surface to LiUle Falls (track) ........... . 
111 Smooth surface to Belle Prairie ..... , ........... . 
118.5 Summit ......................... , ...... " .... . 

Above 
lake Su-
perioL 

---
240 
246 
219 
230 
281 
243 
289 
l:!94 
294 
338 
375 
395 
410 
420 
363 
386 
402 
451 
418 
405 
457 
467 
457 
478 
512 
528 
570 

Above 
the 

ocean. 

---
842 
848 
821 
832 
88~ 
845 
891 
t-96 
896 
940 
977 
997 

1012 
102:,l 
965 
988 

1004 
1053 
1020 
1007 
1059 
1069 
1059 
1080 
1114 
1I3t) 
1172 



56 .ANNU.AL REPORT. 

Branch line of the St. Paul d!: Pacific R. R., from St. Anthony to Brainerd

continued. 

Miles I 
from 

St. Paul. 

120 b'ort Ripley ...... ··.·· ... ·.··················· . 
]20 Noilasippi river (water) .................... · .. ··· 
127 Crow Wing ................... · . . ....... , .. 
13.3.5 Buffalo creek ...... , . . . . . . . . . . . . . . . . . . . . . . .. .,. 
133,5 Buffalo creek (low water). .. .... . .... , ........ . 
134.5 Summit between Buffalo and Buckhorn creeks .... 'I 
136 Buckhorn creek (track) .................. , .... ,. 
136 Buckhorn creek (Jow water) .................... . 
137 Broken SUI face to Brainerd (N. P. J unc.) ........ . 

Above Above 
lake Su- the 
perior. ocean. 

556 1158 
537 1139 
584 1186 
601 1203 
570 1172 
599 1201 
56~ 1164 
587 11~9 
604 1206 

Line of the St. Vincent branch oj the St. P:tul d!: Pacific R. R . 

.ABSTRACTED FROM THE RECORDS IN THE OFFICE OF THE CP.:IEF ENG[

NEER, C . .A. F. MORRIS, BY N. H. WINCHELL. 

Miles 
from 

St Paul. 

74 K St. Cloud station ..... " '" ........ " ..•...... 
74 Low water in Mississippi river at St. Cloud .....••. 
'75 W. St. Cloud ................................. .. 
78.5 Sauk river( track) ............................... . 
78 5 Sauk river, first crossing (water) ... , ............. . 
79 Sharp ridge (cut 15 feet) ..................•...... 
8~ St. Joseph ..... ' . .. . .......................... . 
83.5 Watab creek (track) ........ , ................. .. 
86 Sharp ridge (cut 17 feet) ................... " .. . 
87.5 Broken su rface to summit.. . . .. . . . .. . . . . .. . .... . 
90 Broken surface to Avon ............... . 
94.5 Broken surface to 1'wo rivers (water) ..... . 
6.5 Broken surface to Albany ....... '" . . . . .. . .. . 

99 Broki~n sur~ace to summit near 99's mile post ..... . 
101 Broken surface to Getchell's creek (water) ........ . 
103 Broken surface to Freeport (a summit) ........... . 
106 Broken surface to Sauk river, second crossing, 

(water) ... '" ............................ . 
108 Broken sur lace to Melrose.. . . .. ...... . ........ . 
III :::lmooth surface to third ('rossing of Sauk flver, 

(track) ........ " .................... , ....... . 
111 Third crossing of Sauk river (water) ............ . 
114 Broken surface to summit (cut 15 feet), Sec. 24, T. 

126, R. 34 .. , .• , ............... ',' . . . . . .. . ... . 

Above Above 
lake Su- the 

periol'. ocean. 

--- ---
410 1012 
363 965 
420 1022 
433 1035 
416 1018 
437 1039 
471 1073 
459 1061 
486 1088 
536 1138 
515 1117 
521 1123 
586 1188 
634 1236 
575 1177 
624 1226 

557 1159 
596 1198 

598 1200 
586 1188 

656 1258 



UNIVERSITY OF MINNESOTA. 57 

Line of the St. Vincent branch of the St. Paul & Pacific H. H.-con.tinued. 

Miles Above 
from lake Suo 

St. Paul. perior. 

116 Broken surface to fourth crosl:ling Sauk river 
(track)....................................... 625 

116 Sauk river (low water). ......................... 600 
117 Smooth surface to Sauk Center station... ......... 640 
120 Broken surface to cut of fourteen feet............. 693 
121 Broken surface to summit (cut of seventeen 

feet .................................... , .... 712 
122.5 Silver creek (track)............. ................ 666 
125 Undulating' surface to West Union station..... ... 722 
131 Broken surf>tce to Osakis station.............. 728 
133 Summit (Sec. 22, T. 128,:?. 36) .......... '" ... " . 793 
135 Broken surface to 135's mile post ......... , . .. . ... 727 
136 Nelson.. . .. .... ....... ............... . .. . .. 754 
138 133's mile PO&t... . .. .. . .. .. . .. . .. .. .. . . . . .. .. . . . 803 
139.5 BrOken surface to creek (track)................... 759 
142 Broken ~urface to Alexandria ............. 778 
149 Very broken surface to Garfield station. . . . . . . . . . . . 803 
158 Broken surface to Ohippewa river (track}..... .... . 760 
15'1 Chippewa river (water).......................... 730 
160 Evansville station (cut twenty-eight feet, fill imme-

diately of fifteen feet)..... .................. 745 
161 Very broken surface to summit (cut of thirty 

feet) ........................................ 769 
166 Very broken surfacp. to lake Christina (cut and fill 

at Ohnstina of forty-two feet)........... ...... 623 
169.5 Very broken surface to summit (cut five feet)...... 687 
173.5 Very broken surface to St. O1otf.. .......... :..... 735 
176 Very broken surface to summit (cut three feet).... . 750 
179 Vf>ry broken descent to Pomme de Terre river 

(grade) ..... ................................. 630 
179 Pomme de Terre R. (water)...... ............... 596 
179 Pomme de Terre R. (bottom}..................... 592 
180 Broken surface to TumuH station.. . .. .. . . 596 
186.5 Broken and irregular descent to Red river crossing 

(water).................... .................. 462 
186.5 Red river (bottom).............................. 417 

NOTE.-F'rom mile post 131 to 188 the1'e are fl'e-
quent fills and cuts. 

187 Red River Falls station. .... ............... .... 522 
19,1 Undulating', slow descent to 192's mile post........ 499 
200 Sec. I, T. 133. l:t. 45 .. .................. ...... 467 
~04 Smooth surface to 204's mile post................. 464 
210 Sec. 15, T. 135, R. 45 (smoo h surface)............ 496 
212 Smooth surface to 2U's mile post.. . . . . . • . . . . . . . . . 505 
216 Smoth surface to 216'8 mile post... . . . . . . .. . . . . . . . 429 
220 Smooth surface to Sec. 31, T. 137, R. 45..... ..... 419 
222 Smooth ~urface to Barnesville (track)............. 405 
222 Willow river (bottom)........................... 390 
238.5jSmooth surface, slow descent to Glyndon (N. P. R. 

241. 5,S:OO{h~~t~:j~ 't~'B~ff~I~' ;;v'~r' (t~~~ki: : : : : : : : : : : : i~~ 

Above 
the 

ocean. 

1227 
1202 
1242 
129.5 

1314 
1268 
1324 
1330 
U!9.5 
1329 
1356 
J40.5 
1361 
1380 
140.) 
1362 
1332 

1347 

1371 

12?.5 
1289 
1337 
Vl52 

1232 
1198 
1194 
1198 

1064 
1019 

1124 
1101 
1069 
1066 
1098 
1107 
1031 
1021 
1007 
992 

92.5 
923 



58 ANNUAL REPORT. 

Line of the St. Vincent branch of the St. Paul cP' Pacific R. R.-contin~!ed. 

Miles 
from 

St. P,wl 

l41.5 Buffalo rivedwater) ........................... . 
l41 .. 5 BuffaJo river (bottom) ......................... . 
l46 Smooth, level surface to Averill station .......... . 
2)3 Smooth surface to Felton station. . . . . . .. . ...... . 
~.S9 Smooth surface to Borup station .......... , '" .. . 
266 Smooth surface to Wild Rice river (tra(;k) .. 
~l:iti Wild Riceriver(water) ....................... . 
~1:i6 Wild RICe river (bottom) ...................... . 
268 Smooth surface to Mar"h river (water) 
268.5 Ada station. . ................................ . 
280 Smooth surface to Rolette station ................ . 
2e5.5 Smooth surface to Beltrami station. . . . . .. .,. . .. 
286 Smooth surface to Sand Hill river. . . . . .. . ...... . 
296 Smooth surface to Kittson station .......... . .. . 
30l.5 Smooth surface to t p of first bluff, Red Lake R ... . 
;)0~.5 Red Lake river (track on bridge).... . ........ . 
;)O~. 5 [ted Lake river (water level) .................... . 
::l02.5 lied Lake l'Iver (bottom) ....................... . 
;)0::; Top of bluff on N. side Red Lake river .......... . 

N OTE.-The valley ;s just a mile aCI'OliS with 
single, u'ell defined bluff's. 

304 Smooth surface, gentle ascent to summit ........ . 
310 Smooth surface to 310'smile post ....... . 
;)20 Smooth surface to 320's mile post ............... . 
;)30 Smooth surface to 830's mtle post ........ . 
;)63.5 Smooth surface to Snake river (watf'r) .......... . 
640 Smooth surface to 340's mile post ............... . 
643.5 Smooth surface to Middle river (track). . ... . .... . 
;)43.5 Middle river (water) ........................... . 
'H3.5 Middle river (bottom) .......................... . 
%0 Smooth surface to Set!. 8, T. 157, R. 48 ......... . 
::i51 Smooth surface to Tamltrack R. (track, .......... . 
351 Tamarack R. (water) .......................... . 
::i,51 Tamarack R. (bottom) .................... . 
::i75 Smooth surface to S. branch of Two river; (track). 
375 S. hranch of Two flvers (water) ................ . 
:)75 S. branch of Two rivers (bottom) ........ " . . . . . 
380 Smooth surface to North branch of Two rivers 

380 
.380 
39:3 
;)94 

394 
39 f 
:394 
::i94 

(track) ....... '.' .... . ...................... . 
N. branch of Two rivers (water) .............. , .. 
N. branch of Two rivers (botLom) .......... '" .. . 
Smooth surface to ;)9l's milo post ............. . 
Slow, ilregular descent to the immediate bank of 

Red river (track) .................. _ ........ . 
St. Vincent (bank of Red river).. . .... . ........ . 
St. Vincent (bottom of Red river) ............... . 
St. Vinren t (high water of 1866). . .. ........ "'1 
St" Vmcpnt (usual watf't' ;mrface) .............. . 

Above Above 
lakeSu· the -
perior. ocean. 

--- ---
308 ,910 
303 905 
317 919 
315 917 
311 91i) 
309 9ll 
300 902 
295 897 
~90 892 
305 907 
293 895· 
30:~ 905, 
296 898 
~86 888 
262 864 
266 868 
~36 83S 
224 82!} 
269 871 

288 89(} 
:-;04 90!} 
286 888 
243 845 
241 843 
251 853 
245 847 
2:>1 83!} 
231 833 
~39 841 
2:31 833 
217 819 
~15 817 
216 818 
203 805 
194 79!} 

201 803 
187 789 
1&1 783 
196 798 

Ifl9 791 
190 . .'1 792.5 
142 744 
185 787 
156 758 



30 
48 
5:1 
59 
83 

103 
118 
Hi6 
167 

212 

UNIVERSITY OF :MINNESOTA. 

On the line of the Sonthern Minnesota R. R. 

FURNISHED BY CH[EF ENGINEER H. W. HOLLEY. 
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..0"' 
~ 

+'H ,.j 
<l) <l) 
". ". 
0 0 
~ ~ 

< -<-
GLand Crossing Miss. R. opposite L~ Crosse ..... . 
Rushford. . . . . . . . . . . . . .. .., ....... ....... .. 

12 86 
96 12'0 

Lanesboro .................................. . 215 239 
ISILour's (Sec. 20, T. 10:1, 1t. 10) ................ . 
~'ountain . . . . . . . . . . .. . ....................... . 

278 297 
676 700 

Grand Meadow (Sec. 24, T. 103, R. lil) .......... . 
Sec. 13, T. 103, R. 16 .......................... . 
Ramsey (grade MIl. and St. Paul R. R. ) ......... . 
Hayward ................................... . 
Winnebal2'o City .............................. . 
Water in Blue Earth river one mile west of Win-

712 n6 
788 812 
588 612: 
622 6<t6 
470 494 

nebago City........ . . . . . . . . . . . .. . ......... . 
Sec. 25. T. 104, R. 30 ......................... . 
Sec. 1, T. 103. R. 33 ................... '"'''' 
Sec. )'5, T. 104, R. 36 .......................... . 
Water in Des Moines river ..................... . 

S88 412 
490 [)14 
b99 623 
765 789 
66~ 6'36 

Heron lake (water) ........................... . 
Graham lake (water)....... . ......... . 
Sec. 3, T. 102. R. 22 ........... " .............. . 

777 801 
819 843 
701 725 

Sec. 33 T. 101. H. 21 ........................ . 
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IV. 

THE SURFACE GEOLOGY. 

The amount of time devoted to the phenomena of the drift has 
necessarily bee11 small. A sufficient number of facts on which to 
base scientific opinions have not yet been obtained to warrant the 
announcement of any discoveries; observations have been made 
however, that confirm theories lately advanced as to the origin of 
thp, clays which make up a great portion of the drift of the North
west. The great mass of clay charged with gravel, and often with 
boulders, is found to be of glacier origin. This deposit is gener
ally blue, but in the eastern part of the state it is reddish or copper 
colored. It is made up almost entirely of transported materials, 
and its red color in the direction of the iron ore beds of the lake 
Superior region, seems to be due, as some time ago suggested by 
Col. Charles Whittlesey,* to the greater contained quantity of iron 
oxide, consequent on the continued action on and the transport
ation of large portions of those rocks by the forces of the glacial 
period. This deposit lies on the striated rocky surfaces, or is sep
arated from them by a thin Rtratum of gravel or sand which L..sual
Iy supplies water. The boulders embraced in this hardpan deposi
are very often striated and polished in the same manner as the 
bedded rocks below. It also embraces, but rarely, lenticular beds 
of stratified gravel, or sand and gravel mixed without stratification. 
In some instances it has been seen to inclose nests of boulders and 
gravel, compactly deposited and detached from other similar de
posits. In other cases a spur or lip from t.he hardpan will rise above 
the main mass, and, bearing off diagonally to the right or left, will 
partially enclose on the lower side a few feet of stratified materials 
of sand and gravel. Indeed along the valley of the Mississippi, and 
in regions of rough, rocky surfaces its upper portion is very apt 
to be replaced by stratified deposits of saud and gravel variously 

*(In the fresh waleI' glacial drift Of the northwestern states. By Charles Whittlesey. 
Smithsonian contrilJl,tions to 7mowledge, 197. 
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alternating with each other and with irregular patches of the same. 
In these cases the boulders, derived from the original un assorted 

mass, are apt to lie also in layers or pockets by themselves, their 
interstices filled with coarse gravel. Throughout much of the cen
tral portion of the state, and especially in Carver and McLeod 
counties, where it has recently been exposed in numerous cuts along 
the line of the Hastings and Dacotah railroad, this hardpan, or un
assorted glacier drift, rises to the surface with liO overlying strati
fied beds. Large boulders of more northern origin are uniformly 
met in these cuts, even if they be but a few feet below the surface. 
Sometimes a thickness uf more than a hundred feet may be seen 
presenting no essential variar,ion in outward characters or contents. 
Its color when freshly exposed at considerable depth is blue. but it 
has everywhere become oxidized below the surface to the depth of 
fifteen or twenty' feet, and it then assumes a yellowish ash-color. 
It has been noticed that in Minnesota this deposit varies greatly in 
thickness. There is an area in the !Southeastern part of the state 
where very little of it is found. The rocks s~and out prominently in 
bluffs and terraces caused by their various capacity to withstand the 
elements, covered with very little besides the decomposed debris of 
their own bed::;. Yet in this portion of the state, which seems to 
be an extension of the so-called" driftless region" of Iowa, the val
leys on being excavated for cellars and wells reveal a clay charged 
with pebbles and sometimes large boulders. This clay is said to 
contain fragments of ",ood and leaves half decomposed. Sufficient 
exami.tlation has not yet been made to show the relation uf this 
blue clay in the southeastern portion of the state, containing vege
table deposits, with the vast sheet of blue clay containing, so far 
as known, no vegetable or other remains, which is spread over a 
greater portion of the entire state. It. seems, however, to be of older 
date, and may consist of the remains of a previous glacial sheet, 
which, under the action of the last glacial epoch was subjected to 
erosion and wash but was not replaced by fresh deposits. In that 
way the vegetable growth<! of the surface, accumulating between 
the period~ of the two glacial epochs, would be buried in the de
pressions to various depths beneath the debris from the hillsides, 
and considerable beds of peat or even an entire soil would be pre
served, while toward the north the movement of the glacier ice en-
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tirely destroyed and removed the ancient soils. The thickness of 
this hardpan at Fargo, D. T., on the line of the Northern Pacific 
railroad, as revealed by the drilling of a well, was found to be one 
hundred and fifteen feet. It there lies below a hundred and five 
feet of variously stratified clay, gravel and sand. 

This deposit is spread out in a vast sheet over much of the states 
of Minnesota, Wisconsin, Iowa, Illinois, Michigan. Indiana and 
Ohio, and it is ~ocally covered by a fine, stratified clay which has 
been named by the geologists of Canada" Erie clay," although the 
two have sometimes been confounded. It has never been known 
to contain fossils, either of vegetables or animals. As clay it is en
tirely unstratified, but it may embrace irregular beds of stratified 
materials, and above may become replaced by assorted gravel and 
sand, the whole being of the same age. As to its manner of depo
sition it is believed to be the immediate product Qf the ice of the 
glacier, and was gently let· down on the surface of the rocks that it 
so effectually conceals, by the SLow thawing and withdrawal of the 
ice. It must have been largely frozen in the body of the ice in 
regions far to the north, but by the superficial wasting of the glacier 
as it advanced into warmer latitudes, it gradually formed a layer 
covering the surface of the ice in much the same way as it now 
covers the rock. Such underground ice is known to exist at the 
present time in several places in northern latitudes. Wherever 
streams of water gathered, incident to the dissolution of the glacial 
ice, the materials of the drift were assorted and often handsomely 
arranged in ublique stratification. This would occur especially 
along the main valleys. and in crevasses that might result from the 
passage of the ice over rough, rocky surfaces. Streams running in: 
such crevasses would wear their beds deeper into the ice-sheet and 
perhaps to the bed-rock itself~ All drift materials precipitated into 
such crevasses by tile motions of the ice would be washed and as
sorted, and the finest portions would be entirely carried away. 
Upon the entire withdrawal, or dissolution of the ice-sheet a ridge 
of gravel and sand, containing boulders and suggesting the common 
name of" hog's back," would mark the place where such a stream, 
had its bed. When the slope of the country was away from the 
foot of the glacier, or in the direction of its motion, the streams 
would be likely to carry away the clayey portions of the ,drift, 
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. leaving only stratified gravel and sand along the valleys of the 
water courseR; but where the slope of the country was toward the 
ice foot, as in the Maumee valley, in Ohio, and in the valley of the 
Red river of the North, the fine parts would be laid down over the 
unstratified drift in horizontal laminations of fine clay and sand. 
A lake of standing water would be formed about the foot of the ice, 
with an outlet southward through the lowest drainage valley ac
cessible.* It is authentically reported that at the present time this 
very circumstance occnrs In the Red river valley in seasons of un
usual severity. The mouth of the river is completely frozen, or so 
Qbstructed by ice, that the whole country for several miles in width 
is submerged sometimes below forty feet of water. In such cases 
the discharge must be by the Minnesota valley, Big Stone lake and 
lake Traverse becoming one. About ten years ago, when these 
lakes were so united, an ~ffort was made, and nearly with success, 
to float a steamboat across the continental water-shed from the 
Minnesota valley into that of the Red river of the North. There 
are many indications that the Red river region was for a long time 
covered by a lake of fresh water and had an outlet by way of the 
Minne~ota valley into the Missi~sippi river. 

Overlying this hardpan in much of t.he southern part of the 
state, and covering especially those portions of the state where the 
hardpan exists in small quantities, is a sandy loam which forms a 
very productive surfaee soil, and is especially exhibited on the bluffs 
along the Mississippi river, where it has been named, in states 
further south, "The Bluff Formation." The distribution of this 
material over the state IS not well known, and its origin remains 
yet in doubt. Where it reaches its greatest development it is per
fectly unstratified. Its characteristics are very uniform, and its as
pect and composition are perfectly homogeneous. It has been at
tributed to the prevalence of a fresh water lake over much of the 
Northwest. It may perhaps as reasonably be ascribed to the inso
luble residue from the rocks in situ, and its distribution to the ef:' 
fect of surface drainage. The pulverizing action of the prairie fires 
on the rocks, or on pebbles contained in the drift may account for 
the existence of this loam in places where it covers the glacier drift 

*Compare .. Oil certain phYSical features of the Upper MISSiSsippi river." By Gen. 
G. K. Warren, American Naturalist fOI' Nov., 1868. 
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at points remote from streams. It contains, in the valleys, the 
shells of the fresh-water molluscs, and seems there to be perfectly 
comparable to ordinary alluvium. The immediate surface of this 
loam, and of the soil generally, in the central and southern por
tions of the state, is blacklmed by the charcoal of innumerable 
fires that have passed over the surface, and by decomposing vege
table remains. 

The drift about St. Anthony and St. Paul shows the following 
gelleral section: 

No. I.-Bluft'. ........ ................ .. ..................... 6 to 10 feet. 
No. 2.-Assorted materials, often nicely stratified, sometimes re

placed by a mass of glacier-marked (!) boulders and cobble 
stones mingled with gravel. ThIS seems to be due to the re
moval by water of the clayey portions of the hardpan. It. not 
unfrequently shows very large blocks and masses 01 the'TIen-
ton flags (" Lower shell limestone. " ofB. F. Shumard) ..... 10 to 20 feet. 

No.3.-Hardpan, seen .............. ·......... .............. 25 feet. 

v. 
SKETCH OF THE GEOLOGY OF MINNESOTA. 

1. GRANITIC AND :l.IETAMORPHIC ROOKS. 

(a.) Their area. 

Under this designation are embraced all rocks that lie below the 
Potsdam sandstone. It covers not Gnly the granit,ic nucleus which 
first appeared as dry land, and those trappean rocks that are with 
little difference of opinion pronounced the result of purely igneous 
forces, but also the vast thickness of truly metamorphic strata in
cluded under the terms Laurentian and Huronian. 

These rocks occupy a great portion of the state of Minnesota, 
crossing it in a rudely wedged-shaped belt from the northeast to 
southwest. The southbrn margin of this belt enters the state from 
Wisconsin about t.hree miles below the mouth of Kettle river, 
crosses the Mississippi about three miles below the mouth of Clear 
Water river in a southwesterly direction. It also crosses the Min
nesota river about three miles below Fort Ridgely and probably 
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leaves the state near the northern line of Pipestone county. The 
northern or northwestern boundary of these rocks enters the state 
from the north about midway between the lake of the Woods and 
the Red river of the North, in a southerly and then a southeasterly 
direction, to the vicinity of PokegaUla falls, where it changes its 
course and runs in a southwesterly direction, passing approximately 
through Cass, Todd, Stevens and Traverse counties to the western 
boundary of the state, These rocks thus form a great anti clinal 
axis, or backbone from which the later sedimentary rocks dip in 
opposite directions to the southeast, and to the west and north
west, their area being something more thau one third of the entire 
state. North of lake Superior they produce a rough, and even 
mountainous tract of country which is marked by a series of ridges 
or ranges of upheaval NE. and SW.j but toward the southwest 
their original uneven surface is so evenly and deeply covered with 
drift that they are but rarely seen, except in the valleys of the 
streams, the country assuming the character of a rolling and more 
or less wooded, or of a level and open prairie. 

(b.) Their general lithological characters. 

These rocks have been included under the general term of Azoic, 
from the absence of organic remains. The geologists of Canada 
have, however, described within a few years a strangely concre
tionary or laminated alternation of pyroxene and carbonate of lime, 
taken from the Laurentian system, which on microscopical exam
ination has disclosed an organic structure resembling that of the 
foraminifera, and has been named'Eozoon Canadense by Dr. J. \V. 
Dawson. * This discovery carries down ward the horizon of the be
ginning of animal life several thousand feet below the base of the 
Potsdam sandstone; and the appropriate term Eozoic has been used 
to describe the earliest of fossiliferous rocks, comprising the Lau
rentian and Huronian systems. With this exception no fossil re
mains have been found below the Potsdam scmdstone. 

The lithological and mineralogical characters of this belt of 
granitic and metamorphic rocks are very complex and variable. 
The original upheaved nucleus was granitic, or syenitic and granitic, 
and this character prevails in the oldest and highest knob! and 
hills, around which the highly metamorphosed slates and gneisses 

*In this fossil the pyroxene is ""metimes replaced by serpentine, or loganite, (or by 
pyralolite?) and the calcite by dolomite. 

5 
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are arranged ill upturned and even vertical beds. Intercalated with 
these disturbed beds are numerous injected beds and dykes of vol
canic trap, the igneous origin of which cannot be doubted. The 
metamorphism consists in a decomposition and recrystallization, 
through the combined action of heat and chemical affinity, of the 
first sedimentary strata, producing from sandstones, limestones and 
shales, talcose argillaceous slates, gneiss, quartz and saccharoidal 
marble, and in some instances immense masses of specular and mag
netic oxide of iron. The close of this disturbance involved the 
overlying Potsdam sandstone. or at least the "red sandstones" of 
the Northwest, but in Minnesota it antedates, so far as known, the 
sandstones of the St. Croix valley and the Lower Magnesian lime
stone. It seems to have continued to the close of the depositioli of 
the •. red sandstone, " and to have terminated prior to the deposi
tion of the Lingula beds, which lie without disturbance, as far as 
known, on the ejected traps, and between the red sandstone and 
the light-colored quartzose sanclstone which characterizes the upper 
Mississippi valley. This disturbance was tht:: cause of fissures and 
dislocations in the rocky crust, which by slow degrees became filled 
with the various materials composing the metalliferous veias. 

In 1849 Col. Charles Whittlesey classified these rocks in north
ern Wisconsin, in the following desecending order: (Owen's geol. 
sur. oj Wis., Iow(t and Minn., p. 42f).) 

1. SEIJIMENTARY. 
a. Red ~andstonp. (not belon.qing to the metamorphic series.) 
b. BlaCK slate. 
c. Conglomerate. 

2. TRAPPOUS ROCKS, OR THOSE OF VOLCANIC ORIGIN. 
a. Black and red amygdaloid, and greenstone trap. 
b. Augitic, hornblendic and t'eldspathic rocks, embracing syenites and 

granites of the same age. 
3. METAMORPHOSED ROCKS. 

a. HornblendlC slates. 
b. Iron slates. 
c. Black slates, in large, thin, rectangular sheets. 
d. l'alcose slates. 
e. Slaty quartz. 

4. GRANITIC. 
a. Syenite. 
b. Granite occupying the country south of the mountain range or uplift, 

and are the oldest rocks seen. 

Messrs. Foster and Whitney, in a report on the lake Superior 
land district in 1851, give them the following arrangement in de
scending order: 
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AZOIC SYSTEM. 
Beds of quartz and saccharoidal marble. 
Chlorite, talcose and argillaceous slate. 
Gneiss, mica and hornblende slate. 

IGNEOUSllOCKS, OF VARIOUS AGES. 
Tt'appean or volcanic rocks. 

Masses of specular and magnetic oxide of iron. 
Hornblende and serpentme rocks. 
Basalt, amygdaloid. 
Greenstone, or doleryte, porphyry. 

Plutvnic rocks. 
Feldspar and quartz rock. 
Syenite. 
Granite. 

67 

The Potsdam sandstone, or that portion which is equivalent to 
the red sandstone, overlies all the forgoing, and although very much 
broken by intrusions and overflows of trap, and often reduced to 
the form of a conglomerate, or a volcanic tufa, is not regarded by 
Foster and Whitney as belonging to the series of metamorphic rocks. 

(c.) Their economical value. 

In the state of Minnesota these rocks are known to contain va
riable quantities of gold, silver, copper and iron. As yet no exten
si ve exploitation of these metals has been made. Veins of gold and 
silver bearing quartz are known to occur in the vicinity of Vermil
ion lake, and at other places on the north shore of lake Superior. 
Recently gold has also been reported from the vicinity of Red lake. 
Veins carrying native copper, as well as the sulphuret and car
bonate, also occur on the Kettle river, and at Taylor's Falls on the 
St. Croix river. Iron ore in unlimited quantities is said to exist in 
the dividing ridge between lake Superior and Vermilion lake. Other 
materials of economic iwportance also pertain to these rocks. The 
gray" granite" quarried at St. Cloud contains both mica and horn
blende (or pyroxene); the quartz is slightly amethystine, or smoky, 
and makes up about one half the bulk of the whole, while unmis
takable feldspar is almost entirely wanting. It has also a very few 
ininute crystals of pyrites. It is being considerably introduced into 
some of the largest structures both in St. Paul and Minneapolis, 
and in various cities of the Mississippi valley. Its composition 
renders it a very durable building material, even more enduring 
than typical syenite or granite. Roofing slate is also one of the 
economical products of the metamorphic rocks, known to exist in 
Minnesota. There is no doubt but unlimited quantities of this 
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material will yet be found within the state. The efforts that have 
hitherto been made to manufacture this article and introduce it into
the markets of the Northwest, in the vicinity of Thomson, have 
not been very successful. It is beliE-ved, however, that the fault 
lies not in the material itself, but in the manner it has been handled. 
For fire-stone the talcose slates, associated with the Huronian series 
in the eastern extension of these rocks in Michigan and Canada, 
are very well adapted. These rocks also ought to supply steatite. 
or soapstone, and no doubt hold considerable beds of variegated and 
saccharoidal marble. It will be a prominent object, in the progress 
of the survey, to bring these various economical resources into
careful observation and investigation. At the present time little 
is known beyond the foregoing statement of fact'!, although pri
vate parties have made more or less detailed surface exploration. 

2. THE POTSDAM SANDSTONE. 

(a.) Preliminary considerations. 

This term is strictly applicable only to the sandstones of New 
York state, to which the name was first given, and to the equiva
lents of those strata in their extension through the west. It has 
been abundantly proved that the red sandstones of lake Superior. 
however disturbed and changed locally, or however much increased 
in thickness by the agency of volcanic outbursts, are the exact 
equivalents of the New York Potsdam. They occupy the first posi
tion over the metamorphic slates of the Huronian rocks on which 
they lie unconformably, and from which they differ in being but 
slightly and only locally metamorphosed. They retain usually 
their evidently sedimentary characters, and have not well preserved 
fossil remains. By the Oanadian geulogists the term Potsdam is 
. made to cover a group of arenaceous strata, the lower portion only 
of which is the real equivalent of the New York Potsdam.*. In 
Michigan the name is given only to the red sandstones, the over
lying light colored sandstones being regarded as a part of the Oal
ciferous sandrock.** Dr. Houghton as early as 184:1 distinctly stated 
in his annual report to the Michigan Legislature, that the "upper 
gray sandstone" is not conformable with the" lower or red sand-

• See Geology ot Canada, 1863. p.87. 
*.* See Biennial report ot progres8, 1860, p. 49. 
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stone and shales." (See his report for 1841, p. 19.) In Wiscon
sin the same sandstone occupies a wide circular belt surrounding a 
granite center. Tha overlying light-colored sandstones are found 
there to lie unconformably on the red sandstones where they have 
been tilted by volcanic agency.t Dr. C. A. White, of the geologi
eal survey of Iowa, has described a red sandstone or quartzyte, oc
curring in outcrop on the Big Sioux river and in southwestern 
Minnesota, and given it the special name of Siou,r; quartzyte, prov
ing conclusively that it is both older, and unconformable with the 
light-colored sandstones that occupy a conspicuous place in the 
bluft's of the upper Mississippi, below the Lower Magnesian lime
stone·tt At New UIm, and and at other points in southwestern 
Minnesota, the same quartzyte forms some of its characteristic out
erops. It rises suddenly above the superincumbent drift, exposing 
at New Ulm about 350 feet. with a dip of thirty-six degrees to the 
north. Its features here are easily identififlble with those of the 
Potsdam at the rapids in the St. Mary's river. at Sault Ste. Marie. 
Mich. In their passage to the west the overlying light-colored 
sandstones seem to become more largely developed. They acquire 
a thickness, including the intercalated beds of shale, of about six 
hundred feet, in their exposures along the Mississippi river. 

On the other hand Dr. D. D. O"en, finding these upper sand
stones abutting undisturbed against the trap outbursts at the falls 
{)f the St. Croix, supposed at once that he reached there the true 
paleozoic base.t Fossil s gathered there, and at other points on the 
upper Mississppi, in these and associated beds, were described as 
eoming from the Potsdam sandstone, and were supposed to belong 
to a horizon much lowoc than that of the Lingula beds of the Pots
dam of New York. The name has been still further removed from 
its original use by the Iowa geologists, in its application only to 
these upper beds, and in giving the name Sioux quartzyte to the 
western representative of the original Potsdam. Dr. Owen, al
though he ~ecognized many points of difference between the lake 
Superior and New York Potsdam, and these light-colored sand
stones of the St. Croix and upper Mississippi, seems not to have 
noted the important fact that the former are everywhere subject to 
Jistortions and fractures by volcanic forces, while the latter are 

tR:" D. Il'ving, on the Age of the Qnal'tzytes, &c., of Sank county, Wis., Am J·our., 
Feb., 1872. 

it Geology of Iowa, 1870. Vol. I .. p. 167 • 
.j: Geological report on Wisconsin, iowa ana Minnesota, p. 50. 
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never known to be disturbed by such causes. It is true that he 
embraces both the red and the light-colored sandstones in the de
signation of "Potsdam," and argues at length to prove the greater 
age of the red.* 

It is in accord with geological precedent, therefore, to separate 
these two sandstone formations under different names, retaining 
the name of Potsdam for the older, and giving provisionally the 
name of the St. Croix river, on which they are best exposed, to the 
latter: 

The following reasons may be assigned: 
1st. The Potsdam beds were laid down before the close of the 

volcanic disturbance so evident in the rocks of the early Silurian 
and pre-Silurian ages; the St. Croix beds were deposited and still 
lie in horizontal layers, unconformably not only over the Lauren
tian and latest trappean rocks of the Northwest, but also on the 
upturned beds of the Potsdam. . 

2nd. The observations of the New York and Canadian geologists 
place the earliest Lingula beds near the top of the Potsdam sand
stone j this separation of the St. Croix beds does not invalidate their 
conclusions, but fixes the observed paleozoic base in the Northwp.st 
at some point higher than that of the Potsdam. The wonderful 
abundance of fossil Lingulas and other forms in the shale abutting 
against the trap at the falls of the St. Croix would furnish pre
sumptive evidence of their existence prior to that outburst. They 
simply have not been seen. 

3d. The lithoiogical characters of the Potsdam beds are uniformly 
different from those of the St. Croix beds. The former are hard 
and often vitreous, usually of a brick-red color. Their bedding is 
very distmct, and often separated into slaty layers by partings of 
red shale. They are strongly marked by the so called fucoidal im
pressions. They are frequently ripple-marked and sun-cracked. 
The latter are white or buff-colored, often friable, and constitute a 
heavy bedded or massive sandstone, of handsomely rounded quartz
ose grains. 

4th. They differ in chemical composition. The Potsdam beds 
contain" a considerable percentage of alumina, ranging sometimes 
as high as twenty per cent., while of silica there is often less than 
fifty per cent. Their peculiar red color is due to the presence of a 
large proportion of peroxide of iron, with a much smaller propor
tion of protoxide" (Owen). 

*Geoloaicalsurveyoj rV-;';consin, Iowa and Minnesota, p. 187. 
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The St. Croix beds" commonly contain ninety-two per cent. and 
upward. of silica, while of alumina and oxide of iron taken together 
they have seldom more than three per cent" (Owen). 

5th. They are separated by a fifty-foot bed of Lingula shale 
which lies at the bottom of the St. Croix beds. 

6th. The Potsdam sandstone has a thickness of at least four hun
dred feetj* the St. Croix sandstone also has a thickness of over five 
hundred feet. It is more in keeping with the canons of geological 
nomenclature to give separate titles to formations so well defined 
and so largely developed. 

7th. The evidence of paleontological difference is perhaps the 
strongest rp,ason for separating these sandstones. The fossils of 
the Potsdam sandstone in N ew York are Lingula antiqua (Con.) 
and Lingula prima (Con.), a Discina (or Orbicula), and uncertain 
impressions supposed to be of a Pleurotomaria and of crinoidal re
mains. A species of Theca has also been described from Keese
ville. According to Prof. James Hall but three species are known 
from the Potsdam of New York. (Foster & Whitney's reZJort on 
lake Superior, Part n. p. 230). The fossils of the St. Croix sand
stone are, according to Dr. Owen, (Rep. on the geolugical survey of 
Wisconsin, Iowa and Minnesota, p. 624) the following: 
Dike!ocephaltw Jllinnesotensis, (On,) For. 1. d. 5th trilobite bed, 90 to LOO feet below F. 2. 

" Pepinen.six, (On.) H ".1 II •• H 

. .M 'i.ni.~caensis, (On.) "H 3L'd " 200 to 220 feet U 

lowen.is. (On.) For.!. b. 1st trilobite bed more than 500 feet 
.. granulo"us. (On.) For. 1, d. Srd" .. 200 feet 

Lonchoccphalus Cippcwaensis, (On.) .. 31'd or 4th" ? 
.. hamulus, (On.) For. 1. d. Srd" 200 t{) 220 feet 

trepicephalus Minnesotrnsis (On.) .. .. .. 
u W'iscon8en8i.~ (On.) II 

Monocephalus MinnesotensiB. (On.)" " 
l!Juomphalus (species undet.) )for. 1 f. 6th 
Lingula pinnaformis, (On.) .. b. Lin(fula shales. 
Lingula prima. (Con.) ? .. ? .. 

50 feet 
60U feet 

Lingula ampla, (On.) .. c. 
Lingula antiqua, (Con.) " ? 
Orbicula prima, (On.) " c. 
Obolus ApoUinis. .. d. 
Orthis (species ?), " d. 
Crinoidal remains, " d. 

? 
? 
? 

? 
? 
? 

To these Mr. Hall adds from Wisconsin.t 
Lmgula poUta, (H.) 
. .. Aurora. (H.) 
Tlteca primordialis. (H.) 
SerpuUtes MurcMwni. 
Gmptol-ithuB HaUianus, (Prout.) 

Conocephalire8, (two species.) 
ArioneUUIl. 
Agnost"s. 
Platyceras. 
Orthi.s Barabuelwis, (H.) 
Ort.his. (specIes?) 

? 
? 
? 

* 01'. Owen makes the thickness of the Potsdam (red sandstones of lake 8upel'iol') over 
five thousand feet. See Owen's Report on lVi~., iowa and Jiinnesotc!, p. 193. 

tGeolooy of Wisconsin vol. I., p. 20. 
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The" Menominee trilobite bed, "'of Foster and Whitney is placed 
by Owen in the St. Croix sandstone. Of all the above species the 
real Potsdam sandstone has afforded in New York but three species 
and those of genera that range not only through the Lower Si
lurian, but have maintained an existence to the present time. 

8th. Messrs. Foster and Whitney, recognizing the paleontologi
cal difference between the Potsdam sandstone of New York and the 
St. Croix sandstone of the Northwest, yet laboring to prove their 
horizontality, suggest that thp. striking fossils of the latter may yet 
be found in the Potsdam of New York,t having been hitherto over
looked. It would seem more likely that the few fossils of the east
ern Potsdam have escap~d the eye of western geologists in exam
ining rocks of that horizon, than that the singular forms of animals 
found in the St. Croix sandstone of the west have escaped the eye 
of eastern geologists. The following table of the number of species 
found in the state of' New York, and the lake Superior district is of 
interest in this connection. It was prepared by Prot~ James Hall, 
and is published in Foster and Whitney's Report an the lake Super
ior land district. Part II, p. 230. 

Lake N 
Superior ew,. 
district. YOlk. 

""P-ot-.-:-da-m-s-an-d'--s'-to-n-e-.. -.. -. -.. -.1 =:..:..:c.3 ,:,,:,:, --3-
Calcifel'onssandstone .... _. 4 13 
Chazy limestone.. ........ 10 45 
Birds Eye, Black River 1 64 220 

and Trenton .. . ...... r 
Hudson River group.... .. 31 54 
Cllnton group... .... . .. .. l 26 298 
Niagara group .......... " r 
Upper Helderberg. . . .. . 16 ? 

And thirty species common to tile Tren-

Besirtes thirty othel"species common to 
this and the preceding gronps. I 
ton and other groups. 

Inspecting this table we see the number of fossils found in the 
Potsdam in the west, including also those enumerated by Mr. Hall 
from the St. Croix sandstone, is equal to those from the Potsdam 
sandstone of New York. From the Calciferous the pro):,ortion of 
fossils found in New York is 225 per cent. in favor of eastern geol
ogists. From the Chazy limestone the proportion is 350 per cent. 
in favor of eastern geologists. From the Birds Eye, Black Rive/' 
and Trenton limestones the proportion is 244 per cent. in favor of 
eastern geologists. From the Hudson River gr01lp the proportion 

t Foster and Whitney's Report on the lake Superior land district. Pal't II, p. 134. 
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is 74 per cent. in favor of eastern geologists. From the Clinton 
and Niagara groups the proportion is 1050 per cent. in favor of 
eastern geologists. From the Upper Helderberg the proportion is 
not known, but probably would exceed the per cent. of any of the 
other formations, in favor of the eastern geologists. This only 
shows the greater scrutiny with which the formations have been 
observed in New York than in the lake Superior district, and in
ferentially that the fossils of the St. Oroix sandstone have not been 
overlooked in New York. It seems more reasonable to suppose 
the St. Oroix sandstone is only another illustration of the intercal
ation of arenaceous sediment in the Lower Silurian of the N orth
west, creating really a new member of that series of rocks and in
troducin~ its own fossils, and that the paleozoic base of the Fots
dam in New York has not yet heen observed in the Northwest. 

Notwithstanding these considerations it hm; not been thought 
best to attempt the delineation of the areas of these sandstones 
separately on the preliminary geological map accompanying this 
report. They are there colored as one formation, under the double 
designation of The St. Oroix and Potsdam sandstones. 

According to Dr. Owen the following table shows the most per
sistent elements of stratIfication of these great sandstone forma
tion~. [See Geol. rep. on Wis., Iowa and Minn., p. 52]' 

ft. I( -g r Quartzose, llght-colored sandstones of varions degrees ofindu,ration, with 
~ intercalations of beds of magneslan hmestone, wIth glIstenmg, crrstal
.-::1 1 line facets and calcarea-siliceous oolite produced by rounded grmns of 

f ~ ~ quart~ en~ased in calcart;ous cemeQ,t. containing Eumnphalus and imper- r:: 

. .~ feet t.rIlobites Locally wIth a baud of green earth ... ....... ... ... . 50 to 85 

1
1.t: Mammillary ~nd botryoidal Jayer of white sandstone: sometimes banded . 
,g with yellow. .. .. . . . . •. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. . ........... 5 to 6 mches . 

• >1 
l ·~ :t:l 

e { 
Thick beds of soft, yellowish and brown sandstone, sometimes with t:o-
tryoidal, hard, projectig concretions; passing downward into fine-gratn-
ed, soft sandstones approaching tripoli. ................................... . 

1t. 

40 to 50 
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fod 

II ~,...;::._ J1 Ash·colored and yellowish argillo-caJcareous and magnesio-calcareous 
beds, containing Dickeloc<phu!". Minne.ot..""is, Stillwater trilobite bed .... 

I@ 

FT. 

8 to 10. 

I ~ Green, red and yellowish sandstones with thin, schistose, dolomitic in-

ty~~~l:.t~~~~~·d~i~~itX~·i~Y~~.~:·~~~i~i~i~g··o~ij;i~·:'Li~g~~l~;';:~d'~~i~~n~ 40 

1 
of Crinoidea, as at La Grange mountain ................. ,.................................... 4 

.0 r 

II ~ I . d . h t· I d· 
J ~ ~ :e~i~~~~g~~.o.~.:.~.l.~~:~ .. l.~~.l.~.~.:~.~ .. ~~.~ .. ~~.~~~~ ... ~.l.~ .... ~~.~.~.~~~.~~ .. ~~ ... ~~= 

d·1 ~ i Marine Mill trilobite grit .•...............•....................... : ................................. . 

I&: l Fucoidallayers, and thin-bedded green and yellow sandstones: at their 
, base olten a band of about six inches of green earth used by the Indians 

I Gr:e~i~~d~!d·S·~~·ci·~i~~~~·~hl;·~g·~d·;ith··~iii~~·i~·'~f i~;;~::··::·:::::.:::: .. :::::~~:. I] Loose green sand, a nd soft green sandstone .......................................... .. 

5 
5 

30 to 4() 
5 

15 

I ~ r Micaceous sandstone containing Dikelocephalus "finiscae11,Sis, D. g1'anu-
oJ lOBUS, &c............................ .................................................................... ...... 3 

I::: l Alternations of green and ferruginous sandstones...... ....... ...................... 20 
.;:; L l\1icaceous sandstones containing Dikelocephalus Miniscaensis, &c.............. 2 

l:s ~ 
I 
l 

c ~ . 
foe 

I~ 
., 

Thin layer" of green sand alternating with green earth, impregnated with 
silicate of iron ................................. ............ h........................................... ..... 30 to 4() 
Lower, brown siliceo-calcareous and dolomitic bands of Mountain island 
and else'vhere .............. , ................................................... ,........................ 4 
Soft, thin-bedded sandstones with scales of mica dispeminated............. 10 to 15 
Coarse Lingula grit, green, yellow, sometimes almost white ................ 100 10 130 

It: 

I ¥ j Fine grit, place of the Menominee trilobite grit (?), white and yellowsand-
Z 1 stones and Obo!us layers of Black river........... ........................................... 15 

I'" § 
I ;; 

Tl 

I . 
I~ 

b.i ~ 

It: { Ferruginous trilobite grits, schistose sandstone containir.gfork-tailed tri-
-g 10bH e b"ds and Obo!us layers ...................................................................... . 
:;:: MagnesJO-calcareous rock with Obol"" and fork· tailed trilobites ............. . 

I::: 
1 to 8 
3 

,~ 

I~ 
I 
! 
I 

a. f 

l 

Highly fossiliferous, schistose, sUiceo-calcareous layers ir.terlaminated 
with argilJaceou., marly beds, charged with sulphate af iron· the former 
fuJi of Lingulm and Orbicu!re. Falls of the ~t. Croix .............. :.... ............... 50 
Sandstone, with oblique lines of deposition, alternating with pebbly 
Eandstones and coarse grits of the Chippewa, Black and Wisconsin rivers, 
near the falls........... ......... ............ ..................... ............... ...... ...... ...... ......... 50 to 100 
Place of the lake Superior ferrugihous and argillaceous sandstones, shales 
and conglomerates ................................................................................. 5000 
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(b.) Area of the St. Croix and Potsdam sandstones. 

The area here described em braces that of the light-colored 
quartzose beds of the St. Croix and upper Mississippi valleys, and 
of the ferruginous and often metamorphosed red sandstones which 
lie below them. It can only be defined approximutely. It is sep
arated by the area of the granitic and metamorphic rocks into two 
belts, one lying along the southeast side of that area and the other 
along the northwest side. The former has a width on the St. 
Croix river extending from about four miles below the mouth of 
Kettle river to a point about six miles below Franconia. It runs 
diagonally across the stato toward the southwest, including the 
counties of Chisago, the southern part of Pine, Isanti, the northern 
half of A.noka, the most of Sherburne, Wright, the western half of 
Carver, the eastern half of McLeod, the central portion of Sibley, 
the most of Nicollet, the northwest corner of Blue Earth, the 
greater portions of Brown and Watonwan, Cottoilwood, Murray, 
Pipestone and Rock, with the northern portions of Jackson and 
Nobles. The northwestern area of these sandstones is supposed to 
include the counties of Traverse, Grant, Otter Tail, the northern 
halves of Douglas and Todd, Wadena, the most of Cass, and the 
central portions of Beltrami and Pembina. There are likewise 
isolated outliers of these sandstones eveD within the area of the 
granitic and metamorphic rocks, and a small area also in the east
ern part of the state, in Carlton and St. Louis counties, near the 
western extremity of lake Superior. 
(c.) Lithological characters qf the St. Croix and Potsdam s((ndstones. 

The general lithological characters, and the differences between 
the St. Oroix and the Potsdam sandstones have been sufficiently 
set forth under the head of Preliminary considerations. It only 
remains to add special sections obsetved. 

The lowest rock observed within the state, lying above the slates 
of the metamorphic series, is believed to be the red quartzyte seen 
at Redstone, near New DIm. Such stone is said also to occur on 
the upper tributaries of the Cottonwood, viz: on Dutch Charley's 
creek, T. 108, R. 37; also on a braLch of the W aton wan creek, T. 
107, R. 34:. At the former place it is now quarried, and is about 
to be at the latter. These places, however, have not beeu visited, 
though the characters of this quartzyte are so striking that the 
most unskilled observer could not fail to identify the stone. At 
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Redstone the beds are tilted at an angle of 35 to 40 degrees toward 
the north, showing their jagged edges which stick out along the 
north bank of the river. The exposed rock rises, a short distance 
north from the river banks, to a hight of 150 to 250 feet above 
the lowest exposed beds. In these bald, lichen-covered knobs the 
dip is maintained to the north at the same angle, making as much 
as 350 feet of stratification exposed. The Eurface of these knobs, 
and in general the surface exposure of the whole, is much more in
durated and quartzitic than those lower beds that have been opened 
by quarrying and by the cutting for the railroad grade. It ap
pears as if the greatest metamorphism had taken place over the 
surface, the lowest strata seen being more perfectly bedded and 
thinner, a:; well as argillaceous and wave-marked. The whole is 
of a reddish color, varying from brick-red ill the lower beds, to a 
dark-red or purplish hue, in the highly metamorphosed portions. 
It sometimes shows a finely pebbly structure, and some small spots 
of a softer texture, which on fracture have some appearance of a 
greenish impure chert, or of a serpentinous or epidotic composi
tion. These greenish spots are closely impacted in, or chemically 
united with the mass, as if derived from it. Other parts are more 
plainly a 8andstone, much less glassy on fracture, showing all the 
character.s of the Potsdam sandstone, as recognized in the lake Su
perior district. The following characters indicate the Potsdam age 
of this outcrop of red quartzyte. 

1. Its red color, spotted with lighter color, even to cream color. 
2. Ripple marks and mud cracks. 
3. Worm-marks and fucoids. 
4. Thin laminfB of shale separating the beds. 
5. The very observable and regular bedding. 
6. The impossibility of setting any limit between the evidently 

sandy and sedimentary portions and the quartzitic and meta
morphosed portions. They pass one into the other in the distance 
of twenty feet. 

7. The highly inclined position of the strata. 
8. Its arenaceous character, taken as a whole, in distinction from 

the talcose and slaty, or the hornblendic and the micaceous nature 
of the Huronian. 

A singular phenomenon was observed on these knobs, indicat
ing the recent activity of volcanic forces. About sixty rods nbrth 
from the railroad cut the superficial heavy quartzitic beds are tossed 
up on their edges in opposite directions, over a space of a couple 
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of square rods, some blocks of ten feet long and four or five feet 
thick, standing exactly on their edges near the point of outburst. 
These pieces are all lrchenous and weathered, indicative of the 
great age of their exposure in that condition. The whole place 
looks very much as the tilted beds in a quarry immediately after 
the discharge of a blast of gunpowder. In thp, center of the place 
where the beds are most disturbed and broken fissures and open
ings in the deeper seated strata may be seen, while one large open
ing descends down nearly perpendicularly into the rock. The 
positions of these loose pieces which are undeniably torn from the 
beds near where they lie, indicate the operation of some powerful 
subterranean force since that part of the state was subjected to the 
levelling process of glacier ice. 

The Lingula shale, at the falls of the St. Croix river, is believed 
to hold a place stratigraphically above the sandstone at New Ulm, 
although at that place a trap outburst entirely screens the actual 
superposition from observation. These shale beds there abut con
spicuously and almost horizontally against the trap rock which 
rises on nearly all sides to the hight of two or three hundred feet. 
At the village of St. Croix Falls a little creek enters the river at 
the foot of Georgia street. Just as it joins the river it passes over 
six or eight feet of green shale filled with Lingula! and Orbiculce. 
of which there seem to be several species. The shale is extremely 
rusty with iron in all crevices and partition planes, owing probably 
to the oxidation, by the running water, of the fine crystals of 
pyrites, with which much of the shale is crowded. After an ob
scured interval of several feet, believed to be occupied by this shale, 
at a point further up the creek, the water passes over about ten 
inches of coarse, rusty sandstone. Still further up this creek prob
ably similar shale underlies the immediate surface. Yet the hills 
of trap rock rise suddenly within a quarter of a mile of the river, 
to the hight of over 150 feet. Further up the river, other creeks, 
entering from the east, expo!>e the same shale along their sides, or 

. in their beds. At one point the immediate bank of the St. Croix 
over shows, at the village of St. Croix Falls, a thickness of 49 ft. 
8 in. of horizontal bedding, measured by Locke's level. The dry, 
weathered surface of this bluff has an ashen color, yet exudes a sub
stance which on becoming dry is yellow and has much the taste of 
alum. There are also interlaminated thin layers of arenaceous 
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shale or sandstone, more enduring. These, lying in fragments at 
the foot of the bluff, show surfaces that are almost completely cov
ered with the broken or entire valves of fossil LingulCJ3 and Orbi
culce. 'l'hese fossils pervade the whole thickness of this shale, so 
far as here seen, and they seem to have gathered in unwonted 
abundance in the isolated depressions or basins of the original trap
rock surface. Occasional rude septaria of impure blue limestone 
also contain, but in less quantities, the same fossil bivalvea. 

Section at Winona, in Winona county. 

In ascending order the next section observed is that of the bluffs 
at Winona. It includes also a part of the Lower Magnesian lime
stone. It shows the following stratification in descending order: 

No. 1. -Slope from the summit to the brink of Observatory bluff 
(character ofrock unknown) ................................ 20 ft. 

No. 2.-Arenaceous breccia, or conglomerate, belonging to the 
Lower Magnesian limestone, with considerable calcareous mat
ter, especially in the form of patches of calc-spar and some 
very hard, gray limestone, which is often variegated in colors 
of red, greenish and pink. It contains also chert and colored 
flint; but the flint seems to be united with the matrix as if 
produced by chemical secretion like the calcite. This rock 
forms the bold buttresses which in many places round out the 
summits of the bluffs and form their prominent angles, as at 
Castle Rock, on the Wisconsin side, and on Observatory bluff 
opposite the normal school. At the railroad cuts, above Stock
ton, it stands out in isolated pinnacles and towers. It has the 
o.utward aspect of a :!:ough, cavernous and concretionary brec-
cia. . ... .. .. . . .. .. .. . . . ........ . .. . . .. . . .. . . .. .. .. .. ... • .... 35 ft. 

'!'T o. 3 -Hp.avy, regular beds of Lower Magnesian limestone. These 
layers are of a cream color, hard and enduring, and somewhat 
vesICular. but very exter:.sively wrought for buiLding, Of these 
beds 99 ft. 4,%' in. are seen in the singuLar outlier known as 
stl.gar louf·.. '" .......................................... 145 ft. 6 in. 

No. 4.-Interlaminations of limestone with sandstone, belonging 
to the St. Croix sandstone. The details of the stratification 
here are as follows, in descending order: ...................... . 

(a.)-Homogeneous, incoherent, white sandstOlle 
very similar to the St. Peter sandstone .••• ...... : 2 ft. 

(b.)-Hard sandstone, with considerable calcareous 
matter, having much the aspect of tbe oVPrlying 

. h~~stone with masses C?f common caLc-spar. . . . • 8 ft. 
(c.)-Jinable sandstone, white. . .............. ...... 2 ft. 
(d.)-Sameas(b) ..•..•...•.................. ; .... 5 ft. 
(e.)-IJoose, sandy shale, with fragments of light 

green shale in scales............... ........... 1 ft. 6 in. 
(f.)-Same as lb)....... ............................. 3 ft. 
(g.)-Same all (a).... ............................ 1 ft. 
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(b.)-Same as (b), almost a pure and crystalline dolo-
mite....... .................. .................... 6 ft. 

(i.)-Same as (a), very coarse grains of rounded sand 
consisting of purely white quartz, with lenticula~ 
beds and masses oflimestone .............. '" 10 ft. 

(j.)-:-Same as (i), but more calcareous and project-
mg .. , .................................... 20 ft. 

(k.)-Sanctstone; massive. with little or no calcareous 
matter ..........•......................... '" 12 ft. 

(1. )-Calcareous layers, and thin sand layers alternat
ing as above, the greater portion bemg sand, ag-
gregatIng about ............................. 55 ft. 

These alternations make up (e) and (f) of Owen's gen-
eral section (see p. 73) ... " ................ , . 12S ft. 

79 

No. 5.-Massive mural sandstone, passing below a talus, ~een.. .. 20 ft. 
No. 6.-I~terval, unolJs~rved, hid by talus (covcrmg (d) of Dr. 

O..ven s general sectlOn) .......................... . ...... 226 ft. 3~ in 
No. 7.-Hard, massive, ferruginous sandstone, containing Lingula 

«c) of Dr. Owen's general section?) This is seen near the 
base of the escarpment, nearly a mile above Observatory hluff. 
seen ......................................... , .... ....... 8 ft. 

No. S.-Sloping talus, to the level of Winona lake ............... 15 ft. 

Total hight of bluff;. ................................... 594 ft. 97f in. 

Although other sections covering more or less of the Potsdam 
and St. Croix sandstones have been taken at different places, yet 
nothing has been observed throwing additional light on the relA
tions of these two formations, and they are withheld till the proper 
time for reports on detailed work by counties. 

(d.) Fossils qf the St. Croix and Potsdam sandstones. 

It has already been stated that the only fosflils found in these 
sandstones pertain to the upper or St. Croix, and that in the lower 
which is more probably the real equivalent of the Potsdam sand
stone of New York, no well defined fossil remains have yet been 
discovered in t,he state of Minnesota. The obscure fucoids and 
worm-marks have indeed been seen; but their real origin may be 
regarded as yet undetermined. For a list of fossils found in the 
the St. Croix beds, ill the state of Minnesota, and enumerated by 
Dr. Owen, the reader may consult a former page entitled" prelim
inary considerations. " 
(e.) Economical value of the St. Croix and Potsdam sandstones. 

The Potsdam sandstone, in the vicinity of lake Superior where 
invaded by the disturbance of trap outbursts, is known as the most 



"-;~ 
. ''''!.,. 

80 ANNUAL REPORT. 

highly cupriferotls rock in the United States. This is not because 
the rock itself in all places is liable to contain copper, but is owing 
to the agency of igneous and perhaps to other metamorphic forces. 
It is also confined to the lower portion of the for mation, and is ac
companied with the various forms of volcanic rock and conglom
erate. What amount of copper it may carry in the northern part 
of the state ot' Minnesota is entirely unknown. As it occupies a 
considerable area where the beds are known to have been highly 
tilted from a horizontal position, it is not unreasonable to suppose 
that copper in considerable quantities may yet be found. The 
Potsdam has also very often supplied a stone for building purposes 
of a very superior quality. The lake Superior ,\ brown sandstone" 
is from rocks of this age. It is believed that the use of sandstone 
in important structures is to become much more prevalent than 
formerly, and any available outcrop of this rock ought to be fully 
proved for stone of this kind. The nearest and most accessible ex
posure of this kind for the markets of central and southern Min
nesota is that at Redstone, near New Ulm. As it is reached di
rectly by railroad, it is safe to say the time is not far distant when 
the markets of the state will b" able to furnish stone from this 
vicinity of a quality equal to any found in the North west. It will 
also supply a vast extent of country in northern Iowa which 
is largely destitute of stone suitable for purposes of construction. 

Some portions of the St. Croix sandstone have beeu quarried for. 
building purposes, and at Taylor's Falls it has been used in one or 
two business blocks. It is of rather coarse grain and friable on 
first quarrying, but the weather operates to harden it in a few 
months. It is of a lighter, pleasanter color than the Po~sdam. 
Except for the manufacture of glass, for which much of the light 
sandstones of the St. Croix beds is suitable, and favorably exposed 
along the Mississippi river,* it is not known that there is any 
other important use to which these formations may be put. Some 
of the clays, especially those stained with iron, may be made use
ful for pigments, and the bed of red catlinite, used formerly by the 
Indians in Pipestone county, takes a polish which will render it 
valuable for small ornaments. 

*At Red "?iir:g JIll'. !"ascal Smith. so utlllzes this formation shipping itby barges down 
the M 18S1SS1PPI to pomts m lllmols. ' 
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3. THE LOWER MAGNESIAN LIMESTONE. 

(a.) Its area. 

Beginning at the southeastern corner of the state where this 
limestone forms the summits of the bluffs of the Mississippi and 
supports the high table-land that extends westward from the river, 
this formation occupies a belt of irregular width along the west 
side of that river to a point a little above Hastings, where its west
ern limit crosses the Mississippi. The eaRtern edge of this belt 
runs along the east side of the Mississippi, including considerable 
of the state of Wisconsin. Hence it underlies the most of Houston 
county, the northeastern part of Fillmore, the eastern half of Wi
nona, nearly the whole of Wabasha, and the eastern portions of 
Goodhue and Dakota. North of the Mississippi this belt curves 
more to the west, bringing its eastern margin across the St. Croix 
river a few miles below Franconia. Passing westward this lime
stone underlies the northern and eastern portions of Washington 
county, the central portions of Anoka, Hennepin and Carver, the 
most of Scott and Le Sueur, the eastern portions of Sibley and 
Nicollet, the central portions of Blue Earth and Martin and the 
southern portions of Jackson and Nobles. In the northwestern 
part of the state an area is supposed also to be underlain immedi
ately by this limestone, but its limibs are entirely conjectural, so 
far as they are expressed on the accompanying prelimir;ary map. 
The same is true in respect to the boundaries of this limestone in 
the southwestern part of the state. 

(b.) Its general lithological characters. 

The eastern name of this limestone is Calciferous sandrock, so 
named from the intimate mixture of dolomitic and arenaceous in
gredients. In Minnesota, however, a large proportion of this 
member of the Lower Silurian is a truly magnesian limestone, and 
almost free from sand. In some places heavy and continuous lay
ers of white sand are found between equally heavy and persistent 
layers of limestone; while throughout the whole thickness of the 
formation the uniformity of the bedding is liable to interruption 
by the inexplicable occurrence of isolated masses of breccia, or 
cavernous conglomerate, in which the arenaceous and calcareous 
qualities are intimately and confusedly mixed. The lower beds are 

6 
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often abundantly interstratified. with and broken by more or less 
continuous bands of chert. Distinctly oolitic characters also some
times prevail. Its color is light, varying from a cream-color or 
light-buff, to a pinkish salmon. 'Vhile much, even of the most 
evenly bedded portions of this limestone, is somewhat vesicular or 
shows spar-lined cavities, its general firmness is very great, and it 
forms the prominent angles to the summits of the bluff:;; on either 
side of the Mississippi below the confluence of the St. Croix. These 
even and heavy layers are those usually quarried for building-stone, 
while the less regular and concretionary parts are better adapted 
to lime-making, both from the greater ease with which the beds 
may be removed and their comparative freedom from sandy and 
clayey impurities. 

The following sections hive been taken from exposures of this 
limestone, in addition to that given in connection with the under
lying sandstone, at Winona (p. 78), and will further elucidate the 
lithological characteriJ of the formation. 

Section at Quincy, in Olmsted county. 

'flaken near the dam, in descending order. 

No. I.-Lower Ma.qnesian limestone; quite arenaceous, falling- out in 
huge maSHeR which are rough, distorted in their crude bedding, and 
unmanageable as a quarry-stone; showing much calc-spar. Lime
stone and sandstone are mingled with occaSIOnal strips of' a light
green shale. In general the face presents the appearance of' an al
ternation of horizontal layers of thin and more shaly beds, with 
heavy, coarse and rough limestone beds. SQme green sha.le layers 
alternate with dark umber-colored (ochreous) shale, neither being more 
than two ;_Dches thick. They are tortuom and not continuous. This 
phase appear. like the tops of the bluffs at Winona, but is probably 
at a considerably higher horizon. _ ............................... 30 ft. 

No. 2.-Persistent, white sandstone or granular quartzite, seen ......... 10 ft. 

Total exp~sure. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. •• 40 ft. 

Section at Shakopee, in Scott county. 

The qUll:rri~s at Shakopee for lime-bu!ning expose about twenty-five feet 
of stratIficatIon, though the beddm!!' is much confused and almost ob
literated by chemical and other metamorphic agencies. The stone 
IS very rough and very often a true breccia. It is somewhat arena
ce?us, and al~o argillaceous. Some small. shapeless cavities are filled 
With a greemsh ~hale, which, if ill4llurated, would be like some flinty 
spots ?ften seen m the same formation, as at Winona. Some of this 
shale IS so hard as to have conchoidal fracture, and some is so soft as 
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to be like wax or putty in the fingers. It varies through different 
;shades of green and blue. It seems to he intimately blended in text
ure with, and insensibly passes into, the comoact limestone of the 
most fine-grained portions of the quarry. It 'is not a common in
gredient. Some other cavities are lined with incrustations of mam-
millated and drusy quartz. Exposed about ....................... 25 ft. 

Section at Mankato, in Blue Ear·th county. 

(Quarry of Maxfield and Sons: in descending order: gentle dip 
N.E.) 

No. I.-Porous magnesian lime~tone, not used ..........•.......... 4 to 6 ft. 
N0. 2.-Coarse, friable sandstone .................................. 2 to 4 ft. 
No. 3.-Magnesian limestone, burned for lime........... .... . .. 2 ft. 
No.4.-Calciferous sandstone, in heavy beds, of various grain and 

texture, sometimes mottled, quarrird for building ................ 30 ft. 
No. 5.-Shale, arenaceous and mottled with red ..... '" ........... 3 ft. 
No. 6.-Calciferous sandstone, used as a cut-stoee, for sills and fronts .. 4 ft. 
No. 7.-Rough and Irregular sandsi;one ........................... 12 ft. 

Total exposure .......................................... 61 ft. 

(N o. 7 here is probably the upper portion of the St. Cr'oix s(mci
$tone. The thickness of the Lower Magnesian is at least 230 feet.) 

(c.) Fossils Q/ the Lower Magnesian limestone. 

This great dolomite is comparatively meager in fossil contents. 
It affords a small number (three accordirig to Dr. Shumard) of 
species of trilobites, and a few of bivalve and univalve molluscs. 
Of these tile most characteristic are Dikelocephalus, and other tri
lobites " allied to the family Olenicice " (Shumard) i a handsome lit
tle Lingula, "of an ovate shape, with fine concentric strim, not 
distinguishable from Lingula Dacotaensis" (Shumard); also an
(lther species of Lingula much larger than L. Dacotaensis; an un
named species of Pleurotomaria (?), an unknown flpecies of Orthis 
Terebratula. Besides these the most frequent fossil, perhaps, and 
throughout at least the upper portion of the formation, is a flpecies 
(If Euomphalus (Ophileta?) which is apparently the same that Dr. 
Owen has described and named Straparollus 2Ifinnesotensis.* The 
(lbservations of the present survey have only disclosed a gasteropod 

·On page 484 of Owen's final report. Dr. Shumard describes this fossil as found in F. 1. 
Yet Dr. Owen in his description r p. 581), and on plate II assigns it to tbe Lower Jfagneswn. 
A simila.r contradiction occurs in the double assig'nment of Pleurotomar~a rnUl'aUs. It is r~
ferred from the same locality both to F. 2, and F. 3, so constantly that It cannot be attrI
buted to typographical oversight. 
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fossil, probably the same E1~omphalus, in the upper portion of the 
formation, seen in the bed of the Zumbro, at Rochester, near the 
Bradley House; and a species of Lingula answering the characters 
of L. Dacotaensis, in the same stone where quarried by Messrs. 
Maxfield and Sons, at Mankato. 

In Iowa crinoidal remains are found in the Lower Magnesian. 
In Wisconsin near Madison a Dikelocephalus trilobite was found 
in the drift, supposed to be from the Lower Magnesian, and Prof. 
Hall also reports various indistinct remains of Orthoceratites. In 
western Canada the Lower Magnesian exhibits a more abundant 
fauna, including different genera of trilobites, orthoceratites, gas
teropods, and brachiopods. The great" quebec group" which, in 
eastern Canada, is aupposed to include the Lower .Magnesian of the 
North west, unfolds an entirely new and wondrously rich assem

,blage of Silurian fossils. • 

(d.) Economical valtte if the Lower Magnesian. 

The value of this limestone is greatly enhanced by its stratigraph
ical position. It is not only the lowest in the geological series of 
the state, but it is separated from the next higher by a considera
ble thickness of friable sandstone. Therefore it must serve all the 
uses to which limestone may be put, throughout the area of the 
granitic and metamorphic rocks, * and also throughout the adjoin
ing belts of the Potsdam and the St. Croix, and the St. Peter sand
stones on either side. 

As its name indicates, it is not a pure limestone, but a dolomite, 
or magnesian limestone. It usually contains about one equivalent. 
of carbonate of lime, and one of carbonate of magnesia, with some 
insoluble silicates, and traces of alumina and iron, the largest 'per 
cent. being made up of carbonate of lime. [t was formerly believed 
that a dolomitic limestone was not adapted to lime-burning. The 
pure limestones, or those that comprise about ninety per cent. of 
carbonate of lime were eagerly sought for the strength and quick
ness of the lime they afford. Such is the character of most of the 
first twenty feet of the Trenton limestone, which lies above the St. 
Peter sandstone. It has more recently been found, however, that 
the magnesian limestones, to which class belong most of those of 

*No notice is here taken of metamorphic lime·stones some of which may occur in Minne
nesota. They furnish the mal'bies of the New Bngla;'d states, 
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Upper Silurian age in the Northwest. as well as the Lower Magnesian 
and the Galena of the Lower Silurian, afford a quicklime which, 
although less hot in slacking, and slower in setting, is on the other 
hand more cheaply burned and better adapted to the uses of com
mon mortar. 

"The properties of these limestones are very different. Those of 
the first class require to be submitted to a higher temperature in 
• burning' than the second. They slake promptly and thoroughly 
and in the operation evolve a great degree of heat. From this last 
fact they are termed' hot' 01' ' fiery) limes. They' set' 01' harden 
-so soon that but two or three bricks can be laid with one 
-spreading of mort8r, and walls that are made of them have a ten-
(lency to • chip-crack.' It is quite likely that this last named prop
erty can be attributed, in some degree, to the silica and alumina 
that they contain. 

The second class contains tho~e limes that are called 'cool.' 
They do not gi ve out as much heat in slaking as the limes of the first 
class, nor do they' set) as soon. From five to twenty bricks can 
be laid with a single spreading of mortal', and in plastering a cor
responding advantage can be obtained. 

On purely practical grounds the builders of southwestel'll Ohio 
have come to recognize the greater desirability of the limes of the 
last named class, and none others can now find market in the cities 
and tOWml of this portion of the state." [PROF. EDWARD ORTON, 
on the geology of Montgomery county, in the first report of pro
gress of the geological survey of Ohio, for 1869]. 

The lime made· from the Dower Magnesian in Minnesota is, so 
far as observed, of a ver.y dark color. It if! distinguished in some 
places as "black lime," in comparison with that burned from cal
-careous tufa, which is called" white lime." In other places it is 
known as "leather-colored" lime. Yet even where the bulk of 
the lime produced is of a dark color, some inconsiderable spots and 
streaks are almost as white as lime made from any other forma
tion. 

The lime made at Shakopee, in Scott county, is exceedingly 
dark, and is commonly known as leather-colored. It has not the 
purplish or ashen tint of some dark, Ohio limes from the Hamilton 
limestone but an ochreous or umbel' color. It is also specked and , 
.sometimes streaked with whitish spots or with shades of lighter 
brown, and in slacking it takes the color of'rich cream. 
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At the kiln of Mr. Isaac .Lincoln, lime sells at 75 cents per barrel 
of 225 pounds, on the ground. Last year 16,000 barrels were 
shipped, or an average of 1,300 barrels per month. The mont41y 
production sometimes reaches 2,700 barrels. The markets are 
mostly St. Paul and Minneapolis. Mr. Lincoln burns from four t() 
five cords of mixed wood to each hundred barrels, and uses a con
stant kiln of a patent unknown. 

The other kiln at Shakopee is ownE'd by Mr. Baptiste Contre. 
Lime here sells mostly at St. Paul and Minneapolis at 75 cents per 
barrel. The monthly production is from 1,200 to 1,700 barrels, 
consuming four or five cords (mostly four cords) of mixed wood per 
hundred barrels. The kiln is similar to that of Mr. Lincoln. At 
Louisville, four miles further up the Minnesota valley, are tW(} 
other limekilns employed in burning the Lower ~JJ[agnesian. 

At Mankato, in Blue Earth county, the quarry of Messrs. Max
field and Son supplies both quicklime and building stone. The 
former is dalivered at the depot at 80 cents per barrel of 225 pounds. 
Twenty cords of mixed wood burn three hundred barrels. 

Stone from the quarry of Messrs. Maxfield and Son, at Mankato, 
has been used in the construction of the Catholic church at that 
place. The foundation and all dressed stone in the Second Normal 
School building are from the same quarry. The foundation and 
dressed stone in the City bank and in Barmonia hall, as well as 
the entire structure of Biggin:,; hall, and the fronts of several bus
iness blocks, at Mankato, are from the sailie quarry. 

At Kasota, in Le Sueur county, the Lower Magnesian is considera
bly wrought, and is finding market at Minneapolis and St. Paul. 
Quarries here are owned by Reuben Buttars, J. W. Babcock, and 
by Downs Brothers. The stone itself is handsomely tinted with 
pink; and for its beauty, its regularity of bedding which is some
times near ly two feet in thickness, and its homogeneous texture 
which renders it easy to shape into all forms, it is adapted to orna
mental work as well a'3 heavy masonry. It is cut; as at Mankato, 
into posts, sills, caps and water-tables. For its adaptability to all 
uses it is worthy of' being ranked with the Waverly sandstone, and 
it is more enduring even tlu .. n that, under the action of atmos
pheric changes, owing to the more general and abundant dissem
ination of the calcareous cement; while its variegated coloring, and 
its more lively expression make it preferable in many kinds of 
work. It is used in the north and south wings of the state lunatic 
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asylum at St. Peter, ann the central portion of the building, when 
completed, will contain it. The Episcopal church, and the old 
Asylum building are also constructed from it. The new Baptist 
church aL St. Paul is being made from the Kasota stone. In old 
structure;; where it has been exposed for a number of years to the 
disintegrating action of the elements, it shows as sound and hard 
as ever. It even becomes harder on exposure, as the quarry water 
dries out. 

At St. Peter, in Nicollet county, a quarry owned by the Asylum 
farm affords a stone of a lighter color, but otherwise very similar to 
that from Kasota, being also in the Lower Ma.CJnesian. 

At Red Wing, in Goodhue county, the quarries near the top of 
La Grange, or" barn bluff," supplied frum the Lower Ma.CJnesian 
the stone put in the railroad-bridge over the. Mississippi at Hast
ings, and also that used in the Episcopal church at Red Wing. 

At Winona, in Winona county, valuable quarries in this forma
tion have been opened in the" sugar loaf, " by Mr. Toms, and in 
the bluff' next west of "sugar loaf" by Mr. James Burke. These 
quarries supplied the trimmings and all cut-stone used in the nor
mal school at that place. 

At Stillwater, in Washington county, the Lower lJla.rJnesian is 
extensively used for the most important structures. Some of it is 
quite close-grained, and without pores, mr.king a fine cut-stone 
of a light cream-color. Some of it, from the same quarry, is also 
very rough and porous, and of a darker color. That, however, 
which is rough and porous is as enduring as that whieh is compact. 
Indeed the porous masses are apt to be more lasting and in heavier 
beds than the close-grained. This stone has been put into the 
public school-house at Stillwater, and as trimmings in many houses 
built of brick. The state prison at the same place is built of it. 
The court house is of red brick (made near Stillwater), the trim
mings being of the Lower Ma.CJnesian quarried at Stillwater, and 
of the blue flagging, from the Trenton quarried at St. Paul. The 
steps in front and the walls at the ends of the steps are of the Low
er jJllagnesian, while the coping, sills, lintels and water-tables are 
of the darker colored Trenton. Several churches at Stillwater are 
made of the Lower Magnesian with Trenton blue flags from St. 
Paul, for sills, caps and water-tables. This combination of colors 
gives the structure a very attractive ensemble, but it is at the cost 
of durability, It is a great mistake to place these blue flags in 
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such exposed parts of important buildings. They are much more 
destructible than the Lower .Wagnesian, and will fall out in chips 
and thin shaly partings long before the weather has any effect on 
the Lowej- Magnesian of the main walls. 

4. THE ST. PETER SANDSTONE. 

(a.) Its area. 

The incoherency of this sandstone renders a definition of its area 
very difficult. It is placed between two important limestones of 
the Lower Silurian, both of which endure the erosion of ice and 
water and the disintegrating action of atmospheric forces with 
greater persistence than the sandstone itself. The underlying 
Lower .JJ1agnesian is apt, in the southeastern portion of the state, 
to stretch out for several miles over a low flat, its upper surface 
forming the basis. But as it gradually passes, owing to a gentle 
dip, below the surface, occasional isolated mounds rising about 125 
feet above the general level are seen by the traveler. These be
come more and more frequent and at last coalesce in the direction 
of the dip, so as to form a continuous flat topped shoulder or bench, 
like the mesas of New Mexico, on which the same features of sur
face and soil prevail as on the lower flat formed by the Lower Mag
nesian. On examination of these precipitous ascents from the 
lower to the higher prairie, they are found to consist of the St. 
Peter sandstone, capped with the first fifteen or twenty feet of the 
overlying Trenton limestone. As this protecting limestone has a 
thickness of about 160 feet it also furnishes a further ascent, but 
one that is not marked off by so distinct bench-lines. Owing to 
the occurreuce of considerable shale and easily erosible beds at 
about the horizon of twenty feet above the St. Peter sandstone, it 
happens that often over a wide belt only these twenty feet of the 
Trenton limestone are preserved. They form the brow of the hill 
that separates the lower from the upper prairie, already mentioned, 
and have hitherto been more fully examined than any other por
tion of the Trenton within the limits of Minnesota. Hence the 
area of the' St. Petej- sandstone is actually reduced, where the boun
daries of the formations are easily seen, to the narrow belt forming 
the slopes between the upper and lower prairies. These slopes are 
generally turf-covered. The delineation of the area of the St. Peter 
is further complicated by the action of streams. These often cut 
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their chap.nels through the overlying twenty feet of Trenton, and 
into the St. Peter some miles above their debouchure on the actual 
area of the St. Peter; and near their entrance upon the area of that 
sandstone their channels are widened out enormuusly, the enclos
ing bluffs receding rapidly from the immediate river banks. In ad
dition to these irregularities of outline, there are not infrequently 
detached areas within the general limit of the Trenton limestone 
where the protecting beds of the Trenton are broken down and re. 
moved by some force not now in operation, forming, in the St. 
Peter, basin-shaped depressions, the bottoms of which are on the 
LoU'et· Magnesian, the surrounding bluffs being made up of the St. 
Peter sandstone, and the high prairie stretching out in all direc
tions being underlain by the Trenton. Such a1'1'oya valleys, which 
are now without any visible surface drainag.e, are sometimes united 
by wide mouths with other, larger valleys that present a similar 
topography. Indeed the whole belt of country underlain by the 
outrunning Tt'enton and the St. Peter sandstone IS made up of a 
network of little valleys many of which coalesce and become trib
utaries to larger drainage valleys, and some of which appear simply 
as isolated depressions. It is a tract of rolling country of great 
beauty of natural scenery, and mo"t perfectly exemplifies the effect 
of geological causes on the topography and agricultural character 
of' the state. 

This belt of rolling land immediately dependent on the underly
ing rock enters the state from Iowa in Houston county, in a gen
eral northwesterly direction. It embraces the western portions of 
Houston and Winona, the eastern portions of Fillmore and Olm
stA:ld, and some portions of Wabasha, Goodhue and Dakota counties. 
Further northwest, in the countieR of Ramsey, Hennepin and 
Anoka, the area of the St. Peter sandstone is heavily covered by 
drift, and its presence would not be known except for its exposures 
in the Mississippi bluffs, and the known limits of adjoining forma
tions. . From Dakota county the St. Peter sandstone extends theo
retically southwestwardly in a belt of 6 to 10 miles wide, passing 
through the central part of Rice county, touching the northwest 
corners of Waseca and Faribault, and leaving the state again in 
Martin county in a southwesterly dir'lction. On the other side of 
thegrnnitoid axis, in the northwestern portion of the state, a belt 
of this sandstone is supposed to exist, and is conjecturally laid off 
on the preliminary map accompany this report. 



90 ANNUAL REPORT. 

(b.) Lithological characters of the St. Peter sandstone. 

The outward, and also the chemical characters of this sandstone. 
in Minnesota, are, so far as seen, remarkably constant and simple: 
It is white, "saccharoidal," friable, non-fossiliferous, and consists 
almost entirely of pure quartz saad. It contains not enough lime 
to act as cement, and hence can almost everywhere be excavated 
even with the fingers. On exposed surfaces, as along the bluffs of 
the Mississippi, where dripping water passes over it, the grains be
come more bound together by deposition of carbonate of lime and 
iron oxide, and its delicate whiteness is lost. Indeed, wherever 
water in the smallest quantity is allowed to trickle through it, a 
deposit of iron oxide is invariably seell, since rarely, if ever, is any 
surface water foulld entirely free from that impurity. 

A number of sections have been observed of this formation, but 
the characters seem to be invariable throughout. Its thickness is 
about 125 feet, and it is the immediate cause of a great many water
falls. The falls of St. Anthony are caused by the passage of the 
river from the Trenton limestone onto the St. Peter. The latter, 
rapidly worn away by the current, leaves the projecting limestone 
to fall down in heavy blocks as fast as it becomes too feeble to sup
port further its own weight. This protecting cap of limestone ex
tends but a few rods above the present brink of the falls, and it 
was a thoughtless tunneling underneath, in the soft St. Peter, that 
admitted the water of the Mississippi a few years since, above the 
limit of the limestone, thus endangering the existence of the falls 
themselves. They would soon have been reduced to a foaming 
rapid, which eventually would have entirely disappeared. Vigor
ous measures were speedily adopted by the citizens of Minneapolis. 
tardily aided by the U. S. government, to secure the water-power, 
and by carefully shutting off the water from the tunnel, and "apron
ing" the waterfall itself with heavy timbers and planking, as well 
as laying over the river bottom above the falls a thickness of gravel 
and clay to prevent a further erosion, it is believed that desirable 
object has been effectually secured. The falls of Minnehaha ate 
also caused by the same conjunction of a drainage stream with 
the boundary line separating the St. Peter from the Trenton lime
stone. This unique and legendary little gem of a waterfall has a 
perpendicular descent of 52 ft. 10~ inches from the brink of the 



UNIVERSITY OF MINNESOTA. 91 

overhanging limestone to the surface of still water below. About 
twenty-five feet of that distance are taken up with the St. Pete/' 
sandstone. Numerous little cascades of great beauty enter the 
Mississippi in the vicinity of St. Paul and Minneapolis. As these 
are projected over the limestone rim which borders the Mississippi 
bluffs, they are thrown in more or less entire sheets of clear water 
into the river below. Such are known as thejawn's leap, the bridal 
veil, the silver cascade and the silver thread. 

The singular pillar in Dakota county, known as Castle Rock;, 
consists of the St. Peter sandstone. It stands on the arch of the 
local anticlinal axis from which the beds dip gently both toward 
the north and toward the south, and is an outlier from which most 
of the formation has been removed over an area of some miles 
about. Its form is that of a somewhat regular right prism, or par
allelopipedon, elongated north and south, supporting on its north
ern end a pinnacle of bedded sandstone about four feet in diameter 
at the base, which rises above the general mass 19 ft. and 3 inches. 
A view from the west shows of rock 4:4 feet and 9 inches, rising 
above the general surface of the sandy mound on which it stands. 
Rock can be seen on the east side about 20 feet lower than on the 
west. A depression along the east side of the outlier is 26 feet be
low the lowest rock visible. From the bottom of this depression 
to the top of the tower is 70 feet H inches. The irregularly as
cending ba.se visible from the west is 11 ft. 6 in. The perpendicu
lar sides of the general mass of t.he rock are 14 ft., and the tower 
is 19 ft. 3 in. Near the base of the tower is a somewhat argillace
ous layer, or one less firmly cemented, of a few inches, which 
weathers away faster than the rest, making the diameter there con
siderably less than above. Hence the tower has a threatening as
pect, and the first imprAssion of the beholder is the certainty that 
the ftrst severe blast of wind will throw it from itR place. The 
mass of the whole is separated perpendicularly by a number of di
visional planes that also may be seen entering the rock below the 
castle. These pass in a direction N. E. and S. VV. and have so 
aided the attacks of the elements and invited the ambitious but 
sacrilegious carvings of visitors that a hole has been made through 
the body of the rock. 

(c.) Economical value of the St. Peter sandstone. 

The St. Peter furnishes inexhaustible quantities of the purest 
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quartz sand. Its easy excavation renders it obtainable for common 
mortar and for glass-making. Its exposures along the Mississippi 
bluffs at and below St. Paul invite its use in the manufacture of 
flint glass of which it is known to make a very superior article. At 
Minneapolis the close proximity of waste fuel from the lumber 
mills, ample water-power and favorable exposures of this formation 
ought long ago to have been improved in the establishment of a 
glass manufactory. At the present time Minnesota furnishes from 
the St. Croix sandstone a sand believed to be inferior to that from 
the St. Peter, which, taken to a neighboring state, supplies the· 
glass that returns to~her citizens encumbered with a double freight
age. This process ought to be arrested by the utilization within 
our own territory of this.vast re~wurce, peculiar largely to Minne
sota. At present this sandstone is not known to be used for any 
purpose within the state except for mortar for the local markets 
and as an engraving board for idle boys. Sometimes beer vaults 
are made in it along the river bluffs, and sewers for the drainage of 
the cities of St. Paul and Minneapolis are excavated through it, 
the overlying limestone affording a secure roof. 

5. THE TRENTON LIMESTONE. 

(a.) Preliminary considerations. 

This term is here applied to that series of limestones and shales 
that fill up the interval between the well marked horizons of the 
top of the St. Pete}" sandstone, and the bottom of the Galena lime
stone. It is quite likely that when this series of beds is fullyex
amined differences may be ascertained warranting its separation 
under two or more names, but atlthe present time the characters 
Df its whole thicknesf', which amounts to nearly 160 feet, ale so 
little known that it has not been possible to establish any con;;tant 
paleontological or lithological horizons. Dr. Owen, in his final re
port on Wisconsin, Iowa and Minnesota, mentions ~nly the lowest 
34 feet of these limestones, owing to the more frequent exposure, 
as has been mentioned already, of that portion of the Trenton. 
Those 34 feet Dr. B. F. Shumard separates into the following 
parts: 

~. ~p~:r, or St., Peter shell limestone, F. 3. c ..................... 6 feet. 
, 0 fOSSiliferous bed, F. 3. b ............... , ................... 5 feet. 

3. Lower shell limestone, F. 8. a ......................... , ........ 23 feet. 
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The geologists of Wisconsin haye described these limes~ones un
der the terms" buff limestone" and" blue limestone," the former 
lying below the latter, following the preliminary sub-division of 
Dr. Owen, published in a report of progress in 184:0. Thev there 
have a thickness of 70 to 90 feet. * These distinctions have "nqt yet 
been observed in Minnesota, and the aggregate thickness of the 
beds is considerably greater. The early geologists of Iowa gave 
the term Trenton limestone to all the layers between the St. Peter 
and the Galena and assign them an aggregate thickness of 100 
feet.t Dr. C. A. White, also, of the recent geological survey of 
Iowa, embraces these shales and limestones under the single term 
T.,·enton limestone, but ascertains their thickness to be about 200 
feet.! Mr. Worthen, in Illinois, embraces the Galena, the Blue 
and the Buff limestones under the term of Tr'enton Group, giving 
the latter two a united thickness of 70 to 105 feet, the Galella over
lying, having a thickness of 250 to 300 feet.§ 

(b.) Arect of the Trenton limestone. 

The Trenton occupies a belt of country lying just within that of 
the St. Peter, in the southern part of the state, and conjecturally 
an area in the northwestern part of the state. The former may be 
described with considerable exactness. By reference to the de
scription of the area of the St. Peter it will be seen that the line 
separating thebe two formations is very crooked, especially in the 
southeastern portion of the state, where the drift is light. The 
causes that operated to gi.ve this line such a winding direction, l'P 
and down hundreds of little valleys, seem to have pertained largely 
to pre-glacial tiine, and to have continued also into, and near the 
close of, the ice period,-or to have recurred, after a suspension, 
during the ice period with all their former activity. They seem to 
have been closely connected, perhaps identical, with those that ex
empted this region from the heavy covering of drift that prevails 
further west and north. At least, it is plain that the absence of 
the drift has allowed the freer action of the elements that slowly, 
but effectually disintegrate and remove rocky structures, causing 
those which are most enduring to stand out most prominently, af-

*Geological survey of Wisconsin, 1861, vol. I. 
tGeology of Iowa, 1858, vol. I. part I. 
:j:Geology of lowa, 1870. V?l. .1. 
§Geologica! survey of Illmms, vol. I. 
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fl)rding shelter to those which retreat fastest from their attacks. 
The western line of the St. Peter is the eastern line of the Trenton, 

in the southeastern portion of the state, and need not be further 
defined. The western line of the Trenton, in the same region, al
though less tortuous than the eastern, is still quite irregular, the 
overl¥ing Galena comparing, ill respect to relative endurance, to 
the Trenton, very much as the Trenton does to the St. Peter. It 
is impos,:ible definitely to layout this area until the various coun
ties are examined in aetail, but in general the area of the Trenton 
comprises a wide belt through the central portions of Fillmore, 
Olmsted and Goodhue counties, including thr~e or four towns in 
the s0uthwestern corner of \Vinona, and touching the southwest 
corner of Wabasha. This belt is then deflected westward through 
the counties of Rice, Blue Earth and Faribault, leaving the state 
probably in Martin county. Isolated areas occur in Dakota county, 
capping the St. Peter sandstone; and a large detached area of the 
lower portion of the Trenton, with a local dip toward the north, 
covers the northern portion of Dakota and much of Ramsey and 
Hennepi!:! counties. This detached area gives location to the falls 
of St. Anthony. The area of Trenton in the northwestern portion 
of the state is laid off conjecturally, the only guide being the re
port of Prof. H. Y. Hind on the Assiniboine and Saskatchewan 
districts of British America, printed in 1859. 

(c.) Lithological characters Q/ the Trenton limestone. 

In Minnesota, as far as seen, the Trenton limestone is abundantly 
associated with beds and laminations of green shale. The calca
reous layers themselves are usually from one to four inches in thick
ness, but sometimes exceed a foot, while the beds of shale are apt 
to be massive and sometin,es have a thidmess of ten feet. The 
shale beds are often supplied with fragmentar.v fossils, and the 
layers of limestone are uniformly fossiliferous. The calcareous and 
argillac80us portions are also in some portions of the formation • 
more closely interstratifi8d; or the shale may be interwoven with 
the calcareous layers in such a way as to replace them at short in
tervals, the whole adhering strongly on fresh fracture, but on be
ing weathered readily disintegrating. This is the aspect of some 
of the beds near the bottom of the formation which are used for 
building purposes at St. Paul and Minneapolis. The stone in this 
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case has an attractive exterior on being dressed under the hammer, 
the variegations due to the alternating shaly and limy parts giving 
the face a clouded appearance, as of gray marble, without being 
susceptible of a uniform polish. Where protected from the weather 
the shale will endure, and act as a strong filling for the framework 
of calcareous matter for a long time; but under the vicissitudes of 
moisture and dryness and of freezing and thawing, it begins to 
crumble out in a few years. In other places the calcareolls layers, 
even 011 the same horizon as at Minneapolis and St. Paul, are very 
much thicker and afford strong unyielding material for building. 
In this last case the calcareous layers are more strongly crYBtal
line, but not vesicular. Many of them, especially when associated 
with considerable shale, are nearly made up of fragments of fossils, 
visible to the unaided eye, and doubtless the shale beds are also 
calcareou3 as well as sedimentary. The texture of the stone is 
duse; yet some portions near the base, thought to be the beds de
nominated by Dr. Shumard •. upper shell limestone," are often 
vesicular and of a light color. The natural color of the Etone, on 
deep quarrying, is blue, but it is often faded to an ashen drab to 
the depth of several feet, depending on the ease with which water 
and air find access within. The PJrou~ layers are apt to be most 
faded. The long weathered surface is of a light buff color, or if 
iron be present in dripping water, or contained in the stone as 
pyrites so situated as to be oxidized, the color is sensibly deepened 
to a rusty yellow. 

The effect of this formation on the topography of several coun
ties in the southeastern pOl:tion of the state has been aliuded to in 
(lonnection with the same subject in treating of the St. Peter sand
stone. Owing to the frequency of shaly interlaminations its out
line. where the drift is light, is not so well defined in terraces as 
that of the overlying Galena. Its line of junction with the St. 
Peter sandstone is. indeed, very evident even in all its tortuosities, 
but its junction with the Galena is generally hid by a sloping, turf .. 
(lovered talus of debris; and it is only at favorable places in the 
bluffs along the streams that a knowledge of that horizon can be 
obtained. -The whole formation weathers away so evenly that 
where its effect on the topography is not brought out by drainage 
erosion or by the Galena limestone .or the St. Peter sandstone, it 
produces nothing more than a gentle swell or evenly rounded ridge 
exposing none of the beds. 

Sections have been observed covering all the beds of the Trenton 
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The best section of the lower and upper shell beds, of Dr. Shumard, 
is that taken at the falls ot Minnehaha, although the same beds 
are seen well exposed at many places between St. Anthony's falls 
and St. Paul. 

Section at thefalls qf Minnehaha, Hennepin county. 

In descending order. 

No. I.-Bed~ 6 to 14 inches, very fossiliferous and sometimes vesicu
lar. Contam LeptlJ371a deltoidea in abundance, and Strophmena 
alte1'nata (?), also a G.!Jpricardites, This is an import~nt and 
marked horizon to which other sections may be referred, It 
forms the brink of the falls, but its best exposure is in a bluff a 
few rods below. Seen ...................................... 9 ft. 

No. 2.-ArgilJaceous limestone of a greenish color, weathering out 
conchoidally. .. . .................. '.' ................. " .. .. 2 ft. 

No.3-Arenaceous shale, weathering fine ........................ 2 ft. 
No. 4.-Blue flagging, with considerable green shale. The principal 

. building stone of Minneapolis and St. Paul is from this member. 
Great portions of this are made up solely of commmuted fossil 
remains showing crinoidal joints. It is of sedimentary rather 

. than of chemlcal origin ....................................•. 13 ft. 6 in_ 
No.5.-Green shale, about midway containing one layer of about 

two inches of limestone............................ ........ 3 ft. 8 in. 
No. 6.-St. Peter sandstone, somewhat argillaceous, and of a green-

ish blue color. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ....... 2 ft. 
No. 7.-St. Peter sandMone, superficially stamed and bardened py 

lime and iron .............................................. 25 ft. 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. '" 57 ft. 2 
Total of the Tj'enton... ............................... 30 ft. 2 in 

Section nea1' the falls of St. Anthony, Hennepin county. 

A quarter of a mile below the university. In descending order. 

No. I.-Limestone, mostly of a close grain and brigbt blue color, sbow
ing many fossils, principally of Lept{l'lia deltoidea, but also contain
ing cephalopods and gasteropods. The fossil remains are usually not 
fragmentary. Tbeyare apt to lie in sbeets, making dark streaks 
bOl'izontally separating tbe bedding. Under the weather this stone 
falls out in chips U to 2 incbes tbick and 4 to 8 incbes across which 
ring" under a blow from the hammer. The surface weathers ~ r.lsty 
buff, the stone itself becoming a gray drab. . . .. . . .. . . . . . .. . ...... 11 ft. 

No. 2.-Blue shale, crumbling- out, tbe upper four feet somewhat bedded 
tbe rest below massive, tl1e whol.e occasionally showing patches 0; 
sbort sheets of fragments of bracblopods, &c., making the rock more 
calcareous and enduring... .... ...........................••..••• 9 ft. 

No. 3.-:-Blu.e flaggi~g, quar~ed bere .and placed in the west wing of the 
~Dlverslt;v ~U1ldlDg. .Thls sto~e IS rath;er too argillaceous to be a re
ha.ble bmldmg matenal, yet IS extenslvely used. Some parts of it 
are free from sbale. Such beds furnish a firm and very enduring 
stone ........................................................... 15 
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No. 4.--,Blue shale, parting conchoidally under the weather, seen. ...... 2 ft. 
[No. 5.--8t. Peter sandstone, to the water level 38 ft.] 

Total of the 'Trenton ..••..•..... .....•.....•.............. 37 ft. 

The total hight from the water's edge, at this quarry, to the 
aummit of the drift bluff on which the university stands, measured 
by Locke's level, is 137 feet. 

There is no visible dip here in the bedding, but at the falls of St. 
Anthony the dip is two or three degrees to the southeast. 

At the point where the foregoing section was taken the St. Peter 
sandstone is tunneled artificially to the depth of nearly 200 feet, 
the excavation being ten or twelve feet in diameter, rudely dug 
out and arched. It was intended for a beer-vault. 

Section at St. Charles, in Winona county. 

At a quarry near St. Charles, half a mile south of the city, the 
lower portion of the Trenton appears as follows, in descending 
order: 
No. I.-Hard, crystalline, calcareous layers, ringing under the hammer, 

of a light drab color. without shale, fossiliferous .......... · ....... 15 ft. 
No. 2.-Biuish green shale, about .................... , ............... 10 it. 
[No. 3.--St. Peter sandstone, seen 6 feet.] 

Total Trenton ......•................. ....... , ............. 25 ft. 

At this place the dip is two or three degrees S. W. St. Charles 
sits on the top of the Lower 21fagnesian limestone, which is seen in 
a quarry a little N. E. of the city, and is nearly surrounded by 
bluffs formed bv the St. Peter sandstone, capped with the lower 
portion of the Trenton. This exposure of the Lower Magnesian is 
along a little creek, the amount of bedding seen being about 16 
feet. 

Sections at Rochester, in Olmsted county. 

At the II old Harmon quarry," from which the flouring-mill and 
the foundations for the new public-school house were built, the 
lower portion of the Trenton appears as follows, in descending 
order: 
No. I.-Green shale, seen .............•................ : ...•.••. 4 ft. 

[This is snid by Mr. Hnrlbut to be about 14 feet thwk where 
it is all preserved.] 

No. 2.-Hard, brittle limestone, in two beds, separated by fLbout ~wo 
inches of green shfLle. This is much like No.1, of the foregomg 

7 

• 
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section at St. Charles. It has a drab color. A handsome Blro
phomena is the most characteristic fossiL..................... r ft. 

No. 3.-Alternations of shale and limestone ....................... 1 ft. 
No. 4.-Limestone of the same kind as No.2, with some partings of 

shale, but sometimes quite blue instead of drab, seen ........... 10 ft. 
No. 5.-Blue shaly limestone, more like the blue flagging quarried at 

Minneapolis. Not well exposed; amount~ to about............ 6 in. 

Total Trenton seen ..................................... 16 ft. 6 in. 

At another point further west, on Mr. O. P. Whitcomb's land, 
the bed of green shale separating the foregoing Trenton from the 
St. Peter sandstone, or rather forming the base of the Tren~on, may 
be seen in a weathered bluff, exposing a thickness of about ten 
feet, as at St. Charles. The quarry of Mr. O. P. Whitcomb, at 
Rochester, is made up as follows, in descending order: 

No. I.-Green shale, containing fragmentary crinoiGal stems, Chwtetes 
and various small brachiopods, among which mfty be distinguished a 
Rhynchonella. [Mr. Hurlbut thmks about 5 fe3, more are broken 
down from above, not now visible.] seen ... " ............ _., ...... 10 ft. 

No.2.-Limestone, of a drab color and fine grain, in beds of about three 
inches, with much mtervening shale in continuous layers.......... 3 ft. 

No. 3.-Comp!lct limestone, used in building, of a blue color, but com· 
paratively free from shale....................................... 17 ft. 

No. 4.-Green ehale, lying on the St. Peter sandstone, not well exposed, 
seen ..... " " ......... . ... . .... .... ...... .. ......... ......... 1 ft. 

Total Trenton seen. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 32 ft. 

From No.2. above, have come some of the finest and largest 
specimens of cephalopods. 

Section on Root river, in sec. 16, Pleasant Grove, Olmsted county. 

At the point observed the section consists, in general, as follows, 
in descending order: Perpendicular escarpment showing generally 
a thin bedded and often shaly rock, the thin shale partitions being 
as thick as t or It inches, about 37 feet. The descent then is ir
regular over beds of argillaceous limestone and shale mostly hid 
from view. Some of these shale bE'ds are six and eight inches 
thick, and from them, where crumbling under the weather, frag
ments of fossils fall, such as Chcetetes (principally), Maclurea and 
Orth1:s. The limestone weathers rough and thin-bedded, and shows 
Receptaculites. This interval includes about 47t feet. There is 
then a broad shoulder, making up a talus covering, as disclosed, 

• 
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further down the river, a heavy bed of green Rhale, which overlies, 
mear the water's edge, the limestone layers of the foregoing sections 
.at Rochester, 42 feet. Total of beds supposed to be of the Trenton, 
126t feet. Combining this section with the observed thickness at 
Rochester, omitting the overlying shale bed (here embraced in a 
,talus) the observed thickness of rocks of Trenton a"e amOUll ts to 
156t feet against the 34 feet observed by Dr. Owen.'" 

Sections at Mantorville, in Dodge county. 

The MantorviUf' quarries show the horizon of the junction of the 
Trenton with overlying Galena. The same horizon is better ex
'posed at Pettit's mill, one and a half miles below Mantorville, on 
cSec. 22, T. 107, R. 16, along the middle- branch of the Zumbro 
river. These sections are as follows: 

1st. That of the quarry of Mr. Oharles Ginsberg, in descending 
-order: 

No. l.-[Loose fragments, 5 ft.] 
No. 2.-Heavy beds of vesicular, magnesian buff limestone........ 8 ft. 
.No. S.-Thin beds of the same, with a little shaltl ..... '" .. . . .. . .. 4 ft. 
No 4.-Heavy, buff, magnesian beds.... .................... . 7 ft . 
. No. 5.-Thin, blue argillo-magnesian beds ..................... 10 ft. 
No. 6.-Even-bedded lO~1gnesian limestone, the becldiug of which 

weathers out from two to six inches, (poorly seen)... .. .. .... 5 ft. 

Total seen................ .......................... 34 ft. 

At this quarry thA buff or cream colored stone shows a light blue 
·color in deer quarrying. 

2d. The quarry of Mr. Samuel Wilson, located near Mr. Gins
,berg's, includes more of the Galena. 

No. l.-[Loose fragments, 4 ft.] 
No. ~.-Beds from six to twenty inches each, of vesicular, mag'

nesian limestone, almost free frolU iron, fine for a "quarry 
stone" .................................................. 30 ft. 10 in. 

No. 3.-Thin, slaty, argillo-magnesJan beds..................... 1 ft. 6 in. 
No. 4.-Good, heavy beds of magnesian limestone, same as No.!. II ft. 6 in. 
No. 5.-Shaly and thinner beds, seen....... ................... 5 ft. 

[NoTE.-Where these beds are weathered ou.t, a white de
posit is accumulated on tJ:18 sl?pe be.low, havIl!g much the 
taste of lime. yet may consIst of alumma and hm~. On the 
face of the rocks the coating' is bitter and sour, tastmg some-
what like Ersom salt.] ., 

No. 6.-Heavy magnesian layers, of a buff .color, WIth conSIder-
able shale, same as Nos. 3, 4 and 5, of Gmsberg's quarry, but _ 
pocldy seen, about. . . . . . .• . . . . . . . . . . . .. . ................. ~~ __ 

Tvtal seen ......................•......•.............. 68 ft. 10 in. 
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Section at Pettit's mill, sec. 22. T. 107, R. 16, Dodge Co. 

No. l.-Slope from the summit of the bluff (hid) estimated ....... 40 ft. 
No. 2.-Magnesian layers, buff, much shattered................. 4 ft. 6 in. 
No. 3.-Shale ......... . . . . . .. ................•.•.••......... 2 ft.. 6 in. 
No. 4.-Good lo,yers of vesicular, buff magnesian stone, with some 

argillaceous patches..................... ., ............ 11 ft. 
No. 5.-Argillo-magnesian limestone, weathering into rather thin 

beds.. . .... ... ......................................... 3 ft. 
No. B.-Vesicular, buff, magnesian limestone. In one bed...... 10 in. 
No. 7.-Shale and shaly limestone............................. 2 ft. 2 in. 
No. 8.-Beds of argillaceous limestone, each of about eight inches, 

separated by shale beds, each of about two inches. . . . . . . . . . . . 5 ft. 2 in. 
[NoTE.-In No.8 is found the coral Receptaculites.] 

No. 9.-Shale....... .... .. ..... . ........ ... ................... 4 in. 
No. IO.-Vesicular limestone, argillo-magnesian. In one bed... 9 in. 
No. ll.-Shaly and calcareous beds (thin)....................... 8 in. 
No. 12.-Crystalline beds of a gray color, weathering buff, one bed 1 ft; 7 in. 
No. 13.-Shale and shaly limestone.... ........................ 1 ft:. 4 in. 
No. 14.-Shale....... ....................................... 8 in. 
No. 15.-Argillo-magnesian limestone, some parts crystalline and 

calcareous only, in three beds....... . . . . . . . . . . . .. . •....... 
No. lB.-Shale ............................................... . 
No. 17.-Argillo-magnesian, one bed .......................... . 
No. IS.-Shale ............................................ '" 

6 ft. 4in 
4 in. 

10 in. 
1 ft. 2 in .. 

No. 19.-Hard crystalline limestone, of a gray color, with some 
cavities and specimens of Receptaculites..................... 2 ft. 2 in. 

No. 20.-Shale..................... ......................... Bin. 
No. 21.-Argillo-magnesian, one bed, showing ChlJ3tetes and fu· 

coids of the Tl·enton. .. .. .. .. .. . .. .. . ... ................. 1 ft. 6 in .. 
No. 22.--An intervaJ (not well seen) of beds of greenish blue shale 

and argillaceous limestone, each varying from eight to twelve 
inches. showing abundant fossils of the Trenton. . . . . . . . . . . .. 16 ft. 

No. 23.-Blue, earthy limestone (under water) seen ............ . 6 in. 

Total. ............................................... 103 ft. 10 in. 

lt is impossible, without more examination, to fix certainly the 
equivalency of any portion of this section with those at Mantor
ville, but Nos. 2 to 4: here are probably included in No.6 at Wil
son's quarry. This section shows the transition from the Trent01~ 
to the Galena to have been gradual in 80uthern Mmnesota, the oc
currence of the buff and magnesian layers marking those changes 
favorable for the deposition of Galena limestone which preceded the 
full introduction of that epoch. 

The foregoing sections of the Trenton limestone with its a:;,soci
ated shales are thought to cover the whole formation, which prob
ably reaches the thickness of 160 feet in the southern portion of 
the state, where, only, its full development is preserved. 

(d.) Fossils of the Trenton limestone. 

lt is not intended to attempt here, nor would it be possible at. 
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the present time, to give a complete list of the numerous and in
teresting fossils supplied by the Trenton limestone. li'ull collections 
have not yet been made, but enough haa been done to illustrate 
the commonest of the animal remains met with in this formation, 
.and to show how essential to the geologist a knowledge of the 
'fossils of any rock is, before he can pronounce on its age. Perhaps 
the most common fossil seen about outcrops of the Trenton in Min
nesota is a ramose form of the little coral Chrotetes, probably of the 
-species Lycoperdon. It seems to pertain specially to the beds of 
.shale, but is not absent from the other beds. On the weathering 
away of the rock, the fragments fall out, and may be picked up 
along the foot of many of the outcrops of this limestone. Besides 
,this coral, Leptrona deltuidea, a small brachiopod, is frequently 

. seen. There are also different species of Orthis, of Strophomena 
·and of Tellinomya, and a species of Leperdi~ia. Of gasteropods, 
species of MU1'chisonia and Pleurotomaria are the most common. 
Trilobites of the genera Isotelus, Illronns, Phacops and Lichas, and 
also doubtfully of Calyrnene, have :)een found ",ithin the atate. Of 
.cephalopods there are a great many species, as well as a great num
ber of individuals. In some cases the rock seems entirely made up 
()f the remains of cephalopods. Some are very large, measuring 
nearly a foot in diameter, and some are very small. Endoceras 
magniventrum is perhaps the most common cephalopod, being at the 
·same time one of the largest. 

(e.) Uses of the Trenton limestone. 

The frequency of the shale beds, and sometimes the intimate dis
.semination of shale through the calcareous layers without showing 
regular lamination, render the most of this formation of little use 
for a building material. The Hags, however, near the base of the 
formation (For. 3. a, of B. F.Shumard)* serve in many places as 
.a very useful stone for building purpOS6S. The color is gray or 
bluish with mottlings of lighter color. These beds are extensively 
wrought at St. Paul and Minneapolis, as well as at nearly all avail
.able points in the state where a local demand exists. The quarries 
.at Minneapolis in these beds are owned by Michael Mullen, John 

~r Owen's Ilnal report the engraved sections of B. F. Shumard embrace F. 3. al 
b. and c:, all in the rock: seen at St. Anthony' but. Dr. O. ill his table of genera: a~~ 
their distribution places F. 3. b.o in the" lead bearI~,g beds of the Upper MagneSIan • 
.and F. 3. c., In tl!.e·· coralline and Pentamerus beds of the same. 
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Reulstel'tz, Henrv Wacks and Mr. Evison. They are situated on 
the west side of the river, in the bluffs, about a quarter of a mile
below the falls of St. Anthony. Other quarries are opened on 
Nicollet island. 

It is observable that further to the south, as at Faribault, Roches
ter and St. Charles, these beds, although on the same horizon as
those so extensively used at St. Paul and Minneapolis, are much 
freer from argillaceous matter, while at the same time the thick-· 
ness of the distinct shale beds (as No.2 in the section at St. 
Charles, and No.1 of the section at Rochester, on Mr. O. P. Whit
comb's land) becomes much greater. There seems to have been a. 
more disturbed condition of the oceanic waters in the central than 
in the southern portion of the state during the deposition of this. 
flagging (F. 3. a, Shumard), mingling the coarser, more foreign 
materj~ls of the shale intimately with the calcareous accumulation~ 
and to that extent lessening the supply for the shaly beds proper. 
By reference to the foregoing sections it will be seen that at the 
falls of Minnehaha the alternations of these lithological and chem
ical characters in the lower Trenton occur about as represented in 
the following view, No.4. being thai from which the building 
stone is taken. 

Shale, (not seen.) 

2 CalcareOlls .................................. 9 feet. 

3 Shale .......................................... 4 feet. 

4 Shaly limestone ........................... 13 feet. 

5 Shale ........................................... ~ feet. 

6 St. Peter sandstone. 

At Roche'lter the same horizon shows the following alternations •. 
number four being the principal quarry-stone. 

Shale .... : ...................................... 14 feet. 

Calcareons, (wanting.) 

ShaIy ............................................ 2 feet. 

4 Pnre limestone .......................... 17 [eet. 

5 ShaIe ............................................ l0 filet. 

St. Peter salldstolle. 

In the former case we find about eight feet of shale and thirteen 
feet of shaly limestone, with nine feet of a vesicular (magnesian ?). 
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limestone. In the latter case we find about twenty-five feet of 
shale in considerable and rlistiuct beels, and seventeen feet of pure 
limestone, the uppflr calcareous (and magnesian?) member being 
apparently wanting. 

The quicklime marle from the Trenton limestone, is easily slacked 
and with a rapid evolution of heat. It also sets with greater rap
idity than that made from the Lower Magnesian. It requires an 
in tenser heat to drive off the carbonic acid from the lime of the 
Trenton than it does from the lime and magnesia of the Lower 
jlfagnesian. Hence more fuel is {',onsumed. In the use of the lime, 
however, a smaller insoluble sediment will result from the slacking 
of that made from the Trenton, when free from shale, than from 
that made from the Lower Magnesian when equally pure. 

At "b'aribault, in Rice county, the principal quarries that furnish 
stone (and also marble) are those of Milan N. Pond and Mr. Cromer, 
situated one and a half miles east of the city, in bluffs at some dis
tance from the river. Quarries are also owned near the city, in the 
river bluffs, by W m. Lee and Mr. Donahue and by others. The 
stone here is all from the same stratigraphical horizon as the quar
ries at Minneapolis, but is much less shaly, some layers being 18 
to 20 inches thick after being dresse'd. The stone used in the asy
lum for tbe deaf and dumb, at Faribault, was taken from Pond and 
Cromer's quarries. But in the construction of this handsome edi
fice the common.mistake is made of placing some of the stone on 
edge. This is the case all round the building near the basement. 
The first stone below the water-table has a thickness of six or 
eight inches, and a width of three feet, and stands on edge. This 
is backed up probably with smaller, poor stone in irregular courses 
without cross-bindings. The faced stone is placed hence in its 
weakest position in the wall, and in one III which it is most sus
ceptible to the attacks of the weather, and the wall itself is weak
ened by being split into tv. 0 separate walls. This is a common 
oversight on the part of stone masons, some of the largest and cost
liest buildings in St. Paul and Minneapolis, including the univer
sity at St. Anthony, exhibiting the same short-sighted economy in 
'their architecture. It should be an invariable rule never to lay a 
stone in an important wall so that the layers of sedimentation are 
perpendicular instead of horizontal. The more nearly a stone can 
lie in a wall as it lay in the natural rock, tht' firmer is the wall. 
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The Episcopal church and chapel and the school building belong
ing to the same society at Faribault, as well as the public school 
houses of the city, aud some large business blocks are laid up with 
this limestone. 

The" Faribault marble" is a bed in the same quarries, lying be
tween common building-stone layers, and having a thickness of 
something less than a foot. It is susceptible of a fine polish, and 
has a gray color. It is made into table and stand trimmings which 
show various markings and mottlings, OWlllg to the contained fos
sils and the various lithology of the stone. 

6. 'IRE GALENA LIMESTONE. 

(a.) Its area. 

The line of junction of the Oalena with the Trenton is pretty 
well marked in the southeastern portion of the .tate through the 
counties of Fillmore and Olmsted, but its junction with the Ma
quoketct shales has not yet been observed at a single place. Hence 
the width of the Galena belt is unknown, although it does not 
probably exceed ten miles. In the southwestern portion of Good
hue county thA Galena is deflected toward the west, and finally in 
Rice and Waseca counties toward the southwest, passing through 
Faribault and leaving the state in Martin. 

(b.) Its lithological characters. 

This limestone was included by Dr. Owen in his designation 
I. Upper· Magnesian limestone," that term also covering the Niag
ara limestone which is separated from the Galena by a thickness, 
unobserved by Dr. Owen, of about 75 feet of shales named by Dr. 
C. A. White of Iowa the Maquoketa shale.s. It was, however, dis
tinguished by Dr. Owen under the special' designation of "lead
bearing beds of the Upper Magnesian." Lithologically it has a 
great similarity to the N.iagara. Its usual color is buff, although 
on deep and fresh quarrying it also shows that its normal color, 
like most other limestones, is blue. Its composition, like that ot 
the Lower Magnesian, is dolomitic, comprising a large percentage 
of carbonate of magnesia. Its texture is open, even porous, with 
minute cavities. It also exhibits large cavernous patches, with a 
rough and forbidding aspect. These, however, are not common, 
the sedimentation having been generally so undisturbed by chem-
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-jcal or mechanical agencies that the layers are yet well preserved. 
'The grain is crystalline, and sometimes granular. Minute crystals 
-of brown spar often line the cavities. It also sometimes embraces 
iron pyrites which, weathering out, stains the face of the rock with 
a rust of iron. It probably also embraces galena in some parts of 
its area in Minnesota, although this mineral has not actually been 
found contained in the rock. Pieces of considerable size are found 
by the farmers in Olmsted county in plowing near the bluffs of' 
this formation, which have apparently fallen down on being loos
-ened by the weather, the drift there being comparatively light. 
The lower beds of the Galena are interstratifie<:i with the Trenton. 
This may be seen by comparing the sections covering that horizon 
at Mantorville and at Pettit's mill. (See pages 99 and 100.) A 
thickness of about 20 feet is taken up by alternating shale and 
limestone, the latter g-radually losing its distinctly dolomitic char
acters and passing into the grayish and blue compacter beds of the 
Trenton. 

In the southeastern portion of t.he state, where the Galena, ow
ing to the thinness of the drift deposit, is seen in the bluffs and 
terraces with which the face of the country is diversified, its irreg
ular outline is easily traceable for many miles. It forms the sum
-mit of a distinct terrace of which the underlying Trenton shales 
-and limestones constitute the foundation, and from the top of which 
the overlying Maquoketa shales seem to have been denuded. It 
thus shows its more persistent character more distinctly than if it 
lay between formations of equal hardness. Its thickness is esti
mated at 180 feet. 

The lithological character of the Galena is also frequently evident 
in the form of precipitous escarpments, and prominent, often de
tached, crags along the valleys of streams, where their channels 
are deeply cut. The point lying between two valleys which unite 
is sometimes wrought by the combined action of water and air into 
picturesque or fantastic shapes, the beauty and grotesqueness of 
which is hightened by the seclusion of the place. These unevenly 
weathered surfaces are due to variations in the hardness and dura
obility of the texture of the Galena. 

Some of the observed sections in the lower portions of the Galena 
have already been given under the head of the Trenton limestone. 
'Those at Ml4Utorville and Pettit's mill expose upward of 40 feet of 
this formation, and need not be repeated here. The beds exposed 
-in Mr. Thomas Garrick's quarry, on sec. 18, in Rochester, Olmsted 
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county, show about 25 feet of a very uniform and evenly bedded' 
stoue, of a buff or light cream-color, and crystalline, often granu
lar texture, in which are many cavities from which the fossils have 
been absorbed, besides often a minutely vesicular and open struct-
ure. 

(c.) Fossils 0/ the Galena limestone. 

Wherever the Galena has been examiued.in Minnesota, the most
striking, aud perhaps the commonest fossil is the sunflower coral,_ 
Receptaculites. Examination sufficiently detailed has not yet been 
made to establish the species to which specimens collected may be-
long. There can be but little doubt, however, that the usual spe
cies at Dubuque (Oweni, Hall) is also the most common in southern 
Minnesota. Orthoceratites, sometimes of large dimensions, are also -. 
common in the Galena, especially near the base. Species of Mut·
chisonia, and apparently of Pleurotomaria have also been seen. Of 
brachiopods various species that appear like Orthis and like Stro
phomena, in addition to Lingula quadrata (Eichwald.) have been 
collected from the outerops of the Galena. The paleontologyof
the Galena is studied under unfavorable circumstances arising from 
the crystalline condition of the rock, which has generally caused 
the absorption of the shelly portion of the animal, leaving only its 
shape entombed in the form of a cast. In other cases the fossils 
are so nearly obliterated by this means that the casts themselves 
are chemically :mited with the mass of the ruck, rendering their
separation impossible. 

(d.) Economical value 0( the Galena limestone. 

This limestone derives not only its name but its special interest 
to the geologist and great economical value to the states further
south, from the occurrence in it of workable and valuable deposits
of the sulphurets of lead and zinc, called galena and blende.- These 
deposits specially prevail in that district denominated by Prof. J._ 
D. Whitney" the driftless region," in the states of Iowa, Wiscon
sin and Illinois. This driftless tract spreads much further north.
westward, covering much of the southeastern portion of Minnesota. 
Fully admitting Prof. Whitney's theory as to the non-~ubmergence
of this region since the deposition uf the Silurian limestone, there
are many facts which will not permit such non-submergence tl>-
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explain the apparent absence of the northern drift in that part of 
the Northwest, chief among which is the absence of proof that any 
portion ofthe drift ofthe Northwest is due to general submergence 
below the waters of the ocean. The fact of the thinness of the drift 
in southeastern Minnesota has been referred to under the head of 
surface geology. The features of surface that prevail throughout 
this district are the same as those seen about Dubuque, in Iowa, 
and generally throughout the " lead region of the upper Missis
sippi." The characters of the Gulena limestone in Minnesota are 
essentially those of the same limestone in the lead district. The 
evidence is therefore presumptive of the existence of galena in 
workable quantities in the northern extension of this formation in 
Minnesota; at least no cause is known for the limitation of the 
lead-bearing area to the district in which it is chiefly developed. If 
the origin of the sulphurets that fill the cavities in the Galen(t 
be due to the infiltration of those minerals from oceanic waters 
holding the sulphates of the same met.als in solution at the time of 
the formation of that dolomite, there is no known reason why the 
Galena will not embrace the same sulphurets throughout its ex
tent, at least wherever the causes that produced the precipitation 
were in force. The cause of that chemical change, assigned by Mr. 
Whitney, is the decomposition of vegetable and auimal remains in 
the underlying .. bituminous" shales of the Trenton, a process 
which, evolving sulphur in the form of sulphuretted hydrogen, 
would necessarily convert the sulphates in the waters through 
which it rose, into the corresponding sulphurets. The precipitates 
gathered in such shrinkage cracks or other cavities as were favora
ble for its accumulation. These conditions all prevailed, so far as 
can be learned from the appearance of the rocks themselves, in 
southern Minnesota equally with southern Wisconsin. When in, 
connection with these theoretical considerations it be remembered 
that occasional cuboidal pieces of galena are found in the soil in 
that part of the state where this dolomite occupies the surface, it 
may be regarded as quite probable that the lead-bearing area ex
tends also into the state of Minnesota, and that by careful and, 
systematic exploration it may be found in the rock itself in paying 
quantities. 

For lime the Galena is not much used in Minnesota. Yet it 
will make a lime of superior excellence. It will burn easily and 
cheaply owing both to its vesicular texture and the presence of 
magnesia in the form of a carbonate. It will make a lime of con-
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siderable body, but less quickness in slacking and setting than that 
from the Trenton. In that respect it would resemble the quick
lime from the LOWM' Maqnesian, but it would be whiter, and freer 
from siliceous matter. The granular texture seen in some parts of 
the Galena, a character common to most magnesian limestones, 
has sometimes made it pass for a sandstone, and for that reason, 
although used for a building material, it has not generally been 
tested for quicklime. Lime for the local markets of southern Min
nesota ought all to be supplied from this formation. It furnishes 
in many of its exposures, along the valleys of streams, the best of 
opportunities for quarrying. 

When in connection with its fitness for quicklime, its merits as 
a building stone are considered, it is made a little surprising that 
no more working in this formation has been done. It not only 
furnishes a building material suitable for all ordinary uses in foun
datiuns and abutments for bridges, but it also cuts easily to a regu
lar and smooth surface. Its bedding is sometimes heavy, reaching 
two or three feet in thickness, and the stone is strong enough to 
endure both pressure and long weathering. It is of a light and 
lively color, and in that respect has the advantage of darker colored 
stone. The quarries at Mantorville, owned by Messrs. Wilson and 
Ginsberg, have furnished a large amount of good building stone 
which has been hauled many miles over the country in various di
rections, past many inviting outcrops of the same formation. It 
is owing to the investigations of an amateur geologist,*that the 
existence of this stone in many other places has been made known 
to the citizens of Olmsted eounty. Through his recommendations 
it has recently been opened near the city of Rochester, and is found 
to supply a stone equal in all respects to that taken out at Mantor
ville. The quarry of Mr. Thomas Garrick, on section eighteen in 
the township of Rochester, Olmsted county, exposes twenty or 
twenty-five feet of evenly bedded Galena, useful for general build
ing. At Rochester, Cook's block, the court house, the public 
school-house and Heaney's block are all faced and trimmed with 
the Galena, hauled from Mantorville. At Mantorville the court 
house and the school-house are entirely built of it; the former, 
however, showing several large iron stains in the front walls. 

*Ml'. W. D. Hurlbut, of Rochester, Minn. 
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7. UPPER SILURIAN AND DEVONIAN. 

The formations that have thus far been described are all included, 
below the Upper Silurian. The Maquoketa shales of Iowa, which 
overlie the Galena are also embraced in the Lower Silurian. The 
Galena, however is the highest member of the Silurian that has 
yet been identified in the state. "It is expected that when more 
detailed exploration shall have been made, the remainder of the 
Lower Silurian, the upper Silurian and the lower portions of the 
Devonian will be found to occupy a considerable area in the south
ern portion of the state. The areas as~igned to these rocks in the 
preliminary map accompanying this report are hence based on the 
known trend of other formations, and on the maps of the neighbor
ing state of Iowa, which show the Upper Silurian and Devonian as 
leaving that state and entering this. The same is true of the areas 
given these rocks in the northwestern portion of the state, the 
geological map by Prof. H. Y. Hind, of the Winnipeg district, rep
resenting the Devonian and Upper Silurian as entering Minnesota 
from the north. 

8. THE CRETACEOUS. 

(a.) Preliminary considerations. 

The geological frame-work of the state having been completed 
by the deposition of the foregoing SilJ.urian (and Devonian?) rocks, 
it remained above the oceanic waters during the whole of the Car
boniferous and a greater part of the Mesozoic ages, during which 
it underwent only the vicissitudes of atmospheric changes, till the 
period of the Cretaceous. Large portions of the American conti
nent which are now dry land were yet under the waters of the 
ocean. At the ushering in of the Cretaceous a further submergence 
brought the Cretaceous seas over not only the old Devonian and 
Silurian dry land, but also in the states of Minnesota and Iowa* 
over large areas of the azoic and granitic rocks. How much of the 
state of Minnesota was thus submerged has not yet been ascer
tained. 

If points of elevation only be considered, since it ii! found in 
some of the most elevated parts of the southern portion of the state, 
the entire state must have been submerged. It is possible the sur
face of' the country sank below the ocean unequally, in different 

*Compare Geology of Iowa, 1870, Vol. I, p, 168. 
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localities, and also that it rose with similar irregularity. Hence 
points that now show the greatest altitude above the ocean level. 
may have been the deepest submerged, or may have risen last. 
Those points also, in the state which show less altitude above the 
the ocean may have risen first, or may not have been submerged 
at all. Whatever may be the facts in regard to thR nodhern por
tion of the state, which is considerably less elevated above the OCRan 
than the southern, the seas of the Cretaceous certainly covered the 
most of the southern haH of Minnesota, and probably a wide belt 
along its western border, reaching to the national boundary line 
on the north. Thus the rough frame-work of the older rocks was 
furnished with an outer integument which tones down their an" 
gularities by filling some of their depressions, the Cretaceous beds 
lying unconformably on them all. No attempt will be made at 
this stage of the survey to define the limits of the Cretaceous in 
Minnesota. It is said to occur in the southwestern part of the 
state, on the Cottonwood river, where it contains beds of lignite 
that have been mistaken for the outcrop pings of the northern rim 
of the Carboniferous. It has been detected at Austin, in Mower 
county, where it affords angiospermou8 leaves. It has ,been de
scribed in Stearns county by Mr. Kloos. It probably occurs at 
Spring Valley in Pillmore county. At Stillwater is a bed of tripoli 
which is believed to belong to the Cretaceous. It is exposed in a 
little tributary of the St. Croix river about one mile north of the 
cCity. Dr. C. A. White has lately announced it at Lime Springs, 
in Howard county, Iowa, about five miles south of the Minnesota 
state line. Howard county, in Iowa, is south of Mower and Fill
more counties in Minnesota. Thus the question of the eastern 
limit of the Cretaceous in the North west is still an open question. 
The writer is not aware of any announcement of its existence in 
the stat,e of Wisconsin. But on the eastern shore of lake Michigan, 
in the" Grand Traverse region" of the state of Michigan, occur 
beds of lignite associated with soft, bituminous and green clays 
that have been regarded as pertaining tv the drift. * Mr. A. D. 
White, of the Michigan survey, since deceased, maintained in 1860, 
in his unpublished field-notes, that these lignites and clays are not 
()f Quaternary age. Lignites of the same or similar origin also oc
cur on the shores of lake Superior, and have in like manner been 
ascribed to the age of the drift. It becomes a question of great 

*See First biennial report of prog1'e88 on the geolo(Jical8urvey Of Michigan, 1861, p. 130. 
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geological interest to determine the age of these lignites, especially 
as lignites supposed to occupy a position near the bottom of the 
·drift, also are reported in southern Illinois and Ohio. Besides the 
lignites connected with the Lower OretaceoHs. Dr. F. V. Hayden 
·describes many beds of lignite in thE' Lower Tertiary. What por
tion, if any, of the lignite beds seen in different parts of Minnesuta 
may be of Tertiary age, it is not now within the province of the 
survey to state. The Tertiary may also be represented. 

The rocks of this age being so little known and so meagerly rep_ 
resented in Minnesota, the following classification will be of value 
for the information of the citizens of the state and for convenience 
-of reft?rence in the future progress of the survey. It is essentially 
that of Messrs. Meek and Hayden, and is based on their examina
tions on the upper MiSSOUrI. It is arranged in descending order. 

LATER CRETACEOUS· 

No.5. Fox Hills group. Yellowish and ferruginous sandstones and 
arenaceous clays. Characteristic fossils-Nautilus Dekayi, Am
monites placenta, Ammonites lobafus, Scaphites Conradi, Bacttlites 
ovatus, Mosasattrus Missoltriensis. Thickness ................. 500 feeL 

No.4. Fort Pierre groujJ. Dark clays; plastic or laminated; some
times calcareous. Charactel istic fossils-Nantilus Dekayi, Am
monites placenta, Ammonites complexus, Baculites ovatl/s, Eaculites 
compress!ts, Helicoceras MOj·toni, Inuceramus sublevis, 1I1osasau-
r'U& l1Jissouriensts. Tnickness............ ............... . ... 700 feet. 

EARLIER CRETACEOUS. 

No.3. Niobrm'a {Jtoup. Grayish, calcareous marl, sometimes in mas
sive layers of chalky limestone suitable for building. Cl1aracteris
tic fossils-Ostrea congesta, Inoceramus problematic!ls, Inoceramus 
aviculoides, Inoceramus lJSeudo-mytiloides. Thickness ........... 200 feet. 

No.2. Fort Benton group. Black, plastic or laminated clays, with 
some thin layer~ of limestone and sandstone. Characteristic fos
sils-Inoceramus problematjcus Inoceram us umbonatu8, Ostrea (011-

{festa, Pholadom.ya papyracea; Amm?nites J?ercMinatus, Ammo-
nites vespertinns, Scaphifes larvaformts. ThIckness ............ 800 feet. 

No.1. Dakota .group. Yellowish, reddish an~ whitish sandston.es, 
with some arenaceous clays and even p"ddmg-stones, embracmg 
lignite and impure coal, with many impressions of angiospermous 
leaves and sometimes large quantities of petrified wood. Charac-
teristi~ fossils- Pharella Dakotensis, Axincea Siouxensis, Cyprina 
arenaria, leaves of ungiospenn8. Thickness.... . . . . . . . . . .. . .... 400 feet. 

(b.) Lithological characters if the Oretaceous.* 

The stone exposed at Austin, in Mower county, is, in its natural 
color, light blue, and that color shows on most of the quarried 

"The rock here described is of the Devonian. The fossil leaves mentioned were from 
Cretaceous shale lying in cavities in tile rock.-N .R. W. 
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blocks about the heart of the bedding; and OR deep quarrying it is 
doubtless all blue. Yet the stone seen about the village is very 
generally of a buff color, to the depth of half an inch to three
inches, depending on the amount of weathering and oxidation. 
The thinner beds are altogether changed to that color. The pres
ence of considerable concretionary iron and mud balls causes a 
rusty stain of a yellow color over the surface of many of the slabs. 
These concretionary balls fall out or dissolve out when in the
water, and leave cavities which become larger still. Besides these, 
which are not common in the compact portion of the stone, but 
are oftenest seen among its thin beds, there are also eavities dis
closed by the fracture of the homogeneous thick beds. These are 
sometimes perfectly empty, but often contain loose friable matter, 
easily picked out but-uot different in color or grain from the mas& 
of the rock. At other times such cavities, revealed on the fracture 
of the stone, are lined with a perfect coating of fine mammillated 
crystals which are naturally white and as hard as quartz, but often 
covered with iron-rust eo as to present a red or black exterior. 
They are much like drusy quartz. The texture of the stone itself 
is usually close, and the grain is homogeneous. Some large slabs: 
and blocks are sawn for bases to t0mbstones, and worked down to 
a very smooth surface. It is more safely sawn to any desired di
mensions than cut or broken, since it fractures treacherously. Yet 
it is not in the least crystalline. Its aspect at a distance is that of 
a fine-grained sandstone. Yet it contains no apparent grit. It is 
so soft that it can be cut without difficulty, appearing much like 
an unusually indurated blue shale. It contains, but very sparingly, 
a few molluscous fossils which appear like a Gryphcea. It evi
dently weathers away fast, since the rotted down beds have to be 
removed at the quarry to the depth of nearly four feet before any 
stone is met worth taking out. 

Just back of the place where this stone is slightly worked at 
Austin, perhaps fifty rods distant and 14 feet higher, in the exca
vation of one of the low knolls which superficially appeared to be 
only sand, like others opened for that purpose nearer the river, a 
German struck stone of the same kind within two or three feet of 
the surface. It consists of thin, shattered beds, all of a buff color. 
Enough, however, was obtained, of suitable quality, for the vault 
and other masonry appertaining to a small brewery. Indeed the 
greater portion of the cellar is dug in it. It was overlain by the 
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following Rection of clays, which may not be of Oretaceous age. 

No. 1. Black sandy loam and soil .............................. 2 to 4 feet. 
No.2. Band of red and variegated compact clay ................ 6 in. to 4 feet. 
No.3. Yellow ocherous band of clay .......................... 6 in. to 4 feet. 

These bands of clay (Nos. 2 and 3) are not so regnlarly superim
posed as indicated by the above section, but occasionally No.3 is 
broken through or is wanting, and No.2 lies on the rock, or passes 
down into its crevices. Yet No.3 is generally the first ove-r the 
rock. They vary in thiclmeils and swell out in shapeless masses of 
hard clay. Such hard masses are seen sometimes to embrace bits 
of angular, earthy rock, much like ocher, varying in color from 
a dark burnt-umber color to a lighter shade, even to buff, and ap
pearing, when of a lighter color, much like the mass of No.3. 
They can be scratched easily with a knife, and however black they 
may be they give a red hffimatite streak. Yet when they are faded 
the streak also fades into a brown or yellowish-brown, like limo· 
nite. Intermingled very irregularly with No.2, and sumetimes 
also with No.3, are masses of greenish clay which has in every 
oth\:!r respect the same outward characters as No.2. On searching 
for indications of the post-Tertiary age of this deposit, none could 
be found. No northern pebbles or boulders could be found in it; 
no sand or gravel, no vegetable or animal remains.' Yet in place 
of the northern drift materials are these hard bits of ocher (?) of 
angular shape and often showing conchoidal surfaces. There are 
also Jarge crystalline, detached masses of apparently a siliceous 
limestone which is very hard and close-grained. In some cases,. 
however, this varies to a porous and white limestone that appears 
to be very pure. In connection with this description of limestone 
masses, it is interesting to note the occurrence at St. Charles, in 
Winona county, of hard, siliceous limestone masses on the surface 
of the ground, that appear very much like those embraced in this 
clay. At St. Charles there is also a large mass of argentine, 01' 

lamellar calcite, lying on the surface of a slope of a hill. It was 
originally four or five feet across, and about a foot thick, but has 
been broken up for hand specimens. It appears very much like 
fibrous gypsum. Its arrangement ill wavy and curly layers gives 
it much the appearance of woody fiber, and it was regarded as a 
specimen of petrified wood for a number of years after its discovery. 
It may have been originally embraced in Oretaceous or Tertiary 

8 
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clays which have been destroyed and transported, or it may have 
weathered out from thb Trenton shales which appear in the top of 
the hill. 

At Austin, in the digging of Mr. L. G. Basford's well, angio
spermous leaves were found in the sandstone above described. The 
materials passed through in this well were said to be in g!lneral, as 
follows: 
No.1. Soil and loam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 to 4 feet. 
No.2. Clay.............. .. ............................... 20 feet. 
No.3. Rock................... ..................... ... ... 6 to 8 reet. 

AlJont two feet of loose stone was thrown out by picking. In 
these pieces the vegetable fossils were found. Two distinct varie
ties of leaf are disclosed. One is very much like Ficus primordialis; 
the other is unlike anything with which it has been possible yet to 
compare it. The specimen preserved consists of a branch appar
ently of a small herb. An inch and three-fourths of the main stalk 
is preserved. In that distance it gives off four branches, each of 
which seems to be as large as the main stalk, three on the left and 
one on the right. The whole specimen is thickly furnished with 
decurrent, parallel-veined leaves which have a distinct midrib. 
Thestl leaves are simple, entire, oblanceolate-linear, and taper
pointed at their junction with the stalk. Their lengt,h is a quarter 
of an inch, varying a little above and below that size; and their 
width is olle-twentieth of an inch. The diameter of the stalk, and 
that of the branches, is about half the width of thq leaves. The 
latter diverge from the branches at an angle 40° to 45°. A pho
tographic copy of this fossil was submitted to Dr. J. S. Newberry, 
who pronounces it probably a species of Sequoia, a gymnosperm of 
the Pine family known as "Redwood." 

At J. Gregson's mill, two miles down the Cedar from Austin, 
the same rock as at Austin is observed forming a ripple so as to in
duce the construction of a water-power for flouring purposes. The 
stream here work" down over about fourteen feet of rock. The beds 
are sometimes two feet or more thick, or the rock is entirely mas-
8i ve like an indurated shale. Yet in weathering the thick beds are 
checked by planes running mainly horizontal, instead of perpen
dicular or diagonal as in most shale. Although mainly horizon
tal, these planes are apt to unite after a few feet, splitting the 
heaviest beds out lenticularly. On considerable exposure the 
weather entirely disintegrates and destroys it. It is here worked 
a little below the dam, and some heavy and fine-looking slabs are 
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taken out near the water's edge. Some parts are here plainly 
somewhat calcareous, and afford traces of fossil remains which have 
much the appearance of brachiopoda. These port.ions are porous 
as by absorbed fossils. 

At Messrs. Rosenberry and Miner's quarry, near Mr. Gregson'8 
mill, the exposed section is as follows, in descending order: 

Section near Austin, in Mower county. 

No. l:-Black, loamy soil........................... .............................. 7 to 8 ft. 
No. 2.-Loose fragments oftbe underlying- beds, and ch,y. mixed... ::l ft. 
No. 3.-Heavy stone like tbat. described at Austin, clay filling planes 

and joints ....................................................... '" ............... 10 to 12 ft. 
No. 4.-Rusty bituminous films ...... .......................................... ~. to I in. 

[On tbe autbority of the owners of the quarry. to this section -
may be added, below the foregoing, the following: ] 

No. 5.-Limestone, filled with shells, blue, contains flint, makes 
lime, penetrated......... ......... ...... ............... . ......... ............... 2 ft. 

The bedding of No.3 sometimes lies in detached blocks before 
being quarried, the corners and angles of which are replaced by clay, 
and the color of the stone is changed from blue to buff or drab to 
the depth of about two inches. 

Along the sides of this quarry is considerable blue clay, contain
ing no shells or fossils of any kind. It is exceedingly fine and 
plastic. It fills the openings in the rock, and is said to run down 
thirty feet at least, where the stone itself would naturally lie un
less the beds have been considerably broken and removed. It seems 
to occupy a trough-like excavation in the rock about a rod wide, 
and has been traced by means of an iron rod several yards back 
from the river bank. This clay below twenty feet becomes white. 
This trough extends east and west. 

One mile below Gregson's mill, at the mouth of Rose creek, 
about the same thickness of the same kind of stone may be seen in 
the bank and bed of the creek. 

It is exposed again at Officer's mill, one mile below Rose creek, 
where the river passes, in the form of a little ripple, over the rock, 
inviting here also the improvement of the water-power. 

Two miles east of Officer's mill. a farmer has struck the same 
rock in two separate wells on his farm, in one at the depth of three 
feet, and in tllll other at eleven feet, 

Below this place no rock is said to occur in the river, differing 
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from this, till at or near Mitchell or Osago, in the state of Iowa~ 
twenty-eight miles from Austin, where quicklime is made from 
rock taken from the bank of the river. 

Mr. Thomas Smith, on S. E. t sec. 12, T. 102, R. 17, a few miles 
east of Austin, has discovered coal in the sinking of one or two 
wells on his farm. It has not yet been possible to compare this 
locality with that on the Cottonwood river, where coal is said also 
to occur in limited quantities; but they are both believed to be beds 
of lignite appertaining to the Lower Cretaceotts. These localities 
will both be visited early on the opening of another season of field
work. 

At Spring Valley, in the western part of Fillmore county, is an 
extensive bed of variegated and white clay that is generally very 
fine, but also sometimes embraces coarse sand grains. 

Near Mankato, in Blue Earth county, the banks of the Minne
sota river disclose sections of variegated and white clay. 

It is not intended here to convey the fixed belief that these clays 
are of Cretacf!otts age. They occur in other places in the southern 
part of the state, and time has not yet been afforded for giving 
them the requisite examination. These remarks are appended to 
the foregoing description of rocks supposed to be of the age of the 
Cretaceous, because these clays have been seen freq uently associated 
with those rocks, and because they do not appear to be of Quater
nary age. When chemical examinations of these c1ays have been 
made, more positive information concerning their age and value 
will be received. Samples from different parts of the state have 
been dl'ly collected, and submitted to the chemist of the survey. 

(c.) Economical value of Cretaceous. 

The sediments of the Lower Cretaceous being mainly siliceous 
are made up of sandstones and arenaceous clays. These clays may 
be distinctly arenaceous, or the sediments may be so fine that the 
individual grains are not distinguishable by the unaided eye. The 
sandstones at Austin are very fine-grained. They are utilized by 
Messrs. Rosenberry and Miner in the construction of bases for 
monuments. These l,locks are sawn out by the proper machinery 
and given a high polish by the usual methods. The closeness and 
fineness of the grain render the stone capable of taking a very 
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smooth surface. By first marking with a steel point, and properly 
guiding the fracture, it is cut into pieces of any dimension. Its per
fect homogeneity of texture enables the cutter to depend on its 
checks. It makes very fine hones for razors and cutlery. It is also 
used instead of the celebrated" Scotch hone" for polishing marble. 
rt is being introduced for that use into the chief markets of the 
Northwest from the quarry of Hosenberry and Miner. It is furn
ished by them to wholesale dealers in Chicago at $25 per ton. It 
is retailed at forty cents per pound, the Scotch hone selling for 
fifty cents per pound. 

The bed of tripoli located at Still water, in Washington county, 
seems to consist almost entirely of silica, like this sandstone. Yet, 
its outward resemblance to many clays that are met with in the 
drift makes it uncertain to what age it belongs. It lies below a 
.great mass of drift materials closely sheltered in a nook between 
the bluffs of Brown's creek, and if it be of Cretaceous age, its posi
tion alone has preserved it from the destroying action of glaciers. 
It is of a reddish or copper-color, the same as that of the drift clays 
adjacent. Its exposed thickness is about twenty feet, and it is in 
some places interstratified with distinct quartz sand. Tet the 
tripoli clay makes up the mass of the bank, the sand layers being 
nothing more than partings. About fourteen years ago a com
pany was formed for the purpose of developing this deposit as a 
material for polishing, but nothing of importance was done. Mr. 
Abraham Van Vorhes, of Stillwater, is authority for the statement 
that about that time samples were analyzed by Professor Joseph 
Henry, of Washington, and by Dr. Jackson of Boston. They 
agreed in pronouncing it a very fine article of tripoli, equal to the 
Bohemian. It is at present only used to a limited extent by ma
.chinists for polishing brass and iron, and by cabinet makers for 
polishing varnished wood-work. A thin paste is made and the 
material applied usually with cork. 

The clay at Rosenberry and Miner's quarry, near Austin, in 
Mower county, is used for putty, by simply mixing it with boiled 
linseed oil. It is first dried and thoroughly pulverized. It is said 
to act as firmly as Spanish whiting. The orcherous clays may in 
-some places be made useful in the manufacture of a fine mineral 
paint. .. 

At New Ulm, in Brown county, are two flourishing potter's es
tablishments owned by Messrs Dauffenbach and Gieseke, and by , n 
John Stekrert. At the former a blue clay" from the Cottonwood 
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is mixed with a similar blue clay obtained from the drift at New 
DIm. The latter overlies a heavy stratum of water washed and 
stratified white sand. It is said to be necessary to mix these clays 
to obtain a material that will not crack in the kiln, that ., from the 
Cottonwood" being much addicted to that fault. The same clay 
makes a red brick when harder burned. A white clay is also used 
by Dauffenbach and Gieseke for making fire-brick. Their kiln and 
fire-arch are built of brick of their own manufacture from this 
clay, and appear to stand well. This clay is obtained at some dis
tance from New Dim, at a point said to be known only to the 
proprietors. 

VI. 

PLANS AND RECOMMENDATIONS. 

The law under which the present survey is being prosecuted ap
propriates the sum of one thousand dollars per annum. This is too 
small, for various reasons, the chief of which are: 

1st. It will not pay for the services of a single employe on the 
survey capable of working under the law. Hence, it well-nigh 
renders the law inoperative. 

2nd. It does not command the respect and confidence of the 
citizens of the state and others, and serves as an excuse for refusing 
aid and co-operation. The survey should be independent of favors 
for which it now has to beg, sometimes to be scornfully rebuffed. 

3d. In the survey of those portions of the state inaccessible by 
public roads, or by railroads, it will be necessary to employ labor
er.:!, and incur other expense, for which the sum of one thousand 
dollars is not sufficient. 

4th. In order to conduct the survey on one thousand dollars per 
annum, the state geologist must find some other employment a 
portion of the ~year. 

5th. The magnitude of the interests involved demands- that 
ample means be allowed for doing the work of the survey thoroughly 
and without embarrassment. 

These considerations ought to induce the Legislature to increase 
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the amount nuw appropriated to a sum sufficient at least to keep 
one man constantly employed, and to pay all expense of field-work 
and chemical examinations. 

In connection with the subject of increasing the means provided 
for the geological survey, it is suggested that the state lands known 
as salt lands may be so sold or appropriated, under the management 
of the board of regents of the university, as to be available for that 
purpose. It would be in perfect consonance with the original de
sign in the reservation of these lands from sale, if they were placed 
in the custody of the board of rege!1ts, conditioned on their use in 
the prosecution of the geological and natural history survey of the 
state, with a view to the early and economical development of the 
brines of the state. 

The law cannot be carried out without the purchase of chemicals 
and apparatus for the use of the chemical department of the sur
vey, and without the purchase of instruments to be used in the 
prosecution of the field-work. It is too much to ask the state uni
versity, which now pays the services of the chemist of the survey 
besides furnishing rooms for laboratory work, to provide for these 
expenses. There ought to be a special appropriation of several 
hundred dollars to make these purchases. The board of regents 
are referred to the accompallying statement of Prof. D. P. Strange, 
chemist of the survey, for information on this subject. 

The law creating the survey is very explicit in defining the work 
to be done. It requires that the geological survey proper, unless 
otherwise ordered by the board of regents, shall be first completed. 
Hence no steps have been taken toward the performance of any
thing not strictly geolo,qical. Indeed it is beyond the means af
forded at present to do any work in the botanical and zoological 
departments, before the substantial completion of the geological 
portion of the survey. It is evident, however, that the aggregate 
expense of the geological aud natural history survey will be con
siderably reduced by carrying on the different departments in con
junction. It would be duplicating at considerable expense, the 
various parties and explorations, to delay all observations and col
lections illustrative of the zoology and botany of the state till after 
the geological observations had been made. Parties would have ,to 
be sent again over much of the same territory. A special botamst 
or zoologist might accompany the geological party. without mu(;h 
additional expense, making valuable collections that might other-
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wise be lost. Thus in an economical sense, as well as in a grander 
and deeper sense depending on their co-adaptation, these sciences 
cannot be divorced. They cannot act independently of each other. 
In the prosecution of the geological survey many opportunities 
will be offered for the furtherance of the botanical and zoological 
investigations. 

Prof. E. H. Twining, late of the university of Minnesota, now of 
the university 0: Missouri, has furnished the accompanying list of 
plants fonnd by him growing on the university grounds during his 
residence here as professor of chemistry in the state university. 

In the prosecution of the geological survey proper, after a gen
eral reconnoissance with a view to the determination of thegen
eral trend of the formations, and the identification of sufficient 
characters to decide their ages, it will be necessary to enter on the 
detailed examination of the state by counties. This more special 
investigation implies the careful delineation of the outlines of the 
formations with all their windings, as they are found in each 
county, together with a scientific account of the chemical and min
eralogical characters of the rocks found therein. In the progress 
of the survey the specific names of the fossils pertaining to the 
various formations will be ascertained, and in the end complete 
lists of these ancient faunas will be made out, to which will be 
added descriptions and figures to illustrate any new species that 
may be discovered. These investigations necessarily require much 
time and study, to say nothing of the labor of collecting and pre
serving the specimens. 

The question of the existence of brine in the state of Minnesota 
is one of the most important, in an economical sense, that can be 
presented for the investigation of the survey. It shouli! not be 
hastily answered. Too much is involved to be rested on the result 
of a guess. Too much also is involved to be prejudiced by the fail
ure of unguided expenditures. The tests that may be made ought 
to be made in the fullest light of all the facts that science with its 
generalizations can throw upon them. It comes within the scope 
of geological investigation, and ought not to be hazarded in the 
hands of empirical novices. 

The salt springs said to occor in this state may have either of 
two origins. They may be the results of overflow of extensive salt 
basins embraced in the rocky structure of the state, 0r they may 
be the result of superficial accumulations similar to the other saline 
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:,and alkaline deposits that are scattered largely over the western 
;plains. It is not intended now to give this question the discussion 
its importance demands at the hands of the survey. No investiga
tion of the phenomena of the regions where these springs exist, 
has been r...ade. It is only intended to suggest the importance of 
-e.orrect scientific processes in the future efforts for their develop
ment. 

It is recommended that the law ordering the survey be amended 
s@ as to require the board of regents to supply suites of duplicate 
geological specimens collected to the state normal schools, after 
the university colleetion shall have been completed. 

Very respectfully submitted, 
N. H. W INOHELL, 

State geologio;t. 

UNIVERSITY OF MINNESOTA. } 
;8T. ANTHONY, MINN., Dec. 31, 1872. 



STATEMENT OF THE CHEMIST OF TRE SURVEY. 

Prqf. N. H. Winchell, geologist of survey: 

SIR:-I have to report that I have been utterly unable to do any
chemical work upon the geological survey to the present, owing 
tv the lack of necessary apparatus, and also to the impossibility,_ 
with present heating facilities in our laboratory, of conducting any.. 
chemical analY$is during the winter season. 

Very respectfully, 
D. P. STRANGE, 

Chemist of survey._ 



LIST OF PLANTS. 
Mostly herbaceous in the neighborhood of St. Anthony, Min

nesota-principally found on the university grounds. 
1869-1872. 

BY PROFESSOR E. H. TWINING. 

RANUNCULACE..E. 

Ranunculus rhomboideus. 
R.repens. 
R. abortivus. 
R. Pennsylvanicus. 
R. sceleratus. 
Anemone N uttalliana. 
A.. nemorosa. 
A. Pennsylvanica. 
A. cylindrica. 
A. Virj!'inica. 
A. thalictroides. 
Actooa spicata. 
Aquileg-ia Canadensis. 
Thalictrum Cornuti. 
Delphinium azureum. 
Clematis Virgini.ana. 
Caltha palustris. 

l' APAVERACEJE. 

Sanguinana CanadensIs. 

Viola cucullata. 
V. delphinifolia. 
V. pubescens. 
V. pedata. 

Turritis stricta. 

VIOLACEJE. 

CRUCIFERJE. 

Arabis loovigata. 
Capsella Bursa-pastoris. 
Lepidium Virginicum. 
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GERANIACElE. 

Geranium maculatum. 
Impatiens tulva. 

HYDROPHYLLACEJE. 

Hydrophyllum VirginicDm. 

Oxalis stricta. 
O. violacea. 

OXALIDACEJE. 

CARYOPHYLLACEJE. 

Arenaria laterifiora. 
Stellaria longifolia. 
Silene antirrhina. 
Agrostemma Glthago. 

LEGUMINOSlE. 

Lupinus perennis. 
L och1'o10ucus. 
L. venosus. 
Vi cia Americana. 
Astragalus Canadensis. 
A. caryoca1'pus. 
Psora1ea a1'gophylla. 
Amorpba canescens. 
A. frutico~a. 
Peta10stemon candidus. 
P. vlOlaceub. 
P. villosus. 
Amphicarpooa monoica . 
.A pios tu berosa. 
PhaHeolus diversifolius. 
Desmodium acuminatum.. 
D. Canadense. 
Cassia Chamooctista. 

POLEMONIACEJE. 

Phlox pilosa. 

SAXIFRAGACEJE. 

Heuchera hispida. 
Parnassia lJaroliLiana . 

Geum strictum. 
G. album. 
G. trifiorum, 
Fragaria vesca. 
F. Virginiana. 
Rosa blanda. 
Potentilla Norvegica. 
P. Canadensis. 

• ROSACElE. 
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P. Anserina. 
P. arguta. 
Spirffia salicifolia. 
Prunus Virginiana. 
Agrimonia Eupatoria. 
Amelanchier Canadensis. 
Rubus Canadensis, 

BORRAGINACE.,E. 

Lithospermum canescens. 
L. hirtum, 
L. longiflorum. 
Echinospermum Lappula. 
E. Redow;;kil. 
Cynoglossum Morrisoni. 

V ERBEN ACE.iE. 

Verbena hastata. 
V. bracteosa. 
V. urticffifolia. 
V. stricta. 
Phryma Leptostachya. 

Mentha Canadansis. 
Leonurus Cardiaca. 
Lophanthus arnsatus. 
Stachys palustris, 

LAllIAT1E. 

E? ,. var. aspera. 
Monarda fistulosa. 
Lyc!lPus Europffius. 
Teucrium Canadense. 
Pycnanthemum lanceolatum. 
Scutellaria parvula. 
S. j ateriflora. 
N epeta Cataria. 

Ribes floridum. 
R. Cyn.:)sbati. 

Sambucus pubens. 
VIburnum. 

GROSSULACE1E. 

CAPRIFOLIACE1E. 

Symphoricarpus occidentalis. 
Lonicera. 

Galiu!ll boreale. 
G. triflorum. 

Cornus circinata. 

RUBIACE1E. 

COI{NACE1E. 

125 
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ARALIACE2E. 

Aralia racemosa. 

UlHBELLIFER2E. 

Sanicula Marilandica. 
Cicuta maculata. 
Pastinaca sativa. 
Tbaspium. 

CUCURBITACE2E. 

Echinocystis lobata. 

Epilobium coloratum. 
E. palustre. 
<Enothera biennis. 
O. serrulata. 

Vitis cordifolia. 

ONAGRACE2E. 

VITACE2E. 

RHAMNACE2E. 

0eanothus Americanus. 

LINACE2E. 

Linum rigidum. 

lI1AL V A(;ElE. 

Malva rotundifolia, 

HYPERICACE2E. 

Hypericum Dyramidatum. 

CISTACE2E. 

Helianthemum Canadense. 

CAPPARIDACE2E. 

Polanisia graveolens. 

FUlIfARIACE2E. 

_Dicentra CanadensiR. 

SARRACENIACE2E. 

Sarracenia purpurea. 

Nymphaea odorata. 
-N uphar advena. 

NYMPHlEACE2E. 



UNIVERSITY OF MINNESOTA. 

COJl,[POSIT.<E. 

-Taraxacum Der.s-leonis. 
Troximon cuspidatum. 
Antennaria margaritacea. 
A. Pennsylvanica. 
Erigeron Phllac1elphicum. 
E. bellic1ifolium. 
Senecio aureus. 
Chrysopsis villosa. 
Cynthia Vlrginica. 
Achillea Millefolium. 
Rudbeck a hirta. 
R. laciniata. 
Heliopsis hevi~, var scabra. 
Coreopsis palma l a. 
,Helianthus strumosus. 
H. rigic1us. 
H. giganteus. 
H. hirsutus. 
Solic1ago lanceolata. 

·S. Mi~souriensis. 
S. latifolia. 
S. nemoralis. 
S. Canac1ensis. 
S. rigic1a. 
Eupatorium purpureum. 
E. perfoliatum. 
E. ageratoic1es. 
Sonchus asper. 
Lepachys pin nata. 
Aster Novoo-Anglioo. 
A. corc1ifolius. 
A. azureus. 
A.loovis. 
A. multlfiorus. 
A. sericeus. 
Lactuca elongata. 
Liatris scariosa. 

iHelenium autumnale. 
Nabalus albus. 
N. racemosus. 
Am brosia tri fic1a. 
Lygoc1esmia junceR. 
Bidens chrysanthemoides. 
B. bipinnata. 

i:lCROPHULARIACEM. 

Rhinanthus Crista-galli. 
{jastiJIeia ccccinea. 
Pentstemon granc1ifiorus. 
P. pubescens . 

. Scrophularia noc1osa. 
Veronica Americana 
V. Virginica. 
Mimulus Jamesii. 
M. ringens. 
Linaria vulgaris. 
Verbascum Thapsus. 

o Gerarc1ia tenuifolia. 
·G. purpurea. 
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Chelone glabra. 
Pedicularis lanceolata. 

Physalis angulata. 
Solanum nigrum. 

Gentiana crinita. 
G. Andrew.ii. 

SOLANACE1E. 

GENTIANACE1E. 

POLYGONAOEE. 

Rumex Acetosella. 
R. crispus. 
Polygonum Convulvulus. 
P. aviculare. 
P. Persicaria. 

CAMP ANULACE1E. 

Campanula rotundifola. 
C. aparinoides. 

Lobelia spicata. 
L. syphilitica. 

LOBELIACE1E. 

NYCTAGINACEE. 

Oxybaphus nyctagineus. 
O. angnstifolius. 

ERICACE1E. 

Pyrola elliptica. 

PRIMULACE1E. 

Lysimachia ciliata. 

ASCLEPIADACE1E. 

ABclepia~ ovalifolia. 
A. tuberosa. 
A. Cornuti. 

APOCYNACE1E. 

Apocynum and rosffimifolium. 

EUPHQRBIACE1E. 

Euphorbia corollata. 
E. maculata. 
E. cyathophora. 
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SALICACE1E. 

Salix lucida. 

ORCHIDACE1E. 

Cypripedium pubescens. 
C. spectabile. 
Spiranthes graminea. 

ALISMACE1E. 

Sagittaria variabilis. 

LILIACE1E. 

Trillium cernuum. 
U vularia grandifiora. 
U. sessllifolia. 
Maianthemum bifolium. 
Smilacma stellata. 
Polygonatum blfiorum. 
Allium cernuum. 
Lilium Canadense. 
L. superbum. 

IRIDACE1E. 

Sisyrinchium Bermudiana. 

AMARYLLIDACE1E. 

Hypoxys erecta 

COMMELYNACE1E. 

Tradescantia Virginica. 

Cyperus dentatus. 

Phleum pratense. 
Setaria viridis. 
Ag. ostis vulgaris. 
Triticum caninum. 
Cenchrus tribuloides. 

CYPERACE...E. 

G RAMINE1E. 
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NOTE.-The descent of the Mississippi from St. Paul to "grand 
crossing," opposite La Crosse, is 57 feet. as ascertained through 
the Milwaukee & St. Paul and Southern Minnesota railroads. If 
the distance between St. Paul and" grand crossing" be taken at. 
I3H miles, and if 22t miles be omitted for lake Pepin, the average 
fall per mile of the Mississippi river is .509 feet. General Warren' 
ascertained the average descent of the Mississippi from St. Paul to 
Hastings to be .556 ft. per mile. 
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