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Minnesota's Mineral Resources 

IN MINNESOTA the production of iron ore is far more valuable 
economically than the total of all other mineral products, but im
portant industries are based on Minnesota's other geological forma
tions as well. Architectural, monumental, and structural stone are 
produced from granite, limestone, dolomite, and other -Minnesota 
rocks. Gravel and sand are excavated and processed, and clay is 
used for many ceramic products. :Manganese in important amounts 
occurs in the iron ores of the Cuyuna district. Finally, although they 
are often not thought of as mineral products, two of our most im
portant mineral resources are water and soil. 

The iron ores and mining operations of the Mesabi, Vermilion, and 
Cuyuna iron-bearing ~istricts and of the southeastern Minnesota 
counties will be discussed in detail in later chapters, but a few sta
tistics on Minnesota's iron ore industry may remind us how impor
tant this geological heritage is. The following is an estimate of Min
nesota's iron ore reserves, made J\1ay 1, 1952: 

Mesabi Range 

Vermilion Range 
Cuyuna Range 
Fillmore County 

Total iron ore 
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Gross Tons 
871,591,000 
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The total production of iron ore in Minnesota to January 1, 1953, 
was 2,018.145,000 tons. T otal taxes paid on iron ore to J anuary 1, 
195 '2, were approximately $804,020,000, a very important source of 
funds for the st ate government. Slightly over 60 per cent of the total 
iron ore produ ced in the United States has come from Minnesota. 

It is not surprising, therefore, that none of :i\Iinnesota's other 
mineral resources approaches the iron mines in economic impor
t ance. The quarrying industry, however, has been important in Min
nesota for over 50 years (Figures 81 , 82, and 83) . Many beautiful 
granites and dolomites produced in the state find a market over prac
tically the entire nation and have been used in many well-known 
buildings. 

The first record of the quarrying in Minnesota of dimension st one, 

Fig ure 81. Air view of granite quarry southwest of St. Cloud , Stearns 
County . (Courtesy of Cold Spring Granite Co.) 
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Figure 82. Quarry in granite. Isle, Mille Lacs County. 
(Courtesy of Cold Spring Granite Co.) 
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Figure 83. Quarry in Oneota dolomite, Minnesota 
River Valley at Mankato. 

or building stone cut to different sizes, dates back to 1820, when 
limestone was quarried locally for part of old Fort Snelling. Later, 
in 1835, General Sibley quarried limestone for a home at Mendota, 
across the river from Fort Snelling. Limestone quarries were oper
ated at Stillwater, Mankato, and Winona as early as 1854. Granite 
was first quarried at St. Cloud in 1868, and within a few years thou
sands of tons were shipped to widespread points. The term "granite" 
as used commercially includes granites, gneisses, diorites, gabbros, 
and other igneous rocks. Rough dimension stone for large buildings 
furnished the first important market, but beginning in 1886 paving 
blocks were also in demand. Quartzite was first quarried at New 
DIm in 1859, and some'what later at Pipestone and elsewhere in 
southwestern Minnesota. The very productive dolomite quarries at 
Kasota were opened in 1868 and have continued as large producers 
of a variety of stone to the present time. 

In the St. Cloud region, the quarried rocks are granites and re-
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lated rock types. They may be grouped into three major type,;, 
nam:ly. pink g~·anite. red granite, and gray granite. ::\Iost of the pink 
gramte occurs III the area to the southwest of St. Cloud (Figure 81). 
The rock is best described as haying large pink crystals set in a 
finer grained black and white background. The minerals of the 
matrix occur in remarkably uniform sizes. anel the pink crystals nre 
sufficiently uniform in their distribution to give the stone a very at
tractive appearance. It is marketed under such trade names as 
"Rockville Pink," "Cold Spring Pearl Pink," and "Original J\finne
sota Pink." "Rockville Pink" is exceptionally coarse-grained, the 
angular feldspar crystals being 1;2 to % of an inch long. The granite 
consists of pale pink feldspar, quartz, and black mica. the combined 
effect of which, on a hammered surface, is pinkish-gray. 

The red granite of the St. Cloud region is a mediulll- to coarse
grained rock, with feldspar grains averaging about ~:± of an inch in 
diameter. The chief minerals are feldspar and quartz, with minor 
amounts of black hornblende and biotite. Red or pink feldspar con
stitutes about 75 per cent of the rock and gives it its red color, while 
the quartz occurs as coarse, glassy grains. The fini.shed product ma~T 
be called "Indian Red," "Rose Red," "Melrose Red," "Ruby Red," 
or ":Mahogany Red." JYIany of the quarries that were once promi
nent are now inactive. JYIost of the rock was used for monumental 
purposes, but some architectural stone was fabricated also. 

The gray granite of the St. Cloud region occurs in the same general 
region as the red, and the two are more or less intimately associated. 
The gray stone is finer grained than the red, with the feldspar grains 
averaging about Vs to %0 of an inch long. The minerals that may be 
easily recognized are gray feldspars, black hornblende or mica, and 
colorless quartz. In some regions quartz is more abundant than 
hornblende, but it is never very prominent. The stone owes its dark 
gray color to the gray feldspar and associated black minerals. 

The gray granite is marketed under such trade names as "Minne
sota Dark Gray," "Pioneer Dark Gray," and "Reformatory Gray," 
the last name resulting from the fact that the great stone wall of 
the state reformatory at St. Cloud is built of this stone, and several 
large quarries were formerly active within the reformatory' wall. The 
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term "cry tal gray" is applied to a rock that ha exceptionally large 
phenocryst s in a dark gray matrix. It differs from the coarse-grained 
"R ockville Pink" in that the rock has a greenish-gray color and 
many of the feldspar grains are larger. Some of the rock conta ins 
large blue quartz grains, which add to its dark gray color . 

Various types of granite also crop out on the floor of the l\Iinne
sota River Valley for a dist ance of 75 miles. M o t of these outcrops 
have been exposed by the erosive action of the Glacial Ri,"er 'Va lTen 
that once drained Glacial Lake Agassiz during the waning st ages of 
the last glacier. In the region near Morton and R edwood F alls, sev
eral mounds of granite gneiss st and from 75 to 100 feet aboye the 
level of the Minnesota River (Figure 84), and a number of quarries 
now market this rock (Figure 85) , a. pink and black biotite granite 
gneiss with contorted laminations or bands. 

Quarries are also active in the l\1innesota Valley near }10ntevideo 
and Sacred Heart. The Montevideo stone is red, with some black 
bands of biotite that give it a gneissic structure, but the banding is 
not as irregular and contorted as in the l\10rton granite. Black knot s 

Figure 81,. Granite outcrops on the floor of the M innesota River 
Valley south of Sacred H eart. 
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Figure 85. Granite quarry on floor of Minnesota Valley at Morton, 
Minnesota. (Photograph by Cold Spring Granite Co.) 

of biotite, quartz and aplite veins, and irregular pegmatite areas 
characterize much of the rock. Some of the stone is of uniform struc
ture and grade, however. At the Sacred Heart quarries a pink gran
ite of medium-grained texture is produced. At some places the joint
ing of the rock is too closely spaced for large blocks of dimension 
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stone, but successful quarry operations are carried on by discarding 
the smaller quarried blocks. Most of the stone from this region is 
sold under the trade name "Sacred Heart Pink Granite." 

Near Ortonville and Odessa, at the upper end of the Minnesota 
Valley where the Minnesota River drains Big Stone Lake, quarry
ing has been carried on for a great many years. The rock in this area 
is a red biotite granite that is somewhat gneissic, but the gneissic 
texture is not so pronounced as at Montevideo and at :Morton. 

Another area of granite rock is located in a zone that extends 
northeastward from St. Cloud across Benton and Mille Lacs coun
ties. Most of the rock is buried deeply under glacial drift, but here 
and there low, dome-shaped masses crop out at the surface. At a 
quarry operated by the Cold Spring Granite Company five n1.iles 
south of Isle (Figure 82) , the joints and sheeting planes of the rock 
are at such distances that blocks as large as eleven feet on a side 
may be cut. The rock is a comparatively light gray granite composed 
of large, white feldspar crystals embedded in a matrix of colorless 
quartz and biotite. The larger of the feldspar grains range from ~ 
to Y2 of an inch in length. The quartz grains average no more than 
Y16 of an inch in diameter, and the biotite occurs in small Hakes 
scattered between the other two minerals. This granite is similar in 
texture to the stone quarried at Rockville but differs in the color of 
the feldspar crystals. Cut finishes, such as sawed, axed, or hammer
ed, leave the stone nearly white. Because of its uniform color and 
distant spacing of fractures, many types of structural material are 
fabricated from it. The stone is marketed under such names as "Isle 
Gray," "Cold Spring Pearl White," and "Diamond Gray." 

Another quarry in gray granite is located in the northwestern cor
ner of Kanabec County near Warman. The "Tarman rock is a me
dium- to fine-grained, light gray or mottled black and white grano
diorite, a rock intermediate between granite and diorite. It is com
posed mainly of quartz, white feldspar, and mica. The feldspars are 
both plagioclase and orthoclase, the latter being somewhat more 
abundant. All the minerals are fairly uniform in size and dish-ibu
tion, although a few black knots and inclusions of biotite schists are 
present. The rock tends to be a slightly lighter gray near the surface 
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than at the bottom of the quarry. Near the surface, jointing is quite 
closely spaced and intercepts at acute angles. Explorator~' drilling 
has indicated, however, that the rock is of more uniform grade at a 

greater depth. It is sold under the trade names of "\Varman Gran
ite" or "\Varman Gray." 

From other quarries in :Minnesota come the limestones and dolo
mites that belong to the Ordovician and Devonian rock systems. 
These rocks crop out in the eastern and southeastern counties of the 
state, but over most of the area a heavy covering of glacial drift 
prevents the opening of quarries. Along the Mississippi River and 
its tributaries, however, numerous ledges crop out along the bluffs. 
Nearly all the rocks are more or less dolomitic, and many are nearly 
pure dolomite. Those of the Lower Ordovician strata are somewhat 
recrystallized and contain bands that are sufficiently crystalline to 
take a good polish. 

In the district near :Uankato and Kasota, the Cambrian and Or
doyician sedimentary rocks are exposed in the walls of the valle~T of 
the IUinnesota Hiyer and its major tributaries. The rock formations 

are nearly horizontal, dipping at a low angle toward the east. Numer
ous quarries have been opened along the east wall of the :\Iinnesota 
Valle~T from :l\Jankato northward to beyond Kasota (Figures 83 

and 86). 

The individual ledges in these quarries vary from two to five feet 
in thickness. :Most of the stone is a fine-grained dolomitic limestone. 
yellow and yellowish-pink in color. Certain ledges of yello.v stone 
have large solution cavities that give it a texture simiLar to that of 
trawrtine. "When sawed across the banding plane. this rock is called 
"Veine," and when cut parallel to the bands, its design is called 
"FleUl'i." The yellow limestone is extensively used for decorative de
tails because of its rich color, with markings a trifle darker in shade. 
Such shadings are also characteristic of some of the pink varieties. 
\Yhen freshly CJuarried, some of the rock is blue-gray in color, but 

on exposure it changes to buff. 

In the region of Winona, the Lower Ordovician dolomite caps the 
bluffs along the "Mississippi River and forms the prominent walls 
of the tributar)' yalleys leading away from the river. This rock has 
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Figure 86 . Carney Cement Plant, Mankato . 

been quarried in a number of places and furnishes a good grade of 
architectural stone. The quarry rock is from 15 to 60 feet in thick
ness, and its ledges are from 1 to 6 feet thick. Joints in general oc
cur at right angles and are spaced from 3 to 20 feet apart. Much of 
the stone is sold under the trade name "'Vinona Travertine." It is so 
called because solution cavities give it a texture that approaches 
that of spring-deposited limestone. The rock is exceptionally hard 
when quarried and remains hard when exposed to extreme climatic 
conditions. A number of different color and texture varieties are 
fabricated , but cream, buff, and gray are the common colors. 

Clay is another of :Minnesota's valuable mineral resources. De
posits of clay are of two general types, residual and transported; but 
in all cases, the clay is of secondary origin, formed by the alteration 
of some other rock. The residual deposits are formed by the weather
ing of a rock in place. This alteration may be of two types, one in
volving chemical change that results in the formation of clay, the 
other involving the simple dissolving of a rock that contains clayey 
impurities and the consequent deposition of the insoluble clay. Re
sidual deposits of the first type are usually formed by the chemical 
weathering of granites and other rocks that contain a high percent-
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age of feldspar. The weathering of pure feldspars results in pure 
kaolins, the clay minerals; whereas the weathering of granites re
sults in mixtures of kaolin, silica, and mica, together with other im
purities originally in the granite. Thick deposits of white kaolin 
mixtures may be seen in the roadcuts in the lYIinnesota Valley re
gion of Morton, Redwood Falls, and Fort Ridgely. 

Deposits of sedimentary or transported clays may have settled on 
the flood plains of valleys when a shallow river overflowed. Others 
were transported to the bottoms of lakes and swamps that are now 
drained, and still other deposits settled on the floors of the inland 
seas that occupied this area at intervals during the distant geo
logical past. 

Clays have been classified in many different ways. They may be 
classified according to their mode of origin, as outlined above, or 
according to their chemical or physical properties, their uses, or com
binations of any or all of these methods. From a commercial stand
point, probably the classification by properties and uses is most 
important. 

High-grade clays include white ware clays, pottery clays, refractory 
clays, and medicinal clays. The white ware clays may be plastic or 
nonplastic and are composed chiefly of white kaolin. They are used 
in the manufacture of porcelain, china, pottery, and high-grade tile. 
Nonceramic uses are as "filler" for paper, cloth, and window shades, 
as coating for wallpaper, and in the manufacture of rubber, oilcloth, 
soaps, and toilet and tooth powders. 

Refractory or fire clays are clays that endure high temperatures 
without change other than dehydration. Their principal uses are in 
making fire brick and other heat-resisting materials required in 
the iron and steel industry and making coke. 

The use of certain clays as bleaching or deco10rizing agents was 
known to the ancients. The Chinese have used "soap" clays in re
moving oil and grease from wool and textiles for thousands of years. 
Today about 90 per cent of adsorbent clay is used for deco10rizing 
and stabilizing petroleum lubricants. The remaining 10 per cent is 
used chiefly in the fat and vegetable-oil industry. 

Clays in Minnesota were used for the manufacture of brick as 
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early as 1862, and by 1884 they were being used to make pottery, 
drain tile, and fire brick. Nearly every county in the state has some 
day that may be used commercially. Clays of marine origin occur 
in two geological formations-the Decorah shale of Ordovician age 
and the Benton shale of Cretaceous age (see p. 100) . The Decorah 
shale extends from the Twin Cities south and southeast, and the 
Benton shales are found at widely scattered points from Brown 
County to Goodhue County. These clays are being used on a large 
scale at Springfield in Brown County. The city of Red Wing, also, 
has long been famous for its ceramic industries. At the present 
time it utilizes about 50,000 tons of clay annually in the manufac
ture of ornamental pottery, jars, jugs, flower pots, mixing bowls, 
casseroles, and other household accessories. 

The residual clays in Minnesota have resulted from the weather
ing of pre-Cambrian granites and other rocks, and occur beneath 
the glacial drift over large areas in southwestern and west central 
Minnesota. They crop out along the Minnesota Valley in Ramsey 
State Park north of Redwood Falls, and near Richmond in Stearns 
County. Well records indicate that at many places white kaolin 
clays attain a thickness of 50 to 100 feet. 

Glacial lake clays occur in the area southwest of Duluth, in what 
was once the bed of Glacial Lake Duluth. There are large deposits 
of red plastic clay that were sorted by stream and wave action and 
are now used as brick and pottery clay. This clay has been used 
extensively in the region of Wrenshall in Carlton County. 

River valley clays occur along the wide valleys of the Mississippi 
and Minnesota rivers and their major tributaries. The deposits are 
banded, gray, glacial clays laid down thousands of years ago when 
these streams carried sediment-laden water from the melting ice 
sheet. Clays of this origin have been used at Chaska and Jordan 
and along the Mississippi Valley from Minneapolis to Brainerd. 
The old pits at Coon Creek, north of Minneapolis, have yielded 
many tons of clay for making brick and tile. 

Marl, a soft, earthy, nearly white material composed largely of 
calcium carbonate, is another of l\1innesota's natural resources. It 
is found as a fresh-water deposit in lake basins and bogs and in 
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mal',,;lH's or other low areas that were once covered with water. The 
source of the calciUln carbonate deposited as marl is undoubtedly 
the glacial drift, some of which contains a high percentage of crushed 
and pulverized limestone, Surface waters percolating through such 
drift dissolve and leach out the soluble lime compounds and carry 
them to the margins of low points in the topography, where the hard 
water issues as springs that feed lakes and streams, 

The process of deposition of marl is a very slow one. It has un
doubtedly been going on for many centuries, for the lakes in which 
it is accumulating, together with the glacial debris that surrounds 
them, have been in existence during the whole of postglacial time. 
In the remote past, marl deposition was perhaps much more rapid 
than at present, for the more soluble lime compounds in the glacial 
drift were without doubt the first to be removed by the percolating 
ground waters. That the deposition is still in progress, however, is 
Sho\\,l1 by the fact that many pieces of rock, bits of wood, twigs, and 
dead stalks of weeds on the floors of many lakes are coated with a 
film of lime carbonate. 

There are hundreds of marl deposits in Minnesota. Most of them 
are small and consist of layers no more than a few feet thick on the 
floor of lakes or under a mantle of peat in bog areas. Along with 
these small deposits, there are a number of ver~' extensi,'e beds that 
contain millions of tons of marl. One such deposit occurs in Star 
Lake and other nearby lakes to the east of Pequot in Crow 'Ving 
County. Another area with a very large tonnage of marl occurs in 
northwestern Wright County in the region of Monticello and Clear
~water. 

Since marl has the same chemical composition as limestone, it 

can be used for the same commercial purposes as finely ground agri
cultural limestone or dolomite. One disadvantage, however, is its 
high content of water, which must be removed before it can be used 
commercially. This drawback has prevented its widespread use in 

),finnesota. 
Like marl, peat is also a potentially valuable deposit in Minne

sota, although it is not widely used at the present time. Peat is 
-partially decomposed and disintegrated vegetable matter that has 
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undergone physical and chemical changes but still contains most of 
the carbon of the original plant tissue. Much peat contains such 
remains as leaves, roots, stems, and seeds in a state of good preserva
tion even though they haye accumulated over a long period of time 
-in Minnesota, since the close of the glacial epoch. 

One condition essential for the formation of peat is a profuse 
growth of plants, the decay of which, normally caused by oxidation 
and bacterial action, has been retarded. Since decay is retarded by 
immersion in water and the exclusion of air, it is evident that to
pography and drainage are influencing factors (Figure 24). Peat oc
curs most abundantly around shallow basins that are partly filled 
with water, and on flat or gently sloping, poorly drained land 
surfaces. 

The peat deposits of Minnesota may be divided into se,oeral ma
jor groups. Those of northern ::Vlinnesota are deposits in muskeg 
swamps (Figure 23) and open bogs. They are largely made up of 
successive layers of sphagnum or peat moss. :Many of these swamps 
are very large; a single bog may cover more than fifty square miles 
to a thickness of seven to ten feet. The deposits in western and 
southern JVlinnesota represent the accumulation of sedge grass, 
cattails, and rushes. Such deposits are large but shallow. The av
erage thickness of peat is usually less than four feet. 

The largest peat area in the state is in the abandoned bed of Gla
cial Lake Agassiz, where most of it does not lie in depressions but 
consists of built-up deposits on the poorly drained land. The most 
extensive bog areas on the floor of Lake Agassiz occur in Beltrami, 
Koochiching, Roseau, and Lake of the Woods counties. Large de
posits of similar origin occur on the floor of Glacial Lake Upham in 
St. Louis County and Glacial Lake Aitkin in Aitkin County. Each 
of the deposits in Beltrami. Koochiching, and St. Louis counties is 
estimated to cover more than a million acres, and each contains 
more than a billion and a half tons of air-dried peat. 

At present no peat is being produced commercially for fuel pur

poses in Minnesota, but some may be dug and dried by individuals 

for domestic use. Probably the largest present market for peat is in 

agriculture, where it is used as a soil conditioner. Some peat is also 
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being processed at present for use as litter for stock and poultry and 
as packing material (peat moss) for plants and shrubs. Other pos
sible uses for peat are for paper stock, woven fabrics, artificial 
boards, tanning materials, and so forth. With proper drainage and 
the use of fertilizers, peat lands could be made to produce satis
factory crops of vegetables, small grains, and forage plants. Peat 
soils in the northern part of Minnesota are subject to summer frosts, 
but if the peat is covered with a few inches of clay, sand, or loam, 
damage by early frost may be prevented. We may hope that before 
long some of these valuable potentialities of Minnesota's great peat 
deposits will be realized. 

Water, which is so abundant in Minnesota, is a mineral resource 
that is essential to life itself. Our bodies are more than 70 per cent 
water; we drink it, wash in it, travel upon it, generate power with it, 
grow crops with it, use it in science, industry, and commerce. Sup
plying water is a city's most important service to its citizens, and 
for recreational activities water is almost indispensable. Even to the 
vacationist who does not swim, fish, sail, or go boating, but who 
likes nothing better than to lie lazily in the shade, a lake or stream 
in the landscape seems highly desirable. 

Minnesota has long been famous for its thousands of lakes, and 
both state and federal agencies are taking appropriate steps to con
serve these lake waters. Rivers, too, are of vital importance, and 
the larger ones have been called "history's highways." Minnesota 
had such a "highway system" of rivers, lakes, and portages long 
before there were any paved roads. The early explorers and fur 
traders reached many parts of Minnesota with canoe and paddle. 
They found the Mississippi River an open road into the very heart 
of the state, and those who came by way of the Great Lakes used 
the Pigeon River and the international boundary waters. Once 
within the state they found many smaller streams that formed a 
network of secondary roads. 

Not only have the rivers and lakes played an important role in 
the industrial development of the state, but they have also been a 
factor in maintaining a large supply of underground water in the 
rocks beneath the surface. Most of the water in the rocks comes 
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from infiltration or absorption of rainfall by the soil. This absorp
tion is facilitated by open soil texture, a flat ground surface, and a 
cover of vegetation. Under favorable conditions, however, water 
percolates downward into the earth through the floors of lakes and 
river beds. 

In Minnesota, underground water furnishes about 95 per cent of 
the public water supply of the state outside of the large cities. From 
the standpoint of available ground water, the state can be sub
divided into three major areas: southern Minnesota, northwestern 
Minnesota, and northeastern Minnesota. The southern division may 
be further subdivided into eastern and western units. The bound
aries of these divisions are defined, for the most part, by their phys
iographic and geological features and by the existence of ground 
water conditions common to each. 

In the eastern part of southern Minnesota, or the area east of a 
line running approximately north and south through Mankato, the 
unconsolidated surface deposits are underlain by strata of sand
stones, limestones, and shales. These beds, with the exception of 
shales, yield excellent water in large quantities. Two artesian basins 
occur in this region. One is the so-called Twin Cities artesian basin, 
which has hundreds of artesian wells (Figure 151). The other is a 
huge, pitching synclinal trough that has its northern limit at the 
southern rim of the Twin Cities basin, with its axis extending from 
the area near Northfield southward toward Albert Lea. Thus the 
rocks that crop out along the Mississippi Valley south of the Twin 
Cities dip toward the southwest, whereas those that crop out along 
the Minnesota Valley south of Jordan dip toward the southeast. 
Because of these dips, the water in the porous strata of this region 
is under considerable hydrostatic pressure. 

The western part of southern Minnesota, west of the north-south 
line through ~1ankato, has unconsolidated surface deposits under
lain by granites, quartzites, sandstones, and shales. There are nu
merous counties, however, in which the granite is present at rela
tively shallow depths and is covered with a heavy mantle of residual 
clays. The clays are so impervious to water in such areas that 
ground water in appreciable quantity can be obtained only from 
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the unconsolidated glacial drift. In parts of this region, where sand
stones occur between the granite and the glacial drift, adequate sup
plies of water may be obtained from the sandstone. 

Both northwestern and northeastern :Minnesota are underlain by 
crystalline rocks of igneous origin and by highly metamorphosed 
rock, in both of which water in appreciable quantities is rarely pres
ent. For this reason water supplies must be obtained from the glacial 
drift. In general, the yield of water frolll these drift deposits is ade
quate for slllall cities and industrial plants. In the Red River Valley, 
however, much of the water in the lower part of the drift is of poor 
quality because of the high percentage of dissolved mineral matter. 
In that region more suitable water may be obtained from shallow 
wells. In northeastern .Minnesota the problem of supplying water 
for the tourist resorts along the North Shore of Lake Superior is an 
exceedingly difficult one. The area is underlain by lava rocks that 
have very little pore space and consequently yield only very small 
quantities of water. Deep wells may penetrate more fractures in the 
rock and therefore yield more water, but the water in most wells 
that are more than 300 feet deep is too highly mineralized for do
mestic use. Even in the Land of Lakes, along the shore of might~· 
Lake Superior, the geological structure of the land may make water 
supply a problem. 
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EX4~(IRSIONS THROUGH MINNESOTA 

MINNESOTA is characterized by m'uch diversity in its physical 
features, a diversity resulting from the geological processes we 
have previously discussed. In order to look at these features in 
somewhat more detail, we will now embark on a series of geo
logical excursions through the various regions of the state. These 
excursions may be actual automobile trips or armchair journeys 
with the aid of a road map, depending on the reader's inclina
tion. The writers have tried to treat all of the significant areas 
that might be of interest and to give sufficient detail so that 
anyone may find and interpret the outstanding particulars of 
the landscape and the rocks. The regions described are shown 
in Figure 87. 





CHAPTER 

• 10 • 

Northeastern Minnesota 

THE northeastern part of Minnesota is probably as complex geo
logically as any area in the world. It is underlain exclusively by pre
Cambrian rocks beneath the glacial deposits of several ice invasions. 
This sequence of pre-Cambrian rocks (shovvn on p. 101), from the 
oldest Ely greenstone up to the later Keweenawan sedimentary 
rocks, is one of the most complete found anywhere in the world. The 
detailed geology of this area is unusually well known because the 
presence of great iron ore deposits in the Mesabi and Vermilion dis
tricts has stimulated much geological work in the region. Then, too, 
outcrops of the underlying bedrock are much more numerous in 
northeastern Minnesota than over most of the state, and conse
quently the basic structure of the region is more easily observed. 

In a general way, several of the belts of rock formations in north
eastern Minnesota lie somewhat parallel to the North Shore of Lake 
Superior. In the case of lava flows, this parallelism is definitely it 

result of erosion of the basin-like structure of the rocks in which 
Lake Superior lies (Figure 50). The youngest rocks - along the 
North Shore these are basalt flows and associated intrusive rocks
occur along the shore and are tilted toward the lake. To the north
west we find successively older sedimentary rocks and lava flows, 
interrupted at places by younger intrusive rock (see Figure 44). 

As was mentioned earlier, the metamorphosed basalt of the Ely 
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Figure 87. Map showing outline of regions de cribed in P art II. 

greenstone is the oldest of all known rock formations in Minnesota 
and one of the oldest in the world. This ancient rock may originally 
have underlain most of northeastern Minnesota, but erosion, deposi
tion, and igneous activity over a span of more than two billion years 
have either destroyed or buried the greenstone over a large part of 
the area. Now the rocks crop out in the streets of Ely and also at 
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vanous places in the Vermilion district (Figure 117), from Ely to 
Gunflint Lake in Cook County, and southwestward from Ely to 
Tower and beyond. Some greenstone also occurs along the north side 
of the ~Iesabi Hange. Farther west outcrops are sparse. but the 
greenstone has been recognized as far west as Kelliher in Beltrami 
County. In general the belts of greenstone trend in an east-west di
rection, paralleling in a rough way the Superior North Shore, as do 

most younger rock formations in the region. 
The best exposed greenstone area is a narrow belt corresponding 

roughly to the Vermilion iron range. Infolded with the upper part 
of the greenstone, and interbedded with it, is the Soudan iron forma
tion, the next oldest rocks in Minnesota and the parent rocks of the 
rich iron ore deposits of the Vermilion district. In this district the 
slates and associated rocks of the Knife Lake group are complexly 
infolded with the greenstone all the way from Ely on the west line 
of St. I,ouis County to Saganaga Lake on the international bound
ary in Cook County. Rocks of the Knife Lake group are also abun
dant in Koochiching County. 

The map in Figure 44 shows that the relatively narrow belt of 
the Vermilion iron range lies between large granite masses. On the 
north these granites extend from Koochiching County to Saganaga 
Lake, and on the south from Grand Rapids in Itasca County to the 
Kawishiwi RiYer in north,Yestern Lake County. Near Birch Lake 
the Duluth Gabbro intrusion lies oyer the granite, and farther east 
in Lake County it forms the south boundary of the Vermilion dis
trict. The granites, with the exception of the Laurentian Saganaga 
mass, are probably all Algoman in age, while the gabbro dates from 
the Middle Keweenawan period. 

The intrusion of deep-seated masses of magma always has a pro
found effect on the surrounding rocks. In the case of the intrusion 
of the Laurentian Saganaga granite, onl~r the greenstone has been 
metamorphosed, as all of the other rocks are younger and were not 
yet formed at the time of the granite intrusion. The granites as a 
rule converted the greenstone into a dark schist in which horn
blende is the abundant mineral. Where the Knife Lake slates were 
intruded by granite. they were altered to mica schist. although at 
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places there is a gradation from slate to schist to granite gneiss with 
no definite contact. 

South of the Giant's Range granite is the group of iron-bearing 
rocks of the Mesabi iron range district, which were laid down on the 
eroded surface of the older rocks. Subsequent tilting and erosion of 
the Mesabi rocks formed the present long, narrow belt, with its gen
eral trend from southwest to northeast. In Lake County this belt 
is interrupted by the gabbro, but it reappears in northern Cook 
County as the Gunflint iron formation near Gunflint Lake. South 
of the Mesabi Range there is a broad belt of slates, but the glacial 
drift is so thick that little detail is known regarding their structural 
relations. 

Northeast of Duluth, in southeastern St. Louis County and much 
of Lake and Cook counties, there is an area of approximately 4500 
square miles underlain by rocks of Keweenawan age. The eastern
most edge of this area, along the North Shore and for as much as 
20 miles inland, is a belt of lava flows dipping toward Lake Su
perior and intruded by many dikes and sills of diabase and related 
rocks. Northwest of the lava flows is the huge mass of the Duluth 
Gabbro (Figure 88). 

This North Shore region of Lake Superior is probably the most 
interesting area in Minnesota, so we will let it determine the itin
erary for our first geological excursion. Lake Superior itself is the 
heart and head of the region, so a close look at its broad waters will 
be our starting point. 

How Lake Stlperior Was Formed 
Lake Superior is the largest body of fresh water in the world and 

also one of the deepest. The lake is 360 miles long, with a maximum 
width of 160 miles and an area of about 32,000 square miles. Its 
normal surface level is 602 feet above sea level, and its deepest of
ficial sounding is 217 fathoms (1302 feet) at a point about 13 miles 
northwest of Caribou Island. The term "Superior" refers to its po
sition as the upper lake of the five Great Lakes of North America. 

The answer to the question of what geological forces made this 
vast, deep basin is not a simple one. The lake is located in the trough 
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Figure 88. Geological map of the Duluth Gabbro lopolith in Minnesota. 

o£ a great syncline, or down£old, in the rocks o£ pre-Cambrian age 
(Figure 50), but although this structure o£ the rocks has had an im
portant influence in forming the lake, it is doubtful that this down
folding was the primary cause of the present lake basin. This doubt 
is especially strong in view of the great length of time that has 
passed since the folding took place. The folding can be fairly closely 
dated as having occurred in the late Keweenawan period, some 
600,000,000 years ago . This would seem to allow plenty o£ time 
for any topographic depression formed by the folding to be com
pletely filled with sediments. 

Why then was Lake Superior's basin not filled up? Another fun
damental clue to be considered in our sleuthing is the great depth 
below sea level of Lake Superior's bottom. The present lake basin 
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therefore could not have been formed by stream erosion, since the 
laws of gravity assure us that no stream can erode its channel so 
deep as to destroy all its slope toward the sea. Only if this whole 
portion of the continent was once considerably higher above sea 
level than it is at present could stream erosion account for Lake Su
perior's basin. We know there have been changes in continental 
levels, but there is no good evidence that these were on a scale vast 
enough to explain the Superior depression. 

This leaves us two main possible explanations: (1) The lake was 
scoured out by the successive ice lobes that occupied the rock ba
sin, culminating in the Superior lobe of the Wisconsin glacier. ('2) 

Depression of the basin was caused by faulting of the earth's sur
face at a sufficiently late date for the basin to have escaped being 
filled with sediment. 

The main objections to the second explanation - the fault h~'
pothesis - are the lack of evidence of recent faulting anywhere in 
this portion of the North American continent and still less evidence 
of faults in the proper positions to account for the lake depression. 
Certain ancient great faults are known to exist in the Superior re
gion, and it is reasonable to assume that their existence has modi
fied the course of erosion in the area; but these faults do not bound 
the Lake Superior basin. 

The first hypothesis, that of glacial erosion, has more obvious 

support. The movement of the Superior ice lobe down the axis of the 
lake was one of the last great geological events in the region. Its 

timing was thus just right to account for the present depression. Fur
thermore, it is evident from the moraines of the Superior lobe that 

a great deal of rock debris "vas picked up by the lobe and deposited 
to the southwest of the present lake, although some of the latest 

moraines were undoubtedly left within the basin itself as the ice re
treated. The glacial drift to the southwest of the lake shows that 

still earlier ice sheets also passed over the Superior region, each 

gathering up and carrying southwestward enormous amounts of 

rock debris. It is reasonable to suppose, therefore, that the original 
Superior syncline was occupied by numerous ice lobes, one after an-
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other, each one moving along the length of the basin and gouging 
it out to a still greater extent. 

In summary then, we may conclude that Lake Superior probably 
owes its origin to a combination of conditions. The first important 
event was the formation of the great Superior syncline during the 
final stages of the extensive volcanic activity that characterized the 
Keweenawan period. This syncline no doubt appeared at the surface 
as a basin and was gradually filled by sediments and by later rocks 
that were softer than the old igneous rocks around its margins. Fur
ther faulting at a still later time again modified the structure of 
some parts of the syncline. 

Some of this faulting may have been of late Keweenawan age; 
part of the movement OCCUlTed in Paleozoic time or later. Probably 
a large river flowed through the sediment-filled syncline in preglacial 
days, maintaining a channel deep enough to guide the early glacial 
erosion. Finally, the immediate cause of the present Lake Superior 
basin was the deepening action of the successive lobes of glacial ice 
- powerful, erosive ice that pushed down the trough of the syncline 
and scooped out the soft sediments but modified only slightly the 
resistant pre-Cambrian rocks on the sides of the basin. 

The story of Lake Superior's origin does not end here, however. 
Once its rock~T basin was finally deepened by the ice, the lake had 
still to find its water level. Today, from some of the high hills at Du
luth and other points of vantage in the region, one can look out 
over a large extension of the Superior basin that is, at present, not 
a part of Lake Superior. It takes but little imagination, howen'r, 
to visualize this dry basin rim filled once more with water as it was 
during the retreat of the last glacier. 

\Vhen that last ice sheet started to melt northward, the melt
waters in Minnesota at first were ponded against the ice in two com
paratively small glacial lakes. One, called Glacial Lake Upham. oc
cupied the present St. Louis River drainage basin (see Figure 9), 
and its overflow drained down the present St. Louis River Valley. 
The other ancestral lake was called Glacial Lake Nemadji and ex
tended from the west tip of the Superior basin - then still filled 
with not yet melted ice - southwest to the present towns of Ne-
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madji and Moose Lake. It thus occupied the drainage basin of the 
present small Nemadji River, which drains part of eastern Carlton 
County and flows into Lake Superior near the eastern limits of the 
city of Superior. 

As the ice in the Superior basin continued melting northward, 
these two smaller glacial lakes gradually merged with the melted wa
ters left in the Superior basin itself, and a vast new glacial lake 
was formed - the Glacial Lake Duluth. Its water line was almost 
twice as high above sea level as the present Lake Superior, and its 
area was much greater. The overflow of Glacial Lake Duluth poured 
down the Brule River Valley in Wisconsin and into the St. Croix 
River. It was this great torrent of glacial drainage that carved the 
deep, rocky gorge of the St. Croix of today. 

Along the north shore of Glacial Lake Duluth, the water extended 
westward, over what is now land, for varying distances, depending 
upon the topography. Several of the present river valleys, such as 
that of the Baptism River, were carved out by the river before the 
ice of the last Superior lobe occupied the lake basin. The glacial 
lake therefore spread several miles inland along the valley, leaving 
its characteristic sedimentary deposits as evidence of the invasion. 

Much of the area covered by Glacial Lake Duluth is now rela
tively level, and the prevailing soil is a heavy red clay (Figure 89). 
Where the slopes are steep, the soil consists mainly of eroded, stony 
glacial till. When the level of the glacial lake remained constant 
for some time, more or less well-defined beaches were formed con
sisting of sand, gravel, and boulders (Figure 90), the finer clay and 
silt particles having been washed out and added to the clay de
posits of the more level land. Often these clay deposits show dis
tinct, thin layers called varves (Figure 91). 

There has been considerable tilting of the original beach lines 
in the centuries since they were formed, caused by the slow, gentle 
diastrophic uplift of this part of the continent in response to the un
loading of the 'weight of the glacial ice. For this reason it is not 
possible to determine any single general altitude above sea level of 
Glacial Lake Duluth at its highest level. The highest abandoned 
beach near the western tip of Lake Superior is at an altitude of 116.5 
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Figure 89. Glacial lake clay plain just below the highest beach 
of Glacial Lake Duluth, St. Louis County. 

feet, or 56'3 feet above the present lake level. Eastward ill Cook 
County, beaches can be recognized nearly 700 feet above the present 
level of Lake Superior. 

Glacial Lake Duluth existed long enough to enable well-defined 
beaches to be established, but once its overflow outlet through the 
Brule River Valley was cut through, this drainage channel began 

Figure 90. Gravel of the highest beach of Glacial 
Lake Duluth, St. Louis County. 
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Figure 91. Bands (varves) in clay deposited on the floor of Glacial 
Lake Duluth near Wrensha ll , Carlton County. 

to lower the lake. Meanwhile the glacier was melting farther and 
farther northward. As soon as the ice melted away from the slopes 
of the Huron Mountains in Michigan, the drainage of Glacial Lake 
Duluth was diverted eastward toward lower outlets, and the Brule 
River channel was left stranded above the new, lower wat.er level 
of the lake. Now the waters of Glacial Lake Dulut.h merged east
ward with the waters in the Lake Michigan and Lake Huron ba
sins, forming one huge, continuous body known as Glacial Lake 
Algonquin. Only when the eastern glacial ice melted away from the 
St. Lawrence River did the Great Lakes settle down at last into 
their separate basins, draining consistently eastward down the St. 
Lawrence to the Atlantic Ocean. 

This lowering of Glacial Lake Duluth did not t ake place at a 
constant rate, and consequently beaches were developed at several 
lower stages of the lake. The main Algonquin beach at Duluth j 

about 180 feet above the present lake level, but there are other less 
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well developed beaches also, formed at lower levels as the ice block
ing the St. Lawrence drainage exit gradually disappeared. 

Duluth and the Duluth Gabbro 
The geological map of .Minnesota (Figure 44) shows a senes of 

rock formations that converge at the head of Lake Superior. It is 
here that Duluth stands too, so we may rightly expect a cit~, of 
much geological interest. In contrast, Duluth's sister city, Superior. 
Wisconsin, lies on the plain of Glacial Lake Duluth, and the so1ifT 
rock formations there are buried beneath a heavy mantle of glacial 
lake sediments. Lake sediments have also built up the spit of land 
called Minnesota Point that projects into Lake Superior at Duluth 
(Figure 92), an unusually good example of a deposit built up b~
lake currents since glacial times. Far above the lake, Duluth 's Sk~T
line Drive follows part of the course of the highest abandoned beach 
of Glacial Lake Duluth. This beach is approximately 560 feet above 
the present level of Lake Superior and may be recognized at some
places as a ridge of gravel and at others by wave-cut cliffs. 

Duluth and Superior, 'Wisconsin, because of their location at the 
head of the Great Lakes and near the large ore deposits of the 
Mesabi Range, have an unusually fortunate position which has 
made their harbor one of the largest in North America, particularly 
if tonnage is used as a measure of size. The well-protected harbor is 
formed by Minnesota and Wisconsin points and by the mouth of 
the St. Louis River, which has been "drowned" by the postglacial 
tilting of Lake Superior. The last lobe of ice to occupy the Lake 
Superior basin extended far to the southwest, and as it slowly" 
melted northeastward, the unloaded surface of the earth graduall~r 
rose from its depressed state. Since the retreat of the ice front was 
a long, slow process, the area around Duluth rose to some extent 
while the northeastern part of the lake basin was still loaded with 
ice. That part of the crust started to rise also when the ice finally 
disappeared, but the area around Duluth was by then largely static 
and the resultant differential tilt has caused the water to rise at 
the head of the lake, flooding or "drowning" the mouth of the St.. 
Louis and enhancing Duluth's natural harbor. 
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Figure 92. Minnesota Point, Duluth. The point is essentially a sand bar built up by lake currents 
set up by the prevailing winds striking the northeast-trending coast. 
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Minnesota Point is largely a deposit of sand washed up by the 
waves aided by shore currents set up by the prevailing northeasterly 
wind. Some of the sand is heaped into typical dunes by the strong 
winds that blow off Lake Superior (Figure 93). The intensive use 
of the area protected by Minnesota Point is illustrated by Figure 94. 

Perhaps the most conspicuous feature of Duluth's topography is 
the high bluff that overlooks the St. Louis River and Lake Superior. 
The city itself is strung out along the foot and slopes of the bluff 
and, at places, extends to the upland above the bluff. From down
town westward, this bluff is formed by the massive, resistant rocks 
of the Duluth Gabbro intrusion, which is easily recognized by its 
coarse grain and dark color (see pp. 205-9W7). 

The Duluth Gabbro intrusion is a famous mass of igneous rock 
that lies under much of the North Shore area. It was formed in 
very early geological times. At that time the lava flows in the re
gion that is now northeastern J\1innesota had accumulated to a 
great thickness, and it became more and more difficult for molten 
volcanic material to work its way up to the surface. Finally a great 
mass of magma apparently forced its way up through the under
lying rocks and then spread out and lifted the overlying flows into 
an arch. Such a dome of molten rock is called a laccolith (Figure 
49). Eventually, however, the whole crust of the Lake Superior re
gion sank under this overlying load, and the cooling gabbro assumed 
a basin-like form. Such a large mass with a sunken floor is tech
nically known as a lopolith. 

In Minnesota this gabbro mass extends beneath or at the surface 
from Duluth northward for about 60 miles, and beyond that out
crops are again abundant to the northeast and east for nearly 100 

miles, where one branch reaches Lake Superior near Hovland (Fig
ure 88). It is also believed to extend beneath Lake Superior, for 
it reappears on the south side of the lake in Wisconsin and Michi
gan. 

The Duluth Gabbro shows three kinds of internal structure: (1) 
a banding or layering of different minerals, causing different colors 
in successive bands; (2) a parallel arrangement of some of the min
erals, chiefly feldspar crystals; and (3) a sheet-jointing, or plate-
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Fig1£re 93. Sand dune, Minnesota Point, Duluth. The wind has 
reworked the sand deposited by lake currents and waves. 

Figure 94. Aerial view of Duluth Harbor. This bay is the mouth of the St. Loui s 
Ri ver. which has been drowned by tilting of the lake basin toward the 

south. (Photograph by M ark Hurd Air Mapping Co.) 
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like cleavage of the rock parallel to both the bands and the mineral 
crystals. These three features of the rock generally dip southeast
ward and indicate that the whole mass of the intrusion dips in that 
direction. 

The Minnesota area of the gabbro is crescent shaped, and at the 
thickest part of the crescent the structure dips toward Lake Su
perior at an angle of ~.w0 or more, so that its underground thickness 
is estimated at about ten miles. If such a mass were forcibly injected 
into the earth's crust it would raise a dome ten miles high, higher 
than :l\1ount Everest. It seems more likely, however, that the floor 
of the gabbro mass sank down into the magma and thereby started 
the great basin structure, part of which is now occupied by Lake 
Superior. 

The Duluth Gabbro lopolith, like several other masses of similar 
form, consists not only of gabbro but of other kinds of rock as well. 
Gahbro makes up from three quarters to nine tenths of the whole 
intrusion, however. Such large masses formed from the cooling of 
igneous magmas commonly show a gradation from very dark rocks 
near the base of the mass to light-colored granitic rocks near the top. 
This is true of the Duluth Gabbro also. A few extra-heavy, dark 
rocks, such as titanium-bearing magnetite and peridotite, lie near 
the bottom of the intrusion, with the great mass of the dark, heavy 
gabbro above. The lighter granite, called "red rock" in the Duluth 
Gabbro, lies at the top and makes up no more than 10 per cent of 
the total. In some places, sulphides of iron, copper, and nickel have 
been found in the Duluth Gabbro, but not in sizable concentrations. 

From downtown Duluth the gabbro outcrops extend to the sub
division of Gary and the steel plant, where the bluff turns sharply 
westward. Southward the gabbro disappears beneath the sediments 
of Glacial Lake Duluth, and we do not know whether the gabbro 
originally ended so abruptly at this point or whether it has been 
cut off by a fault and dropped from sight. At Mesaba A venue in 
downtown Duluth the top of the gabbro trends inland, but the 
bluff continues nearly parallel to the lake shore, where the meta
morphosed lava flows along the top of the gabbro mass have re
sisted erosion. 
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.-\bout a mile west of the steel plant, the base of the gabbro may 
be located where a small creek valley is crossed by the railroad. The 
southward-facing bluff beyond this point consists of a series of hwa 
flows well exposed in and above the railroad tunnel. Near the ga b
bro, the flows have been baked and recrystallized by exposure to the 
heat of the gabbro when it was molten. Farther south and west, at 
Fond du Lac in the valley of the St. Louis River, the Upper Ke
weenawan sandstone crops out, and here it was quarried many 
years ago. 

North of Fond du Lac, the bluff or ridge formed by the gabbro 
and the flows beneath turns abruptly northward. If this west-facing 
bluff is followed north to Nopeming Sanitarium and Highway 61, 
particularly interesting rock exposures may be examined in the 
woods just northeast of the Grandview golf course. There we find 
outcrops of slates of the Thomson formation which seem to be the 
equivalent of the Knife Lake slates near the Canadian border. A 
short distance east, the Puckwunge sandstone of the Lower Ke
weenawan period lies above the slate and dips gently eastward. 
Lying in turn on top of the sandstone is the lowest Keweenawan ba
saltic lava flow of the Duluth area. The flows and the sandstone 
may be traced a short distance northward, where they are appar
ently cut off by the gabbro. From here the gabbro extends north to 
the east end of the Mesabi Range, but most of it is co\'ered by 

glacial drift. 
The gabbro also occurs throughout the western part of Duluth 

and may be observed in large outcrops, particularly in Enger and 
Central parks. The top of the gabbro mass is near -:\Iesaba A venue 
and Superior Street and trends irregularly northeast to Villa Scho
lastica, near the north city limits. Beyond this point outcrops be
come sparse, but the upper surface of the underground gabbro mass 
may be approximately located all across eastern St. Louis and Lake 

counties. 
East of :Mesaba Avenue in downtown Duluth, the rocks are of 

several closely allied types. The prevailing rocks are basaltic lava 
flows, but these are intruded by several sills and irregular masses 
of diabase, a dark-colored rock somewhat intermediate in texture 
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between the coarse-grained gabbro and the fine-grained basalt but 
yery similar to them in chemical composition. * The lava flows may 
be recognized by the vesicular or pock-marked top of each flow. 
These vesicles were formed by gas bubbles accumulating beneath 
the chilled surface of the lava exposed to the air. Most of the vesicles 
have been filled by various minerals, such as agate. The filled 
vesicles are then called "amygdules," and the rock is called amyg
daloidal basalt. 

The largest of the diabase intrusions in the Duluth area are three 
sills exposed along the lake shore from the downtown area of Duluth 
to the east city limits. These sills are composed mainly of diabase, 
but as the masses cooled a lighter fraction of "red rock" granite ac
cumulated at the top of the sills, as in the case of the Duluth Gab
bro. The largest of these intrusions is called the Endion sill, taking 
its name from Endion Station of the Duluth and Iron Range Rail
road. The base of the sill is exposed on the lake shore at the foot of 
16th Avenue East and continues along the shore to a short distance 
beyond 26th Avenue East. It is predominantly red east of 22nd 
A venue East. The sill may be traced inland to Forest Hill Ceme
tery, where it ends in a covered area along the upper contact of the 
Duluth Gabbro. 

Farther east along the shore other diabase sills are exposed - at 
30th A venue East, 48th Avenue East, and just east of the mouth 
of the Lester River. The last sill is about 950 feet thick and may 
be traced by outcrops northeastward across the Talmadge Ri,-er to 
the fire tower several miles to the northeast. 

Up the North Shore 
Our geological exploration trip now takes us north and east along 

the beautiful North Shore of Lake Superior. Following Highway 61 
from Duluth to Two Harbors, we note that the area near the coast 

* The nomenclature of the dark-colored igneous rocks that occur along the North 
Shore of Lake Superior is somewhat confusing. The term Duluth Gabbro is used in a 
formational sense for the entire mass of the lopolith which is predominantly composed 
of several varieties of gabbro. The diabases are rocks very similar to gabbro but are 
characterized by the so-called diabasic texture, in which lath-shaped plagioclase feldspar 
grains are enclosed in large grains of pyroxene. For convenience. the rock in the smaller 
intrusions such as dikes and sills has been called diabase. 
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is not rugged but rises gently to the general leyel of the Superior 
Upland. This stretch of coast is largely underlain by lava flows that 
seem to have been relatively easily eroded, and sea cliffs are either 
low or nonexistent. For the most part the flows dip gently under 
the water of the lake (Figure 9.5), forming a low, rocky shore broken 
at intervals by bays with gravel beaches (Figure 96). The most 
prominent projection on this stretch of coast is Stony Point, formed 
by an intrusion of massive diabase in the prevailing lava flows. 
From the highway, Stony Point is made conspicuous by its coyer 
of spruce trees outlined against the sky. The prevailing soil in this 
area is a red clay that was deposited in Glacial Lake Duluth when 
its waters covered this shore. 

The village of Knife River is located at the mouth of the stream 
that bears the same name. The river has a somewhat unusual course. 
Its headwaters are located inland from Two Harbors, where the 
main stream flows southwestward nearly parallel to the lake shore. 
Finally, just west of its mouth, the river makes an abrupt hairpin 
turn and flows eastward into the lake. The explanation for this 
peculiar course is found in the Stony Point ridge, formed by a thick 
series of massive lava flows, which defied easy erosion. The broad 
valley of the Knife River was cut in softer rocks to the north, but 
when it reached the hard diabase at Stony Point the river was de
flected toward the lake. 

An excellent place to see a series of laya flows and their amygcla
loidal tops is the shore of Burlington Bay just below the Two Har
bors city park. From the sandy beach of the inner bay to the power 
house, the shore trends diagonally across the strike of the rocks -
that is, across the horizontal direction of the sloping rock faces. Fi,"e 
flows are exposed, forming sharp points of rock that project into 

the bay. 
After stopping for a time to watch the ore boats loading at Two 

Harbors, we continue eastward. About four miles ahead, Silver 
Creek Cliff and its accompanying ridge show up prominently. Here 
the highway has been blasted out along a high diabase cliff over
looking Lake Superior. The diabase intrudes the basalt flows, which 
may be seen along the water's edge beneath the diabase. The ridge 
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Figure 95. A thin. dark lava flow lying on a more 
massive flow. North Shore of Lake 

Superior northeast of Duluth. 

Figure 96. Flat-pebble beach. ~Iany such accumulations of large pebbles. \\'a -heel 
free of sand by wave action, occur along the shore of Lake Superior. 
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Figw'e 97, Weathering of mas ive diabase, Highway 61 
near Encampment Forest, Lake County. 

trends inland but swings eastward and appears again at the shore 
a short distance east of Encampment Forest, where it forms Lafa
yette Bluff. There the diabase has been eroded, and conspicuous 
boulder-like masses have been formed where weathering has rounded 
off angular blocks bounded by intersecting joints (Figure 97). This 
bluff is a good example of the first stage in the formation of soil 
from solid rock through the effects of atmospheric agents. 

A little farther along, at Gooseberry State Park, the picturesque 
Gooseberry River flows swiftly from the upland down the steep 
slope to Lake Superior. The velocity of the water has given it energy 
to cut a gorge in the lake sediments and solid rock . The highway 
bridge crosses the gorge just below a waterfall of about 25 feet 
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and above two falls totaling 75 feet. These falls have resulted from 
rapid cutting of the lava flows along the soft vesicular zones at 
their tops. Each falls, therefore, flows over the massive lower part 
of a single basalt flow. The soft material below the falls is undercut, 
and the massive bed above has broken off along weathered joints 
in the rock, leaving a vertical face behind the drop of the falls. 

As we leave Gooseberry Park, the highway winds over a hill, and 
from the east slope we get an excellent view of the headlands of the 
Split Rock area. These appear on the right beyond the Split Rock 
River. A short distance eastward from the river a lookout has been 
built to allow motorists to pull off the highway to view the light
house. Split Rock Lighthouse stands a hundred feet above the wa
ter on a particularly bold diabase cliff. If we examine the rock at 
the base of the lighthouse, we will see that besides the diabase there 
is a uniform, coarse-grained mass of rock that is practically pure 
feldspar. It is white where weathered, but a transparent green on a 
fresh surface. This rock is called anorthosite. Masses of this curious, 
white intrusive rock occur at many places from Split Rock to Carl
ton Peak, and all appear to be huge fragments from underground 
that have been brought up by the molten material when the diabase 
was formed. These anorthosite masses occur all the way from Du
luth to Wauswaugoning Bay at Grand Portage, but they are abun
dant only in the area between Split Rock River in Lake County and 
Carlton Peak in Cook County. 

The anorthosite is resistant to erosion, and the larger masses 
stand up as prominent rounded hills (Figure 98). Detailed mapping 
over most of the North Shore area in which anorthosite is found 
shows that it occurs only in diabase intrusions, except for a few 
small boulders that appear to be in surface lava flows. \Vithout 
exception the contact between the diabase and the anorthosite is 
sharp and in no sense gradational. In literally hundreds of occur
rences, the fragmental nature of the anorthosite is evident. 

Study of anorthosites elsewhere in the world indicates that they 
are derived from gabbro magma. The exact process by which they 
are segregated is not clear, but local accumulation of large feldspar 
crystals in the magma is perhaps the most popular explanation. It 
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Figll7'e [}8. Vie\\" of Ca rlton Peak, Cook County. The bare 
rock is mainly anorthosite. 

seem probable that the North Shore occurrences represent anortho
site that segregated from gabbro deep underground in the Duluth 
Gabbro magma chamber, or even deeper. Probably they were then 
brought up by magma that broke through the roof of the chamber 
and migrated upward to form such diabase intrusions as the Beaver 
Bay sill , with its included masses of anorthosite. 

North of Split Rock Point, at lake level, the bottom of the dia
ba e intrusion may be seen along the foot of the cliff. This diabase 
i part of the Beaver Bay diabase sill, which is exposed continuously 
along the shore for several miles. Owing to the massive, resistant 
character of the diabase, this stretch of shore is particularly bold 
and rocky, and the headlands at Beaver Bay may be een in the 
di ,tance. The town of Beaver Bay is the site of a new taconite con
centrating plant and shipping docks. In time it will doubtless be
come the metropolis of the I orth Shore beyond Two Harbors. 

East of Beaver Bay the Great Palisades form one of the most 
prominent features of the Minnesota coast (Figure 99). The pali
sade is composed of a dense, reddish rock that on close examination 
may be seen to be a porphyritic felsite lava. This means that the 
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Figl/1·e .99. Vi ew of th e shore line of Lake Superior from the Great Pali sades. 
Lake County. Little P ali ades. or hovel Point. in the di stance . 

(Photograph by K en neth 1'1. Wri ght. ) 
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Figure 100. Little Palisades, or Shovel Point. North 
Shore of Lake Superior. Lake County. Formed by 

wave action on jointed felsite porphyr~·. 

rock ha visible grains of quartz and white and red feldspar in a 
dense matrix or ground mass. At the base of the cliff along the 
southwest side, the porphyry overlies basalt flows. The vesicular 
tops of the e lava flows contain vein minerals in their pores. These 
tops are very soft and easily eroded by the waves, so that they may 
leave horizontal crevices in the faGe of the cliff. This leaves the rock 
aboye unsupported, causing it to break off along the vertical joints 
or fractures. The process is essentially the same as that which forms 
waterfalls in the rivers of the North Shore. At some places the waves 
have eroded caverns - aptly called "purgatories" - beneath the 
cliff, and it is possible to run a boat through some of them, in one 
opening and out another. 

About two miles east of the Great Palisades are the Little Pali
sades . They have formed of the same kind of porphyritic felsite , 
but the presence of columnar jointing seems have been an impor
tant factor in allowing wave erosion to maintain a vertical cliff 
(Figures 99 and 100) . This jointing or fracturing of certain igneous 
rocks into columns is a rather common phenomenon. It is caused by 
shrinkage during cooling, which sets up a tension in the rock that 
is most easily relieved by three fracture planes radiating at equal 
angles from a point. If these vertical fractures are equally spaced, 
a eries of six-sided columns results along the body of the cliff. 
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Figure 101 . Falls of the Baptism Ri ver, Lal,e 
County, over a diabase dike. 

Just before reaching the Little Palisades we pass one of the out
standing beauty spots of the Minnesota coast - the mouth of the 
Baptism River. This river drains about 135 square mile and has 
carved out a deep valley that is fairly old, as is indicated by the 
glacial lake clays found in the valley above High way 1 . The stream 
flows over rock ledges through much of its lower course, and un
even erosion of hard and soft layers has led to the formation of 
several falls and rapids . At the mouth of the river the low cliffs are 
composed of a felsite flow, but along the pool upstream a basaltic 
lava flow lies beneath the felsite and extends upstream beyond the 
bridge. 

Three lava flows occur just above this bridge on Highway 61, 
and these are cut by a diabase dike. Nine flows have been counted 
from the present bridge to the old bridge. Above the old bridge, on 
the south bank of the river, the exposed rock consists of conglomer
ate and shale that is undoubtedly interbedded with the lava flows, 
although the contacts between them are not exposed. About a mile 
upstream from the highway is the lower of a series of falls that 
occur at intervals over a distance of nearly a mile (Figure 101) . 

East of the mouth of Baptism River, rock outcrops are continuous 
along the lake shore. There are eleven or twelve lava flows along the 
shore between the mouth of the river and the thick red flow that 
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forms the Little Palisades or Shovel Point. Here Highway 61 fol
lows a route some distance from the shore to avoid the extremely 
rough coast at the Little Palisades. Three miles east from Baptism 
HiveI' the high,vay swings aronnd a large hill that consists princi
pally of anorthosite, with some diabase around the sides. Beyond 
the hill the rugged topography ends, and for a distance of eight miles 
to the l\Ianitou HiveI' the country slopes back gently to the upland. 
At first glance, we may find it hard to offer an explanation for this 
striking difference, but a little study of the terrain indicates that 
this stretch of coast is free from the massive and resistant intrusin' 
diabase and that the lava flows here are probably relatively thin 
and not very resistant to erosion. The town of Little lVlarais is 
located on this gently sloping plain. It was named by the early 
French yoyageurs for the little marsh near the shore. 

At least eight flows can be counted along a mile of shore line 
soutlnvest of the Little .lHarais resort, and eighteen are exposed be
tween Little Marais and the mouth of the Manitou River. A par
ticularly large, massiye. dark red flow extends from the Ben Fen
stad resort to the mouth of the l\lanitou River and beyond. In this 
flow there are concentric diffusion bands which are clearly related 
to the joints or fractures that divide the rock into blocks and 
columns. 

Where the ~Manitou River is spanned by the highway bridge, it 
has a deep and narrow gorge in lava flows. From the bridge to the 
lake. the river rushes over a series of rapids and three waterfalls. 
The last falls plunges the water directly into a small cove of Lake 
Superior. l\lanitou Falls proper is above the bridge a few hundred 
feet but just out of sight from the highway. Trails on the east bank 
lead to the brink of the falls (Figure ll). There the river makes a 
right-angle turn from south to east and plunges oyer a massive ba
salt lava flow with a total fall of nearly a hundred feet. At the foot 
of the falls, the stream is undercutting the amygdaloidal top of the 
flow below, thus maintaining the falls while large, jointed blocks of 
rock are undercut and plunge into the gorge below. The narrow can
:\'on that extends above the bridge was doubtless formed by the 
falls as they gradually migrated upstream. 
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About half a mile northeast of the Manitou Riwr, Highway 61 

descends to a lower terrace. For several miles the country is rela
tively leveL with gravel and other lake deposits covering the rocks, 
except for a few small exposures of lava flows. The Caribou HiveI' 
emerges from the inland hilly country in a falls that descends to the 
lew! of the terrace. 

The west line of Cook County is less than a mile east of the Cari
bou River. Cook County comprises the roughly triangular north
eastern point of J\1innesota where the Canadian boundary and the 
North Shore of Lake Superior converge. The county embraces 1680 

square miles, of which '213.5 square miles are covered by water and a 
good deal of the rest by the Superior National Forest. The remainder 
of the county land area is state forest and Indian reservation. From 
the west county line eastward, Highway 61 traverses a nearly level 
area where terraces of the higher levels of Glacial Lake Duluth may 
be easily recognized. The highway itself follows the course of the 
middle one of the three beaches. 

Cross River is the farthest west of several fair-sized streams that 
enter Lake Superior in Cook County. The highway bridge i:;; just 
below a waterfall and cascade where several potholes have been 
scoured out in the massive basalt lava flow that forms the bed of 
the stream and the falls scarp. Temperance River empties into 
Lake Superior only a mile east of the mouth of Cross Riwr. It is 
one of the longer streams in Cook County, with its source at Brule 
Lake in the north central part of the county. Its gorge beneath the 
highway bridge is very narrow and was formed by the coalescence 
of several potholes. The name "Temperance" is supposed to have 
been given to the river by some of the early settlers, because there 
is no bar, or in other words no deposit of sand and gravel, at its 
mouth. 

The land near shore for lllany miles now is cOlllparatively level, 
but at Tofte we find a prominent landmark in Carlton Peak. This 
rounded hill rises to a crest 927 feet above the level of Lake Supe
rior, or 15'29 feet above sea level (Figures 98 and 102). The peak 
consists of two very large and several subordinate masses of anor
thosite embedded in diabase. The hard, tough anorthosite has re-
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sisted erosion, thus causing the hill to stand above the softer lava 
flows that occur along the shore. 

Just back of the shore in western Cook County is a series of 
ridges with serrate tops that have been called the Sawtooth Moun
tains (Figure 107). Actually these ridges have resulted from the un
equal erosion of alternating harder and softer layers of rocks, all of 
which dip toward Lake Superior. Sawtooth topography occurs at 
lllany places in Cook County, but the terlll Sawtooth .Mountains 
refers to the hills west of Grand Marais. 

The next major stream to the east is Poplar River, which flows 
into Lake Superior at Lutsen. It drains a series of lakes twelve to 
fifteen miles inland from the town of Lutsen and during the spring 
freshet has a considerable volume of water. It follows a valley that 
is obviously old, for it is partly filled with glacial sediments in which 
the present river has excavated its channel and concentrated the 
larger boulders in its bed. Between Highway 61 and the mouth of 
the river, the Poplar flows in a gorge that has several cascades and 
falls. Many potholes of various sizes occur in the river bed and, in 
some places, several have joined to form a part of the gorge. 

The North Shore east of Lutsen has a fairly continuous series 
of outcrops of basalt flows, several of which are usually exposed 
along all streams that enter the lake. Cascade River is named from 
a series of beautiful falls located a short distance above the high
way, which crosses the river just above its mouth. About four miles 
east of the Cascade River a red sandstone forms a cliff just above 
the highway. This is the thickest of the sandy beds that occur oc
casionally between some of the lava flows. The presence of these 
sandstones indicates a considerable period of erosion and deposition 
between the outbursts of lava. Just west of the bay at the sand
stone exposure is Thomsonite Beach, famous for the bright-colored 
thomsonite that may be found there. This semiprecious stone is a 
complex hydrous silicate that occurs in spherical forms with fibers 
radiating outward and showing varied colors. 

Grand Marais, the county seat of Cook County, owes its impor
tance as a shipping center to its excellent slllall harbor formed by a 
resistant diabase sill ,,·ith an artificial breakwater extension. On the 
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north side of the harbor there is one of the North Shore's numerous 
pebble beaches. ::\Iany of these beaches are composed exclusively of 
smooth, flat pebbles and stones (Figure 9fi). The pebbles may repre
sent all the different local kinds of rock, but their shapes are alway;,; 
fiat and disklike. This uniformity is explained by the fact that flat
ness has great survival value on a waye-pounded beach. Stones of all 
shapes and sizes are washed up by the powerful breaking wayes, but 
the receding undertow, though it has less force. carries a select group 
back to deep water. The undertow remoyes the smaller sands and 
pebbles, but it also tries to claim the larger rocks. The spherical ones 
can be easily rolled away, but the flat ones merely slide and resist. 
Thus in time a great congregation of flat pebbles remains on the 
beach, while all the round ones have been rolled away by the re
treating waves. 

East of Grand 'Marais for several miles much of the rock is reel 
felsite. It consists of several lava flows, but recognition of the in
dividual flows is not as easy as in the basalt lava because the reel 
flows rarely develop good vesicular tops. The gorge of the lower part 
of the Devil Track River is cut in much-jointed felsite. East of the 
Devil Track River we find a good example of a glacial lake waye
cut cliff at a level not far above the present level of Lake Superior. 
Similar wave-cut cliffs may be seen at several other places along the 
North Shore and at varying distances above the present lake level. 

The next sizable river, the Arrowhead, or Brule, is one of the 
largest streams along the :Minnesota coast of Lake Superior. Bnde, 
the French word meaning burnt, was probably chosen because of 
partly burned forest areas along the stream. The south branch of 
the river, the South Brule, has its source at the east end of Brule 
Lake, which also feeds the Temperance River at its west end. The 
lake's two outlets result from the fact that the rock is at practically 
the same level at both ends of the lake. Near the mouth of the Ar
rowhead, where Highway 61 crosses it, the river flows in a compara
tively shallow channel; but a short distance above the bridge high 
banks rise on either side, and the river is entrenched in a gorge 
hundreds of feet deep at places. For picturesque wildness the stream 
is not easily surpassed. A well-marked trail leads upstream from the 
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bridge on the east side and furnishes an easy path up to a senes 
of falls from one to one and a half miles above the road. The rocks 
at the bridge are basalt flows, but upstream the gorge is entrenched 
mainly in rhyolites, which are extrusive rocks similar to granite in 
mineral content. Several cascades and one falls of about 20 feet are 
located along the gorge below the main falls, which is often termed 
the Pothole Falls (Figure 103). 

This falls presents a most remarkable phenomenon. Its total 
height is about 70 feet, and directly above the brink the river is 
divided into two parts by a jutting rock mass. The eastern part, 
which is somewhat the smaller, plunges over the vertical cliff into 
the pool below, while the larger western portion never reaches the 
crest of the bluff but plunges into a huge pothole where the water 
disappears. Although the place where the water issues cannot be 
seen, this pothole must empty into the very deep pool below the 
falls, since the river shows no diminution beyond that point. 

The coast from the Arrowhead River eastward presents much 
the same character as that which we have already seen. Diabase or 
gabbro forms the ridges, notably the one extending to the shore 
near Hovland. Another large mass of diabase forms a rock? shore 
from the Reservation River eastward for fully four miles. At pres
ent, Highway 61 turns inland at the Reservation River to cross the 
Pigeon River into Canada about seven miles from its mouth. Even
tually the highway will be relocated to pass near the village of 
Grand Portage and across the Pigeon River near its mouth and 
below High Falls. 

The Grand Portage area is unquestionabl? one of the most scenic 
spots in Minnesota and is, in addition, a place of much geological 
and historical interest. The mountainous ridges, points, and islands 
owe their existence mainly to massive resistant rocks formed from 
molten material poured out on the surface or forced into pre-exist
ing rocks between layers or along fractures (Figures 104< and 105). 
Erosion by streams and by the great glaciers that occupied the Su
perior basin carved out the topography, which has been only slightl~T 
modified by postglacial erosion. 

The center of interest in this area is beautiful Grand Portage 
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Figure 103. Pothole Falls. Arrowhead (Brule) River, Cook 
County. Half of the river pours into a large pothole 

just at left edge of visible river. 

Bay, with Grand Portage Island and Hat Point culminating in 
Mount Josephine along the east side of the bay. The bay owes its 
origin to the presence of the easily eroded slates of the Rove forma
tion, which occur along the international boundary from Gunflint 
Lake to Pigeon Point and northward far into Canada. This slate is 
correlated with the Virginia slate of the Mesabi Range scores of 
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Figure 104. Map of geology at Grand Portage Bay and Pigeon Point . Cook 
County. showing dikes and sills of diaba e in slates. 

miles to the west, and thus belongs to the Animikie series of forma
tions (see p. 101 ). 

The deep indentation of the coast at Grand Portage is protected 
by Hat Point and Grand Portage Island and forms one of the best 
harbors between Duluth and Port Arthur in Canada. This natural 
harbor was the site of the first settlement of white men in Minne
sota, possibly as early as 1679. There is some evidence that the trad
ing post at Grand Portage was established in that year by the 
French explorer Sieur Duluth. In any case, by 1731 the region was 
well explored and traveled by the French voyageurs, the canoemen 
of the fur trade, who journeyed first up the Great Lakes to Grand 
Portage and from there up the endless chain of Border Lakes deep 
into the Canadian wilderness. The fur trade and its Grand Portage 
trading post were well established when the rest of the United 
States had almost no other settlements west of the Alleghenies. The 
existence of the protected bay and the nine-mile "Grand Portage" 
to the inland canoe routes were responsible for the importance of 
the site in early history. Only its isolation from the iron ranges and 
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agricultural areas of NIinnesota has saved the bay from intensive 

commercial development today. 
Because of the easily eroded slates, a considerable area of low 

relief borders the bay, except along Hat Point. Only along the 
northwest side of the point have the waves eroded away the glacial 
lake deposits to expose the basement of slate, cut here by numerous 
diabase dikes (Figure 104) which rise to form high ridges. Hat 
Point is formed by a large dike that extends in a direction some
,,-hat west of north for a distance of over three miles, where it con
nects with another dike and a sill which strike it at about right 
angles. The point itself consists of bare diabase rock rising as much 
as 400 feet above lake level. Somewhat north of Grand Portage 
Bay but overlooking 'Vauswaugoning Bay, the ridge culminates in 
Mount Josephine, which rises to an altitude of 1305 feet above sea 
lewl, or 70S feet above the level of Lake Superior. The moun
tainous topography of this region is largely a result of the resist
ance to prosion of these great dikes and sills among the softer slates. 

Grand Portage Island is of interest geologically because the rocks 
exposed there are not of the same series as those along the shore, 
except at the southwest headland of the bay. The island consists 
of earl,v Keweena'wan conglomerate and sandstone at lake level on 
the northeast side. These rocks are overlain by the basalt lava 
flows that make up the remainder of the island. Slate is exposed 
near the tip of Hat Point opposite Grand Portage Island, so we 
know that the contact between two of the great rock series of the 
:wea lies beneath the waters of the bay. 

Between Hat Point and the base of Pigeon Point lies a deep in
dentation in the coast of Lake Superior known by the Indian name 
Wauswaugoning Bay. Study of the geology of the region suggests 
that this bay, like Grand Portage Bay, is largely underlain by the 
easily eroded slate and flanked by the resistant diabase intrusions 
of Hat Point, Pigeon Point, and a large dike that extends northeast 
from the Hat Point dike to High Falls on the Pigeon River (Fig
ure 104). The surface rises gradually from the shore of the bay to 
the dike, where a steep ridge stands abow the contact of diabase 
and slate (Figure 101'». Outcrops of slate are numerous along the 
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Figure 106. Wauswaugoning Bay, Cook County. Rugged diabase hills in the back
ground . Light area in forest to the left is an abandoned beach of Glacial 

Lake Duluth. (Photograph by Kenneth M. Wright.) 

lake shore and over the slope, and numerous small diabase dikes cut 
the slate. Most of the dikes have an east-west trend. 

Abandoned shore lines of Glacial Lake Duluth border the bay 
and may be clearly seen along some of the rocky hills. A low swampy 
area extends from the northeast side of Wauswaugoning Bay to the 
big bend in the Pigeon River below High Falls. This doubtless marks 
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a northeast continuation of the slate belt assumed to be responsible 
for the bay itself. 

Pigeon Point and the islands to the south must be seen in mid
summer or early autumn if their full beauty is to be appreciated. 
The point projects four miles into Lake Superior at the mouth of 
the Pigeon River. The length of the southern shore of the point is 
six miles from its tip to Wauswaugoning Bay. Although less than 
half a mile wide over most of its length, the point rises nearly 300 
feet above the lake. The north side is characteristically a bluff or 
cliff, while the south side dips gently toward and under the lake. 
This topography results from the fact that a large sill of igneous 
rock forms most of the point. Along both coasts, however, exposures 
of slate and quartzite of the Rove formation show both the base 
and the top of the sill, which averages about 500 feet thick. The sill 
and the enclosing beds dip about 15° to the south. 

This Pigeon Point sill has become a classic in geological theory. 
It consists of several kinds of rock, and geologists do not agree as to 
the exact mode of origin of the different rocks and their relations 
to each other. Beneath the sill lie the slates and quartzites of the 
Rove formation. Near the places of contact, the intrusive rock \vas 
quickly chilled and is finer grained than the main mass of the sill, 
which is a dark diabase or fine-grained gabbro. This finer grained 
rock at the contact grades into the main mass of gabbro of the sill. 

Near the upper contact, the gabbro in turn grades into an inter
mediate kind of rock, a mixture of gabbro and granite, which 
then grades upward into the red granite of the upper part of the 
sill. The extreme top layer is a chilled diabase that differs from the 
base in haying abundant crystals of labradorite feldspar, which ap
parentl~' floated to the top when the whole sill was molten. This zone 
is not continuous, but is interrupted at places by material which re
mained molten for a longer time. 

Our best guess at hO\v this complicated mass of rock was produced 
is as follows: The original molten rock that was forced into the 
slate deep underground probably had about the same chemical com
position as the chilled lower and upper borders of the sill. It took 
centuries for the massive sill to cool, and some material from its roof 
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was engulfed and dissolved away. JVleanwhile gravity caused the 
lighter portions of the main molten mass to rise and the heayjer 
portions to sink, so that when solidification finally took place there 
was a small zone of granite and intermediate rock near the top and 
the main mass of gabbro below. 

The historic portage for which the Grand Portage region is named 
begins at the village of Grand Portage, several miles west of Pigeon 
Point. This trail is a nine-mile climb to the northwest, where it 
strikes the Pigeon River at the old site of Fort Charlotte, some 
twelve miles from the mouth of the Pigeon River. It was a long, 
steep canoe carry for the early voyageurs, but Pigeon RiYer itself is 
impassable as it nears the lake. From Fort Charlotte to Lake Supe
rior, the Pigeon River trends practically due east; but in detail it is 
exceedingly crooked, flowing nearly twenty miles to reach a point 
twelve miles away. This stretch of the river is not onl~T crooked but 
also yery swift, interrupted by falls and rapids and often sunk in a 
steep-sided canyon with rugged country on either side. As a result 
of these conditions it has always been impossible to navigate the 
river by canoe from its mouth to the site of Fort Charlotte, and it 
was equally impossible to find a good portage along the river. 

The indentation of Grand Portage Bay, hmvever, offers a short 
cut from Lake Superior to the Pigeon River. The great hills and 
bluffs along the shore would at first glance seem to form an impas
sable barrier, but the portage takes advantage of one gap in this 
seemingly continuous line of hills. Thus a rather gradual ascent may 
be made from lake level to Pigeon River above Cascade Falls, from 
which point westward the river is navigable by canoe. The Indians 
doubtless knew that this was the only convenient route to the great 
inland chains of lakes and rivers, and the French voyageurs followed 

their example. 
The region back from Grand Portage Bay is the most rugged in 

:Minnesota, and the hills appear as mountains when viewed from a 
distance (Figure 106). This rugged topography is the result of com
plicated processes of erosion acting on rocks of varying degrees of 
hardness. The two main types of rocks over which the portage passes 
are Rove slate and diabase. The slate received its name from Roye 
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Lake farther west on the international boundary. The rocks of this 
formation actually vary considerably, but may be conveniently re
ferred to as slate. Later the region was much affected by volcanic 
activity, and great volumes of nlolten lava were injected as diabase 
sills and dikes into the slate. The slate is comparati,oely soft and, 
because of its structure, is easily eroded. The diabase, on the con
trary, is hard and massive and is eroded only with difficulty. Conse
quently the hills are usually diabase, often in the form of dikes, and 
the valleys are underlain by slate. 

As we study the contours of this region, we realize that the hills 
and the valleys have not been carved out to any great extent by the 
streams that occupy the land at present. For example, the conspicu
ous valley followed by the Grand Portage for its first three miles 
from Lake Superior has no stream in its upper part. There is no 
doubt, therefore, that the major topographic features of the area 
were developed in preglacial time. In other words, these valleys were 
cut by streams that drained the region before the great ice sheets 
advanced from the north and covered the entire country. As a rule 
the preglacial streams cut yalleys in the slate parallel to the sills 
and dikes of diabase, but some streams of the upper region flowed 
southward to Lake Superior along the great ,oalle~o follmved by the 
portage. 

The advance of the glacier partially filled this yalley with debris, 
and the hills were scraped bare of soil. vVhen streams began to flow 
again following the retreat of the glacier, they were often forced to 
follow new channels at places, while some of the prominent pre
glacial gorges and valleys were left without streams. 

The Gunflint Trail 

Our North Shore excursion has now reached the Canadian border 
and we must turn back. "We have skipped one major region near 
Lake Superior, however, and we will detour now to explore it briefly. 
This is the Gunflint Trail, the wilderness road through the Superior 
National Forest that leads deep into the Border Lake country-and 
stops. From Saganaga Lake, where the road ends, the great road less 
canoe country stretches north and west for hundreds of miles, with 
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pme forests, thousands of isolated lakes, and J\1innesota's and 
Canada's very oldest rocks exposed on eyery side. 

The Gunflint Trail starts at Highway 61 in Grand Marais and 
slowly ascends the bluff overlooking Lake Superior. About three 
miles from town the road suddenly breaks over the crest of the bluff 
and levels off toward the north over rolling, forested country. This 
terrain continues for about ten miles, until a large ridge looms up to 
signify a break in the nature of the underlying rocks. In a general 
way the different rock formations in Cook County trend east and 
west. The Gunflint Trail, therefore, cutting north from Lake Su
perior to Poplar Lake, crosses several belts of various rocks. The first 
is an extensive series of lava flows which extend to the ridge noted 
above. There the southern belt of the Duluth Gabbro is exposed; and 
in the ridge east of the road, there is a gradation from red rock 
granite on the south to gabbro on the north. The gabbro occurs in 
the large hill that lies between the highway and Northern Light 
Lake. 

Northward the road passes through hilly country with much 
gravel exposed in the road cuts. The gravelly and sandy soil sup
ports a vigorous growth of jack pine, which prefers this type of 
soil. The South Brule River flows in a shallow valley in glacial drift 
where it crosses the highway, and the same is true of the North 
Brule, although its valley is more pronounced. About a mile and a 
half farther north there is a conspicuous boulder bed that trends 
across the road. There is some question as to the origin of this con
centration of boulders. Perhaps a temporary stream washed away 
the finer material of the glacial drift, or possibly the rock accu
mulated as a sort of rock-glacier during the waning stage of the gla
cial ice. 

The name Misquah Hills has been given to a range of hills that 
lies south of Winchell Lake and north of Brule Lake in Cook 
County. These hills consist mainly of the "red rock" or granite 
which occurs in the Duluth Gabbro lopolith. The granite is resistant 
to erosion, and isolated hills or ridges are common. One point in 
the Misquah Hills southeast of the east end of Winchell Lake rises 
to 2230 feet above sea level, the highest known point in the state. 
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Figure 107. Map of part of the Border Lake region , northern Cook Co unLy and prov ince of OnLario, Canada. 



Figure 108. Aerial photo of elongated lakes in Rove slate (above broken line) 
and in Duluth Gabbro (below broken line). Cook County. 

(U.S. Forest Servi ce photograph .) 

Fig ure lOD. Hungry Jack (left) and West Bearskin lakes - typical of elongated 
lakes in R ove slate area. Diabase ridge between lakes. (Courtesy of 

:;\ fi nne ota D epar tment of Business R esearch and D evelopment. ) 

23'2 



NOHTHEASTERK :\II:\:\E:-;OT.-~ 

Hock exposures are not numerous along the highway from the 
Brule to Poplar Lake. At Poplar Lake the road turns westward 
and follows along the basal part of the Duluth Gabbro. Here ex
posures of this coarse-grained gabbro are numerous and form the 
small but sharp hills that give the road a roller-coaster effect for 
a distance of many miles past Poplar, Pope, Iron, and Loon lakes. 

We should notice that all of the lakes in this area are elongated 
east and west and are narrow in a north-south direction. This is 
because the structure of the gabbro and the slates in which the lake 
basins lie trends east and west (Figures 107, 108, and 109). Both 
stream and ice erosion have been deeper along the softer rock layers, 
forming depressions in which the lakes now rest. 

vVest of Loon Lake a side road leads northward to Gunflint Lake. 
which forms part of the boundary between the United States and 
Canada. West of Gunflint Lake the road passes over Cross River, 
and just beyond is a large outcrop of Gunflint iron formation. This 
formation contains much magnetite and is known to be a continua
tion of the Biwabik formation of the Mesabi Range. This outcrop 
has led to much exploration in the area, but so far no commercial 
ore has been discovered here. 

Northward the outcrops are all composed of granite. They are 
part of the large Saganaga granite batholith ,vhich extends oyer a 
large area in :Minnesota and a much larger area in Canada. This 
granite was formed deep underground during the Archeozoic era, 
the earliest of geological time, and is the oldest granite exposed in 
:\Iinnesota. The granite outcrops in this region are all that remain of 
a once mighty .Minnesota mountain chain, long since eroded down 
to these cores of granite. These granite outcrops continue to the end 
of the Gunflint Trail at Saganaga Lake. 

From Gunflint Lake eastward a belt of country of unique charac
ter extends along the international boundary to Pigeon Point, a dis
tance of over 50 miles. This area is underlain mainly by slate in
truded by sills and dikes of diabase, and the beds of both t~'pes of 
rock have been tilted southward about 10°. Erosion has carved val
leys in the slate leaving the diabase sills projecting upward as asym
metrical ridges, thus forming a sawtooth topography (Figure 110). 



Figure 110. Sawtooth topography resulting from inclined beds of 
slate intruded by resistant diaba e sill . Rove slate area. 

Alder Lake, Cook County. 

Figure 111 . Continental di vide between North Lake and South Lake on the Cana
dian boundary, northern Cook County. (U.S. Forest Service photograph .) 
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Figure 112. Diabase bluff. a result o{ erosion o f diabase sills in slate. South 
Fowl Lake on the Canadian boundary, Cook Co unty. (Courtesy of 

:Minneso ta D epartmenL of Busine. R esearch and D evelopm ent. ) 

The steep slopes are on the north side of the ridges, and the gentle 
slopes follow the general dip of the beds to the south. In the vicinity 
of Grand Portage, as we noted previously, large dikes trike acros 
the ridges formed by sills, and the topography is confused and 
rugged. 

A combination of glacial gouging and the deposition of glacial 
drift has resulted in many longitudinal depressions within the val
leys, and these are occupied by a series of long, narrow lakes (Fig
ures 107-109). Their sequence along the international boundary 
from west to east is Gunflint, North, South, Rose, Rove, Mountain, 
Moose, North Fowl, and South Fowl lakes. North Lake drains into 
the Rainy River and thence north to Hudson Bay, while South Lake 
drains into Lake Superior via the Pigeon River. The continental 
divide for two large drainage systems thus lies between them, on a 
narrow neck of low land between the two lakes (Figure lll) . 

Other well-known lakes to the south in Cook County include 
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Loon, Birch, ]\I[oss, Duncan, Daniels, West Bearskin, East Bearskin, 
Hungry Jack, Flower, Aspen, Clearwater, Caribou, Alder, East Pike, 
'Yest Pike, Pine, McFarland, and many smaller lakes, Erosion of 
the inclined diabase sills has developed some rugged topography in 
this area (Figure 112). The Duluth Gabbro was intruded above the 
slate, and other elongated lakes have resulted from the banded 
structure in the gabbro (Figure 108) because certain bands were 
more easily eroded. 

CaJ'lton County and Jay Cooke Park 
Carlton County is a natural geological unit as well as a geo

graphical one because most of the outcrops of the Thomson slate 
formation occur within its boundaries. The age of this formation is 
not known with certainty, but it probably belongs to the Knife 
Lake group (see p. 101). Exposures of this slate and associated 
rocks are particularly numerous along the St. Louis River, where 
several miles of the scenic gorge below the Thomson Dam have been 
set aside as Jay Cooke Park. The northeastern corner of Carlton 
County is crossed by the St. Louis River, but more of the region is 
drained by the Nemadji River, which flows into Lake Superior. 
Other large areas in the county are drained by the Prairie and 
Kettle rivers of the Mississippi River basin. 

The surface of Carlton County varies from flat to hilly, mainly 
as a result of unequal deposition of glacial drift. In general the drift 
is not thick. and the streams have exposed bedrock at many places. 
These exposures indicate that practically all of the county is under
lain by the Thomson formation, which consists of slate and impure 
quartzite, or graywacke, beds. 

The slate beds were formed from original deposits of mud which 
were first compacted into shale at an early stage in their career. 
Later, when deeply buried under more sediments, the shales were 
converted to slate by diastrophic heat, pressure, and movement, all 
of which caused metamorphism of the rock minerals and the devel
opment of a parting, or slaty cleavage, in the rocks. The under
ground pressure and movement caused the slate and graywacke 
beds to fold and fracture, so that their strata are rarely horizontal 
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Figure 113. Inclined gra) wacke beds along the ea t bank of St. 
Louis Ri" er opposite Cloquet, Carlton County. 

but instead dip to the north or south at various angles (Figure 113). 
Some time after the original deformation, masses of molten rock 
forced their way into fractures in the beds, or pushed the beds aside. 
On cooling, these intrusions formed the black diabase dikes that 
may be observed at places on the floor of the St. Louis River when 
water is not flowing over the spillway of the dam. 

Glacial ice moving over this area has scoured off the ridges of 
graywacke and, in some cases, harder slates, giving them a charac
teristic rounded shape. The early French explorers called these 
rock forms roches moutonnes from a fancied resemblance to a sheep's 
back (Figure 114). Such forms are typical of rocky areas that have 
been covered by glaciers, and scratches on the rock surface usually 
show the direction of ice movement. 

The most interesting area in Carlton County is Jay Cooke Park, 
with its 3000 acres of wooded and rugged land along the St. Louis 
River from the village of Thomson to the Duluth city limits. Many 
geological features may be seen along the bed of the St. Louis below 
the dam that diverts the water to the power plant (Figure 115) . 
The rocks exposed along the river consist mainly of slate and quart
zite, and directly below Thomson Dam these beds have been folded 
in their characteristic way 0 that they stand at varying angles. 
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Figure 114, Roche 7noutonne forming an island in Thomson 
R eservoir, typical of many ridges of graywacke and slate in 

the Carlton area, Carlton County, 

Another small fold is well exposed beneath the west pier of the 
bridge at the entrance to the park. North of the highway and west of 
the bridge there is a large white quartz vein that was evidently de
posited by hot solutions injected along fractures in the slate, Assays 
have shown traces of gold in the quartz . It is not clear just how 
such a large vein was intruded here, but possibly the force of the 
crystallization of the quartz pried the walls of the rock apart and 
made room for the vein. 

Close observation of the Thomson slate of this region shows that 
it always has a well-developed parting or cleavage (Figures 41 and 
42) . Under the microscope we can see that this cleavage is caused 
by the parallel orientation of minute mineral grains in the rock. The 
cleavage is in turn cut crosswise by many fractures called joints 
(Figures 41 and 116) . These features may be obsen'ed in most of 
the outcrops in Jay Cooke Park and along the streets of the town of 
Carlton. 

Diabase dikes in the slate may be best observed in the vicinity of 
the park footbridge across the river. One extends from beneath the 
north end of the bridge somewhat west of south and across the 
river bed just east of the rock island. A double dike crosses the 
river bed about 400 feet east of the footbridge. The we t dike is 65 
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Figure 11 6. Joints intersecting a bedding plane of graywacke. 
St. Loui s River Valley, Carlton County. 

feet wide and the other, about 50 feet to the east, is 10 feet wide . 
About 250 feet farther east is another dike about 100 feet wide. Sev
eral other dikes occur downstream around the bend in the channel. 

In following the river downstream from the west entrance of the 
park, we notice that at most places the river tends to flow parallel 
to the strike, or exposed edge, of the slate and graywacke beds that 
form a series of reefs in the river channel. This tendency is clearly 
a result of the ease of erosion of some of these beds, which then 
formed reefs and channels that guided the water parallel to their 
trend. Cross joints have guided the erosion of narrow channels from 
one depression to another (Figure 116) . 

Near the center of the park the slate expo ures end abruptly, and 
the river flows in a broader gorge with red clay banks. This red clay 
was deposited in Glacial Lake Duluth during the centuries that it 
flooded the St. Louis River Valley nearly to the west entrance of 
the park. The clay is very plastic when wet and landslides often 
develop in it. The park road, in its lower course, thus requires con
stant maintenance to haul away the clay that slides from the walls 
of the cuts and ob tructs the road during the spring breakup or 
during heavy rains. 
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The han Ranges 
From Carlton County to the Mesabi iron range we travel north

west on Highway fl to the town of Grand Rapids at the western tip 
of the Mesabi Range (Figure 117). Northeast from Grand R apids 
we will presently see some of the greatest concentrations of iron any-
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Figure 117. Map showing di stribution of iron ranges (black) and main line ' 
of magnet ic attraction (do ts) in :\Iinnesota. 
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, .. here on the earth's surface; but we should realize first that the 
various iron ranges in Minnesota and throughout the world are by 
no means the only places where iron is to be found. In fact, iron is 
the second most abundant metal found in nature, where it forms 
about 5 per cent of the earth's crust. It is nature's most common 
pigment. The red, pink, orange, brown, and green colors in rocks 
and soils are caused mainly by iron compounds, and often only a 
trace of these compounds is needed to produce conspicuous colors. 

Iron occurs in nearly all kinds of rock and mineral deposits, but 
its ores are concentrated in small and widely scattered areas. By 
far the most important single class of iron ore deposits is the ore 
associated with sedimentary rocks, but there are also several large 
deposits which occur in igneous rocks. Iron-bearing rocks are not 
called "ore" unless the iron occurs in sufficiently high concentra
tions to make its extraction profitable. The average iron ore mined 
in Minnesota today is approximately 50 per cent iron; but taconite, 
the rock that will be the source of much iron in the future when 
high-grade ores are exhausted, contains only 'to to :W per cent iron. 

Iron ore occurs in the taconite only in restricted zones where most 
of the silica-another name for the mineral silicon dioxide-has 
been leached out of the taconite by waters circulating through cracks 
and fissures in the rocks. If the Biwabik iron formation, which is 
the heart of the Nlesabi iron range, were exposed to view by the re
moval of the glacial drift for the entire length of the range, not more 
than 10 per cent of the area of the formation would be found to con
tain enriched ore. The remaining 90 per cent or more would be some 
form of taconite. In general, an original thickness of 100 feet of 
taconite when leached of silica forms about 65 feet of concentrated 
ore. 

The ores of the :Mesabi Range have been mined mainly by open 
pits rather than by underground mining. This has been possible be
cause the deposits occur at and immediately below the rock surface 
beneath the glacial drift. The gentle dip of the formations has ex
posed a wide zone of the Biwabik formation to the natural processes 
of concentration, thus leaving a wide blanket of ore that could be 
mined by remoying the glacial drift and then the ore (Figure 118). 
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Figure 118. Western part of the Hull-Rust open-pit iron mine, Mesabi Range. (Courtesy of Oliver Iron Mining Co.) 
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The :Mesabi Range has long been the world's largest source of iron 
ore. In recent years it has consistently produced about one-third of 
the iron used throughout the world. In the nine years from 1941 

through 1949 an average of 57,553,000 tons of ore was shipped an
nually from the Mesabi district, and in 1942, the year of all-time 
maximum production, shipments reached 70,280,000 tons. That 
year the total for the entire United States was 105,311,000 tons. 

The localization of such great quantities of iron ore in one small 
district may appear to be almost incredible, but a combination of 
geological processes led to the formation of an environment in which 
this concentration was possible. As we saw in Chapter 5, a very long 
interval of geological history preceded the deposition of the iron
bearing formation. A study of the age relations of the rock formation 
along the north side of the range and on the range itself enables us 
to reconstruct this long and dramatic series of geological episodes 
that produced the rich iron ores of the Mesabi district. 

1. First, in the earliest years of the earth, came the outpouring of 
the lava that formed the Ely greenstones. The metamorphosed lavas 
of the greenstone are exposed over large areas in the .Mesabi region 
between Virginia, Eveleth, and Gilbert. 

2. Next there occurred the deposition of a great thickness of muds 
and sands, probably some marine and some in inland lakes and val
leys. These sediments, along with volcanic ash and other material. 
became cemented and compacted into the Knife Lake slates, more 
than five thousand feet thick. Today these rocks are intensely folded, 
and the folds are deeply eroded. Excellent exposures in which these 
strata stand at an angle of nearly 80 0 occur along the highway be
tween Virginia and Gilbert. 

3. Then came the intrusion of the Giant's Range granite batho
lith and its associated igneous rocks. The mass of magma that 
formed this granite was intruded into the Knife Lake slates and 
older formations at great depths below the surface. At the time of 
this episode the slates were thrust upward into a great system of 
folds of mountainous proportions, which we call the Algoman Moun

tains . 
..t. The next major geological event in the :Mesabi Range regIOn 
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was a tremendously long period of erosion. The length of time Jll

volved is indicated by the fact that the mountainous folds of slate 
were eroded down low enough to expose the granite core of the 
mountains before the next, or Animikian, series of rocks was de
posited. 

5. A sea of the Animikian period now covered the region and 
deposited the sand and gravel that formed the Pokegama quartzite. 
This formation rests on the eroded surface of the Ely greenstones, 
the I~nife Lake slates and the Giant's Range granite. 

s 

Figure 119. Diagrammatic cross section of an iron ore body on the :Mesabi 
Range. (After Oliver Iron Mining Co. diagram.) 

N 

6. The sea became clearer and new chemical sediments were 
precipitated and deposited to form the Biwabik iron-bearing forma
tion (Figure 119). The iron and silica in these sediments were in 
solution in the waters of the inland sea. Most of the iron was pre
cipitated in the form of carbonates and silicates. These minerals 
became enmeshed in a matrix of very fine-grained silica that was 
deposited as a gelatinous mass. This mass later became consolidated 
into a rock known as chert. The cherts that contain an appreciable 
amount of iron are commonly called ferruginous cherts, and taconite 
is a variety of this rock (Figure IflO) . Some varieties of chert con
tain structures believed to have been formed by remains of algae 
(Figure 1 fll ) . 

7. The next step was the deposition in the Animikie sea of the 
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Figll1'e 1 ?G. Drill cores of taconite, :i\Iesabi Range. 

clayey muds that formed the Virginia slate. These fine-grained 
ediments are several thousand feet thick and at one time extended 

northward at least as far as the Giant's Range. The sea retreated 
after the deposition of these muds. 

8. An erosion interval followed, during which sediments were de
posited south and east of the Mesabi Range prior to the extrusion of 
the lavas of the Lake Superior region. 

9. Now began the outpouring of hundreds of lava flows in north
eastern Minnesota and the intrusion of the Duluth Gabbro. Toward 
the east end of the Mesabi Range the heat from the gabbro magma 
recrystallized much of the iron in the Biwabik formation to mag
netic iron oxide. As a result of this recrystallization a high percent
age of the formation is now magnetic taconite. During this period 
of extrusive and intrusive volcanism the Lake Superior basin was 
depressed, and the deformation caused a tilting toward the south
east of all of the rock formations of northeastern Minnesota, in
cluding those of the Mesabi Range. 

10. After the rocks of the Mesabi Range were tilted toward the 
Lake Superior basin, there followed a period of roughly 500 million 
years during which the dominant process in northern Minnesota 
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Figure 121. Algal structures of upper cherty division of 
the Biwabik formation, M esabi Range. Natural Size. 
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was erosion. At a relatively early time during this period. the Bi
wabik formation was exposed on the earth's surface by erosion; and 
at favorable locations where water could circulate through it. much 
of the silica was leached out, leaving the concentrations of iron 
oxide that are the iron ores. 

11. During this long period of erosion there was a minor invasion 
by the sea during Cretaceous time, and pebbles of iron ore accumu
lated locally to such an extent that they have been mined as ore . 
At places Cretaceous fossils have been found in considerable abtU1-
dance. 

So ends the complicated story of how the :Mesabi iron ores were 
formed. The glacial drift was the only later covering of the Biwabik 
formation, and once the formation was discovered it was easy to 
scrape away the drift and scoop the iron ore out of open-pit surface 
n1U1es. 

Conspicuous differences in the color of the ore are evident to any
one who looks into the large, open-pit mines on the Mesabi Range. 
The e color differences are due to variations in the mineral compo
sition of the ore, and these variations are in turn related to dif
ferences in the character of the rock from which the ore was derived . 
The Biwabik formation is not of uniform composition throughout 
its entire thickne s (Figure 119) . Its average composition has been 
g iven as follows: 

Silica (SiO~) 

Aluminum oxide (AI20 3 ) .. 

Iron (Fe) 
Phosphorou (P) 
Oth er chemical substances 

Total 

Per Cent 

58.70 
.54 

25.71 
1.96 

1~~.09 

100.00 

Some parts of the formation are thin-bedded and break easily 
along the bedding planes (Figure 39) . Such rock is called slaty taco
nite even though no slaty cleavage has been developed. On fresh 
urfaces it is generally dark green, gray, or black in color. Other 

units in the formation are compo ed of massive, thick-bedded chert 
without conspicuou banding. Such cherty taconite has a granular 
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texture and consists of light gray or white chert \vith sufficient iron 
0xioe to give it a light brownish color. 

The bright red and bright yellow ores are deri,"ed from the slaty 
members of the formation, whereas the dark brown and bluish
hlack ores represent concentrations in the more massive chert. The 
dark color suggests the mineral magnetite, but closer observation 
re,"eals that the ore is granular, and when the granules are crushed 
or pulverized they produce the red powder characteristic of hema
tite. These granules were once magnetite in magnetitic taconite, but 
during the process of leaching and concentration the magnetite was 
oxidized to hematite, which has retained the shape of the magne
tite grains. 

Toward the west end of the range many of the ore bodies, or con
centrations, contain considerable silica in the form of white, sugary 
chert that has been disintegrated but not leached from the ore. Be
cause of the differences in weight between chert and the iron oxides, 
the chert can be separated from the iron minerals by artificial means. 
Thus in the huge washing plants near Coleraine low-grade ore is 
treated to eliminate undesirable material before it is shipped east 
to the steel plants. 

From the "Mesabi Range region our route takes us northeast along 
Highway 169 to join Highway 1 on the Vermilion iron range. The 
Vermilion Range lies in St. Louis, Lake, and Cook counties (Fig
ure 117). The zone over which the iron-bearing rocks occur is from 
fi,"e to fifteen miles wide, but the concentrations of ore are in the 
regions of Tower and Ely. 

The topography of the area is characterized by rock ridges with 
many steep bluffs and by numerous rock-basin lakes in the inter
yening depressions. Vermilion I~ake and Burntside Lake are out
standing examples of such rock-bound lakes, and both are studded 
with numerous islands of solid rock. The ridges usually stand about 
200 feet above the lakes, but Jasper Peak, near Tower, rises nearly 
350 feet above Vermilion Lake, with its crest 1710 feet above sea 
level. A lookout tower constructed on the top of the peak by the For
estry Department reaches nearly 1800 feet above sea level, and the 
view from the observation booth at the top of the tower is a most 
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Figure 122. Schematic cross section of an ore body, Vermilion Range, 
St. Louis County. (After Oliver Iron Mining Co. diagram.) 
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nnposmg one. Tower Hill, Lee Hill, and Soudan Hill may all be 
seen as conspicuous monadnocks, or isolated rock mounds, on the 
old Laurentian peneplain; and to the north and west Vermilion 
Lake can be seen stretching away for nearly 30 miles. 

The presence of iron ore in the Vermilion district was known 
more than a hundred years ago, but it was not until 1875 that ex
ploration for iron became active, and the first ore was shipped in 
1884. The Vermilion Range iron comes from the ancient Soudan 
iron formation, the second oldest group of rocks formed in J\lIinne
sota. These rocks and the story of their development are described 
in Chapter 5. The iron-bearing Soudan formation is not a single, 
large, extensive formation like that of the Mesabi Range but con
sists of lenses-isolated, lentil-shaped deposits-of relatively small 
dimensions. The largest ones are several miles long, but they are 
very intricately folded and have pinches and swells that may change 
their widths within very short distances. The rock is a conspicu
ously banded ferruginous chert commonly called jaspilite (Figure 
46). Some of the bands are bright red and others are light gray to 
black. Because of these color differences, the folds in the rocks stand 
out distinctly, but at some places the folding is so close and compli
cated that it is difficult to interpret the structure with any degree 
of certainty. 

The ore bodies are as irregular in shape as the formation itself 
(Figure 1:2:2). At Tower and Soudan the ores are mostly hard, dense, 
bluish hematite and yield an exceptionally high-grade material. At 
Ely much of the ore is soft, red hematite, and the ore bodies extend 
to great depths. All of the mines at Ely are in one large syncline or 
depression in the earth's surface, which pitches toward the north
east and is flanked and floored with greenstone. At Soudan the 
jaspilite beds stand practically vertically, and individual ore bodies 
thus extend downward to a considerable depth. They are narrow 
horizontally, however, so mining, except in the early years, has 
been by underground methods. 
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NorthzoesterJl Minnesota 

OUR next geological excursion takes us west from the iron range 
country into northwestern :Minnesota and the expansive prairie 
region that was once the floor of Glacial Lake Agassiz (Figures 9 
and 123). To the east of this wide prairie is a zone of rugged morainic 
hills which form the continental divide between drainage into the 
Mississippi basin and drainage to the north into Hudson Bay. The 
flat prairie is commonly referred to as, the Red River Valley area, 
but about 20 miles southeast of Crookston the prairie boundary 
leaves the river valley and makes an abrupt eastward turn, con
tinuing eastward past the south side of Red Lake and on across 
Koochiching County into St. Louis County as far as the valley of 
Little Fork River. It then turns northward and enters Canada to 
the east of Lake of the vVoods. Much of this eastward extension is 
poorly drained swampland, the so-called "Big Bog." 

The extinct glacial lake known as Lake Agassiz occupied a tempo
rary natural basin to the north of the continental divide in Minne
sota, northeastern South Dakota, and eastern North Dakota. In 
Minnesota the divide lies along a general line from the village of 
Donnelly to Graceville and westward to the south end of Lake 
Traverse (Figure 125). From there it extends into South Dakota be
tween Little Minnesota River and Jim Creek. The land both east 
and west of Lake Traverse is higher than that to the north. and even 
in preglacial times this region drained northward. 
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Figure 123. Sketch map showing Glacial Lake Agassiz and the icecap that 
blocked drainage to Hud on Bay. (After Young.) 

During the last substage of the last glacier - called the Wiscon in 
glaciation- a great lobe of ice extended from Canada southward 
across western Minnesota and eastern North Dakota (Figure 74). 
The high land of the Coteau des Prairies caused it to separate into 
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two smaller lobes, the eastern one of which extended south as far as 
central Iowa and is commonly referred to as the Des Moines lobe, 

During the retreating stages of this Des Moines lobe a series of 
recessional moraines was formed. When the ice stood at the posi
tion indicated by the moraine that lies south of Ortonville, the water 
from the melting ice still flowed toward the south and east, forming 
the Glacial River Warren (Figure 123). This great torrent of glacial 
water carved out the valley of what is now the Minnesota River. 
Soon the ice front melted back again, however, reaching a position 
near Graceville and about five miles southeast of \Vheaton, where 
it formed another moraine. The glacial meltwaters were then con
fined on the south by the moraines that are now the continental di
vide (Figure 124), and by the ice front to the north. Thus the water 
was dammed up, and the lake that was formed increased in size and 
depth with the melting away of the ice toward the north. By the 
time the rugged moraine was formed on which the city of Fergus 
Falls is no,,' located, this Glacial Lake Agassiz was a sheet of water 
covering approximately 5,000 square miles. It was at this time that 
the Herman and Milnor beaches, the highest of a series of glacial 
lake beaches, were formed (Figure 125). 

\Vith fluctuations in climate, the ice front receded during warmer 
periods and halted to form moraines during cooler periods. Some
times after moraines were formed they were later completely cover
ed by the water of the expanding lake, while other moraines were 
high enough to stand as islands above lake level. By the time the 
ice had retreated as far as the area between Moorhead and Crooks
ton, the water was two hundred feet deep in the Fargo region and 
at least one hundred feet deep at Breckenridge and Wahpeton. When 
the water reached this level it began to flow over the lowest point 
of the south rim of its basin. This point was an old channel in which 
Lake Traverse now lies (Figure 132). Thus the outlet of Glacial 
Lake Agassiz to the south was established, and Traverse Gap began 
to be cut across the continental divide between the Red River Val
ley and the Minnesota Valley. The village of Browns Valley is now 

located on the floor of that gap. 
The area of Glacial Lake Agassiz increased as the ice front melted 
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Fig1tre 124. Map showing distribution of end (terminal) moraines of i\fimlesota. 

northward. When the ice eventually melted away from the mouth of 
the Nelson River, which drains Lake Winnipeg northward into Hud
son Bay, the distance from Lake Agassiz' southern end at the pres
ent Lak,e Traverse to its northern tip near Hudson Bay was more 
than 700 miles (Figure 123). At that stage it covered approximately 
110,000 square miles, or an area greater than the combined area of 
the present Great Lakes. Upper and Lower Red Lake, Lake of the 
Woods, and Lake Winnipeg still occupy a part of the old lake bot-
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tOlll, lying in cleeper basins on the floor of the now long extinct 
glacial lake. 

The depth of the water in Lake Agassiz was undoubtedly greatest 
along the ice wall, which formed the northern shore of the lake. The 
positions of the beaches northeast of Lake Traverse indicate that 
the lake was, as we mentioned above, at least a hundred feet deep 
at Breckenridge when it began to discharge over the continental di
yide at Browns Valley. If we take into account the northward slope 
of the floor of Lake Agassiz, we must conclude that the lake was 
from 600 to 700 feet deep along its north margin when the moraine 
hills east of Lake Winnipeg were formed. The drift in this moraine 
was deposited in such deep water that it was not disturbed by wave 
action as were glacial sediments in shallower water farther south. 

Rivers also brought great amounts of sand and silt into Glacial 
Lake Agassiz, some of which were deposited in the form of deltas 
near the lake shore. Three large deltas were formed on the west side 
of the lake in North Dakota and two smaller ones on the east side in 
2\Iinnesota. These deltas all bear the names of the streams by which 
they were formed - the Sheyenne, Elk, and Pembina rivers in North 
Dakota and the Buffalo and Sand Hill rivers in 'ylinnesota. These 
deltas and lake sediments are now the subsoils of the farms in the 
Red River Valley region. 

The Red H.iver of the North is a young, new stream. It is no 
more than a few thousand years since Glacial Lake Agassiz was 
drained and the river formed along the axis of the lake floor. Be
cause of its very Imv gradient, the river meanders in a tortuous 
course through the mud of the lake bed. For this reason its banks 
are steep and crumbling. Its tributaries, also, are so young that 
many flow in steep-walled, V-shaped gullies, especially in the area 
upstream from Breckenridge. There are no rock outcrops in the 
Red River Valley, but drilling for water has revealed bedrock at 
many places at depths Y<1l'ying from 250 feet to 500 feet. "~hereyer 
bedrock has been reached, it has been found to consist of thin layers 
of Cretaceous shales resting on pre-Cambrian granites, slates, and 
schists. Thin beds of Ordovician limestone occur oyer the granite in 
Kittson County. 
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There are very few lakes other than oxbows in the valley because 
the sediments that were deposited on the floor of Glacial Lake 
Agassiz were reworked by waves as the lake level was being lowered 
by drainage into Hudson Bay. Such wave action tended to fill the 
irregularities on the floor of the lake with sand and silts, and con
sequently there are no depressions to serve as lake basins. Several 
depressions covering large areas on the floor of the lake have not 
yet been drained, however, and North Red Lake, South Red Lake, 
and Lake of the Woods are all remnants of Lake Agassiz. 

As the level of Glacial Lake Agassiz was lowered by the down
cutting of its outlet at the south end of Lake Traverse, a belt of land 
along the shore was exposed and part of the lake floor became land. 
Such newly exposed areas were marked by ridges of sand and gravel 
that paralleled the shore. These represented ancient beach ridges or 
offshore sand bars piled up by the waves of the lake. Each time the 
level of the lake became lower and the shore line in Minnesota 
movf'd westward toward the Red River, the waves beat upon the 
shores at a lower level and a new beach ridge was built up. 

In this way a series of beaches was left, forming a succession of 
benches or steps, each one marking a lower level of the lake. The 
beaches are named for the towns that have since been built on or 
near them. Herman Beach, near the outlet at Lake Traverse, is the 
highest and about 90 feet higher than the McCauleyville Beach 
north of Wahpeton, which is the lowest. These beaches rise gradually 
northward. Since they were formed at the water's edge and must, 
therefore, have been level when deposited, their present slope in
dicates that the earth's crust has been tilted during and since the 
time of their formation. 

East of the Lake Agassiz basin, in the area of southeastern Polk 
County and the White Earth Indian Reservation in Mahnomen 
County, the general elevation is several hundred feet above the old 
lake bed, with a total altitude of some 1~~5 feet. Still farther east 
the morainic hills of these counties rise to more than 1500 feet above 
sea level. Thus the same glacier that left northwestern :Minnesota a 
flat prairie built much of the central part of the state, which we shall 
visit next, into a region of notable hills and hollows. 
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North and West Central jJ;[inuesota 

THE north and west central parts of Minnesota are often referred 
to as the Lake Park region or the state (Figure 87). This area is 
ramous lor the picturesque lakes and hills that occur in its rugged 
terminal morainic topography (Figure 77), though many or its irreg
ularities are due to postglacial erosion. In places the lllorainic tracts 
are interspersed with till plains and outwash plains, and lllany of 
the smaller lake basins are undoubtedly ice-block holes or pits 
formed by the melting of blocks of ice that had been buried by the 
drift or by earlier outwash. 

The morainic topography of this area owes its origin to two dif
ferent ice sheets, both of Wisconsin age, when the last glaciation 
occurred. The older group of moraines is called the St. Croix moraine 
system. These hills are composed of red glacial drift deposited by 
the ice of the Patrician ice sheet (Figure 124). The second and 
younger group of moraines, called the Bemis-Altamont-Gary mo
raine system, is composed of gray drift deposited by the last im'asion 
of the Keewatin ice lobe. 

The St. Croix morainic system is conspicuously developed from 
northern Wright County northward across Stearns, Todd, and Mor
rison counties. In southern Cass County its northward extension is 
overlain by the younger gray drift. The red drift of the St. Croix 
moraines is exceptionally stony throughout the entire area. Cob
blestones and pebbles as well as boulders abound on the surface, and 
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local road cuts are thickly set with them. The matrix of the drift 
is generally so loose in texture and poorly cemented that water 
penetrates it easily and quickly, thus allowing a great part of the 
rainfall to be absorbed. For this reason many of the shallow lake pits 
and basins never fill with water high enough to overflow their rims, 
and consequently surface drainage streams are poorly developed. 

The map in Figure 124 shows a wide zone of terminal moraines, 
the moraines that mark the farthest advance of a glacier, from 
:Meeker and Kandiyohi counties northwestward across Pope, Doug
las, Otter Tail, and Becker counties, and from there eastward across 
Hubbard County and into Cass County to the south of Leech Lake. 
This is the Bemis-Altamont-Gary moraine sy"tem. Hundreds of 
lakes of all sizes and shapes, together with prominent knolls and 
ridges, characterize this morainic belt. In fact, it includes some of 
the most rugged topography in the state. One especially scenic zone 
is known as the Leaf Hills, a term applied to the hills in Otter Tail, 
Becker, and Douglas counties (Figure 77). Some of the highest hills 
in this area reach an altitude of 1700 to 1800 feet above sea level. 

In Cass County, from Tenmile Lake eastward along the south 
shore of Leech Lake, the gray drift of this morainic system overlaps 
the red drift of the St. Croix system of moraines that extends into 
this region from the south. In some places the gray drift is only a 
relatively thin veneer over the red drift, but elsewhere - the prom
ontories that project into Leech Lake, for example - the moraines 
are composed entirely of gray drift. 

An extensive sandy plain occurs in the area between the St. Croix 
moraine system and the Bemis-Altamont-Gary system in Wadena 
County and parts of adjoining counties. This plain slopes to the 
south and east and is drained by the Crow Wing River and its trib
utaries. Since it extends eastward to the western margin of the St. 
Croix moraine near Pillager, it undoubtedly represents the floor of 
a former ice-dammed lake that came into being along the western 
margin of the glacier during the time that the St. Croix moraine 
was being formed. The waters of the eastward-flowing Crow vYing 
River were thus ponded by the ice. A study of the topography of 
the south rim of this temporary lake basin indicates that the lake 
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water stood as much as 130 feet deep. Since it covered a large part 
of Wadena County, it has been named Lake Wadena. 

Another large sandy plain of glacial outwash occurs to the north 
of the Bemis-Altamont-Gary moraine in southern Beltrami County 
and in western Cass County. The most impressive surface features 
of this area are its large lakes, of which Bemidji Lake, Cass Lake, 
and Winnibigoshish Lake are typical. Each of these lake basins, 
now serving as reservoirs along the Mississippi River, is an ice-block 
pit or basin, a type of lake we have discussed in Chapter 2. As the 
ice retreated from the Bemis-Altamont-Gary position, it left blocks 
of stagnant ice buried in the glacial till (Figure 17). These were 
]ater covered by outwash carried by the meltwater streams coming 
from the Big Stone moraine position. When the buried ice blocks 
melted, depressions resulted which later filled with water to form 
the lakes. 

A goud place to see the relations between outwash and glacial 
drift is a steep cliff on the northeast shore of Bemidji Lake. Here 
about fifteen feet of outw'ash are exposed in a position directly over
lying the glacial till. Since the till lies under the outwash sands and 
gravels, it is only logical to conclude that it was deposited first. As 
the glacier retreated, a huge block of stagnant ice that became sepa
rated from the main ice mass was caught in the till. It soon became 
completely covered by the outwash sands and gravels washed from 
the Big Stone moraine; and when the ice finally melted, the out
wash material came to rest on the till. 

A topographic feature of unusual glacial origin is the long, sinuous 
ridge that separates Sandwick Lake from Coon Lake in Scenic State 
Pnrk in northeastern Itasca County. This ridge begins one-quarter 
mile north of the park headquarters on the west side of Sandwick 
Lnke and continues northward for nearly a mile, where it ends 
abruptly. Boulders are strewn along the top of the ridge, which rises 
as much as 60 to 70 feet above the level of the lake and is covered 
with a stand of virgin Norway pines. This long ridge, known as 
Chase Point, is a typical example of a glacial esker, the name given 
to a deposit of sand and gravel that accumulated on the floor of a 
stream that tunneled through or under the ice (Figure 78). 
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Pigure 121:i. Pines Trail, Ita ca 
State Park, Clearwater County. 
(Courtesy of Minne ota D epart
ment of Bu iness R esearch and 
D evelopment .) 

In another stand of vlrgm pine forest (Figure 126), about 200 
miles to the northwest of the Twin Cities, lies Lake Itasca, which 
probably has become known, at least by name, to as many people 
on this continent as any lake in the world. Its special fame derives 
from the fact that it represents the headwaters of the 1ississippi 
River. There has been considerable discussion as to the true source 
of the river, but it is mainly a question of geographical definition 
and individual curiosity. A survey conducted under the auspices of 
the Minnesota Historical Society satisfactorily closed the discussion 
with the conclusion that although Lake Itasca, at an altitude of 
1475 feet, may be accepted as the source of the Mississippi (Figure 
127), there are several other small streams that flow into the lake; 
and if the highest source is sought, that honor would fall to Nicollet 
Creek, which rises several miles south of Lake Itasca. 

One might even question Nicollet Creek as the ultimate source of 
the river, for the creek is fed by smaller streams that are lost in a 
labyrinth of marshes and swamps. Furthermore, there are a number 
of small lakes in the vicinity that have no surface outlets but lie 
from 20 to 60 feet above the level of Lake Itasca. These lakes un
doubtedly drain into Lake Itasca through subsurface streams or 
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Figure 127 . H eadwaters of the Mississippi River at Lake Itasca. Clearwater 
Counly. (Courlc ' y of Minneso ta D epartment of Con ervation.) 
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Figure 128. lVlississippi River near Grand Rapids, Itasca County. 
(Photograph by Kenneth :\1. Wright.) 

underground seepage. When these facts are taken into consideration, 
we can readily see that the real source or beginning of the Father of 
Waters has not been established. In any event, the upper Mississippi 
River begins in a modest way and flows for some distance in a small 
and shallow valley. 

Itasca State Park has been established in the headwaters region 
of the Mississippi River. Its area is slightly greater than 1300 square 
miles and most of it is located in southeastern Clearwater County. 
The maximum topographic relief of the park area is slightly les 
than 300 feet, but many isolated hills rise to altitudes between 1500 
and 1700 feet above sea level. These include Nicollet Heights (1669 
feet ), Alton Heights (1675 feet), and Tornado Hill (1525 feet). 

If we follow the course of the Mississippi from Itasca Park, we 
are led north and east in an unhurried semicircle as the small river 
passes through its various reservoir lakes-Bemidji, Cass, Winnibi-
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goshish, and other smaller lakes. The Mississippi turns southw[lrd 
past Grand Rapids in a valley that is still narrow and in general not 
very deep (Figure 12S). North of Aitkin it has developed wide 
meander loops as it flows over the level floor of Glacial Lake Aitkin 
(Figure IS), but by the time it reaches Brainerd it has eroded [l 
distinct gorge through the rugged topography of a glacial moraine. 
The only large tributary of the Mississippi in this region - called 
the Cuyuna region for the Cuyuna iron range-is the Crow W·ing 
River, which empties into it from the west about ten miles below 
Brainerd. 

There are no rock outcrops in the Cuyuna region, and the topog
raphy is entirely a result of glacial action. The area is predominant
ly morainic, but there are also several extensive, sandy outwash 
plains that are level or gently undulating. Although the :\lississippi 
River flows through the district, the drainage is still very imperfect. 
Lakes are abundant, especially in the eastern part of the region in 
the Mille Lacs and Kimberly moraines. The number of lakes de
creases toward the southwest, where outwash plains predominate 
over moraInes. 

Mille Lacs Lake, one of the largest in the state, is a typical ex
ample of a lake basin formed by a morainic dam (Figure 129). The 
natural drainage of the area is toward the south and west, but the 
large Mille Lacs moraine formed a barrier to drainage in those direc
tions, thus ponding the water of the lake behind the moraine. An 
unusual feature of the lake is the occurrence of boulder islands, 
from which all finer material has been washed by the high waves 
that often sweep across the lake's broad expanse (Figure 130). 

The presence of iron ore in the Cuyuna Range region (Figure 117) 

was suspected long before its actual discovery. Field notes of land 
surveyors who worked in the region shortly after the Civil \Var 
mention marked variations in magnetic attraction in central Crow 
Wing County. Areas of abnormal attraction began to be mapped in 
detail about IS90, but iron-bearing rocks were not actually discov
ered until 1903. The reason for the delay in discovery was the ab
sence of rock outcrops in the region, for the entire area is covered 
with a mantle of glacial drift. 
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Figure 129 . Sketch map showing terminal moraine dam stippled that is 
responsible for ::\lille Lacs Lake, Mille Lacs County. 

The belts of iron-bearing rocks, as now outlined by detailed ex
ploration and mapping, extend southwestward from the central part 
of Aitkin County through Crow Wing and Morrison counties into 
eastern Todd County. The present ore-producing part of this belt is 
in Crow Wing County in the region of Crosby and Ironton. The 
rocks have been much folded and some beds stand nearly vertically 
(Figure 131), a sharp contrast to the gently dipping rocks of the 

Mesabi Range. 
The rocks of the Cuyuna district can be grouped into three major 

classes: (1 ) iron-bearing sedimentary cherts and slates interbedded 
with metamorphosed igneous rocks; (2) intrusive igneous rocks; and 
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Fi[!tlTe 130. Boulder island in l\lille Laes Lake. The finer material has been swept away 
by large waves. (Photograph by Kennelh 1\1. Wright.) 
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Ferro Merrit No2 

Figure 131. Diagrammatic cross ection of Cuyuna Range ore bodies. 

(3) younger sediments that lie horizontally on the eroded surfaces 
of the older rocks. 

The age of the various Cuyuna rocks is not definitely known. No 
rock outcrop exist between the southwestern end of the Mesabi 
district and the northeastern end of the Cuyuna district, a distance 
of nearly 40 miles, and only scattered drilling has been done in this 
region. It is therefore impossible to correlate definitely the rocks of 
the two districts, but the Cuyuna formations are usually assumed 
to be the equivalent of the formations on the Mesabi Range. 

The Cuyuna iron-bearing rocks do not occur as one continuous 
and relatively uniform series of strata as is the case on the Mesabi 
Range. On the Cuyuna Range, bands or layers of iron-bearing cherts 
and slates differ in the character of the materials which they contain 
and in the nature of the rock that bounds them. Furthermore, the 
same zone or band of iron-bearing rock may show distinct changes 
in composition within relatively short distances. Some red rocks high 
in hematite do not belong to the iron-bearing series but represent 
chloritic schists that have become impregnated with red iron oxide. 
Their composition suggests that they were of igneous origin. 

Because of the steep dip of the iron-bearing strata, most of the 
ore bodies on the Cuyuna Range are narrow and deep, with their 
long axe parallel to the bedding of the enclosing rock. Their shape 
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and position in the earth are much like those of a book standing on 
a table in a row of other volumes. When viewed from above, each 
,·olume occupies a narrow, rectangular area. Thus the widths of the 
Cuyuna ore bodies range up to several hundred feet and their lengths 
to as much as a mile. Some are shallow, while others are nearly 700 
feet deep. This tabular shape, together with a thick cover of glacial 
drift, makes open-pit mining far more difficult and more costly than 
on the Mesabi Range, where the beds of ore are in a nearly horizon
tal position. 

Most of the Cuyuna ore is soft and earthy, composed of brown 
and red iron oxides. In the northern part of the range, however, some 
of the ore is dark gray to nearly black. Such ores contain an appre
ciable amount of manganese as oxides. Manganese, a very necessary 
ingredient for toughening steel, is scarce in the United States; but 
although nodules and small bodies rich in manganese commonly oc
cur scattered in low-grade manganiferous iron ore, they are too small 
to be mi.ned separately. The distribution of the manganese oxides in 
the ore suggests that most of the metal was originally deposited in 
certain layers of the iron formation. The Cuyuna Range has long 
been the principal source of manganiferous iron ore for the United 
States, and recent estimates indicate that there are still nearly fifty 
million tons of manganiferous iron ore left in the range. 

South of the Cuyuna Range in the region of Watab, Sauk Rapids, 
and St. Cloud, igneous rocks crop out at many places. These are 
mainly granites and related rock types that have become an impor
tant economic resource for the state, as we learned in Chapter 9. 
Minnesota's quarries at St. Cloud and Isle have provided dimension 
and structural stone for famous buildings all over the country, from 
the Cathedral in St. Paul and the Tribune Tower in Chicago to the 
Louisiana State Capitol at Baton Rouge. 

These rocks may all be grouped as pink, red, or gray granites. 
lYlost of the pink granite occurs in the area to the southwest of St. 
Cloud (Figure 81). This rock has large pink crystals set in a finer 
grained black and white background, sometimes with its angular 
feldspar crystals as long as Y2 to % of an inch. St. Cloud's red 
gTanite is medium or coarse !2:rained, with feldslJar crvstals aYerao'iuO' '-' '--' ~ b b 
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about 111 of an inch in diameter. Its chief minerals are feldspar and 
quartz, with minor amounts of black hornblende and biotite. The 
gray granite of the St. Cloud region is generally found close to the 
red and is conspicuous as the building stone in the great wall of the 
state reformatory at St. Cloud. 

Nlore granites are found in the region south and east of Mille 
Lacs Lake, and in one quarry five miles south of Isle blocks as much 
as eleven feet on a side are removed (Figure 8Q). This rock is a com
paratively light gray granite composed of large white feldspar crys
tals embedded in a matrix of colorless quartz and biotite. Because 
of its uniform color and the infrequency of fractures in the rock, 
many types of structural material can be cut from it. Another 
quarry in gray granite is located near \Varman in the northwestern 
corner of Kanabec County. The \Varman rock is medium to fine 
grained, light gray or mottled black and white, and is composed 
mainly of quartz, white feldspar, and mica. 

South from the granite quarries of the St. Cloud region, the Mis
sissippi River flows in a widening and deepening channel. Just below 
the Twin Cities it is joined by another river, the Minnesota, which 
flows the whole width of the state in a pattern which, on a map, ap
pears to be shaped like a boomerang. This is the river valley we shall 
visit next, the descendant of the Glacial River \Varren and major 
tributary to the Mississippi. 
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The Minnesota River Valle)! 

FEW valleys in the United States have so varied and dramatic a 
geological history as that of the Minnesota River. 'Ve have already 
seen how the Great Ice Age left us a legacy of almost incalculable 
value in the raw material for our fertile soils. vVe know that we have 
more and better farms than we would have had without the work of 
the glaciers, but we may not realize that glacial rivers from the melt
ing ice played their part also in distributing the sediments that 
served as parent material for present-day soils. The largest gla
cial river of them all, the Glacial River Warren, flowed through the 
broad prairies of south central :Minnesota, forming the wide, deep 
valley that channels the much smaller Minnesota River today. 

The Minnesota River extends in a southeasterly direction from 
Big Stone Lake on the western border to .Mankato, where it swings 
sharply to the northeast and continues in that direction until it 
joins the valley of the Mississippi River at Fort Snelling. The pres
ent Minnesota Valley is from one to five miles wide and from 75 to 
200 feet deep, an impressive reminder of the volume of water it 
once carried. Its gradient, or slope, is slight and comparatively uni
form, with an altitude of 960 feet at Big Stone Lake and 690 feet at 
Fort Snelling. Several rapids occur along its course, but none are 
steep nor do they extend for a very great distance. A little below 
Granite Falls, at two places where the river flows over igneous and 
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metamorphic rocks, waterfalls have developed, and at both of these 
hydroelectric power is now being generated. 

This great valley of the :lVIinnesota River began to form during 
the slmv retreat or melting back of the margin of the last ice sheet. 
The east margin of this ice in l\iinnesota extended from near the 
city of Austin northward to St. Paul, where the old river channels 
had been filled and destroyed by an earlier glacier (Figure 152). 

Similarly an old valley that extended from near Shakopee to Pine 
Bend above Hastings was blocked by hills of glacial drift deposited 
by the same glacier. Thus the torrents of water formed by the melt
ing of the last ice sheet were forced to erode a new channel to the 
early Mississippi by way of St. Paul. This new channel was the first 
part of the present Minnesota Valley to be formed, and the valley 
grew by extending itself upriver as the ice retreated. 

The presence of several successively younger outwash plains along 
the Minnesota Valley indicates that the valley was formed by a 
glacial meltwater river at the margin of the ice that deposited the 
characteristic outwash sands and gravels. Such outwash areas occur 
at Carver, Belle Plaine, Le Sueur, Ottawa, St. Peter, and l\1ankato. 
When the south end of the ice lobe stood near Courtland and New 
DIm, more outwash plains developed in that region, since the head 
of the river was always at the edge of the ice. As the ice retreated 
farther north and west, a large river continued to flow out from it, 
and eventually the valley was carved out upstream as far as Big 

Stone Lake. 
The erosion of the valley to its present great width and depth 

was not accomplished until drainage began from the newly formed 
Glacial Lake Agassiz (Figure 125), but a well-developed valley was 
already in existence long before Lake Agassiz began to be formed. 
The great river that finally flowed from Lake Agassiz to the Missis
sippi River at Fort Snelling is known as the Glacial River Warren. 
It continued to flow southward across the continental divide at 
Browns Valley until the northward drainage of Lake Agassiz into 
Hudson Bay was established, and the water in the lake was lowered 
so far that it could no longer flow through its southern outlet. It is 
for this reason that the continental divide at Browns Valley lies 
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within a well-defined valley and at an elevation that IS compara
tively low. 

In the area of sedimentary rocks from :Mankato to Fort Snelling, 
the Minnesota Valley has broad terraces of rock and others of sand 
and gravel that occur at various heights up to more than 150 feet 
above the stream. Rock terraces that lie 25 to 50 feet above the 
valley floor are well developed near Shakopee. lVlerriam Junction, 
and Jordan. The higher terraces, such as those at Belle Plaine, near 
Jordan, and near Kasota, are called prairies. At the back margin of 
the terraces, the land rises as a rather steep bluff to the upland level, 
which is .50 to 100 feet higher. 

In the valley area of igneous and metamorphic rocks, from New 
VIm to Ortonville, terraces are also conspicuously developed, but 
throughout this part of the valley the terraces are remnants of allu
vial deposits rather than bedrock terraces with a thin veneer of allu-
vlUnl. 

Springs are common along the :Minnesota River Valley between 
Fort Snelling and Shakopee. Some of the larger ones discharge im
mediately west of Savage on the south side of the river. On the flood 
plain the surface of the Shakopee-Oneota dolomite is covered by a 
thin mantle of unconsolidated material, and it may therefore be con
cluded that the large flow of spring water is due to the accumulation 
of water in the drift immediately above the rock. The thick deposits 
of drift south of the valley furnish an adequate supply for the large 
flow. 

The so-called "boiling springs" on the Hattenberger farm. about 
three and a half miles west of Savage, are probably of this same 
type. Tests indicate that the dolomite lies only 30 feet below these 
springs, which form a pool along a small creek valley. These springs 
"boil" vigorously at intervals of a few minutes. Normally the "boil
ing" raises the water a foot or more above the surface of the poo!' 
but occasionally the agitation is much more violent, reaching a 
height of two or three feet. The water is of normal temperature and 
the bubbling is merely an upwelling under pressure. probably owing 
to a very fine suspended clay in the pool, which settles down and 
confines the water until the pressure builds up sufficiently to burst 
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through the clay. This would also explain why the "boiling" shifts 
from place to place in the pool. It is possible that the water in this 
spring may be supplied from fissures in the dolomite rather than 
from deposits of drift. 

At a number of places in the valley the water of the Minnesota 
River spreads out over part of the valley floor to form a lake. The 
largest of these lakes is Lac qui Parle, about '25 miles downstream 
from Ortonville. This lake, which is ten miles long and more than a 
mile wide (Figure 13'2), was formed behind a barrier of sand and 
silt deposited in the valley by the Lac qui Parle River. A smaller 
body of shallow water, known as l\Ll.rsh Lake, has been formed by 
the accumulation of aUu vium brought into the valley by the Pomme 
de Terre River. Still other lake basins in the valley were formed by 
irregular deposition of alluvium on the valley floor. The group of 
small, shallow lakes in the valley between Fort Snelling and Shako
pee result from the formation of levee-like deposits along the river 
during flood stages. These natural levees then trap the flood waters 
into more or less permanent lakes (Figures 19 and 133). 

Big Stone Lake, which is now the headwaters of the Minnesota 
River, is in reality a lake basin in the river valley. The Minnesota 
Valley as a physiographic unit extends to the continental divide at 
Browns Valley, and the waters of Big Stone Lake are held in the 
valley by a delta deposited by the Whetstone River of South Da
kota (Figure 13'2). The sediments of this delta have been built up 
to a level five to eight feet above the present water level in the lake 
and cover the entire area between Big Stone City and Ortonville. 

Near Odessa the original glacial river did not follow a single 
course but flowed in three channels separated by islands that now 
rise above the valley floor to nearly the same altitude as the valley 
walls. These islands are remnants consisting partly of drift and 
partly of bedrock, and where they occur the valley is more than 

four miles wide. 
From Fort Snelling upstream to Mankato and beyond, the Min

nesota Valley is cut deep into Cambrian and Ordovician sedimen
tary rocks. The valley is troughlike in outline; and its walls, which 
are from one to four miles apart, reach a height of '200 to '250 feet. 
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Figure 132. Map showing drainage pattcrn and the location of thc 
continental divide in west central l\Iinne ota. 

From Fort Snelling to beyond Shakopee the rocks along its floor and 
in its walls are Lower and Middle Ordovician strata. At the east end 
of the Mendota Bridge at Fort Snelling the white St. Peter sand
stone is exposed and overlain by the Glenwood beds, the Platteville 
limestone, and the Decorah shale (see p. 100) . At the city of Shako-
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Figure 13S . Former saucer lake, now a swamp. :Minnesota 
River Valley, H ennepin Co unty. 

pee, the t ype section of the Shakopee dolomite-that is, the outcrop 
for which this type of rock is named - may be seen in the old quar
ries in the valley wall. The city is built on a rock terrace, the surface 
of which is covered with alluvium deposited on the upper beds of 
the Shakopee dolomite. 

A short dist ance upstream from Shakopee the Jordan sandstone 
is exposed in the valley. It crops out conspicuously west of High
way 169 in the region of M erriam Junction and along Van Oser 
Creek. Along this creek the rock is casehardened-cemented by 
minerals deposited by ground water-so that the large surface 
blocks formed by jointing appear as massive boulders. The cement
jng mat erial is limited to a thjn outer shell, however, and the bould
ers may be broken easily and reduced to a pile of sparkling crystals, 
which were formed by the secondary growth of quartz on the sand 
gra ins. Similar "cryst al" sand is quarried near the city of Jordan 
and u ed for sand blasting. 

In the valley we t of Jordan the St. Lawrence formation is ex-
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posed at the Hewitt and Beason quarries and along the creek below 
the quarries. This rock is a buff, sandy dolomite with green grains 
of glauconite sprinkled through it. Farther upstream, at Henderson, 
the Franconia formation, a fine-grained, greenish-gray sandstone, is 
exposed on the floor of the river. 

Between St. Peter and .Mankato many outcrops in the west 
hluff of the river valley reveal the contact zone between the Cam
brian and Ordovician strata. This contact is well exposed in the 
cuts along the road that follows the west bank of the river. Fresh 
exposures in the cuts reveal the presence of numerous small solution 
cayities and larger caves in the basal beds of the Oneota dolomite. 
:\Iany of these beds sho\>,: a disturbance produced by the collapse of 
the roofs of such caverns (Figure 134). At some places the fine silt 
of the Blue Earth siltstone which formed the floor of the caverns, 
was squeezed upward into the cracks or joints and other open spaces 
as the slumping masses of dolomite settled downward. \Vhere the 
Oneota dolomite is undisturbed and flat-lying, the silt and shale 
beneath it are likewise level and even-bedded. Similar rock rela
tions are well exposed along the road cut opposite Sibley Park in 
Mankato. 

Between the village of Kasota and :Mankato there is a rock ter
race on the Oneota dolomite that is one and a half miles in width 
.and more than eight miles long. All of the quarries in this area are 
pits in this terrace, but at Mankato the quarries change to the shelf 
type and are located in the rise from this terrace to the upland (Fig
ure 83). The quarries in this region all operate in the same geological 
formation, the Oneota, but variations in the color and texture of the 
dolomite give rise to various types of architectural stone with dif
ferent trade names. lVlost of the stone is a fine-grained dolomitic 
limestone, yellow or yellowish-pink in color. Some of the dolomite 
is also used in the manufacture of natural cement (Figure 86), 

which is made by heating the limestone to incipient fusion and then 
grinding it to a fine powder. 

About six miles west of Mankato, just off Highway 60, Minneopa 
State Park has been established at Minneopa Falls. These falls occur 
in the lower valley of Minneopa Creek near where it discharges into 
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Figure 134. Wall of a filled sink or channel in quarry in Oneota 
dolomite, Minne ota River Valley. 

the Minnesota River. The creek has its headwaters in the group of 
lakes near the town of Lake Crystal and flows northeastward in a 
shallow valley across the upland prairie . Where it approaches the 
Minnesota Valley, however, it has cut downward through the glacial 
drift and into the underlying Cambrian sandstones and shales . 

The falls escarpment at Minneopa Falls is formed by a series of 
well-cemented beds of the Jordan sandstone. The perpendicular 
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fall of the water is about 30 feet, but before it reaches the point 
where the water leaps over the cliff, the stream has eroded through 
a thickness of about 15 feet of sandstone. At that depth it comes in 
contact with a harder portion of the sandstone, which has a thick
ness of 6 to 8 feet. These more thoroughly cemented layers resist 
the erosive action of the stream longer than the underlying softer 
layers, and thus produce the projecting shelf over which the water 
plunges. 

The pool below the falls lies in a rock-walled amphitheater that 
rises about 40 feet on each side. The walls are kept wet by the splash 
and spray from the falls, and this action, plus the freezing and thaw
ing of fall and spring, crumbles away the soft sandstone and keeps 
the walls nearly vertical. The pool at the foot of the falls is confined 
by a bank of gravel washed up in front of the cascade. Below the 
falls the creek gorge has been formed by the progressive recession up
stream of the falls escarpment. This escarpment originally stood 
some distance downstream, undoubtedly near the south wall of the 
Minnesota Valley, where Minneopa Creek first began to erode down
ward through the hard layers of sandstone. 

About 35 miles upstream from :Mankato, near the village of Court
land, exposures of pre-Cambrian rocks appear in the _Minnesota 
Valley. These rocks are red quartzites, sandstones, and conglomer
ates exposed in a series of terraces along the north wall of the val
ley. These resistant rocks formed a hill in the preglacial topography 
which was later buried under the glacial drift. When the Glacial 
River vVan'en had cut its valley down to the elevation of the top 
of the buried quartzite hill, the quartzite was not eroded as rapidly 
as the unconsolidated drift farther downstream, and as a result 
rapids were formed in the river. Eventually the river cut a channel 
along the south side of the quartzite hill, so that today the hillside 
represents the rocky north wall of the :Minnesota Valley south of 
Courtland. 

The highest exposures of the quartzite are at least 175 feet above 
the Minnesota River, and the erosion of the upper 50 feet is un
doubtedly due, at least in part, to glacial action. Erosion by ice is 
indicated by striae that are still sharp and clear in the rocks, show-
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ing that the ice currents in this locality moved toward the south

east. On a number of the quartzite surfaces as much as 125 feet 

above the present rivel" potholes and narrovv, tortuous grooves are 
numerous, evidently the result of the wear of running water rather 

than of moving ice. It must be concluded, therefore, that the riyer's 

bed was once high up along this exposure and that the large glacial 

riwr laden with silt and sand hollowed out the potholes with whirl

ing eddies, gouged out the softer layers of rock, and left the upper 

surface of the quartzite very rough and irregular. 

Near New lllm, and somewhat more than a mile upstream from 

the large exposures of quartzite and some abandoned quarries, there 

is a low ridge of coarse quartzitic conglomerate that strikes nearly 
at right angles to the strike, or exposed face, of the rock near Court

land, The strike of this conglomerate 1 as roughly represented by the 

direction of the exposure, is toward the northeast, and the strata 

tilt or dip a bout 12 0 to the southeast. The pebbles in the conglom
erate vary in size from small fragments to boulders ten or twelye 

inches in diameter. They consist almost entirely of quartz, and some 

are partly dull red to brown jasper associated with white vein 
quartz. The structural and age relations of the quartzite near Court

land and the conglomerate near New DIm have not been established 

definitely. The absence of granite pebbles in the conglomerate is 
somewhat surprising in view of the close proximity of granite out

crops in the valley. 
The most southerly exposures of granite in lYIinnesota occur in 

the :Minnesota River Valley a few yards upstream from the con

glomerate referred to above. Here a group of small knobs of red 

granite crop out on the floor of the valley. The upper surface of this 

underground granite mass in the area between New Ulm and lYIan
kato must slope steeply toward the east, for the outcrops of granite 

near New Ulm are approximately 900 feet above sea leveL while 

at Mankato deep drilling has shown that the top of the granite lies 

~148 feet below sea level! At Lake Crystal, south of the river valley 
hut approximately midway between New DIm and Mankato, the 

top of the granite has been located in a well at about 325 feet above 

sea level. 
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About 15 miles up the valley from New Uhn, the level alluvial 
plain of the valley floor is broken by knobs of pre-Cambrian gran
ites, gneisses, and related rocks (Figure 84). From the site of old 
Fort Ridgely to Ortonville there are numerous places where the 
topography in the valley is made rugged by rock hills that rise as 
much as 100 feet above the general level of the valley floor. The 
maximum relief within the valley is near Franklin, where Cedar 
Mountain, with an altitude of 940 feet, stands 125 feet above the 
lowest part of the surrounding valley. Potholes up to 10 feet deep 
and numerous scour channels on the highest knobs of rock show 
that the river once flowed over them. 

Most of the granite outcrops in the valley have been stripped 
clean of all weathered material, and fresh, firm rock is no\v exposed. 
There are, however, some notable examples of weathered rock in 
the valley. Some of these are in the area between lVlorton and 
North Redwood, where many of the outcrops have a thin veneer 
of weathered rock. It is quite possible that these outcrops became 
islands, standing above water level, before the riwr had a chance to 
remove all the weathered material. 

Extensive exposures of deeply weathered granite occur in the 
south wall of the valley between Morton and Redwood Falls and 
in the region of North Redwood. In this area the upper part of 
the granite is weathered to white kaolinite clay. A thick section of 
such clay is exposed in Ramsey State Park, where the Redwood 
River has cut a deep gorge in the south wall of the Minnesota Val
ley. Similar white clays are encountered in many wells in Redwood 
County and adjoining counties, both to the north and the south 
of the valley. The clay changes gradually into fresh rock at depths 
ranging from 15 to 150 feet. 

This white kaolinite clay is a residual clay - that is, it was 
formed at the place it is now found by the chemical decomposi
tion of the granite, mainly through the prolonged action of ground 
water. During hydration, which means the taking of water into 
chemical union, potassium and some silica are dissolved out of the 
feldspar in the granite. The insoluble residue that remains is clay. 

The rate at which clay is formed from feldspar is exceedingly 
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slow. Wherever the glacial drift rests directly on the smooth, glaci
ated outcrops of granite, the rock shows very little alteration. Thus 
during the thousands of years of postglacial time scarcely enough 
clay has been formed to be detected with the unaided eye. Since the 
rate of weathering is so very slow, it must have taken a tremen
dously long time to form the great thickness of white clay seen in 
the tributary gorges along the Minnesota Valley. It is reasonable to 
suppose that much of west central and southwestern :Minnesota 
stood above sea level during much of the long Paleozoic era of geo
logical time, however, and if this was the case, there was ample 
time for the clay to form. It is also probable that the climate was 
warmer and moister during those ancient times and therefore more 
favorable for chemical weathering. 

lVlost of the unweathered pre-Cambrian rocks in the :\Iinnesota 
Valley are granites and granite gneisses that display a great variety 
of textures and colors. In the region of Morton the gneiss is char
acterized by a greatly folded and contorted structure, with streaks 
and bands of dark minerals occurring in wavy and swirling figures 
in a background of red and pink feldspars (Figure 40). The dark 
bands represent inclusions of older dark igneous rocks that were not 
melted and therefore not completely assimilated by the granite mag
ma. Some large black inclusions are exposed in the walls of the 
quarries at :lVIorton, and rocks of this type occur in the valley from 
southeast of Fort Ridgely to south of Sacred Heart. 

In the lVIorton-Redwood Falls region several mounds or dome
shaped glaciated outcrops of granite gneiss stand from 75 to 100 
feet above the level of the present l\1:innesota River and a number 
of quarries have been opened on these outcrops (Figure 85). The 
rock is a pink and black biotite granite gneiss with contorted lami

nations or bands. 
Other areas in the lVIinnesota Valley where quarries are active 

at the present time are near :lVIontevideo, Sacred Heart, and the 
Ortonville-Odessa region at the head of the river. The stone quar
ried near Montevideo is red, with some black bands of biotite that 
give it a gneissic structure. A pink granite of medium-grained tex
ture is produced at the Sacred Heart quarries, located seven miles 
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south of the city in the Minnesota Valley. There have been quarry
ing operations in the Ortonville-Odessa region for a great many 
years, and more recently north of Bellingham. The rock in this area 
is a red biotite granite that is somewhat banded, or gneissic, but the 
gneissic texture is not so pronounced as in the rocks at Montevideo 
and Morton. 

Having reached the head of the Minnesota River and its broad 
rock-lined valley, we are ready to turn south again to a new region 
- southwestern J\i(innesota. The ancient quartzite that crops out 
in the Minnesota Valley appears again high above the prairie floors 
of the southwestern counties, and we encounter this plateau, the 
Coteau des Prairies, at the start of our next excursion. 
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THE most conspicuous surface feature of southwestern l\finnesota 
(Figure 87) is the Coteau des Prairies, or Highland of the Prairies. 
This highland extends southeastward from the headwaters of the 
Big Sioux River in South Dakota, across southwestern Minnesota, 
and into Iowa, where it forms the divide between the :Missouri and 
:llississippi drainage basins (Figure 2). Its crest is about 2000 feet 
above sea level, but it declines southeastward to about 1600 feet at 
the .Minnesota-Iowa line. Its northeastern margin extends from 
the southwestern part of Lac qui Parle County southeashvard to 
the western part of l\1artin County. The headwaters of the Lac qui 
Parle, Yellow Medicine, Redwood, Cottonwood, and Des ::'I10ines 
rivers are all on this high area. 

The highland is a large plateau or massive ridge, in part smoothly 
undulating or rolling (Figure 79), with two terminal moraine zones 
that are irregularly broken by steep hills, knolls, and small ridges. 
The south ends of these moraines rest on ridges of the old Sioux 
quartzite, a metamorphic rock that dates from the Proterozoic era 
(see p. 101) , which is exposed at various places in Pipestone, Rock, 
and Yellow Medicine counties. One such quartzite ridge occurs as 
far east as .leffel's in Cottonwood County. 

Most of the counties in the southwestern part of the state drain 
northeastward into the Minnesota River. The largest stream in this 
area is the Cottonwood River, which discharges into the .Minnesota 
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near New VIm. The Cottonwood is rather unusual in that nearly all 
of its tributaries are on the south side of its valley (Figure 135) . 
There are several reasons for this odd drainage pattern. One reason 
is the uniform northeastward slope from the crest of the Coteau; 
another is the presence of a terminal moraine along the north bank 
of the stream from near Marshall to Sanborn. The position of thi 
moraine indicates that the valley of the Cottonwood was developed 
along the southwest margin of the Des Moine lobe of the last 
glacier (Figure 74), at a time when the ice recession was halted and 
the moraine that parallels the valley was formed. The river flows 
through the moraine east of Sanborn; and from that point ea t
ward to New VIm, several tributaries enter it from the north. The 
largest of these is Sleepy Eye Creek, which flows approximately 
parallel to the Cottonwood for a distance of nearly thirty miles. 

The most notable features of the topography in the area between 
the Coteau and the Minnesota Valley are the shallow drainage 
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Figure 135. Sketch map showing the pattern of the Cottonwood River. All 
of its tributaries are arranged on the south side of the river. 
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channels that have been eroded into the broadly smoothed and 
nearly flat prairie. The smaller streams generally flow in channels 
no more than 15 to 30 feet deep and in valleys from a few rods to 
a quarter of a mile wide. Near the lYIinnesota River, however, they 
have cut deep gorges through the valley wall as they enter the river. 
Above Redwood Falls, the Redwood River has a valley no more 
than 25 to 50 feet deep; but at and below the city, within a distance 
of one mile, the river descends 100 feet in a succession of picturesque 
cascades and rapids. A short distance beyond the rapids it flows into 
the broad bottomland of the Minnesota Valley. 

The southwest slope of the Coteau is drained by streams that 
flow south and southwest into the Missouri River. This area in
cludes most of Pipestone and Rock counties and portions of Nobles 
and Jackson counties. The main stream here is the Rock River, 
which flows from northeastern Pipestone County southward across 
Rock County and northwestern Iowa, where it discharges into the 
Big Sioux River. 

By far the major portion of the southwestern part of the state 
is a slightly rolling or entirely flat sheet of glacial till, ascending 
with a very gentle slope from east to west and enclosing shallow 
ponds and lake basins here and there in its depressions. The fiat, 
prairie-like nature of the topography and the uniformity of the land 
are illustrated in Figure 136, an aerial photograph showing the geo
metric arrangement of farm fields in a checkerboard pattern. 

In southwestern Minnesota certain areas are underlain by the 
hard Sioux quartzite, which is sometimes also called red rock, jas
per, or Sioux Falls granite. The rock is a pinkish-red quartzite that 
is exceedingly hard and has many fractures that tend to separate 
it into angular blocks. Its color varies from nearly white through 
pink to red, but at some places it may be deep brown, lavender
brown, lilac, or reddish-purple. All of the various colors are due to 
iron oxides that occur as thin films around and between the quartz 
sand grains of which the rock is composed. The quartzite is exposed 
at the surface near the town of Pipestone, where it has been quar
ried; but it also occurs underneath the Cretaceous sandstones and 
shales that cover most of the counties south and west of New DIm, 
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Figure 136. Aerial view of prairie country of outhwestern :Minnesota, showing 
checkerboard pattern of the fields in Jackson County. Scale: % inch to 1 mile. 

(Photograph by U.S. Department of Agriculture.) 

and drilling has indicated that it was deposited on an old eroded 
surface of granite rocks. 

The town of Pipestone took its name from the place where for 
hundreds of years the Indians had quarried the soft rock called pipe
stone to make their ceremonial peace pipes. Pipestone is technically 
referred to as catlinite and is a shaly layer only 16 to 20 inches 
thick that is interbedded with the quartzite. It has been quarried 
extensively about half a mile north of the city of Pipestone on the 
Indian reservation (Figure 137). One of the early Minnesota geolo
gists described the geological setting of this historic Indian quarry 
as follows : 

The principal and most striking feature of this place is a perpendicular 
wall of close-grained, compact quartz, of twenty-five or thirty feet in 
elevation, running nearly north and south, with its face to the west, ex-
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Figure 137. Diagram of the occlirrence of catlinite (pipestone) 
at Pipestone National .Monument . 

West 

hibiting a front of nearly two miles in length , wh en it di sappears at 
both end s by running under the prairie, which becomes there a little 
more elevated, and probably covers it for many miles, both to the 
north and south . Th e depression of the brow of the ridge at this place 
ha s been caused by the wash of a little stream, produced by several 
prings on the top of th e ridge, a little back from the wall , which has 

g radually carried away th e superincumbent earth , and having bared the 
wall for a distance of two miles, is now left to glide for some distance 
over a perfectly level surface of quartz rock, and then to leap from th e 
top of th e wall into a deep basin below, and from th ence to seek its 
course to the l\1issouri , forming th e extreme source of a noted and 
powerful tributary called the Big Sioux. 

This beautiful wall is perfectly stratified in several distinct hori
zontal layers, of light, gray and rose, or flesh-colored, quartz; and 
through th e greater part of th e way. both on th e front of the wall, and 
over acres of its horizontal surface, it is highly polished, or glazed, as if 
by ignition. 

At the base of this wall, and running parallel to it, there is a level 
prairie of half a mile in width , in any and all parts of which the In
dian procure the red stone for their pipes by digging through the soil 
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and several sla ty layers of the red stone to the depth of fOllr or five 
feet. From the very llllmerous marks of ancient and modern digging, 
or excavation~, it would appear that this place has been, for many cen
tUl'ies, resorted to for the red stone, and from the great number of graves 
aud remain.~ of ancient fortifications in the vicinity (as well as from their 
actual traditions) it would seem that the Indian tribes ha ve long held 
this place in high superstitious estimation, and also that it has been the 
I'l'sort of different tribes, who have made their regular pilgrimages here 
to renew their pipes.-r, 

K ear the pipestone quarry there is a group of exceptionally large 
granite boulders, the largest three of which are called "The Three 
l\Iaidens." The name comes from the Indian legend that at one time 
all the tribes were destroyed in war and that all Indians today are 
descendants of three maidens who fled to these rocks for refuge. The 
shapes of the boulders indicate that they once constituted one im
mense glacial boulder, which has since fallen apart along natural 
seams 01' joints. The three largest pieces are each about 20 feet long 
and 12 feet high. These, together with the smaller pieces, would 
llLake a massive boulder more than 50 feet in diameter if they were 
assembled in their original positions. 

Tn the valley walls along the Cottonwood and Redwood riYers 
there are outcrops of shales and sandstones that are regarded as 
Cretaceous in age. Drilling beyond the valley has sho\,,'n that these 
strata vary from a few feet to as much as 400 feet in thickness. Simi
lar rocks are known to occur directly under the glacial drift in many 
of the southwestern counties. 'Where the beds occur in contact with 

the white kaolinite clays that were derived from weathered granite, it 

is difficult to distinguish them, especially since the shales are some

times not conspicuously bedded. At a number of places thin beds of 

lignite coal and black lignitic shales occur interbedded with the 

other Cretaceous sediments. These have been prospected, but no 

coal of commercial grade has been found. Along the Cottonwood 

River near Springfield, shales have been excavated for use in brick 

tile, and other ceramic products (Figures 62 and 138) . 

* N. H. WinchelL Geology of Minnesota. Vol. I of the final report of the Geological 
and Natural History Survey of Minnesota (Minneapolis, Minn.: Johnson, Smith & 
Harrison. 1884) pp. 63-64. 
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Fig1lTe 138. Tile and brick plant, Springfield. (Photograph 
by A. C. Ochs Brick and Tile Co.) 

Fossil leaves of various types occur in the Cretaceous sandstone 
outcrops near Springfield and also near New VIm where the Cotton
wood River empties into the Minnesota. Numerous sharks' teeth 
have been collected from the Cretaceous shales toward the upper 
end of Big Stone Lake (Figure 63), thus establishing the marine 
origin of these rocks. There is evidence all through southwestern 
Minnesota, in fact, that the Cretaceous sea, the most recent of the 
great epicontinental waters, covered this part of the state. As we 
travel east toward the Mississippi Valley, practically all traces of 
this last great sea and its sediments disappear; and in southeastern 
Minnesota, the next stop on our itinerary, the sedimentary rocks are 
the older Cambrian, Ordovician, or Devonian strata and remnants 
of younger Cretaceous beds that have lain level and undisturbed for 
millions of year in their thick, deep, horizontal beds. 
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CHAPTER 

• 15 • 

Southeastern Minnesota 

FROM a first glance at the landscape of southE':lstern J'.i(innesota, 
one of the most rugged regions in the state (Figure 4), it may seem 
as though there is not much system to the scenery, and that the 
hills, hollows, valleys, and plains are distributed without rhyme or 
reason. With a little study, however, we soon see that this is not 
the case. The landscape of any region is the result of an orderly 
group of natural processes that have been in operation for hundreds, 
thousands, or even millions of years. Thus some of the southeastern 
Minnesota hills are a result of stream erosion, others of glacial ac
tion, and yet others of the work of the wind. Still another geological 
agent has caused many of the hollows on the upland plains, for 
these are a result of the solvent work of ground water. All of these 
processes are at work in many other places as well, but in the JYlis
sissippi River Valley region we find some of the most striking and 
pictorial consequences of long-continued geological gradation. 

THE MISSISSIPPI RIVER AND ITS TRIBUTARIES 

The valley of the Mississippi River is in reality an extension of 
the valley of Glacial River Warren, the glacial stream that drained 
Lake Agassiz, but the name Warren was applied only to that por
tion of the stream now called the .lVlinnesota River. In other words, 
the River Warren flowed from the south tip of Lake Traverse to 
the Gulf of Mexico and was responsible for the erosion that sculp-
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tured most of the topography of the Mississippi Valley from Fort 
Snelling southward, along the boundary of Iowa and Illinois, as 
\vell as that of the present Minnesota Riwr Valley. 

From Fort Snelling to the Iowa-l\iinnesota state boundary, the 
.Mississippi River exhibits one of the most remarkable series of me
anders, oxbow lakes, side channels, sloughs, swamps, and cultivable 
stretches of land to be seen anywhere. During floods one sees miles 
of flowing water in the wide valley, and in dry weather the most 
magniii.cent expanse of vigorous plant growth to be found with ill 
the state. The reason for the river's irregular channels in the valley 
is the low gradient or slope of the valley floor. Because of this low 
gradient the stream flows much more slo·wly than the water in its 
high-gradient tributaries, and consequently they bring more sedi
ment to the ::\Iississippi than its water can transport downstream. 
Thus sediment is being deposited continually and the bed of the 
stream built up. until eventually numerous sand bars deflect the 
currents and the river flows not in a single channel but in many 
interconnecting streams. Since more sediment is brought to the val
ley than the river can transport, it is necessary to dredge the main 
channel at regular intervals to maintain a channel deep enough for 
the large boats and barges that transport coal, oil, and other prod
ucts on this inland waterway. 

We may wonder why the gradient of the Mississippi River from 
Fort Snelling southward is so low, compared to the slope of its 
valley floor north of Fort Snelling. The answer is simple when the 
history of the river is recalled. Its valley southward from the junc
tion of the Minnesota and Mississippi rivers was eroded by the tre
mendous volume of water flowing from Glacial Lake Agassiz, where
as the valley northward from Fort Snelling toward the headwaterc; 
of the Mississippi received a very much smaller volume of water 
and consequently was not able to erode as greatly. The same is true 
of the tributaries of the Mississippi in the southeastern counties of 
the state. Even though those valleys received glacial melt waters 
while the ice was receding, their total volume was infinitely small 
compared to the incalculably large volumes that flowed through 
the Mississippi Valley from Lake Agassiz. It was this early post-
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glacial river that eroded a yalley several miles wide and more than 
two hundred feet deeper than the present valley. As the water level 
in Lake Agassiz was lowered by drainage into Hudson Bay, less 
and less water flowed across Minnesota to the iVIississippi Hiver, 
and its yalley began to be filled with sediment by the process out
lined above. Today there is not enough water in the valley to coyer 
its expansive floor. 

The hills in southeastern Minnesota vary from less than 100 feet 
to more than 500 feet in height. In the counties along the Missis
si ppi Valley most of the conspicuous hills and ridges ha ve been 
formed from a high plain that has been deeply dissected, or cut in 
places, by stream erosion (Figure 5). The difference between the 
big, deep valleys and the small gullies or gulches in the fields is 
that the former have been eroded for a much longer period of time 
and are therefore larger. The narrow, spurlike ridges between the 
deep valleys indicate that the streams have been carrying away soil 
and decomposed rock for lllany thousands of years and that the 
ridges themselves are now being lowered. 

,:Uount Tom at Hokah is a typical example of such an erosion 
remnant. The Root River has eroded its valley down to near the 
level of the :Mississippi River, and small streams flowing into the 
Root have also cut down through the horizontal rock strata, leav
ing the rocks undisturbed in the area between the valleys. These 
undisturbed layers left high aboye the floor of the valleys constitute 
the land form known as lUmmt Tom. The rocks at its base belong 
to the Dresbach formation, and all the younger Cambrian strata up 
to and including the Oneota dolomite of the earl)" Ordo"ieian 
period occur in their normal order in the hill (see p. 100) . 

La Grange 'Mountain at Red 'Ving - more commonly known as 
Barn Bluff (Figure 139) - has had a similar history. The business 
district of the city of Red 'Ving is built on an area that was at one 
time part of the channel of the Mississippi River in an early post
glacial stage. At that time Barn Bluff was an island in the glacial 
river, and the large, high bluff southeast of the city, between the 
highway and the present Mississippi River channel, was an island 
also. The highway and the Milwaukee Railroad tracks are hllilt 
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Figure 139. Barn Bluff in Mississippi Valley at R ed Wing. Oneota dolomite forms 
cliff a t top of bluff. The J ordan sandstone below it is 

covered with weathered debri . 

in an abandoned river channel that runs southeastward to Fronte
nac and beyond. 

H alf Dome, a hill south of Winona, is likewise a product of stream 
erosion (Figure 140). This high bluff is the end of a truncated spur 
rising between deep gullies . Its crest st ands at the same general 
level as that of the plain that extends westward from the bluffs and 
back from the Mississippi River Valley. The steep cliff near the crest 
of H alf D ome is composed of the same limestone beds that cap all 
these high river bluffs from R ed Wing southward to the Minnesota
I owa st a te line. These beds of limestone once extended in level, un
broken strat a across the valleys and gullies from one side to the 
other . 
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Figure 141 . Chimney Rock, a St
Peter sandstone remnant capped by 
a thin layer of the Platteville limc-

stone, north of Cannon Falls, 
Dakota County. 

Several other erosional remnants are conspicuous in southeastern 
Minnesota. Among these are Chimney Rock and Castle Rock (Fig
ures 141 and 142), which stand southeast of Farmington on the 
south rim of the Twin Cities basin - that is, the underground ar
tesian basin around the cities from which they draw their water 
supply. Both of these rock towers are to the east of the area covered 
by the most recent advance of the glacier and were produced by the 
long process of differential erosion since the region last was glaci
ated. Theil' culptured forms have been gradually abraded into their 
present shapes by particles of sand blown by prevailing winds and 
by rain wash. 

To the west of the erosional hills there are zones of terminal 
moraines. The morainic hills are very different in appearance and 
in structure from those along the Mississippi Valley. They have no 
general uniformity in form or distribution (Figure 76) . They are not 
epa rated by valleys, but rather by hollows with no outlets. They 

are not composed of horizontal rock strata, as are the erosional hills, 
but instead are huge piles of glacial drift deposited wherever the 
end of the glaciers happened to be when the rate of melting and the 
rate of movement of the ice were approximately equal. Such hill s 
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Figure 142. Ca tie Rock, an erosional remnant of St. P eter 
sandstone, Dakota County. 

are composed of unsorted clay, sand, gravel, cobbles, and boulders 
that represent many different types of rocks and miner a Is (Figure 
71). 

Another type of hill peculiar to southeastern Minnesota i the 
hill capped with loess. Such hills were formed by the accumulation 
of dust carried by the wind. The material known as loess is a 
porous silt composed of mineral grains ground as fine as flour by 
the crushing and abrasive action of the glacial ice. Loess hills are 
numerous in the region south of Red Wing and Cannon Falls, and 
also near Lewiston, Harmony, Canton, and Caledonia. 

The Mississippi River Valley has its typical tributary streams as: 
well as typical river hills and bluffs. The main valleys of outh
eastern Minnesota, aside from the great Mississippi channel itself,. 
are those of the Cannon, Zumbro, and Root rivers, all of which 
are tributaries of the Mississippi. These three tributary "alleys owe 
their great depth to the fact that the early glacial Mississippi River,. 
because of its great volume of glacial meltwater, was able to erode 
its own valley very deeply. The elevation of the floor of the Mis
sissippi in turn determined the depth to which the tributaries could 
erode their valleys. Thus glacial meltwaters were indirectly respon
sible for the development of each of these rugged valleys. 
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The headwaters of the Cannon River extend westward to within 
a few Hliles of the JVIinnesota River in western Rice County and 
east central Le Sueur County. As the last glacier melted along its 
eastern margin (Figure 74), the water from the melting ice dis
charged eastward from a series of lakes that formed near the margin 
of the ice. This meltwater stream formed the Cannon's valley, but 
the Cannon River today rises in Shields Lake in Rice County and 
flows west to Gorman Lake in Le Sueur County. From there it runs 
nearly due south to Tetonka Lake and thence turns its course east 
and back into Rice County. It flows northeast through Sakatak, 
JVlorristown, and Cannon lakes across Rice County and finally across 
Dakota and Goodhue counties to the Mississippi River near the 
city of Red Wing. 

The present valley of the river has had a very long and complex 
history, and in part of it the 'water once flowed in the opposite direc
tion. The deep canyon from Cannon Falls to Red Wing was cut by 
another river, the Little Cannon, in preglacial time. It was partially 
filled with drift during the glacial periods and cleared out again by 
later erosion. The Straight River, now the main tributary of the 
Cannon, formerly flowed in the opposite direction to join the Min
nesota River. Finally, after the ice of the last glacial invasion had 
melted, the Cannon's present pattern of drainage from Shields Lake 
was established. 

Another Mississippi tributary, the Root River, forms with its 
tributaries an interesting and typical dendritic drainage pattern
that is, its smaller tributary creeks and gullies are arranged like 
branches on a tree (Figure 143). Toward its mouth, the main val
ley of the Root River has a width of about two miles between the 
limestone bluffs that flank its course. Some of its tributary valleys 
are equally deep and wide, but the valleys of its smaller branches 
become shallower and more rocky. The whole system, with its 
North, Middle, and South branches, makes a series of deep valleys 
along the major stream and alternating valleys and ridges farther 
back from the main channels. Over most of its drainage area the 
divides separating the smaller tributaries are very narrow. The Root 
River pattern is an example of a "mature" river system (Figure 5), 
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Figure 143. Map of Root River and its tributaries, showing typical 
dendritic or treelike drainage pattern. 

with deep, well-developed valleys and efficient drainage of the re
gion's waters. 

There is a conspicuous alluvial terrace in the Root River Valley 
that may be observed as far upstream as Preston in Fillmore Coun
ty (Figure 144). This alluvial material is mainly fine sand and sandy 
loam. Where fresh sections of the alluvium are exposed in road cuts, 
a horizontal stratification is conspicuous, and in the region of Hokah 
finely laminated silts occur near the top of the alluvial deposits. 
In some places cross-bedded layers occur within the strata. 

At Hokah this alluvial terrace is 65 feet above the flood plain of 
the Root River, but farther upstream this elevation decreases. The 
terrace is also well developed in each of the major tributarie . At 
Yucatan its surface is 40 feet above the present flood plain of the 
South Fork Root River, and at Freeburg it is 20 feet above the 
flood plain of Crooked Creek. Other indistinct benches or terrace 
levels may be observed on the valley slopes. They suggest that there 
was once an older terrace level, the upper surface of which has uf~ 

fered erosion and has been gullied and smoothed off toward the 
rIver. 

The presence of these thick deposits of stratified and laminated 
fine sands and silts in the terraces indicates that during the glacial 
high-water stages in the Mississippi Valley the velocity of the wa
ter in the Root Valley was retarded. In consequence the sediments 
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Figure 144. Oneota dolomite capping bluff in wa ll of R oot Ri ver Valley, so uth
eastern M innesota . Tote alluvial terrace above stream ievel. (Courtesy of 

M inne ota D epartment of Business R esearch and D evelopment. ) 

brought t o the R oot River Valley by its tributaries could not be 
carried any farther and were deposited on the floor of the valley, 
eventually reaching a thickness of from 60 t o 70 feet . La ter, as the 
\yater level in the Mississippi VaHey was lowered, the Root Ri ver 
l'egained velocity and eroded downward into the accumulated sedi
ments t o the level of its present channel and flood plain. 

A third t ributary of the M ississippi, the Zumbro River, also flows 
in a t erraced valley . H ere t oo the t erraces represent ancient flood 
p lains formed during successive st ages of the river's development, 
and again the t erraces are composed of glacial sands and gra vels 
<::arried into the early river from the melting ice sheet s. This glacial 
:filling is evident in the Zumbro VaHey as far upstream as the mouth 
of South Branch, which enters the main stream west of Zumbro 
Falls. From the mouth of the river to Theilman the valley is t wo 
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miles in width, and it is more than a mile wide as far upstream as 
Millville. Throughout this part of the river, the valley floor lies 
about 400 feet below the upland plateau north and south of the 
valley. 

The Whitewater River is another, smaller tributary of the ;\Iis
sissippi. It has had a history similar to that of the Zumbro, but its 
headwaters did not receive as great a volume of water from the 
melting glaciers as did the Zumbro, Cannon, and Root rivers. It 
has similar high-level alluvial terraces, however, composed of sedi
ments that built up its bed when the Mississippi River stood at a 
higher level. Most of the sands and silts that were deposited at that 
time have been removed by the present stream, which swings from 
side to side in its valley and is steadily cutting away at the terrace 
remnants. Man is now trying to slow this process of erosion through 
artificial means, in order to preserve the farm lands on the terraces. 
A large area along the Whitewater Valley, about twenty miles west 
of Winona and six miles north of St. Charles, has been set aside as 
Whitewater State Park. The region is one of outstanding beauty, 
with deep gorges and limestone escarpments crowned with forests 
of cedars and hardwoods. 

Unlike the larger tributaries of the Mississippi, the rivers in the 
area south of Mankato do not flow in such deep, rocky gorges. The 
Blue Earth River and its tributaries flow north to join the Minne
sota River before it in turn empties into the Mississippi. These 
smaller rivers drain large areas in 'iV aseca, Faribault, Martin, and 
Watonwan counties where the topography is nearly flat or only 
slightly undulating (Figure 145). Along the stream courses, how
ever, the surface is deeply channeled. These channels increase in 
depth from 40 to 75 feet in the headwater regions to 150 to 200 
feet near the MiImesota Valley. The same is true of the Little Cot
tonwood River and Minneopa Creek, which has formed the pictur
esque Minneopa Falls a few miles west of Mankato. 

The Blue Earth River has many tributaries spread out in the 
shape of a fan, and of these, the Le Sueur and Watonwan rivers are 
the largest. Their own tributaries include the Maple and Cobb riv
ers, which flow into the Le Sueur River, and Perch Creek, which 
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Figure 145. Map of the Blue Earth River and its tributaries, showing its 
wide, fanlike drainage pattern. 

empties into the Watonwan. In their lower courses nearly all of 
these streams have eroded their valleys through the glacial drift 
and into the underlying rock formations. Below the dam on the Blue 
Earth River west of Rapidan exposures of the Oneota dolomite and 
Jordan sandstone occur in the walls of the deep gorge that has been 
eroded there. 

The great river into which all these tributaries flow, the mighty 
Mississippi, does not reach its fullest majesty and beauty until its 
channel broadens out, some 45 miles downstream from St. Paul, 
below two lofty lines of bluffs. At the city of Red Wing, which is 
located on a terrace of the river, the altitude at the depot is 685 
feet above sea level, but the upland south of the city stands at an 
elevation of about 1100 feet. The bluffs in and near the city rise pre
cipitously to 400 feet or more above the river and are capped by 
massive strata of Ordovician dolomites. A short distance down
stream from the city, the Mississippi River has expanded over part 
of its former flood plain to form beautiful Lake Pepin, 25 miles 
long and 2 to 3 miles wide (Figure 146). As we learned in Chapter 
2, this spectacular river lake is dammed by delta deposits in the 
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Figure 146. Lake Pepin. a part of the Mississippi River where it has spread 
out ovcr its form er flood plain because of the damm ing effect o f the sedim ent 

deposited by the Chippewa Ri n l'. 

Mississippi channel that were brought down by Wisconsin 's Chip
pewa River. 

The most conspicuous feature in the topography at Red Wing is 
Barn Bluff, also called La Grange Mountain, which rises nearly 350 
feet above the river (Figure 139) . This bluff and several others a 
short distance downstream were once islands in the ancestral :Mis
sissippi River, when it flowed along a channel at the level on which 
the city is now built. Both the railroad and Highway 61 fo llow this 
abandoned channel for some distance southeast of Red ' Ving. The 
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Yillage of Frontenac is located at the east end of a rocky island that 
lies in the sand and gravel filling of this old river channel. 

Other conspicuous bluffs occur in :l\lemorial Park at Red Wing 
and at the sand mine in the southwestern part of the city. All of the 
bluffs are capped by the Oneota dolomite, which was once quarried 
extensively in :l\femorial Park. Now the abandoned quarry walls 
are part of the park landscape. 

The succession of Cambrian and Ordovician rock formations (see 
p. 100) is well exposed in Barn Bluff, the top of which is 1000 feet 
aboye sea level. The strata at the level of the railroad are the upper 
beds of the Franconia formation. They are highly glauconitic and 
therefore greenish-gray in color. Six to eight feet above the level of 
the railroad, the rocks resemble a conglomerate, with brown to buff 
dolomitic pebbles in a matrix of glauconitic dolomite. These rocks are 
considered to be the base of the St. Lawrence formation. The higher 
glauconitic dolomite beds of the St. Lawrence are well exposed at 
street level along the sidewalk at the downstream end of the bluff. 
The total thickness of the St. I~awrence formation is approximately 
45 feet. 

The Jordan sandstone overlies the St. Lawrence formation. In 
Barn Bluff it is nearly 120 feet thick, with its base approximately 
50 feet above the level of the railroad. This formation is a massiye. 
white to yellow, cross-bedded sandstone, most of which is poorly 
cemented but has several very hard layers. The sand grains in the 
upper 15 to 20 feet of the formation sparkle in the sunlight as a 
result of the development of crystal faces on the quartz grains. 

The top of the Jordan sandstone is nearly 200 feet above the 
base of the bluff and is capped by 75 feet of massive beds of the 
Oneota dolomite. The lower layers of the Oneota dolomite are very 
sandy, with thin beds of white sandstone interbedded with the 
sandy dolomite. The upper beds are cavernous, with numerous so
lution cavities lined with minute quartz crystals. The upper 65 
feet at the very top of the bluff are covered with glacial drift and 
loess. From bottom to top, the exposed rock formations in Barn 
Bluff represent the passage of several hundred million years, an im
pressive span of time to be compressed into 300 feet of rock. 

304 



SOUTHEASTERN MINNESOTA 

The south slope of Barn Bluff is cut by a fault along which there 
has been a displacement of nearly 150 feet. Thus the top of the 
.Jordan sandstone on the west margin of lYlemorial Park is about 
150 feet higher than on Barn Bluff. If no displacement had taken 
place, the .Jordan sandstone should be higher on the bluff than in 
the park. On the basis of data compiled from the records of rocks 
found in deep wells, the fault apparently extends from the east end 
of Levee Park southeastward near the west margin of Colvill Park 
and from there along the abandoned channel of the Mississippi 
River. 

Red Wing has long been famous for the manufacture of clay 
products, such as pottery, tile, stoneware, and brick. The clay for 
these industries is excavated near the village of Goodhue. The clay 
pits are in sedimentary deposits that contain layers of sand and 
sandy clays interbedded with the clays. The sandy material must 
be carefully sorted out before the clay can be used. 

Highway 61 from Red Wing to Winona skirts Lake Pepin and the 
wide Mississippi waters in a drive of breath-taking loveliness. In 
the region of Winona the wide floodplain of the Mississippi RiYer 
is nearly 600 feet below the surface of the upland to the west of the 
valley (Figure 147). The upland along the valley stands at 1200 
feet, but a few miles west, south of St. Charles, there are hills capped 
with Platteville limestone that rise to 1325 feet above sea level. The 
relief of this region was even greater prior to the deposition of the 
thick bed of alluvium in the Mississippi Valley. Borings taken in 
the river channel at Lock and Dam No. 5A, just above the city of 
\Vinona, penetrated nearly 200 feet of sand and gravel before en
countering the bedrock surface. 

The city of Winona is built on a huge sand bar formed between 
the main channel of the Mississippi and Lake Winona. Lake 
Winona, shown in Figure 147, is actually an abandoned channel of 
the river, now modified by dredging operations. The general level of 
the alluvial island on which the city is built is only a few feet above 
the high-water mark of the river, and the ground-water level is very 
near the surface .. Many private shallow wells procure water at an 
.werage depth of about 35 feet, and the water rises to within a few 
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feet of the surface. Deep drilling in the city has demonstrated that 

pre-Cambrian granite occurs at a depth of about 500 feet, and the 

drill cuttings indicate that the Dresbach formation of Cambrian 

age rests directly over the granite. The red Fond du Lac beds and 

the Hinckley sandstone that lie on top of the granite in the region 

of Rochester and westward to )\i[ankato are not present as far east 

as'Vinona. 
The rocks exposed at the surface in the "'inona region range in 

age from the Dresbach formation to the Galena formation (see p. 

100) . All the rocks of the Upper Cambrian St. Croixian series and all 
of those of the Lower and Middle Ordovician may be seen in natural 

outcrops. The youngest of these rocks crop out in the margins of 

the plateau south of St. Charles, and the oldest may be seen at the 
base of the bluffs along the Mississippi Valley. The cuts along 

Highway 14 at Stockton Hill, a few miles west of Winona, expose 
one of the most complete sequences of sedimentary strata in the 

state. Rocks from the top of the Oneota dolomite down to the lower 
part of the Franconia formation may be seen in the walls of the 

cuts. From the highway, where it cuts through the hill at the level 

of the Jordan sandstone, the viev" of Gilmore Valley is very im
preSSIve. 

Close observations of the composition and texture of the Oneota 
dolomite can also be made at the Biesanz quarry at W'inona and on 

Sugar Loaf Nlountain, where a huge mass of the Oneota dolomite 
stands as a sentinel oyerlooking the yalley. The "sugar loaf' is 

actually a quarry remnant left standing when a quarry on top of the 
bluff was abandoned. 

The dolomite has been quarried in a number of places and fur

nishes a good grade of architectural stone. The quarr~T rock is from 
15 to 60 feet in thickness, and its ledges are from 1 to 6 feet thick. 

:Much of the stone is sold under the trade name "'Vinona Traver

tine," so-called because solution cavities give it a texture approach
ing that of spring-deposited limestone. It is not a true travertine, 

however, for it is a marine limestone. The rock is exeeptionall~T hard 

when quarried and remains hard even when exposed to extreme 
climatic conditions. 
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Twelve miles northwest of Winona on Highway 61, in John A. 
Latsch State Park, are three high bluffs that have been named 
"Faith," "Hope," and "Charity." The bluffs are capped by the mas
sin' strata of the lower part of the Oneota dolomite, and the top of 
the Jordan sandstone occurs at the base of the vertical cliffs of 
dolomite. The high hills in the park are spurs or divides between 
deep tributary valleys of the Mississippi. 

The most rugged unglaciated topography in Minnesota occurs 
south of Winona in Houston County. The eastern part of this 
county is part of the so-called Driftless Area (Figure 8) of north 
central North America. This area includes more than 10,000 square 
miles in adjoining parts of Minnesota, Wisconsin, Iowa, and Illinois 
which were never covered by a glacier. The exact line between the 
glaciated and unglaciated area is not easily drawn because the 
boundary was established by the early, Nebraskan glacier at least 
a half million years ago, and even the glaciated areas here were not 
covered by the more recent glaciers. ·Whatever deposits were left by 
that early ice sheet have virtually all been removed by erosion, and 
lUany of the large granite boulders called glacial erratics have dis
integrated. 

In the Driftless Area we get a glimpse of the type of topography 
that existed in the southeastern counties of :Minnesota before the 
ach'ances of the first glacier. The influence of the glaciers was felt 
here, however, even though the area was not covered with ice, for a 
great deal of water from the melting glaci.ers poured into the val
leys along the east margin of the ice, thereby greatly increasing the 
erosiYe power of those streams. These waters flowed eastward across 
Houston County and were a factor in the topographic development 
of the region. The scenic topography of Beaver Creek Valley State 
Pcuk and adjoining areas is to a considerable extent a product of 
such stream action. A feature of special interest in this park is "Big 
Spring" near the southeast boundary, which pours out so much 
water from the cavernous Oneota dolomite that it is the yirtual 

source of East Beaver Creek. 
As we turn westward through the southernmost counties, back 

from the 1\1.ississippi Valley, we find a regIOn of numerous caves, 
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sinkholes, and underground channels, formed by the dissolving ac

tion of ground water on limestone formations near the surface. 
Such eaves and sinkholes occur most frequently in the counties that 
were not covered by the most recent glacial drift. They are t'spe
cially numerous wherever the thick beds of the Galena limestone lie 
at or near the surface. 

Underground channels are formed where the descending ground 
water gradually enlarges the cracks or joints in the rocks. In time 
these channels become so large that considerable surface water 
drains into them. If the rock has layers that are easily dissolved, the 
channels may become greatly extended parallel to the bedding of 
the limestone, and where the openings to the channels form con
spicuous holes at the surface of the earth they are called sinkholes. 

In rocks other than limestone the insoluble parts left as a residue 
are far larger than the percentage dissolved. In such rocks, therefore, 
the soil or rock waste fills the space originally occupied by the rock, 
and no large cavities or channels result. 'Vhere pure limestone is 
attacked, however, the whole rock is soluble, and nothing remains 
to fill the spaces where the percolating waters have dissolwd the 
strata. Thus in the course of time an elaborate system of spacious 
tunnels and chambers may be dissolved out of solid limestone rock. 

In parts of Fillmore and JVlower counties, where sinkholes abound, 
some of the roofs of the caverns have collapsed, and a very unusual 
type of topography, called karst topography, has developed. The 
sloping sides of the sinkholes are steep and clifflike, and the area 
between sinks is eroded into a network of numerous short gullies 
and ravines which terminate abruptly \vhere they discharge their 
waters into the subterranean channels. 'Vhere the openings of the 
sinks are clogged with soil and other debris, the water cannot de
scend to the channels below the surface but is ponded in the funnel
shaped depressions at the surface. 

The walls and ceilings of most caves are coated with calcium 
carbonate, which is the mineral called calcite. The calcite is precipi
tated out of the ground water as it evaporates in the caves. It as
sumes various forms, sometimes appearing as stalactites which are 
attached to the roof or ceiling, or as stalagmites which form on the 

309 



l\IINNESOTA'S ROCKS AND WATERS 

floor of the cavern and build upward, forming mounds and cones on 
the limestone floor. In some caves the stalactites are lengthened 
until they reach the floor of the cavern and thicken into pillars (Fig
ure 148). 

Niagara Cave near Harmony in Fillmore County has several 
levels separated by less soluble strata in the Galena limestone. The 
stream that flows in its subterranean channels drops from the higher 
to the lower level as a waterfall, which is called the Underground 
Niagara. The entrance to the cave is through a sinkhole with a 
vertical, shaftlike opening more than 50 feet deep. Mystery Cave 
(Figure 148) near Etna is formed in the upper part of the Galena 
and the lower part of the Maquoketa formations. The entrance is 
in the valley of the South Branch Root River, and during periods 
of normal rainfall, all the water of this stream flows through the 
lower levels of the cave. 

The action of ground water has had another interesting result in 
this part of _Minnesota - the deposits of limonitic iron ores in nearly 
every county in the region. The early settlers found layers of iron 
oxide in their dug wells, and often plowed it up in loose chunks 
while cultivating their fields. The earliest geological surveys of the 
region include references to widely scattered surface deposits. These 
iron oxides lie on rocks of various ages, from Upper Cambrian to 
Cretaceous. The most extensive deposits occur in Fillmore County 
southeast of Spring Valley and north and south of the South Branch 
Root River. This region was explored in detail in 1930, but actual 
mining operations did not begin until 1942. To date more than 
two million tons of iron ore have been shipped from these deposits. 
The total amount of known ore scattered over the region probably 
amounts to several million tons, but in many areas the layer of ore 
is too thin or the overlying material too thick to make mining profit

able. 
The blanket of ore varies in thickness from less than a foot to 

fifteen feet and rests on an uneven surface of Devonian limestone. 
Numerous masses of limestone extend up nearly to the top of the 
ore bodies, and residual limestone boulders in the ore show all 
stages of leaching, from pure limestone to residual silt which is par-
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tially infiltrated with iron oxide. Much of the ore is soft and porous, 
and many of the pores are filled with clay and silt. The hard ore is 
mainly goethite, which occurs in solid masses or in honeycombed, 
ramifying chunks and nodules. In this ore, also, many of the cavities 
are partially filled with fine silt or with yellow ocherous pOlvder. 

The origin of these ores is very different from those on the iron 
ranges of northern :Minnesota. There the original iron formations 
contained from 15 to 80 per cent iron. In southern :Minnesota, how
ewr, the ore is associated with limestones and dolomites that con
tain no more than 1 01':2 per cent iron. We may conclude, therefore, 
that some further geological process of concentration, besides simple 
leaching, must have contributed to the local accumulation of iron 
oxides. The ore lies on old erosion surfaces, and it is reasonable to 
suppose that as the weathering of the limestone continued, some of 
the primary iron carbonate was carried away both laterally and 
downward as a bicarbonate in solution. Such a process would lead 
to the replacement of limestone (calcium carbonate) by iron car
bonate in deep, underground limestone strata. vVhen erosion later 
brought the enriched iron carbonate layer into the zone of active 
oxidation near the surface, the iron carbonate was oxidized to the 
ore minerals we see today. 

Westward from Fillmore County we come to the city of Albert 
Lea, located near the center of Freeborn County and near the east 
margin of the youngest sheet of glacial drift. Most of the city is 
built on a strip of land between Fountain Lake and Lake Albert 
Lea. There are no lakes to the east of Freeborn County because 
the old glacial drift that covers those counties has been deeply 
eroded and well drained. Freeborn County, however, has many 
lakes because it is covered with a glacial drift deposit only ten or 
twelve thousand years old, so new that the preglacial valleys are 
still filled or blocked with drift and new channels of drainage are 

not yet entrenched. 
The lakes of Freeborn County lie in a zone of recessional moraines 

that extend in general in a north-south direction across the county. 
At the border of the youngest drift, left by the late Wisconsin 
glacier, is Little Elk Lake. At Albert Lea the lakes lie in what re-
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mains of an earlier valley of the Shell Rock River. This preglacial 

yalley has been filled with drift and outwash from a point below 

the Iowa-Minnesota boundary northward to where the lakes begin. 

The valley and its branches to the north and west of the lakes are 

also filled with drift. The area between Geneva Lake and the north 

end of the east arm of Lake Albert Lea is another old valley that 

is blocked by moraines. 
In the western part of Freeborn County most of the lakes owe 

their existence to the unequal thickness of the glacial drift. The 
lake near Emmons, now partially drained, is a basin between higher 

morainic ridges. Upper Twin Lake is an isolated depression in the 

ground moraine, but Freeborn Lake and the three smaller lakes 
north of it are so aligned as to indicate that they lie in a former 

river valley. 
The recessional moraines of this region are composed largely of 

clayey till with a few gravelly knolls and concentrations of coarse 

boulders. The drift is thin for 4 to 8 miles west of its eastern limits, 
but it increases gradually in thickness westward and northward to 

more than 200 feet in the regions of Hartland and Clarks Grove. 
Between the rugged morainic belts much of the drift near the sur

face is stratified and may represent glacial lake deposits. 
There is not a single rock outcrop known in Freeborn County. 

Deep drilling has shown, however, that the Paleozoic sedimentary 
rocks that crop out to the east in Mower and Fillmore counties ex

tend under the Albert Lea region also. Freeborn County occupies 
the trough of the broad synclinal structure, or downfold of the rock 

strata, that underlies most of the southeastern part of the state. In 
the northeastern part of the county, the rocks dip toward the south

west, whereas in the northwestern townships the dip is to the south

east. The record of the deep well at the Interstate Power Company 
in Albert Lea, where the surface elevation is 1225 feet, shows that 

the drill entered solid rock at a depth of 89 feet and penetrated all 

the Paleozoic rocks from the Cedar Valley limestone down through 
the Jordan sandstone to a depth of 1040 feet. The accompanying 

tabulation is a geological log of the well compiled from the drill 

cuttings. Hundreds of similar logs have been compiled, and from 
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them the geographic extent of individual rock strata can be deter
mined. 

Depth Thickness 
Formation Description (feet) (feet) 

Drift l~ nclassified 0- 89 89 
Cedar Yalley Light brown limestone 89- 184 95 
Maquoketa Buff dolomite 184- 310 1'26 
Galena Gray limestone ~310- 450 UO 
Decorah Gray and green shale 450- 510 60 
Platteville Shale and gray limestone 510- 545 3;'5 
Glenwood Light green sandstone and shale 54.5- 5.55 10 
St. Peter White sandstone .555-- 66.5 llO 
Oneota-Shakopee Gray and buff limestone 665- 940 275 
Jordan White sandstone 940-1040 100 

AROUND THE TWIN CITIES 

In many ways the region immediately around the Twin Cities 
combines conditions characteristic of each of the yarious geological 
provinces of the state. :Most of "Minnesota's surface features - its 
lakes, moraines, level plains, and scoured valleys - are legacies of 
the glaciers, and the Twin Cities have all of these within their limits 
or nearby. Minneapolis and St. Paul lie in the midst of a broad belt 
of terminal moraines, for example, and these hills are cut by the 
l'elatiyely deep valleys of the Mississippi (Figures 149 and 150) and 
Minnesota rivers. The St. Croix River occupies a similar valley 
nearby. The bedrock formations exposed at the surface and in val
ley walls in the metropolitan area are the Cambrian and Ordo
yician strata so typical of southeastern :Minnesota; yet the ancient 
pre-Cambrian rocks we associate with northeastern Minnesota have 
been reached in one of the cities' deep wells and are even exposed on 
the surface within fifty miles of the Twin Cities, at Taylors Falls. 

The deepest well in Minneapolis was drilled about 1886 at Lake
wood Cemetery south of the downtown district. This well reached a 
total depth of ~150 feet and is reported to have entered the deep 
pre-Cambrian granite for 15 feet. The granite surface thus lies at 
about 1350 feet below sea level. A deeper well was drilled at about 
the same time at Stillwater on the St. Croix River, 20 miles north
east of St. Paul. This well reached a total depth of 3500 feet, and 
325 feet of Keweenawan basalt lava flows were found at the bot-
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Fig1tTe 149. Aeria l view of the youthful gorge of the M ississippi Ri ver cut ill 
Pla tteville limestone and St. Peter sandstone by postglacia l retreat of St. An
thony F alls. University of M innesota on the left bank . Looking down tream. 
(Courtesy of :Minnesota D epartment of Business R esearch and D evelopment. ) 

tom. It is rather impressive to realize that these flows that once 
poured out as lava on the earth's surface no\\" lie about 2400 feet 
below sea level, covered with more than 3000 feet of compressed 
marine sediments. 

Above the granite in the Minneapolis well there are 1012 feet of 
red sandy shales . In the well at Stillwater the thickness of simila r 
K eweenawan red sediments is 2458 feet . The red shales and sand
stones grade upward, usually without sharp contacts or lines of de
marcation, to a buff sandstone usually correlated with the K eweena
wan Hinckley sandstone of Pine County, 100 miles to the north . 
Unfortunately, we do not know of any surface exposure of the con
t act between th ese formations and the base of the overlying Cam
brian formation . All the Paleozoic formations from the Dresbach 
to the D ecorah shales are exposed at the surface in this area , how-
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Figure 150. View of the Mississippi River front in St. Paul. (Courtesy of 
Minnesota D epartment of Business R esearch and D evelopment.) 

ever, so we know that they all are present in the underground strat a 
as well. 

The general structure of the rocks of the Twin Cities area is that 
of a very shallow subsurface basin (Figure 151). This basin is 
slightly elongated in a northeast to southwest direction, with the 
lowest level of the depression located beneath a point just south of 
the University of Minnesota campus on the Mississippi River . The 
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Figure 151 . North-south cross section showing the subsurface 
structure of the Twin City artesian basin . 

dip of the beds on the sides of the basin averages about 20 feet per 
mile, but at places it departs from this considerably and near it 
center the basin is practically flat. The rocks exposed in this basin
shaped structure are of Cambrian and Ordovician age. The form 
of the basin coincides approximately with a depression in the older 
pre-Cambrian rocks that lie below it, and it seems probable that 
this pre-Cambrian depression already existed when the sedimentary 
layers were deposited, rather than sinking later after the overlying 
sediments were laid down. The compacting of the loose sediments, 
however, resulted in more settling in the center where the beds were 
thickest, so the sedimentary rocks also form a basin. 

A subsurface rock basin of this kind is of great practical impor
tance, for it forms a local artesian basin that supplies good water to 
hundreds of wells in Minneapolis, St. Paul, and adjacent regions. 
The porous sandstones are excellent water reservoirs, and the slight 
inward incline of the strata tends to force the well waters upward 
as in a fountain. Most of the wells tap the Jordan sandstone at 
depths varying from 350 to 450 feet beneath Minneapolis. Enor
mous amounts of water are pumped from this underground reser
voir, and the supply is replenished by rain falling on the outcrop of 
the sandstone around the edge of the basin. 

A few deep wells tap another sandstone, the Hinckley sandstone, 
at a depth of nearly 1000 feet, and by closing off the flow above 
these strata a much softer water is obtained. This is used to a con
siderable extent by laundries and hotels. The hardness of the water 
- that is, the concentration of soluble mineral matter - from the 
Jordan sandstone averages about 19 grains per gallon (324 parts 
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per million), while the water from the lower, Hinckley sandstone 
averages only 8,3 grains per gallon (142 parts per million). 

~10st of the rock structure under the metropolitan area is very 
uniform, with almost no indications of diastrophic disturbance. Only 
a few areas of localized deformation occur, such as the anticline, or 
upfold of rocks, at Afton on the St. Croix River, which we will in
vestigate in Chapter 16, and the fault at Hastings on the Missis
sippi River southeast of St. Paul. This fault is a vertical break in 
the rock layers, along which one side has slipped downward about 
a hundred feet, bringing layers of Oneota dolomite on one side of 
the break into contact with Jordan sandstone on the other side. 
Between this exposure of the fault on the north side of the river and 
the city of Hastings on the south bank another fault must exist hid
den beneath the alluvial sediment of the valley. Well records and 
outcrops show that this hidden fault must have a vertical displace
ment of approximately two hundred feet. 

The upland surface of the Minneapolis and St. Paul metropolitan 
area is mantled nearly everywhere by glacial drift. The entire re
gion has been covered by continental ice at one time or another, 
but subsequent stream erosion has removed or modified the de
posits along the major valleys. Glacial deposits of three of the four 
different glaciers - the Kansan, Illinoian, and Wisconsin glaciers 
(see p. 160) - have been identified. Exposures of the first two are 
largely confined to the southeast corner of the region, but three dif
ferent drifts of the Wisconsin glacier, in various topographic forms, 
cover the rest of the area. 

An apparently older drift, probably of Kansan age or even older, 
occurs as irregular, rounded patches along the south central margin 
of the metropolitan area. It may be found in the base of the north 
valley wall of the Minnesota River near Bloomington, and there are 
also some exposures along the St. Croix River Valley. This drift is 
blue-gTay in color, and the shale and limestone pebbles have been 
weathered so that only the outlines remain. 

From the general distribution of the glacial deposits and the di
rection of rock scratches or striae elsewhere, it is known that both 
the Nebraskan and Kansan ice sheets which reached the Twin Cities 
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area came from the Keewatin center to the northwest (Figure 66) . 
A reddish drift found in the southeastern part of the metropolitan 
area was probably left by an Illinoian ice tongue from the north or 
northeast which barely reached the eastern edge of the state. These 
deposits usually show a considerably greater degree of weathering 
than do those of the overlapping Wisconsin drift, and their con
stituent rocks seem to be chiefly pebbles or boulders of the pre
Cambrian formations common in the Lake Superior region. 

A moraine of Illinoian drift forms a prominent range of hills as 
much as 100 feet high in the vicinity of Hampton and southwest
ward. The earliest Wisconsin ice sheet is represented by gray drift 
from the Keewatin center, piled up in low hills southwest of Rose
mount and generally covered by a veneer of wind-deposited loess. 
Middle Wisconsin drift is the red, sandy, stony drift left by the ice 
lobe which invaded the area from the north and northeast, some
times called the Minneapolis lobe. For the most part, the boulders 
and pebbles composing this till are characteristic of the pre-Cam
brian formations of northern Minnesota, and limestone pebbles are 
not common. The Minneapolis lobe covered much of the metropoli
tan area. A curving terminal moraine with an apex in Dakota 
County marks its general southern limit, and broad, well-developed 
outwash plain, partly mantling the older drifts, lies to the south of 
the moraine. 

The last incursion of a glacier into the Twin Cities area was in 
late Wisconsin time (Figure 74), after the Minneapolis lobe had 
receded. The ice advanced from the southwest in what is knmvn 
as the Grantsburg sublobe, a minor, northeast-moving offshoot of 
the extensive Des Moines lobe which originated in the Keewatin 
center and spread down the Red River and Des :Moines River val
leys. The Grantsburg sublobe extended as far as Grantsburg, vVis
consin, north of Taylors Falls. The southeastern margin of the drift 
it left is an irregular line entering the area on the south and then 
trending to the northeast between Minneapolis and St. Paul. This 
drift, coming from the Keewatin center, is characterized by a large 
number of limestone and shale fragments - unlike the drift from 
northeastern Minnesota - and by its comparative freshness. The 
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exposures are commonly gray to tan in color, but the unoxidized 
portions are dark gray. 

The southern section of 1Iinneapolis is located on an extensi\'e 
outwash plain, and another occurs in part of St. Paul. Glacial river 
sand with scattered sand dunes are found in the Anoka sand plain, 
north of Minneapolis. The sand was deposited by the migrating 
Mississippi River as it shifted westward with the retreating front 
of the Grantsburg sublobe. The numerous lakes and swamps on the 
sand plain lie in hollows left by buried blocks of ice from the re
treating sublobe and in basins formed by wind scour. 

Long before the glaciers covered Minnesota, the Mississippi Riwr 
and its tributaries were \Yell established in valleys that were eroded 
considerably deeper than the present valley levels. 'VeIl logs, the 
records kept of the rocks encountered in drilling, confirm the great 
depth of these early valleys. One well in the Minnesota River Val
ley, for example, just south of 1VIinneapolis, did not encounter bed
rock until a depth of 280 feet, or 440 feet above sea level. 

The main preglacial valleys of the Twin Cities area are shown in 
Figure 152. Here we can see the preglacial channels of the lUis
sis sippi and St. Croix rivers, as well as numerous tributaries. ,"
similar valley, which the map shows running roughly north and 
south through Minneapolis just west of the downtown district, is 
believed to have been developed during an interglacial period be
tween the ice advances. Sewral of these preglacial valleys abandoned 
by the river appear at the surface today as chains of lakes. The 
Mississippi interglacial valley and its tributaries within the city 
limits are occupied now by Cedar Lake, Lake of the Isles, Lake Cal
houn, Lake Harriet, and Lake ~okomis, making Minneapolis truly 
a "Cit~, of Lakes." 

The preglacial St. Croix Valley joins the present valley of the 
Mississippi in St. Paul a short distance below the Union Station. 
North of the city this valley is occupied by a long series of lakes
Crossways, Randeau, Pelican, Centerville, Pleasant, Vadnais, Ger
vais, and Phalen. Preglacial valleys do not always appear today 
as topographic depressions, however. Beneath the high terminal 
morame area south of St. Paul in Dakota County, for example, a 
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Fig1LTe 152. Map showing preglacial and interglacial river 
valleys of the Twin City area. 

deep, buried valley is cut down into the rock strata for fully 300 
feet (Figure 152) . This is presumably the course of an ancestral 
Minnesota River which flowed approximately due east, rather than 
detouring around by St. Paul as at present. 

The three principal present-day rivers of the region are the Mis
sissippi and its tributaries, the Minnesota. and the St. Croix. The 
Minnesota and St. Croix valleys are both much larger than that of 
the Mississippi above the mouth of the Minnesota. While the gla
ciers were retreating, the drainage of Glacial Lake Agassiz into the 
Minnesota River Valley and of Glacial Lake Duluth into the St. 
Croix Valley profoundly modified the glacial topography or de
stroyed it entirely along their courses. 
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Figure 153. Aerial view of the mouth of the Minnesota River at Fort Snelling. 
(Photograph by U.S. Department of Agriculture, 1940.) 

The Mississippi River above Fort Snelling occupies a narrow 
gorge as far as St. Anthony Falls, beyond which the valley is only 
slightly cut into the upland. General Warren described the junction 
of the Mississippi and Minnesota rivers (Figure 153) as follows: 
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The valley of the l.Ii~sissippi below the junction, and of the Minne
sota above it, is wide and beautiful, and is continuous in direction and of 
Hearly the same breadth, varying from about one to two miles. In marked 
contrast is the valley of the Mississippi above their junction, it being 
only about one quarter of a mile wide and nearly at right angles with the 
otiler. It is a mere gorge, whose bottom is almost completely filled by the 
river, and evidently had its origin in the waterfall now at St. Anthony. 
The fall in recent times must ha ye been where the river no\\' joins the 
llwin vallE'Y [just to the right of the Fort Snelling bridge in Figure 153] 
and has ~in('e receded to its present position sewn miles above the junc
tiOll. ~, 

St. Anthony Falls is located today near the Third A venue Bridge 
in :\linneapolis in a stretch of the river that descends about 65 feet 
in the course of three quarters of a mile. In the midst of these rapids 
,yas a precipice about 18 feet high over which the falls once plunged; 
hut now the water is dammed and diverted for the production of 
electric power. The riYer bed here is formed by the pavement-like 
Platteville limestone (Figure 154) overlying the soft St. Peter sand
stone. From observations dating back as far as 1680, it has been 
estimated that the rate of recession of the falls from their original 
location below Fort Snelling was st.44 feet per year. Since the length 
of the gorge cut by this erosive process is about seven miles, the 
time required for the falls' migration upstream ,yould be 6st76 years. 

Aboye St. Anthony Falls the river flows in a comparatiyely shal
low trench with a rather wide terrace of glacial alluvium present 
along much of its course. Downstream below the falls, the mignl
tion of the waterfall in past ages has left a gorge 100 feet deep cut 

in St. Peter sandstone, with bluffs capped by Platteville limestone 

(Figure 155) . Near Minnehaha Park, the west, or Minneapolis, side 

of the river presents an interesting physiographic study (Figure 

156). Before St. Anthony Falls had migrated upstream this far, the 

}lississippi River flowed in two channels around a former island 

where the Minnehaha tourist park is now located. When the falls 

reached the lower tip of the island (point D in Figure 156), two falls 

developed. The Mississippi's western channel (from B to C to D) 

• C.S. House of Representatives Executiye Documents. Appendix .J.. Annual Report 
of the Chief of Engineers for 1875, p. 35. 
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FigU1'e 155. Cross section of Mississippi River at Fort Snelling bridge. 

carried less than half the water, however, so that the eastern falls, 
in the main river channel, migrated upstream about twice as fast 
as its western counterpart. Eventually the eastern falls passed the 
upper tip of the island, progressing toward its present St. Anthony 
location and diverting to its own channel the water that had flowed 
in the western channel. The western channel thus dried up, leaving 
its abandoned falls scarp just below Minnehaha Parkway (at B in 
Figure 156). The migration of the western falls past the original 
mouth of lVIinnehaha Creek made another escarpment and falls, 
\"hich began a migration of its own, cutting a narrow gorge up :Min
nehaha Creek (from C to A) to form the present Minnehaha Falls 
(Figure 157) . 

Another old valley, marked by an extended depression, runs from 
the Mississippi River at Plymouth Avenue southward to join the 
depression in which Cedar Lake and Lake of the Isles lie (Figure 
1.52) . The present Mississippi River occupies part of this an.cient 
channel, from north of the city limits to Plymouth A venue, where 
the river turns and flows southeastward over St. Anthony Falls. 

The rocks exposed along the Mississippi River gorge belong to 
formations of Ordovician age and were deposited in the sea that 
pread over Minnesota at that time. Millions of primitive inverte

brate sea creatures have left their fossil remains in these rocks. Fos
sils may be found at many places in the Platteville limestone, but 
an even better place to collect them is in the exposures of Decorah 
shale that occur in the pit of the Twin City Brick Company below 
Cherokee Park in St. Paul in the wall of the Mississippi gorge (Fig-
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Figure 156. Aerial photograph of the Mississippi River in the Minnehaha Park 
and Fort Snelling regions. A, location of Minnehaha Falls: B, abandoned fall s 
scarp: C, abandoned channel of the Mi ssissippi in which Minnehaha Creek now 
flows; and D , point at which Minnehaha Creek discharges into the Mississippi 

River. (Photograph by U.S. D epartment of Agriculture, 1940.) 
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Fig ure 157. :Minnehaha Fa lls. Minnehaha Park , M inneapoli s. The creek flows 
ove r Pla tteville limestone and erodes the poorly cemented St. P eter sa ndstone 

below. (Photograph by K enneth M . 'Yright.) 
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Horizontal Scole 
o 200 400 ft. 

Figure 158. Cross section of Mississippi River at 
Robert Street, St. Paul. Looking upstream. 

me 158), or in any other place where the shale has been exposed by 
erosion or excavation. Some of the limy beds in the shale are liter
ally filled with fossil fragments, and patient search, aided by the 
judicious use of a hammer to break the rock, will reveal excellent 
specimens of the remains of brachiopods, bryozoans, and trilobites. 

328 



('. H."- PTE R 

• 16 • 

The St. Croix RiveT Valley 

NORTH and east of the Twin Cities the St. Croix Ri,'er forms 
much of the eastern boundary of the state, from its junction with 
the Mississippi near Hastings north toward the tip of Lake Su
perior (Figure 87). As we survey this valley on our final geological 
excursion, we are likely to be impressed first of all by the large val
ley that has been excavated by the river (Figures 20 and 160), par
ticularly from Taylors Falls southward. Yet the present river seems 
entirely inadequate for such a task, too shallow and placid for great 
erosive power. The St. Croix's headwaters in north"vestern ~Viscon
sin do not have a large watershed area, and although its main tribu
tary, the Kettle River, drains a large area in northeastern .i\Iinne
sota, this volume of water cannot explain the valley that is cut so 
deeply through igneous rock at Taylors Falls and so broadly through 
the sedimentary layers to the south. 

Only the work of the glaciers can explain this fascinating valley. 
Like the Minnesota River Valley, the St. Croix Valley was eroded 
by a torrential glacial river, draining a vast glacial lake. This lake 
was Glacial Lake Duluth, the ancestor of Lake Superior, which was 
forced to drain southward until its outlet to the St. Lawrence Riwr 
was unblocked by melting of the glacier. The southward drainage 
flow formed the Glacial River St. Croix, and the present course of its 
lower valley was carved out by the large volume of water it receiyed 
from the Superior basin. 
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As the river gradually excavated its valley, it encountered near 
Taylors Falls a region of hard igneous rocks lying fairly close to the 
surface. The water gradually cut down through these old basalt 
lava flows, but because their resistance to erosion was much greater 
than that of the surrounding sedimentary rocks, only a narrow 
gorge was cut through the flows. This narrow gorge forms the 
famous Dalles of the St. Croix, the French term "dalles" meaning a 
narrow, rock-bound river channel. 

North of Taylors Falls the St. Croix River flows through an area 
of slight relief as cOlnpared with its valley southward. This rela
tively flat, sandy area, which extends from Grantsburg, Wisconsin, 
westward into east central :Minnesota, was the site of Glacial Lake 
Grantsburg during early postglacial time. This water was ponded to 
the north of the Grantsburg sublobe of the last glacier (Figure 74). 
The normal drainage slope of the area is to the south, but this was 
blocked by ice. As the glacier melted, water accumulated along the 
north margin of the ice in a sizable glacial lake, and eventually it 
reached a level high enough to spill over and around the east end 
of the glacier and into the lower St. Croix near Taylors Falls. 

As the front of the Grantsburg sublobe melted southwestward, 
new drainage outlets for Glacial Lake Grantsburg were established. 
The lake level then fell to a point where wave action in the shallO\y 
water smoothed the sediments on the floor of the lake, thus produc
ing the flat, sandy plain area we see today. The few low ridges re
maining may represent islands of glacial till that stood above the 
lake level. The southwestern part of this area is now referred to as 
the Anoka sand plain. 

Through this sandy plain the St. Croix Riyer has cut downward 
to reveal bedrock at a number of places. The rocks thus exposed are 
basaltic lava flows, which have also been encountered by drilling 
at many points in eastern Pine County. Along the river here a large 
area has been set aside as St. Croix State Park, and nearby the St. 
Croix's principal tributary in Minnesota, the Kettle River, flows 
down to join it. The Kettle River rises in Carlton County and has 
scoured off the glacial drift at places, revealing the bedrock. Its 
gorge in Hinckley sandstone at the town of Sandstone exposes fully 
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Figure 159. Pothole in sandstone, K ettle River, Pine County. 

a hundred feet of rock. The swirling waters have excavated many 
potholes in the stream bed (Figure 159), much like the potholes of 
the St. Croix near Taylors Falls. 

The St. Croix River gorge at Taylors Falls and Interstate Park 
is one of the most scenic areas of the state (Figure 160). Vertical 
cliffs as much as a hundred feet high occur along the river, and the
rock outcrops extend up the valley wall over three hundred feet 
above the level of the river. These rocks are old Keweenawan basalt 
lava flows, of the same age as those found on the shores of Lake
Superior from Duluth to Grand Portage, and on Keweenaw Point on 
the Michigan shore. Detailed study has shown that there are at 
lea t ten of these flows exposed on the Taylors Falls side from river
level up to the hill beyond the schoolhouse. A thin, porous portion 
formed by gas bubbles in the molten rock marks the top of each 
flow. 

A striking feature of the gorge is the plane surfaces of the c1iffs_ 
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Figure 160. Dalles of th e St. Croix River looking downstream from 
Angle Rock. Gorge is cut in basalt lava flow s. Minnesota on the right, 

Wisconsin on thc left . (Courtesy of Minnesota D epartment of 
Business R esea rch and D evelopment. ) 

These are a result of the rock falling away along fractures, or joint 
planes, in the rock mass. The abrupt turn in the river gorge from 
south t o west is undoubtedly a result of the prominent vertical 
joints exposed along the cliffs on the Wisconsin side. The rock at 
the cornel' is locally known as "Angle Rock." 

The greatest curiosity of the region is the series of about 80 huge 
pothole exposed on the flat surface of the lava flows on the Min
nesota side of the river, between the bridge and the boat landing. 
These potholes are cistern-like holes varying in size from small de
pressions a foot across to huge wells. The so-called Glacier Kettle 
is 60 feet deep, 12 feet in diameter at the surface, 15 feet in diam
eter at a depth of 42 feet, then narrowing down to 13 feet at the 
bottom. Such irregularities are caused by fractures and variations 
in the hardness of the rock. At some places the walls separating a 
series of holes have been worn away and a small gorge has de
veloped. All of the potholes were formed by eddies in the rapins of 
the riYer, where the wir! of water was strong enough to rotate sand 
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and pebbles caught in slight depressions in the rock. The river was 
much larger then and flowed much more swiftly than at present, and 
its erosive power was increased accordingly. 

On the Wisconsin side of the river the park road follows an aban
doned channel high above the present river. Thus at an earlier 
stage the river, or more likely a part of it, was not deflected west
ward by Angle Rock but eroded a channel in a nearly due south 
direction. At another early stage, the river turned westward at what 
is now called Lake of the Dalles and cut another channel that is now 
partly occupied by the lake. 

Downstream beyond the dalles, the rocky bluffs that flank the 
valley are composed of marine sedimentary rocks of Cambrian amI 
Ordovician age. At Taylors Falls the sandstones of the Dresbach 
and Franconia formations of Cambrian age rest directly on the 
eroded surface of the lava flows. This contact is exposed along the 
railroad grade near the schoolhouse and along the narrow road up 
the hill from the railroad. Here large, rounded boulders of lava rock 
of the old shore line of the Cambrian sea are cemented into a mas
sive conglomerate by means of sands and silts that were deposited 
in the spaces between the boulders. Fossils of Cambrian marine 
creatures occur in the sandy matrix of the conglomerate. 

The sedimentary rocks along the valley dip southward at a low 
angle, about 15 feet per mile, from Taylors Falls south to Stillwater, 
and as a result progressively younger rock beds are exposed as we 
travel south from Interstate Park. At Osceola, on the 'Wisconsin side 
of the valley, the Oneota dolomite caps the rocky bluffs, and it is 
exposed at many points from there southward to the junction of the 
St. Croix and l\fississippi rivers. 

At the village of Marine the river is flowing in the Franconia 
formation, and more than 100 feet of its sandstone and siltstone 
beds are exposed above river level. The rocks exposed at the 
ferry and in a small quarry near the ferry are gray to reddish
brown, thin-bedded, with gray shale partings. Fossils of trilobites 
are quite numerous in these rocks. The St. Lawrence formation, 
which consists of a green, glauconitic, sandy dolomite, occurs above 
the Franconia and crops out along the small stream that flm"s into 
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the St. Croix River in the village. A well near the depot on the crest 
of the hill penetrates more than 50 feet of Jordan sandstone, which 
is in turn overlain by 60 feet of glacial drift. The total depth of the 
valley in the region of :\1arine is approximately 300 feet. 

Still farther downstream, at the Soo Line drawbridge over the 
riyer. approximately 100 feet of the Oneota dolomite occur above 
the Jordan sandstone, which is here nearly 80 feet thick. These 
rocks are well exposed at the falls west of the water tank and at 
the drawbridge. Southward from the region of the bridge to its 
junction with the :Mississippi, the river occupies a prominent pre
glacial valley. Its preglacial age is shown by extensive deposits of 
glacial drift lying deep in the valley and in its tributaries. Stream 
terraces are conspicuous along this portion of the valley, some as 
much as 'tOO feet above the present river. 

At and near Stillwater there are numerous exposures of the St. 
Lawrence, Jordan, and Oneota formations. The St. Lawrence for
mation crops out in the upper part of the cliff at the picnic grounds 
north of the city. There its resistant dolomitic sandstone caps the 
less resistant Franconia formation and projects as an overhanging 
ledge 15 to ~o feet above river level. The upper, shaly part of the 
St. Lawrence formation is exposed in the walls of the lower part 
d the road cut along Boom Hollow. The Jordan sandstone forms 
the cliffs along the highway both north and south of the city. Its 
contact with the overlying Oneota dolomite may be seen in the rock 
cut along the street up the steep hill at the city gas plant. There the 
upper beds of the Jordan formation are very thoroughly cemented. 
At other places along the valley, however, this sandstone is poorly 
cemented, and many artificial caves have been excavated in it along 
the highway in the southern part of the city. 

At Hudson, ·Wisconsin, the river terraces are conspicuously de
Teloped along both sides of the valley. The uppermost terrace on the 
Minnesota side is nearly a mile wide and stands about ~50 feet 
.(1 bove the river. The next lower terrace is near the top of the beds 
1)f Oneota dolomite that form an escarpment from Hudson south
ward toward Afton. At Afton, however, the Oneota dolomite occurs 
high in the bluffs along the river. This higher elention is a result 
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Figure 161 . St. Croix River Valley at Stillwater looking upstream. (Photograph by Kenneth M . Wright.) 
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of some long-ago diastrophic upfold of the entire area into a pitch
ing anticline, or inclined arch, which extends in a general northeast 
to southwest direction across the valley about a mile north of Afton. 
This anticlinal structure continues southwestward for a number of 
miles into the southern part of Washington County. 

In and near the city of Hudson, 'Visconsin, the Franconia for
mation crops out at many places. Its base is exposed near the south 
end of the main street where the old highway enters the city through 
a long rock cut. This cut is all in the Franconia and exposes an ex
cellent section of the lower part of the formation. There are lllany 
additional exposures along the streets and roads to the crest of the 
high hill at the east edge of the city. A total thickness of more than 
170 feet of the Franconia formation is exposed in this area. 

Small tributary streams have cut many deep, canyon-like chan
nels in the walls of the St. Croix Valley. One such channel near 
Afton has exposed the entire thickness of the Jordan and St. Law
rence formations. These exposures occur along the road that fol
lows a steep gully from the south edge of the village of Afton south
westward to the upland. Both the base and the top of the Jordan 
sandstone are exposed in the cliff along the east wall of the gully. 
The St. Lawrence formation is exposed on the floor of the small 
stream in the gully, and below the bridge over the stream a narrow 
box canyon has been eroded into the highly glauconitic beds of the 
upper part of the Franconia formation. 

From Stillwater southward (Figure 161), the St. Croix River 
has spread out over its inner flood plain to form a lakelike expanse, 
of water in the valley, called Lake St. Croix (Figure 9W). This flood
ing is caused by a point of land known as Point Douglas, which 
juts into the valley at the junction of the Mississippi and St. Croix 
rivers near Hastings and acts as a natural dam, holding back the 
water at a level sufficiently high to cover all of the valley floor. 

The St. Croix Valley demonstrates the effectiveness of running 
water as an agent in sculpturing the face of the earth. The river that 
eroded the valley flows through areas underlain by many different 
kinds of rocks, varying in age from the pre-Cambrian to the Ordo
vician. The Cambrian sandstones that floored the southern part 
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of the valley are rather poorly cemented and thus were easily 
eroded, but even the dense igneous basalts at Taylors Falls could 
not withstand the abrasive action of the sand and silt in suspen
sion that eventually cut a canyon several hundred feet deep. 

When we view the St. Croix Valley, or any other part of Minne
sota's landscape, we should not be content simply to contemplate 
the beauty of the finished product. After our first exclamations of 
wonder, we should begin to ask, "How did it happen?" or "vVhat 
made it?" and we will now have at least some of the answers. The 
St. Croix canyon and its potholes, the morainic plains and hills, the 
rocky shore line of Lake Superior - no aspect of J\1innesota's scen
ery is a finished creation existent from the beginning. All the geo
logical features we have explored throughout the state represent one 
stage or another in the process by which the architecture of the 
earth's surface is being constructed; and their story is still being told. 
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A List of the Minerals of Minnesota 

The minerals preceded b.y an asterisk arc microscopic or rare and arc not nor
mally specimens for collectors. 

* Acmite-augite, a pyroxene 
-. Actinolite, an amphibole 
-, Adularia, a feldspar 
* Aegirine (acmite) 
-x- Afwilli te 
Agate 
Albite, a feldspar 

-x Allani teo an epidote 
Almandite, a garnet 

*Alum 
'-Amesite, a chlorite 
Amethyst (purple quartz) 
Amphibole group: actinolite, antho

phyllite. asbestos, eummingtonite. 
glaucophane, grunerite, hornblende 
(green and brown), pargasite, ne
beekite, tremolite, uralite 

Analcime, a zeolite 
-X-Anatase 
·-Andalusite 
Andesine, a fcldspar 
Ankerite 
Anorthoclase 
Anthophyllite, an amphibole 

"-Antigorite, a serpentine 
-X-Apatite 
* Aragonite 
"Arsenopyrite 

Asbestos, an amphibole or serpentine 
Augite (and titan-augite), a pyroxene 

;<'Babingtonite, a pyroxene 
Barite 

"Bastite, a serpentine 
Biotite. a mica 
Bobierrite 
Bornite 

.:+ Bow lingite 
Braunite 
Bronzite, a pyroxene 

"-Brookite 
Bytownite, a feldspar 

Cairngorm (smoky quartz) 
Calcite 
Carnelian 
Catlinite. sec pyrophyllite 

-x'Ceylonite 
Chalcedony (agate, carnelian, ehert, 

flint, jasper. sardonyx) 
Chalcoeite 
C halcopyri t e 
Chert 
Chlorite group: amesite, delcssite, 

pcnuillite, strigovite 
':"Chondrodite 

341 



MINNESOTA'S ROCKS AND WATERS 

*Chrysotile, see asbestos and serpen
tine 

Clay mineral group: kaolinite, mont
morillonite, pyrophyliite, nontronite 

*Clinoenstatite, a pyroxene 
Cobaltite 

*Collophanite 
~-Columbite 

Copper 
*Cordierite 
~-Corundum 

'Covellite 
*Cristobalite 
*Cummingtonite, an amphibole 
*Cuprite 
Cyanite, see kyanite 

Datolite 
Delessite, a chlorite 
Diallage, a pyroxene 

*Diaspore 
Diopside, a pyroxene 
Dolomite 

Enstatite, a pyroxene 
Epidote group: allanite, clinozoisitc, 

epidote, zoisite 

Fayalite, an olivine 
Feldspar group: adularia, albite, an

desine, anorthoclase, bytownite, lab
radorite, microcline, orthoclase, per
thite, plagioclase series, valencianite 

Flint 
Fluorite 

-Y.-Fuchsite. a mica 

~-Galena 

Garnet group: almandite, andradite, 
spessartite 

Gibbsite (bauxite) 
Glauconite 
Goethite (limonite) 

-x-Gold 
Graphite 
Greenalite 
Groutite 

*Grunerite. an amphibole 
Gypsum 

* Halite 
Hematite 
Heulandite. a zeolite 

*Hisingerite 
Hornblende, green and brown - an 

amphibole 
Hortonolite, an olivine 
Hypersthene, a pyroxene 

Ice 
*Iddingsite 
llmenite 

*Iolite (cordierite) 
*Iron alloy (meteorite) 

* Jarosite 
Jasper 

Kaolinite, a clay mineral 
Kyanite 

Labradorite, a feldspar 
Laumontite, a zeolite 

*Leucoxene 
Limonite, see goethite 
Lintonite, a zeolite 

Magnetite 
Malachite 

-"Malacon 
Manganite 
Manganosiderite 

*Marcasite 
*Martite (hematite) 
*Maskelynite (meteorite) 
Mesotype, a zeolite 
Mica group: biotite, fuchsite, musco

vite, phlogopite, sericite 
Microcline, a feldspar 
Minnesotaite 

>-Molybdenite 
'FMonazite 
Montmorillonite. a clay mineral (pot

ash-montmorillonite) 
Muscovite 

*Nickel-iron (meteorite) 
*Nontronite, a clay mineral 

*Octahedrite (anatase) 
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Oligoclase, a feldspar 
Olivine group: fayalite, hortonolite, 

olivine 
·'Orthite (allanite, an epidote) 
Orthoclase, a fcldspar 

*Paraffin 
*Pargasite, an amphibole 
*Pectolite 
Penninite, a chlorite 

*Pentlandite 
Perthite, a feldspar 

*Phlogopite, a mica 
Plagioclase, a feldspar 
Prehnite 
Psilomelane 
Pyrite 
Pyrolusite 
Pyrophyllite, a clay mineral 
Pyroxene group: acmite (aegirine), 

augite, babingtonite, bronzite, clino
enstatite, diallage, diopside, en
statite, hypersthene 

Pyrrhotite 

Quartz (amethyst, cairngorm, milky 
quartz, rock crystal. smoky quartz) 

Rhodochrosite 
·'Rhodonite 
*Riebeckite 
Rock crystal (quartz) 

*Rutile 

Sanidine (soda sanidine) 
Sardonyx 
Selenite (gypsum) 
Sericite, a mica 
Serpentine group: antigorite, bastite. 

chrysotile (asbestos) 

Siderite 
., Sillimani te 
Specularite (hematite) 

·'Spessartite, a garnet 
·'Sphalerite 
·'Sphene 
*Spherosiderite 
·'Spinel 
Staurolite 
Stilbite, a zeolite 
Stilpnomelane 
Strigovite, a chlorite 

·'Talc 
·'Tantalite 
Thomsonite, a zeolite 

·'Titanite (sphene) 
* Topaz 
·'Tourmaline 
*Tremolite, an amphibole 
·'Tridymite (meteorite) 
*Troilite (meteorite) 

VraJite, an amphibole 

*Valencianite, a feldspar 
·'Vermiculite 
·'Violarite 
·'Vivianite 

*Xenotime 
Xonotlite 

Zeolite group: analcime, heulandite, 
laumontite (lintonite), mesotype, 
stilbite, thomsonite 

·'Zircon 
*Zoisite, an epidote 
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Glossary 

acidic. In geology, used to designate igneous rocks high in silicon dioxide; for ex
ample, granites or their fine-grained equivalents. 

agate. A variety of fine-grained quartz, the colors of which are arranged in bands, 
fernlike forms, etc. 

agglomerate. A rock composed of fragments of volcanic rocks of varying sizes and 
degree of angularity. 

aggregate. Crystals or rock fragments of one or more kinds. The word is also 
used for the rock material, such as gravel, mixed with cement to make con
crete. 

alabaster. A variety of dense, fine-grained gypsum. 
albite, A member of the feldspar family of minerals, consisting of sodium alumi

num silicate. 
algae. Primitive varieties of plants. 
alluvial fan. A sloping, fan-shaped mass of loose rock material deposited by a 

stream at the place where it emerges from an upland into a broad valley or 
upon a plain. 

alluvium. Stream-deposited sediment. 
ammonites. A variety of coiled fossil shells belonging to the cephalopods. 
amphibian. A class of cold-blooded animal intermediate between the fishes and 

reptiles; for example, the frog. The young go through a fishlike larval stage, 
later changing to mature, air-breathing animals. 

amygdaloid. A cellular igneous rock, usually formed at the top of a lava flow, 
whose cavities have been filled with minerals deposited from solution. Because 
of their oval or almond-like shape, the fillings are called amygdules. 

anhydrous. Lacking in water; specifically a chemical compound without water of 
crystallization. 

anorthite. A member of the feldspar family of minerals consisting of calcium 
aluminum silicate. 

anorthosite. A rock consisting mainly of plagioclase feldspar. 
anticline. An up fold or arch of rock strata. 
artesian basin. A basin-like depression in the rock strata containing permeable 

beds in which the water is under pressure. 

347 



MINNESOTA'S ROCKS AND WATERS 

atom. The smallest particle of an element that can exist either alone or m com
bination with similar particles. 

aZlgite. A member of the pyroxene family of minerals, with a complex chemical 
composition. It is primarily a magnesium, iron, aluminum silicate. 

ballding. A layering in rock, in which the layers are of a somewhat different color 
or appearance. 

bar. A bank of sand, gravel, or other material near the mouth of a river. 
basalt. A dark, basic volcanic rock in which plagioclase, pyroxene, and often 

oliyine are the principal minerals. 
basic. In geology, used to designate a rock low in silicon dioxide (less than 5'2 

per cent). The rock is usually correspondingly high in magnesium, calcium, 
and iron. 

batholith. A large, intrusiye body of rock, which was once molten, that has 
crystallized beneath a great thickness of overlying rocks. 

beach. The washed shore of the sea or a lake. 
bedding. The composite of layers in sedimentary rocks. 
bedrock. Any solid rock mass, either at the surface or underlying such surface 

deposits as glacial drift. 
bentonitic clay. A plastic clay which swells on wetting. 
biotite. Black mica, a magnesium-iron silicate. 
botryoidal. Having the form of a bunch of grapes. 
brachiopods. A class of animals having a bivalve shell that is bilaterally sym-

metrical. Few species are now living, but fossil forms are very abundant. 
breccia. A rock composed of angular fragments. 
bryozoa. A class of aquatic animals that form branching colonies. 
calcareous. Containing calcium carbonate. 
calcite. A mineral composed of calcium carbonate that crystallizes in the hexag

onal system. 
carbonate. A salt formed by the union of a base and the carbonic acid radical, 

i.e., calcium carbonate. Often used as a general term for carbonate minerals 
when their identity is uncertain. 

case-hardened. Usually refers to sandstone cemented by mineral matter deposited 
-from evaporating solutions. 

cephalopods. A class of mollusks or shelled animals such as the modern squid 
and octopus. 

chalcedony. A variety of quartz that is very finely crystalline and translucent 
like- wax. 

chalcopyrite. A mineral consisting of a copper iron sulphide. 
chalk. A fine-grained, soft, white variety of limestone, consisting mainly of the 

shells of marine animals. 
chcrt.A compact, gray form of very finely crystallized quartz. Flint is essen

tiallv the same substance. 
chlorit"e. A soft, green mineral. Also, a complex group of minerals consisting 

mainly of iron, magnesium aluminum silicate and combined water. 
clastic. A general descriptive term applied to rocks composed of fragments of 

other rocks and minerals; for example, sandstone. 
clay. A soft and very fine-grained rock material that becomes plastic when wet. 
cleavage. A tendency to part, leaving smooth surfaces. ~1ineral cleavage is a 

-result of the parallel arrangement of the atoms in the crystal. Rock cleavage 
results from the parallel arrangement of minerals. 
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colloid: An organic or inorganic substance in a state of fine subdivision or dis
persIOn. 

conchoidal. Having the form of a bivalve shell; usually a mass ,,·ith depressions 
and elevations with curved surfaces, as in broken glass. 

concretion. A nodular or rounded mass, differing in chemical and mineral nature 
from the enclosing rock. It commonly has a concentric structure, indicating 
growth by deposition of successive layers. 

conglomerate. A rock consisting of rounded pebbles and boulders cemented into 
a coherent rock. A cemented gravel. 

crinoids. A large class of animals (echinoderms) having a more or less Iilylike 
form. Especially abundant as fossils. 

cross-bedded. Having a system of minor beds or laminae oblique to the main 
beds of a stratified rock. 

crystal. A regular form that is assumed by a chemical element or compound 
under the action of intermolecular forces. 

crystalline. A substance having a regular molecular structure. 
dalles (dells). The n~arly vertical wall of a gorge or canyon. 
diabase. A heavy, dark, intrusive rock with the composition of a basalt or gabbro, 

but with the lath-shaped plagioclase crystals embedded in pyroxene. 
diastrophism.. The process or processes by which the crust of the earth is de

formed .. 
dike. A tabular-shaped mass of igneous rock that is generally intruded along a 

fissure or fracture and cuts across the beds. 
dimension stone. Stone that is cut or quarried to definite dimensions to be used. 

for example, as a monument stone. 
diorite. A coarse-grained rock composed mainly of feldspar and hornblende, 

'usually gray in color. 
dip. The angle or degree of tilt of a layer of rock or a fracture surface from a 

horizontal plane. 
dip slope. A slope of the land surface that conforms approximately to the dip 

of the underlying rocks. 
displacement. In geology, the relative movement on the two sides of a fault. 
dissected till plain. A plain, underlain by glacial drift, which has been extensively 

cut up by stream erosion. 
divide. In geology, the height of land from which the heads of streams flow in 

opposite directions. 
dolomite. A mineral name for calcium magnesium carbonate. As a rock term it 

refers to a rock composed primarily of the mineral, dolomite. 
drainage basin. The area drained by a stream. 
drift (glacial drift). Any deposit in a glaciated area originating as a result of 

glaciation. 
driftless area. An area lying mainly in southwestern vVisconsin, with smaller parts 

in ~iinnesota, Iowa, and Illinois, that was not covered at any time by a con
tinental glacier. 

Dldnth Gabbro. A name applied to a large intrusion of igneous rock that extends 
from Duluth northeastward to near Hovland. 

dun!!. A shifting hillock of wind-blown sand. 
earthquake. A trembling, shaking, or sudden shock of the surface of the earth 

caused by movement along fractures or by volcanic explosions. 
echinoderms. A group of sea animals such as starfish and sea urchins. 
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elbow of capture. A sharp bend in a stream where the headwaters of another 
stream captures the part above the bend. 

ellipsoilkl. Pillow-shaped; used to refer to masses of this shape that were pro
duced in lava flows at the time of their formation. 

epicontinental. Overlapping or resting on a continent; used especially for a sea 
spread over a portion of a continent. 

era. In geology, the largest division of geologic time; for example, Archeozoic era. 
erosion. The process by which rocks are worn down by mechanical and chemical 

processes. 
erratic. A name given to transported boulders, especially those clearly far from 

their source. 
escarpment. A cliff or steep slope of considerable length. 
esker. A ridge of sand and gravel deposited by a subglacial stream flowing in an 

ice tunnel. 
estuary. A bay, as the mouth of a river, where the tide meets the river current. 
exfoliation. The process by which successive sheets of rock are split off the parent 

mass. It may result from temperature changes. hydration, or other causes. 
extrusive. A term applied to those igneous rocks which have cooled after reaching 

the surface. 
fault. In geology, a break in the continuity of a body of rock, attended by move

ment, so that the rock on opposite sides of the break is displaced. 
fauna. The assemblage of animals characteristic of any particular region or geo

logical period. 
feldspar. The name of a group of minerals that consist of potassium, sodium, or 

calcium aluminum silicate. 
fel.site. A general name for a very fine-grained, light-colored igneous rock. 
ferro'magnesian. A compound word used for minerals that contain both iron and 

magnesium. 
ferruginous. Containing iron. 
fibrous. In mineralogy used to describe a mineral which has crystallized in long 

thread- or needle-like forms; for example, asbestos. 
flint. See chert. 
flood plain. The flat surface marginal to a stream that IS flooded during high

water stages. 
fluvio-glacial. Flowing water derived from a glacier. 
foliation. A parallelism of minerals or bands of different color, texture, or chem

ical content. 
formation. A rock body or assemblage of rocks that has some character in com

mon; applied especially to a sequence of rocks formed during part of an epoch. 
fossil. The whole or any part of an animal or plant preserved in the rocks, or the 

mold or cast left by an animal or plant; for example, a footprint or the im
pression of a leaf. 

gabbro. A coarse-grained, igneous rock usually of a dark color and consisting 
mainly of plagioclase, pyroxene, and often olivine. 

garnet. A complex group of silicate minerals that crystallize in the isometric 
system. 

gastropods. A class of mollusks having a single-valved shell, usually coiled; for 
example, the snail. 

geologica~ column. The succession of rocks from oldest to youngest, either in a 
specific area or for the world as a whole. 
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glacier. The moving part of an ice sheet formed by the packing of snow on land. 
glauconite. An amorphous or extremely fine-grained gTeen mineral, essentially 

a hydrous silicate of iron and potassium. It often occurs in grains resembling 
sand, when it is called greensand. 

gneiss. A banded coarse-grained rock, often of the composition of granite and 
allied rocks. 

goethite. A mineral composed of hydrous ferric (iron) oxide. 
gradation. In geology, the bringing of the land surface or a stream bed to grade 

- that is, to the level where erosion is no longer important. 
gradient. A rate of regular ascent or descent of a slope. 
graphite. A soft, black, crystalline form of carbon. 
gravel. Small pebbles, or a mixture of pebbles and sand. 
graywacke. Essentially an impure gray sandstone or quartllite; fragments usually 

include several minerals and rocks. 
gretnaiite. A mineral resembling glauconite but containing no potash. It is a 

green, hydrated, ferrous silicate and occurs as granules in the cherty iron
bearing rocks of the Mesabi district. 

greensand. See glauconite. 
greenstone. A term used for various green rocks but now applied especially to 

altered lava flows that are green because of the presence of much chlorite. 
grit. A very coarse sand, especially one with angular grains. 
ground -moraine. Glacial debris consisting chiefly of unsorted material that is 

widely distributed and has a gently irregular surface. The debris is deposited 
underneath and at the margin of a glacier during the active recession of the 
ice sheet. 

ground water. The water which fills the pores and fractures in rocks. 
grunerite. A rather uncommon member of the amphibole group of minerals, con-

sisting of iron silicate. 
hacldy. Showing jagged points on fractures. 
headwaters. The upper branches of a stream. 
hematite. A mineral composed of red iron oxide. 
hornblende. A member of the amphibole group of minerals. It is dark green to 

black and composed principally of magnesium, iron, aluminum silicate. 
hornfels. A dense, compact rock produced by the contact action of some igneous 

rocks. 
lwmmocky. A term used to describe land with uneven knolls. 
hydration. The chemical process whereby water is combined with other suh-

stances. 
hydrostatic pressure. The pressure exerted by a liquid at rest. 
hydrous. Containing water chemically combined. 
ice-block lake. A lake in a depression formed by the melting of a block of stag

nant ice buried in glacial drift. 
ice-contact slope. Material deposited by meltwater streams near the margin of 

a glacier. When the ice melts. the deposit slumps. forming a slope. 
ice lobe. A large mass of glacial ice. of somewhat rounded form. that extends 

beyond the main body of a continental glacier. 
ice rampart. A ridge of debris on land lying roughly parallel to the shore line 

of a lake and formed by ice shove or ice jamming. 
igneo/ls. A term used to refer to rocks formed by solidification from a molten 

state. 
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ilmenite. A mineral consisting of iron, titanium oxide. 
ino<rganic. Not organic; in other words, a substance composed of other than ani

mal or vegetable matter. 
intrusive. A term applied to an igneous rock mass that has been injected as 

molten material into older rocks and then has solidified under cover of the 
surrounding rock. 

invertebrate. Animals that do not have a backbone or spinal column. 
iron formation. A term applied to ancient sedimentary rocks that contain a 

considerable amount of iron as oxide, silicate. and carbonate. 
iron oxide. A chemical combination of iron and oxygen. 
jasper. Red, brown, or green, impure, very fine-grained quartz (chalcedony). 
jaspilite. A rock consisting of banded red jasper and black hematite. A term used 

mainly for such rocks on the Vermilion Range. 
joint. A fracture in rocks along which there has been no appreciable movement. 
kame. A rounded hill or oblong ridge of glacial origin composed of gravel and 

sand. 
kaolinite. A claylike mineral consisting of hydrous aluminum silicate. 
lwrst topography. A land surface characterized by numerous sinkholes. 
kettle lake. A closed depression in drift that contains water. 
knob. A rounded hill or mountain, especially when isolated. 
laccolith. An intrusive sheet of igneous rock that has thickened to a lens and 

domed the roof of overlying rock. 
lac1U;trine deposits. Deposits formed on the bottom of lakes. 
lamina. A thin plate or scale. In geology, applied to very thin layers in shale, etc. 
Larirnide orogeny. A period of mountain building in western North America at 

the end of the Mesozoic era and beginning of the Cenozoic. 
lava. Molten rock poured out at the surface of the earth. 
leaching. In geology, the dissolving of substances in rocks and carrying away of 

these substances in solution. 
lens. A body of rock thick in the middle and thin at the edges. 
lignite. A dull brown coal that burns with a smoky flame. 
limestone. A sedimentary rock composed mainly of calcium carbonate (calcite). 
limonite. An earthy form of hydrous iron oxide. 
lithographic stone. A very fine-grained, uniform limestone. 
lobe. A rounded marginal projection of a continental glacier. 
loess. A fine, wind-blown silt. 
lopolith. A large, floored, intrusive igneous mass that is centrally sunken into 

the form of a basin. 
luster. In mineralogy, the character of light reflected by the surface of a mineral. 
magma. Molten rock below the surface of the earth. 
magnetite. Magnetic iron oxide. It is black and heavy, crystallizes in the isomet

ric system, and contains both ferrous and ferric oxide. 
manganese. A metallic element somewhat resembling iron in its chemical proper-

ties. 
marble. A metamorphic rock, usually coarsely crystalline and consisting primarily 

of calcite or dolomite. 
marl. A soft, earthy material composed largely of calcium carbonate. 
marsh gas. A common name for the gas often formed in decaying vegetation and 

consisting mainly of methane (CH4)· 
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nwssive. In geology. a term applied to rocks occurring in thick beds or a homo
genous rock lacking other structures; granite, for example. 

mastodon. An extinct elephant-like animal. 
matrix. The groundmass or material in which a mineral, fossil, or pebble is em-

bedded. 
mcander. A curved or crescent-shaped segment of a stream. usually one of a series. 
meltwater. The water which flows on, in, or out of a glacier. 
metamorphic. A term applied to rocks which have been changed by heat, pres

sure, movement, and solutions. 
mineral. Any natural inorganic, crystalline compound. 
mica. A silicate mineral, of complex composition, that IS characterized by ex

ceptionally perfect cleavage. 
microcline. A member of the feldspar family conslstmg of potassium aluminum 

silicate and crystallizing in the triclinic system. 
kfinnesotaite. A complex hydrous silicate of iron and magnesium particularly 

abundant in the Mesabi district of Minnesota. 
"111innesota "Man." The name applied to the presumably very old skeleton of a 

young woman found near Pelican Lake, :Minnesota. 
mollu:sks. A large group of animals, popularly called shellfish. Snails, clams, and 

oysters are examples. 
rnonadnock. An isolated hill or mountain of rock that has resisted erosion. 
moraine. Unconsolidated rock and mineral debris deposited by glacial ice. It com

monly consists of a heterogeneous mass of unsorted material, but that de
posited by glacial meltwater is sorted. See al.so ground moraine, recessional 
moraine, and terminal moraine. 

morainc dam lake. A lake whose waters are held in by a moraine. 
muskeg. A bog built up of moss. which in its later stages supports spruce. tamar

ack, and other trees and shrubs. 
natural levee. A low alluvial ridge built up when a river overtops its banks dur-

ing floods. 
obsidian. A volcanic glass. 
ocher. Very fine, powdery, red or yellow iron oxide or ferruginous clay. 
octahedron. A solid formed by eight faces. The regular octahedron is bounded by 

eight equilateral triangles. 
organic. Applied to anything which has originated from plants or animals. In 

chemistry, it applies to compounds of carbon even though they are of arti
ficial origin. 

orogeny. The process of mountain building. 
orthoclase. A member of the feldspar family conslstmg of potassium aluminum 

silicate and crystallizing in the monoclinic system. 
outcrop. An exposure of a part of the continuous solid rock of the earth's crust. 
outlier. A part of a rock mass isolated beyond the main mass by erosion. 
outwash plain. A plain formed by deposition of sorted and stratified material bv 

glacial melt waters. ' 
oxbotv lake. A cutoff meander of a river that has formed a lake more or less re

sembling an oxbow in shape. 
palisade. A line of bold cliffs, especially cliffs showing columnar structure. 
peat. A dark brown or black residium produced by the partial decay of plants 

that grow in wet places. 
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pegmatite. A coarse, crystalline aggregate of the same minerals as a granite or 
other coarse-grained igneous rock. 

peneplain. A large area that has been eroded until little relief remains; literally, 
"almost a plain." 

percolation. The passing of a liquid through a porous substance. 
period. In geology, a division of geological time of secondary importance; for 

example, Cambrian period. 
phenocryst. One of the large mineral crystals of a porphyry. 
physiographic. In geology, pertaining to the surface of the earth. 
phylum. One of the primary divisions of the animal or vegetable kingdom. The 

members are assumed to have a common descent. 
pipestone (catlinite). A compact red shale used by the Indians to carve pipes. 
pitted ouhoash plain. A plain composed of glacial sand and gravel and contain

ing small pits left by the melting of enclosed ice blocks. 
plagioclase. A complex member of the feldspar group consisting of various ratios 

of calcium and sodium aluminum silicates. 
porphyry. An igneous rock in which certain crystal constituents are distinctly 

larger than the other constituents. 
pothole. A hole excavated in the rock at the bottom of a swift, eddying stream 

carrying sediment; usually associated with falls or rapids. 
pterodactyl. An extinct flying reptile. 
pyrite. An iron sulphide crystallized in the isometric system. 
pyroxene. A complex mineral family consisting primarily of magneslllm, Iron 

silicate. 
quartz. A mineral consisting of silicon dioxide and crystallizing in the hexagonal 

system. 
quartzite. A metamorphosed quartz sandstone, formed by deposition of secondary 

quartz between the grains. 
radioactivity. The emission of energy produced by the disintegration of the nuclei 

of atoms. 
recess'ional moraine. A terminal moraine that marks the margin of the ice after a 

slight read vance, or during a time when melting and movement were equal, 
during the general shrinking of an ice sheet. 

"red rock." A local term applied to red granites associated with the basic igneous 
rocks of the Lake Superior district. 

relief. In geology, the difference in height from the lowest parts to the highest 
parts of an area. 

residual. A remainder; in geology, minerals or rock remaining after part of the 
mineral or rock has been dissolved and carried away in solution. 

rhyolite. A fine-grained igneous rock whose principal minerals are alkalic feld
spars and quartz. It is the fine-grained equivalent of a granite. Also classified 
with other fine-grained rocks as felsite. 

Toche moutonne. A mass of rock rounded by glacial scour and projecting above 
the general level of the ground; so-called from a fancied resemblance to a 
sheep's back. 

salinity. The amount of dissolved salts in water, often expressed as parts of salt 
per million parts of water. 

sand bar. Sand deposited in water, often across the mouth of a fiver. 
sandstone. A cemented sand. 
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scarp. A steep face or cliff; same as escarpment. Scarp is used especially for a 
cliff formed by faulting. 

schist. A metamorphic rock that can be split readily because of a parallel arrange
ment of its mineral grains. 

scour. In geology, to wear away rocks by the action of water, wind, or ice. 
sediment. Unconsolidated material, either in suspension or deposited by water and 

wind. 
sedimentary rocks. Rocks formed by the accumulation of transported rock debris. 
siderite. A mineral composed of iron carbonate. 
silica. A chemical term commonly used for silicon dioxide. 
silicate. A salt of silicic acid. The largest group of minerals are silicates. 
sill. A mass of igneous rock intruded or forced between the layers of other rocks. 
silt. Rock particles intermediate in size between clay and sand. 
siltstone. A sedimentary rock consisting of grains of silt size, i.e., from 11256 mm. 

to 1116 mm. in diameter. 
sinkhole. A surface depression or hole worn by water in limestone. Often a col-

lapsed cave. 
slate. A dense, fine-gTained metamorphic rock with an excellent parting. 
slough. A wet or marshy place. 
specific gravity. The ratio of the weight of a solid to that of an equal volume of 

water. 
spring. A name for any natural discharge of water from the ground. 
stalactite and stalagmite. Accumulations of mineral matter deposited from drip

ping water in caves or other openings. Those that hang from the roof are 
stalactites; those that are built up from the floor are stalagmites. 

stau,rolite. A complex iron, aluminum silicate mineral. 
stilpnomelane. An iron silicate mineral, usually black or greenish-black and fi

brous or platy in structure. 
stratigraphy. The study of arrangement of rock strata, especially as to position, 

order of sequence, and age. 
strike. The horizontal direction along the face of a tilted rock or a fracture plane. 
stratum. A bed; in geology, usually a layer of one kind of sedimentary rock. 
syenite. A granular igneous rock composed primarily of orthoclase and horn-

blende or mica. Resembles granite. 
syncline. A trough or down fold in the rock layers. 
taconite. A granular siliceous, ferruginous chert. The term is applied particularly 

to the cherty rocks on the Mesabi Range. 
taZe. A very soft mineral consisting of hydrous magnesium silicate. 
terminal moraine. Glacial debris heaped in the form of a belt or zone of hills and 

basins at the terminus or margin of a glacier. It marks the maximum extent 
of the ice during a major advance. 

terrace. A level or nearly level plain, generally narrow in comparison with its 
length, from which the surface slopes upward on one side and downward on 
the other. 

thomsonite. A complex hydrous silicate found in cavities in lava flows. Often oc
curring as a radiating, fibrous aggregate of varied color, it is prized as a polish
ed stone. 

till. Unstratified and unsorted glacial drift deposited directly by a glacier. 
tilting. Sloping or inclining. 
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titaniferoll-s magnetite. :l\Iagnetite that contains intergrowths of the' mineral il
menite or other titanium mineral. 

trap (trap rock). A general name for dark, fine-grained igneous rocks, partiCll
larly lavas. 

travertine. Calcium carbonate deposited from solution in ground and surface 
waters. 

tuff. A sedimentary rock composed of volcanic ash. 
twin crystals. Crystals in which one or more parts regularly arranged are m re· 

verse position with reference to the other part or parts. 
underwater terrace. A terrace formed under water by wave action. 
uplift. Elevation of any extensive part of the earth's surface relative to some 

other part. 
L'esicle. The pore left in a lava flow by a gas bubble which formed in the molten 

rock. 
volcanic ash. Finely broken rock material thrown out by a volcano. 
vulcanism (volcanism). JVlovement of molten rocks or magma and the formation 

of igneous rocks. 
warping. A gentle bending of the rocks of the earth's crust. 
ll'atershccl. The height of land, or divide, from which the natural drainage of a 

district flows in opposite directions. Also used for the whole region or area 
contributing to a river or lake. 

1cater table. The upper limit of the ground wholly saturated with water. 
1ceathering. The decay and disintegration of rocks at or near the surface, caused 

by the elements of the weather. 
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Afton: Anticline, 318; rock outcrops near, 
334 

Aftonian interyal, 160 
Agassiz, Glacial Lake, 31, 32, 34, 254 
Age of Reptiles, 142-149 
Aitkin: city of, 26, 46; Glacial Lake, 26 
Albert Lea: glacial drifts, 312; deep well 

in, 313 
Albert Lea Lake, 312 
Algal structures, photograph of, 247 
Algoman Mountains, 244 
Algoman Uplift, 109 
Alton Heights, 264 
Amphibole, 67 
Amygdules, 207 
"Angle Rock," 332, 333 
Animal life, classification of. 119 
Animikian series, 2'15 
Animikie sea, 110, 245 
Anoka, city of. 38 
Anoka sand plain, 23 
Anorthosite, 76, 211 
Anticline, Afton, 318, 336 
Archeozoic era, 105-108 
Arrowhead RiYer, 26, 220, 221 
Artesian basins, 187 
Artesian "'ells, Twin City Basin, 317 
Augite, 68 

Bad Lands, 150 
Baffin land, 154 
Baptism Falls, 215: photograph of, 215 
Baptism River, 26, 215 

Barn Bluff, 128, 293, 303: photograph of, 
294 

Basalt, 76 
Batholith, 71 
Beaches: Glacial Lake Duluth, 199; Glacial 

Lake Agassiz, 31, 254 
Bearskin Lake: East, 236; West. 236 
Beaver Bay; sill, 11:>, 212; taconite plant, 

212 
Beayer Creek, 33 
Beaver Creek Valley State Park, 308 
Belle Plaine, glacial out"'ash near, 272 
Bellingham, quarries near, 283 
Beltrami County, H 
Bemidji Lake, 261 
Bemis-Altamont-Gary moraine, 259, 260 
Biesanz quarry, 307 
Big Sioux RiYer, 33, 28S 
Big Stone Lake, 5, 7, 27-!, 
Big Stone moraine, 261 
Biotite, 67 
Birch Lake, 9, Ill, 236 
Biwabik formation, 110: photogTaph of, 83; 

composition of, 248 
Black Hills, large crystals in, 59 
Blue Earth River, 14, 42, 301 
Blue Earth siltstone, 277 
Bogs, 45: photograph of, .. 8 
"Boiling Springs," 273 
Boom Hollmy, 33± 
Border Lake region, map of, 231 
Border Lakes, 171 
Boulder Island, photogTaph of, 267 
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Boundaries. 5 
Brainerd. city of, 37, 42 
Breccia. 72, 77 
Breckenridge. city of, 254 
Brick. manufacture of. 182-183 
Brick plant. Springfield. photograph of, 290 
Browns Valley. village of. 32. 254 
Brule River, 199--200; 220 
Buffalo River. 257 
Burlington Bay, la\'a flows. 208 
Burntside Lake. 34. 249 

Calcite, 64 
Caledonia, loess hills near, 297 
Cambrian period, U9-128: life. 122-126; 

fossils. 125; rocks, 126-128 
Cambrian seas, map of, 121 
Canadian Shield, UO 
Cannon River, 14, 40, 298 
Canton, loess hills near, 297 
Caribou Lake, 236 
Caribou River, 217 
Carlton County, 236-240 
Carlton Peak, 2U, 217: photograph of, n2; 

map of area. 218 
Carver. g-Iacial outwash near, 272 
Cary drift, 163 
Cary substage, 163-165 
Cascade Falls, 228 
Cascade River, 219 
Cass County, 259 
Cass Lake. 261 
Castle Rock, 296: photograph of. 297 
Catlinite, 287 
Catlinite quarry, diagram of, 288 
Caves, 308-310 
Cedar Mountain, 281 
Cedar River, 25 
Cedar Valley limestone, 139 
Cement, natural, 82 
Cenozoic era, 150 
Centerville Lake, 320 
Central Lowland, 12, 14 
Chase Point, 261 
Chaska, clay deposits, 183 
Chatfield, city of, 161 
Cherokee Park. 325 
Chert, 60 
Chimney Rock. photograph of, 296 
Chlorite. 68 
Clay County, 31 
Clay pit, photograph of, 147 
Clays. 68. 181-183: glacial, Renshall region, 

183 
Clearwater. marl beds near, 184 
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Clearwater Lake. 236 
Cleavage. definition of. 59 
Cloquet River. 28 
Coleraine: city of. 147; washing plants. 24!f 
Coleraine formation, 147-148 
Concretions. photogTaph of, 90 
Conglomerate. 79: Puckwunge. 112 
Continental Divide: between North Lake 

and South Lake, photograph of, 234: at 
Browns Valley, map of. 275 

Cook County. 9 
Coon Creek, clay deposits, 183 
Cordilleran glacial center, 154 
Coteau des Prairies, 12, 33, 253, 284 
Cottonwood Ri\'er. 146, 284: map of. 28.3 
Counties: Beltrami. 14; Carlton, 236-240; 

Casso 259; Clay. 31; Cook, 9; Dakota. 
319. 320; Faribault. 301; Fillmore. 9. 
309; Freeborn. 312; Houston. 9. 14. 26, 
308; Jackson. 35, 286; Kandiyohi. 14; 
Kittson. 257; Koochiching, 14, 252; Mah
nomen. 258; Martin. 301; Meeker. 14; 
Morrison. 259; Mower. H. 309; Nobles, 
286; Norman. 31; Otter Tail, 9; Pen
nington. 31; Pine, 315; Pipestone. 9. 286; 
Polk, 31. 258; Red Lake. 31; Rock. 286: 
Stearns, 259; Todd, 259; Wadena. 260: 
Waseca. 301; Watonwan. 301; Wilkin, 31: 
Winona. 9. 10; Wright. 184, 259 

Counties. map of. 7 
Courtland: glacial outwash near, 272; out

crops near, 279 
Cretaceous period, 140, 143-149: life, 143-

146; fossils, 144; shales and sandstones. 
146; clay pit, photograph of, 147; or 
Mesabi Range. 147; fish teeth, 148 

Crookston, city of. 252, 254 
Crosby. city of. 266 
Cross River. 233 
Cross sections. geological, southeastern 

Minnesota. 122-123 
Crossways Lake. 320 
Crow Wing Ri\'er. 260 
Crystals, 57, 59: photograph of garnet. 58 
Cuyuna iron range, 265 
Cuyuna Range. rocks and ores of, 266-270 
Cuyuna Range ore bodies, diagram of. 268 

Dakota County, 319, 320 
Dakota sandstone. 146 
Dalles of the St. Croix. 330 
Decorah shale. 136-137 
Delta, 39 
Des Moines lohe, 2M 
Des Moines River, 25, 42, 284 



INDEX 

Delroit Lakes. 23. 34 
Devil Track River, 220 
Devonian period. 138-141: life. 139: lime

stone of, 140 
Diabase: sills. 207; weathering- of. photo-

graph. 210 
Diastrophism. definition of. 17 
Dikes. 71 
Dimension stone. 17;; 
Dinosaurs. 145 
Diorite, 75 
Dissected Till Plains, 12, 14 
Divides. drainage. 5 
Dolomite. 6.5. 81: photog;rapit of 'luany, 

175; Kasota. 180; Mankato. 180: "'i
nona, 181 

Donnelly, village of, 2,;2 
Drainage basin: map of, 6: Missouri River. 

33 
Drainage divides, 5 
Dresbach formation. 127, 307 
Drift: definition of, 21; photograph of strat

ified. 158; Nebraskan. 159; Kansan. 160: 
Illinoian. 161: Keewatin. 165; photograph 
of Labradorian, ]67 

Driftless Area, 14. 161. 308 
Duluth Gabbro. 1l0, 194,201-207: lopolith. 

114. 116, 205; internal structure of. 203 
Duluth, geology of, 201-207 
Duluth, Glacial Lake, 198-201 
Duluth harbor, 201: aerial view of. 204 
Duncan Lake, 236 

Earth's crust, 53 
East Bearskin Lake, 236 
"Elbow of capture," 28 
Elements, 53 
Elevations, 9 
Elk River, 257: city of. 23 
Ely greenstone, 106-108. 191-193 
Emmons. lakes near, 313 
Encampment Forest, 210 
Endion sill, 115, 207 
Epicontinental seas, 120 
Era: Archeozoic. 105-108; Proterozoic. 108-

117; Cenozoic, 1.50 
"Erratics," 156: photograph or glacial. 1.58 
Erosion: stream, 19; wave, 19 
Esker: photograph of. 168: glacial. 261 
Etna, cave near. 310 
Extrllsive rocks. 70 

Fairmont, city of, 40 
Falls: Manitou. 27. 216; St. Anthony . .50. 

323-325; Baptism. 215: Pothole. 221; 
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High. 226; Cascade. 228; Minneopa. 277, 
279; Minnehaha. photograph of. 327 

Fargo. city of. 254 
Faribault County. 301 
Fault. Hastinl!;s. 318 
Feldspars. 67 
Felsites, 7.5 
Fergus Falls. city of, 23. -l;H 
Fillmore County. 9. 309 
Fish teeth. 148 
Flat-pebble beach. photograph "f. ~O\l 
Floodwood, city of, 28, 42 
Fond du Lac: sandstone. I H; bed . .;. 162. 

307; village of, 206 
Fool's gold, 66 
Forest Hill Cemetery. 207 
Fossil fish teeth, 148 
Fossils: Cambrian, 12.5. 133; Ordovician. 

131: Cretaceous. 144 
Fort Charlotte. 228 
Fort Ridgely. granite near. 281 
Fort Snelling, 39. 274 
Fountain Lake. 312 
Franconia formation. 127. 333 
Franklin. village of. ~81 

Freeborn County, 312 
Frontenac. alluvial terrace at. 304 

Gabbro, 75: Duluth. 201-207 
Galena limestone. 137 
Garnet, 68: photograph of crystals, .58 
Garrison. village of. 36 
Gastroliths. 145 
Geneva Lake. 313 
Geological column. 99 
Geological cross sections. southeastern Min-

nesota, 122-123 
Geological excursions. 189 
Geological map of Minnesota. 102 
Geological time: length of. 93-97; how 

measured. 94-97; main divisions of. 99 
Gervais Lake. 3~0 
Giant's Range, 9, 12 
Giant's Range granite. 194, 'iJ.J,.t 
Gilmore Valley. 307 
"Gizzard stones," 145 
Glacial drift. definition of. 21 
Glacial esker. 261 
Glacial ice, work of. 20 
Glacial Lake Agassiz. 31. 32. 34: beaches 

of, 31. 254; bog areas of. 185 
Glacial Lake Aitkin. 26, 38. 265 
Glacial Lake Algonquin. ~oo 
Glacial Lake Duluth. 42. 198-201. 321: 

beaches. 199; drainage of. 329 
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Glacial Lake Grantsburg, 42., 330 
Glacial Lake Nemadji, 197 
Glacial Lake Upham, 42, 197 
Glacial lakes, map of, 15 
Glacial River Warren, 31, 254 
Glacier Kettle, 332 
Glauconite, 68 
Glenwood. city of, 23, 37 
Glenwood shale, 136 
Gneiss, 84; Morton granite. photograph of, 

8,5 
Geothite, photograph of, 63 
Goodhue, clay deposits near, 305 
Goose Creek, 7 
Gooseberry River, 26, 210 
Gooseberry State Park, 210 
Graceville, village of, 252 
Gradation, definition of, 18 
Grand Canyon, 150 
Grand Marais, city of, 114, 219-220 
Grand Portage, city of, 111, 211, 221-222 
Grand Portage Island, 112, 223, 225 
Grand Rapids, 9 
Grandview golf course, outcrops near, 206 
Granite Falls, rapids near, 271-272 
Granite quarry, photograph of, 173, IH 
Granites, 73-75: Cold Spring region. 74; 

Denham region, 74; Giant's Range region, 
H; Mille Lacs Lake region, 74; Minne
sota Valley region, 74; Rockville region, 
74; Saganaga, 74; St. Cloud region, 74; 
Vermilion Range region, 74; photograph 
of, 75 

Grantsburg, Glacial Lake, 42, 330 
Grantsburg sublobe, 319, 320, 330 
Graywacke. 236 
Great Ice Age. 150-171 
Great Lakes, 5 
Great Palisades, 212: photograph of, 213 
Greenland icecap, 156 
Greensand. 127 
Greenstone, 106--108 
Ground moraine, %: definition of, 21 
Ground water, 187, 317 
Gulf of Mexico, 5, 26 
Gunflint iron formation, Ill, 194, 233 
Gunflint Lake, 28, 222, 233, 235 
Gunflint Trail, 229-236 
Gypsum, 66 

Half Dome. 294: photograph of, 295 
Halite, photograph of crystal, 57 
Hampton. moraine near, 319 
Harmony: loess hills near, 297; caves near, 

310 
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Hastings, city of, 50 
Hastings Fault, 318 
Hat Point, 222-223. 225 
Hattenberger farm, 273-274 
Hematite. 61 
Herman Beach. 254 
Heron Lake, 35 
High Falls, 226 
Hinckley sandstone, 114. 307 
Hokah: rocks near, 293; alluvial terrace at, 

299 
Hornblende. 68 
Hornfels. 85 
Houston County, 9, 14, 26. 308 
Hovland, 221 
Hudson: alluvial terraces near. 334; Cam-

brian formations near, 336 
Hudson Bay, 5, 26, 150, 255 
Hull-Rust iron mine, photograph of, 243 
Hungry Jack Lake, 236: photograph of, 

232 

Ice Age, Great, 150-171: life during, 151; 
fossils from, 151-153; glacial routes, 156: 
glacial deposits. 159-165, 171 

Ice-block basin, 37 
Ice-block lake, 37 
Ice-block pit lakes, 170 
Icecap, Greenland, 156 
Ice cover, 44 
Ice lobe, Minneapolis, 156 
Ice rampart, 44-45 
Ice sheets. map of, 154 
Igneous rocks. 70 
Illinoian: drift, 161; moraine, 319 
Illinoian stage, 160 
Interstate Park, 331 
Interstate Power Company deep well. 

313 
Iowan substage, 160 
Iron formation, 82 
Iron Lake, 233 
Iron ore: reserves, 172; production, 173; 

Spring Valley, 310-312 
Iron ranges. 241-251: map of, 241; Mesabi 

Range, 242, 244-249; Vermilion Range, 
249, 251 

Ironton, city of, 266 
Isle, quarries near, 179, 270 
Itasca State Park, 264 

Jackson County, 35, 286 
Jasper. city of. 86 
Jasper Peak, 249 
Jaspilite, 251 
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.Jay Cooke Park, 236-240 

.Jeffers, quartzite ridge near, 284 

.John A. Latsch State Park. 308 

.Jordan formation. 129 

.Jordan sandstone, 304-305: photograph of, 
124 

Kandiyohi County, 14 
Kansan: drift, 160, 161; glacier, 161 
Kaolinite, 68: residual, 281-282 
Karst topogTaphy, 309 
Kasota: dolomite quarries, 180; stone. 180. 

277; rock terrace, 277; quarries near, 277 
Keewatin: glacial center, 154, 156, 162, 

319; drift, 165; till, 167; Ollhyash, 167; 
ice lobe, 259 

Kettle lake, 35 
Kettle River, 236, 329-330 
Keweenaw fault, 113 
Keweenaw Point. 113, 331 
Keweenawan period, 111-117: rocks of. 

111-112; flows. 112-114, 331; magma, 
1I4-lI.5 

Killarney orogeny, 117 
Kittson County, 257 
Knife Lake, 30 
Knife Lake slate, 87, 108-109, 193 
Knife River, village of, 208 
Koochiching County, 14., 252 

Labrador, 150 
Labrador glacial center, 154, 1.56, 161. 162 
Labradorian drift, photograph of. 167 
Lac La Croix, 28, 30 
Lac qui Parle, 2H 
Lac qui Parle River, 284 
Lafayette Bluff, 210 
La Grange Mountain, 128, 293. 303 
Lake Agassiz, map of. 253. 256 
Lake Albert Lea. 312 
Lake basins, diagTams of, 37 
Lake Calhoun, 320 
Lake Duluth, Glacial. 321 
Lake Edward, 36 
Lake Harriet, 320 
Lake Itasca, 262 
Lake Minnesota, 40 
Lake Minnetonka, 34, 3.5 
Lake Nokomis, 320 
Lake of the Dalles, 333 
Lake of the Isles, 320. 325 
Lake of the Woods, 28. 40, 2.32. 2;35 
Lake Park Region, 259 
Lake Pepin, 39, 302, 305: map of, 303 
.Lake St. Croix, 336 
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Lake Superior, 25, 26: depth of. Ii).!; size 
of, 194; how formed, 194-201 

Lake Wadena, 261 
Lake Winnibigoshish, 261 
Lake Winnipeg, 33, 40, 255 
Lake Winona, 305 
Lakes: and rivers, chapter on, 26-52; dis

tribution of, 33-34; how formed, 35-40; 
saucer, 39; ice-block pit, 170 

Lakes, various: Bemidji, 261; Big Stone, ,j, 

7; Birch, 9, Ill, 236; Burntside, 34, 249; 
Caribou, 236; Cass, 261; Centerville, 
320; Clearwater, 236; Crossways, 320; 
Duncan, 236; East Bearskin. 236; Foun
tain, 312; Gervais, 320; Gunflint. 28, 
222, 233, 235; Hungry .Jack, 236; Iron, 
233; Knife Lake, 30; Lac La Croix, 28, 
30; Leech, 260; Little Elk, 312; Loon, 
233; Mille Lacs, 26.5; Moose, 235; Moun
tain, 235; North, 28, 235; North Fowl, 
235; Pelican, 42; Phalen, 320; Pine. 236; 
Pokegama. 111; Pope, 233; Poplar, 230; 
Pug, 45; Rainy, 28; Red, 40, 252, 255; 
River, 40; Rose, 45. 235; Saganaga, 12, 
28, 30, 229; Sandwick, 261; Shields. 298; 
South, 235; South Fowl. 235; Tenmile, 
260; Traverse, 5, 30, 2,5:2; Vadanis, 3:20; 
Vermilion, 34, 249; West Bearskin, 232. 
236; 'Winchell, 230 

Lakewood Cemetery, deep well, 314 
"Land of Ten Thousand Lakes," 25 
Lanesboro, city of, 50 
Laramide orogeny, 148 
Latsch State Park, 308 
Laurentian: peneplain, 12, 108. 2,31; uplift, 

108; granite, 193 
Lava flO\\·s. photograph of. '109 
Leaf Hills, 9, 165, 260 
Lee Hill, 261 
Leech Lake. 260 
Le Sueur, glacial out\\ash near. 272 
Le Sueur River. 301 
Lester sill. 115 
Lewiston. loess hills near, 297 
Limestone, 80-81: Platteville, 136. 324. 

32;3; Galena, 137; Maquoketa, 137-138; 
Cedar Valley, 139; lithographic, 140 

Limonite. 63-64 
Lithographic limestone, 140 
Little Elk Lake, 312 
Little Fork River. 252 
Little Marais, 216 
Little Palisades, 214 
Loess, 89: Peorian, 162; distribution of, 163 
Loon Lake, 233 
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Lopolith. 114: diagram of, 115; cross sec-
tions 01, 116 

Lueille Island, 112 
Lutsen. city of. 219 
Lm'erne, city of, 86 

McCauleville Beach. 258 
Magll1a. 70 
Magnetite. 60-61: titaniferous. photograph 

of. 6'2 
Mahnomen County. 258 
Mammals. rise of, 149 
Manitou Falls, 27, 216 
Manitou River, 26, 216 
Mankato: dolomite quarries. 180; glacial 

outwash near, 272; quarries near. 277 
Mankato substage, 164-165 
Mantle rock, 88-92 
Maps: Border Lake region. 231; Cambrian 

seas. 121; Carleton Peak, 218; Continen
tal Divide at Browns Valley. '275; Cotton
wood River, 285; Counties. 7; drainage 
basins, 6; Duluth Gabbro lopolith, 195; 
Glacial lakes, 15; ice sheets, 154, 155; 
iron ranges, 241; Lake Agassiz, 2.53, 256; 
Lake Pepin, 303; loess distribution, 163; 
Mille Lacs Lake. 266; Minnesota Geo
logical, 10'2; North America, 4; outline 
of regions in Part II, 192; physiographic 
divisions of Minnesota, 13; Pigeon Point, 
223; relief model. 8; Root River, 299; 
saucer lakes, 39; Superior lobe, 164; ter
minal moraines, 255; Wisconsin glaciation, 
166 

Maquoketa formation, 137-138 
Marble, 86 
Marine, Cambrian rocks at, 333 
Marl, 82, 183-185 
Marshall, terminal moraine near, 285 
Marshes, distribution of, 45 
Martin County, 301 
Mastodon, drawings of, 15'2 
Meadowlands, city of. 46 
Meeker County, 14 
Memorial Park, Red Wing. 304 
Mendola Bridge, rock exposures at, 275 
Merriam Junction, rock exposures near, 

276 
Merrifield, village of. 36 
Mesabi Range. 9. 55: Cretaceous of, 147; 

ores of, 241-242; history of ores. 244-
248; diagTam of ore body, 24,5 

'Mesozoic era, see Cretaceous period 
Metamorphic rocks, 78. 82-88: classifica

tion of, 84 
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Mica. 67 
Mille Lacs Lake. 36, 265: map of, 266 
Mille Lacs moraine, 265 
~Iilnor Beach, 254 
:Mineral resources. 172-188: iron ore, 17'2-

173; dimension stone, 175-181; clay. 181-
183; marl. 183-184; peat. 184-186; water. 
186-188 

Minerals, 53-69: definition of. 54; proper
ties of. 56-60; quartz. 60; magnetite, 60-
61; hematite. 61; limonite, 63-64; calcite. 
64-65; dolomite, 65; siderite, 65; pyrite_ 
66; gypsum, 66; feldspar. 67; mica, 67-
68; hornblende, 68; augite, 68; garnet, 68 

Minneapolis ice lobe, 156. 319 
Minnehaha Falls, photog'raph of. 327 
Minnehaha Park: abandoned valley in. 3'23; 

rocks in. 323; aerial photograph. 326 
Minneopa Falls, 277, 279 
Minneopa State Park, 277 
"Minnesota l\'lan," 153 
Minnesota Point, 23, 203: photograph of. 

202; sand dune, photograph of, 204 
Minnesota River. 5. 26, '254, 271: at Fort 

Snelling, aerial photograph. 322; junction 
with Mississippi River, 323 

Minnesota River Valley, 9: photograph of 
gTanite outcrops, 177; quarries in, 177; 
photograph of granite quarry. 178; cla~r 
in, 182; geology of, 271-283; rock ter
races along. 273; springs along, 273; lake, 
in. 274 

Misquah Hills, 9, 230 
Mississippi River, .5, 25: photograph of 

headwaters. 263; photograph of near 
Grand Rapids, 264; meander loops of. 
265; rocks along, 291-308; gradient of. 
292; main tributaries, 297-301; aerial 
photograph in Minneapolis. 315; photo
graph in St. Paul, 316; junction with 
Minnesota River, 323; cross section of, 
328 

Mississippi Valley, 14: photogmph of, 11 
Missouri drainage basin, 284 
Missouri River, 33, 153 
:Montevideo, quarries near. 282 
Monticello. marl beds near. 184 
Moorhead, city of, 2.54 
Moose Lake, 198. 23,5 
Moraine: ground, 21. 3;,); recessional. 2Q; 

Mille Lacs, 36; terminal. photogTaphs of, 
167. 168 

Morrison Counly, 259 
Morton. city of. 89: granite near, 281-QSi/ 
Mount .Josephine, Q22-223. 225 
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Mount Tom, 293 
Mountain Lake, 235 
Mountains, formation of. 17 
Mower County, 14, 309 
Muskeg swamp. photograph of. 46 
Mystery Cave. 20, 310: photograph of. 311 

Nebraskan drift, 159 
Nelson River, 25.5 
Nemadji River. 198. 236 
New Ulm, 146: quartzite, 86; glacial out

wash near, 272; conglomerate. 280; quartz
ite near. 280 

Niagara Cave, 310 
Nicollet Creek. 262 
Nicollet Heights. 264 
Nobles County. 286 
Norman County, 31 
North America, map of. 4 
North and West Central lVlinnesota. 2;;9-

1!70 
North Brule River, 230 
North Fowl Lake, 235 
North Lake. 28, 235: photograph of. 234 
North Red Lake. 40 
North Shore. 17, 26, 28, lUI: excursion 

along, 207-229 
North Shore wells, 188 
Northeastern :Minnesota, 191-261 
Northland sill, 115 
Northwest angle, 5 
Northwestern Minnesota. 2;;'2-268 

Obsidian. 77 
Odessa: glacial river neal', 274; quarries 

near. 282 
"Old Red Drift." 161 
Oneota dolomite, 133-134 
Ordovician period. 129-138: life. 129-133; 

seas, 130; fossils. 131; rocks, 132-138 
Ortonville, 254: quarries near. 282 
Osceola. bluffs near, 333 
Ottawa. glacial outwash near. 272 
Otter Tail County. 9 
Ottertail River. 30 
Outwash. Keewatin. 167 
Outwash plain. 36: diagram of. 21 
Oxbow lakes. photograph of. 38 

Painted rocks. photograph of. 31 
Paleo70ic seas. 118 
Parks: Minnehaha. 3'l3. 326; Cherokee. 

325; Interstate. 331. See also State parks 
Patrician: glacial center. 1;54. 1.'56. 162; ice 

sheet. 259 

Peat, 47. 184-186 
Pelican Lake, 42: photograph of. 43 
Pelican Rapids. city of. 1.53 
Pembina River, 2.57 
Pennington County, 31 
Peorian loess. 162 
Phalen lake. 320 
Physiographic divisions of Minnesota. map 

of, 13 
Pigeon Point. 112. 1!22-229: sill. 115; map 

of,223 
Pigeon River. 112. 221. 22.5 
Pillager, village of. 260 
Pine Bend, 272 
Pine City. city of. 42 
Pine County, 31.5: drilling Ill. 330 
Pine Lake, 236 
Pine Trail. photograph of, 262 
Pipestone (catlinite): city of. 86, 287; coun

ty, 9. 286; historic Indian quarry near. 
287 

Pipestone National Monument. 288 
Plants, Cretaceous. 14.5-146 
Platle\'ille limestone. 136: joints in. photo

gTaph of, 324; fossils in. 325 
Pleistocene period. 150: animals of. 151-

153; classification of deposits. 160 
Point Douglas. 336: photograph of. 41 
Polar ice caps. 24 
Polk County. 31, 258 
Pokegama Lake. III 
Pokegama quartzite. 86. 110. 245 
Pomme de Terre River. 274 
Pope Lake, 233 
Poplar Lake. 230 
Porphyry. photogTaph of. 74 
Pothole Falls. 221: photograph of. 222 
Potholes. 331. 332 
Preglacial valleys. 320 
Preston. ;;0: alluvial terrace at. 299 
Princeton. city of. 23 
Proterozoic era. 108-117: Knife Lake sedi

ments. 108-109; Animikie sea. 110; Bi
wabik formation. 110-111; Keweenawan 
period. 111-117 

Puckwunge: conglomerate. 112; sandstone. 
112,206 

Puckwunge Creek, 112 
Pug Lake. 4;; 
"Purgatories." North Shore. '!}.l 

Pyrite. 66 
Pyroxene. G7 

Quarries: photographs of gTanite. 173. 174; 
quartzite. 17.5; photograph of dolomite. 
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175; Kasota dolomite, 180; Mankato dol
omite. 180; Winona dolomite. 181; near 
Isle. ~70; near St. Cloud. ~70; near War
lllan, 270: near Kasota, 277; near ~i{an

kato, 277; near 'Montevideo, 28~; neal' 
Odessa, ~82; near Ortonville, ~82; near 
Sacred Heart, 282; Twin City Brick Com
pany,32.5 

Quartz. 60 
Quartzite, 86: quarries, 175; J\1innesota 

Valley, 279-280 
Quaternary period, 1.50 
Quebec, 154 

RadioactiYe disintegration, 96-97 
Rainy Lake, 28 
Rainy River, 2.5, 28 
Ramsey State Park, 89 
Rapidan, outcrops near, 302 
Recessional moraine, definition of, 22 
Red clastic series. 114 
Red Lake, 252, 255 
Red Lake County, 31 
Red River, .5, 25, 30, 32, 257 
Red River Lowland. 14 
Red River Valley, H. 252 
"Red rock," 11.5, 205. 207. 230 
Red Wing, 128. 161: allU\'ial terrace at, 

302; Memorial Park, 304 
Redwood Falls. outcrops near, 282 
Redwood River, 284 
Relief. 9: photogTaph of model, 8 
Reservation River, 221 
Rivers: Arrowhead, 26, 220. 221; Baptism, 

26, 215; Big Sioux, 33, 288; Blue Earth. 
14, 42, 301; Brule. 199-200, 220; Buf
falo. Q57; Cannon, 14, '16, 298; Caribou. 
217; Caseade, 219; Cedar, Q5; Cloquet. 
28; Cottonwood. 146, 284; Cross. 233; 
Crow Wing. 260; Des Moines, 25, 42, 
28-1; De"il Track, 220; Elk, 257; Goose
berry, 26. 210; Kettle, 236, 329, 330; 
Lae qui Parle, 284; Le Sueur, 301; Little 
Fork. 252; Manitou. 26. 216; Minnesota, 
.5. 26, 254, 271; Mississippi, .5,. 25; Mis
souri. 33, 153; Nelson. 25.5; Nemadji, 
198, 236; North Brule, 230; Ottertail. 30; 
Pembina. 257; Pigeon, 112, 52521, 225; 
Pomme de Terre. 274; Rainy, 25. 28; 
Red. 5. 52.5, 30. 32, 2;57; Redwood, 284; 
Reservation, 221; Roek, :25. 33. 286; Root, 
298; Rum, 38; St. Croix, 5, 40; St. Law
renee, 5, 200; St, Louis, 5, 25, 26, 
28. 236; Sand Hill, 257; Shell Rock, 
313; Sheyenne. 2;37; South Brule, 230; 
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Straight. 298; Temperance. 217; Warren, 
Glacial River, 31; Whetstone, 274; White
face, '28; Whitewater, 301; Yellow Medi
cine, 284; Zumbro, 14, 301 

Rivers and lakes, ehapter on. 25-52 
Roche Jloutonne, 237: photograph of, 238 
Hochester. city of. 161 
Rock County, 286 
Rock formations in Minnesota: table of, 

100-101; distribution of, 101-103 
Rock River, 25, 33, 286 
Roek wool. 82 
Roeks. 69-88: classification of. 70; igneous, 

70-78; diagram of igneous, 71; classifica
tion of igneous. 72; sedimentary, 78-82; 
metamorphic, 78, 82-88; most ancient in 
Minnesota. 104-117 

Rockville, gTanite quarries. 177 
Root River, 298: Illap of, 299 
Root River Valley, photograph of bluffs 

along, 300 
Root Valley sandstone. 134 
Rose Lake, 45, 235 
Rosemount Prairie, 163 
Roye Slate, III 
Roye Slate area, cross sections of, 22-1, 
Rum Ri,'er. 38 
Rushford, city of, 50 

Sacred Heart. quarries near. 282 
Saganaga Lake, 12, 28, 30, 193, 229 
St, Anthony Falls, 26, ,50: recession of, 

323 
St. Charles, city of, 301 
St. Cloud: granite quarries near. 175-177; 

roeks near. 269 
St. Croix Dalles, 330 
St. Croix moraine, 259 
St. Croix River. 5, 40 
St. Croix Valley, 23. 329-337: preglacial, 

320; photograph of at Stillwater, 335 
St. Croixan series, 126 
St. Lawrence formation, 128, 304, 333: out

crops of, 276 
St. Lawrence River. 5. 200. 329 
St. Louis HiYer, 5, 2;5, ,26, 28, 236: photo-

graph of, 239 
St. Peter. glacial out'Yash near, 272 
St. Peter sandstone, 69-70, 135-130 
Sand Hill RiYer, 257 
Sand plain, Anoka, 23 
Sandbars. photograph of. 43 
Sandstone: St. Peter. 69-70, 135-136; dis

tribution of. 80; Puckwunge. 112. 206; 
Hinckley, 114. 307; Jordan, 124,304-305; 
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Franconia, 127, 333; Root Valley, 134; 
Dakota, 146 

Sandstone, city of. outcrops near, 330 
Sandwick Lake, 261 
Saucer lakes, map of, 39 
Sauk Rapids, rocks near, 269 
Sawtooth :Mountains, 219 
Sawtooth topography, photograph of, 23-1, 
Scenic State Park, 261 
Schist. 88 
Sediment:uy rocks, 78-8'2: distribution of, 

78 
Shakopee, city of, 39 
Shakopee dolomite, 1M 
Shale, 80: distribution of, 80; Benton, 183; 

Decorah,183 
Shell Rock River, 313 
Sheyenne River, 257 
Shields Lake, 298 
Shovel Point, 216 
Sibley Park, "277 
Siderite, 65 
Silicates, 66-69 
Sills, 71, 115: Beaver Bay, I LJ. 212.: En

dion, 115, 207; Lester, 11,5; Northland, 
115; Pigeon Point, 115; Silver Creek Cliff, 
115: diabase, 207 

Silver Creek Cliff, 208 
Silver Creek Cliff sill, 115 
Sinkholes, 23, 308-310 
Sioux quartzite, 86, 286 
Slate, 86: photographs of, 87; I\:nife Lake, 

87, 10S-109; Virginia, 87, Ill; Rove, 
III 

Sleepy Eye Creek, '285 
Soil, 88, 89, 91 
Soo Line Drawbridge, rocks near, 33-1, 
Soudan formation, 106, 193, 251: photo-

graphs of, 107 
Soudan Hill, '251 
Soudan iron ore, 2,31 
South Brule River, 230 
South Fowl Lake, 235 
South Lake, '235: photograph of, 234 
South Red Lake, 40 
Southeastern J\1innesota, 291-3:28 
Southwestern J\1innesota, 284-'290 
Specific gravity, definition of. 59 
Sphagnum: moss, 46; peat. 185 
Split Rock area, 211 
Split Rock Lighthouse, 211 
Springfield, 146: clay pits near, 183, '289 
Spring Valley, iron ore near, 310-312 
Springs, 47-52: classification of, 49; dia-

grams showing, 49; photographs of, 51 
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Stalactites, 20 
Stalagmites. 20 
Star Lake. marl beds, 184 
State parks: Ramsey, 89; Gooseberry, 210; 

Jay Cooke, 236-'240; Scenic, '261: Itasca, 
'264; Whitewater, 301; Beaver Creek Val
ley, 308; John A. Latsch, 308. See also 
Parks 

Staurolite crystals, photograph of, GO 
Stearns County, 259 
StilhYater. outcrops near, 333, 334 
Stockton Hill. 307 
Stony Poin t, 208 
Straight River, '298 
"Streak," definition of, 65 
Stream erosion, 19 
Stream piracy, 28, 29: diagrams of. 29 
Striae, glacial. photographs of. 157 
Sugar Loaf Mountain. 307 
Superior lobe. map, 164 
Superior Upland. 12 
Surface ele\'a tions, 9 
S\vamps,45 
Syenite, 74 

Taconite, Ill: photograph of drill cores, 
246 

Taylors Falls lava fjO\\'S, 34. 329, 330 
Tazewell substage, 162 
Temperance River, 217 
Tenmile Lake, '160 
Terminal moraine: diagram of. 21: photo-

graph of. 167-168; map of. 2,,5 
Tertiary period. 150 
Thomson Dam, 236 
Thomson formation outcrops, 206 
Thomson Slate, 238 
Thomsonite Beach, 219 
"Three Maidens. The," 289 
Till: photograph of boulder, 159: I\:ee

watin,167 
Todd County, 259 
Topography, 9: aerial photographs of, 10; 

Red Wing, 11 
Tornado Hill. 264 
Tower Hill, 251 
Traverse Gap, 254 
Tuffs, 77 
Twin Cities area, 314-328: glacial deposits, 

318 
T\\'ill Cities artesian basin, 187 
Twin Cities, preglacial "alleys near. 3'W 
Twin City basin: artesian wells in. 317; 

diagram of. 317 
Twin City Brick Company pit. 325 
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Twin City subsurface basin. 316-317 
Two Harbors. city of, 207-208 

Underwater terrace, 42 
University of Minnesota. aerial photograph, 

315 
Uplands, major, 14 

Vadanis Lake. 320 
Van Oser Creek, 276 
Vermilion Lake. 34. 249 
Vermilion Range, 193. 249-251: diagram of 

ore body, 250 
Virginia slate, 87. 111 
Volcanic glass, 77 
Volcanism, definition of, 16 

Wadena County, !WO 
Wahpeton, city of, 2.54 
Warman: granite quarry near, 179-180; 

quarries near, 270 
'Waseca County, 301 
Washington County, anticline in. 336 
Watab, village of. 269 
Water. 186-188 
Watonwan County. 301 
vVauswaugoning Bay, 211. 225. 226 

Wave erosion, 19 
Well, Lakewood Cemetery. 314 
Well, deep, at Stillwater. 314 
Well log, Albert Lea, 314 
West Bearskin Lake, 232, 236 
Wheaton, city of, 254 
Whetstone River, 274 
Whiteface River, 28 
Whitewater River, 301 
Whitewater State Park. 301 
Wilkin County, 31 
Willmar, city of, 23 
Winchell Lake. 230 
Winnibigoshish Lake, 261 
Winona: county, 9, 10; dolomite quarry 

near, 181; city of, 30.5; lock and dam 
near, 305; photograph of city, 306 

"Winona travertine," 181, 307 
Wisconsin DriftIess Area. 161 
Wisconsin glaciation, 253 
Wrenshall, clay deposits. 183 
Wright County, 184, 2.59 

Yarmouth interval. 161 
Yellow Medicine RiYer. 284 
Yucatan. alluvial terrace at. 299 

Zumbro Riwr. 14. 300--301 















The Lakes of Minnesota 
THEIR ORIGIN AND CLASSIFICA TION 

by JAMES H. ZUMBERGE. A geological study of the lakes 

with information about their origin, modification, distribution, 

and classification. "Much of the material is of general interest 

and can serve as a basis for interpreting lake basins in other 

areas." Journal of Geology. 51 illustrations. Paper, $1.00 

Mineral Resources of Minnesota 

edited by WILLIAM H. EMMONS and FRANK F. GROUT. 

A summary of the principal mineral resources of the state with 

respect to their origins, distribution, and commercial use. 25 

illustrations. Paper, $1.00 

Northern Fishes 

by SAMUEL EDDY and THADDEUS SURBER. Detailed in

formation about more than ,ISO fishes of the Upper Mississippi 

Valley. "One of the best and most authoritative guides to fresh 

water fishes." Chicago Tribune. 71 illustrations, 4 in color. Sec

ond edition revised. $4.00 
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