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QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES 

By FRANK LEVERETT 

With contributions by FREDERICK W. SARDESON 

ABSTRACT 

~'he area here described embraces the entire State of Minne­
sota and adjacent parts of 'Visconsin, Iowa, and NO'rth and 
South Dalcota, which have a glacial history closely bound 
up with that of Minnesota. This area is one of considerable 
complexity of glacial movements in the last or Wisconsin· 
glacial stnge, as well as a succession of glaciations in the 
preceding stages. A considerable part of this history has 
been presented in previous reports. 

An introductory chapter of the present report gives an out­
line of earlier reports, of glacial gathering grounds and ice 
lobes, and of the Pleistocene series of glacial deposits, loess, 
etc. ~~he physical features of Minnesota are briefly discussed 
in n separate chapter. 

The Nebraskan or oldest drift and the probable effect of the 
Nebrnskan glaciation 011 outlying drainage take a brief chap­
ter, and so do the Kansan stage of glaciation and its attend­
ant dminage. The old red clrift of probable Illinoian age is 
next considered. This is followed by a discussion of the 
Iownn drift and of drift of supposed Iowan age exposed west 
of the Des Moines lobe of Wisconsin drift, including outlying 
gravel outwash in the Big Sioux River drainage basin. The 
relation of the Iowan dl'ift to the Illinoian is indicated as not 
definitely determined. 

The Sangamon soil and weathered zone, developed on the 
Illinolnll drift, and a pebbly concentrate developed on the 
Iowan drift nre next discussed, together with the loess deposit 
thnt O'verlies them. 

The limits of the red drift of middle Wisconsin age are out­
lined, and the several moraines 0'1' morainic systems, eskers, 
till plains, stl'iae, and outwash plains are described. 

The gray drift of late 'Wisconsin age is the uppermost 
depo.sit O\'er a large part of Minnesota, and its description 
tnkes up the major part of this report. The features of the 
Minnesota or Des Moines lobe and those of twO' sublobes on 
its east side are described separately. The Grantsburg sub­
lobe is discussed by Jj'. 'V. Sardeson. 

The interpretation of the morainic succession on the east 
side 'of the Minnesota lobe differs radically from that given 
in the reports of the GeolO'gical and Natural History Survey of 
MinnesO'ta. It has been found that the border of the ice lobe 
n:ceded from the central part of the State toward the Minne­
sota and Red River Valleys instead of away from these valleys 
toward the central part. The numbering of moraines in the 
earlier reports as sixth, seventh, eighth, ninth, etc:, is the 
reverse of their order of development as interpreted by the 
present writers. 

The time relation of the late Wisconsin gray drift to the 
middle Wisconsin red drift is clearly shown by their relative 
positions, the gray drift overlapping the red. The part of 
the Inter drift that lies south of the Mesabi iron range has a 

reddish color because of incorporation of material from the 
range, but it also carries the limestone pebbles characteristic 
of the gray drift, derived from outcrops in Manitoba. 

The southern parts of the loops of some of the moraines 
within the Red River drainage basin were deposited in the 
waters of glacial Lake Agassiz. These parts have very weak 
expression compared with the parts of the same morainic belts 
formed on the land, yet the moraines are in large part ,trace­
able. 

Evide'nce of ponding of moderate extent prior to the begin­
ning of Lake Agassiz is found along the north side of the 
Mesabi iron range and also at the south end of the Red River 
drainage basin, in Minnesota and North Dakota. 

In the description of the features of glacial Lake Agassiz 
the distribution and altitude relations of,the higher beaches, 
or those connected with the southern outlet through the Min­
nesota or River Warren valley, receive chief attention, though 
notes on lower beaches connected with an eastward outlet or 
outlets in Canada are pres~nted. Numerous data showing the 
direction and rate O'f tilting of several of the beaches are given. 
The complexities of drainage at the south end of the lake are 
described and illustrated by topographic maps. A brief state­
ment as to classes of land in the beel of Lake Agassiz is given. 

The history of the Falls of St. Anthony as worked out by 
Winchell and .later more fully by Sardeson is briefly outlined 
to show its value as a geologic chronometer. 

INTRODUCTION 

SCOPE OF FIELD WORK 

The area here described embraces the Stat€ of Min­
nesota and adj acent parts of Wisconsin, Iowa, and 
North and South Dakota, which have a glacial history 
closely bound up with that of Minnesota. 

In the spring of 1906 the writer, assisted by Rollin 
T. Chamberlin, began the study of the drift deposits 
bordering' the driftless area in Minnesota and neigh­
boring parts of vVisconsin and Iowa. ,Pebble classi­
fications were made at numerous points in the district, 
to determine variations from place to place and at 
different horizons, and to learn the rock formations 
represented in the drift deposits and the probable 
sources of drift material. The general character of 
the oxidation and leaching under various conditions 
of texture and of topographic situation was also 
studied. This study was carried through the field 
seasons of 1906 and 1907. A preliminary report was 
then prepared covering the work of the two years in 

1 
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the three States. The publication of this report was 
withheld pending investigation of a wider region, but 

, it was some years before the study was thus extended. 
In 1909, 1910, and 1911 the writer investigated the dis­
trict bordering Lake Superior, in Minnesota, Wiscon­
sin,1 and Michigan. 'The results of these studies have 
recently beenpublished.1 

Considerable field work was done in Minnesota in 
1912 along the border of the Wisconsin (latest) drift 
&nd on the outlying older drift formations in the 

,southwestern part of the State and in neighboring 
parts of North and South Dakota. In this work the 
writer was assisted by Clifton S. Co!,bett. Some field 
\vork was also done, with the assistance of Earl R. 
;Preston, along the Mesabi range in northern M;inne­
sota.The writer also worked to some extent with 
Frederick W. Sardeson in a special study of the driit 
iIi four quadrangles centering at Minneapolis and St. 
Paul, the results of which appear in the Minneapolis­
St. Paul folio (No. 201) of the, Geologic Atlas of the 
United States, prepared by Sardeson. The writer 
worked in a similar way with Sardeson in 1913 in the 
study of the drift deposits in four quadrangles in 
western Minnesota, which are described in the Her­
man~Morris folio (No. 210), also prepared by 
Sardeson. 

The funds for the work done down to 1912 by the 
writer and his assistants and by Sardeson were pro­
vided by the United States Geological Survey~ but 
from 1'912 to 1915 aid in field work was given by the 
l\1:innesota Geological Survey. During 1913, 1914, and 
1915 S~rdeson and the writer extended the study of 
the Pleistocene deposits over the, remainder of the 
State. The field has been revisited by the writer in 
later years down to 1923, in order to clear up certain 
matters of interpretation ,and correlation. In May, 
1921, the writer joined James H. Lees, of the Iowa 

'Geological Survey, in completing the tracing of the 
Altamont moraine of the Des Moines ice lobe through 
northern Iowa. In 1923 several weeks was spent in 
northwestern Wisconsin in a special study of the pre­
Wisconsin drifts. 

In addition to the geologic folios cited above three 
bulletins have been published by the Minnesota Geo­
logical Survey. Bulletin 12, prepared by the writer, 
deals with the' soils and surface features of the north­
west quarter of the State. Bulletins 13 and 14, pre­
pared', with Sardeson's assistance, deal, respectively, 
with the northeast quarter and southern half. Each 
of these bulletins includes a section on the climatic 
conditions of Minnesota, prepared byU. G. Purssell, 
director of the Minnesota section of the United States 
Weather Bureau. These bulletins treat mainly of the 

agricultural conditions in relation to the several classes 
of drift deposits, but discuss the geologic featui'es in 
an incidental way. 

The purpose of the present report is to set forth the 
geologic history as interpreted from the surficial de­
posits of Minnesota and adj acent regions. There is, 
perhaps no part of the United States in which the 
complexity of the glacial lllovelllents is better illus­
trated than in Minnesota. This State also falls within 
the area affected ,by a northward differential uplift, 
which came in the final stages of the glacial epoch. 
Significant data are here obtain'able in regard to the 
amount and direction of the tilting, as it affected the 
shore lines' of the ,glacial lakes. 

The present report embraces nluch nlaterial col­
lected by Sardeson, aside from the portions that ap­
pear under his name, and it is with pleasure that the 
writer expresses here his appreciation of the aid and 
stimulation received frOlll' his associate during the 
l)rosecution of the work. 

, EARLIER REPORTS 

In publications of the Geological and Natural His­
tory Survey of Minnesota under the direction of N. H. 
Winchell, appearing at intervals frOlll 1872' to 1900, 
a large amount of information as to moraines and 
other glacial features is presented, and a nearly com­
plete mapping of moraines through most of the c0l!n­
ties is shown: It has been found, however, that cer­
tain correlations of moraines need revision. This is 
true of some correlations where but little correction is 
required in the position or course of the nloraine. 

A report by George ,W. Ralph, State drainage en­
gineer, entitled" Topographical survey of Minnesota, 
1906," contains a large amount of data on swamp lands 
in much of the northern half of the State. Several 
other reports of the State Drainage Comnlission deal 
mainly with water resources. Under cooperative ar­
rangement between the State drainage engineer and 
the Director of the United States Geological Survey, 
topographic surveys of a considerable number of quad­
rangles have been made. A map with 10-foot con­
tours of a district embraced between' Red Lake and 
the international boundary, from Lake of the Woods 
to. Rainy Lake, made by a special survey under· the 
Department of the Interior for the purpose of plan-

: ning drainage ditches, is of much value in furnishing 
: data on the altitude of shore lines of glacial Lake 

Agassiz. 
A report on the geology and underground waters 

of the' southern third of Minnesota 2 embraces the 
results of work by Hall and Sardeson in assembling 

2 Hall, C. W., Meinzer, O. E., and Fuller, M. L., Geology and' under-
i Leverett, Frank, Mor~ines and shore lin~s of the Lake SuperIor ground waters of southern Minnesota: U. S. Geol. Survey Water-

'Basin: U., S. Geol. Survey Prof. Paper 154, pp. 1-72, 1929. I Supply Paper 256, 406 pp., 1911. 
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and interpreting well records, etc., carried 'on for some 
years after the work of the Geological and Natural 
I-listory Survey, under the direction of N. H. vVin­
chell, had been discontinued,' and of supplementary 
work by M. L. Fuller and O. E. Meinzer, of the 
United States Geological Surv.ey, each of whom spent 
a season in rounding out the study of wells and water 
supplies in the southern part of the State in coopera­
tion with the Minnesota State Board of Health. The 
report includes a map showing the thickness and char­
acter of the surface deposits of southern Minnesota. 
It follows the Winchell maps in the delineation of 
moraines but gives the distribution of the loess a~ 
worked out later by Sal'deson and by Leverett. 

GLACIAL GATHERING GROUNDS AND ICE LOBES 

The glacial gathering grounds that pertain to the 
last. or 'Visconsin 'stage o,f glaciation are more easily 
determined than those of earlier stages, the records of 
which are largely buried under the later deposits, but 
there were probably essentially the same gathering 
grounds in earlier glacial stages. 

In the differentiation of glacial gathering grounds 
in North America three names have been applied­
LnLl'nclol', I(eewatin, and Cordill'3ran. The Labrador 
and I(eewatin ice fields t.ogether formed the Lauren­
tide area of glaciation. The Labrador portion of the 
ice field covered eastern Canada and the northeastern 
part of the United States as far 'vest"as the Missis­
sippi Valley. The I(eewatin portion covered central 
Canada and the part of the United States between the 
Mississippi and Missouri Valleys, with a,slight extent 
outside, these limits. In the last glaciation the ice ex­
tended only to central Iowa, but in two earlier glacia-' 
tions it extended to central Missouri and into eastern 
Nebraska and n::ansas. The Cordilleran ice fi,eld occu­
pied much of Canada in and west of the Rocky Moun-

.tains, but did not extend far south into th'e United 
States. ' 

In 1913 it was announced by' Tyrrell 3 that in the 
waning part of the Wisconsin glacial stage ,ice radi­
ated f1'0111 the district of Patricia, in notthweste1'n 
Ontario, between the Labrador and Keewatin ice 
fields. It seems probable that at an earlier. time in the 
Wisconsin stage than that noted by Tyrrell there, was 
n definite ice movement southward from the Patricia· 
distl'ictinto Minnesota and across the \ves'tern part of 
the Superior Basin into vVisconsin,' 

The basis for differentiating the ice sheets' as hav­
'ing the several centers of dispersion is, found in the,' 
radiating bearings of the glaciai striae and the trans- , 
portation of drift lpaterial in directions accordant 
with these bearings. There is, ho'wever, very much 

8 ~r:Yl'rcll. .T. B., The Patrician Glacier south of Hudson Bay: Twelfth 
In(:('l'I1ut. lOcol. Cong., Cannda, Com pt. rend., pp. 523-534, 1013. 

(i7(jfifi-3~2 

eomplexity both in drift transportation. and, in ,the 
bearings of the striae, which seems to indicate"'some 
shifting of centers of dispersion with attendant 
changes in the direction of ice movement in the course 
of a singie stage of glaciation. The complexity' be­
comes still greater if the several stages o,f glaciatioh 
are taken into account. .. 

In Minnesota the shiftings of the ice movenwnt in 
the 'Visconsln glacial stage are shown with excep­
tional clearness. It is found that the Patrician ice 
movement culminated and had begun to wane before 
the Keewatin movement had reached its culmination. 
(See pI. 3.) Similarly the culmination of the Labra­
dor part of the ice sheet, with movement into ·:!ent1'al 
Illinois, aritedated the culmination of the Patrician 
part, with movement into Minnesota and Wisconsin. 
As indicated in an earlier paper,4 the phenom;ena s:ng­
gest the westward growth of an ice sheet tha:t started 
on the Labrador peninsula and moved southw,estward 
into central Illinois. This growth westwar'd favored. 
a later southward movement from'the Patri'cia district 
and a still later southward movement froni Manitoba 
into the Dakotas, Minnesota, and Iowa.· By .the time 
of the Patrician culmination the part of the ice'sheet 
farthe,r east had shrunk materially, its limits being at 
either Union City or the Missisinawa morainic ,system 
in Indiana and Ohio. At the culmination of the ICcc­
watin movement of the Wisconsin stage the limlts in 
the east appear to have been at the Port' Huron mo­
rainic system, which encircles the southern edges of the 
Huron and Ontario Basins. The Labrador,' part of 
the ice ,sheet at that time, however, seems td have 
taken full possession of the Superior Basin by an ad­
vanoe'into the west end, which had been 'vacated by 
the Patrician part., In the final phase of the iVis­
consin 'glaciation the ice in the Labl'ador distl'iqt 

: seems to have persisted longer than that in the Patricia 
,distI;ict. The Labrador ice figures in the present re­
port only so far as it touched Minnesota. Thedeposit~ 
of the Patrician ice here discussed lie west of t,he 
Chippewa ice lobe in Wisconsin. 

OUTLINE OF THE PLEISTOCENE SERIES OF GLACIAL 

DEPOSITS 

The Pleistocene q.eposits include a compiex series of 
,till sheets and associated sand and g~'avel ,1?ed,s". sep~­
rated' by, soil and nonglacial beds, forme'Ci in long 'in­
tervals of deglaciation between stages of glaciation. 
The Sta.tes bordering the upper Mississippi River~ 'es­
pecially Minnesota a.nd' Iowa, have an exceptionally 
full exhibit of the deposits and thus offer very favor-
able ground for their study. (See fig. 1.) " . .' ' 

, I 

~ Leverett, Frank, Pleistocene depOSits of Minnesota and adjacent 
districts [abstract]: Geol. Soc. Americ3: BUll.. vol. '27, PlY. 68-69. 
191G. 



4 QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES 

The outlines of the drift sheets of this region that 
-have been given in reports and textbooks for the last 
30 years have represented five drifts, representing five 
distinct glacial stages, with intervening relatively 
warm interglacial stages. In some outlines the last or 
'Wisconsin stage has been subdivided into early and 
late 'V"isconsin, though it has been commonly held that . 

o o 
D 0 M ~ "N--

-t; " I 
--~---------~ \~ \ N 

F 

sidereda probable correlative of the Illinoian drift, 
representing the Keewatin part of the ice sheet in the 
third glacial stage, as indicated more fully below. 

The names of the drift sheets in the Mississippi 
drainage basin hav~ been shifted so often as to pro­
duce confusion without gi'~ing a fully satisfactory 
nomenclature. At first it was proposed to name the 

c 
N 

[) 

Generalized direction of 

late Wisconsin ice movement 

-----~ 
Generalized direction of 

middle Wisconsin ice movement 

GLACIAL STRIAE 

Late Wisconsin 

Middle Wisconsin 

Kansan ~ 

olq,est drift of the se-
ries Kansan and the 
sec 0 n d, or the one 

FIGURE I.-Map of Minnesota showing extent of glacial ice sheet, directions of ice movement, and shores of 
glacial lakes 

above it, "East Iowan," 
s 0 0 n contracted t 0 

Iowan. 5 But because 
of the discovery of a 
third drift in eastern 
Iowa, where only two 
drifts had been pre­
viously recognized, it 
was thought advisable 
to call this third drift 
Iowan and the second 
drift Kansan.6 It is 
now better understood 
that the second drift 
is the principal drift 
sheet of Iowa and 
therefore the one that 
might more appropri­
ately be called Iowan, 
as originally proposed. 
The lowest drift, origi­
nally named l(ansan, 
was called sub-Afto­
nlan and also pre­
l(an8an, for a num-' 
bel' of years; but in 
1910 S him e k 7 de­
scribed it as Nebraskan. 
T his name, however, 
seems to the writer of 
questionable applica­
tion, as the drift has 
scarcely' any exposure 
in N ebra,ska, either in 
outcrop or as a surface 
sheet, being almost 
completely covered by 

there was no intervening warm stage between these 
subdivisions. The first, second, third, and last drift 
sheets are all well-defined deposits exposed or identi­
fiedover a wide extent of country, but the Iowan drift, 
which has been classed between the third and the last 
drift sheets, is a deposit of rather scanty exposure, and 
its reference to a separate glacial stage has been, with 

,some geologists, a matter of doubt. By them it is con-

the second drift. Mean­
time, in 1906, Chambe,rlin and Salisbury 8 introduced a 
new name for a very old drift in the eastern United 
States, calling it J erseyan, a term which has pertinence 

6 Chamberlin, 'T. C., in Geikie, James, The great Ice age, 3d ed., pp. 
753-775, 1894; Jour. Geology, vol. 3, pp. 270-277, 1895. 

o Chamberlin, T. C., Jour. Geology, vol. 4, pp. 872-876, 1896. 
1 Shimek, Bohumil, Science, new ser., vol. 31, pp. 75-76, 1910; Geol. 

Soc. America Bull., vol. 20, p. 408, 1910. 
8 Chamberlin, T. C., and Salisbury, R. D., Geology, vol. 3, pp. 383-

384, 1906. 
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for that distr,ict, as the drift is widely exposed in New 
J'ersey and. its characteristics were worked out there. 
The Illinoian or third drift of the eastern part of the 
Laurentide area of glaciation and the Wisconsin or 
youngest drift have not been subjected to such changes 
of names a.s the other drifts. The Illinoian seems a p­
propriately named because of its wide exposure in the 
State of Illinois. The Wisconsin (originally termed 
"East Wisconsin") also seems pertinently named, 
'because it was in 'Visconsin that this drift was first 
differentiated fr0111 earlier ones. 

T l~e oldest 0'1' N eb'l'aslca;n d'l'ift.-1N est of the drift­
less area and the Mississippi River the oldest drift is 
largely covered by the second, or Kansan, drift. It 
may be represented by scattered erratics found beyond 
the limits of the n::ansan drift in Kansas and Missouri. 
In its extreme extension the ice may have reached into 
Kentucky beyond the limits of later drifts and depos­
ited the erratics that have recently been discovered 
there. The deposits in southeastern ~1issouri below 
the mouth of the lVlissouri River may also pertain 'to 
the oldest drift. The erratics and patches of drift in 
I{entucky and southeastern Missouri were deposited 
by the Labrador part of the ice sheet and so nlay prove 
to be of J erseyan age. Those in central and western 
Missouri and in I{ansas were left by the Keewatin ice 
and may thus be ~ ebraskan. The Keewatin ice may 
also have been the source of deposits of black till east 
of the lVlississi ppi River in western Illinois. Some 
of the limestone pebbles in that till may have come 
from formations in, Manitoba. If the oldest drift is 
deJnonstrated to include all these outlying deposits, 
the first glaciation must have been the Inost extensive 
of the several Pleistocene stages. The characteristics 
and ,degree of preservation of this drift are discussed 
on pages 14-19. 

Afton-ian sou and N eb'l'aslcan [lW1nbotil.-The soil 
which had been developed on the oldest drift sheet be­
fore the second drjft was laid down was called Af­
tonian by Chamberlin.9 At that time numerous occur­
rences of buried soil had been noted by "r J McGee 
in eastern Iowa, and exposures near Afton, Iowa, were 
examined in n field conference which Chamberlin and 
McGee had been holding prior to the naming of the 
interglacial soil. At the type locality, as well as in 
other places in that general region, there is a conspicu­
ous development of gumbotil 10 at the top of the sub­
Aftonian (Nebraskan) till, which constitutes impres­
sive evidence of prolonged interglacial action. Kay 
has accordingly urged that the gumbotil be given a 

o Chambcl'I111, T. C., JOUl·. Gcology, yol. 3, p. 272, 1895. 
10 The term" gumbotil" was proposed by G. F. Kay (Science, new 

scr., yol. 44, pp. 637-638, 1916) to apply to the tenacious gummy de­
poSits formed on the surface of the old tills (Nebraslmn, Kansan, and 
Illlnoiall), which al'e regarded as largely the product of chemical 
wcathCl'lng of the upper parts of these tills in interglaCial time. See 
.Jour. Geology, vol. 28, pp. 89-125, 1920, for a fuller description. 

leading place in solving problems pertaining to the 
length of the several interglacial stages in which it has 
been developed. 

Certain bone-bearing gravel deposits in the Missouri 
River Valley have been referred by Calvin 11 and 
Shimek 12 to the Aftonian, but as Kay 13 has recently 
questioned the evidence that the bone-bearing gravel 
is Aftonian, its age and its relation to the ice sheet 
are yet to be determined. 

Kansan drift.-Since 1896 the drift deposited in the 
second stage of glaciation, when the ice sheet -reached 
the northeastern part of Kansas,14 has been known as 
Kansan. This drift forms a nearly complete cover of 
the oldest drift in the district west of the Mississippi 
River and is the upper till sheet in southern and west­
ern Iowa, northern Missouri, and adjacent parts of 
Kansas, Nebraska, South Dakota, and Minnesota. Its 
exposure in Minnesota is in the southeastern and 
southwestern parts of the State. Its characteristics 
are set forth on pages 20-22. The Kansan drift in 
the glaciated district east of the Mississippi Valley 
is largely covered by later till sheets. 

Ya'r1nowth beds and Kamsa;n grumbotil.-At Yar­
mouth, Iowa, a well section was found to embrace 
thick deposits of peaty material between the Kansan 
drift and the overlying Illinoian drift. The peat de­
posit has a thickness of 15 feet and' is underlain by 
about 12 feet of silty deposits containing wood and 
other organic material, which seem referable to this 
interglacial stage. These beds of peat and silt, which 
have been named Yarmouth by the writer,I5 were de­
veloped between the withdrawal of the Kansan ice 
sheet and the culmination of the Illinoian ice sheet 
and thus seem to be restricted to this interglacial 
stage. It is unfortunate that the type locality is of a 
sort not open to study, except by borings. 

The gumbo til developed on the Kansan till is widely 
exposed outside the limits of the Illinoian drift and 
has been found beneath the Illinoian drift in south­
eastern Iowa. "Vhere it underlies the Illinoian drift 
it is commonly 6 to 8 feet thick and is thus fully as 
impressive as the Yarmouth peat bed in giving evi­
dence of a long interglacial interval. It seems to be to 
a large degree the product of chemical weathering, as 
determined by Kay and Pearce,16 and thus to have 
required a long time for its development. Gumbotil 
probably includes considerable material that was de-

11 Calvin, Samuel, Geol. Soc. America Bull., vol. 20, pp. 133-152, 
341-356, 1909; vol. 22, pp. 207-216, 1911; Iowa Acad. Sci. Proc., vol. 
17, pp. 177-180, 1910. 

12 Shimek, Bobumil, Science, new ser., vol. 28; p. 928, 1908; vol. 31, 
pp. 75-76, 1910; vol. 33, p. 467, 1911; vol. 84, p. 28, 1911; Geol. Soc. 
America Bull., vol. 20, pp. 399-408, 1909 i vol. 22, p. 730, 1911. 

18 Kay, G. F., Geol. Soc. America Bull., vol. 35, pp. 71-74, 1924. 
U Jour. Geology, vol. 4, pp. 872-876, 1896. 
15 Leverett, Frank, Jour. Geology, vol. 6, pp. 238-243, 1898; U. S. 

Geol. Survey 1\:Ion. 38, pp. 119-124, 1899. 
10 Kay, G. F., and Pearce, J. N., Tbe origin of gumbotn: Jour. Geol­

ogy, vol. 28, pp. 89--125, 1920. 
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posited on the till ill interglacial time fronl atmos­
pheric dust. In many exposures examined by the 
writer the inaj or part of the gumbotil seems not to 
have been derived from the till but to have been de~ 
posited on it. But even if the major part was con­
tributed from the atmosphere, the time required for 
the development of gumbotil of the thickness found 
on the Kansan till could not have been brief, for the 
entire deposit is chemically weathered. It differs in 
this respect from the overlying loess of southern Iowa, 
parts of which show but slight chemical weathering. 
The loess thus seems to have been laid down nlore 
rapidly than any atmospheric material included in 
the gumbo til. 

Pre-Illinoioo loess' (LoveZand loess) .-A deposit of 
tYPIcal loess has been found under the Illinoian drift 
in western and southwestern Illinois. Its occurrence' 
in Rock Island County, in western Illinois, on the 
bo'rder of the Mississippi Valley, was brought to no­
tice'in an early report by the writer,17 and its fossils 
were identified by W. H. Dall as of similar species to 
those found in the ~urface loess 'o'f that region. A, 
similar deposit was noted by the writer later in Mon­
roe and Randolph Counties, southwestern Illinois; 

The Loveland formation of western Iowa and north­
western Missouri is also a reddish loesslike silt loam 
that underlies the buff loess of that district. This 
deposit was interpreted by eal>ly students to be a phase 
of the loess" but Shimek,I8 who called it Loveland,: 
considered it a water deposit. He thought it was de­
posited by water accompanying the melting of the 
Kansan ice sheet. But later I(ay 19 determined that 
the Kansan drift had become greatly eroded before 
this deposit was laid down and that it has no genetic 
relation to the Kansan gladation. 

The age of. the Loveland loess' was not definitely 
fixed by Kay in this report, but he subsequently pub­

'lished two papers interpreting the Loveland deposit 
,to be post-Illinoian.20 'ThIS interpretation was based, 
on ' the 'occurrence of t,~o deposits of loesslike cha r­
acter over the Illinoian drift, the lower being cor­
related by him with the Loveland. This lower deposit, 
however, seems' to be present in only a few places and 
i2 not general and widespread, like the upper one, and 
its 'significance remains to be determined. In these 

,papers Kay 'failed to consid~r the question of cor­
b31uting'the 'Loveland' with the pre-Illinoian loess. 

,17 Leverett, Fr1111k, The 'Illinois glacial lobe: U. S. Geol. Survey 
Mon. 38, pp. 114-115, 1899'. 

~8 Shimek, Bohumil, Iowa Geol. SUl'vey Ann. Rept. for 1909, PP. 
:371-375, 1910.' 

III Kay, G. F;, Iowa Geol. Sui·vey'Ann. Rept. for 1919-20, pp. xvii-
;xviii, 1921. ' ' 

The present writer 21 accordingly called attention to 
this pre-Illinoian loess as the probable equivalent of 
the Loveland loess. Kay 22 made a partial acceptance 
of this correlation and suggested that part of the 
Loveland may be pre-Illinoian and part post-Illinoian. 
As no separation of the Loveland loess into two dis­
tinct parts has been noted, it seems to the preseIit 
writer more probable that the Loveland is to be cor­
related in the main with the pre-Illinoian loess. 

In 1925, in a field conference held by G. F. I(ay, 
, Paul MacClintock, E. R. Apfel, and the writer, expo­
sures of what seem likely to be the Loveland loess were 
found near Sheldon, Iowa, between the Kansan till 
and an overlying drift sheet, which, 'as indicated below, 
seems to be the correlative of the Iowan till of north­
eastern Iowa. This may have the sanle age as the 
pre-Illinoian loess of western Illinois. ,This loess near 
Sheldon had suffered considerable leaching prior to 
the deposition of the overlying till and also rested on 
the eroded surf.ace of the Kansan drift. 

Erosion in the second (Y (Jlf''flwuth) interglacial 
stage.-Although the peat, muck, gumbotil, and loess 
deposits between the I(ansan and Illinoian drifts 
afford impressive evidence of the long duration ,of the 
second or Yarmouth interglacial stage, they have only 
local exposures and ,are no more significant than the 
amount of erosion the Kansan drift suffered in this 
stage, which is widely evident. ' The relative amounts 
of erosion, displayed by the Kansan and Illinoian 
drifts '\vhere they are exposed side by side are not 
only striking features in the field but are also clearly 
shown by the topographic maps published by the 
United States Geological Survey. Thus the maps of 
quadr~ngles in the I(ansan drift area, such as those 
of the Atlanta and Kahoka quadrangles, Missouri, and 
the Knoxville, Milo, and Creston quadrangles, Iowa, 
may be compared with those of quadrangles within 
the Illinoian drift area, such as the Milan, Edgington, 
Macolllb, Canton, Vermo'nt, Goodhope, and Laharpe 
quadrangles, Illinois. In the Kansan area there are 
much dissected valley slopes a quarter to half a mile 
wide; in the Illinoian area the bluffs are much steeper 
and the valleys relatively smaller. On the Kansan 
drift there are preserved only narrow strips of the 
original drift plain; on the Illinoian about half of the 
original plain is preserved. A comparison of this sort 
serves to make it evident that the duration of the 
Yarmouth interglacial stage was markedly longer than 
the time since the Illinoian stage of glaciation. The 
places are relatively few where the peat and gumbotil 
are exposed for study, but the ,amount of erosion is 

20 Kay, G. F., Loveland loess: Post-Illinoian, pre-Iowan in age:, 21 Leverett, Frank, Loveland loess; pre-Illinoian, pre-Iowan in age: 
Science, new ser., yol. 68, pp. 482-483, Noy. 16, 1928; The relative Science, new ser., vol. 69, pp. 551-552, May 24, 1929. 
ages of the Iowan and lllinoian drift sheets: Am. Jour. ScL, 5th ser., 22 Kay, G. F., SignIficance of post-Illlnoian, pre-Iowan loess: Science, 
yol. 16, pp. 497-518, December, 192~. ' , new ser .. vol. 70, pI). 259~260, Sept. 13, 1929. 
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open to study everywhere. The ~ansan drift is also ously developed and. was early noted i~.: the drain::.tge 
much more deeply oxidized and leached than the basin of the Sangamon River, in. western Illinois.2f1. 
Illinoian. In Minnesota the comparison of n::ansan II) a few places peat of considerable depth is found be-, 
and Illinoian drifts is confined to a small area south- t,ween the Illinoian till and the loess. Gumbotil 2 to. 
east of St. Paul, and that of Kansan and Iowan drifts 5 feet thick is also present where conditiOlls favored 
to narrOw strips in the southeastern and southwestern its developnlent and presetvation .. The black soil, 
parts of the State, as shown on pages 22-30. N either peat, and gumbotil are restricted to, parts of the ,surf~ce 
of these areas is as yet topographically lnapped. The of the Illinoian till where drainage conditions ,wel,'~ 
field studies, however, show that the Kansan drift was poor. The well-drained portions have ,the ordinary 
markedly eroded and weathered before the later brownish soil, with leache,d subsoil and oxidation, to, 
drifts were brought in. depths of 15 to 25 feet or more. In eastern Minnesota 

Illinoimn drift and Iowa'J1J drift.-The Illinoian the black soil is rare, and "the le~ched and, weathered, 
drift, so named because of its wide exposure in the condition is common. 
State of Illinois, was in large part the product of an On the Iowan till there is a pebbly concentrate, 
:ice sheet that moved southwestward from the Labra- . which is described below (pp. 23-24, 28, 36, a7, 38). 
dol' peninsula, across the Great Lakes district, to the The main deposit of loe8s.-At the time the Iowan 
vicinity of the Mississippi River, in western Illinois and, drift was first brought to notice by Calvin and his 'as­
southeastern Iowa. Its margin forms part of the east sistants on the Iowa Geological Survey, about 1894, the 
border of the driftless area in 'Visconsin and Illinois. main deposit of loess was regarded by lnany geologists 
The drift north of the driftless area was brought in ·as a water deposit.:!4 The Iowa geologists thus corre:. 
from the Patricia district, to the north, and a consid- lated it with the Iowan drift as an outwash in the 
erable part of it is referred tentatively to the Illinoian eastern part of Iowa and called it Iowan loess. . The 
stage of glaciation. The same drift has a slight ex- present writer accepted this name and has used it in 
pO,sure in 'Vashington and Dakota Counties, eastern some previous discussions of the deposit, though he 
]\1innesota. The Iowan drift may have been depositeq. was long ago convinced that it is a wind deposit and' 
:in this same glacial stage, as the product of ice coming not outwash from an ice sheet. In places the loe~s 
in from the region ,vest of IIudson Bay. The IowaI~ begins with a very thick border at what has been 
drift appears to include a strip of drift exposed in considered by the Iowa geologists to be the limit of 
southwestern Minnesota and 'neighboring parts of, the Iowan drift, and this led· ·to the view that it was 
Iowa and South Dakota. It is the third drift of that ,kept off the Iowan drift ar'ea because of the presenee 
district, t~e I(ans~~n and pre-I(ansan drifts being of the ice sheet during the loess-depositing stag-e. 
found beneath it. These geologists were, however,' aware that in other 

In the Illinoian drift' and to a lesser degree in the places the borders of the two deposits do not thus co­
Iowan drift terminal moraines, kames, and other c~:m-" incide. It is now a question whether the main deposi-, 
structionnJ :features are preserved. The slopes of th,e tion of this loess took place at or near the tinle when 
ridges and knolls, however, are worn down to a marked the ice sheet was present" or wa.s separated from :it 
degree, compared with the erosion of similar features' , by an interval of some length marked by the develbp-
on the "Tisconsin or latest drift. ment of the pebbly concentr'a,te, above noted. 

The writer has r,ecently published an estimate of the It appears tluit the deposition of loess preceded the 
probable time involved in the several Pleistocene gla- 'Visconsin glaciation by an interval of sufficient lenbrth 
cial and interglacial stages,22n in which it is found that for it to become somewhat leached 'and weathered but 
the Illinoian and Iowan as well as vVisconsin glacia- not deeply so. This interval 'has been tenned by the 
tions an fa.ll in the last third if not in the last fourth writer 25 the Peorian. The loess is,thus pre-Peorinn 
of the glacial epoch and a.re separated by interglacial and post-Sangamon. This loess' has been referred by 
stages lnuch shorter than those between the precedin~ Alden and Leighton 26 to the early part of the Peorian 
glacial sta,ges. interval. The selection of a permanent name may 

Sanga'Jnon soil and Illinoian g~t(mbotil.-On the perhaps be left to the fut11re~ whenth~ time relatlOIis· 
Illinoian drift there is a widespread dark soil contain- of the deposit are m'orefully understood. The extent 
ing much organic material which has been buried and characteristics of the loess are set' forth beli1w 
under ~ deposit of loess. It seems to have been de- (pp. 36-39). 
veloped in a cool, damp climate that followed the wi~h- __ -:--_________ ~_~ __ ~----
drawal of the Illinoian ice sheet. This soil the writer, I 23 Leverett, Frank, Jour, Geology, yol. 6, pp. 171-181, 18!J8 .. 

24 Iowa Geo!. Survey Ann. Rept. for 1894, pp. 170-171; idem fo~' 
proposed to call Sangamon soil, because it is conspicu-.. : 1895, pp. 66-69, idem for 1896, pp. 40,86-88; 174-176, 234-238. 

, ~5 Leverett, Frank, Jpur. Geology, YO.1. 6, pp. 244-249, 1898. 
2~n Relative length of Pleistocene glacial and interglacial 'stages: 26 Alden, W. C., and Leigbton, M. M., Iowa Geol. Survey, vol. 26, pp. 

Lcvcl'ctt, ll'rank, Sclencc, new scr .. vol. 62, pp. 193-195. 1930. ' 157-158, 1917. ' 
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Wisconsin dirift.-The ",Vis cons in drift is the pr.od­
uct of the latest glacial stage and is relatively little 
eroded and weathered. In the early part of this 
glacial stage the ice sheet moved southwestward from 
the Labrador peninSUla across the Great Lakes region 
into central Illinois. This is generally known as the 
Labrador ice movement. At that time the ice sheet 
appears not t.o have extended into the region north 
and west 0.£ the driftless area of the upper Missis­
~ippi Valley. The moraines formed in this early part 
of the Wisconsin stage, the Shelbyville, Champaign: 
Bloomington, and Marseilles morainic systems, are 
perceptibly more eroded than those farther north and 
west and have been generally classed as the product of 
an early Wisc.onsin substage. 

The writer 27 some years ago called attention to evi­
dence that the ice sheet which started in the ",Viscon­
sin' glacial stage .on the highlands of the Labrador 
peninsula gradually expanded westward, s'o that in 
the midst of this stage its highest part was farther 
west than in early ",Visconsin time. There came as a 
result a movement nlore directly south ward into the 
Great Lakes region, and the development .of morainic 
~Jstems more or less concentric with the south ends of 
their basins, ,from New York westward into ",ViSCOll­
sin. This may be termed the Patrician movement, as 
distinguished from the earlier or Labrador ice lnove­
ment, the district of Patricia, west .of James Bay, in 
northwestern Ontario, being within the area of ice 
dispersion. At this time the outer moraine of the 
Green Bay lobe of eastern ",Visconsin was formed, and 
this appears to be correlative with the Tekonsha m.o­
raine in Michigan. It lllay be correlated also with the 
St. Cr.oix or .outermost strong m.orainic belt' of ",Vis­
consin red drift of western ",Vise on sin and eastern 
~1:innesota. 

Still later in the ",Visconsin glacial stage there was 
a vigorous ice movement from the district of Kee­
watin (from a tract now partly within the present 
northern limits of the Province of Manitoba) into 
Minnesota, Iowa, and the Dakotas, which deposited 
the Wisc.onsin gray drift. The Des ~10ines lobe, 
in Minnesota and ~owa, and the James River or 
Dakota . lobe, in the Dakotas, pertain to this move­
ment, which is generally known as the l{eewatin ice 
1I1Ovelllent. Its drift overlaps the red ",Visconsin dr'i.ft 
in Minnesota and is easily distinguished from the re.d . 
drift by the paler color and the presence of the lime­
st.one fragments fr.om Manitoba. The overlap in east­
ern Minnesota is at least 75 miles. The ice that de­
posited the red d,rift seems thus to have melted ~ack 
to so lllarked a degree that it allowed the icc fr'om 
the area west of Hudson Bay to spread freely in 
~1:innesota. The correlative lllorainic system of the 
Great Lakes region appears to be the' Port .Huron 

In Leverett, Frank, Geol. Soc. America Bull., vol. 27, pp. 68-69,1916. 

system. ",Vhile th~ ice of the eastern district was 
barely filling the basins of Lake Ontario, Lake Huton, 
and Lake Superior, that of the western district was 
at or near its culminating position. The features of 
the Minnesota field seenl' m.ore consistent with this 
interpretation than with that of ",Varren Uphanl, as 
presented in the reports of the Minnesota Geol.ogical 
and Natural History Survey, that the ice which 
brought in the red drift was still covering nearly all 
of the red-drift area at the culmination of the western 
ice movement which brought in the gray drift. The 
fornler ice can not have been in contact with the west­
ern lobe, for lines of glacial drainage, as indicated 
fully in the detailed discussion, lead ftom the gray­
drift border across the red-drift area in a way which 
leaves no doubt that that part of the red-drift district. 
was free from ice. The shrinking of the .eastern part 
of the ice field was probably due to the smaller' amount 
of snowfall in that I'egion, rather than to a modera­
tion of the climate. 

Still later, in the waning part of the ",Visconsin 
glaciation, when the Keewatin ice front had receded, 
there seems to have been renewed activity in the 
Patrician district, with a spreading of the ice north­
ward and westward, as determined by Tyrrell,28 into 
the district just vacated by the Keewatin ice. After 
this, according to Tyrrell, the Patrician ice melted 
away from the district and the Labrador ice spread 
westward as far as the Hayes River. It thus ap­
pears probable that the Labrador peninsula was the 
vanishing ground of the Wisconsin glaciation, as well 
as the probable starting ground. It seems n.ot· im­
probable, however, that a remnant of the ice sheet 
may have persisted far to the north on the west side 
(:f Hudson Bay to about as late a time as it remained 
in Labrador. Further studies are necessary to clear 
up this question. 

In a brief paper appearing recently Leighton 29 
has advanced the view that the Iowan drift was de­
p.osited in the first or earliest substage of the last 
glacial stage. He has also proposed a reclassification 
.of the I.owan and Wisc.onsin drifts. The evidence 
cited by Leighton for referring the Iowan to the 
last glacial stage is the moderate state of leal~hing 
.of the loess deposit wh.ose stratigraphic p.osition is 
between' the Iowan- and ",Visconsin drifts and which. he 
·terms the Peorian loess. He maintains that the depo-
sition of this loess embraced practically the whole 
interval between the depositi.on of the Iowan drift and 
the early Wisconsin, and that this interval is appar­
ently t.oo brief to represent an interglacial stage. He 
assumes that the development of a pebbly concentrate 

l!8 Tyrrell, J. B., .ontario Bur. Mines Rept., vol. 22, pp. 197-205, 
1913; Congo geol. internat., 12e sess., Compo rend., p. 533, 1914. 

2D Leighton, M. 1\1., The Peorian loess and the classification of the 
glacial drifts of the Mississippi Valley: Jom·. Geology, vol. 39, pp. 
45-53, January-February, 1931. 
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on the Iowan drift prior to the deposition of the 
Peorian loess was a hasty process requiring a negligi­
ble amount of time, au assumption that is open to 
serious question. It remains to be detelrmined 
whether this process, combined with the deposition 
of the loess, may not h~ve invo~ved so nUlCh time a.s 
to constitute n stage of deglaciation. 

Leighton suggests that the early vVisconsin ice 
sheet of the Labrador field was in a state of advance 
while. the Iowan ice sheet of the I{eewatin field was 
being melted away, but he does not explain how such 
a singular relation could exist .. It is evident thnt the 
Iownn ice sheet must have been melted away in order 
to give the Labrador part of the ice sheet the free field 
for westwnrd expansion that it had in the Wisconsin 
stage. As indicat.ed below, there was a wide exten­
sion of ice westward from the Superior basin into 
central Minnesota in the middle 'Visconsin substage, 
covering the axis of Iow'an ice nlovement. In the 
opinion of the present writer the disappearance of the 
Iowan ice sheet must have occurred in a relatively 
warm period preceding the cold period that brought 
on the Wisconsin glaciation. 

The great glacial lalces.-When the ice border 
shrank within the limits of the Great Lakes basins 
waters were ponded in front of it to a sufficient height 
to find escape across low places on the rims of the 
basins. There was thus a discharge southwestward 
from the Erie Basin past a summit at Fort' Wayne, 
Ind., into the Wabash Valley and from the south end 
of the Lake Michigan Basin to the Illinois V'alley; 
also southward from the Lake Superior Basin through 
the St. Croix Valley to the Mississippi. With the 
withdrawal of the ice from the basin drained by the 
Red River there came a ponding of water in that 
basin. As the ice melted back the ponded area en­
larged until it finally reached an estimated area of 
100,000 square miles, or about as great an area as the 
combined areas of the five lal{es of the St. Lawrence 
systeln-Superior, Michigan, Huron, Erie, and On­
tario. This great ancient water body, known as the 
glacial Lake Agassiz, is the subject of a lnonograph 
by Uphanl,80 published more than 30 years ago. The 
present writer has extended the study of the shore 
lines of this glacial lake considerably beyond the lim­
its nlapped by Upham in northern ]\iinnesota, as will 
il ppear in the detailed discussion. 

PHYSICAL FEATURES AND ROCK FORMATIONS OF 
MINNESOTA 

The situation of Minnesota, in the east-central part 
of the North American continent, is such that it is 
drained entirely to the Atlantic side of the continent 
but by three widely divergent courses, part of the 

30 Uphnm, Warren, U. S. Geol. Survey Mon. 25, 1896. 

drainage leading to the Gulf of Mexico, part to the 
Gulf of St. Lawrence, and part to Hudson Bay. The 
Gulf of Mexico receives about 57 per cent of the drain­
age, the St. Lawrence less than '9 per cent, and Hudson 
Bay fully 34 per cent. There was a time, however, in 
the latest part of 'the glacial epoch, after the ice had 
melted' from Minnesota but was still occupying the 
northeastern part of the Lake Superior Basin and 
neighboring parts of Ontario and .]\ianitoba, when all 
the drainage had a southward course to the Gulf of 
Mexico. The western part of the Lake Supal'ior 
Basin for a tiIne discharged through the St. Croix. 
Valley to the ]\1:ississippi. The Red River Basin, 
when occupied by glacial Lake Agassiz, was drained 
southward through Lake Traverse and the Big Stone 
Lake to the Minnesota Valley and thence to the' Missis­
sippi ,and the Gulf of Mexico. This condition was 
nlaintained only until the ice had ceased to block the 
present lines of discharge, but the valleys excavated 
by the outlets' of the glacial lakes in the Lake Superior 
Basin and the Red River Basin are very conspicuous 
features because of the great volume of the streams 
that excavated them. 

Minnesota has an extreme length of' nearly 400 
miles, from the Iowa line, in latitude 43 0 30', to the 
north end of the proj ection known as the northwest 
angle, northwest of Lake of the Woods, 23 miles north 
of the forty-ninth parallel. The greatest width is 
367 miles, but the average width is about 225 miles. 
The State embraces an area of 84,682 square miles, of 
which about 93 per cent is.1and and 7 per cent water. 
There are fully 7,000 lakes within its borders. The 
largest is Red Lake, which has an area of 440 square 
miles. Other large lakes are Mille Lacs, Leech, Win­
nibigoshish, and Minnetonka .. It is estimated that 
about 14 per cent of the State is swamp land, part of 
which, by artificial drainage, can be rendered fit for 
cultivation. The swamps and lakes thus occupy about 
one-fifth the area of the State. The remaining four­
fifths is fairly well drained, though there are many 
places in which tile drainage is of much value in dis­
posing of the surface water and aerating the soil. 

The altitude of Minnesota ranges frOln 2,230 feet, 
on a rock hill in western Cook County, in the north­
eastern part of the State, to 602 feet, the level of 
Lake. SUperiOl;. The average altitude is about ,1,200 
feet, and a large part falls between 1,000 and 1,500 
feet. (See fig. 2.) The portions above 1,500 feet are 
chiefly in two areas, one at the northeast corner of the 
State and the other at the southwest corner, though 
there is a fair-sized area around the sources of the 
Mississippi River, in the western part, and several 
small tracts in that same vicinity. The main portions 
below 1,000 feet fall in two areas, widely separated 
except for a narrow connecting strip along the Min­
nesota. River-one in the Red River Basin, on the 
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western.-~dge of the State, and the other between thf3 
l\1ississi ppi ~nd St. Croix Rivers, in the eastern part. 
There is 'also a narrow. strip bordering Lake Superior. 

The altitudes just given pertain to the drift surface 
and the surf.ace of Lake Superior. The bedrock sur­
face is buried in a large part of the State to a depth 
of more than 200 feet.. The buried rock floor of the 

drift deposits removed from the State- the average alti­
tude would probably be reduced to 1,000 feet or less. 

In a number of counties in the· western part. 'of the 
State ... borings have reached; a depth of 300 ,feet or. 
more without striking rock, and too few reach rock to 
give a basis for an accurate estimate of the thickness 
.of the drift. The drift is als~ very thick in t.he high 

~ 
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Above 2,000 ft . •• 1,500 - 2,000 ft. 

" / " " ~ 
.. " 

/ / ,." ,,' 
1,000 -1,500 ft. 

1:::/<'::-"';:·>1 
Below 1,000 ft. 

Ixx~ll· 
Border of Wisconsin 
gray drift.Arrowsbows 
{/ireciion of' Keewatin Ice 
advance 

district in the south-
west~rn part of the 
State, known as the Co­
teau des P~'airies, there 

. bf3ing several records of 
borings in that region 
in which rQck had not 
been reached at a depth 
of 500 feet. The drift 

. is very scanty' jn the 
southeastern part of the 
Stftte, in 'Vabasha, Olm-

. sted, vVinona; Fillmore, 
and. Houston Counties. 
Parts of 'Vinona. and 
HQuston Counties 1 i e 
wit h i n the driftless 
area of .the upper Mis­
sissipp~ Valley. The 
upland' here is 1,200 to 
1,300 feet or more above 
sea level. 

In Pi pestone a· n d 
Rock Counties, in the 
southwestern part 0 f 
the State, there are 
quartzite ledges with 
an altitude of 1,500 to 
1,700 feet or l11Ol'e. The 
quartzite is also promi­
n e n t in Cotton wood 
County and western 
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-'Vatonwan County, at 
. altitudes of 1,200 to 
1,400 feet or m 0 r e . 
These quartzite areas 
and the high area in 
southeastern Minnesota 
are the most prominent 
parts of the rock forma­

FIGURE 2.-l\:Iap of Minnesota sbowing altitudes above sea level 

l\1ississippi Valley in the southeastern part of the 
"State is about 500 feet above sea level and the bedrock 
:surface at the southwest end of Lake Superior seems 
to be . nearly down t.o sea level, for the drift deposits, 
are 400. to 500 feet. thick at that end .of the lake, a.s : 
shown by borings along the south side 9f the St. Louis 
HiveI' in the vicinity of Superior, vVis. 31 'Vere the 

31 Wisconsin Geol. Survey BUll. 35, p, 13, 1912. 

tions in the southern half of. the State, and they con-
. stitute less than 10 per cent of its area. The suri'ound­
ing land has a rock surface at an average altitude of 
scarcely 1,000 feet. 

The most rugged part of th~ State is in the north­
east qua~ter. It is occupied largely by volcanic forma­
t.ions and iron-bearing rqcks. which; though glaciated, 
are but thi~ly covered by the glacial deposits. The 
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most conspicllous relief in ·this district is found in the 
Sawtooth Range and other prominent. ridg~s that 
closely border Lake Superior a.lld rise to an .altitu'de ·of 
700 to 1,000 feet above the l~ke. The rock ranges lying 
back from the shore, though higher than those front­
ing on the lake, do not .generally rise more thaI). 200 
to 300 feet above the swamps and lakes among them. 
In fact, several of the lakes in Cook County' are lnore 
than 1,900 feet above the sea, or within 300 feet of the 
level of. the highest points in the State. 

A prominent rock range lying some distance back 
from the Lake Superior shore is the Mesabi iron range, 
which runs northeastward from the 1\1ississippi River 
neal' Grand Rapids across the central part of St. Louis 
County., Its nlost prominent part stands 400 to 450 
feet above the bordering plains and about 1,800 feet 
above sea level. 

In the high northeastern part of MinnesotaJhe val­
leys are very shallow and the streams descend in cas­
cades to Lake Superior. In Cook and Lake Counties 
they descend 900 feet within a few miles. Thisarea 
was probably not crossed by large drainage lines be­
fore the glacial epoch, and this nlay be one reason why 
the valleys are so shallow. This view seems sustained 
by the fact that a short distance northeast of the 
Canadian line the, ICaministiquia River comes into 
Lake Superior through a large valley with a gentle 
rate of descent in its lower course. 

The St. Louis River, which is now ,a tributary to 
Lake Superior, is fiowing for most of its course' 
through a lowland between the 1\1esabi iron range and 
ranges fronting on Lake Superior. Its course is south­
westward toward the 1\1ississippi River in western 
St. Louis County, and probably in preglacial time it 
was continued to the 1\1ississippi. Its present defiec­
tion southeastward into Lake Superior nlay have' been 
caused by an ice advance from the northwest that 
blocked its old course to the Mississippi. It has been 
suggested by La wrence 1\1artin that the St. Louis 
River was drained. into the Lake Superior Basin in 
preglacial time as a result of stream piracy,32 it being 
his thought that a small stream working headward 
from the Lake Superior Basin cut a notch in the range 
of slate near Carlton and captured a large drainage 
systenl north of that range. However, he does not 
locate the notch in the range, and the present writer. 
:is UlUl,Ware of any notch or gap in the vicinity of the 
place where the St. Louis River now crosses it. 1\1ar­
tin's interpretation thus seems to be purely hypo­
thetical and lacks supporting data. The present 
course was evidently begun late in the 'Visconsin staO"e 

f I 
. . b 

0,: g aCHl,tlOn. 

The prominent Coteau des Prairies, in the south­
western part of· Minnesota, was for some time inter­
preted by geologists as owing its great prominence 

s:: n. s. 01'01. Survey Mon. 52, pp. 112-113, figs. 9, 10, 1911. 

chiefiy to Cretaceous· strata, which ,were thought to 
fill in the gaps between the high areas of Sioux quartz,.. 
ite noted above. But studies by Meinzer 33 along the 
Coteau and later studies by the present writer have 
shown that the filling between the quartzite areas con­
sists largely of glacial material, borings having been 
put down to depths 'of 400 to 500 feet without encoun­
tering rock. The quartzite areas thus seem to' stand 
above the general level of the bordering Cretaceous 
formations, nluch as the Baraboo quartzite of southern 
Wisconsin stands above the surrounding Paleozoic 
formations. The highest altitude reached by the Cre­
taceous, of southwestern Minnesota may not exceed 
1,300 feet. The, Coteau surface has an altitude of 
1,700 to 1,900 feet or more along the highest part of 
its crest in 1\1innesota., The lnorainic ridges of Wis­
consin age, which to some, extent follow the crest of 
the Coteau, stand only about 50 feet above the district 
outside. It thus appears that the great bulk of the 
glacial nlaterial on the Coteau was laid down in earlier . 
'stages of glaciation. 

The preglacial drainage of western Minnesota was ' 
probably northward along the lowest part of the Red 
River lowland in about the present drainage course. 
It is possible that part of the head waters of the pres­
ent Mississippi were tributary to the Red River low­
land in preglacial time, but the available data are 
insufficient to th:row nluch light on the question. 

The southern part of Minnesota, now drained by 
the Minnesota, Des Moines, Mississippi, and St. Croix 
Rivers, appears to have had a preglacial southeast­
ward drainage, in courses not widely different from 
those of the present streanlS. Borings indicate that 
a preglacial stream flowed southeastward from the 
basin of Lake Minnetonka across the Minnesota Val­
ley, just above its nlouth, and thence through Dakota 
County, a few miles south of the present Mississippi. 
This old valley and that of the present Mississippi 
lllay have united a fe,Y ,miles above Hastings. 
Another preglacial valley came southward throuO'h 
the eastern part of St. Paul and followed the prese~t 
Mississippi to the valley just noted. A preglacial val· 
ley followed the course of the St. Croix River from 
Stillwater to the junction with the Mississippi. This 
convergence of streams and continuation of the com­
bined stream down the 1\1ississippi is thought to indi­
c,ate that the preglacial drainage took the same direc­
,tion and course as the present 1\1ississippL' It appears 
to have followed essentia.lly the present course as far 
as the vicinity of Clinton, Iowa, beyond which the 
course probably was southeastward to the Illinois Val­
ley at the grea.t bend near Hennepin, Ill. 34 The bed 
of the valley that leads southeastward from Lake 1\1in-

S3 Meinzer, O. E., U. S. Geo1. Survey Water-Supply Paper 256 pp. 
233-235, pI. 2, 1911. ' 

:u Leverett, Frank, Outline of Pleistocene. history of the Mississippi 
Valley: Jour. Geology, vol. 29, pp. 615-626, 1921. 
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netonka is only about 500 feet above sea level in north­
western Dakota County, Minn., or nearly 200 feet be­
low the level of the present Minnesota and Mississippi 
Rivers at their junction. The altitude of the rock 
floor at the border of the Mississippi at Fort Snelling 
is 486 feet. Borings along the Mississippi Valley in 
southeastern Minnesota and farther south show that 
the rock floor of the valley descends down the course 
of the old stream. It is less than 400 feet above sea 
level at Clinton, Iowa, about 340 feet near Hennepin, 
Ill., and 280 feet opposite ·St. Louis, Mo. 

It is important to bear in mind that the excavation 
of the valleys to this low level appears to have been 
accomplished in preglacial time and not in interglacial 
or postglacial time. The records of wells along the 
:.Mississippi Valley in southeastern Iowa and exposure 
along its bluffs show the oldest or Nebraskan drift be­
neath the I{ansan and Illinoian drifts. What is re­
garded by the writer as Nebraskan drift at Fort Madi-

. son extends down to a level 135 feet below the present 
stream at that point, or to about 365 feet above sea 
level. The writer wishes to emphasize this matter, in­
asmuch as Trowbridge 35 has argued that the Missis­
sippi River probably did not flow along the northeast 
border of Iowa prior to the Nebraskan ice invasion 
and that some streams were at that time flowing at a 
level about 600 feet higher than the rock floors of the 
present streams. 

The preglacial drainage flowed from the vicinity of 
St. Paul and Minneapolis southeastward across a 
higher region than that in the vicinity of these cities. 
The bluffs of the Mississippi in the vicinity of Winona 
and southward about to the Iowa line are 500 to 600 
feet above the present stream, or 1,100 to 1,200 feet 
a bove sea level; but in the vicinity of St. Paul the 
rock bluffs are about 300 feet lower, or only 800 to 900 
feet above sea level. This peculiar condition is dis­
cussed by Hall and Meinzer 36 as follows: 

In going from St. Paul down the Mississippi this discordance 
between the direction of drainage and the direction of the up­
land slope is apparent. At St. Paul the cliffs from the valley 
bottom to the upland level are only of moderate height, but 
they become increasingly higher downstream, at a rate entirely 
out of proportion to the gradient of the stream, until they 
tower above the river in picturesque grandeur. Farther south, 
along the eastern margin of Iowa, the upland surface slopes 
southward, and the cliffs diminish in height. ... II< .~. 

The uplands of southeastern Minnesota and adjacent parts 
seem to represent a surface which was first beveled and then 
gently bowed up. The MiSSissippi River flows through this 
elevated area in a direction nearly opposite to the direction of 
the inclination of the surface. Such a condition could be 
brought about in several ways, but probably the river existed 
before the present elevation and was able to cut down its 

35 Trowbridge, A. C., Iowa Acad. Sci. Proc., vol. 21, PP. 208-209, 
1915; Iowa Uniy. Studies, vol. 9, pp. 115-127, 1921. 

36 Hall, C. W., and Meinzer, O. E., U. S. Geol. Survey Water-Supply 
Paper 256, pp. 31, 36, 28-29, 1911. 

, valley rapidly enough to maintain its course in spite of the 
regional uplift. The amount of erosion effected by the MiSSis­
sippi and its tributaries in this area gives a rough measure of 
the time that has elapsed since the uplift and the present 
denudation cycle began. ... "'." 

The southeastern province, adjacent to the Mississippi and 
approximately 500 feet above it, is traversed by an intricate 
draimige system which has cut' innumerable steep, rugged 
valleys and ravines several hundred feet into the hard rocks 
in some localities, leaving only remnants of the plateau sur­
face. .~ * * A thousand steep-graded ravines conduct rain 
water to the Mississippi. The erosion features are conspicu­
ous, for the present cycle of denudation is well under way and 
has nearly reached the stage when the denuding processes 
shall have attained their maximum activity. 

In general, the valleys of the streams that are flow­
ing in. the drift-covered portion of Minnesota ar~ of 
small size and represent the work of the present drain­
age lines, but there are some large valleys which were 
excavated by streams flowing from the melting ice or 
from glacial lakes that fringed the ice border. The 
most conspicuous of these valleys is the one now uti­
lized by the Minnesota River frOlll Big Stone Lake to 
its mouth. This valley is about 200 feet in depth and 
half a mile to 4 miles in width. It was excavated by 
the outlet of glacial Lake Agassiz to which the name 
River Warren has been applied.37 

The tributaries of the Minnesota come to the border 
of this valley in shallow trenches of their own excava­
tion and then make steep descents into the great val­
ley. The lower end of the Minnesota Valley is now 
being graded ~p by the silt brought in from the upper 
part of the valley. Lakes in the lower end of the 
valley (see topographic map of ]\1inneapolis quadran­
gle) mark the unfilled places and carry 20 to 30 feet 
of water at low stages of the river. From a position 
near the mouth of the Minnesota to St. Paul this out­
let of Lake Agassiz cut a valley in rock formations n. 
mile wide and 200 feet deep. It then entered a pre­
glacial valley which comes to the present river from 
the north. 

Another large valley is that of the St. Croix River, 
excavated by the outlet of glacial Lake Duluth. This 
valley ranges in width from a fraction of a mile where 
it cuts across rock ridges, as at Taylors Falls, to 5 or 6 
miles where it is excavated in easily eroded glacial 
deposi ts. The lower end of the St. Croix Valley is 
now occupied by a lake, for the Mississippi River has 
built up sediment across the mouth of the St. Croix 
and raised the water level about 40 feet above the level 
at which the streams flowed at the end of the period 
of drainage from the glacial lakes. 

Bordering the gorge of the Mississippi River above 
its junction with the Minnesota is a broad, shallow 
valley, formed by the water drained from the ice 
sheet. This is older than the great valley cut by the 

37 Upbam, Warren, Am. Assoc. Adv. Sci. Proc., vol. 32, p. 231, 1884. 
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outlet of glacial Lake Agassiz and has its bed at the 
level of the top of the rock formations into which the 
Lake Agassiz outlet cut between Fort Snelling and 
St. Paul. The gorge of the Mississippi below Minne­
,apolis was cut in the bed of this glacial river channel 
,nfter River Warren, the Lake Agassiz outflow, had 
,eroded its deep channel below the junction of the 
~1:innesota and Mississippi Rivers. 

OUTLINE OF THE GEOGRAPHY AND GEOLOqy OF 
MINNESOTA 38 

In its general geographic and geologic relations the 
J\1innesota district forms a part of the Central Low­
lanq, which lies between the Alle­
,gheny Plateaus on the southeast, the 
Ozark Plateans on the southwest, 49 
:and the Superior Upland on the 
:north, and extends westward to 
merge into the Great Plains. It is 
:situated near the northern margin of 
the Central Lowland, not far fr0111 
the border of the southwestern ex­
tension of the Superior Upland that' 
is called "The Ranges," otherwise 
InlOwn as the Lake Superior high­
lands. (See fig. 3.) The Minnesota 
,district embraces the greater part of 
the upper ~1ississippi Basin and of 
The Ranges. 

plex, and their surface was deeply eroded and planed 
down before the sedimentary deposits were laid down 
upon them. The general distribution of the rock 
formations beneath the drift in the l\1:innesota district 
if. shown in Figure 4. 

The Cambrian system comprises sandstone and some 
dolomitic formations and has a maximum t~lickness 
of about 1,000 feet. The beds lie nearly horizontal 
and thin out toward the north, their margins over­
lapping the o14er crystalline rocks, which formed most 
of the land at the time they were deposited. At some 
places a thick series of red sandstone and shale of sup­
posed Algonkian age lies beneath the Cambrian strata. 

o 

The upper Mississippi Basin sub­
province includes abo u t 10,000 
'square miles, mainly in Wisconsin, 
which escaped glaciation and is called 
the driftless area. In other respects, 
however, the history of the driftless 
area is similar to that of the sur­
rounding region. The Ranges are 
covered with drift and in this re­
spect are similar to the Central 
Low land, though different in many 

~~~~~~~~ ______ ~~~~l-_~~ __ -+ ____ -+~~~~41 
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FIGURE 3.-Physiograpbic provinces of Minnesota and adjacent regions 

other resp'ects. The Ranges comprise a region of 
old crystalline rocks and of worn-down mountain 
ranges, whereas the Central Lowland is underlain by 
,a series of nearly horizontal beds of sedimentary rocks. 
The upper Mississippi Basin subprovince is underlain 
<:hiefly by Ordovician and Cambrian rocks. 

These sedimentary rock formations beneath the 
drift in the upper Mississippi Basin are thickest on 
t.he south and thin out toward the north. These rocks 
Ije everywhere upon older crystalline igneous and 
metamorphic rocks of pre-Cambrian age. The older 
rocks come to the surface chiefly in the northern part 
of the subprovince, where the sedimentary rocks ar'e 
nbsent. The structure of the crystalline rocks is com-

SS Adapted from description by F. W. Sardeson in U. S. Geol. SUl'vey 
Oeo1. Atlns, Folio 201, 1916. 

The Ordovician system consists of thin fonnations 
of limestone, dolomite, shale, and some sandstone. 
The deposits that formed these rocks were laid down 
upon the Cambrian rocks over all this subprovince but 
at the north have been removed by erosion, so that 
the Ordovician rocks do not extend as far' north as 
the Cambrian. Each formation of the Ordovician 
system is less widespread than the next underlying 
one, and the c0111plete succession is found only in the 
neighborhood of overlying Silurian or Devonian lime-
stones. ' 

Representative formations of the Silurian system 
were laid down over only the outer border of this sub­
province in eastern nnd southern Wisconsin, in Illi­
nois, and in Iowa, but not in Minnesota. They are 
chiefly dolomitic limestones, which include many coral 
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reefs. They were laid down in clear, shallow seas 
while this region was a low coastal plain between the 

. Superior Upland on the north and· the sea· on the 
30uth. 

The Devonian system covers the Silurian ,and ex­
tends beyond it, resting on the Ordovician, in south-

0 50 IOOMiles 
I I I 

8 ~ Iii - g 
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neighboring subprovinces on the south and east, this 
region .was· a lowland area subj ect to slight erosion . 
Essentially the same conditions prevailed later, dur-' 
ing the Triassic and Jurassic periods, although the 

I seas were then farther distant from this region. 
Cretaceous fluviatile and estuarine beds, consisting 

ALGONKIAN? 
'R EO CLASTIC 

SERIES 

genei'ally of unconsolidated sand and clay, 
are found at some places in southern Min­
nesota. The Inore extensive marine forma­
tions of the same age in the Dakota sub­
province on the ,vest do not reach south­
western ~1innesota. During Tertiary time 
the present Mississippi drainage system was 
established and the _ valleys were eroded 
deeper than they are now. No Tertiary 
deposits are known in this subprovince. So 
far as known the surface throughout ~1in­
nesota was land and was subjected to ero­
sion in Tertiary time. 
, The Quaternary deposits are wid~spread. 
Glacial drift, including unconsolidated ma­
terial,from melting ice, fron1 rivers, and 
from lakes, covers the greater part of the 
surface and has in places a thickness of 
several hundred feet. Even within the 
driftless area nearly all the surface is cov­
ered with wind-blown loess . 

. THE OLDEST DRIFT, (NEBRASKAN) 

DISTRIBUTION AND CHARACTER 

As indicated in the outline of drift sheets 
(pp. 3-5), there are two very old drifts, 

representing the first and second stages of 
glaciation, in Minnesota and bordering 
States. The lilnits of the oldest, or N ebras­
kan, dl~ift appear to be not greatly different 
fron1 those of the second, or Kansan drift. 
In each of these glacial stages the ice sheet 
moved southward from central Canada 

KE.wEENAWAN UPPER MIDDLE 
HURONIAN AND LOWER 

LAURENTIAN KEEWATIN 

over the san1e series of rock fornl'ations, so 
the drifts are similar in constitution and 
general characteristics. They are both 
deeply weathered and much indurated. 

EARLIER JNDlffERENTIATED Tl t' t bbl 11 . 
PRE-CAMElRIAN : PRE-CAMBRIAN 1e cons Ituen pe es are genera Y In an 

HURONIAN advanced stage of decay. . Many of the 
granites are so highly disintegrated that 
they can be cut by a spade or trowel, and 

FIGURE 4.-Geologic map of Minnesota and adjacent region, showing distribution 
of rock formations. In much of the area the bedrock is deeply covered with 
glacial drift. (From geologic map of North America in U. S. Geol. Survey Prof. 
Paper 71, 1912, somewhat revised) 

the feldspars are kaolinized to a perceptible 
degree. Limestone is a conspicuous element in eacl~ 
drift, forming usually 50 per cent or more of the peb­
bles, and Inany of the limestone pebbles are so nluch 
softened that they can be easily crushed to powder. 

ern Minnesota (fig. 4) "but elsewhere it has been more 
eroded and is less extensive than the Silurian system. 
It consists ,of limestone and, clay shale, which were 
la,id down under nearly the same conditions as the 
Silurian deposits. , ' . 

During the Carboniferous period, when the Penn­
sylvanian and Mississippian series were formed in the 

Over a wide region from the Missouri Valley north­
eastward across Iowa and Minnesota into Wisconsin, 
the oldest drift consists mainly of a nearly black till, 
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in which a large amount of woody material, still pres-, spicuous constituent of the Nebraskan till than of the 
ent in identifiable species, was incorporated. It seems I{ansan in that locality. This difference may be due 
to contain the black alluviUln and dark humus soilof· to the greater incorporation of the underlying Cre­
the region over which the ice sheet passed. :McGee taceous shale in the lower till. 
applied the terms" bituminous" and" carboilaceous" The two old drifts seem to be present in consider­
to this till, as noted by him in northeastern Iowa. The. able thickness beneath the 'Visconsin drift in much 
black till extends into western Wisconsin along the of its area in Minnesota. The rugged northeastern 
west side of the Driftless Area and has been noted in part of the State, however, has rather scanty deposits 
the St. Croix Valley as far north as Grantsburg, Wis. of all the drifts. The older drifts are commonly 
Farther north and east it is very scanty, to judge by' classed by well drillers as "hardpan." Exposures of 
well records. Numerous lenses of orange-yellow sand the old drifts within the area of the Wisconsin drift 
. and gravel are included in the till, as well as nlore ex-' are few and of slight extent but are sufficient to bear 
tensive interbedded gravel formations. Such beds ap- out the testimony of the drillers that the deposits are 
peal' to be much more extensive in this drift than in much more indurated than the Wisconsin drift. 
th~ overlying I(ansan, so that wells are 'frequ~ently' There is considerable blue-black till in the western. 
sunk through the I(ansan drift to these gravel beds in part of the State. Toward the east it exten'ds a short 
a considerable part of Iowa and in parts of Minnesota distance beyond the valley of the Mississippi River 
and western .Wisconsin to obtain ,vater. ' and is present in western vVisconsin from the vicinity 

As the oxidized portion of each drift is yellowish of Grantsburg southward to the' borders of Lake 
brown, where only this portion is exposed it may be Pepin. Sonle of this blue-black till may prove to be 
difficult to distinguish one drift from the other, and' of I(ansan age, as it comes nearly up to the base of 
it is rarely that exposures extend into the un oxidized ' the Wisconsin drift, with only a few feet of oxidized 
portion. 'Vhere the drift is less than 10 feet thick it' Illinoian drift between the blue-black till and young 
consists entirely of oxidized lnaterial. The exposures, drift. 
in which .the two drifts exhibit their distinguishing East of the border of the Wisconsin drift in south­
characteristics are thus relatively few. In the western. eastern Minnesota and neighboring parts of Wiscon­
part of ~1innesota and Iowa, where Cretaceous shale sin and Iowa the drift deposits vary remarkably in 
is present, the pre-I(ansan drift appeal~s to be more, thickness. Some of this variation is due to the de­
abundantly supplied with this material than the I(an- posits being thicker in preglacial valleys than on' in,­
SH,n. In a considerable part of its area the I(ansail tervening uplands. Sonle thick strips, however, 
drift shows a tendency t()· crack vertically and form a follow the course of the divides between drainage 
., jointed clay." This feat~re seems to be rare in the, systems, where erosion is naturally less rapid than on 
underlying drift, which l~as a tendency to crumble the borders of the drainage lines. But there are wide 

. rather than ·cake. areas where the variations do not seenl to depend 
In southwestern lHinnesota both drifts are present 

in great thickness. There is 50 to 100 feet of I(ansan . 
drift on the divides between the'main drainage lines, I 

and the underlying drift is in places 300 to 500 feet' 
01' more thicl{. The relief of the Coteau des Prairies' 
is due in large part to the great thickness of these' 
drifts along it. Th~ same is true of the high part of: 
western Iowa along and near the divide between the! 
Mississippi and Missouri drainage systems, the thick­
ness of these drifts there being from 200 to 500 feet 
or more. The Big Sioux and ~1issouri Rivers have 
cut deeply enough to expose both drifts, and there are 
a few exposures of the lower drift along some of the 
smaller streams of western Iowa. Carman 89 has noted 
a number of such exposures along the Little Sioux 
River and ~1ill Creek in Cherokee County, Iowa. He 
states that the Nebraskan till is more compact and 
tougher than the I(ansan and contains fewer. pebbles 
and boulders. Limestone pebbles are also a less con-

no CUl'IIlIlIl, .T. E., Iowa GeoI. Survey, TwentY-Sixth Ann. Rept., pI. 25. ' 
1917. 

upon either of these relations. The drift is very 
scanty in some places for several miles back from the 
present drainage lines, and its thinness seems to have 
been determined by other factors preceding the ero­
sion by the present drainage systems. These drainage 
systems probably date from no farther back than the 
withdrawal of the I(ansan ice sheet, and pqssibly some 
of them from the Iowan, though as a rule the post­
Iowan drainage seems to have followed essentially the 
same courses as the post-I(ansan drainage .. The scan­
tiness of drift thus appears to have been an original 
condition so far as the Kansan and Iowan deposits 
are concerned. But it may not have been an original 
condition of the pre-Kansan. There are possibilities 
of removal by glacial erosion at the Kansan stage, as 
well as extensive stream work in the long A£tonian 
interglacial. stage. There are also possibilities of 
glacial erosion at the Iowan stage. 'Vhere the deposits 
are preserved' in considerab.le thickness they co~sist 
largely of the blue-black till with abundant woody 
matter, and the till contains a large percentage of 
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Cretaceous material. There are also embedded in it 
many quartz pebbles from the pre-Pleistocene gravel 
beds of the region. The presence of so much local and 
semilocal material in the drift seems to favor its as­
signment to the earliest glaciation rather than the 
Kansan. The Kansan may prove to be a relatively 
thin deposit in this region, in the strips of thick drift 
as well as where the drift is thin. 

At several places in southeastern Minnesota and 
neighboring parts of 'Visconsin and Iowa there are 
soils and beds of peat and muck between till sheets, 
which have been commonly referred to the Aftonian 
interglacial stage. AmonK the earliest brought to 
notice are those of western Fillmore County and 
southern Mower County, Minn., discussed by Win­
chelI.40 As a rule the bed of muck and peat is found 
at the moderate depth of 20 to 30 feet. . The greatest 
depth noted is 50 feet; the least is only 7 feet. "There' 
the drift is thin the peaty beds are found near' its 
base, but where it is thick they are near the top. It 
thus appears that the lower drift had been almost 
entirely removed in some places but was preserved in 
considerable thickness in others. Possibly the Iowan 
is also represented jn the drift above the peat and 
muck, but it has not been clearly recognized. 

As the data are derived entirely from well records 
they throw little or no light on the amount of altera­
tion by leaching and weathering which the underlying 
drift had experienced. ,In some places the drift is said 
to be entirely of bluish color, a feature that may be 
due to swampy conditions h&ving pr'evented the oxi­
dation of the till beneath the peaty muck. Records 
of this sort are liable to be faulty and should be 
judged in the light of evidence obtained where a 
similar succession of deposits is open to view. 

A condition similar to that in Fillmore and Mower 
Counties is found in exposures in railroad cuts near 
Woodville, Wis. In a cut just west of the railroad 
station two tills are separated by a bed of peatyma­
terial, which contains considerable wood. The under­
lying till has a greenish color for a few feet below the 
peat bed,' ~uch as is characteristic of swampy areas. 
The pebbles in it are so decayed as to be easily pulver­
ized. There thus seems to have been a deglaciation 
interval of considerable length before the overlying 
till was brought in. This interval seems to have been 
longer than is consistent with the r'ecession and re­
advance in a single glacial stage. It is, however, not 
improbable that the development of interglacial fea­
tures here noted required only a fraction of the entire 
Aftonian stage. The lower till may have first ex-

(~Winchell, N. R., Am. Assoc. Adv. Sci. Proc., vol. 24, pt. 2, pp. 
43-56; 1876; Minnesota Geol. and Nat. Hist. Survey, vol. 1, pp. 313-
315, 863, 1884. 

perienced a period of erosion that developed a valley 
in whose bottom lauds swampy conditions and the 
development of peat came in the later part of the 
Aftonian stage. tn this exposur'e the peat bed is at 
a lower level than neighboring rock ledges and is thus, 
near the edge of an old valley. Records of wells in 
'Voodville show that the drift filling there extends to· 
R level 80 to 100 feet below the peat bed. This 
drift fills a preglacial valley, but the peat luay lie in. 
an interglacial valley cut in the early part of 'the, 
Aftoniau stage. 

These railroad cuts show two distinct tills above the· 
peat bed. IUlmediately over the peat is a bluish till" 
which is oxidized and leached in its upper part and is. 
'apparently to be referred to the Kansan stage. It has: 
a thickness of about 25 feet. Above this is a drift of 
~trikingly different constitution, with numerous red 
rocks brought in from the district bordering the west 
end of Lake Superior and with a distinctly reddish 
tinge in the clayey matrix. This drift is described 
below as a probable Illinoian deposit. 

Woodville stands in one of the areas of thick drift'. 
lloted above, records of several wells within a few 
miles both north and south of the village showing 150-
feet or more of drift. The deposits seem to fill an old 
valley, for there are outcropping ledges near by on 
ejther side. Only the upper 30 to 40 feet of this, 
glacial material seems to be referable to the Kansan 
and later drift, thus leaving more than 100 feet for the, 
oldest glacial stage. 

Another exposure of a peaty bed between tills is 
found in a cut on the Chicago, Rock Island & Pacific 
Railroad 2 miles southeast of Faribault, Minn. Here' 
black soil and greenish-gray subsoil are exposed near 
the level of the railroad track. Above the soil is about 
20 feet of bluish till, with pockets of very rusty grav.el,. 
,.stained deeply with iron. Above this the till is oxi-
dized to a yellowish-brown color and is leached to a 
depth of about 4 feet. This drift, which seems more 
likely to be of Kansan age than Illinoian, is overlain 
by 12 to 15 feet of fresh-looking drift of Wisconsin 
age. 

The glacial deposits below the mucky soil are rela­
tively thin, for rock is exposed, along the Straight 
River a few rods south of the cut, at a level scarcely 
20 feet lower. The pale ashy-green color of the subsoil 
indicates swampy conditions, as well as the mucky soil. 
Here too, as in the exposures at Woodville, a period of 
erosion may have preceded the development of the 
mucky soil. 

Two analyses of the mucky soil in this railroad cut 
by Frank F. Grout, of the University of Minnesota, 
are of especial interest in showing that the muck 
really contains but a small amount of organic matter. 
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A.na1.yses of Afton'ian (or Ya'l'1nouthf) soa nea',. Faribault, I 
Minn. 

[Frunk F. Grout, analyst] 

Silica __________________________________ _ 
Alulnina _______________________________ _ 
Iron oxides _____________________________ _ 
MagneshL _____________________________ _ 
Lhnc __________________________________ _ 
Moisture _______________________________ _ 
!{?initi~m_ - - -:- _____________ - - - - - - - ____ - __ _ 
lltamum oXlde _________________________ _ 
Alkalies, etc. (by difference) __ ..; ___________ _ 

65. 10 
10.42 

4. 74 
2.06 
4.52 
1. 05 
8.10 
.82 

3. 19 

2 

55.10 
10.60 
4.47 
2.06 
7.26 
1. 58 

15.32 
.60 

3.01 

100. 00 100. 00 

Excellent exposures .of at least' three sheets of drift 
are to be seen along the southern tributaries of the 
Minnesota River between Mankato and New DIm. 
There nre also exposures here .o.f a preglacial quartz 
gra vel resting .on the Paleozoic formations. The l.ow­
est till, presunlably of the first glacial stage, has c.on­
siderable very rusty, orange-colored gravel associated 
with it. The till in places has a greenish-gray ca'st, 
like u. swamp subsoil, but without associated peat 
beds. In other places it is deeply iron stained and of 
dark-brown col.or. The I(ansan till of. this district is 
much indurated and shows a tendency to f.orm joints 
und break in cubical nearly rectangular blocks. 
Neither .of these old drifts averages more than 30 feet 
in thickness in this ~ocn,lity. But where preglacial 
vaUeys have been filled the 'thickness of the lowest till 
may exceed 100 feet. The 'Visconsin drift. here is 30 
to 50 ,feet thick. 

The gummy soil and subsoil between tills at Flan­
dreau, S. Dale, is only 1 to 3 feet thick and is black­
ened by humus. The undedying till is of brown color 
and exposed to a depth of 20 feet. It shows but little 
leaching, though its pebbles are rotten and easily pul­
verized. It is probably pre-I(ansan, for the till ab.ove 
the soil is I(ansan. The upper till has suffered consid­
eJ.'able erosion and only its basal part is here present. 

It wns supposed by 'Vinchell, and his .opinion is 
generally ,accepted, that the patches of old·drift and 
the scattered pebbles and boulders found along the 
west side of the Driftless Area in Minnesota and Iowa 
represent the frayed-out edge of the oldest drift, and 
that the limits of 'the second or I(ansan drift are far­
ther west, where a heavier deposit. sets in. This in­
terpretation, however, has some elements .of tl11cer, 
tainty. It is not clearly established thnt this is the 
scanty remnant of a thick sheet o,f drift. The deposit 
may have been thin origina.lly. 

In the southwestern part of ~1innesota, in Pipe­
stone and Rock Counties, the quartzite ledges carry 
two sets of glacial striae-an, mulier set bearing: 

nearly s.outh and a later set bearing south-s.outhwest. 
It seems not unlikely, though n.ot clearly evident, that 
the earlier set is the product of the first glaciation and 
the later set of the second. These ledges are now 
nea.rly bare over wide areas, yet there is little doubt 
that they have been covered by the tw.o ice sheets. It 
is surprising that such .faint features as striae should 
be so well preserved frOln the remote time even .of the 
later of these glacial stages. There may, however~ 
have been a c.overing of till during the greater part of 0 

the time since glaciation occurred. In fact, the pres­
ent barene,ss of the ledges may be a condition .of rela­
ti vely recent origin. 

Along the St. Croix River from Taylors Falls, 
~1inn., southward past Osceola, Wis., there are ex­
posures of drift t.hat embrace I(ansan and probably 
pre-I(ansan dri.ft as well as later drifts. In the n.ort.h­
western part .of Taylors Falls the west bluff .of the 
river exposes the following beds, where a road ascend:; 
the bluff. 

Seotionof bZ7tf! eaJpOS7we at Taylors Falls, Mimi. 
I T:- r ,I ' Feet 
1. Yello\~r calcareous till (Wisconsin) in patches_______ 4-6 
2. Gravel of red drift material (Wisconsin) ___________ 5-15 
3. Indurated brownish-yellow calcareous till, becoming 

gray near base in thickest part (probably Kansan) _ 8-20 
4. Gravel and cobbles of red-drift material, filling an 

old valley (probably pre-Kansan) _________ :.. ______ 50-70 
5. Red till, gummy and of bright color near top, but 

paler and more flaky and jointed below (probably 
pre-Kansan) ____________________________________ 7-15-

6. Hed assorted material in alternate coarse and fine 
beds exposed along the roud ________________________ 10-·2..5 

'\tYhen followed westw.ard Nos. 5 and 6 thin .out and 
end at the base, of a sandstone bluff. The indurated 
t.ill, N.o. 3, exhibits the usual characteristics of Kansan 
drift, with infiltration of dark material in seams or 
joints. The included limestone pebbles are well 
r.ounded and of a type comm.on· in southern Manitoba. 
The patches of yellow till at the top .of the bluff seem 
referable t.o the Grantsburg sublobe of the Keewatin 
ice, in late 'Visconsin time; the red drift underneath 
seems to be assignable to the Patrician ice of the 
'\tYisconsin stage. 

In a ravine a few miles south .of Taylors Falls, in 
sec. 15, Franc.onia Township, Chisago C.ounty, Minn. t 

there is at the top a deposit of fresh gray till .of the 
Grantsburg sublobe, 10 to 15 feet thick. Bel.ow this 
is a deposit of red-drift gravel estimated to be 80 feet 
thiclc This appears fresh enough to be of Wisconsin 
age. Beneath it is a red till of bright c.olor at the 
top bqt .of a duller shade below, which is about 35 
feet thick and extends to the rock. This till, like that 
at Taylors Falls, appears to be pre-Kansan, th.ough 
it may prove to be as late as Illinoian. In it are 
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places where limestone fragments form about 25 per 
cent of the stony material, but generally limestone' is 
scarce. There seems to be none of the indurated cal­
careous till here of Kansan type, but in the southern 
part of the adjacent sec. 16 of this township a deep 
ravine 'exposes an indurated calcareous till of I{ansan 
type, which has been referred to that 'stage by R. T. 
Chamberlin.41 It is of brownish-yellow color at the 

_ top, with ferruginous sean).s and tubes. This grades 
downward into a dark-blue till, which is clayey and 
calcareous but not very stony. The red till was not 
found in this ravine. ' There are oth¢r places between 
Taylors Falls and Osceola where an old till rests on 
the rock ledges, but the exposures are only of slight 
depth. 

EFFECT ON OUTLYING'DRAINAGE 

The first Pleistocene glaciation ,seems to have cov­
ered the Mississippi Valley as far down as Winona, 
~linn., and also the lower course of the Chippewa 
River. The St. Croix' drainage area was, entirely 
covered at this glacial stage. ,The outlying drainage 
on the east embraced the tributaries of the Mississippi 
that have courses wholly or in part through the Drift­
less Area, such as the Buffalo, Trempealeau, and 
Black Rivers and the lower part of the vVisconsin, 
River. The Mississippi Valley from 'Winona, Minn., 
to Savanna, Ill., and probab~y to Clinton, Iowa, was 
encroached upon only slightly by the earliest ice sheet. 
The preglacial course of the Mississippi may have 
been southeastward from Clinton through the Green 
River Basin to the Illinois at the great bend near 
~Iennepin,Ill., and thence down the p~esent Illinois 
'Valley to the junction with the present Mississippi 
~iver. This course,' also, m'aY,have been outside the 
earliest ice sheet. If so, the Mississippi maintained 
it,S preglacial, course from a point near the mouth of 
th.e S,t. Croix ':down to the mouth of the present Illi­
nois, as well as below there to the Gulf of Mexico. 

Although the old :M:issi~sippi Valley may not have 
been occupied to any greate~tent by the first ice sheet 
b.elow Winona, Minn., 'it is probable that the v~lley 
was filled to some degree by the glacial d.raina:ge of 
that stag~. The, gradient of the river at that time, 
which depends on the amoun,t" if any, of differential 
uplift, is a matter onwrich we have very little knowl­
edge. If. the district it traverses had the same altitude 
relatio1)s as at present, the gra.dient was low, for the 
rock floor is 100 feet or' more below the level of the 
present stream, and the fall from the I~10uth of the St. 
Croix, to the Gulf of Me4 ico is searcely 500 feet. This 
lo~v gradient Inight suffice ,for a clear streanl such as 

. the preglacial Mississippi probably was, but it would 
have been v~ry low for a turbid st~eam, such as the 

41 Jour. Geology. vol. 18, pp. 542-543, 1910. 

river is likely to have been during this stage of' gHlcia­
ilon. There may, therefore, have been c<?nsiderable 
aggradation in the vicinity of the border of the first 
ice slieet as far down as its southern limits, near St. 
Louis, Mo., or nearly to the Gulf of Mexico, as indi­
cated below. Very few data, have yet been obtained 
to throw light on the upper limit of filling in this 
valley during the first or the second glacial stage, nor 
are we able to distinguish clearly between fillings of 
each stage. Gravelly deposits are preserved on a rock' 
shelf on the north side of the Wisconsin River near 
its mouth, at a level about 200 feet above the river. 
The::;e are evidently glacial, for they contain nUlner­
ous striated pebbles, and large quartzite boulders 
are found on and in the gravel. These deposits have 
been tentatively referred to the Kansan stage by Mac­
C1intock,42 who has made a special study of the lower 
eourse of the 'Visconsin River. But they lie somewhat 
outside the generally recognized limits of the I{ansan 
and may prove to be of pre-I{ansan age. A deposit 
of river rubble containing erratics of glacial deriva­
tion was not~d by the writer near the northeast limits 
OT the city of Dubuque, Iowa, on the east side of the 
Couler Valley, whose upper surface reaches a level 
150 to 160 feet above the present Mississippi' flood 
plain, or about 760 feet above sea level. It seenlS 
probable that the Mississippi Valley was at one time 
filled to this height, but whether' at the first or at 
the second glacial stage ,has not been determined. 
The I{ansan ice probably' extended about to the Mis­
sjssippi Valley in the vicinity of this deposit. Filling 
to the height reached by these de 'posits at the mouth 
of the, Wisconsin River and at Dubuque nlay ,have 
been, general along the Mississippi Valley during' 
each of these glacial stages., The great amount of 
erosion since these early stages and between them 

,naturally has left only a few scanty traGes of the'valley 
filling. 
, The Wisconsin Valley carries remnants of an old 

filling, which was Inade by a stream flowing west,vard 
into the· Mississippi and which is best preserved in t.he 
vicinity of Muscoda and the Blue River, where it 
stands fully 75 feet above the present flood plain. 
These remnants have been studied by MacClintock,43 
who -interprets them to be older th~n Illinoian. , The 
deposit is so old that the'limestone and dolomite peb­
bles ,,,,hich it probably once contained have been COln­

pletely dissolved. ' In some respects it appears older 
than' the deposit near' the mouth of the vVisconsil'l, 
above noted. The border of the old drift, of which 
this terrace remnant is the valley train, is now con­
cealed beneath the Wisconsin drift of the Green Bay 
lobe. ,These terrace· remnants are of importance In 

4!ll'l1:acClintocl{, Paul, Jour. Geology, vol. 30, p. 680, 1922. 
43 Idem p. 677. 
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showing that glaciation at a stage earlier than Illi­
noian affected the region east of the Driftless Area, 
as well as that to the west. Farther south, in Illinois 
and Indiana., and also in southeastern Missouri, are 
found evidences of a pre-Illinoian drift.44 This old 
drift seems to have been brought in from the Labrador 
center of glaciation. 

The Chippewa and its western tributaries 'were 
probably covered by the earliest ice sheet, and the 
deeper part of the filling in their valleys is probably 
in large part of the first glacial stage, for it is un­
likely that the interglacial streanl cutting extended to 
the low level reached by the preglacial streams. The 
smaller stl'eanlS to the east of the Chippewa, such as 
the Buffalo, .Trempealeau, a.nd Black Rivers, were less 
com pletely covered by the earliest ice sheet, though 
scattered boulders are found along the Buffalo and 
bordering hills clear to its mouth, and the headwaters 
of the Trempealeau and Black Rivers may have been 
covered at this first glacial stage. The writer has not 
nutde a detailed study of these valleys, but in a trip 
up the Trempealeau Valley he noted in the vicinity of 
Arcndia deposits of very old grnvel which seem refer­
able 'either to the Illinoinn or an earlier glacial stage. 
They are exposed beneath a fresher gravel which is 
probably a filling of vVisconsin age, connected with 
the aggradation of the. l\1ississippi. As preserved, this 
old gravel reaches a height of only about 30 feet above 
the present stream, but it stands as a witness to aggra­
rlation in one of the earlier glacial stages. 

The effect of the earliest Pleistocene glaciation on 
the drainage lines that led toward the ice sheet from 
the west was revolutionary in their lower courses. 
The upper l\1issouri and its tdbutaries as far down as 
the White River in South Dakota appear to have had 
preglacial drainage to Hudson Bay instead of to the 
Gulf of Mexico.41S The shifting to a southward course 
through the Dakotas probably took place in the first 
01' Nebraskan glacial stage. But whether it returned 
to the old course in the succeeding' interglacial stage 
and then was again deflected in the I{ansan stage is 
not known. 

rrhere appears to have been a ponding of the streams 
of N ebraskn, I\::ansas, and western l\1issouri at the 
earliest glacial stage, as no continuous, well-defined 
channel of the deflected l\1issouri outside the drift 
border in these States has been noted. The Platte 
River was the main stream discharging to the Gulf 
of Mexico. It has recently been suggested by Greene 46 
nnd supported by considerable evidence that the pre-

.. Levcrctt, Frnnlt, U. S. Gco\. Survcy Mon. 38, pp. 107-111, 1899. 
40 '1'odc1, .T. lD., Scicncc, new scr., vol. 39, pp. 265-267, 1914.. Bauer, 

C. M., Jour. Geology, vol. 23, pp. 52-58, 1915. Alden, W. C., Geol. 
Soc. Amcrlca BUll., vol. 35, pp. 412-414, 1924. 

,00reclle, 11'. C., Pl'elhninary slwtch of the history of the lower Mis· 
souri: Gco1. Soc. Amcrica Bull., "01. 32, pp. 83-86, 1921. . 

glacial Platte River flowed southeastward across 
northwestern Missouri and came to the present Mis­
souri Valley near the nlouth of Grand River. The 
preglacial Kansas River appears to have followed the 

. course of the present Missouri from I{ansas City to 
the mouth of Grand River, where it met the preglacial 
Platte River, and the combined streanl followed the 
course of the present Missouri to its mouth, near St. 
Louis. 

If the earliest ice invasion extended into the district 
west of the Blue River, as seems probable, the ponded 
waters may have found a southward outlet to the 
Ar kansas River through a valley that leads across the 
present divide through Saline and McPherson Coun­
ties, to which Vdden 41 called attention some years ago. 
The valley is about 150 feet .deepand several miles in 
width,. and its deeper part is filled ,vith gravel and 
sand. V dden writes: 

The Smoky Hill River (a tributary of the' Kansas) has 
carved its bed through the northern end, and here erosion has 
nearly reached the old bottom, and the river has thrown its 
mantle of alluvium over' extensive areas along its course. 
The southern end, extending from the valley of the Smoky 
Hill to that of the Little Arkansas, is marked by a rather 
steep slope along the western margin and by a chain of lakes 
and basins that make a rather Ullique feature in a country 
that is otherwise well drained. 

The gravel is reported by Udden to include pebbles 
of different kinds of crystalline rocks" fragments of 
sllicified wood, and bones of M egalonyx· and the horse, 
as well as several kinds of mollusks. These beds be­
come clayey near the top, and on the surface of the 
clay is a bed of volcanic ash. This in turn is covered 
by "yellow nlarl," apparently loess. On the borders 
of the valley, at an altitude of 1,480 feet, the ash bed 
rests on "a thin black seam containing bog manga­
nese and bog iron, and underneath the jointed clay is 
dark and carbonaceous." If this was a line of south­
ward discharge for waters ponded in front of the ice 
at the earliest stage of glaciation, it makes an easy 
solution of the question of the ice-border drainage. 
Study is now in progress by the Kansas Geological 
Survey t<? test this interpretation. 

The ice covered the lower course of the preglacial 
I{ansas River as far up as the mouth 6f the Blue 
River, near Manhattan, I{ans.,· in the second stage of 
glaciation. It ex,tende.¢l. to an undetermined distance 
south of the valley in eastern I{ansas and western Mis­
souri. This may have been at the earliest glacial stage, 
as there is a less continuous drift than the Kansan 
usually presents, and the boulders are much decayed. 
Granite boulders are found as far up the Osage Val­
ley as Tuscumbia, ~10., and are present elsewhere 
south of the Missouri River at all altitildes up to the 

47 Uddell, J. A., Megalonya: beds in Kansas: An~. Geologist, vol. 7. 
pp. 340-345, 1891. 
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highest places on the divides. The ice appears to have 
covered several of the smaller southern tributaries of 
the Missouri sufficiently to prevent their finding outlet 
through that valley. They, as well as the headwaters 
of the Osage River, may have been, ponded sufficiently, 
to find outle'ts eastward through low passes to the 
south of the Missouri Valley. The course of such 
drainage remains to be determined. The effect of the 
pre-Illinoian encroachment of the Labrador ice sheet 
on the 1\-lississi ppi Valley below St. Louis is also 
undetermined. 

The extent to which the lower Mississippi Valley 
lnay have been filled by glacial drainage at the first 
glacial stage is briefly discussed by Chamberlin and' 
Salisbury 48, as follows: 

At Natchez, Miss., there is a section of assorted material 
about 200 feet in thickness, which is chiefly made up of deriv­
atives from the Lafayette formation, upon which it rests 
unconformably, but it also contains crystalline pebbles and cal­
careous clays assignable to wash from the glacial regions, all 
other assignments seeming to be excluded by a special investi­
gation. A marked interval between its deposition and that 
of the overlying loess is indicated. As the sub-Aftonian and 
Aftonian deposits are the only older ones with which great 
gravel deposits are known to be associated, and as the Natchez 
deposit must be referred to an early Pleistocene stage, because 
the great Mississippi trench, 60 miles more or less in breadth, 
has been excavated since it was formed, reference to one of 
these two stages is more plausible than to any later one. This 
reference is strengthened by the fact that almost the whole 
formation, which was clearly a valley train leading back. to the 
drift area, has been removed. 

Assuming the correctness of this reference and combining 
it with other data, the following tentative conception of the 
sub-Aftonian and Aftonian stages is reached. The ice sheet 
spread from the, Keewatin and Labradorean centers to the 
approximate limit of the known drift.in the Mississippi Valley 
and deposited a typical sheet of boulder clay (sub-Aftonian) 
and also gave rise to great valley trai,ns of glaciofluvial ma­
terial that stretched from the drift border to the Gulf. 

The credit of noting pebbles of greenstone, por­
phyry, etc., among the shingle of the lower Mississippi 
Valley should be given to Hilgard,40 but he supposed 
that the pebbles lnight have come from formations in 
Arkansas and thus have had no relation to the Pleis­
tocene glaciation. This interpretation seems to have 
been set aside by the special investigation by Chamber­
lin and Salisbury referred to in the above quotation. 

KANSAN DRIFT 

DISTRIBUTION AND CHARACTER 

In the second or Kansan stage of glaciation an ice 
advance from central Canada passed across Manitoba, 
Minnesota, and Iowa into Missouri, with a slight en­
cr'oachment on the western edge of Wisconsin and lUi· 

&8 Chamberlin, T. C., and Salisbury, R.' D., Geology, vol. 3, pp. 386-
388, 1906. 

'0 Hilgard, E. W;, Am. Jour. SeL, vol. 41, p. 318, 1866. 

nois and a broader encroachment on North and South 
Dakota, Nebraska, and I(ansas. This stage of glacia­
tion has become widely known as I(ansan, the farthest 
limits of its drift being found in the State of Kan­
sas. Its western l,imits in the Dakotas are undeter­
mined. They may be no farther west than the Mis­
souri Coteau. 

There seems also to have been an ice ad vance frOlll 
the district of Patricia southward through the basins 
of the upper Great Lakes and across the Erie Basin 
into 'the bordering States. This advance is tentatively 
referred to the Kansan stage. Copper nuggets and 
copper-bearing rocks of the Lake Superior r'egion 
were carried into Indiana and Ohio by this ice nl0ve­
nlent, and a' single copper nugget has been found at 
Warren, Pa. The drift of this eastern district lies 
almost entirely outside the region treated in the pr'es­
ent report. In the northeastern part of Minnesota, 
north of Lake Superior, about on the border between 
the Keewatin and Patrician ice movements, there 
seems to be very little Kansan drift. There are, how­
ever, heavy deposits of what seems to be I(ansan till 
a short distance farther northeast, in the low lands 
bordering the Kaministiquia River, in the Province of 
Ontario. It is an indurated jointed till, sinlilar to the 
Kansan of Iowa and adjacent States and strikingly 
in contrast with the overlying fr'esh Wisconsin till. 

The Kansan drift of the western district is a cal­
careous blue-gray till, containing rocks derived from 
the limestone formations of southern Manitoba; to­
gether with Cretaceous shale from Minn,esota, as well 
as a liberal supply of crystalline r'ocks from Canada 
and Minnesota. This old calcareous till has been 
found on the Mesabi iron range as far east as the mine 
pits at Hibbing, where it is extensively exposed be­
neath a very stony drift of '\Visconsin age. It prob­
ably underlies the Wisconsin drift in the basin south 
of this range drained by the St. Louis River. The red 
clay of the western part of the Lake Superior Basin 
seems to be largely pre-Wisconsin, and a considerable 
part of it may be referable to the I(ansan glaciation. 
It includes' limestone pebbles, but the source of the 
pebbles has not been determined. 

In the district south of the limits of the Wisconsin 
drift in western Wisconsin the Kansan drift is present 
as far east as the border of St. Croix and Dunn Coun­
ties and the eastern part of Pierce County. In Wis-

, consin and Minnesota it extends about to the east end 
of Lake Pepin. A line marking the east edge of a 
definite sheet of till runs southward through eastern 
VVabasha, western Winona, and central Fillmore Coun­
ties, Minn., into Iowa. Both the pre-Kansan and the 
Kansan drift seem to extend about as far east as this 
line, for the buried soils noted in the discussion of the 
pre-Kansan drift are present within a few miles to 
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the west. The till above the old soil is referred to 
the I(ansan glaciation.. As already indicated, the 
patches of drift east of the line are of undetermined 
nge. 

Throughout its extent in M:innesota and neighboring 
Stntes the I(ansan drift shows considerable induration 
in the unoxidized as well as the oxidized portions. 
The well drillers liken it to frozen ground. It is very 
difficult to excavate with a spade, a pick being usually 
required to loosen it. The overlying Wisconsin drift, 
on the other hand, is easily spaded. 

The depth of oxidation of the Kansan drift is far 
fr01n uniform and; seems to depend on the facility 
with which water penetrates the deposit. Where the 
tin is traversed by deep vertical cracks or joints, as 
in southern Iowa .and northern Missouri, oxidation 
generally extends to a depth of 35 to 40 feet. In 
Minnesota the till shows a more moderate depth of 
oxidation. In places the bluish till is within 10 or 15 
feet of the surface. The gravel deposits are more 
deeply affected, both by oxidation and by leaching, 
than the till. In a gravel pit about 6 miles west­
southwest of Adams, in southern Mower County, the 
limestone pebbles have been leached out for the entire 
depth of the pit, 22 feet. Chert pebbles such as are 
derived fr0111 cherty limestone formations occur 
throughout the gravel, so there probably were at least 
a small number of limestone pebbles in the original 
deposit. This gravel was probably laid down as an 
outwash deposit on the borq.er of the ice sheet, for it 
stands at the general level of the upland. Its beds 
show a southward dip, directly away from a drainage 
.line north of the pit. This pit was examined by the 
writer in company with George F. I(ay in 1925, and 
the degree of leaching here displayed was considered 
by each entirely consistent with the alteration required 
in the production of the Kansan gumbotil. 

The clevelop.ment Hnd preservation of the I\:ansan 
gumbotil seem to have been much greater in southern 
Iowa and northern Missouri than farther north. The 
lnaterial reaches a depth of 5 feet at few places in 
northeastern Iowa, but is 6 to 8 feet or more deep in 
southern Iowa. It is best preserved there and in 
northeastern Missouri in the Mississippi drainage 
basin, a.s erosion there has not reached so advanced a 
stage as that on the Missouri River side of the divide. 
The difference in the amount of erosion of the Kansan 
drift in this part of the Mississippi and Missouri 
dioainage basins appears to be to a large degree a 
result of the advantages for rapid opening of deep 
drainage lines tributary to the Missouri. The Missis· 
sippi tributaries from southern Iowa southward into 
Missouri have in many places in their lower courses 
been compelled to cut into resistant rock formations, 
whereas the IVlissouri tributaries have not encountered 

such formidable barriers, excavating mainly in glacial 
deposits. In northeastern Iowa the drainage has been 
less retarded by rock barriers. The exceptional 
retardation to ·drainage probably has been an impor­
tant factor in the development as well as in the preser­
vation of the gumbotil. The gumbotil is a conspicu­
ous feature from the Missouri-Mississippi divide in 
southern Iowa eastward to. the Mississippi River but 
lessens perceptibly in amount westward toward the 
Missouri River. Its area of exceptional development 
thus nearly coincides with the part of the Kansan 
drift area in which drainage development was retarded 

. by the rock barriers. Another important factor may 
be found in the difference in degree of humidity. It is 
in the more humid parts of Iowa and Missouri that 
the gumbotil is best developed. The cover of vegeta­
tion in these more humid areas may have been better 
suited to check erosion and to hold such atmospheric 
material as settled on it than the vegetation in less 
humid areas. 

The Kansan drift appears to have been a relatively 
thick deposit over western Minnesota, averaging per­
haps more than 50 feet. This thickness appears to 
have been maintained southward across western Iowa 
and adj acent parts of Nebraska, I(ansas, and Missouri. 
In Iowa it appears to maintain a considerable thick­
ness as far east as the Iowa River. But the part east 
of the Iowa River, like that in southeastern Minnesota, 
seems to lack evidence of an original general thick­
ness of Kansan drift comparable to that found in the 
districts to the west. Instead, as indicated in the dis­
cussion of the underlying drift, there are strips of 
considerable width in which it seems to have been 
originally thin. Evidence· of the development of a 
drift plain such as is so well shown in southern Iowa 
is lacking. Consequently, it is difficult to determine 
the amount of post-I(ansan erosion in this part of 
Minnesota and Iowa. Estinlates are further compli­
cated by a later (Iowan) glaciation in this region. 

EFFECT ON OUTLYING DRAINAGE 

The ice in the Kansan stage may have covered the 
Mississippi as far down as the lower end of Lake 
Pepin but probably did not obstruct the Chippewa and 
other eastern tributaries farther south. It covered the 
headwaters of some of the western tributaries of the 
Mississippi from the· Zumbro River southward, both 
in Minnesota and Iowa, as far as Clinton,. Iowa. If 
the Mississippi was then maintaining a course south­
eastward from Clinton to the Illinois Valley, through 
the lowlands noted above (p. 18), the I(ansan ice in­
vasion probably caused no change in its course. There 
thus appear to have been no important drainage shift­
ings of the Mississippi or its tributaries on the east 
side of the Kansan ice sheet. 
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On the west side of the ice sheet the Missouri River 
may have been free to follow its present course about 
as far as Yankton, S. Dak., but was covered below that 
place. There was probably some ponding of waters 
on its border from the vicinity of Yankton southward 
to the Platte Valley, as well as southward from the 
Platte. The valley of the Blue River, was covered so 
deeply at the culminating position of the ice border 
that it could not give a line of discharge to the Kansas 
River. There was a slight displacement of the I(an;. 
sas River near Topeka, Kans., and a ponding of water, 
called by Todd Kaw Lake, in the valley above that 
city. The ponded waters discharged into the valley 
of Wakarusa Creek,50 but this affected the stream only 
as far as Lawrence, I(ans. The border of the Kansan 
drift appears to lie north of the Kansas River and 
north of the Missouri as far east as Carrollton, Mo. 
Below Carrollton, in Saline and Cooper Counties, drift 
that seems referable to the Kansan stage is found on 
the south side of the river. Todd 51 called attention to 
old drainaO'e courses across these counties just outside b . 

the Kansan drift limit that probably carried the drain-
age for a brief period. From Cooper County down to 
the nlouth of the Missouri the Kansan ice sheet seems 
not to have reached the valley. 

The reports of the Iowa Geological Survey contain 
frequent references to what is tenDed Buchanan 
gravel, from exposures ·noted by Calvin 52 in Bu­
chanan County, Iowa. Although originally called an 
interglacial deposit, the descriptions given generally 
relate to gravel that seems to have been closely con­
nected with the Kansan glaciation. In some places it 
may have been laid down as outwash from the ice 
sheet, but in quite as many other places the gravel 
deposits were involved in the till. The term has also 
been applied to gravel laid down as a secondary de­
l)osit along valleys that were excavated in the I(ansan 
till. In general the Kansan .drift is remarkably free 
from deposits that are to be'interpr:eted as outwash, 
throughout its wide exposure in Kansas, Nebraska, 
~fissouri, and Minnesota. The drainage from its 
border appears to have been generally sluggish dur­
ing the recession of the border from central Missouri 
northward across Iowa into Minnesota. One of the 
few places where deposits that seem to be outwash 
ha ve been noted is that in southern Mower County 
J\1inn., in which the gravel pit above described (p. 21) 
was opene~. 

50 TO'dd, J. E., History of Walwrusa Creek: Kansas Acad. Sci. Trans., 
vol. 23, pp. 211-218, 1911. 

51 Todd, J. E., Formation of tbe Quaternary depOSits in Missouri: 
Missouri Geol. Survey, vol. 10, pp. 134-142, 1896. 

6:l Calvin, Samuel, The Bucbanan gravels; an interglacial deposit in 
Bucbanan County, Iowa: Am. Geologist, vol. 17, pp. 76-78, 1896; 10wn 
Acad. Sci. Proc., vol., 3, pp. 58-60, 1896. 

ILLINOIAN OR OLD RED DRIFT 

In Dakota and vVashington Counties, Minn., and 
St. Croix, Dunn, Barron, and Pierce Countie~, Wis." 
there is a sheet of reddish drift lying outSIde the' 

, limits of the Wisconsin drift and covering the earlier 
drifts. It lies like a blanket on the eroded surface 

, of the underlying drift, covering the valley bottoms 
and slopes as well as the uplands. The amount of 

: nlaterial is so slight that' the streams are flowing in 
essentially the same courses that they had opened in 

'the earlier drift prior to the deposition of the red 
drift. The a veraO'e thickness of this old red drift is 

b . •• 
scarcely 10 feet, but in Dakota County, Mmn., '1t IS 
heaped up into a moraine, or prominent range of 
hills, that runs from Hampton . southeastward nea:ly 
to the Cannon River. The hills are 75 to 100 feet hIgh 
and form an intricate network a mile or more in 
width. They are composed largely of gravelly nlate­
rial but also contain boulder day. 

As the 'degree of weathering which this drift has 
experienced is nluch greater than is found on neighbor­
'inn- portions of the red Wisconsin drift, it has been 
cl:ssed by the writer as old red drift, the latter being 
called the young red drift. The contrast in the de­
gree of weatherjng is especially striking in the grav­
elly parts of these drifts. The gravel of the old red 
drift is stained dark reddish brown to a depth of 
several feet. In this deeply stained portion only a 
few cherts remain to bear witness to the former pres­
ence of limestone pebbles., Limestone, however, may 
never have been so abundant as in the 'underlying Kan­
san drift. 

This drift appears to have been brought in by a 
southward ice movement from the district bordering 
the west end of Lake Superior, and the rocks con­
tained ,in it are very largely from nonfossiliferous 
pre-Cambrian formations. The red color is probably 
due to the large percenta,ge of material fronl the :ed 
rock formations around the head of Lake SuperIor. 
The percentage of this material decreases ~outhwar?, 
being Illarkedly less in Pierce County, WlS., than In 
St. Croix and Barron Counties. 

It is thought' by Weidman 53 that a lobe of ice, far­
ther east than that just discussed, extended to the 
north edge of the Driftless Area from Dunn County 
eastw~rd across Eau Claire, Clark, Wood, and Portage 
Counties, Wis. Studies by the present writer in 1923 , 
on this drift support Weidman's interpretation. The 
~1arshfield moraine of that district shows a degree of 
erosion and its pebbles a degree of alteration similar 
to those displayed by the nloraines of Illinoian age in 

53 WeIdman, Samuel, WisconSin Geol. and Nat. Hist. SUl'\'ey BUll. 
16, pl. 2, 1907; Geo!. Soc. America Bull., vol. 24,. pp. 697-698, 1913. 
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Illinois. Outside that moraine ther'e is a narrow strip' 
of thin drift whose age is less clearly determinable, 
but in the absence of evidence to the contrary it is 
tentatively included in the Illinoian. 

IOWAN DRIFT 

DISTRIBUTION AND CHARACTER 

Certain features in southeastern ~1innesota are a 
continuation of those in Iowa which have been re­
fen'ed by the Iowa geologists and by Alden and 
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lacking. The headwaters of most of the druinage 
lines are in broad, shallow swales, which fade out into 
nearly flat upland interstream areas. The valleys 
deepen and become very capacious in their' lower 
courses, 'the size being similar to that of valleys cut in 
the I(ansan drift of southern Iowa. Where they are 
developed in belts of thick drift, as. in parts of Mower, 
Dodge, Goodhue, and Rice Counties, the depth of these 
valleys reaches 100 to 150 feet, and the bredth 1 to 2 
niiles or more. Here, as in l1'ortheasterl1 Iov{a, the 
impression is gained that a dendritic s~stem of drain-
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l1'IOUHlll 5,-Sketch mnp of Iowa showing surface distribution of the five sheets of glacial drift, (Redrawn' from map by G. F. 
Kay and E. T. Apfel) 

Leighton 114 to the Iowan ddft. (See fig. 5.) They 
are about as clearly defined in ~1il1nesota as in Iowa 
and are tentatively referred to the same drift. The 
features seeln inconsistent with continuous and normal, 
erosion of I(ansan drift, such as that, drift has ex­
perienced farther south, and are suggestive of a later 
ice invasion. 

The dominant and In6st widespread feature of the 
Iowan drift is it peculiar topography' which Alden i 
and Leighton have called "lnantled mature erosion', 
topography." The main features 'of mature dendritic 
drainage systems are present, but minor brancl~es are ' 

MAlden, W. C., and Leighton, M. M., The Iowan drift; a revIew of 
the evIdences of the Iowan stage of glaciation: Iowa Geo)' Survey 
Ann. Rept. for 1915, Pl>, 50-212, 1917. ' 

age had developed to lnaturity by ordinary stream 
erosion, and this had' become partly masked, as if over­
ridden by an'ice sheet, which left the main valleys and 
major branches only partly, filled. This mantled 
erosion topography is dominant in ~10wer and Dodge 
Counties, in 'the western i)art of Fillmore, Olmsted, 
and Goodhue Counties, and in eastern. Rice County. 
Farther east the drift is relatively thin and the valleys 
are to a large extent preglacial.' • 

. The character of the surficial portion of the drift 
in this district where the mantled' er'osion topography 
is dominant seems to the writer to indicate decidedly 
greater age than that of the Wisconsin 'drift of the 
adjacent district on the west. 'This is most strikingly 
shown in .a pebbly concentrate which was deveLoped 
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by slope wash and· by wind action after the ice had 
deposited it. The presence of this pebbly concentrate 
was noted by Alden and Leighton,55 and it was in­
terpreted by thelll to have been" left from the slight 
wind erosion and rain wash * * * bef01:e the till 
was protected by the loess" and was thought to have 
been developed in a relatively brief time. It seems to 
the present writer to represent a removal of several 
feet of till, to judge from the small number of coarse 
pebbles and boulders embedded in the till directly 
under it. The concentr·ate is present on slopes facing 
in all directions. It is also more conspicuous on the 
lower part of the slope than over the crest. This fact 
may be of significance in working out the problem 
of relative effectiveness of the wind work and the slope 
wash in this· district. The wind would Seelll likely to 
have greatest effect on the crowns of ridges in exposed 
situations. Slope wash is not restricted to slopes fac­
ing in a particular direction, and it has application in 
humid regions such as this. :Many of the pebbles in 
this concentrate. show the effect of sand blasting by the 
wind and thus support the vjew that wind took part 
in its development. Whether this sand blasting is 
more pronounced on slopes ·facing in a particular di·· 
recti on remains to be determined. The proper evalu- . 
ation of this featur'e may be of. service in determining 
the degree to which the wind has been a factor in pro­
ducing the concentrate. The general prevalence of 
this pebble concentrate has been made more evident 
since the recent road-building period, when a large 
number of fresh cuts brought it to light. There are 
now many exposures where prior to the road building 
ther~ were not 'half a dozen. A thin coating of loamy 
material, 1 to 4 feet in depth, is widely prevalent in 
the Iowan drift district as a cover to the pebble con­
centrate, and this has prevented its proper recognition. 
This loamy cover seems to be allied to the loess, which 
is found to some extent within the Iowan drift area 
as well as outside. It is a wind deposit, but whether 
of the same age as the main loess deposit or mor'e 
recent is not known. As it is too thin to withstand 
complete leaching, it can not exhibit the calcareous­
ness or the fossil content displayed by unleached loess. 
In the determination of the age of the Iowan drift the 
date of deposition of this cover, as well as the time 
involved in the development of the pebble concentrate, 
will have an important bearin~. 

The Iowan till is' found by Alden and Leighton to 
- have been leached of its lime content to a moderate 

depth below .the pebble concentrate. A. table presented 
by them 56 shows that of 59 cuts examined 36, or 63 
per cent, showed leaching of 3 to 4lh feet, and of 165, 
auger borings, 92, or' 56 per cent, showed the same 

65Alden, w. c., and Leighton, M. 1\:1., op. cit., p. 156. 
66 Idem, p. 82. 

amount of leaching below the surface of the till. In 
11 cuts and 38 borings the depth of leaching was less 
than 3 feet; in 12 cuts and 18 borings it exceeded 5 
feet; and in 1 cut and 4 borings it exceeded 7 feet. 

The present writer's tests of depth of leaching of the 
Iowan drift in southeastern Minnesota are in close 
accord with the results obtained by Alden and Leigh­
ton in Iowa. In southeastern Iowa, south of the 
Iowan drift linlits, tests by the writer, as well as by 
Alden and Leighton, have shown the depth of leaching 
to be rarely less than 6 feet and not uncommonly to 
reach 15 feet or more. Tests of leaching of n::ansan 
drift in western Wisconsin, where the old red or Illi­
noian drift overlies the n::ansan, show a general leach­
ing of about 6 feet, and this apparently took place 
prior to the deposition of the Illinoian drift. The ma­
terial in the valley bottoms in the Iowan drift area, 
Loth in northeastern Iowa and in southeastern Minne­
sot~, 11lay be largely pre-Iowan, for it 'shows deeper 
leaching than the till of the uplands and slopes. In 
many places no lime was found in it at depths of 8 or 
10 feet, and it has a rusty reddish-brown color like 
Kansan material. The leaching seems to be greater 
in valleys inside the Iowan limits than in those outside 
that lead a way from the drift border. The latter are 
lnore nea.rly in harmony with the leaching displayed 
by the Iowan till and by gravelly knolls within th~ 
Iowan area and may prove to be Iowan outwash. Belts 
of gravelly drift of strongly ridged and knolly type 
which have been developed along some of the valleys, 
in the Iowan area have been leached of their limestone 
pebbles in some places to a depth of only 1 to 2 feet,. 
and the gravel shows remarkable freshness in compari­
son with some of the gravel found in the adjacent val-, 
ley bottoms. It thus appears not unlikely that the· 
deeply weathered material of the valley bottoms is a 
pre-Iowan deposit brought in by the wash of the 
Kansan drift. 

The preservation of kames and other knolls and 
ridges of constructional type within the Iowan drift 
area is a feature inconsistent with Kansan age, for in 
the Kansan drift areas outside the Iowan drift limits 
the amount of erosion has been' so great that the preser­
vation of such forms is scarcely to be expected. In 
one of the southern counties of Iowa the erosion has. 
been estimated to average about 50 feet for the entire· 
county. So far as the writer is aware no knolls of 
constructional type have been noted on the I{ansan 

. drift in Iowa or any of the bordering States. Not only 
,are knolls preserved within the Iowan drift area, how­
ever, 'but steep valley slopes are still coated with drift in 
the rugged eastern part of the area, where an amount 
of erosion such as seems to have taken place in post­
I{ansan time should have left but scanty remnants of 
the deposit. 
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In southern Dakota County and northern Rice and 
Goodhue Counties, Minn., east of the "Tisconsin drift 
border, there are rock prominences of mesa type, some 
of them rising abruptly to a height of 100 feet or more 
above the bordering plains, which usually carry a few 
feet of drift that seems of fresher aspect than the 
l{~nnsnn drift. The depth of leaching is only 4 to 5 
feet, and the deposit is less indurated than is charac­
teristic of I\:ansan drift and seems more probably of 
Iowan age. 

In Fillmore County, Minn., the topography char­
acteristic of the Iowan extends to the eastern edge of 
the henvy deposits of drift, in both the southwestern 
and northwestern parts of the county. Farther east 
the features are indecisive. There is a strip free from 
loess and containing very little drift, north and west 
of Granger, in Bristol Township and eastern York 
Township, over which the Iowan ice may have passed, 
but decisive evidence of such an extension beyond the 
border of the thick drift was not found. In western 
Fillmore County the drift is thin for several miles 
north, south, and east of Spring Valley. Large gran­
ite boulders of relatively fresh aspect are not rare in 
nny part of this area and are numerous in some places. 
Possibly they were brought in by the Iowan ice sheet. 
In the northwestern part of the county there is a 
plain of thick drift, east of which is a strip of knolly 
drift that may be a marginal feature of the Iowan 
glaciation, though the gravel is deeply weathered. 
This knolly drift covers much of sections 20, 21, 28, 
29, 30, 31, 32, and 33, Jordan Township (T. 104 N., 
R. 12 'V.). The presence of these drift knolls has 
disarranged the old drainage courses to some extent 
nnd caused the streams to cut new courses partly in 
the rock. The details of the drainage changes were 
110t worked out. 

In several places in Olmsted County there are fea­
tures suggestive of Iowan glaciation, but they do not 
seem to form a definite marginal belt. For 2 or 3 
miles east of Stewartville, in the southern part of the 
county, the drift has a lrnolly surface of construc­
tional type and is liberally strewn with boulders, thus 
presenting features characteristic of an ice border. 
North of this locality, in the northern part of High 
Forest Township and eastward over Pleasant Grove 
Township (T. 105 N., H. 13 'V.) there is very little 
drift but a general 'coating of loess. North of this 
loess strip there is a'beltof thin drift nearly free from 
loess, 6 to 8 miles wide, extending from Rochester east­
ward past Eyota to Dover and continuing in a nar­
rower strip into western Winona County. Features 
suggestive of Iowan glaciation are found near Dover. 
Shallow swales thickly strewn with boulders are char· 
acteristic features for 3 miles south of the village, 
clear up to the border of the loess-covered district. 

These features are also found to the southwest, across 
the divide between the Whitewater and Root River 
drainage basins. Farther west, in the vicinity of 
Marion, several exposures of relatively fresh yellow 
calcareous till appear beneath the loess, just within 
the loess-covered district. 

North of Dover, in a loess-covered district, gravel 
knolls are present, but they are as a rule nearly free 
from loess. In these knolls there are limestone peb­
bles within a very short distance of the surface, and 
the gravel is not deeply stained nor rusty looking. A 
gravel pit 25 feet deep in a knoll about 8 miles north­
northwest of, Dover, 2 miles south of the Wabasha 
County line, has coarse cobbles and boulders with the 
gravel in the upper 10 feet, and limestone blocks are 
present clear to the surface, as well as many water-. 
worn limestone pebbles. The deeper part of the pit i:; 
in a fine gravel of relatively fresh aspect. East from 
this pit for 2 miles, along the borders of secs. 7, 8, 
17, and 18, T. 108 N., R. 11 W., the drift has an un­
dulating surface of glacial type and consists largely 
of gravel. It has subterranean drainage, which per­
haps accounts in some measure for the preservation 01 
the glacial topography. A similar topography, how­
ever, extends southward to section 28 and thence east­
ward into sections 23 and 26 in a district with good 
surface drainage. The lrnolls are bouldery and cobbly 
on the surface, features which add to the glacial ex­
pression. Ther~ is a rather abrupt change near the 
east side of Olmsted County to a nearly driftless 
condition, and the few el~ratics there present show 
more pronounced weathering than those in the knolly 
drift just noted. 

West from this knolly strip clear to the valley of 
the South Fork of the Zumbro River, there is a loess­
covered district with thin drift and very little to sug­
gest Iowan glaciation, but.in the northwestern part of. 
Olmsted County, from Byron northeastward past 
Douglas to Orinoco, gravelly knolls are numerous. 
Some in southern Orinoco Township (T. 108 N., R. 
14 'V.) are 50 to 75 feet in height. In several pits 
examined the beds' dip northeastward, as if the knolls 
had been built up at the border of an ice lobe fronting 
in that direction. The gravel shows only a moderate 
degree of leaching, limestone pebbles being usually 
found within 4 feet of the surface. In some places the 
surface portion is iron stained and filled in with iron 
deposits. On the whole, the aspect of the gravel is 
scarcely as fresh as in the smaller knolls in the north­
eastern part of the county, above noted. The differ­
ence, however, may be due to unlike drainage condi­
tions rather than to disparity in age. This gravelly 
district is in part free from loess but is nearly sui-­
rounded by loess-covered drift. Boulders are very 
numerous in low areas among the gravel knolls and to 
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some extent are strewn' over their surface. They 
seem to be more numerous than in the neighboring 
loess-covered districts. 

In Wabasha County there are a few gravelly knolls 
near Elgin, 'in the saIne general district as those of 
northeastern Olmsted County, above noted, and within 
the drainage area of the vVhitewater River. But in , 
the Zumbro drainage basin there s'eem to be few fea- , 
tures suggestive of Iowan glaciation below the mouth 
'of the South Forle Above that point, on both sides: 
of the lnain Zumbro, in western Wabasha County, and, 
in Goodhue County, such features are more pro­
llounced. 'Some of the small tributaries have drift , 
barriers that have deflected' the streams into the bor- : 
dering valley slopes, where they are 'now cutting 
trenches in'the rock. Most of these barriers are knolly : 
dumps that obstruct the old valley~ for ,only a short' 
'distan'ce. They preserve the glacial contours more per- : 
,fectly than seelns consistent with I\:ansan age. 'N orth- ' 
east of Mazeppa the swales are choked with knolls of ' 
gravelly and stony drift; and no wide open valleys of 
erosion type occur. In places the bottom lands widen: 
out to a quarter of a mile or more, but within a short, 
distance upstream or downstream they narrow, and , 
look clogged with drift knolls'. Almost complete clog- : 
:ging is shown' in a valley at the west side of sec. 29, 
T. 110N., R. 14 'V:, where the stream has cut a nar­
row, deep trench through .. a gravelly accumulation. : 
The upper ,part is cobbly and bouldery and poorly as- \ 
'sorted. The deeper part is well assorted and shows a ' 
sharp southeastward dip. About 2 miles farther west, : 
in the edge of Goodhue County, a drift accumulation: 
in a valley near the line of sees. 24 and 25, T. 110 N., 
R. '15 W., has turned a stream across a rock point on , 
the north. On the' west side of the Mazeppa and Lake : 
City road in the southern part of sec. 7, T. ,110 N., ' 
R. 13, W., a low drift ridge lying in the lnidst of a 
valley has beeh trenched by a small ,drainage line ' 
leading westward across it. In this part of 'Yabasha 
County drift deposits are preserved on steep slopes to 
a degree that seems incqnsistent with an age as great' 
as that .of the' Kansan. This evidence is perhaps less 
definite than that of the, drift ,knolls but is of value 
in support of it. , 
" In northwestern Wabasha County there is an excep­

tionally prominent $trip of knolly' drift that has the 
general aspect qf ,a, terminal moraine. ,It is about 
8 miles, long and nearly 2 miles wide and passes 
entirely' across .the, northwest township, of the county 
frol)1 its northwest corner to .the south line of sec. 34. 
It dies out ,within a mile :'both at the north and at the 
south. It has a generally undulating surface above 
which a few sharp gravelly knolls rise to heights of 
25 to 50 feet ,or more. The upland on' which it. lies is 
mote .than 1,100 fe~t aboye sea level,alld the highest 

\. 

points reach 1,160 to 1,175 feet. It is thus about 500 ' 
feet above the level of Lake Pepin, which ,is only 
4 or 5 miles distant to the northeast. The gravel 
shows a very moderate amount of leaching, limestone 
pebbles being' abundant within 2 or 3 feet of the sur­
face. It also shows but little discoloration by iron and 
is ,usually of a fresh gray color. The till is yellowish 
brown, of fresher appear.ancethan the ordinary oxi­
dized I(ansan till. If this is an Iowan moraine, the 
limits of the ice in the district to the south would 
naturally be as far east as' the district just noted, 
where knolls are obstructing the valleys. 

In Goodhue County there is a strip of relatively 
thick drift on the high ridge south and southeast of 
Red 'Ving, in Hay Creek Township (T. 112 N., R. 14 
W.) ,and this is continued across Wells Creek south­
eastward to the morainelike belt in northwestern 
Wabasha County just described. The features are 
not distinctly morainic, but there are sev~ral rather 
prominent gravelly knolls, and in some of thmn 60 
feet or more of drift is penetrated in wells. The 
gravel knolls contain a large amount' of local lime­
stone, and in one' in sec. 5 Sardeson found nodules' 
of Cretaceous material of local derivation with wil­
low-leaf imprints. The presence of so much local 
material impressed Sardeson as an indication that the 
drift should be refel'l~ed to the earliest glaciation 
rather than to the Iowan, for it seems doubtful if 
there was much local rock exposed to contribute mate­
·rial for the later drift. He is therefore inclined to 
refer the thick drift and the knolly surface to peculiar 
preservation in the course of erosion of a very old 
drift. Of similar import seems to be the fact that 
both north and south from this ridge the drift is very 
,scanty over a space several miles in ,width. The best 
exposures are in the gravelly knolls, where pits have 
been opened for road material, and this gravel shows 
only a moderate degree of weathering and leaching. 
Limestone pebbles are ,usually found within 2 Or 3 
feet of the surface. The degree of freshness seems to 
the'writer suggestive of Iowan age. 

About 4 miles west of Red Wing, in the northern 
part of sec. 3, Featherstone Township, gravel pits 
have been opened in a depOsit in a recess or,'depre~­
sion 'betweert rock hill$'. This deposit is ,d,irectly south 
of an old, drainag~ line filled wit~ sand of Wisconsin 
'age, but it stands about 50 feet ~b~ve the level of ~he 
Wisconsin filling, or 80.0 ~eet above sea, level. The 
drift'is distinc.tly knolly~ and its surface part contains 
numerous erratic' boulders as well as large blocks of 
local lilnestoJ;le. The small limestone pebbles are, ,dis­
solved, out 'to a depth of 201' 3 feet; and the'deposit 
is weather stained, to a depth of several" feet. ,The 
moderate depth of leaching and the pteservation of 
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the knolly surface seem more consistent with Iowan 
age than with Kansan. 

The deposits in Wabasha and Goodhue Counties 
contain relatively little red rock material such as 
,characterizes the old red drift of the counties directlv 
north-Pierce' County, Wis., and Dakota County, 
Minn. The constitution of the drift indicates that the 
ice movement was from the west rather than from the 
north. The present writer was unable to find any clear 
.evidence that the Iowan drift overlaps the old red 
(Illinoia~) drift; instead they appear to ·be rather' 
dose correlatives. 

In some parts o~ Goodhue County features sugges­
tive of Iowan glaciation are stronger than in the mar­
,ginal part just discussed. Thus along the south side 
,cf the Zumbro Valley, for several miles above Zum­
brota, there is a belt of gravelly knolls, 1 to 2 miles 
.ill width, in which the material is only moderately 
leached and weathered. In all the gravel pits ex­
amined limestone pebbles were found in abundance 
within a foot or two of the top, and the gravel has an 
Appearance nearly as fresh as in the Wisconsin drift. 
Boulders are very numerous, both on the knolls and 
.on the low areas among them. The knolls are on the 
~lope of a large valley that seems to have been exca­
vated in the old drifts prior to the deposition of the 
:gravel and boulders. The highest knolls are 60 to 75 
ieet above the swales muong them, but their tops are 
:scarcely as high as the bordering upland on the south. 
In neighboring districts there seems to have been at 
best only a thin coating of Iowan drift on the older 
deposits. A pit in the northern part of Ii::enyon 
;shows 4 feet of very stony drift with numerous boul­
·ders over a deposit of gravel of medium coarseness. 
'The appearance is that of an overridden outwash, in 
"which only the upper 4 feet is of direct glacial deposi-
tion. It is doubtful if there is an avera'ge coating of 
Iowan material 4 feet thick in this county aside from 
the gravelly knolls. Such knolls are scattered over 
the central part of the county in the vicinity of Good­
hue and for several miles' in all directions from the 
-village. Some of them contain nodules and lumps of 
-clay from the local Cretaceous deposits, a feature that 
11as led Sardeson to refe~ the deposits to the earliest 
:glaciation, like those near Red Wing, cited above. The 
moderate degree of weathering exhibited by the de­
posits, 'however, does not seem to support such an 
interpretation. ' 

If the Iowan ice extended into Goodhue County it 
must have crossed into that county from Rice and 
Dakota Counties. The greater part of Dakota County, 
-outside the limits of the Wisconsin drift, is covered 
,by the old red (Illinoian) drift or by gravel deposits 
-connected 'with the Wisconsin glaciation. A few 
:square miles in the southern part of the county lies 

67665-;32-3 

outside both of these drifts. It is mainly a district of 
thin drift with mesas rising 100 feet or more above 
intervening lowlands. Whether tliis thin drift is a 
r~mnant of Kansan or Nebraskan drift or is due in 
some measure to an Iowan ice invasion has not been 
clearly deternlined. South of the Cannon River be­
tween Northfield' and Randol ph there are a few 
gravelly knolls that may be Iowan, for they show only 
a moderate degree of weathering. A few such knolls 
are present north of the Cannon River in Castle Rock 
Township and southwestern Hampton Township, but, 
the drift generally is without distinct constructional 
glacial features. 

The pre-Wisconsin ,drift of eastern Rice County is 
characterized by small gravelly knolls in the north­
eastern part" where the drift is relatively thin, but'in 
the southeastern part there are thick deposits of till 
in which large valleys have been carved, as in neigh­
boring parts of Goodhue and Dodge Counties. In this 
area of thick drift there is very little that seems refer­
able to Iowan glaciation. The valleys are broad and 
deep and of erosional type, about as in the Kansan 
drift outside the Iowan limits, yet they appear to be 
well within the limits of the Iowan drift. 

In the greater part of southeastern Minnesota the 
boulders as a rule consist mainly of granite and sye­
nite, with but a small percentage of basic rocks. In a 
few places in Goodhue County, however, R. T. Cham­
berlin found the basic Ii::eweena wan rocks well repre­
sented. Thus in a railroad cut 2 miles northwest of 
Zumbrota he noted several boulders of Keweenawan 
diabase, porphyritic and amygdaloidal diabase, and 
the peculiar pitted" smallpox" diabase such as he had 
seen at Taylors Falls. In a cut 2 miles east of Bombay 
there is a gravelly drift' with a large inclusion of red 
Keweenawan rocks resting on the clayey Kansan till. 
These puzzling sporadic occurrences are within the 
area that seems referable to Iowan glaciation. 

There are many small gravelly hills in the large 
valleys in Mower and Dodge Counties that show a 
remarkable degreee of leaching of the limestone. In 
some pits 6 to 8 feet in depth no limestone pebbles 
were found, and the gravel has a very rusty aspect. 
This condition is thus strikingly in contrast with that 
shown in the gravelly knolls found on uplands far­
ther north and east, nearer the border of the supposed 
Iowan drift. Possibly these are degradational fea­
tures, the' grave~ being an inclusion in old drift, 
brought to light by the opening of the valleys. Such 
gra vel is a conlmon feature in the part of Dodge 
County south of Kasson and in the southwestern part 
of Mower County. Old gravel of this sort is found in 
some places on uplands, as near the southwest limits 
of Rochester and in Mower County southwest of 
Adams. It seems probable that limestone was once 
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present in the gravel, for fossiliferous chert abounds 
in the deposit from the surface down in each of the 
pits examined. Such great leaching certainly seems 
more consistent with Kansan than with ·Iowan age. 

From the foregoing description it may be seen that 
the features suggestive of Iowan glaciation or of post­
Kansan glaciation in southeastern Minnesota affect 
only a small part of the surface of the district in 
which they occur. The peculiar type of valley classed 
as " mantled mature erosion" is. restricted to the area 
in which the drift is of exceptional thickness. There 
the type of erosion and size of valleys are in places 
very similar to those developed on the Kansan drift 
of southern Iowa. The drift barriers in valleys are 
found in the eastern or peripheral part of the district 
that appears' to carry Iowan drift, where the older 
drift is relatively thin. The chief development or 
preservation of drift knolls is also in this peripheral 
portion. 

The degree of leaching and weathering in the grav­
elly knolls ranges from a deep and thorough removal 
of limestone in some of the knolls to a very moderate 
removal in others, and the rusty stain of the gravel 
shows a corresponding range. Where the leaching is 
deep and thorough the deposits appear to date back 
as far as the Kansan glaciation, and where it is mod­
erate the alteration seems consistent with Illinoian or 
Iowan age. In other words, the wide difference in 
leaching and weathering these knolls display seems 
best explained on the basis of a difference in age. In 
general the till shows several feet of surface leaching, 
but in a few loess-covered places there is scarcely any 
leached till.' The cause for this exceptional condition 
has not been satisfactorily determined. Possibly it is 
due to infiltration of calcareous waters from the 
overlying loess, which probably carried calcareous ma­
terial when first deposited. The till is oxidized but 
not so rusty or weather stained at the top as in dis­
tricts where there is no loess cover, or as most of the 
loess-covered till outside this district. It is more 
common to find in the Iowan drift area a pebbly con­
centrate than a deeply weathered till at the base of 
the loess. Such a concentrate seems to the writer to 
indicate a considerable erosion interval between the 
deposition of the till and that of the loess. Leaching 
has, as a rule, been more rapid than the surface wash 
or erosion that developed the pebbly concentrate. It 
is the writer's observation that in the swales the depth 
of leached material is much greater than on the slopes, 
a large amount of leached material having been 
washed or otherwise carried into them. This con­
trast is shown markedly in northeastern Iowa, in the 
midst of the extensive loess-free Iowan drift area, 
but is also exhibited in the loess-covered peripheral 
portion. 

The drift classed as Iowan differs in constitution 
from the old red (Illinoian) drift of the adjacent 
.district to the northeast about as the young gray drift 
of Wisconsin age differs from the young red drift 
which it borders and overlaps, and it is but natural 
to infer that the Iowan and the old red (Illinoian) 
drift are referable to the same glacial stage. The 
degree of leaching can not well be compared, because 
the old red drift never had much calcar'eous material, 
whereas the Iowan probably had a considerable per­
centage of such material, except in places where it 
was derived 'from the leached surface of the older 
drifts. The old red drift is also looser textur'ed and 
thus more liable to become deeply stained than the 
Iowan, which is generally clayey and compact. Taking 
these matters into consideration the writer is unable 
to present any conclusive evidence that the old red or 
Illinoian drift is older than the Iowan. The loess­
covered portion of the old red drift shows a strong 
weathered zone that contrasts more strikingly with 
the overlying loess than the surface of loess-covered 
Iowan drift commonly does with its cover. But it is 
not improbaple that this weathered·appearance would 
be reached in as short a tilne as woulq. be requir-ed lor 
the development of the pebbly concentrate on the 
Iowan drift. It is also to be noted that the clayey 
Iowan may have suffered more reduction by wash than 
the loose-textured old red drift and'may thus have 
developed a pebbly concentrate while the old red drift 
was developing a weathered zone. 

The Iowan drift is so scanty and its limits in north­
eastern Iowa as well as in southeastern Minnesota are 
so illl defined that its extent is still an open question. 
There seems also to be an entire absence of recessional 
moraines. These conditions strongly suggest a stag­
nation or nearly complete cessation of movement in the 
Iowan ice sheet soon after it had reached its culminat­
ing position. The belts of gravelly ridges, which gen­
erally have a trend toward the border of the drift in­
stead of parallel with it, are consistent with and seem 
to support the interpretation of a stagnation of ice 
movement. 

As described by Alden and Leighton,1I1 the Iowan 
drift nowhere overlaps the I,llinoian, for these authors, 
favor tl1e exclusion of the long lobate area in Clinton 
County, Iowa, that has been lnapped by other writers 
a::; the Iowan, as well as several smaller tongues to the 
north. They are inclined to think that the Iowan ice 
sheet had a fairly regular border that extended about 
to the base of these lobate tracts. In the pr'esent 
writer's opinion these lobate tracts in northeastern 
Iowa have about as definite Iowan characteristics as 
the main area of Iowan drift, and they probably will 

67 See Iowa Geo!. Survey, vol. 26, pp. 171-181, and fig. 11, p. 122, 
1915 ; also fig. 3 on back of topographic map of Camp Dodge area. 
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ha ve to be reckoned with before the Iowan drift ques­
tion is satisfactorily settled. It may be found that the 
loess-covered strips between these long tongues of 
loess-fr'ee drift in northeastern Iowa carry a drift 
that should be included with the Iowan. The features 
of southeastern Minnesota that seem to indicate 
Iowan glaciation, as outlined above, fall largely in 
the loess-covered district and extend beyond the ends 
of the loess-free strips. 

In conclusion, the writer is of the opinion that the 
occurrence of an Iowan stage of glaciation distinct 
from the Illinoian stage is not clearly demonstrated. 

PROBABLE IOWAN DRIFT WEST OF DES MOINES LOBE OF 
WISCONSIN DRIFT 

A strip of drift that borders the west edge of the 
Wisconsin drift of the Des Moines lobe in southwest­
ern Minnesota and adj acent parts of Iowa and South 
Dakota (figs. 6 and 7) differs strikingly from the Kan­
san drift in topography and in degree of weathering 
and erosion, but it is somewhat more eroded and 
weathered than the Wisconsin drift of the Des Moines 
lobe. In the Inap that accompanies Bulletin 14 of the 
Minnesota Geological Survey, by Leverett and Sarde­
son, published in 1919, 'this drift was included in the 
'\Visconsin area, as it seemed much nearer the Wiscon­
sin than the I(ansan in age, and some doubt was felt 
as to its being enough older to be referable to the 
Illinoian .glacial stage and as to there being an Iowan 
glacial stage distinct from the Illinoian. In a later 
map,1l8 however, the present writer labeled this 
" Iowan ~ drift," the question mark being used to de­
note uncertainty as to the use of the term" Iowan" for 
the drift. From the foregoing discussion of the 
Iowan of northea~tern Iowa and southeastern Minne­
sota it will be seen that the writer still feels doubt of 
an Iowan stage distinct from the Illinoian. He re­
gards this post-I(ansan drift in northwestern Iowa as­
a probable correlative of the drift that has been classed 
as Iowan. The particular label the drift receives is a 
matter of less consequence than the recognition of the 
presence of a post-I(ansan drift. 

This drift has surface features of a sufficiently defi­
nite character to make it feasible to map its limits 
within a mile or less throughout its exposed portion 
in Iowa, Minnesota, and South Dakota, or for a length 
of fully 200 miles. The district outside its limits is 
markedly more eroded than that inside. The outlying 
district lacks the knolls and ridges of constructional 
type that characterize this drift. On this later drift 
gravelly knolls or kames are common features. There 
are also extensive deposits of gravelly outwash along 
its border from which gravel trains lead down valleys 
that had been opened widely by previous erosion of 
the Kansan drift. 

118 Geol. Soc. America Bull., vol. 83, fig. 1, p. 103, ISl22. 

The gumbotil that forms so conspicuous a feature 
on the surface of the I(ansan drift in southern Iowa 
has not been noted in. northwestern Iowa and neigh­
boring parts of Minnesota and South Dakota, either 
inside or outside the limits of the drift under discus­
sion. This fact and the fact that the later drift is of 
similar constitution to the Kansan drift and was prob­
ably in large part derived from the Kansan drift 
make it difficult to separate them in places where one 
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FIGURE 6.-Sketch map showing extent of Iowan and Wisconsin 
drifts in southwestern Minnesota and eastern South Dakota 

is exposed above the other. In much of the area, how­
ever, the later drift has a much fresher aspect than 
the Kansan, being grayish yellow rather than yellow­
ish brown. 

Beginning at the north, the border of this drift is 
found to emerge from beneath the outer moraine of 
Wisconsin drift of the Dakota lobe about 3 miles east 
of Florence, Codington County, S. Dak. (See fig. 6.) 
The drift is exposed for about 20 miles farther north, 
chiefly on the east side of the Big Sioux River, and 
fills the interval between the Bemis moraine of the 
Des Moines lobe and the outer Wisconsin moraine of 
the Dakota lobe. 
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The western or outer border passes to the east side of 
the Big Sioux River about 5 miles above Watertown 
and follows the river southward to Appleby, 6 miles 
below that city. It then bears away from the river 
southeastward across the northeastern part of Hamlin 
County and the southwestern part of Deuel County, 
about to Toronto, S. Dak. There the border turns 
southward and lies along or near the Chicago, Rock 
Island & Pacific Railroad as far as Bushnell, whence 

1°u.1 '.1...L1 '..L..' u.I 1 .1...LI I..L..8L-__ 'P'---_--Iz'O M' LES 

EXPLANATION 

Lismore and Adrian and a similar distance east of 
Ellsworth, Minn. 

In Iowa (see fig. 7) the border runs southward 
through the western part of the northeast township 
of Lyon County and then takes a southwestward 
course, passing 2 miles west of George and crossing the 
Little Rock River about 3 miles below that village. 
A turn is then made to the southeast, and the border 
lies along the northside of Otter Creek to the bend in 

the creek 2 miles west of J\tlat-
lock. Thence it runs south­
eastward to the Floyd River 
at Sheldon and continues in 
the same course to Archer. 
It then runs southward for 9 
miles, crosses the Chicago & 
Northwestern Railway about 
3 miles west of Paulina, ex­
tends along or near Mill Creek 
to Cherokee and the valley of 
the Little Sioux River,. crosses 
to the east side of that val­
ley and takes a southeast 
course. to the Maple River 3 
miles southwest of Aurelia, 
follows the east side of the 
Maple River southward as far 
as Galva, and bears south­
eastward past Odebolt to the 
Boyer River 2 miles west of 
Wall Lake village. An out-· 
wash plain and a glacial 
drainage channel from the 
Wisconsin drift border fill in 
the space to that border, a dis­
tance of 3 miles. The drift 
under discussion is not known 
to appear outside the Wiscon­
sin drift border farther south. 

The border as above out­

E1TJ lined was carefully ~raced by 
the writer from its emergence 
from under the Wisconsin 
drift near Florence, S. Dak., 

Wisconsin moraines Iowan moraines 
FIGURE 7.-Map showing extent of Iowan and Wisconsin drifts in northwestern Iowa 

it swings eastward to the Minnesota line about 2 miles 
northeast of Elkton, S. Dak. It runs southward near 
the State line past Elkton and Ward to the valley of 
Flandreau Creek before turning into Minnesota. In 
Th1innesota it bears· southeastward past Pipestone 
nearly to Edgerton and then follows the west bluff 
of Rock River southward into Rock County. It bears 
eastward from Rock River across the northeast town­
ship of Rock County, passing 2 miles north of Ken­
neth. On entering Noble County it turns southward 
and traverses the western range of townships for 20 
I}1iles, to the Iowa line, passing about 3 miles west of 

southward across southwestern Minnesota into Iowa 
as far as Cherokee. But from Cherokee southward 
to Wall Lake, where it passes under the Wisconsin 
drift, only a rather hasty trip by automobile was 
made, in company with J. E. Carman. This trip 
followed a zigzag course back and forth across this 
border, which enabled the writer to note the contrast 
in erosion in the districts on the two sides of the line 
and the main ~haracteristics of this part of the drift 
border. At the time this trip was made Carman was 
of the opinion that a post-Kansan drift is present 
and has the limits here outlined. In his report fea-
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tures that suggest post-Kansan age are referred to, as 
lURY be seen by the following quotations, though at 
the time of its publication he considered the evidence 
inconclusi ve.159 

This area and that to the northeast have at many places 
small features that appear to be constructional. They are 
located on surfaces of more distinct erosional features, giving 
to the slopes a somewhat uneven or billowy appearance. These 
features suggest that a later ice sheet overrode the region at a 
time when it had an erosional topography and left a thin but 
uneven veneer of drift. Such an explanation was carefully 
co~sidered during the progress of the field work. It was not 

" I o 2 Miles 

In the district west of this drift border the valleys 
have broad, gentle side slopes, with a descent of 60 to 
80 feet or more in a width usually of over half a mile. 
The slopes are not only long but are unbroken by 
knolls or ridges suggestive of glacial readvance. In­
side the drift border there is a filled-up appearance, 
and the valleys lack the characteristic erosion curves. 
As expressed by Meinzer,6o in discussing the drainage 
features in O'Brien County, Iowa, "the smaller 
streams have not yet dissected the plain to any great 
extent but occupy broad, shallow, and rather indefinite 

Iowan 
moraine ridge 

I<ames 

li'IOURID S.-Map of the northeast township of Sioux County, Iowa, showing 
drainage development on each side of the west border of the Iowan drift 

FIGURE 9.-Drainage deflections in northwestern Iowa 
due to Iowan ice invasion 

possible, however, to differentiate a drift material or find a 
definite southwest boundary for these apparently construc­
tional fea tures. • * • 

At many places within the Kansan region, a drift somewhat 
lightel' in color than the typical Kansan is to be found. It is 
yellowish gray or brownish gray instead of the usual brown­
ish yellow. However, the difference is not distinct, and it 
seems there are all gradations. Commonly this lighter-colored 
till contains considerable pebbly material scattered through it 
and has associated with it lenses and beds of gravel. This 
phase of the till is found in a number of exposures nOl;th of 
Cherokee, as in the bluffs of Mill Creek in sec. 14; as a layer 
of till in the pit of the Cherokee Sand & Gravel Co.; and in 
the NW. 1,4 sec. 13, Cherokee Township, on the farm of M. 
Doupe. North of Cherokee County this phase is commonly 
present and is the usual till material. 

valleys, through which they habitually meander 
lazily." The widely branching "dendritic drainage pat­
tern which had been developed on the I(ansan drift 
before this later drift was laid down is reproduced 
almost completely but as a series of shallow swales. 
(See fig. 8.) These swales afford lines of discharge for 
the surface water, but the discharge is so slow that it 
has been found necessary to put in a large amount of 
tile drain along them. Tiling is seldom required in the 
district outside the limits of this drift. 

Some slight deflections of drainage have been caused 
by the building of drift ridges across the old stream 
courses, as on Mud Creek near Paullina, Iowa (fig. 9), 
and on a small tributary of the Little Sioux River 

50 Carman, J. E., Iowa Geol. Survey Ann. Rept. for 1915, pp. 325, 60 Meinzer, O. E., Iowa Geol. Survey, vol. 21, p." 1059,1912. See also 
335, 1917. U. S. Geol. Survey Water-Supply Paper 293, p. 864, 1912. 
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north of Cherokee. But the drift ridges and knolls 
of this post-Kansan drift have caused very few deflec­
tions in the drainage courses. 

Some drainage deflections of a higher order may 
have resulted from this ice invasion, but these Carman 
has referred to a later time. Thus, the Little Sioux 
River as far down as southern Clay County appears 
to have been from' Kansan time to Iowan time tribu­
tary to the Des Moines River instead of to the Mis­
souri River. Its headwaters are east of the high ridge 
that farther nor.th and also farther south forms the 
divide between the Missouri and Des Moines drainage 

\f-
a Greenvtlle 

old divide a short distance southwest of Gillett Grove, 
between tributaries of the Des Moines. From a point 
a few miles above Cherokee to its mouth the course is 
evidently that which had been' developed by a tribu­
tary of the Missouri River. It is, however, partly 
filled with Iowan drift as far down as Cherokee, and 
only below that city does it present the broad, gentle 
side slopes characteristic of the post-Kansan drainage. 

Mill Creek, which enters the Little Sioux at Chero­
kee, shows the effect of the Iowan glaciation along its 
entire length, for only a short section of its valley, a 
few miles above its mouth, escaped covering by the 

'---'---L....--J---1.9 ___ --L ___ -L ____ 3
L, 
___ ....L1 ___ ---11 Miles 

FIGURE 10.-Map showing relations of drainage in Gillett Grove and Legan Townships, Clay County, Iowa, to the outer terminal moraine of 
the Wisconsin drift. Dotted lines show limits of Little Sioux Valley 

systems. As suggested by Carman,61 this old drainage 
seems to have been deflected across a divide near Gil­
lett Grove, where the valley is' now exceptionally nar­
row. (See fig. 10.) From that point to the llorth­
eastern part of Cherokee County the valley is narrow 
and deep and perhaps only to a slight degree coinci­
dent with the earlier drainage course. The height of 
land is greatest 20 to 25 miles west of Gillett Grove, 
below the mouth of Waterman Creek, and it is not 
ilnprobable that the drainage as far down as Water­
man Creek, inclusive, was once tributary to the Des 
Moines River, but the line of discharge is not, clearly 
determined. It may have been along or near Brooke 
Creek (reversed), to Storm Lake and thence eastward 
to the Raccoon, now tributary to the Des Moines 
River. In that event the Little Sioux may cross an 

81 Carman, J. E., OPe cit., pp. 310-318. 

Iowan ice sheet., (See fig. 9.) As a result of this 
glaciation its valley has been filled to a marked degr~e 
by the Iowan drift, chiefly sorted material, and is 
strikingly out of harmony with its western tributaries, 
which are opened to a breadth and depth characteristic 
of post-Kansan erosion. This contrast was noted and 
dearly set forth' by MacBride 62 in the following 
statement: 

We have already had occasion to mention the differences 
between Che,rokee and Buena Vista Counties; but even in 
Cherokee County the difference in' form, in relief, between the 
steep boulder-strewn slopes in Cherokee and Cedar Townships 
and the fair and long-sloping loess-covered hillsides of Rock 
and Tilden Townships is not only patent but seems sufficiently 
striking to awaken the interest of every student, not to say 
every intelligent farmer. 

02 MacBride, T. H., Iowa Geol. Survey Ann. Rept. for 1901, pp. 
311-312, 1902. 
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Everywhere, especially to the northeast, the topography of 
Cherol{oo County has been profoundly modified by close asso­
dation with a topography of an entirely different character, 
as will appear in what i~ here to follow. The topography, 

• indeed, seems to be all erosional; but the typical and pure 
sculpture of the erosio~ model does not appear north and east 
of the mouth of Mill Creek Valley. 

Especially north of Cherokee the banks of the river valley 
are everywhere marked by gravel terraces far above the flood 
plain of the present stream, sometimes as much as 100 feet 
above it. Such deposits are not the effect of ordi~ary erosive 
process. There is every evidence that the channel of the 
river had been fully excavated long before these deposits 
came to place. •.• • 

'l'he presence of these gravel trains affects the topography in 
yet another way; the gravel bas not only in many places filled 
up and obliterated older erosion features, but it has itself 
been subject all the while to the processes of erosion. This 
often brings about a ~uperposition of a newer topography 
directly against or uPQn one a great deal older. We encounter 
evidence of recent change, of newness and youth, where we 
should ~aturally expect the reverse. The walls of the river 
valley to the north everywhere show this. Old tributary 
streams have been choked across, and new channels later 
excavated, sometimes-generally, indeed-in the direction of 
the older valley; not always. The banks of Mill Creek show 
all "these same erosion peculiarities; high terraces of gravel 
cut by recent steep and short erosion channels. • • • 
Everywhere the gravel along the principal stream has filled 
the mouths of incoming valleys and then been again cut out, 
so that the mouth of any tributary valley is apt to be the 
narrowest part of it. 

The Mill Creek drainage system is entirely west of 
the highest ridge of that region and has probably suf­
fered only slight shiftings from courses held by the 
streams prior to this later (Iowan) glaciation. It was 
probably the main headwater part'of the Little Sioux 
of that earlier time. 

Another notable shifting of drainage, suggested by 
Carman, is that of the headwater part of the Boyer 
River. From its source to the Wall Lake outlet, in 
southern Sac County, the Boyer is flowing through a 
district east of the highest ridge that slopes toward 
the Des Moines Valley, and probably at one time it 
turned into that valley near this channel. But it now 
turns southwestward and cuts across the high ridge 
near Herring, thus lengthening out a valley discharg­
ing to the Missouri that once headed near Herring. 
This old valley exhibits the broad, gentle side slopes 
that are characteristic of the post-Kansan erosion. 

The deflection of the headwater part ·of the Boyer 
River from the Des Moines drainage basin into that 
of the Missouri is thought by Lees 68 to have been 
independent of glaciation and due to stream capture 
by the headward lengthening of the southwestward­
flowing part of the river, at a time prior to the Wis­
consin stage of glaciation. The shallowness of. its 
valley he accounts for by its situation on the back 

03 Lees, J. H., ~'he history of Boyer Valley: Iowa Acad. Sci. Proc., 
vol. 26, pp. 493-500, 1920. 

side of the prominent divide across which he supposes 
it was deflected by stream capture. He makes no men­
tion of the presence of a post-I(ansan drift· in this 
headwater portion. 

It is prooable that these drainage lines that were 
formed on the east side of the prominent old divide 
had somewhat shallower channels than those on the 
west side, but this relation seems to account for only 
8 part of the difference. In the writer's opinion the 
filling with post-I(ansan drift is the main factor in 
causing the shallowness of the valleys. That this is 
so may be seen by examining valleys in Lyon County, 
Iowa, and in southwestern Minnesota which are inside 
the limits of the Iowan drift but are entirely west of 
the prominent old divide. In valleys such as those of 
the Rock and Little Rock Rivers, Kanaranzi Creek, 
and Flandreau Creek the headwater parts, inside this 
post-I(ansan drift, are shallow and small, but the 
lower parts, outside this drift, are large and deep, and 
the change sets in at this drift border. 

The shifting of these old drainage lines fronl the 
Des Moines or Mississippi to the Missouri River is as­
sumed by Carman to have been effected in the Wis­
consin stage of glaciation-that is, at the time the 
Bemis moraine was formed. It seems quite as likely 
to have occurred, however, at the earlier time when the 
Iowan drift was brought in by ice that filled the Des 
Moines drainage basin. 

The Iowan drift of Nobles, Rock, and Pipestone 
Counties, Minn., occupies a narrow strip outside the 
Bemis moraine of Wisconsin drift,· on the western 
slope of the Coteau des Prairies. (See fig. 5.) This 
slope has had drainage to the Missouri through the 
Big Sioux Valley and eastern tributaries from Kansan 
time on and thus has been favorably situated for the 
development of capacious valleys, such as are found 
in the western part of Iowa. The Iowan drift has 
blanketed the valleys and the· intervening ridges or 
divides, but they still stand out as the prominent fea­
tures of the topography. The courses of some of these 
old valleys are not directly down the slope toward 
the southwest but southward for several miles before 
turning southwestward. Thus a valley now drained 
by the north branch of Kanaranzi Creek leads south­
ward to Adrian, Nobles County, with a prominent 
ridge on its west side, and then takes a southwest 
course to the Rock River Valley. Between Adrian 
and Rushmore another valley starts in a southward 
course to the. Little Rock River, with a prominent 
ridge on the east between it and the head water part 
of the Little Rock Varley and another on the west 
that runs southward into Iowa and drops off near 
Little Rock, where the stream turns southwestward. 
Similar southward courses of the upper parts of val­
leys are found in southwestern Murray County, Minn., 
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and an especially conspicuous example occurs in east­
ern Pipestone County, where for more than 20 miles 
the Rock River takes a southward course between 
prominent ridges on the east and west. Still farther 
north, in southern Lincoln County, Flandreau Creek 
runs southward from Lake Benton, with a prom-
inent ridge on the west as far as Verdi. . 

These ridges do not seem to represent moraines nor 
the valleys intermorainic depressions, but instead they 
seem to have been erosion features developed by post­
Kansan drainage prior to the Iowan ice advance. The 
border of the Iowan drift is in places nearly coinci­
dent with interstream prominences, but it passes from 
these prominences down into the valleys and across 
them to other prominences in its course from northern 
Iowa across southwestern Minnesota into South Da­
kota. The valley slopes and bottoms now present 
irregularities of contour due to the later drift, and in 
places a subdued morainic topography is to be seen. 

. The valley of Kanuranzi Creek west of Adrian con­
tains numerous small knolls of the later drift, and 
scattered small knolls are found on the bordering. up­
lands in and near Adrian. A more COlnmon feature 
along the border as well us back within the area of 
this later drift is a very gentty undulating surface. 
It is found on valley slopes and on the divides as 
well. The effect of this later drift has been to fill 
the old valleys in part, as well as to give diversity to 
their slopes. It thus becomes an easy matter to fix 
the limits of this drift, even where there is no definite 
moraine at the border. The average amount of drift 
in the later advance may be but 10 to 20 feet, to judge 
by the appearance of the old ridges and valleys inside 
the drift border compared with their continuations 
outside. 

An interesting development 01 a· new drainage line 
in this later drift was noted ab.out 4 miles east of 
Pipestone. A small stream heads there and leads 
southward past Hatfield. Its course is winding allJ 
it has cut across the rims separating basins that form 
a chain leading toward Hatfield. The basins are 10 to 
15 feet d~ep, and this stream has made sharply incised 
cuts across the spaces between them. These basins 
and the narrow connecting channels are features of 
youthful drainage inconsistent with the interpreta­
tion that the drift in which they are cut is .of Kansan 
age. This valley is fully 10 miles outside the Bemis 
moraine of Wisconsin drift and 4 or 5 miles inside 
the limits of the Iowan drift. 

Knolls near the waterworks tank in Adrian and 
others a mile or more to the west contain a mixture .of 
fresh drift with weathered material from the under­
lying Kansan dri.ft. In forming the knolls the gravel 
beds have been in places shoved into steeply inclined 
positions. In the lmoll by' the waterworks tank the 

southern part shows undisturbed old gravel resting on' 
old (Kansan) till .. The higher part of the knoll 
shows a jumble of beds of weathered gravel, with 
fresher material to a depth of 25 to 30 feet. Silt and 
sand beds' are also shoved into an inclined position 9 

and then c.overed with fresh gravel. Over the surface 
of this knoll there is a very bouldery coating o.f slight 
depth. 

From the vicinity of Pipestone northward into Lin­
coln County, Minn., there are ridges overridden by 
the Iowan glaciation, separated by br.oad nearly 
plane tracts 50 to 75 feet lower than the ridges. The 
ridges usually trend northwest, nearly parallel with 
the crest of the Coteau des Prairies. Their relief is 
thought to be due mainly to erosion of the bordering 
swales prior t.o this ice invasion, but knolls on the 
slopes seem due to some degree to deposition of drift 
. at this later glaciation. 

In Brookings and Deuel Counties, S. Dak., the dis­
trict in which Iowan drift is exposed (outside the 
Bemis moraine) embraces a prominent part of the 
Cotea u des Prairies; standing in places higher than 
the crest of the Bemis moraine. The highest points 
in the vicinity of Toronto are about 2,000 feet above 
sea level, the railway station being 1,996 feet. There 
is a gently undulating surface on the highest land 
covered by this drift, as well as on the slopes and to 
some extent in. the broad swales between the high 
areas. Sharp knolls such as characterize the Bemis 
moraine are. very rare. In eastern Codington County, 
S. Dak., there is a high tract running northward 
through central Kranzburg Township, its highest 
points being 1,950 feet or more above sea level~ on 
which boulders are exceptionally numerous, and the 
surface has the gentle undulations of' a ground mo­
raine. It.is strikingly in contrast with the strongly 
Inorainic topography of the Bemis moraine, on the 
eust, and also is perceptibly different from the area 
of n::ansan drift to the west of the Big Sioux Valley, 
both north and south of Lake Pelican. (See fig. 5.) 
The Kansan drift has a thin deposit of loess in this 
region, but there is little or no loess or silt loam on the 
Iowan drift. 

About 2 miles east of ""Vatertown, S. Dak., on the 
border of Willow Creek, there are sharp gravelly. 
knolls or kames, 30 feet or less in height, which so 
fill the valley that the bottom land is reduced to a 
width of only 30 rods, although above and below this 
place it is a quarter of a mile or more in width. These 
kames appear to be constructional features due to the 
Iowan glaciation. . They stand only 1 to 2 miles 
insjde the limits of the Iowan drift. 

Directly north of Watertown the Iowan glaciation 
probably formed a low ridge of till situated along the 
east bluff of the Big Sioux River. This ridge diverts 
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the drainage 'away from 'the east bluff, partly to a 
small stream that flows southward into the eastern 
part of Watertown, partly to a stream that leads north­
ward to the Big Sioux. 

Between the Big Sioux and Gravel Creek, an eastern 
tributary, there is a very flat till plain covering several 
square miles in Rauville and Germantown Townships, 
which is within the limits of th~ Iowan drift. Be­
tween this plain and the Bemis moraine there is a 
higher and more rolling strip of country about 6 'miles ' 
in width, on the western slope of the Coteau des 
Prairies. Its strong erosion features are partly masked 
by the knolls of Iowan drift, as in the district south of 
'Vatertown. 

West of the Big Sioux River, in northern Codington 
County, S. Dak., there is a narrow strip of gently 
undulating post-Kansan drift. This is overridden by 
the outer moraine of the Dakota lobe of the Wisconsin 
glaciation 2 to 4 miles west of tlie river. Its border 
passes beneath the moraine directly north of Still 
Lake, 3 miles east of Florence. South of Still Lake 
there is n::ansan drift with broad erosion features, but 
north of the lake the erosion features are masked by 
the Iowan drift. There is 2 to 4 feet of silt loam or 
loess on the' I(ansan drift that conceals the boulders 
and till, but on the Iowan drift boulders and till are 
well exposed, as scarcely any silt loam is present. 

Lake I(ampeska and Pelican Lake occupy depres­
sions at the east border of which there are gravel de­
posits brought down the Big Sioux Valley. These are 
probably in part of vVisconsin age, but some of the 
gravel stands a little above the level of the WiRconsin 
'Talley 'train and may pertain to the Iowan drift. 

In a field conference in 1925 by G. F. Kay, Paul 
MacClintock, E. R. Apfel, and the writer, exposures 
were found near Sheldon, Iowa, in which the drift 
nnder discussion is separated from the underlying 
Kansas drift by a thin deposit of loess. It is also 
overlain by loess. Two exposures were noted, one 
on the line of sections 4 and 5, Carroll Township, 
O'Brien County, and the other on the line of sections 
4 and 9 of the same township. At the latter the till 
is only 1 to 3 feet thiclr. It is thickly set with pebbles 
and is very calcareous throughout. The loess above it 
is about 3 feet thick and has been completely leached .. 
The loess beneath this till was. penetrated with a post 
auger to a depth of 4~~ feet. It has a drab color and 
is but slightly calcareous near the top, but at 3Y2 feet 
it becomes highly calcareous. This loess was found to 
ha ve a thickness of 8 feet in a cistern at a neighboring 
farm house in the northern part of section 9. West of 
Sheldon a till of much fresher aspect than the I(ansa,n 
drift was noted on the line of sections 25 and 36, Grant 
Township, Sioux County. Its color is grayish yellow; 
tha.t of the Kansan drift is a brownish yellow. An 
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exposure of similar fresh appearance was noted 4 
miles south of George, on the line of sections 25 and 26, 
Wheeler Township, of which samples were taken by 
I(ay for laboratory study. All these exposures are in 
the outer rIdge of the Iowan till, within a fraction of 
a mile of its limits. This terminal ridge, though only 
10 to 25 feet high, is distinctly traceable for many 
miles in that part of Iowa. 

Although the Iowan drift in this district west of 
the Des Moines lobe of Wisconsin drift has a more 
definite horder than that east of this lobe, it seems to 
have no recessional moraines and is generally a very 
scanty deposit.. These conditions make it seem prob­
a ble that this part of the Iowan ice sheet also became 
stagnant soon after reaching its culminating position. 

OUTLYING GRAVEL PLAINS 

Gravel plains are conspicuous features on the outer 
edge of the· Iowan drift and seem to sustain the rela­
tion of outwash aprons, developed while the ice was at 
its farthest limits. They are especially conspicuous in 
Brookings County, S. Dak., where they extend 2 or 3 
miles from the border of this drift and form a nearly 
continuous fringe. Elsewhere in South Dakota and in 
the Minnesota and Iowa portions of this drift border 
gravel trains lead down nearly every valley that heads 
within its limits, but there is little gravel on the inter­
stream areas. On Mill Creek and the Little Sioux 
River for a few miles above their junction, ,at Chero­
kee, Iowa, gravel forms the main filling of the val­
leys but is to some extent interbedded with till, as 
these valleys lie within the edge of this drift. Below 
their junction ,a gravel train extends down the Little 
Sioux Valley. An "extensive gravel plain is found 
along Champepadan Creek east of Kenneth, Minn., 
similar to those of Brookings County, S. Dak. This 
plain is trenched to a depth of 40 or 50 feet by the 
creek, but the trenching was perhaps done mainly by 
the glacial drainage from the Bemis moraine of the 
Wisconsin stage, which crosses the creek a few miles 
farther up. In several of the valleys in Minnesota 
the gravel trains that head in the Iowan ice border 
stand distinctly higher above the present streams than 
those that head in the Bemis moraine, thus indicating 
an interval of some length between their times of 
deposition. Yet the terraces marking the filling at 
the earlier deposition have far less toning down than 
the valley slopes of the Kansan drift area outside and 
also bordering the gravel filling. 

The weathering of the gravel deposits that connect 
with the Iowan drift is very distinctly greater than 
that of the deposits that connect with the Bemis 
moraine, of Wisconsin age. There is us~ally a deep 
rusty -brown stain in the fornler to a depth of several 
feet, whereas the gravel connected with the Bemis 
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moraine has a fresh gray color nearly to the surface. 
The erosion of this gravel and the degree of weather­
ing it displays seem inconsistent with Wisconsin age. 
These features are more conspicuous in the gravel 
deposits than in the till deposits under discussion, 
which do not show so striking evidence of greater age 
than vVisconsin. It is probable, however, that the 
gravel is a deposit of streams from the same ice that 
laid down the till, and not the product of earliel 
stream work, though part of the gravelly material 
along these valleys may have been laid down as a con­
centrate of erosion prior to the time of the ice invasion 
that brought in the fresher till. Some of this material 
seems to have been involved in the valley filling that 
accompanied the ice occupancy. . 

PEBBLE CONCENTRATE AND WEATHERED ZONE ON IOWAN 
DRIFT 

The alteration of the surface of the Iowan drift by 
weathering is less conspicuous than that of the Illi­
·noian drift of western and southern Illinois and south­
eastern Iowa. In the latter region a gumbotil is some­
what prevalent and is developed to a depth of 2 to 
5 feet. But on the Iowan drift in southwestern Min­
nesota and adj acent parts of Iowa and South Dakota 
there seems to be little or no. gumbotil. Instead there 
is either a pebbly concentrate or a leached and weath­
ered till surface. These features seem to call for an 
interglacial stage of at least moderate length. Where 
loess is present some erosion and weathering occurred 
prior to the deposition of the loess. Further study of 
the weathered surface of the till and the pebbly con­
centrate is necessary to determine whether or not they 
are the full equivalent of the Sahgamon soil and the 
Illinoian gumbotil. 

Should the Iowan and Illinoian drifts prove to be 
referable to the same stage of glaciation, the main loess 
deposit will fall in the succeeding interglacial stage, 
as it is older than the Wisconsin stage, and the Sanga­
mon and Peorian times of weathering, as well as the 
nlain deposition of loess, will fall in a single intergla­
cial stage, the Sangamon standing for the earlier and 
the Peorian for the later part of this interval. 

LOESS OF UPPER MISSISSIPPI VALLEY 

A belt of loess extends down the Mississippi Valley 
along the east side of the Iowan drift area. Geologists 
who investigated this belt at first thought that it was 
due to certain drainage conditions, either lacustrine or 
fluviolacustrine, attending the glaciation on the bor­
der of the driftless area. The fact that in eastern 
Iowa loess strips extend long distances up certain val­
leys tributary to the Mississippi but do not cover the 
interfluvial tracts so far. back was thought to support 
this interpretation of loess as a drainage product. The 

loess-free strips along certain other valleys were re­
ferred to the persistence of ice lobes in those valleys. 
To explain the deposition of loess on isolated promi­
nences, surrounded by loess-free lowlands, it was com­
monly assumed that ice persisted on the lowlands and 
that water issuing fronl it covered the expe>sed promi­
nences and laid down the loess. 

As studies progressed, however, it was found that 
the loess covers to.o wide a district to have been 

. hemmed in by ice barriers. It borders the Ohio as .far 
east as West Virginia, and a broad belt extends from 
Iowa and Missouri as far west as Colorado. Loess 
also borders the east side ,of the Mississippi southward 
to the Gulf of Mexico. There is no land barrier at the 
~outh to have ponded the waters, and there is no evi­
dence of 'such widespread epeirogenic movement in 
the 1\{ississippi Basin as would cause a belt of c.oun­
try extending from West Virginia to Colorado to bc­
tome too low for fluvial drainage. In short, the great 
extent of the loess, together with its topographic rela­
tions, shows that it is not a water deposit. 

The study, notably by Shimek, of fossils included 
jn the loess brought out clearly the terrestrial as op­
p~sed to the aquatic origin .of the shells, H eliaina, 
S'U;c(}i-nea, etc. As a result of its geographic and 
paleontologic features\ the loess has come to be re­
garded in America, as it has long been regarded by 
most of its students in other parts .of the world, as an 
eolian deposit, dependent only locally and in a sec­
ondary way on fluvial action. In the region under 
discussion it is doubtful i.f fluvial action has contrib­
uted t.o any great extent, except secondarily, in fur-
nishing loess material. . 

The question next arises whether the loess is a 
glacial or an interglacial deposit. The portion in 
eastern Iowa seemed to McGee and also to Calvin and 
his assistants so definitely related to lobes of ice that 
its glacial age was' inferred. It was als.o at first 
thought that the ~ossils were sufficiently depauperate 
to bring support to the glacial interpretation. The 
later study of fossils by Shimek, however, not only 
failed to establish the depauperate condition, but in­
stead brought him t.o the view that the mollusks lived 
in a temperate climate such as now characterizes the 
region. The loess of this region seems to .fall into a 
position such as is assigned to the interglacial loess of 
the plains of Russia, formed during what is called the 
steppe phase .of interglacial climate to distinguish it 
from the forest phase of cooler climate that preceded 
the deposition of the loess.64 

Southward from the hilly or deeply dissected dis­
tricts of southeastern Minnesota on the smoother tracts 
of southeastern Iowa and western Illinois the Sanga-

64 Bogoljubow, N. N., Ueber die Phasen der interglacialen Epoche 1m 
Gouvernment Moskau: Annuaire geol. et min. de la Russie, yol. 9, p. 
43, 1907. . 
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mon soil forms a conspicuous feature between the loess 
and the underlying till. Such of the woody material 
in this soil as has been studied suggests cool temper­
ate climate, similar to that of the forest phase of 
the European interglacial stage. In the hilly loess­
covered district in southeastern Minnesota and north­
eastern Iowa the surface is in few places flat enough to 
favor the development of this interglacial soil. Only 
6 out of the 200 soil records presented by McGee in 
his paper on northeastern Iowa 65 seem to represent 
the forest phase preceding the loess deposition-Nos. 
29, 65, 114, 164, 174, and 175. There is, however, very 
commonly a concentration of pebbles at the base of 
the loess and on top of the Iowan drift, which seems 
to stand for an interval of erosion between the dis­
appearance of the Iowan ice and the deposition of 
the loess. 

It is doubtful whether the loess deposition in the 
npper Mississippi region occurred at a time when the 
region was destitute of forests. In fact, arborescent 
vegetation is thought by Shimek and others to have 
determined the extent of loess retention, the prairie 
regions being too strongly swept by winds to permit 
the atmospheric dust to find permanent lodgment. It 
is probable, however, that there was in the region to 
the west, from which the winds came, sufficient aridity 
to warrant the application of the term steppe. 

The loess presents some variation in color and tex­
ture fronl top to bottom, which has given rise to the 
question of its separation into distinct deposits of 
different age. Thus the basal portion not uncommonly 
differs from the ordinary loose-textured buff-brown 
loess in being close-textured and bluish and in having 
the iron segregated along joints or in pipes, like old 
root cavities. Calvin considered this phase a 'dis­
tinctly older one than the ordinary loess and cited the 
iron segregation as an evidence of the greater age. 
This bluish phase is found only where the loess is 
exceptionally thick and in many places where it seems 
to fill a depression in the till. It is, however, in gen­
eral not sufficiently well exposed to exhibit the full 
topographic relations. The writer has never found 
evidence of unconformity between the brownish and 
bluish loess-in fact, there generally seems to be strict 
conformity in the bedding of the two deposits. The 
differences displayed are therefore perhaps due to 
difference of conditions attending the deposition. The 
bluish loess may have been laid down where imperfect 
drainage conditions prevailed. With the removal of 
these conditions, perhaps by the filling of a depres­
sion, a change in texture might result, and the ordi­
nary permeable loess might be laid down. In some 
of the paha ridges a bluish loess has been noted which 

011 McGee, W J, U. S. GeoI. Survey Eleventh Ann. Rept" pt. 1, pp. 
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is as loose textured as the overlying brown loess. In 
such places the brown loess has the appearance of 
being merely the oxidized portion and the blue loess 
the unoxidized portion of a single deposit. 

Here and there are exposures of a reddish loess, 
resting directly on till, overlain usually by the ordi­
nary buff-brown loess but in some places by bluish 
loess, as in an exposure directly east of Lamotte, in 
Jackson County, Iowa. A sample of red loess from 
a place near Sterling, in southern Jackson County, was 
sent by the writer to R. T. Chamberlin for micro­
scopic examination. He found considerable limonite 
in the form of ferric oxide, or hydroxide, disseminated 
through the deposit. The coloring matter seems not 
to be a superficial stain, for neither boiling nitric acid 
nor boiling aqua regia destroys it appreciably. It 
appears unlikely, therefore, to be due to F~08' The 
color seems to Chamberlin instead to be due to the 
presence of a pink or reddish silicate, such as 
orthoclase. 

As a rule the ordinary buff-brown loess does not con­
tain fossils, but a peculiar phase of the loess, best 
developed along the borders of valleys and known as 
" bluff loess," contains fossils in large numbers. It is 
this loess that is conspicuous in the ability to resist 
frost action and thus to stand in vertical walls for 
long periods and to retain inscriptions carved in it. 
This phase of loess is sometimes found in the pahas 
of northeastern Iowa. 

One of the most puzzling questions in connection 
with the loess of the upper Mississippi region is its 
interrupted or patchy condition. Elsewhere it forms 
a practically continuous sheet, the breaks in it being 
due to removal by streams, but in the region west of 
'the Driftless Area it is patchy in situations where con­
ditions seem well suited for its retention and nearly 
continuous.on some of the deeply dissected tracts with 
steep hillside slopes. If the old idea of ice occupancy 
of the loess-free tracts held by McGee and Calvin is 
in.correct, as now seems probable, the peculiar distri­
bution is probably to be explained by some exceptional 
combination of wind action and vegetal conditions. 
The meteorologic conditions that gave rise to the depo­
sition of loess, as well as the peCUliarities in the distri­
bution of the loess, present a most inviting field for 
speculation and investigation. 

LOESS WEST OF THE DES MOINES LOBE 

The loess deposits west of the Des Moines. lobe of 
the Wisconsin drift in northwestern Iowa, southwestern 
Minnesota, and eastern South Dakota show clearly 

. that they were deposited by winds from the southwest. 
The Missouri River bottoms as well as the semiarid 
plains to the west seem to have contributed material 
for the wind to transport eastward. Studies by F. J. 
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Alway and C. O. Roost 66 have shown that in Nebraska" 
"the loess becomes of finer texture from west to east, 
also that on the east side of the Missouri Valley a 
coarser-grained, more readily perviqus loess begins, 
which likewise becomes finer eastward. The thick­
ness of the .loess is much greater in southwestern Iowa 
than in northwestern, clear up to the border of the 
Wisconsin drift. The decrease in thickness from 
western Iowa northward into Minnesota is due to 
getting out of range both of the material gathered 
in the Missouri bottoms and of the material carried 
eastward from the semiarid districts. 

Considerable dust is now being carried by" the wind 
across this region and lodged in sheltered places, and 
it should be distinguished from the loess brought in 
before the "Wisconsin" glacial stage. The recent mate­
rial can usually be recognized by its lack of homo­
geneity, there being in it coarse and fine sand particles 
as well as finer material, whereas the older loess in its 
original state carried" nothing coarser than very fine 
sand. Any coars"e material now found embedded in it 
is of secondary nature and an evidence of redeposition. 

RELATIVE AGE OF LOESS AND IOWAN DRIFT 

The relative age of the loess and of the glacial fea­
tures that have been classed as pertaining to the Iowan 
drift is a problem of prime importance, for upon its 
proper solution seems to hang the verity of an Iowan 
stage of glaciation distinct from the Illinoian stage. 
At first the loess was closely correlated with the Iowan 
drift and hence was termed Iowan loess. But the ad­
vocates of an Iowan stage of glaciation later came to 
regard the loess as a somewhat younger deposit. Thus 
in the last paper on the subject by Calvin,67 published 
after his death, the following statement is made: 

The Iowan loess is related to the Iowan drift· in much the 
same way that the gravels are related to the Kansan. The 
earlier view was that the loess was deposited at the time of 
maximum development of the Iowan glaciation, when the 
Iowan area was still covered with ice. The only modification 
of that view at the present time is that loess deposition took 
place after the Iowan ice had retreated to a greater or less 
extent, after an interglacial interval had actually begun. By 
such retreat extensive mud fiats were left, and as these dried 
before becoming covered with vegetation, strong winds com­
ing, probably, from the ice fields to the north carried fine sand 
and dust from the bare surfaces and deposited them beyond 
the edge of the Iowan area, out upon the old, eroded Kan­
san. * • ." The color, composition, and calcareous content 
of the I,owan loess are in perfect accord with the hypothesis 
just expressed; its geographic distribution around the lobed 
margin of the Iowan area agrees also with the view; the great 
thickness of this loess at and near its margin and its thinning 
out with increasing distance from the source of supply cor­
roborate all the other lines of evidence; while the great amount 
of eolian sand associated with it in a narrow" belt surrounding 

66 Soil Science, vol. 1, pp. 405-430, 1916. 
67 Calvin, Samuel, The "Iowan drift: Jour. Geology, vol. 19, pp. 
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the lobes of Iowan drift lends additional support. • * * 
Studies in the field afford overwhelming evidence that, geneti­
cally and geographically, the Iowan drift has very intimate 
relations to certain bodies of loess. 

The following statement is mad~ by Alden and 
Leighton 68 as to the relation of the Iowan drift to the 
overlying loess: 

In the area of the Iowan drift the loess is generally so thin 
that the leached zone extends down into the till. None of the 
exposures or borings revealed" calcareous loess overlying 
leached till. On the other hand, at least one section, in an 
interurban cut near Lisbon, Linn County, exposed calcareous 
till immediately beneath calcareous loess and sand. • • • 

Relations similar to these were found by making borings in 
the southwestern part of the Iowan drift area, in Benton, 
Tama, and Grundy Counties. The loess in this latter territory 
is thicker than in the rest of the Iowan area "and lies as a 
general mantle with an average thickness of 4 to 6 feet. In 
penetrating this again and again with the auger, it was found 
that the loess was wholly leached but that the till beneath 
was rarely leached more than a few inches to 1% feet. In 
other words, where the covering of loess on the Iowan drift 
is thicker the leaching of the till is less. This strongly sug­
gests that the leaching process has but recently reached the 
till. The absence of any deeper color due to oxidation of the 
upper part of the till as compared with the color of the over­
lying loess is of like significance. It indicates that the Iowan 
till suffered but little modification by weathering before the 
loess was deposited upon it. There is generally at the top of 
the till and beneath the loess, as seen in cuts, a more or less 

. definite line of pebbles. Thil:? is probably the residual coarse 
material left from the slight wind erosion and rain wash which 
occurred at those particular places before the till was pro­
tected by the loess. 

In line with the foregoing evidences is the fact that no soil 
was seen between the loess and the underlying till in the area 
of the Iowan drift such as was observed in the Illinoian drift 
area in the vicinity of Wapello and Burlington. Moreover, the 
Iowan till, where not loess-covered, is leached to somewhat 
less depths than the average sections of loess in the bordering 
Kansan drift area. This is in harmony with the textures of 
the two formations. Since the loess is more porous than the 
till, it should show a greater depth of leaching if both are of 
approxima tely the same age. 

The general conclusions from this study of the loess are those 
stated above-(l) that the deposition of the uppermost till of 
the Iowan drift area occurred but a short time prior to the 
accumulation of the main sheet of loess which borders and 
overlaps it; (2) that the Illinoian till was deposited at a time 
considerably before this epoch of loess deposition; arid (3) 
that the Kansan drift was deposited considerably earlier than 
the Illinoian till and much earlier than the loess was formed, 
or in other words, this line of eviden~e also supports the view 
that the Iowan stage of glaciation was distinct from and later 
than either the Kansan or Illinoian stages of glaciation. • • • 

As compared with the Iowan drift topography the Illinoian 
shows considerably more erosion. In some parts of the Illi­
noian drift area this may be due partly to proximity to Mis­
sissip'pi River, which has resulted in fairly high gradients. 
But on the other hand, the original surface of the Illinoian 
drift probably was nearly fiat, whereas the surface of the 
Iowan drift originally had gentle slopes, with inherited major 
drainage lines. The latter condition is thought to be as favor-

66 Alden, W. C., and Leighton, M. M., Iowa Geol. Survey Anu. Rept. 
for 1915, pp. 156-157, 164, 167, 170, H)17. 
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able to the development of a drainage system as the form('r, 
if not more so; and hence the greater amount of erosion' of 
the Illinoian drift appears to indicate a longer time of exposure. 

From these various observations it is evident that the Illi-. 
noian drift has been modified much more by weathering and 
erosion than has the Iowan. It also appears that most of the 
modification of the Illinoian occurred prior to the formation 
of the mnin deposit of loess. It seems clear, therefore, that the 
Iowan drift is entirely distinct from and considerably younger 
than the Illinoian drift. * * 1\1 

The consideration of the various lines of evidence reviewed 
in this paper leads the writers to the conclusion stated in the 
introduction, that there is warrant for the continued use of 
Iowan drift and Iowan stage of glaciation a8 major subdivi­
sions of the Pleistocene classification. 

The present writer recognizes that there are certain 
features which seem to favor the view that the loess 
and the Iowan drift are of similar age, notably the 
slight amount of leaching of the Iowan drift where it 
underlies the loess and the similarity of the depth of 
leaching where each is a surface deposit. The thicken­
ing of the loess around the borders of some of the 
Iowan drift lobes, such as the North Liberty lobe near 
Iowa City, also suggests a close relation to the Iowan 
glacintion. 

On the other hand, there are certain features that do 
not seem to fit in well with the interpretation of a close 
relation between the Iowan drift and the main loess 
deposition. As indicated by Alden and Leighton in 
the stntement above quoted, there is generally at the 
top of the Iowan till and beneath the loess, as seen 
in cuts, a pebbly concentrate, left as a residual deposit 
from the wash that occurred before the till had be­
come protected by the loess cover. Inasmuch as this 
pebbly concentrate is found on some very gentle slopes 
its development seems likely to have been a slow proc­
ess, perhaps by sheet erosion,' and thus not consistent 
with the view that the deposition of the loess closely 
followed the melting of the ice sheet. In the writer's 
opinion this concentration may have required as long 
{1 time as the development of the 8angamon soil on the 
Illinoian drift, and thus the Iowan drift would date 
back to the Illinoian stage. As already suggested, 
the calcareousness of till immediately underneath loess 
may prove to be due to recharging of the till with 
calcareous material by penetration of calcareous water 
from the loess. Furthermore, calcareous till directly 
below the loess is a rare feature, due to some excep­
tional condition'. It is the writer's observation that 
the t.ill in this situation is commonly leached to a depth 
of several feet. 

WISCONSIN RED DRIFT 

In the Wisconsin stage of glaciation the ice sheet 
showed a remarkable amount of shifting, so that cer­
tain districts in the easte'rn part of Minnesota were 
covered first by a southward movement, and later by 
a southeastward one, with local deflection to the 

northeast. (See pI. 3.) The drift laid down at the 
time of the southward movement into eastern Minne­
sota is known as the young red drift and also as the 
Patrician drift; that which was brought in from the 
northwest and overlaps the red drift to some extent 
is known as the young gray drift and also as the 
Keewatin drift. 

The ice that laid down the red drift formed a prom­
inent lobe in western Wisconsin and' eastern Minne­
sota, lying west of the Chippewa lobe and embracing 
the drainage basin of the St. Croix River and much 
of that of the Mississippi above Hastings. The re­
entrant angle between the Chippewa lobe and this 
lobe is in Barron County, Wis .. 

LIMIT OF WISCONSIN DRIFT 

There is a strong morainic belt, the St. Croix mo­
rainic system, which, as interpreted by the writer, is 
either a· close successor to or includes an outlying 
weak morainic ridge that forms part of the border of 
the Wisconsin drift in western Wisconsin and south­
eastern Minnesota. In places this outlying moraine 
is combined with the main morainic belt, but it lies 
well outside of that belt in loops at the main valleys. 
In Dakota and Washington Counties, Minn., and St. 
Croix County, Wis.,- it is distinct from the main belt 
and lies rrom 2 to 8 miles outside or it, but in Barron 
County, Wis., it is closely combined with the main 
belt. Studies by the writer in 1923 on the border or 
the Chippewa lobe showed this weak outlying moraine 
to be distinct rrom the main belt only for short dis­
tances at the valleys or the Yellow, W ol:f, Black, and 
Wisconsin Rivers. It is combined with the main belt 
at the Chippewa River. 

The outlying loop in St. Croix County, Wis., lies 
along the east side or the Star Prairie gravel plain, 
rrom Stanton station, on the Chicago, St. Paul, Min­
neapolis & Omaha Railway, southwestward past New 
Richmond, Boardman, and Burkhart, passing only 
1 to 2 miles east or these places. It passes just west 
or Roberts to Glover and comes to the St. Croix Val­
ley near the mouth or the Kinnikinnic River, in the 
northwest corner or Pierce County. 

On the Minnesota side or the St. Croix Valley the 
'border is at Trout Brook, 3 miles south or Afton. It 
runs northward over limestone hills to a point about 
a mile west or Afton, where it turns abruptly west­
ward, passes near Cottage Grove, and comes to the 
Mississippi Valley about 3 miles above Hastings. 
West or the Mississippi this outlying loop' is covered 
by the outwash rrom the main St. Croix moraine ror 
several miles back :from the river. It has a small 
exposure in the midst of this outwash in a prominence 
a mile south of Rich Valley. It appears outside the 
outwash in Lakeville Township, northwest or Farm-

. ington, and is exposed as far as the western part of the 
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township, where it passes under a strong moraine of 
young gray drift of the Des Moines lobe. (See pI. 3.) 

W ei~man ~9 bel.ieves this outlying morainic loop of 
the WIsconsIn drIft t,o be markedly older than the St. 
Croix morainic system. He finds some differences in 
rock constituents, which he thinks are sufficient to 
warrant the separation, as well as the lack of con­
cordance in trend. 

The drift is a rather loose-textured reddish till. Its 
coar~e rock constituents are derived largely from for­
matIOns around the west end of Lake Superior. But 
quartzite, limestone, and rocks from other formations 
sout~ of the Lake Superior Basin are well represented. 
!t dIffe'rs from the underlying old gray drift in carry­
Ing notably less material derived from the northwest 
and is deficient especially in the limestones from' 
southern Manitoba. Any material from the northwest 
it contains was probably derived from the underlying 
drift. 

Striae that bear southeastward have been hoted on 
quartzite hills of eastern Barron" County, Wis. 
Whether they pertain to the Wisconsin glaciation or 
to an earlier ice movement is undetermined. They are 
several miles inside the limits of the Wisconsin drift 
Lorder, as traced by the writer. Being on the west 
side of the area covered by the Chippewa ice lobe, they 
appear out of harmony with the general direction of 
ice Inovements on that border of the lobe. If not of 
pte-Wisconsin age, they may mark merely a local 
deflection in the movement of the Chippewa ice lobe in " 
the Wisconsin stage, due to some obstruction or in­
duced by some depression. 

On the Wisconsin side of the St. Croix Valley, south 
and east ~f Hudson, there is a high plain of sandy 
gravel whICh seems to have received a coating of out­
wash from the ice at the time of the deposition of the 
thin sheet of till under discussion. It stands a little 
higher than the gravel filling along the St. Croix Val­
ley that connects at the north with the St. Croix mo­
rainic system. The deposits of gravelly material ate 
very thick, and the deeper portions are probably of 
pre-Wisconsin age. 

The question whether an area of this thin marginal 
part ~f the red drift is exposed in central Minnesota 
is not fully answered. The district outside the St. 
Croix morainic system, in Todd, Wadena, and Ca~s 
Counties, is underlain by gray drift, but in the surface 
portion there is an admixture of rocks that seem to 
ha ve been brought in from the borders of the Lake 
Superior Basin. These r'ocks are much less abundant 
than in the red drift of the St. Croix morainic system. 
The condition here found might result either from 
an advance of the Patrician ice into a gray-drift area 

60 Weidman, Samuel, Geol. Soc. America BulL, vol. 24 pp. 697-698 
1913. ' , 

or of I(eewatin ice into a red-drift ar"ea. In either case 
the Patrician ice seems at some time to have extended 
a little beyond the St. Croix m<;>rainic system. 

ST. CROIX MORAINIC SYSTEM 

DISTRIBUTION 

In western Wisconsin and eastern Minnesota there 
is a very prominent morainic system which was 
ma pped and described by Chamberlin 70 as a correla­
tive of the great Kettle moraine of eastern Wisconsin. 
It is so conspicuous on the borders of the St. Croix 
Valley that the name St. Croix morainic system has 
been given to it.71 Short sections of some of its mem­
bers have also been named ( Stillwater Osceola Alden , , , 
Franconia, etc.), but these members have not been 
traced and correlated along the entire exposed course 
of the morainic system. Its width is usually several 
miles, !!rnd it embraces an intricate system of ridges 
and sharp knolls, with inclosed basins and irregular 
de~ressions. In places the knolls rise abruptly to 
heIghts of 75 to 100 feet or more above the inclosed 
basins. " 

This morainic system as interpreted by the writer 
connects with its correlative system of the Chippewa 
lobe a short distance northeast of Cumberland, in 
northern Barron County, Wis. It runs across the 
northwestern p.art of Barron County and the south­
eastern part of ,Polk County to Deer Park, where it 
doubles back northward around a great outwash plain 
near Star Prairie. It is reported by Weidman 72 to 
have a prominent interlobate spur extending north­
ward from the vicinity of Star Pr.airie across Polk 
County, as if the ice had been split into two lobes­
a narrow one to the east, embracing the N amakagon 
Valley, and a broad one to the west, which spread 
widely in Minnesota. From Star Prairie the border 
takes a southward course through western St. Croix 
County, Wis., along the west side of the Willow River, 
and comes to the St. Croix River between Stillwater , 
Minn .. , and Hudson, Wis. There was a slight protru­
sion of the ice into the St. Croix Valley, so that the 
border on the west side of the river doubles back and 
runs northwestward past Stillwater Junction to the 
north end of a gravel plain north of Lake Elmo. The 
moraine then turns ~bruptly to a southward course 
a:nd follows the border of Washington and Ramsey 
Counties to the Mississippi River immediately below 
St. Paul. West of the river it covers a belt from 
8 to 12 miles in width in the' northwestern part of 
Dakota County, Minn. Near the line of Dakota and 
Scott Counties this morainic system is overridden by a 

70 Chamberlln, T. c., U. S. Geol. Survey Third Ann. Rept., pp. 291-
402, pI. 35, 1883. 

n Berkey, C. P., Am. Geologist, vol. 20, p. 360, 1897. 
72 Personal communication. 
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. m.orainic belt .of ·y.oung gray drift, which cr.osses it 
fr.om n.orth t.o s.outh. (See pI. 3.) 

Alth.ough the St. Cr.oix m.orainic system is c.on­
cealed t.o s.ome extent by the later dep..osit .0.£ gray 
-drift it had c.onsiderable influence .on the t.op.ography, 
because .of its great r.oughness, and is traceable acr.oss 
n.orthern Sc.ott C.ounty t.o the Minnes.ota River ab.ove 
Shak.opee, and thence n.orth westward fr.om the Min - . 
Jles.ota Valley ar.ound the west end .of Lake Minne­
t.onka. It pr.obably c.ontinues n.orthwestward fr.om 
J.,jake Minnet.onka acr.oss Wright C.ounty, but the later 
gray-drift dep.osits are s.o thick in that c.ounty as tD 
-conceal the underlying red-drift m.oraines c.ompletely. 
The St. Cr.oix m.orainic system pr.obably passes 
thr.ough the central t.o the n.orthwestern part .of 
Wright C.ounty, .f.or it appears .outside the limits of 
the y.oung gray drift in s.outheastern Stearns C.ounty, 
,.opp..osite the n.orthwestern part .of Wright C.ounty. 
I-I.owever, the y.oung gray drift c.overs its .outer Dr 
western part in s.outhern Stearns C.ounty and n.orth.;. 
.east.ern Meeker C.ounty. (See pI. 3.) 

There are tw.o c.onspicu.ous m.oraines .of red drlft in 
.s.outheastern Stearns C.ounty, the eastern .one near the 
Mississippi River as far n.orth as St. Cl.oud, with the 
Maine Prairie .outwash plain .on its .outer .or western· 
b.order, and the western and earlier .one west .of Maine 
Prairie and extending fr.om IGmball t.o C.old Spring. 
The gray drift c.overs the .outwash .of the western 
Jl1.oraine and encr.oaches .on its western sl.ope. 

N.orth .of the Sauk River, .opp.osite C.old Spring, 
there is a very br.oad m.orainic belt running n.orth­
westwa,rc1 thr.ough n.orthern Stearns C.ounty, passing 
between Albany and H.oldingf.ord. It separates int.o 
tw.o m.oraines near the line .of Stearns and T.odd 
C.ounties. The .outer .or western .one f.oll.ows the 
!C.ounty line westward to Sauk Lake and then lies .on 
·each side .of the lake n.orthward t.o Little Sauk. 
'Thence it bears n.ortheast.ward past the s.outh side of 
the R.ound Prairie .outwash plain and j.oins the east­
.ern moraine 4 .or 5 miles s.outheast .of L.ong Prairie. 
'The eastern and larger m.oraine runs n.orthward 
thr.ough the eastern range .of t.ownships in T.odd 
·.c.ounty, its eastern b.order being in places east and 
'in places west .0.£ the M.orris.on C.ount.y line. The St. 
tCr.oix morainic system is cr.ossed by the N .orthern 
Pacific Railway between Cushing and Philbr.o.ok and 
there has a width . .of ab.out 10 miles. It takes an east­
war.dc.ourse acr.oss n.orthwestern M.orris.on C.ounty, 
'and turning n.orth cr.osses Cr.ow Wing River near its 
In.outh. The main part .of t.he m.orainic system is .on 
·the west side .of the Mississippi River, but a few spurs 
·.on its inner b.order lie east .of the river in the vicinity 
. .of F.or,t Ripley. 

Fr.om the Cr.ow Wing River the St. Cr.oix m.orainic 
:~ystem p.asses west .of Gull Lake in great pr.ominence 

and .occupies a belt 10 t.o 12 miles wide acr.oss Tps . 
136 and 137 N., Rs. 29, 30, and 31 W., but. bec.omes 
narr.owed t.o 4 ,.or 5 miles in T. 138 N., R. 31 W. It 
runs n.orthward past the west side .of Pine Lake 
nearly t.o Leech Lake, with an .outwash plain .on its 
west side extending as far as Chamberlin. S.outh.o.£ 
Leech Lake it is .overridden by a m.oraine .of y.oung 
gray drift, but c.ontributes t.o the rugged m.orainic 
t.op.ography al.ong the s.outh side .of the lake. 

The part .of the St. Cr.oix m.orainic belt s.outh .of 
Leech Lake is pr.obably a spur fr.om its inner b.order 
rather than a m.oraine f.ormed by ice fr.onting t.oward 
the Leech Lake Basin. This interpretati.on is sug­
gested by evidence .of tw.o kindfr- (1) the terminati.on 
.of the str.ongly m.orainic t.oP.ography near the s.outheast 
L.order .of the Leech Lake Basin and (2) the m.ore sig­
nificant fact that red drift .of the Patrician type un- -
derlies the gray Keewatin drift .on the b.orders .of the 
Red Lakes, s.ome 50 miles n.orth-n.orthwest .of Leech 
Lake, there being exp.osures .of this drift .on the s.outh 
sh.ore.of the L.ower Red Lake in the vicinity.of Redby. 
Als.o west .of Lake .of the W.o.ods in s.outheastern Mani­
toba there are red-drift m.oraines .overridden by the 
I(eewatin ice which appear t.o have been f.ormed by a, 

yv"estward (Patrician) ice m.ovement. The westward 
m.ovement als.o extended ab.out t.o Lake Winnipeg. It 
is th.ought that the red drift may c.ontribute materially 
to the pr.ominence .of the br.oad m.orainic belt that runs 
westward fr.om Leech Lake, th.ough the surface- p.or­
ti.on .of this m.orainic belt c.onsists .of gray Keewatin 
drift. 

M.oRAINIO T.oP.oGRAPHY 

The t.op.ography .of the St. Cr.oix m.orainic system is 
well sh.own .on the t.op.ographic map .of the St. Paul 
quadrangle, in the part lying west and s.outh .of the 
Mississippi River. Basins ~s well as kn.olls are very 
c.onspicu.ous. In places three 20-f.o.ot depressi.on c.on­
tours are required t.o sh.ow the depth .of a basin, and 
s.ome .of the kn.olls take five .or m.ore 20-f.o.ot c.ont.ours . 
The str.ong expressi.on is f.ound in the entire length 
of the exp.osed p.orti.on .of the m.orainic system in Min­
nes.ota, in Washingt.on, Ramsey, Dak.ota, Stearns, M.or- . 
ris.on, T.odd, Cr.ow Wing, and Cass C.ounties. Even 
where it was .overridden by a later sheet .of gray drift 
fr.om Aitkin C.ounty n.orthward thr.ough Itasca 
C.ounty, it was s.o rugged that it is still easily traceable. 

STRUOTURE ANP O.oNSTITUTI.oN .oF THE DRIFT 

The drift .of the St. Cr.oix m.orainic system is excep­
ti.onally st.ony thr.ough.out the exp.osed p.orti.on, and this 
character seems t.o be maintained in the .overridden 
r;.orti.ons. C.obblest.ones and pebbles, as well as b.oul­
del'S, ab.ound .on the surface; and ~he till is thickly 
.set with them. The matrix is generally s.o l.o.ose tex-
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tured that water penetrates it quickly, and there are 
few surface drainage lines, for a great part of the 
rainfall is absorbed. Many of the basins never fill 
with water high enough to overflow their rims. This 
morainic system of red drift, although ,older than the, 
morainic systems and ground moraine of the young 
gray'drift of Minnesota, has not developed so com­
plete a system of drainage as is generally found on the 

, gray drift. The explanation is found in the compact­
ness of the clay of the gray drift, which causes a larger 
a.mount of water to remain on the surface. This is 
gathered into streams or runs into the basins. The 
basins are filled to overflowing and thus have devel­
oped outlets into drainage lines. In a few places the 
red drift is clayey, but the clay is not so compact as 
that ordinarily found in the gray drift. 

Large areas in the morainic system in Stearns, Todd, 
Crow Wing, aIid Cass Counties, Minn., are still cov­
ered with forest and are sparsely settled. In Washing-, 
ton, Ramsey, and Dakota Counties, because of the 
nearness to St. Paul, the land is lar'gely cleared and 
cultivated, even wher~ the steepness of the hillsides 
makes it difficult to work. The part in Wisconsin'is 
fully half in forest and sparsely settled. 

OUTWASH FROM ST. CROIX MORAINIC SYSTEM 

There was vigorous outwash from the S~. Croix 
morainic system into St. Croix Valley, which has had 
a filling more than 200 feet in depth. This filling is 
well exposed along the Chicago & Northwestern Rail­
way where it rises from the St. Croix River to Still­
water Junction, opposite Hudson, Wis., and seems 
fresh enough from top to bottom to be of Wisconsin 
age. The deposit is very sandy, with thin layers of 
pebbly or cobbly material separating beds of coarse 
sand. This outwash heads below Stillwater, at the 
place where the morainic system crosses the St. Croix 
Valley, and is continued down the valley to its mouth. 
There is a nar'row strip of outwash northeast of Hud­
son, just outside the morainic system, extending past 
New Richmond, Wis. It is traversed by the Willow 
River from New Richmond to the St. Croix Valley. 

, North of New Richmond is a wider outwash plain, 
known as Star Prairie, which stands outside the inter­
lobate spur between the main St. Croix' lobe and a 
small sublobe developed on its eastern side. It seems 
to have received outwash ftom the sublobe as well as 
the 'main lobe. This prairie and much of the outwash 
strip from New Richmond to Hud.son has been long 
under cultivation, though the soil is in places very 
sandy. The freedom from boulders and the level sur­
face have rendered the opening of farms relatively 
easy. 

Outwash on the upland between the St. Croix and 
Mississippi Valleys in the vicinity of, Lake Elmo; 

Minn., fills a recess in the mor'aine border, noted in the 
above description. 

The outwash into' the Mississippi Valley and west­
ward along the ice border to the g~ay-drift morainic 
belt was very vigorous, the valley and district to the 
west being filled to a height of more than 250 feet 
above the river, or to 940 'to 960 feet above sea level. 
A considerable part of this filling occur'red in Wis­
consin time. The strip of outwash is several miles in 
width. It is traversed by channels which appear to 
ha ve been cut by streams flowing from the ice border 
while it was still at the morainic belt. They are about 
40 feet deep and half a mile or more in width.' One 
of these channels leaves the border of the mor'ainic 
belt at Crystal Lake and leads, southeastward to Farm­
ington. It is there joined by a similar valley coming 
in from the west, and their combined drainage went 
down the Vermilion Valley to the Mississippi. These 
valleys carry little or no outwash from the gray drift, 
theit beds as well as the bordering bluffs being made 
up of the kind of rocks found in th~ red-drift moraines 
and lacking the limestones and other rocks that were 
incorporated in the gray drift. This seems remark­
able in view of the, fact that the gray-drift morainic 
belt is built across the northwest end of the one lead­
ing from Crystal Lake. It is also built across the 
valley west from Farmington. 

As the ice border melted back glacial drainage was 
extended up the Mississippi, and this drainage cut a 
channel through the outwash plain outside of the 
moraine simil'ar to the channels just noted. There is 
several square miles of outwash in the western ,part of 
St. Paul which stands only 900 to 920 feet above sea 
level, or a little lower than that outside the morainic 
system. The discharge from this outwash tract went 
down the Mississippi through the channel just noted. 
Its limits are indicated on the areal-geology map of 
the St. Paul quadrangle in the Minneapolis-St. Paul 
folio of the Geologic Atlas. This outwash tract in 
St. Paul has coarse cobbly material over much' of its 
surface. It is somewhat more u,ndulating than the 
ordinary outwash plain, and the material seems to 
be less well sorted. It may have been formed to some 
extent beneath the edge of the ice sheet. 

In the overridden portion of the St. Croix morainic 
system, on the border of the Minnesota Valley, out­
crops of the outwash from the red drift are found 
under the gray drift as far up as the vicinity of 
Jordan. They are very conspicuous near Chaska and 
Carver. The red color of the ,outwash is strikingly 
in contrast with the gray, yellow, and brown colors of 
the gray-drift deposits that overlie it. 

The outwash from the part of the morainic system 
in Stearns and Todd Counties is concealed by the gray 
drift to a large extent, and banks cut by the streams 
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are rarely deep enough to reach it, but on the border 
of the Crow Wing River, in Morrison and Gass Coun­
ties, the outwash plains both south and north. of the 
river are well exposed. The outwash, however, 
eA"iends only a short distance beyond the morainic 
border, for ~he ponded waters of glacial Lake Wadena 
stood west or outside of the ice front in the Crow 
Wing d'rainage basin. The outwash· plains were built 
up nt the edge of the ice to the level of the lake. The 
topographic map of the Pillager quadrangle shows 
these features clearly and indicates that the level of 
the lake was near the 1,350-foot contour. There is 
extensive outwash for several miles north from the 
Crow Wing River in Cass County, but farther north 
the district outside ~he morainic system carries very 
little outwash, except in the vicinity of Chamberlin, 
in southeastern Hubbard County, where gravelly and 
cobbly outwash covers an area of several square miles. 

GLACIAL LAKE W ADEN A 

The blocking of the eastward-flowing Crow vYing 
River by the Patrician ice at the time of the develop­
ment of the St. Croix morainic system. gave rise to a 
glacial lake of considerable extent in this drainage 
basin. As it covered a' large part of Wadena County, 
Minn., it has been named Lake Wadena. The height. 
to which the waters were ponded was determin-ed by 
the altitude of the lowest pass on the border of the 
Crow Wing drainage basin outside the St. Qroix 
morainic system. There was such a pass south of 
Long Prairie at about 1,350 feet above sea 'level, and 
the discharge from the lake seems to have been south­
ward from that pass. The outlet probably had a 
course not far outside the border of the St. Croix 
morainic system to the Mississippi Valley in Dakota 
County, Minn. Its entire course as :far down as the 
Hne of Scott and Dakota Counties, however, was sub­
sequently covered by the Keewatin ice, and its valley 
was so completely filled by the gray I{eewatin drift 
that the course is effectually concealed. 

The outwash gravel plains outside the St. Croix 
morainic system in the vicinity of the Crow Wing 
River are shown by the topographic map of the Pil­
lager quadrangle.to be about 1,350 feet above sea level, 
or at practically the same altitude as the pass near 
Long Prairie and about 130 feet above the low plain 
bordering the Crow Wing River. There is a very 
abrupt drop to the 1,220-foot contour at the southwest. 
border of the gravel outwash north of the river near 
Pillager. The river here traverses a plain about 4 
miles wide standing between 1,200 and 1,220 feet. 
This plain does not seem to have been reduced in level 
by erosion, for there are low extensions :from it north­
ward among the knolls north of the river into places 
plainly out of reach o:f the river erosion. The plain' 

seems to mark the lowest part of the bed of Lake 
Wadena and to show that the lake had a maximum 
depth of 130 feet. The plain rises gradually westward 
across the old lake bed, indicating a shallower depth 
of the lake in that direction. Only a few square miles 
of the lake bed in Wadena County stands below 1,300 
feet. 

The district covered by Lake Wadena seelns to have 
experienced considerable northward differential up­
lift, if the altitude of the border of the outwash from 
the St. Croix morainic system in Hubbard County 
may be taken as an index. The outwash there stands 
1,450 to 1,470 feet above sea level, and the swampy 
plains bordering it at about 1,400 feet. There is an 
abrupt drop of 35 feet on the western border of the 
outwash directly west of Chamberlin, at what is 
thought to be the border of Lake Wadena; i:f it is, 
the lake there covered ground now standing about 
1,435 feet above sea level. Chamberlin is about 40 
miles north of Pillager, where the lake appears to 
have covered ground only to 1,350 feet. There is thus 
a suggestion of a differential uplift of about 2 feet to 
the mile in this interval. Such a rate of uplift to the 
north of Pillager would imply some difference in the 
level at Pillager and that of the head of the outlet 
near L0ng Prairie, but. there appears to be none. The 
amount o:f differential uplift is thus still in a state of 
uncertainty, depending on the limits of Lake Wadena 
at the north. . . 

The greater part of the area covered by Lake Wa­
dena is a plain of sandy gravel that slopes to the south 
and east in the direction taken by the Crow Wing 
River. It is improbable that this material was laid 
down as a'lake deposit, and the date and method of 
deposition are still unsettled. There is a strip of gray 
drift between the St. Croix morainic system and this 
plain of sandy gravel, in which limestone fragments 
are much more abundant than in the red drift of the. 
morainic system. This gray drift shows a consider­
able number of rudely parallel northeasterly ridges, 
separated by shallow troughlike swales that are poorly 
drained. These features suggest the invasion of Kee­
watin ice in Wisconsin time, but perhaps the drift is 
pre-Wisconsin.. It seems less weathered and indurated 
than the Kansan drift, and possibly it dates from the 
Iowan stage of glaciation. Similar northeastward­
trending ridges on part of the west edge of the area 
covered by Lake Wadena carry a. drift that seems of 
an age between that of the Wisconsin and Ka~san 
drifts. But the greater part of the west edge of the 
Lake Wadena area was covered by Keewatin ice in 
the Wisconsin stage, and the shore features were ob- . 
literated. This subject.is more fully treated in the 
discussion of the drift of Wisconsin age brought in by 
the Keewatin ice (pp.62-63). 
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The eastern limit of Lake Wadena seems to have 
been along the border of the St. Croix morainic sys­
tem, but definite shore features have not yet been 
traced on the morainic knolls, though it is not im­
probable that critical study may disclose them. 

FEATURES ON INNER BORDER OF ST. CROIX MORAINIC 
SYSTEM 

The writer has given very little attention to the 
district inside or north of the St. Croix morainic sys­
tem in Wisconsin, as. that district has been under in­
vestigation by Samuel Weidman, for the Wisconsin 
Geological Survey. The moraines in the interlobate 

. spur in Polk County and southern Burnett County ex­
tend on the west about to the edge of the young gray 
drift of the Grantsburg sublobe and are overlapped to 
some extent in the vicinity of St. Croix by the gray 
drift.73 

In Washington, Ramsey, and Dakota Counties, 
Minn., the St. Croix morainic system extends west­
ward to the young gray drift and in places passes 
under its edge. The overridden part lies between 
White Bear Lake and Minneapolis and runs westward 

. to Lake Minnetonka. The topography in this over­
ridden part is strongly morainic, as may be seen by 
reference to the areal-geology maps in the Minneap­
olis-St. Paul folio of the Geologic Atlas, yet the gray 
drift forms only a thin coating on most of the moraine. 
In places the ice that deposited the gray drift worked 
some of the red drift into its knolls, but in other places 
the knolls were formed as part of the red-drift 
moraine and were simply coated with the gray drift 
and not greatly modified by this later ice advance. 

There is an extensive till plain east of the St. Croix 
morainic system in northeastern Stearns County and 
western Morrison County, west of the Mississippi 
River, and in nor~hern Morrison County and southern 
Crow Wing County, east of the river. Its surface is 
gently undulating and thus is strikingly in contrast 
with the rugged moraine adjacent to it. The till has 
a rather loose-textured clayey to sandy matrix and 
contain$ numerous small stones. The surface is 
usually thickly strewn with boulders, which are in 
places a serious drawback to the cultivation of the 
land. The soil yields good returns in pastures and 
meadows. Already many dairy farms are opened on 
this plain on both sides of the river. 

Eskers.-Eskers are found on this till plain in Mor­
rison County both east and' west of the Mississippi. 
They all trend west-northwest, somewhat directly 

. toward the inner border of the morainic system. The 
longest one is about 6 miles from end to end. It starts 
at the west bluff of the Mississippi about 4 miles north 
of Little Falls and runs to a point about 3 miles south 

73 Chamberlin, R. T., Jour. Geology, vol. 13, pp. 251-253, 1905. 

of Randall. The NOl~thern Pacific Railway crosses it 
about 4' miles from Little Falls and has opened a 
large gravel pit in it for railroad ballast. The esker 
appears to be composed largely of gravel suitable for 
road metal. It ranges in height from 10 feet or less 
to fully 40 feet and is everywhere narrow and steep 
sided. 

About 6 miles ·farther north there is a short esker 
west of the Mississippi, which extends from the river 
bluff westward into the edge of the morainic system, 
the length being about 2 miles. It is about 30 feet in 
height and is very steep sided. The material seems 
to be largely gravel and may be of suitable grade for 
road ballast. 

The main esker east of the Mississippi comes to the 
east bluff of the river about 3 miles below Fort Ripley. 
It is about 5' lniles in length and is a narrow, steep 
ridge 10 to 40 feet in height. As in those west of the 
river, a large part of the material seems suitable for 
road use. About 2 miles south of this esker is a shorter 
one, less than 1 mile in length, whose west end is at 
the east bluff of the Mississippi River. It is about like 
the longer one in character of material and in its 
variation in height. ' 

During the development of these eskers, there was 
probably little or no movement in this part of the ice 
sheet., 

Sandy outwash plains.-There are extensive plains 
of sandy gravel in Cass and Crow Wing Counties east 
cf the St. Croix morainic system, and a narrower strip 
runs down the Mississippi Valley. Here and there are 
knolls or groups of knolls of boulder clay scattered 
through these plains. These features as well as the 
sandy plains seem to have been developed in the 
course of the recession of the ice border eastward 
across the area. 

Dune sand.-Sand has drifted to some extent from 
the Mississippi Valley eastward over the upland bor­
dering the valley, coating knolls as well as level tracts 
to a depth of several feet. There is also west of 
Brainerd a plain several miles across in which the 
sand is nearly free from pebbles. The slight 'amount 
of pebbly material in it suggests wind deposition 
rather than outwash material, but whether it was de­
posited by water or by wind is not clear. Where the 
sand is dry it is now being shifted to a slight degree 
by the wind. 

Striae.-A few exposures of glacial striae have been 
noted inside the area bordered by the St. Croix 
morainic system. Some of them seem to be the product 
of a pre-Wisconsin ice movement that laid down the 
old gray drift, but others seem to be of the age of the 
Wisconsin red drift. Thus at Randall, in Morrison 
County, an older set of striae bears eastward and is 
probably of pre-Wisconsin age, and a later set bears 
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system and appears to be correlative with it. In St. 
P~ul the striae that are apparently to be correlated 
wIth the red drift bear S. 10°-14° E., and in ~1inne­
apolis striae of this age bear S.2°-4° E. Striae in the 
vicinity of Taylors Falls which bear S. 63°-80° E. are 
referred to the time of Wisconsin red-drift deposition 
1.>U~ thos~ b~aring S. 40°-50° E. are referred to a pre~ 
'Vlsconsln Ice movement. At Hinckley striae with 
southward bearing seem to be correlatable with the 
'Visconsin red drift. In eastern Pine County, Minn., 
along the Minneapolis, St. Paul & Sault Ste. Marie 
Uailway, there are several exposures of striae bearing 
about S. 10° W. that apparently may be correlated 
with the red drift. The examples cited thus serve to 
show a range from a few degrees north of west on the 
west s~de of the ice lobe to a southerly bearing 0 near 
the aXIS and to an easterly or southeasterly bearinO' on 
the east side. b 

WEAK MORAINES BETWEEN ST. CROIX AND MILLE LACS 
MORAINIC SYSTEMS 

The area between the St. Croix and Mille Lacs 
11lor.ainic systems embraces southeastern Morrison 
southern Mille oLacs, Benton, northern Sherburne' 
northern Isanti, n::anabec, and Pine Counties, Minn: 
It is .largel! till plain or gently undulating ground 
moraIne, WIth a rather stony, loose-textured reddish 
till. Southeast of this area is one of gray drift laid 
down by the Grantsburg sublobe, which extends to 
the inner border of the St. Croix morainic system in 
Burnett and Polk Counties, Wis., and WashinO'ton and 
Ramsey Counties, Minn. This gray drift re~ts upon 
red dri~t of Wisconsin age, a continuation of that in 
the area under consideration. 

There are slender and relatively 0 weak moraines of 
red drift that lie in part outside and in part beneath 
the gray drift of the Grantsburg sublobe. One, the 
Beroun nloraine, lies entirely outside the limits of the 
gray drift. The tracing of these moraines has been 
largely the work of F. W. Sardeson, the writer's 
observations being confined mainly to the part in Pine 
County. 

Three slender morainic ridges have been noted in· 
eastern Pine County, which trend south-southwest 
and die out at the south in a gravel plain borderinO' 
the St. Croix Valley. They control the courses of 
drainage of some of the northern tributaries of the 
St. Croix River. Their relief is only 10 to 20 feet 
above the bordering plains and their width is gen­
erally a mile or less. They are more knolly than the 
bordering ground-moraine areas but are of similar 
c~aracte.r in other respects. In both the drift is stony', 
wlth a lIberal number of surface boulders. Except at 
St. Croix River there seems to be no definite gravelly 
or sandy outwash connected with these moraines. 

General featwres.-The Grasston moraine is a slen­
der but well-defined moraine of red -drift in the south­
ern part of Kanabec and Mille Lacs Counties, which 
passes under the gray drift about 3 miles southeast of 
Grasston, in southwestern Pine County. A moraine 
that is probably its continuation emerges from beneath 
the gray drift at Cross Lake, just north of Pine City 
about 8 miles from Grasston, and runs northeastward 
to the gravel plain on the border of the St. Croix 
Valley. About 6 miles farther northeast, at the north 
edge of the gravel plain, two narrow morainic ridO'es 
appear. The inner or western one runs northw:rd 
3,~ong or near the Sand Creek Valley and connects 
with the Beroun moraine about 3 miles east of Askov. 
The other is parallel to it, nearly 2 miles farther east, 
and does not make so close a connection at the north 
with the Beroun moraine. Each of these moraines is 
ve.ry slender, their combined width being scarcely a 
mIle, so they may perhaps both be correlated with the 
sjngle Grasston moraine to the southwest. That mo­
raine is about a mile in general width where exposed 
northeast of Pine City and also in southern ICanabec 
ando Mille Lacs Counties. Sardeson has furnished the 
following description of it: 

Two miles north of the southwest corner of Pine County the 
moraine appears at the border of the young gray drift. It is a 
mile wide here and runs northwest to the Snake River at 
Grasston and then along the river, chiefly on its south side, to 
the mouth of the Groundhouse River. Its course continues 3 
miles farther westward on the north side of the Groundhouse 
River. An abandoned river valley lies across its course there 
in secs. 4 and 9, T. 38 ON., R. 24 W. West of that valley th~ 
moraine is divided; the outer part, about three-quarters of a 
mile wide, runs southward across sees. 17, 19, 30, and 31 into 
Isanti County and is cut off by the morainic gray-drift border 
at Day, 1112 miles south of the county line. The inner part, 
which is a mile wide, arches northward across sees. 5 and 
6, T. 38 N., R. 24 W. It then resumes its southwesterly course, 
fellows the north side of the south branch of the Groundhouse 
River, and Pl1sses just north of the southwest corner of Ka­
nabec County into Mille Lacs County. It then follOWS Bogus 
Brook to the Rum River, which crosses the moraine in sees. 
21 and 22, T. 37 N , R. 26 W. It continues its southwest course 
across both branches of Rum River and then turns southward 
and is cut off abruptly by the morainic border of the young 
gray drift 2 miles north of the Mille Lacs and Sherburne 
County line in sees. 23 and 24, T. 36 N" R. 27 'V. 

The course of the moraine in Sherburne County is 
completely concealed by the young gray drift and 
dune sand associated with it. This moraine may be 
correlated with one that comes up to St. Cloud from 
the south along the west side of the Mississippi River 
to which r·eference was made in the description of th~ 
St. Croix morainic system. The moraine south of St. 
Cloud is, however, much stronger than any part of 
the moraine under consideration. It lies in an out-

74 From notes by F. W. Sardeson. 
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wash gravel plain which interrupts it for several miles 
directly west of St. Cloud. The continuation of the 
Grasston mor'aine is more probably found in a weak 
moraine that runs northward from a point near St. 
Cloud on the west side of the Mississippi Valley for 
12 miles, to the line of Stearns and Morrison Coun­
ties. A further continuation appears on the east side 
of the Mississippi Valley about 4 miles southeast of 
Little Falls. The moraine which sets in here is well 
defined for 25 to 30 m.iles northeast, to a point where 
it passes under the Mille Lacs morainIc system in the 
southeastern part of Crow Wing County. It is 
merged with the Beroun moraine for a few miles be­
fore it passes under the Mille Lacs morainic belt. It 
is 1 to 2 miles wide in its course across Morrison 
Co·unty. For part of its course it has a gravel plain 
on each side, the one cast of it, along the Platte River, 
being extensive, but its northern· part is bordered by 
till plains. 

The moraine has for the most part a moderately 
rolling surface, but in a few places its knolls and 
ridges are sharp or steep sided. Thus along Sand 
Creek in Pine County the moraine, though narrow, is 
characterized by sharp knolls. The strip of mor~ine 
south from St. Cloud also includes many sharp knolls. 

The greater part of this moraine is a loose-textured 
clayey till. In Pine County near the Kettle River it 
is composed of sandy and gravelly ridges, produced 
perhaps by the crumpling up of outwash material in 
a read vance of the ice border. The moraines near St. 
Cloud are very sandy. The part of the moraine east 
of the Mississippi in Morrison County is also in large 
part gravelly and sandy. The part in southern Kana­
bec and Mille Lacs Counties .is on the whole looser 
textured' than the neighboring part of the Beroun 
moraIne. 

Outw'ash depoSiits.-The outwash deposits are rela­
tively inconspicuous along most of the border of this 
moraine and are generally made up of fine sandy 
gravel. On Sand Creek in Pine County a narrow belt 
of sandy gravel extends for several miles lengthwise 
of the moraine, from sec .. 18, T. 44 N., R. 17 W., to 
sec. 8, T. 43 N., R. 18 W. Along the St. Croix River 
there is an extensive plain of sandy gravel that seems 
to have been developed in the course of the recession 
of the ice border from the St. Croix morainic system 
to the moraine under consideration. In fact, the out­
wash appears to have been encroached upon and 
roughened by the advance of the ice over it at the time 
this moraine was formed. It was thus reworked into 
gravelly ridges and knolls with a little sandy till cov­
ering. Boulders are to be seen on its surface in secs. 
28,32, and 33, T. 41 N., R. 18 W., secs. 6 and 7, T. 40 
N., R. 18 W., and· sees. 12, 13, 14, and 23, T. 40 N., 
R. 19W. Small deposits of outwash lie along the 

Snake River arrd its tributaries between Grasston and 
Mora, but much of this material is included in the 
description of eskers which follows. East of Grass­
ton a sandy outwash deposit extends from the lower 

. end of Pokegama Lake southwest to and across the 
Snake Valley to the place· where the moraine of red' 
drift is overridden by young gray drift. The red out­
wash deposits both east and west of Grasston appear 
to extend with a covering of gray till down to Braham. 
From that place outwash originally extended south­
west nearly to the Elk River and thence north to 
Princeton. By the ice advance which brought in the 
gray drift it has been converted into a sandy terminal 
moraine and sandy ground moraine of the young gray 
drift. From Princeton westward for 4 miles there is 
red -drift outwash covered by gray drift and by. dune 
sand, but from Rice Lake westward a surface belt of 
red outwash extends nearly to East St. Cloud. This 
outwash is bordered mainly by dune sand on the south 
and by red till on the north. It forms a strip about 
30 miles long and 1 to 3 miles wide. It has a gentle' 
slope lengthwise from west to east, but it heads in 
several places along streams that come in from the 
north, including Mayhew Creek, the Elk River, Rice 
Creek, and the St. Francis River. From the Elk 
River eastward these outwash deposits were largely 
overswept by border drainage during the deposition 
of the young gray drift south of them. 

West of the Mississippi River from Clearwater 
northw~rd there is a red-drift outwash plain which 
slopes southwestward. Its superficial extent is re­
stricted by the young gray drift. It is overlain on 
the south by gray ground moraine and on the east by 
gray outwash gravel; on the north glacial river gravel 
and silt from the gray drift encroach upon it. The 
~fississippi Valley has been cut across it. This out­
wash is east of and younger than the strong moraine 
of red drift that comes up to St. Cloud from the south. 
That moraine has an extensive outwash plain on its 
outer or west border, which has been noted in connec­
tjon with the St. Croix morainic system,. 

An area of about 75 square miles of red outwash 
lies in adjacent parts of Benton, Morrison, and Stearns 

. Counties. Its north end, at Royalton, is a plain slop­
ing westward from the Platte River to the Mississippi 
Valley. The whole of this outwash is rather sandy. 
Part of it along the Watab Valley is low and swampy. 

On the Platte and Skunk Rivers in Morrison County 
a plain of outwash gravel occupies about 30 square 
miles. It consists mostly of fine gravel and sand, 
but the material is coarser nearest its source, at the 
northeast end of the plain. This deposit lie~ well 
outside the Beroun moraine but may have been 
brought down from the border of that moraine along 
the valleys of the Platte, Skunk, and Hillman Rivers. 
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Oontempora1'1j drainage.-The courses of the o-la­
cial drainage lines leading away from the outwbash 
plains are partly covered and obscured by the later 
glacial invasion that deposited gray drift. In the area 
now occupied by gray drifLof the Grantsburo- sub­
lobe the main rivers followed different course; fronl 
those of the present streams. The upper St. Croix 
apparently did not flow by Taylors Falls into the 
lower valley but turned near Sunrise and crossed to 
the Mississippi, passing near North Branch and 
Anoka. There was a lake west of Grasston into which 
the Snake River flowed, and most probably the Snake 
flowed south from this lake toward Anoka. The Rum 
River drained southeastward from Princeton prob­
ably into the Snake River above Anoka. At Princeton 
drainage from the St. Francis and from the territory 
east of St. Cloud appears to have joined the Rum 
River. Drainage from the area south of St. Cloud 
lllay have run by Clearwater south to the Crow River 
Val.ley. The plains north of St. Cloud probably 
dr~Ined by way ?f 1\faine Prairie to the Crow Valley. 
WIth the receSSIOn of the ice border there came a 
lengthening of the drainage lines and more or less 
shifting of their courses. 

Eskers.-Two prominent eskers, or esker belts, are 
found on the till plain between the moraine just dis­
cussed and the Beroun moraine-one near Mora and 
the other near Foley. The Mora esker is la,rge and 
cOlnplex. The west branch of this esker is about 
9 miles long. It begins in a small o-ravelly area in 

r b 

sec. 2, r. 39 N., R. 24 W., and runs on the east side 
of the Snake Valley lY2 miles to Mora. There the 
esker turned west but has been cut off by the river 
where the railroad bridge now stands. The esker runs 
southwest to Ann River and down its valley past the 
west side of Ann Lake. It then follows an abandoned 
valley southward; past Devils Lake and continues 
through a swamp to the south side of sec. 9, T. 38 N., 
R. 24 W. Gravel deposits border the esker above and 
close below the point where it enters the, Ann Valley. 
The east branch of the esker joins the other between 
Ann and Devils Lakes. At its north end is a somewhat 
undulating gravel area of about 2 square miles. On 
Spring Creek in sec. 18, T. 39 N., R. 24 W., it begins 
to be definitely ridged and eskerlike and runs first to 
the mouth of the valley, where it is cut off by the 
Snake Valley, but continues beyond it up the 'Ann 
Valley, on the north side of Fish Lake. 

The Foley esker is about 8 miles long and for the 
greater part is a single ridge 10 to 30 feet high. Ron­
neby stands at its head; and the esker is north of the 
Great Northern Railway nearly to Foley. From that 
place it follows the west side of Rice Creek for several 
miles. In sec. 16, T. 36 N., R. 29 W., it is crossed by 
the stream, and t~ere is a gap of about a mile between 

it and the outwash plain to the south. Throughout its 
length this esker consists mainly of coarse gravel, 
much of which is of good grade for road use. 

These eskers indicate lessening of activity following 
an active ice movement, noted above, that shoved out­
wash material into morainic ridges. 

BEROUN MORAINE 715 

Location.-The Beroun moraine, named from a v.il­
lage standing on it in southern Pine County, emerges 
from beneath the I{:errick morainic system of the Lake 
Superior ice lobe in northeastern Pine County, 4 miles 
south of Kerrick. For about 15 miles its course is 
southwestward nearly parallel with the Great N orth­
ern Railway, which runs 1 to 2 miles west of its inner 
border., It then turns southward along the east side 
of the Kettle River and crosses the valley east of 
Hinckley, where the stream turns southeast. The 
moraine then swings westward toward Beroun. This 
village is at the inner border, the outer border being 
at the north end of Cross Lake. The moraine then 
runs westward past the north end of Pokegama Lake 
to the line of Pine and Kanabec Counties, Henrietta 
station being on it. The moraine is about 2 miles wide 
in Pine County and is a little narrower in I{:anabec 
County. 

, Though the general course of the moraine in I{:ana-' 
bee County is from east to west, it meanders slightly. 
Thus from Henrietta it runs northwestward past 
Quamba to" the Snake River. It there turns at a right 
angle and follows the valley southwestward for' 4 
miles. Above the mouth of the Knife River it turns 
northwestward again and crosses obliquely a mile 
up the I{:nife Valley. Thence it runs west to Ann 
River and southwest past the south end of Ann Lake 
into Mille Lacs County. It continues southwestward 
across the Rum River to the west branch of the Rum 
w hence it turns northwestward into the northeaster~ 
part of Benton County and northward into Morrison 
County. In Morrison County its course is west of 
north for 25 miles to Platte Lake. The width in­
creases northwar:d to about 2 miles at Hillman and to 
3 miles or more near Platte Lake. At, the east side of 
Platte Lake, 'near the line of Morrison and Crow Wing 
Counties, the Beroun moraine becomes mero-ed with b 

the Mille Lacs morainic system.' ' 
Topog'l'aphy.-In gener'al the Beroun moraine has a ' 

moderately rolling surface, but in a few places it has 
sharp knolls and ridges. Most of these rougher parts 
are at valley crossings. In Mille Lacs County, to the 
east from the Rum River along Mike Drew Branch, 
the moraine consists of strong eskerlike gravelly 
ridges which are in a valley so deep that their tops 

75 From Dotes by F. w. SardesoD. 
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are mostly lower than the neighboring ground-moraine 
areas. The depressions between these ridges are 
abrupt and deep. The same old valley with the sharp 
morainic ridges continues down the Rum River 2 
miles and then across to Chase Brook, the tops of the 
ridges being generally below the l<jvel of the bordering 
till plain. 

Oons'titwtion of the drift in relation to' rack out-
o crops.-The Beroun moraine is composed mainly of 
rather loose-textured' clay till but shows abrupt 
changes to sandy till or' to heavy clay. The moraine 
is especially sandy for about 6 miles south from the 
Kettle River. The rougher parts are in general very 
stony.· Diabase boulders and blocks of red sandstone 
are of common occurrence in the eastern part, but 
granite boulder's take the place of sandstone in the 
western part. There are sandstone outcrops along or 
near the moraine from Hinckley northeastward to sec. 
13, T. 43 N., R. 19 W. One outcrop occurs on the 
Snake River in Kan~bec County, in secs. 28 and 33, 
T. 41 N., R. 23 W. l(eweenawan diabase is uncovered 
by erosion in the Kettle River' where the river crosses 
the Beroun moraine., Granite crops out in several 
places west of the Snake River in Kanabec County and 
likewise on the Rum River and its branches in Mille 
Lacs County. Outcrops are very extensive outside the 
Beroun moraine in the vicinity of St. Cloud. Granite 
is exposed on Hillman Brook, on the Skunk River east 
of Pier'z, and along the Platte Valley. 

Striae.-Glacial striae are found on some of the 
r~ck exposures. At Hinckley the sandstone has striae, 
as reported by Upham,76 which bear due south and 
S. 5°, W. Striae on quartz veins in granite exposures 
in secs. 5 and 6, T. 41 N., R. 23 W., in Kanabec County, 
have a magnetic bearing S. 35° W. A railway cut in 
the SEe * sec. 3, T. 40 N., R. 30 W. east of Pierz, ex­
poses glaciated surfaces of granite and gneiss under 
3 to 6 feet of red till. Quartz veins show striae with 
magnetic l:>earing S. 60°. W. The striae noted' thus 
show a !Southward movement in the eastern part of the 
ice lobe, a south-southwestward movement in the cen­
tral part, and a west-southwestward movement in the 
western part. These striae aJil seem referable to the 
VTisconsin ice movement. In the vicinity of Sauk 
Rapids and Watab there are several exposures of 
southward-bearing striae, but these may be referable 
to a pre-Wisconsin ice movement. "Vest of St. Cloud 
there are striae with southwesterly bearing which seem 
referable to the Wisconsin glaciation. 

GrfYUna moraine inside of Beroun moraine.-The 
area of ground moraine between the Beroun moraine 
and the Mille Lacs morainic system is terminated on 
the northeast by the Kerrick morainic system of the 
Superior ice lobe. It is a plain about 70 miles long 

76 Upham, Warren, Minnesota Geol. Survey, vol. 2, p. 642, 1888. 

and 20 miles wide. Four rivers cross it from north 
to south-the Kettle, Snake, Knife, and Rum Rivers. 
Most of the plain is comparatively well drained, 
though there are extensive swamps in the southeastern 
part, around Brook Park, Mission Creek; and Beroun. 
The drift is a stony clayey till for the most part and is 
somewhat heavier in the western than in the eastern 
part. Arqund Hinckley there is overridden outwash 
changed to sandy ground moraine. The ground 
moraine lies mainly east of the Northern Pacific Rail­
way from Hinckley southward past Mission Creek to 
the Beroun moraine. 

MILLE LACS MORAINIC SYSTEM 77 

Location.-The Mille Lacs morainic system, united 
in a single massive moraine, curves around the west 
and south sides of Mille Lacs Lake. The lake occupies 
a basin in which lay. the south end of a lobe of the 
Patrician ice sheet at the time when this moraine was 
made. Eastward from Mille Lacs Lake the morainic 
belt maintains a width of about 6 miles to the Willow 
River, where it is overlapped by the n::errick morainic 
system of the Superior ice lobe. 

The course of the moraine on the west side of the 
lobe is somewhat irregular. The northwestern part of 
Mille Lacs Lake projects into the moraine about 2 
miles, thus reducing its width locally to 4 miles, but 
to the north the moraine broadens. Between Mille 
Lacs Lake and the Mississippi River the moraine di­
vides and reunites, and each part makes a reentrant 
angle. The outer part runs north between Bay and 

, N okay Lakes. Thence it turns first westward between 
Nokay and Lookout Lakes to Brainerd and then north­
ward along the east side of the Mississippi River to 
the mouth of Pine River. Some of its knolls lie west 
of the Mississippi. 

The inner part of the moraine turns northeast from 
the west side of Mille Lacs Lake, between Bay and 
Farm Island Lakes, to Hanging Kettle Lake and 
Rossburg. It there bends. sharply back and runs 
nearly west 0 past Aitkin and between Serpent and 
Rabbit Lakes, where it unites with the outer part and 
turns' with it north across the Mississippi Valley. 

North of the Mississippi the united moraine is at 
first restricted to 3 miles in width by outwash deposits 
along the Pine River, but it soon widens to 5 or 6 
mile:s. Southeast of Emily the inner part of the mo­
raine takes an eastward turn and runs to Esquagamah 
and Waukenabo Lakes, in western Aitkin County, and 
then turns northward to Swatara. This inner moraine 
is 2 to 4 miles wide. In the oliter part of the moraine 
between Emily and Crooked Lake there is a gap of 
about 3 miles, with ordinary ground-moraine topog­
raphy. A strong moraine sets in beyond the gap and 

77 From notes by F. w. Sardeson. 
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runs northeastward from Crooked Lake past Mae to 
Shovel Lake. 'Vest of Crooked Lake is another mo­
raine, less definitely referable to the Mille Lacs system, 
that runs northward past Washburn and Thunde~ 
Lakes to Big Rice Lake. Northeast of Big Rice Lake, 
Shovel Lake, and Swatara the young gray drift forms 
n veneer over the moraines of red drift. The Mille 
Lacs morainic systenl seems to be continued beneath 
the gray drift from northwestern Aitkin County 
northward across the Mississippi River into northern 
Itasca County, as indicated on Plate 3. 

TO'p'0{J1Y1JPlvy.-The Mille Lacs morainic belt is very 
prominent in certain parts and is mostly well defined 
in c01nparison with the ground moraine. West from 
the I(ettle River it consists at first of a series of strong 
paranel ridges, with either swamps or sandy flats be­
tween them. One of these ridges, which is crossed by 
the Northern. Pacific Railway about a mile north of 
Finlayson, is practically continuous from the I(ettle 
River to the Snake River. West of the Pine Lakes, 
near the boundary of Pine and Aitkin Counties, the 
nloraine consists more of knolls than of ridges, and 
that is its general character farther west and north. 
West of Mille Lacs Lake the moraine is very rugged, 
and that condition prevails to Hanging Kettle Lake 
Hnd thence northwest to Rabbit Lake. North of the 
l\1ississippi the moraine is generally strong and in part 
high and rugged. The features of the morainic sys­
tem from the west side of Mille Lacs Lake northward 
to the northeastern part of Crow 'Ving County are 
well shown on the· Deerwood, Cuyuna, and Brainerd 
topographic Inaps. In this part lakes and swampy 
depressions are very numerous. Lakes are less nu­
merous from Mille Lacs Lake eastward, but swampy 
depressions abound. 

OhCllracte'J' of the drrift.-East from the I(ettle River 
to the locality where the nlorainic belt is overridden by 
the I(errick morainic system the drift is gravelly and 
loose textured and seems to be reworked outwash ma­
terial. There are only a few prominent knolls in 
this part, and these consist of sandy till. West of 
the I(ettle River the moraine is complex. A belt 
of clayey till 2 miles wide at the l(ettle River forms 
the outer part of the morainic str~p from secs. 3 
and 10 to sec. 18, T. 43 N., R. 20 W. There is a 
small area of outwash in sec. 18, near Finlayson. 
The clayey ridge is narrowed to about a mile from 
Finlayson westwal~d into the edge of Aitkin County 
and then becomes wider again. Another belt of clay 
till about half a nlile wide lies in the midst of 
the morainic system from the Kettle River westward 
to a lake in sec. 21, T. 43 N., R. 21 W. Between these 
clay belts is a strip of sandy till 2 or 3 miles in widtp.. 
This includes much swamp land. The inner half of 
the moraine, north of the Pine River in Pine County, 

is mainly clayey till but includes sonle sandy till. 
Thus a sandy strip half a mile wide runs from the 
Kettle River in sec. 3 to Pine River in sec. 19, T. 44 N., 
H. 20 W. Another runs from sec. 8, T. 44 N., R. 20 W., 
to sec. 33, T. 44 N., R. 21 W. A belt of outwash 2 miles 
wide east and northeast of the Pine Lakes includes 
several ridges of sandy till. This belt extends into the 
sDutheast corner of Aitkin County and has a skip of 
sandy till on the northwest, in secs. 24, 27, and 33. 

Along the border of I(anabec and Aitkin Counties 
the till of this' morainic system is generally clayey. 
'Vest of Mille Lacs Lake and northward to the Missis­
si ppi the moraine is generally of loose texture and 
contains many cobblestones and small boulders. There 
Rre places, however, east of Deenvood in which a 
hea vy clay till is found. 

From the Mississippi River northeastward to the 
area where this morainic system passes under the sheet 
of young gray drift in northwestern Aitkin County 
it is generally very loose tex'tured and full of cobble­
stones. Southeast of Emily is a tract of about 3 square 
miles in which the drift is a sandy gravel with rugged 
contours and a relief of about 100 feet above neigh­
boring parts of the morainic system. 

Rock outcrops and striae.-Rock 'outcrops a're few 
within the limits of this morainic system because of 
the prevailing great thickness of its drift deposit. 
Along the outer or southern border there are some 
exposures of granite' and other crystalline rocks in the 
valleys of the Snake, Iillife, and Rum Rivers. Near 
Denham, in northwestern Pine County, on the inner 
border of the morainic system, there are many small 
outcrops distributed over secs. 2, 3, and 4, T. 44 N., 
R. 21 W., and secs. 26, 33, 34, 35, and 36, T. 45 N., 
R. 21 W. Gneiss crops out in secs. 1 ~nd 12, T. 43 
N., R. 24 W., and although clearly defined glacial striae 
were not noted on these rock exposures, they are 
rounded and smoothed by glacial action. At Denham, 
within the limits of the I(errick morainic system of 
the Superior lobe, rock exposures under what is per­
haps Patrician red drift show striae, with a magnetic 
bearing S. 62° W. 

Outwash.-Extensive deposits of outwash were made 
on both the east and the west sides of the ice lobe, 
but no considerable amount at the center or end. East 
or southeast of the lobe the moraine is almost displaced 
by outwash, on the east side of the Kettle River. 
This deposit was overridden by the Superior .lce lobe 
from Moose Lake south as far as the Willow River 
and was disturbed by glacial action and augmented 
somewhat by newer outwash. From the Willow River 
to Rutledge there is a belt of outwash 2 miles wide and 
about 5 miles long, lying in the outer half of the 
moraine. Another area of sandy outwash about 7 
miles long and 2 miles wide lies in the inner half of 
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the morainic belt and extends southwest and northeast 
of the Pine Lakes along the Pine River. It is asso­
ciated with an even larger area of sandy 11lOraine 
made by the readvance of the ice sheet into outwash· 
deposits. Areas of outwash covering less than a 
square mile each occur at Finlayson, in sec. 3,T.42 
N., R. 21 W., at Bloemendal, and at Red Top. 

West of the lobe a strip of outwash about a mile 
wide extends "from the inner edge of the reentrant 
spur of the St~ Croix morainic system along the 
Nokaysippi Valley to Long Lake and thence to Nokay 
and Clearwater Lakes, where it spreads out in thp. 
reentrant of the Mille Lacs morainic system. It 
reaches the south end of Bay Lake, .and a branch ot 
it extends south to Dagget Brook. At Brainerd out­
wash gravel extends from the glacial Mississippi Ghan­
nel, in secs. 17,20, and 29, T. 45 N., R. 30 W., north­
eastward into the front of the morainic area at· the end 
of the Brainerd subl'obe, in secs. 3 and 1l. 

North of the Mississippi there is nearly continuous 
outwash from the western or outer border of the Mille 
Lacs morainic system westward to the· inner edge ot 
the St. Croix· morainic system and reaching as far 
north as vVhitefish Lake and Lake Emily. It lies 
m.ainly outside of the Mille Lacs morainic system but 
heads back into. that system near the mouth of the 
Pine River on the Mississippi. Within the morainic 
belt there is only a small amount of outwash north of 
the Mississippi. One deposit covering about a square 
mile occurs at Mud Lake, in sec. 17, T. 37 N., R. 25 W., 
and other small ones occur elsewhere in the Mud Creek 
drainage area. 

South of the Mississippi .. a large outwash deposit 
between the two parts of the J\1ille Lacs morainic 
system on th~ Little Rabbit River appears to be the 
regular successor to the Pine River area in Crow Wing 
County. This gravelly outwash area extends over 
about 20 square miles. It comes within a mile of 
Mississippi River and reaches from Little Rabbit and 
Portage Lakes to Serpent, Reno, and Lookout Lakes· 
near Deerwood. An area of outwash and lake sands 
north of Mille Lacs Lake is described as a dependency 
of the Kimberly moraine. 

Associated till plaJins.-A till plain iI.lterrupts the 
outer part of the Mille Lacs morainic system in the 
northeast corner of Crow Wing County and .adj acent 
parts of Cass and Aitkin Counties, embracing an area 
of about 40 square miles. A part of it directly east 
of Outing has been cleared and tilled, but most of it is 
in forest. Its surface is gently undulating and the 
soil is a moderately stony clay loam. It is less thickly 
strewn with boulders, in the farms that have been 
cleared, than mO$t of the bordering moraines or than a 
till plain northeast of Crooked Lake in southeastern 
Cass County. That plain where traversed by the road 

leading from Outing to Remer is in places literally 
paved with boulders. Scarcely any of it has been 
brought under cultivation. 

Eskers.-About 2 miles south of Little Pine, near 
the south edge of the plain in northeastern Crow 
Wing County, is an esker whose features are well 
shown on. the Cuyuna topographic map. It starts 
near Birchdale Lake, in the northern part of sec. 4, 
T. 137 N., R. 25 W., alid leads westward with a some­
·what winding course across sec. 5 into the northeast­
ern part of sec. 6. It is composed of coarse gravel and 
cobbles, and the surface is boulder-strewn. It splits. 
into several ridges at its west end, next to the lnoraine. 
It is very steep sided for its entire length. In piaces it 
has a narrow swamp on each side. The bordering land 
is made up of gently undulating till with a few surface 
boulder"s. 

PlaJin between Mille Lacs l1wrainic syste'mJ. amd Kim­
berly moraine.-The intermorainic plain between the 
J\1ille Lacs morainic system and the Kimberly moraine 
has been greatly restricted by later ice .movements and 
the deposition both of the Superior red drift and the 
young gray drift. On the east side, where the Ker­
rick morainic belt crosses the Mille Lacs morainic belt, 
an irregular piece of ground moraine lies between 
them. The extreme east end of this piece is 9 miles 
ea.st of the Pine and Aitkin County line. The plain 
widens westward to 6 miles at the county boundary, 
but is only 3 miles wide 6 miles farther west, in 
Aitkin County. It widens to about 16 miles at the 
east side of Mille Lacs Lake. 

The east end of the plain is a relatively high tract 
of clayey till. It is also high south and southwest 
of Denham, and the clay swells ar·e interspersed with 
small rock outcrops, from which boulder trains extend 
southwestward in the direction of ice movement. The 
surface becomes lower and more swampy· westward 
into Aitkin County. In T. 44 N., R. 22 W., the ground 
lnoraine is nearly all covered with swamp muck, and 
the same condition continues to the Snake River. 
"Vest of the Snake River the plain spr·eads widely, 
westward to the shore of Mille Lacs Lake and north­
ward to the Kimberly moraine. This wide part of 
the plain is mainly clayey till with isolated groups of 
small gravelly knolls or kames. It is very swampy 
except near the lake, where the swamps are moderate 
in. size. 

North of Mille Lacs Lake, near Wealthwood, a few 
square miles of till plain lies between the lake and a 
plain of sandy gravel to the north and east. It is all 
low, rather wet land, and much of it has been covered 
by the lake. It ·includes a somewhat higher tract in 
secs. 16 to 21, T. 45 N., R. 26 W. The southern parts 
of secs. 19 and 20 were at one time submerged and are 
cut by low shore lines and thickly strewn with boul-
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del's. The whole area appears to be clayey till, but 
part of it has also lake silt on its surface. Another 
strip of ground inoraine, with red till, borders the 
IGmherly moraine between IGmberly and Rossburg. 
It is cut off at the east by the young gray drift. Some 
of it along the Rice River has been covered by Lake 
Aitkin. It is heavy clay and mostly swampy. 

Two short eskers are noted here. One about half n. 
nlile long lies in sec. 8, T. 43 N., R. 24 W., and runs 
southwestward to a small lake. Another runs along 
the south side of secs. 33 and 34, T. 45 N., R. 24 W., 
and into sec. 5, T. 44 N., R. 24 W. It is strongest in 
sec. 34. 

Outlets of Mille Lacs Lake.-Mille Lacs Lake ap­
pears to have had at its highest stage a discharge by 
three outlets, one north by the Mud River, a second 
southeast by the Knife River, and a, third southward 
into the Rum River. The lowering of the lake sur­
face by the deepening of the Rum River Valley appears 
to have stopped the flow by the Mud River, although 
the low land tributary to that stream is also shut off by 
a rampart beach 15 feet above the present lake, along 
which the wagon road now runs from Nichols to 
Wealthwood. Similarly the Knife River has had the 
discharge from Mille Lacs Lake cut off by beaches or 
ice ramparts across the outlet at Wahkon, but drain­
age from land a few rods back of the lake shore in 
secs. 9 and 10, T. 42 N., R. 25 vV., flows to the head of 
the I(nife River. Ogechie Lake is separated now, too, 
by raised sandy beaches of Mille Lacs Lake, but across 
that barrier the one necessary outlet from the lake is 
maintained to Ogechie Lake and thence to the Rum 
River. 

KIMBERLY MORAINE 

The IGmberly moraine was nearly all overridden by 
later ice movements. It is cut off by the Wright IllO­
raine of the Superior ice lobe on the east and covered 
by ground moraine of the young gray drift on the 
north. The normal moraine, seen at IGmberly, extends 
from Rock Lake in sec. 21, T. 48 N., R. 24 W., to 
Rabbit Lake, in sec. 17, T. 46 N., R. 25 'V., a distance 
vf about 13 miles, and is 2 to 3 miles wide. Southeast 
of Rabbit Lake it is displaced by outwash, and west 
of'this lake it is banked against the reentrant of the 
Mille Lacs morainic system. Its continuation prob­
ably lies beneath the moraines of the Superior lobe 
eastward from T. 45 N., R. 24 W. 

From the north end of the exposed part at Rock 
Lake northward the moraine is covered by the young 
gray drift. It is sufficiently prominent, however, 
around Sandy Lake and northward along the east side 
of the Mississippi River to Jacobson to be easily 
traced. Some of its ridg~s and knolls are 50 feet or 
luore above the bordering plains and have only a thin 
cover of the young gray drift. For about 5 miles 

north from Jacobson there is a sa~dy plain. ,The 
moraine then reappears in 'exceptional strength, di­
rectly west of the Swan ,River, and runs northward 
along and mainly west of the Great Northern Railway 
(Swan River and Hibbing branch) to the Mesabi iron 
range at Nashwauk, beyond wh~ch it is less definitely 
preserved. It is spread out in places to a width of 5 or 
6 miles and its highest part, in the vicinity of Acrop­
olis and for several miles to the north, 'is fully 100 
feet above the bordering plains. The young gray drift 
scarcely forms a continuous coating on this prominent 
part of the moraine. 

This moraine in both its exposed and its overridden 
pOl~tions contains gravelly ridges and knolls and a, 
large amount of loose-textured drift. In places, how­
ever, the till is a heavy clay. Its red color and its 
stony character distinguish it from the overlying gray 
drift, which contains relatively little coarse material. 
Where it is overridden by the Superior red drift there 
is but little contrast in color or in stoniness. The 
Superior drift, however, is, of a somewhat brighter 
r'ed and includes more clayey material than is com­
monly found in the red drift of the Patrician ice 
sheet. 

There is an extensive outwash plain of sandy gravel 
north of Mille Lacs Lake, which rises toward the 
northeast into the edge of the IGmberly moraine, be­
tween Rabbit and Clear Lakes. At the head of the 
deposit, in seos., 20, 21, 28, and 29, T. 46 N., R. 25 
W., there is a succession of gravel banks trending 
southwest which are separ'ated by shallow drainage 
cl~annels. The gravel is coarse and contains numer­
ous cobblestones. For the greater part the deposit 
changes gradually toward the west and south to fine 
gravel or even sand. This outwash covers lllore than 
50 square miles. The northern part is high and rela­
tjvely dry; the western and southern parts are mostly 
swampy. The bottoms of the swamps appear to have 
some lake silt in addition to the sandy outwash, as 
they are below a former high level of Mille Lacs Lake t 

10 feet or more above the present l~vel. At that level 
the lake flooded into Round and Borden Lakes and 
extended an arm into Ogechie Lake. 

MORAINES OF THE SUPERIOR ICE LOBE IN MINNESOTA 
AND CORRELATIVE PATRICIAN MORAINES 

The young red drift deposited by the Patrician part 
of the Laurentide ice sheet, so far as already described 
in this report, falls iJ? what has recently become known 
as the middle Wisconsin substage. This substage is 
set off from a later one known as the late Wisconsin 
by a marked recession of the ice front, followed by a 
distinct readvance, and also by considerable shifting 
in the direction of ice movement. The later moraines 
thus have a different trend from the earlier ones 
Parts of each of the moraines from the St. Croix to 



52 QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES 

the Kimberly are now covered by drift of late Wis­
consin age. The St. Croix morainic system has thus 
been partly covered' by drift laid down by. the Kee­
watin part of the Laurentide ice sheet. The Mille 
Lacs morainic system and also the Kimberly moraine 
pass northward bene~th the Keewatin drift and east­
ward beneath drift of the Superior ice lobe, which it 
is thought pertains to the Labrador part of the Lau­
rentide ice sheet. In middle Wisconsin time "the Pa­
trician ice movement extended southward across the 
western part of the Lake Superior Basin into Wis­
consin, but in late Wisconsin time it appears to have 
extended only a few miles beyond the Canadian 
boundary into northeastern Minnesota. The morainic 
system marking the limit of the Patrician readvance 
in late Wisconsin time, as shown in Plate 3, connects 
in eastern Lake County, ·Minn., with the Highland 
morainic system of the Superior ice lobe. It passes 
westward across central Lake and St. Louis Coun­
ties and, as indicated below (p. 64), disappears under 
the edge of the Keewatin gray drift. . 

A description of the moraines of the Superior ice 
lobe in Minnesota has been .recently published,78 and 
only a brief summary of the features of the Minne­
sota portion is given here. 

DISTRIBUTION 

By refere~ce to Plate 3 it will be seen that no less 
than six distinct moraines were developed on the north­
west border of the Superior lobe in Carlton County 
find adjacent parts of St. Louis and Aitkin Counties, 
Minn., named in order of development the Wright, 
Cromwell, Draco, Cloquet, Thomson, and Fond du 
Lac moraines. Five of these are combined into a 
single prominent morainic system, the Highland, in 
southeastern St. Louis and Lake Counties, the Fond 
duLac moraine alone remaining distinct. On the 
south side of the ice lobe, in northern Pine County 
and southern Carlton County, these five moraines are 
combined into two prominent morainic belts, the Ker­
rick and Nickerson moraines, and the Fond du Lac 
moraine is banked against the Nickerson in southeast­
ern Carlton County and eastward into Wisconsin. 
The Kerrick moraine seems to be the equivalent of 
the Wright and Cromwell moraines, and the Nicker­
son the equivalent of the Draco, Cloquet, and Thom­
snn moraines. In Cook County, the northeasternmost 
county of Minnesota, two moraines were mapped that 
are younger than the Highland morainic system. The 
O1~ter one is regarded as a probable equivalent of the 
Fond du Lac moraine; the inner one was probably 
developed somewhat later. The Fond du Lac mo­
raine, at 'the end of the ice lobe, in Carlton County, 

78 Leverett, Frank, Moraines and shore lines of the Lake Superior 
Basin: U. S. Geol. Survey Prof. Paper 154, PP. 1-72, 1929. 

was taid down in ponded waters of' glacial Lake 
Nemadji and was later covered by the waters of 
glacial Lake Duluth. 

GENERAL OHARAOTERISTIOS 

The Kerrick morainic belt consists mostiy of small 
knolls, 5 to 20 feet in height, rather closely aggregated, 
though in places, as near Belden, it includes wide 
swamps. Where this belt overrides the Mille Lacs 
morainic system its knolls are less conspicuous than 
those of the earlier one, and its general relief above 
outlying districts is slight. The till is generally loose 
textured but in places consists of heavy clay. The 
color is a brighter red than that of the Patrician drift. 
The pebbles consist largely of sandstone frOln the 
borders of the Lake Superior Basin but include also 
some of basic volcanic rocks. 

In the Wright and Cromwell moraines the knolls 
are generally more scattered than in the Kerrick 
moraine. They run through a region of peat bogs 
and consist of groups of knolls or of short ridges for 
stretches of 1 to 3 miles, separated by wide swamps. 
As these bogs have a peaty filling of 5 to 20 feet, low 
knolls may be conlpletely overgrown and concealed 
under them. 

The Nickerson moraine presents a knolly and ridged 
surface of moderate strength. As in the Kerrick 
moraine, its knolls are generally less prominent than 
those of outlying and underlying parts of the Mille 
Lacs moraine. Its rock constituents are similar to 
those of the Kerrick belt. The Draco, Cloquet, and 
Thomson moraines, which are correlated with the 
Nickerson, are in places somewhat more diffuse or 
interrupted more largely by swamps but are on the 
whole well defined. In places they are interrupted by 
outwash and glacial drainage channels, as indicated 
below. 

The Highland morainic system is separable into two 
distinct belts for a few miles directly back of Duluth, 
with an inclosed till plain of about 50 square miles 
surrounding Wild Rice Lake. But from the east side 
of Duluth northeastward for more than 60 miles it is 
a single massive morainic belt from 4 to 6 miles in 
general width but iIi places reaching a width of 7 or 
8 miles. Back of Duluth its inner border is only 1 
to 2 miles from the shore of Lake Superior, and it 
stands 600 to 900 feet above the lake. Thence it bears 
inland and is 9 to 12 miles from the lake in Lake 
County. It increases gradually in altitude toward the 
northeast and reaches about 2,000 feet above sea level, 
or 1,400 feet above Lake Superior, in eastern Lake 
County. It there meets a correlative morainic system 
. formed by the southward-moving (Patrician) ice, -and 
its great prominence is due in some degree to heaping 
up of drift at this junction. Some of the drift ridges 
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there are 100 feet or more in height. The Highland 
lllorainic belt is prevailingly of the strong knob and 
kettle type, with knobs and ridges of drift rising 25 
to 75 feet or more above inclosed depressions. The 
lakes within this morainic belt are not so large or so 
numerous as those among the rock hills and ridges 
farther north, the largest lake being only about 2 
square miles in extent. The drift in this morainic 
belt is generally very loose textured and contains 
Inany cobblestones and small boulders. There is, how­
ever, enough fine material in the matrix to give it a 
loamy character. The I(eewenawan diabase of Beaver 
Bay, which forms a notable constituent of the drift, 
contributes loamy nlaterial· on weathering. 

The Fond du Lac moraine in Carlton County, which 
was deposited in water, as indicated by railroad cuts 
and ravines in its prominent part southwest of Fond 
du Lac, contains a large amount of fine sand and 
pebbleless clay capped by a few feet of clayey till. 
The part north of Lake Superior stands above the 
level of glacial Lake Duluth and is composed of stony 
till. 

OUTWASH AND GLACIAL DRAINAGE FROM THE SUPERIOR 
ICE LOBE 

Gravelly outwash is com;picuous on most of the 
outer border of the Highland morainic belt in Lake 
und St. Louis Counties. It starts a few miles north­
east of the head of the Cloquet River, but the discharge 
from it went down the Cloquet Valley. The breadth 
of the outwash ranges from less than a mile to 4 or 
5 miles. It came in at numerous discharge points, 
where it is usually made up of coarse cobbly material. 
In places the ice seems to have readvanced into its 
outwash and introduced bouldery material, as between 
Burnett and Brookston and south of Brookston. The 
outwash at Brookston was carried up the St. Louis 
Valley a few miles from the mouth of the Cloquet 
River, for it was prevented from turning down St. 
Louis Valley by the presence of the Superior ice lobe 
below the mouth of the Cloquet. 

Outwash was relatively scanty on the border of the 
"\Vright moraine in southwestern St. Louis County 
and north:western Carlton County, and glacial drain-' 
age appears to have followed narrow passages among 
the outlying ridges. There was more conspicuous 
outwash from the border of the Cromwell moraine. 
For several miles southwest from Cromwell on the 
south side of the Northern Pacific Railway it is inter­
bedded more or less with morainic material. 

At the end of the Superior lobe outwash takes the 
place of the Wright moraine for a space of 6 miles and 
spreads over a width of 2 to 4 miles. It consists of a 
fine sandy gravel. The outwash on the south side of 

the lobe, in Pine County, is so closely associated with 
outwash from the Beroun and Mille Lacs moraines 
of the Patrician ice that it can be distinguished only 
with difficulty. In places it fills in spaces between the 
'Patrician knolls and ridges, and in such situations it is 
rather fine sandy gravel. 

There is an outwash plain of fine sandy gravel cov­
ering about 10 square miles on the outer border of the 
Nickerson morainic belt in the Willow River drain­
age basin. Very little outwash is present on the bor­
der of the Draco moraine" but the outwash and glacial 
drainage between the Draco and Cloquet moraines are 
very conspicuous. The outwash plains between Big 
Lake and Cloquet show a steplike succession toward 
Carlton, either from Big Lake or from Cloquet. In 
these steps the tread is an outwash plain or glacial 
drainage line, and the riser is the steep slope down 
to the next lower slope, marking a correlative ice bor­
der. Boulders 'and till are present in places on these 
steep slopes. The most conspicuous line of glacial 
drainage is the Scanlon channel, leading from Scan­
lon, on the St. Louis Rive'r, to Atkinson, beyond which 
there are two channels, an earlier one along the North­
ern Pacific Railway t.o Moose Lake and a later slightly 
low.er channel running southwestward between the· 
Cloquet and Thomson moraines. The Scanlon chan­
nel carried a large volume of water, draining the 
north side of the Superior ice lobe and perhaps also 
the southeast edge of the Keewatin ice, which seems 
to have been, at its culmination, only a short distance 
from the border of the Superior ice lobe. This drain­
age led southward from Moose Lake to the Kettle 
River and thence to the St. Croix River and down it 
to the Mississippi. The drainage from glacial Lake 
Nemadji also took this course from Moose Lake at 

,the time of the development of the Thomson and 
Fond du Lac moraines. 

GLACIAL LAKES CONNECTED WITH THE SUPERIOR ICE 
LOBE 

The main lake connected with the Superior ice lobe 
is known as glacial Lake Duluth. It occupied the 
west end of the Lake Superior Basin and was held 
up by the portion of the ice lobe remaining in the 
eastern part of the basin high enough to outflow 
southward into the St. Croix Valley, tributary to 
l\{ississippi'River. Small lakes antedating Lake Du­
luth occupied the parts of drainage, basins tributary 
to the Lake Superior' Basin that lay outside the bOJ;'der 
cf the Superior ice lobe, and two of them, glacial Lake 
St. Louis and glacial Lake N emadji, were in north­
eastern Minnesota. There were several others on the 
south border of the ice lobe in Wisconsin and 
,:Michigan. 
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GLACIAL LAKE ST. LOUIS 

There was considerable complication of ice move­
ments involved in the history of glacial Lake St. 
Louis, and it has not yet been fully cleared up. The 
lake ar"ea is within the limits of the part of the St. 
Louis River Basin that was covered by the Keewatin 
ice which came in from the west. The culmination , . 

of the Keewatin ice movement was probably some­
what later than that of the Superior lobe, for mo­
raines of Patrician ice that are correlated with the 
outer moraine of the Superior' lobe were overridden 
by the Keewatin. ice in the district north of the St. 
Louis Basin as indicated below (p. 56). At the , . 
culmination of the Superior ice movement and prIOr 
to that of the Keewatin advance there may have been 
a pondino- of waters in the St. Louis Basin outside b . 

the Superior lobe.· But any evidence of such ponding 
is probably concealed beneath the deposits of Kee­
watin drift. The lake features on the sur':face of the 
Keewatin drift are later. and are dependent upon the 
retreat of the Keewatin ice· front. This withdrawal 
appears to have taken place while the Superior ice lobe 
was still covering the St. Louis Valley as far up as 
Carlton. At that time the Scanlon channel was 
opened, and it appear's to have received. a strong fl'ow 
of water from the glacial Lake St. LOUIS. 

Winchell 79 applied. two names to the ponded waters 
in the St. Louis Basin. An earlier lake, called Lake 
lJ pham, he assumed' had a westward discharge, and a 
later one, Lake St. Louis, he interpreted to have 
opened the Scanlon channel. Winchell was una ware 
that the Keewatin ice was involved in the history of 
the glacial lake in the St. Louis Basin an.d so assign.ed 
a westward outlet for his Lake Upham Into the MIS-
sissippi River. . .' 

The head of the outlet of glacial Lake St. LOUIS IS 
near Mirbat, about 3 miles below Floodwood, Minn. 
A well-defined beach comes to this outlet from the 
west alono- the south side of the East Savanna River. 
Its altitude is about 1,275 feet. This is a little lower 
than the divide between the East Savanna and West 
Savanna Rivers at the place where Winchell sup­
posed the lake had a westward discharge. . A. c~na~ 
survey from the St. Louis River to the MISSISSIPPI 
shows an. altitude of 1,282 feet at the divide.80 A 
slightly lower pass across the divide is shown by. the 
Great Northern Railway pr'ofile between Swan RIver 
station and Jacobson, the summit there being about 
1.275 feet above sea level. There may be places on the 
divide with still lower altitude. It is probable, how­
ever, that the Keewatin ice was still covering this 

70 Wincbell, N. R., Glacial lal{es of Minnesota: Geol. Soc. America 
Bull., vol. 12, pp. 124-125, 1901; Geology of Minnesota, vol. 4, pI::;. 56, 
87, 1899; idem, vol. 6, pI. 66, 1901. 

80 34th Cong., 1st sess., H. Doc. 330, p. 13, 1896. 

divide while the lake was forming the beach near 
Floodwood and discha.rging down the St. Louis River 
to Scanlon. 

It has not been feasible to ~race the shore of this· 
glacial lake in the district east of the St. Louis River' 
or indeed anywhere except for the few miles along the· 
south side of the East Savanna River, for that is the­
only place on the whole circuit of the old shore where' 
the country has been .cleared and drained. The banks· 
of streams traversing this old lake bed show thick 
deposits of nearly pebbleless silt, and farms ~round 
Floodwood show the silt to be present some dIstance 
back from the streams. The silt gives place to sand 
toward the north, and the change seems to take place­
at an altitude of about 1,300 feet. The sand probably 
marks the shallow-water margin of the lake and the­
silt was laid down in the deeper water. It is prob­
able that differential northward uplift has affected 
this lake basin, for it is known to have affected the' 
bed' of glacial Lake Duluth to the east and of Lake­
Aitkin to the west. In that event the lake may have 
stood a little above the 1,300-foot contour on its north­
ern shore. 

The outlet of glacial Lake St. Louis led down the 
St. Louis Valley to· Scanlon, and the valley seems tOo 
have carried a strong stream about one-third of a mile 
in width as shown· by the cobbly Inaterial on its bed~ 
which i; now a low terrace bordering the stream. 
After turning away from the St. Louis Valley the 
outlet soon crossed the present divide between the 
Great Lakes and the Mississippi. This crossing is 
near Atkinson, at an ,altitude of 1,170 feet, or 100 feet 
lower than the head of the outlet near Floodwood. 
A few miles farther' southwest, near Barnum, the out­
flow cut through the glacial gravel to the u~derlying 
rock at about 1,100 feet above sea level. 

Glacial Lake St. Louis may have persisted until the 
Superior lobe had shrunk to a position ins~de the 
Thomson moraine and its outlet may have shIfted to 
o-lacial Lake Nem~dji at Wrenshall. A thick deposit 
~f cal1careous clay in the vicinity of 'Vrenshall may 
be referable to the drainage from the Keewatin ice 
and its calcareous drift. 

GLACIAL LAKE NEMADJI 

In his report on Carlton County in volume 4 of 
the "Geology of Minnesota," Winchell called atten­
t.ion to the channel that leads westward from the west 
end of the Lake Superior Basin to Moose Lake and 
thence southward through the Kettle River to the St. 
Croix. He applied the name . Lake Nemadji to the 
small body of water that stoo~ between the. recedin.g 
ice border and the head of thIS outlet, for ItS bed IS 
now largely drained by the Nemadji River. The head 
of the outlet is about 1,070 feet above sea level. The 



WISCONSIN RED DRIFT 55 

width of the outlet to the ea.st of Moose Lake is fr0111 
one-sixth to one-fourth of a mile, and the channel was 
cut to a depth of only 10 to 20 feet. The small size of 
the outlet indicates that only a sll1all volume of water 
passed through it and that it was in operation for a 
relatively brief period. It began while the Thomson 
moraine was being developed and continued until the 
Superior lobe shrank away from the Fond du Lac 
moraine sufficiently to permit its waters to flow east­
ward to the St. Croix outlet, the outlet of glacial Lake 
Duluth. 

The area of glacial Lake Nemadji may have reached 
50 square miles before its waters were shifted to the 
St. Croix outlet. There is a thin deposit of sand over 
the part of the lake bed outside the Thomson mo­
raine, and two sandy ridges differing about 5 feet in 
nltitude mark its northwest shore. The south shore 
is mainly a cut bluff along the border of the moraine. 
There is some sand on the lake bed between the Thom­
son and Fond du Lac moraines, but inside the Fond 
du Lac 'moraine the lake bed is generally a stiff clay. 

GLACIAL LAKE DULUTH 

Glacial Lake Duluth was for a short time called the 
"vVestern Superior Glacial Lake" but later was re­
named from the city of Duluth, in which its shore lines 
had long been recognized as such. Its outlet to the 
St. Croix Valley has also been long·' known. The 
Superior ice lobe, which held up this body of water, 
melted back so slowly that the outlet became materially 
deepened before lower outlets became available and 
the lake waters wei'e drawn down below its level. The 
outlet t.o the St. Croix appears to have been cut down 
to about 1,070 feet above sea level by a small prede­
cessor, glacial Lake Brule, and was cut to or slightly 
below 1,022 feet during the life of the large lake. The 
uppermost strong beach stands 1,070 to 1,076 feet above 
sea level in the vicinity of the outlet. A lower beach 
stands at 1,040 to 1,044 feet, and a 'still lower one at 
1~017 to 1,022 feet. As the floor of the outlet has a 
thin covering of peat and muck at its head there prob­
ably was discharge of lake waters through it while the 
last-named beach was forming. 

The eastern limits of glacial Lake Duluth on the 
south side of the Lake Superior Basin appear to have 
been at the Huron Mountains, in northwestern Mar­
quette Courity, Mich. When the ice melted away from 
the northern and eastern slopes 'of the Huron Moun­
tains, border drainage channels were opened, and 
through these the waters were carried into the Lake 
Michigan Basin. The lake level was lowered step by I 

step as lower and lower lines of border drainage were 
opened by continued recession of the ice border. The 
eastern limits of Lake Duluth on the north side of the 
I.lake Superior Basin have not been determined. It is 

known, however, that it extended at least to the Kami­
nistiquia River Valley back of Fort William, Canada, 
and it may have extended considerably farther. 

Wherever the exposed part of the bed of glacial 
Lake Duluth has a smooth surface the prevailing soil 
is a heavy red clay with few pebbles. There is re­
markably little sand or loose-textured material c,over­
ing this clay. The' clay carries some calcareous 
nodules, but limestone pebbles are rather rare. On 
hilly areas that were covered by the lake, such as the 
Bayfield and ICeewenaw Peninsulas of the south 
shore and much of the north shore, the soil consists 
lflrgely o.f st.ony till. The Lake Duluth beaches are 
everywhere formed in this stony till or in gravelly 
drift. 

The shore lines of Lake Duluth show marked north­
eastward differential uplift throughout their extent. 
N ear the west end there is a rise of about 60 feet be­
tween the altitude o{the south shore line and that at 
Duluth, though the intervening space is only about 24 
miles. The highest shore line appears to extend east­
ward only into southwestern Lake County, Minn., 
where it has an altitude of 1,165 feet. The shore lines 
that continue into the northeast corner of Minnesota 
show that the lake there covered ground that is now 
1,300 .feet above sea level, or 700 feet above Lake 
Superior. The upper limit on the ICeweenaw Penin­
sula near Calumet, Mich., is similar, being 1,305 feet-. 
A comparison of altitudes of beaches on the north 
and south shores of Lake Duluth indicates that 'over 
much of its area the direction o.f the line of maximum 
tilting is about N. 32° E. Data bearing on this mat­
ter are given in a recent report.S1 

LATE WISCONSIN MORAINES OF THE PATRICIAN ICE IN 
NORTHEASTERN MINNESOTA 

As indicated in the discussion of the Highland 
morainic system of the Superior ice lobe, there is a 
correlative morainic system leading westward fr0111 
the northeast end of the Highland system that was 
formed by' ice moving southward into Minnesota. In 
general it comprises two and in places three distinct 
rnoraines, as indicated in Plate 3, but in a few short 
spaces they are coalesced. In eastern St. Louis 
County the outer moraine lies south of the Mesabi 
iron range, but westward from the Embarrass River 
it lies north of that range and follows its north base 
into the edge of Itasca County. From a point near 
Chisholm westward it is covered by a thin deposit of 
ICeewatin drift. The other moraines of this system 
lie only a short distance north ,of the Mesabi range 
for most o,f their course across St. Louis County and 
t.rend with the range slightly south of west, but near 

81 Leverett, Frank, Moraines and shore lines of the Lal{e Superior 
Basin: U. S. Geol. Survey Prof. Paper 154, pp. 57-63, 1929. 
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the west side of St. Louis County they swing north­
westward into Itasca c.ounty and then take a west­
ward course across the northern part of the county. 
The morainic belt was mapped by the writer as far 
west as the Minneapolis & Rainy River Railway at 
l{enny, Minn. A thin cover of I{eewatin ·drift is 
found on this Patrician morainic belt from the vicin­
ity of the Sturgeon River in western St. Louis c.ounty 
westward, but the Keewatin ice caused only a slight 
toning down of its morainic features. 

From a point near the head of the Embarrass River, 
a few miles east of Tower, a slender moraine branches 
off from the inner edge of the morainic system under 
discussion and takes a course north of west along the 
south side of Vermilion Lake to the west end of the 
lake. West of that point it was overridden by Kee­
watin ice and coated thinly with its drift, but the 
Patrician moraine is traceable westward past the south 
side of Pelican and Nett Lakes into Koochiching 
County. It was traced by the writer about 6 miles 
into Koochiching County but is reported by residents 
to continue westward between Nett Lake River and 
the Littlefork River to the point where the latter 
stream turns north ward in the northeastern part of 
T. 65 N., R. 25 W. It apparently continues westward 
to the Bigfork River and deflects that stream west­
ward near Big Falls. A considerable part of this 
moraine was mapped in 1893 by Upham,82 who named 
it Vermilion moraine. He interpreted it to run east: 
ward from Vermilion Lake past Ely, but it seems to 
the writer to have a more definite continuation south­
eastward from the lake to the stronger morainic sys­
tem. The moraine at Ely seems to be of later date 
and to be definitely developed for only 10 or 12 miles, 
or for 5 or 6 miles to the east and west from Ely. 
Winche1l 8s gives the Vermilion moraine a southeast­
ward course in his map of the northern part of St. 
Louis County, published six years later than Upham's 
report. Upham stated that the Vermilion moraine 
continues westward from the west end of Vermilion 
Lake past the south side of Pelican and Nett Lakes, 
and the writer found this to be its course. But 
Winchell in the map just cited represents the course 
of the moraine to be northwestward past the east side 
of Pelican Lake to Kabetogama Lake. There is, how­
ever, a more scanty deposit of drift along this course 
than on the south side of Pelican and Nett Lakes and 
Lut few places where the drift is in definite knolls of 
Inorainic type. This district was also covered by the 
Keewatin ice, and some of the drift was derived from 
that source. 

There is a moraine of Patrician drift running south­
westward from International Falls past N akoda, 

82 Upham, Warren, Minnesota Geol. and Nat Rist. Survey Twenty­
second Ann. Rept., p. 51, 1893. 

83 Winchell, N. H., Geology of Minnesota, vol. 4, pI. 67, 1899. 

Minn., which is distinctly developed for about 15 miles 
with a width of 1~ to 2~ miles. It stands just within 
the limits of the I(eewatin ice movement, but carries 
only a thin veneer of Keewatin drift. 

The rock ledges on the borders of Rainy Lake and 
also to the southwest for a few miles within the limits 
of the Keewatin ice lnovement have striae with a 

'southwesterly bearing that is consistent with the 
Patrician ice movement. But at Fort Frances, on the 
Canadian side opposite International Falls, eastward­
bearing striae were noted, and the eastward-bearing 
striae are found at numerous points on the borders of 
the Bigfork Valley, also along the Littlefork Valley 
from central Koochiching County southeastward into 
western St. Louis County, thus showing that the Kee­
watin ice had weak action for only a few miles near its 
outer limits. 

Upham 84 estimated that the main morainic strips in 
the vicinity of Vermilion Lake and Ely have about 
40 feet of drift, but that there is not more than 5 feet 
of drift in much of the nonmorainic area. He esti­
mated about one-t~mth of the surface to be nearly bare 
rock. It is probable that this estimate will hold for the 
greater part of St. Louis, Lake, and Cook Counties to 
the north of the morainic belts just outlined. Some of 
the valleys, however, carry a filling of considerable 
depth. 

Northeastward from the junction of the Highland 
morainic system of the Superior lobe with the correla­
tive Patrician morainic belt, from eastern Lake County 
a few miles into Cook County, eskers of considerable 
prominence were developed. Some of them are nearly 
100 feet high. They seem to have been formed about 
at the line of meeting of the two ice movements. 

WISCONSIN GRAY DRIFT (DES MOINES LOBE) 

GENERAL FEATURES 

The young gray drift of Minnesota and neighbor­
ing parts of the Dakot.as and Iowa was formed by an 
ice sheet that extended southward from central Can­
ada, with an axis of movement in the Red River Valley. 
The main lobe continued from the head of the Red 
River southeastward along the Minnesota Valley to 
the bend near Mankato, Minn., and thence southward 
into Iowa and down the Des Moines Valley as far as 
Des Moines. This is commonly known as the Des 
Moines ice lobe but has also been termed the Min­
nesota-Iowa lobe. A 'smaller lobe extended down the 
James River Valley in South Dakota to the Missouri 
River. This is known as the James River lobe but 
moore commonly as the Dakota lobe. The junction of 
the two lobes is at the north end of the Coteau des 
Prairies in northeastern South Dakota and is marked 
by an intricate network of morainic ridges and out-

84 Upham, Warren, op. cit., p. 52. 
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wash plains. Several moraines of each ice lobe, down 
to and including the Gary moraine, are here massed 
together. Within a short distance those of the Des 
Moines lobe separate into three distinct morainic belts, 
known as the Ben1is, Altamont, and Gary moraines, 
from villages located on them in eastern South Da­
kota. The moraines on the east side of the Dakota 
lobe, however, are massed into a single broad morainic 
system from this junction southward nearly to the 
end of the ice lobe. In the vicinity of Sioux Falls 
the inner moraines swing around to the west and be­
come distinctly separated fr01n the outer part of the 
Inorainic system. These have been mapped by Todd 85 

in more or less detail. 
There were two sublobes on the east side of the 

Inain Minnesota-Iowa or Des Moines lobe, one ex­
tending northeastward from the Mississippi Valley 
above Minneapolis to the St. Croix Valley near Grants­
Lurg, 'Vis., kno~n as the Grantsburg sublobe, and the 
ot.her extending southeastward across the Mesabi 
range and spreading out in the St. Louis and upper 
M:ississippi Basins, known as the St. Louis sublobe. 
These sublobes extended into territory that carries .a 
deposit of Wisconsin red drift. The .gray drift of the 
Grantsburg sublobe thus overlaps the red drift at least 
75 Iniles and that of the St. Louis sublobe nearly as 
fnr. The outer moraines of the Grantsburg sublobe 
appear to be correlative with those of the Des Moines 
lobe and thus indicate that the movement of ice in the 
region occupied by the Wisconsin gray drift culmi­
nated later than that which laid down the Wisconsin 
red drift. The correlation of the moraines of the 
young gray drift with moraines of the Superior, Mich­
igan, and I-Iuron Basins is taken up in a recent re­
port,SO in which the outer moraines are shown to be 
probable correlatives of the Port Huron morainic 
!:iystem. 

BEMIS MORAINE IN SOUTH DAKOTA 

Ewtent.-The Bemis moraine, named from the vil­
lu.ge of Bemis, in Deuel County, S. Dak., has its 
northernmost exposure in the southwest township of 
Uoberts County, in the vicinity of Ortley, S. Dak. 
(See figs. ·11 and 12.) There are in this township 
groups of morainic knolls, surrounded by gravel 
plains, in .which the headwaters of the Big Sioux 
River take their rise. A continuous morainic ridge 
sets in on the south side of the Big Sioux about 2 
miles west of Summit, near the line of Roberts and 
Grant Counties, with an altitude at the county line 
of about 2,000 feet. The base of the moraine is about 

86 Todd, J. ID., The moraInes of southeastern South Dakota and their 
attendant deposIts: U. S. Geol. Survey Bull. 158, 165 pp., 1899; U. S. 
Gcol. Survey Gcol. Atlas, Parker folio (No. 97), 1903; Elk Point folio 
(No. 156), 1008. 

86 Lcvel·ett. Fl'a 11 Ie, Mornines and shore lines of the Lake Superior 
Bnsln: U. S. Geol. Survey Prof. Paper 154, pp. 38-39, 1929. 

1:925 feet above sea level on the west and 1,935 feet 
on the east. The Big Sioux River is about 50 feet 
lower, or 1,875 feet above sea level, where it crosses 
the c9unty line. 

The outer border of the moraine leads through the 
western part of T. 121 N., R. 51 ""Y., fron1 sec. 6 to 
sec. 32, and it has a relief along its border of 30 to . 
50 feet. The drainage from it is westward through 
Indian Creek and is tributary to the Big Sioux River. 
Very little outwash is present along the border of the 
moraine in this township, there being till of pre­
Wisconsin age in the outer border district. The inner 
or eastern slope of the moraine drains northward to 
the Big Sioux River from sec. 15, but within a mile 
or two' southeast from that locality the drainage goes 
to the Minnesota. River. The moraine has a general 
width of 2 to 3 miles in this township. 

After crossing the line of the old Sisseton and 
"Tahpeton Indian Reservation into T. 120 N., R. 52 W., 
the moraine bears south-southeastward through the 
eastern part of that township .and the western part of 
T. 120 N., R. 51 W., its outer border being in secs. 15, 
23,26, and 35, T. 120 N., R. 52 W., and its inner border 
running from the western part of sec. 6, T. 120 N., 
R. 51 W., to the southeastern part of sec. 33. There 
is a gravel plain about a mile wide on the inner border 
of the moraine, which is an outwash from the Alta­
mont moraine. 

This gravel plain now drains through the Altamont 
moraine to the Minnesota River. Th~ inner slope of 
the Bemis moraine drains into this gravel plain and 
thence to the Minnesota River. 

The Bemis moraine enters Codington County at the 
line of T. 119 N.,Rs. 51 and 52 W., but covers only the 
northeast corner of T. 119 N., R. 52 W. It is crossed 
by the Great Northern Railway immediately west of 
South Shore, in T. 119 N., R. 51 W. It has a general 
width of about 2 miles in this township and leaves the 
township near the middle of the south line. It con­
tinues across T. 118 N., R. 51 ""Y., in a course slightly 
east of south, its western edge being about a mile east 
of Waverly, and it maintains a width of about 2 miles 
in this township. Between it and the Altamont mo­
raine there is a great depression, crossed by the Minne­
apolis & St. Louis Railroad directly west of Troy, 
which is poorly drained and occupied by a chain of 
lakes, one directly south of Troy and others in north­
western Deuel County. The moraine runs through the 
eastern edge of T. 117 N., R. 52 W., and is crossed by 
the Chicago & Northwestern Railway between Kranz­
burg and Goodwin stations. Its crest at the railroad 
ct'ossing is nearly on the line of Codington and Deuel 
Counties. 

In Deuel County the moraine passes through Bemis, 
on the Chicago, Rock Island & Pacific Railroad, and 
lies southwest of that railroad from Bemis to Brandt. 
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FIGURE n.-Map showing relation of moraines of the Des Moines and Dakota ice lobes near their 
iUl1ction in the northern part of eastern South Dakota 

Its inner border" is just outside 
the village of Clear Lake. It 
passes to the" east side .of the 
railroad near Brandt and 
maintains a southeastward 
course a c r 0 S s northeastern 
Brookings County, passing 
just west of As tor i a, Oak 
Lake, and Lake Hendricks. 
It becomes reduced in this 

"county to a width of but little 
more than a mile but is of 
great prominence on the inner 
border, its crest being about 
150 feet above the plain that 
lies east of it. The relief on 
the outer border is only 30 
feet, and its crest is scarcely 
as high as the highest points 
on the Coteau des Prairies to 
the west of it, near Toronto. 

o haraateristio8.-Through­
out its course in South Dakota 
the Bemis moraine is excep­
tionally bouldery," there being 
places where the boulders lit­
erally cover the ground over 
many acres. They a"re mainly 
granite and reach a maximum 
size of 6 feet or more. The 
number of. boulders is notably 
greater than on the outlying 
strip of Iowan drift to the 
w est, a Ire a d y described. 
Throughout its course the 
moraine has a strong expres­
sion, with sharp knolls 30 to 
50 feet high and a network of 
swales and basins among the 
knolls. There has been de­
cidedly less toning down of 
prominent knolls than in the 
outlying Iowan drift. 

The moraine is crossed di­
rectly south of Clear Lake by 
Hidewood Creek, a tributary 
of the Big Sioux River and 
the 0 u t let of Clear Lake. 
This line of drainage seems 
to have served as an outlet for 
ponded waters between the 
Altamont and Bemis moraines 
in northwestern Deuel County 
and as far north as the Indian 
reservation lin e in Grant 
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County. At present this district drains eastward 
through the Y ellowban~ River to the Minnesota 
River, across the Altamont moraine. But from the 
region near South Shore ~o the vicinity of Clear Lake 
neither the Bemis nor the Altamont moraine is crossed 
by a drainage line, and a chain of lakes is present in 
this poorly drained area. The valley of Hidewood 
Creek where it crosses the Bemis moraine is about 
150 feet in depth, but the bottom' is scarcely one, 
eighth of a mile wide in its course 
through the moraine. A small area on 
the inner border of the moraine in cen­
tral Deuel County, from the vicinity of 
Brandt southeastward, has northeast­
ward drainage through the Altamont 
moraine to the Minnesota River. 

A deep depre~sion leads across the 
Bemis 11l0rainefrom Lake Hendricks 
squthward. North of the line of the 
crest of the moraine it is drained into 
Lake I-Iendricks and thence to the Min­
nesota Hi vel', but south of that line the 
drainage goes south to Deer Creek and 
thence to the Big Sioux River. There 
are no knolls on the divide in this de­
pression, and it seems to have been the 
line of a southward discharge of glacial 
waters near the inner border of the mo­
raine. This channel may also have 
served as an outlet for glacial waters 
ponded between the Altamont and Bemis ~ 
moraines, fr0111 points as far north as 
Brandt, beyond which, as indicated 
above, the ponded waters found escape z 
through the valley of Hidewood Creek. "­
This depression is about 150 feet lower : 
than the neighboring parts of the Bemis 
moraine, and its bed is scarcely a quar­
ter of a mile wide. 

R. 52 w. 

acros~~incoln County. Both northwest and southeast 
of Lake Benton it reaches nearly 2,000 feet, yet the re­
lief oh the outer border is generally not more than 50 
feet, the altitude at the base of the outer slope being 
above the 1,900-foot contour. There are three deep 
gaps in the moraine, one at the State line, one south­
west of Lake Shaokatan, and one at Lake Benton vil­
lage. The deepest channel is at Lake Benton and is 
about 200 feet below points. on the 1110raine within 1 to 
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Ewtent.-The course of the Bemis mo-
rain,e in Lincoln and Pipestone Counties, 

FIGURE l~.-l\:[ap showing relations of moraines of the Des Moines and Dakota ice lobes 
near their junction in the southern part of eastern South Dakota 

Minn., was traced by Upham;s7 who called the mo­
raine "the western or outer terminal moraine fornl­
ing the crest of the Coteau des Prairies." It has a 
general southeastward course across Shaokatan, 
Drammen; Diamond Lake, and Lake Benton Town­
ships, in Lincoln Co~nty, and is about 1Y2 miles wide. 
The highest part of its crest, in the vicinity of the 
State line, is fully 1,950 feet above sea level, and, ac­
cording to Upham's baronletric determinations, its al­
titude is above 1,950 feet for more than half its course 

87 Upham, Warren, Geology of Minnesota. vol. 1, p. 602, pI. 28, 1884. 
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2 miles either northwest or southeast. Lake Shaoka­
tan now drains northeastward across the Alta1nont 
moraine, but at the time that moraine was forming 
ponded water between it and the Bemis moraine 
found outlets through the gaps in the Bemis moraine. 

In its course across northeastern Pipestone County 
the Bemis moraine has a general altitude between 
1,900 and 1,950 feet and an outer-border relief of 
about 50 feet. Its usual width is about 2 miles. 
From its western slope there was drainage to the Big 
Sioux River by way of Flandreau Creek and the Rock 



60" QUATERNARY GEOLOGY OF MINNESOTA ;AND PARTS OF ADJACENT STATES 

Rive'rJ"From its 'eastern slope the drainage now goes 
partly northeastward through'the Redwood River to 
the ,'( 'Mirinesota:' l Ri v'er and" partly southeastw.ard 
tht!"bugh the Des :Moines River to the ¥ississi ppi. The 
sout'ce'of,the Des Moines River is iIi the southeastern 
part:of the northeast township' of Pipestone County. 

In" Murray County the moraine nlaintains' great 
prominerice as' far south as the valley of Chanara,mbie 
Creek, at 'Chandler, in the'southwestern part 'of the 
cou:p.ty. Buffalo Ridge, south of the Chicago, St. 
Paul,' Mi'nneapolis & Omaha Railroad, and "part of 
th,(3 moraine to the north, rise' above the 1,900-foot 
contour, but in general,the crest is between' 1,800 'and 
1~85Q' ::feet.' The outer-border relief is from 30 to 100 
feet. Where tp.e moraine' is crossed by the railroad 
the ':re~ief is not more than 30 'feet, but on Buffalo 
ni~ge, ,2'miles south, it is 100 feet. Chanarambie 
C~eek:}:las its' sources on the inner slope of this moraine 
arid' "follows the inner border' southeastward into the 
s~tit~West~rn. part'of Leed's Township. It there makes 
an ,ahrupt turn westward and crosses the moraine near 
Chan'dler, ina' g.ap that is below 1,700 feet, or more 
t~an 200 :(eet 'lower than neighboring parts of thB 
moraine. 

, From Chandler southeastward there are two slender 
m:oraines ,( see pI. 3) , whose, combined bulk is no 
greater than that of the one moraine north of Chan­
dler, ,~nd which appear to be ,the continuation and 

, equivalent of the Bemis moraine. They traverse the 
southern 'part of Murray County and run through cen­
tral' Nobles County in a general south-southeasterly 
course, 'with a,narrow till plain between them. The' 
outer moraine runs from Chandler to St. Kilian and 
is crossed by' the Chicago, Rock Island & Pacific Rail- ' 
road just west of ""Vilmont. It becomes double for a 
few miles, from the southwestern part of T. 103 N., 
R., 41 W., southward to the Chicago, St. Paul, Minne­
apolis &i Omaha Railroad,' where it crosses the Little 
Rock River east of Rushmore. There is a narrow 
gravel plain between the two members of the ,moraine 
where it has this double phase. South of the railroad 
it continues as a single moraine into Iowa, passing by 
the village of Bigelow. ' ' , 

The inner moraine branches off from the Bemis 
moraine a1;>out 2 miles west of Iona, runs south-south­
eastward to Re'adin'g, arid crosses the Chicago, St. 
Paul, Minneapolis &,' Omaha Railroad directly west 
of Org Junction. It then swings eastward and rlu~s 
into Iowa from a point near: the southeast corner of 
Nobles County, Minn:. "'," 

Oha'f'aoteri8ti(J8.~The' portion of the' moraine in 
Lincoln, Pipestone, and' western'Murray Counties is 
so loose textured as to absorb a large portion of the 
rainfall. Many cobblestones and boulders are em­
bedded in the till, and the moraine also contains gravel 
knolls and gravel pockets in the midst of the till. 

The glacial drainage from this pal~t of the nloraine 
caine chiefly 'from the deep gaps above noted, but there 
is';also gravelly outwash along the border in the south­
ern part of Lincoln County and along much of its 
course in Pipestone County, extending but in places' 
a mile or more from the base of the nloraine. The 
portion in eastern Pipestone County opens southward 
along two'tributaries of the Rock River which unite' 

, "rest of vVoodstock 'There is a narrow gravel plain 
in the vicinity of the Chicago, St. Paul, :MInneapolis 
& Omaha-, Railroad between' the Bemis moraine and 
the pre-Wisconsin ridge on which ""Voodstock stands., 
From Chandler there was a strong line of glacial 
drainage down the valley of Chanarambie Creek. 

The moraine is very rugged in the vicinity of Chan-
,dler, north and east of Chanarambie Creek. A pro,m­
inent spur of gravelly hills extends northeastward 
from Chandler to' Hadley and covers the greater part 
of the southeast half of T. 106 N., R. 42 W., with 
sl!ght extensions into the bordering townships on the 
east and south. There appears to have been a sub-
10~e of the ice projecting down to Chandler from the 
vicinity of Hadley, Lake Wilson being in the nlidst 
of the district which it occupied. This spur of grav­
elly hills formed its eastern border. 

The slender moraines southeast of Chandler are 
generally of clayey constitution. ,They have a relief 
in places of scarcely 20 feet above the outer-border 
plains. The knolls are usually from 5 to 15 feet in 
height. Some of' them are widely' scattered, with 
nearly plane surfaces among them. But on the whole 
the moraines are sufficiently definite to be readily 
traced throughout their course in Minnesota. 

'There was glacial drainage from the outer ridge 
along each of the streams that led away fr0111 it in 
southern Murray County and iIi Nobles County. It 
seems, however, to have been rather weak'and'to have 
filled the valleys to slight extent. The drainage down 
the !(anaranza Valley, for instance, seems to have 
been too weak to carry the gravel as far as Adrian, 
which is only 8 to 10 miles from the point where the 
stream emerges from the moraine. The drainage 
down the Little Rock River was only sufficient to form 
a narrow strip of gravel, considerably less than 1 mile 
in width. Outwash from' a recess in the moraine 
directly west of Bigelow covers 2 or 3 square miles 
in southern Nobles County and extends slightly into, 
Iowa. 

BEMIS MORAINE IN IOWA 

Ewtent.-The Bemis moraine is split up still more 
in Iowa than in Minnesota (fig. 7), there being ill 
places ,four distinct morainic ridges in Osceola and 

, Di~kinson Counties. These morainic ridges have a 
Illuch more easterly .. c_ourse ,than in tJ?e neighboring 

, part of Minnesota and lead to the western edge of the 
Altamont moraine in southwestern and southern 
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Dickinson County and northeastern Clay County in 
Iowa. The Altamont moraine has a southward course 
where these earlier moraines come to it, and this 
course is continued across. Emmet and Palo Alto 
Counties and southealStern Clay County into north­
western Pocahontas County, Iowa. In southeastern 
Clay County a moraine, which is considered the prob­
able continuation of the Bemis moraine, comes to 
view outside the Altamont moraine. This ,outlying 
llloraine is weaker than the Altamont and differs but 
little from ground morain~ in its course around the 
southern part o,f the Des ~10ines lobe. But it is ,strong . 
on the east side of that lobe from Marshall County 
northward, as shown in the county reports of the 
Iowa Geological Survey, to which reference may he 
made for a description of the moraine. 

Oha'racte'l'i$tic8.-The several members of the Bemis 
morainic belt in Osce.ola and Dickinson Counties have 
a subdued swell and sag topography, with knolls 20 
feet or less in height. There is, however, a very 
prominent gravel knoll, or kame, near the village of 
Ocheyadan, known as Ocheyadan Mound, which rises 
about 100 feet above the bordering districts and forms 
a very prominent landmark. It is ,one of the highest 
points in the State o.f Iowa, the altitude being about 
1,670 feet above sea level. 

The outrwash~ from the several members O'f the 
Bemis moraine in Osceola and Dickinson Counties is 
of very slight extent. In Dickinson and Clay Coun­
ties, to the south of Lake Okoboji, there is an exten­
siv:e outwash plain leading southward past Spencer_ 
It seems likely, however, that this outwash was de­
ri ved largely ,from the Altamont moraine. 

BEMIS MORAINIC BELT ON EAST SIDE OF DES MOINES 
LOBE 

The maps and descriptions of the outer morainic belt 
on the east side of the Des Moines lobe in Iowa, con­
tained in reports of the Iowa Geological Survey, show 
it to vary greatly in width and in strength, there 
being spurs on its inner border, some of which extend 
several miles westward. The topography also ranges 
from a gently undulating type to a sharp knob and 
kettle type. These reports do not separate the mo­
rainic belt into distinct members. 

In southern Minnesota there is much complexity in 
the Bemis morainic belt, and in places it is separable 
into four or five members (see pI. 3), with narrow 
intervening till plains and strips of outwash. Four 
distinct members enter Minnesota from Iowa, the out­
ermost 5 miles east of Gordonville, a second directly 
east of that village, a third 5 miles west, and a fourth 
3 miles farther west, directly east of Emmons. The 
entire series lies east of Albert Lea and Clark Grove 
but is spread over most of the eastern half of Free­
born County. If crowded together the width would 

be only 5 or 6 miles, but they are spread over a width 
of 15 miles or more. The outermost member runs: 
into the western edge of Mower County, west of Aus-· 
tin and Ramsey. The Chicago, Milwaukee, St. Paul 
& Pacific Railway crosses five morainic ridges of this 
series between Albert Lea and Ramsey. The moraines, 
do not run in parallel courses, but instead they split: 
up and then come together, so that the third moraine' 
in one cross section may be the correlative of the­
second or the fourth in other cross sections. These· 
complications are set forth on the glacial map. 

The Bemis morainic belt is not so diffuse in Steele­
County as in Freeborn, yet its members occupy a. 
width of 10 or 12 miles, mainly east of the Straight­
River. But from Owatonna northward to Faribault: 
one morainic ridge lies west of the river. There is a. 
very weak moraine in western Dodge County, marking­
the outer limit of the Wisconsin drift. The moraines: 
converge in southern Rice County to a width of only 
5 or 6 miles at Faribault. About 5 miles north of 
Faribault this morainic belt and the Altamont become· 
merged into a single broad morainic system in which! 
it is difficult to draw the line of separation. It is· 
probable that only the eastern third lies outside the 
Altamont morainic system in the north half of Rice­
County and in Scott County. The morainic features. 
are much weaker along the eastern edge of the Wis-­
consin drift in northern Rice County and southwest­
ern Dakota County than at a line 3 or 4 miles inside­
the drift limit. But near Lakeville the strong mo";.­
rainic topography extends out to the edge of the gray 
drift. North from Lakeville a strong red-drift mo­
raine (St. Croix) is overridden by this strong gray­
drift moraine, thus giving exceptional strength of ex-· 
pression. This is the condition at the border of the 
Minnesota Valley. 

The district north of the Minnesota Valley lies 
within the limits of the Grantsburg sublobe and is dis­
cussed by Sardeson on pages 78-90. The Rush Lake 
morainic system of the Grantsburg sublobe, with its 
four members, seems to be the equivalent of the Bemis 
morainic belt. 

BEMIS MORAINE AND LIMITS OF YOUNG GRAY DRIFT 
NORTH OF GRANTSBURG SUBLOBE 

The moraines in the Grantsburg sublobe are de-· 
scribed below by Sardeson. It is probable that the­
outer system of moraines in the sublobe, the Rush 
Lake morainic system, may be correlated in a general 
way with the Bemis Inorainic belt. The young gray 
drift north of the Grantsburg sublobe is so complex as 
to be difficult to interpret, and such interpretations and 
correlations as are here Inade are thus more or less· 
tentative. It is found that parts of the border lack 
a definite moraine and that moraines near' the border 
vary greatly in trend and in strength and thus pre-
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sent a marked 'contrast to th~ regular and parallel. 
system of ridges on the southwest border of the ice 
lobe. 

The west, base of the Grantsburg sublobe is in' the 
northwestern part of Wright County and the adjacent 
part of Stearns County. A moraine connects with 
the moraines of this sublobe directly west of Annan­
dale and bears northwestward past Kimball to the 
valley of. the Sauk River south of Richmond. It 
forms the border of the young gray drift for most 
of the 20 miles of this interval. Beyond this point 
there are two moraines. One that turns southwest­
ward directly away from the gray-drift border is 
tentatively included jn the Altamont morainic system. 
This seems to be combined with the Bemis morainic 
belt to the southeast, to form the morainic belt that 
runs from Kimball to Richmond. The other moraine, 
which is thought to be the Bemis, becomes distinct 
on the north side of the Sauk River' near Richmond 
and takes a northwestward course to Sauk Center, 
crossing the Sauk River. south of New Munich. A 
thin deposit of young gray drift covers a strip several 
mil~s wide outside of this moraine east of the Sauk 
River from the vicinity of Albany to Sauk Center .. 
There is also a small ar'ea outside the moraine east of 
Richmond, near Cold Spring, on each side of the 
Sauk River. 

To the north of Sauk Center, in southwestern Todd 
County, there is a strip with nearly lev~l surface for 
several miles west from Sauk Lake. But from Little 
Sauk past Round Prairie to Long Prairie small hum­
nlOcks 5 to 10 feet high form a weak morainal border. 

. This, however, does not seem to be the full equivalent 
of the Bemis morainic belt, which is probably rep­
resented in a more d~finite belt running northwestward 
from Sank Center past West Union to the south end 
of Osakis Lake. The Bemis may be the equivalent of 
both moraines. There is a 'gap some 3 miles wide at 
Osakis Lake. North of this gap a definite moraine 
sets in at the east bluff of the lake and runs eastward 
past the south side of Maple IJake, and then northeast­
ward to the Long Prairie River at the bend west of 
Long Prairie, thus nearly coming to the border of 
the young gray drift.. This singular zigzag course of 
the ·moraine away from and back to the border in 
southwestern Todd County is perhaps no more re­
markable than the apparent lack of any definite mo­
rainal continuation beyond Long Prairie. Perhaps at 
this time the ice border faced directly north for a 
few miles, from Long Prairie to Clotho, with its edge 
near the eastward-flowing part of the Long Prairie 
River, but it did not form a definite moraine between 
these points. From Clotho a moraine, which may be 
the Bemis, is traceable northward through the western 
edge of Todd County nearly to the line of Wadena 

County. It varies remarkably in strength, being very 
prominent for 6 miles north from Clotho and again 
just south o{the Todd and Wadena County line but 
relatively weak elsewhere. All along its course, how­
ever, small knolls abound, in a strip a mile or more 
wide, and distinguish it from the smoother surface of 
t.he bordering till plains. 

There is another moraine that parts from this one 
at the north bluff of the Long Prairie River near 
Clotho and takes a course north of west across the 
northeast corner of Douglas County into connection . 
with the great "Leaf Hills moraine" of Upham be­
tween - Miltona and Parkers Prairie. This moraine 
may be represented south of Clotho in a strip of un­
dulating till that runs south-southwestward into 
Douglas County on the west side of Osakis Lake but 
fad~s out near the south end of the lake. This strip 
and the moraine in' the northeast corner of Douglas 
County appear to be earlier than the Altamont mo­
raine and more closely related to the Bemis moraine. 
But, as indicated below, the" Leaf Hil~s moraine" of 
Upham should perhaps be correlated with the Alta­
lllOnt moraine. 

The features thus far outlined pertain clearly to 
the young gray drift. There is in Todd County and 
southern Wadena County a peculiar district which was 
largely occupied by Lake Wadena in middle Wisconsin 
time (p. 43). It lies west of the St. Croix morainic 
system and' covers much of Todd County, western Cass 
County, Wadena County, and bordering parts of 
Otter Tail, Becker, and Hubbard Counties. Lake 
Wadena seems to have covered its lower part~, but a 
considerable part of Todd County stood above the 
level of that lake. The lake apparently washed part 
of the outer slope of the St. Croix morainic belt in 
Todd and Cass Counties. This seems to account for 
the general absence of an outwash plain and its restric­
tion to high altitudes, as noted in the discussion of 
that morainic system (pp. 42-43). There seems also to 
be an abrupt change from the rugged contours of the 
moraine to a smoother surface .at the level of the lake. 

The part of Todd County directly west of the 
north ward ~ flowing part of the Long Prairie River' is 
characterized by numerous elliptical or lenticular hills 
with a rude resem~lance to drumlins. They stand 
usually about 25 feet above intervening swales but 
range in height from 10 feet to fully 50 feet. Few 
of them are a mile in length and the more common 
Length is about half a mile. The width .is usually not 
more than one-third the length. The trend of those 
in Todd County ranges from nearly due ~outh to 
south-southwest. A group a few miles northeast of 
Wadena is shown in Figure 13. Northward from 
Todd County into Wadena County and bordering 
parts of Otter Tail and Becker Counties the trend 
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gradually changes to southwest and then to west-' The wide area of sandy and gravelly land that o.CCU­
southwest. If the ice movement that pro.duced' or piE\s the greater part o.f Wadena Co.unty and the So.uth­
shaped these hills came from the northeast, there ern part of Hubbard County is largely within the area 
would have been a radiation or spreading of the ice covered by glacial Lake Wadena in middle Wisconsin 
in a southwesterly direction, but if it came ,from the time, but it seems improbable that ,the sand and gravel 
southwest there would have been a convergence of ice are lake deposits. This gravel area appears to. have 
movement toward the northeast. From central Todd 
County the movement would have been but little east' received considera?le .con~ributions ~y gla~ial ~rainage 
of north, from eastern Otter Tail County about north- from the Keewa~In Ice In late WIsconsIn tIme .. In 
east, and from southeastern Becker Co.unty rilore ,pl.aces t~e depOSIts are traceable back to. moraInes 
nearly east. This is not inconsistent' with what may WIth WhICh they may be correlated. But a large 
be inferred a~ to the dire~tion of the ice mov~Ihent I pa~t of ~he. sand. and gravel seems to ant~date the late 
that brought In the KeewatIn drift. . WIsconsIn InvaSIOn. 

The composition of the drift in the 
ridges also favors its deposition by the Kee­
watin ice, for it is calcareous nearly to the 
surface and carries many limestone pebbles. 
Such pebbles were noted at depths of only 
4 to 5 feet below the crests of the ridges in 
some of the railway cuts. The surface por­
tion to a depth of about 5 feet is more stony 
than the deeper portion, and the stones con­
sist largely of granite and other crystalline 
rocl{s. There are relatively few sto.nes that 
can be definitely referred to formations in 
northeastern Minnesota. Instead the rocks 
seem more likely to have been brought in 
from Manitoba and western Ontario. There 
thus seems to be nothing to. oppose the 
reference of the drift to the Keewatin ice 
movement. 

Inasmuch as this district was covered by 
the n::eewatin ice in some if not all of the 
earlier glacial stages and as it lies east of the 
well-defined moraines of Wisconsin drift, it 
is necessary to consider the possibility that 
these drumlil1like ridges are of pre-Wiscon-
sin age. The drift in them shows little or no. indura­
tion of the kind commonly exhibited by the Kansas 
and N eJ:>raskan drifts in Minnesota. The preservatio.n 
of the ridge form is also more perfect than seems con­
sistent with the amount o.f erosion ordinarily shown 
by these drifts. The evidence thus seems decidedly. 
against referring these ridges to either of these early 
glacial stages. The Iowan stage remains to be consid­
ered. There is a strong probability that the Keewatin 
ice extended over this 'district in the Io.wan as well as 
earlier stages. It thus becomes a question whether 
these ridges are not referable to the Iowan rather than 
the Wisco.nsin stage. The state o.f weathering and 
erosion may favor their reference to the Iowan stage, 
for it seems to be so.mewhat greater than is co.mmo.nly 
displayed by the late Wisconsin drift in bordering dis­
tricts on the west. The writer is acco.rdingly disposed 
to refer the ridges tentatively to the Io.wan stage. 

R.3SW, }~~-8~~R~'~~~~'4~~--~--~ 
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FIGURE 13.-'-Drumlinoid ridges in Wadena County, Minn. 

It is pro.bable that the Keewatin ice sheet covered 
the till areas of western Wadena County and So.uth­
western Hubbard County, and it may have extended 
over the gravelly and sanely parts o.f Wadena County 
and southern Hubbard County as far as the Crow 
,\Ving River, as well as the gravelly and sandy parts 
of eastern Beckei· County. The character of the ma­
terial is consistent with this interpretation. Lime­
stone pebbles abound in it, an4 the pebbles do not 
seem to show any striking difference from th6se in 
the till areas Qn the west. A high gravelly plain east 
of the headwaters of the Crow Wing River near 
Chamberlin contains material like that of the St. 
Croix moraine of red drift to the east and was prob­
ably formed by outwash from that moraine. 

The great morainic belt that'lies on the north side 
of the gravelly area in central Hubbard County and 
northeastern Becker County is probably part of the 
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Altamont rather than the Bemis morainic belt. The 
Bemis may be represented in short sections or strips 
.of moraine in eastern Otter Tail County and south­
.eastern Becker County. There are strips of moraine 
with rather weak expression in eastern Otter Tail 
County, south and east of the village of Deer Creek, 
that are traceable northeastward to the south side 
of the Leaf River Valley. North of that valley drum­
Fnoid ridges are conspicuous in western Wadena 
County and the bordering parts of Otter Tail and 
Becker Counties, but no definite morainic' strips were' 
noted. There is, however, a very prominent morainic 
tract in southeastern Beeker County, extending about 
10 miles, southeastward from Shell Lake, with a gen­
eral width of 4 to 5 miles, that seems to lie outside 

,the Altamont morainic system. Yet it may be as­
signed to that system if the ice border protruded over 
the great gravelly al:ea of eastern Becker County. The 
knolls are 30 to 50 feet or more in height, and the gen­
eral expression is similar to that of the Altamont 
morainic system. . 

It is not yet determined whether the s1,lblobe of 
Keewatin drift in the St. Louis River drainage basin 
culminated as early as the time when the Bemis mo­
raine was formed or somewhat later. The ice prob­
ably maintained an expanded condition in the north­
ern part of the State until it had shrunk materially in 
the southern part. The St. Louis Basin may, in that 
case, have remained with nearly its full degree of ice 
covering down to the time when the Altamont mo­
raine was formed, even if it became filled as early as 
the time. of the Bemis moraine. It seems probable 
also that the ice would have remained at about its cul­
minating position in the part of Minnesota north OT 
the, Mesabi range to a time as late as that of the Alta-' 
mont moraine. This northern part o.f the State is 
still largely unopened, with few roads or trails, and 
being covered with brush is a difficult region in which 
to. work out details of glacial history. The precise 
limits of the young gray drift have been determined 
at only a few places in the district' north o.f the 
Mesabi range. 

The course of the young gray drift border appears 
to be northward from a point near Chisholm, in west­
ern St. Louis County, on the Mesabi range, nearly to 
the LiUlefork River. There was an eastward protru­
sion of the ice extending 12 to 15 miles into the low­
land that borders this stream. North froill' this low­
land the border passes nea~ the west end of Vermilion 
Lake and continues northward nearly to the'interna­
tional boundary. It then swings westward and runs 
P!;1st the south side of n::abetogama Lake to the' west 
end of Rainy Lake, where it passes into Canada. Its 
course in Canada, as determined by Johnston, 88 is 

88 Johnston, W. A" Rainy River district, Ontario; Surficial geology 
and soils: Canada Geol. Survey Mem. 82, p. 123, map, 1915. 

northwestward to the Lake of the ',,"oods. In this 
lake Garden Island is within the limits of the gray 
drift, but islands ,farther east and north are thought 
by Johnston to be outside its limits. The border 
strikes the western shore of the Lake of the Woods 
near the northwest angle, at the north end of the 
northward !extension of Minnesota on that shore. 
There was thus a broad ice lobe protruding southeast­
ward nearly 100 miles from the Lake of the Woods, 
with a slight encroachment on Canada, but lying 
mainly in northern Minnesota. 

KEEWATIN DRIFT SOUTH OF MESABI IRON RANGE 

Dist1ibution.-There was a distinct lobation of the 
I(eewatin ice sheet in the St. Louis drainage basin 
and the part of the Mississippi Valley immediately 
south of the Mesabi iron range, for which the name 
St. Louis sublobe has been suggested (p. 57). Its 
center or axis of movement across the range was not 
far from the course of the Mississippi River, and it 
covered the range as far northeast as Chisholm and as 
far southwest as the northwest township of Aitkin 
County, near Shovel Lake.. Its width on' the range 
was thus nearly 60 miles .. On descending into the 
basin south of the range the ice spread olJ,t to a width 
of about 110 miles, or 50 miles greater than its width 
on the range. The extension was northeastward to­
ward the source of the St. Louis River, as well as 
southwestward down the Mississippi Valley. Its 
northeastern limits in the St. Louis Basin were near 
Aurora and Markham. The southeast border of the 
drift deposited by this sublobe runs somewhat directly 
fr'om Markham to Culver and thence westward on 
the north side of the St. Louis River to Mirbat. It 
there crosses the river and runs southwestward past 
'Prairie Lake and Tamarack to Rice Lake, doubles 
back sharply northward to Axtell, curves around to 
the west and south to Rossburg, and continues west­
ward down the south side of the Mississippi Valley 
to the terminus of the lobe at Rabbit Lake, north of 
Cuyuna. On the north side of the Mississippi'it runs 
northeastward about to Bain and there curves around 
t('l the northwest and runs past Shovel Lake village 
to Big 'Rice Lake, from which westward it pertains 
to the general ice sheet. 

On the south slope of the Mesabi range the border 
is sinuous and adjusted to the contours of the range. 
It falls short about 300 feet of reaching the height of 
the highest points on the crest from the vicinity of 
Virginia eastward to the Embarrass Valley, its upper 
bmit being at an altitude of about 1,500 feet. Where 
the ice overrode' the range in the vicinity of Hibbing 
it covered points over' 1;700 feet above sea level. 

The altitude along the. southeast border declines 
fl\)m about 1,500 feet near, Markham to 1,300 feet or 
less where the lobe crosses the St. Louis River near 
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Mirbat and to about 1,200 feet at the southwest end 
-of the lobe, near Rabbit Lake. As there has been 
.SOlne northeastward differential uplift in this region, 
there is now a correspondingly greater .range in alti­
tude between the northeastern and southwestern parts 
-of the area covered by this ice lobe than at the time 
'the ice was present. This is known from the tilting 
'which the shores of Lake Aitkin exhibit (pp~. ()5-66). 

Rel(JJtion to Patrician drift.-That the occupancy of 
;this part of the St. Louis and Mississippi drainage 
~basins by the I(eewatin ice was later than its occu­
pancy by the Patrician ice, of late as well as middle 
Wisconsin time, is. clearly shown by the superposition 
'of the I(eewatin drift o~ the latest Patrician morai:q.es 
in northern Minnesota. In places the I(eewatin drift 
is ~o thin that the morainic kno~ls and ridges of Pa­
trician drift which it overlies are distinctly outlined 
features, \vith more expression than is common to th~ 
I(eewatin drift. On Plates 1-3 these overddden mo­
raines are indicated wherever they stand out clearly. 
Their weaker parts are so deeply covered by the Kee­
watin drift or in places by sand and silt deposits that 
they are no longer traceable. 
. Rel(lJtion to S'Wperio'l' ice lob e.-This St. Louis sub­
lobe lay immediately west of.an ice lobe that occupied 
and radiated from the Lake Superior Basin, known 
as the Superior ice lobe. There is a narrow strip of 
the Patrician red drift exposed between the drifts of 
.these two ice lobesfrom the St. Louis Valley at.~rook­
ston northeastward past the end of t;he Keewatin drift 
sheet. But from Brookston southwestw~rd to. Rice 
Lake the borders of the two drifts a~e al~~st in; con~ 
tact', and in places the I(yewati'n drif.t s\ightly overl~ps 
the edge of the Superior drift. . _ 

The Superior ic~, lobe appear;s, ther~fore, to have 
culminated and begun its. re~ession before the c~~mina­
tion of the I(eewntin . ice' lobe.. This is~ndicated, by 
the overlapping .of the :.Keewatin dri~~ just. mentio;ned, 
and also by the evidence of drainage from the I(eewa­
tin ice border, including that of gl~ciai Lake ~t. Louis, 
iuto the area that had been occupie~ by the Superior 
ice lobe (p. 54). ":, . 

Topog'raph~o featw·es.-Thissheet o~ I(ee-\vatin drift 
seems to have little or no terminal-moraine topography 
Lut instead presents a smooth to gen~ly undulating 
surface of the ground-nloraine type. Itveneers knolls 
and ridges of Patrician drift, as already n<;>ted, but it 
tends to reduce rather than accentuate the rougp.ness 
of: the surface by filling the depressions among the 
knolls and ridges. 

OlLrJlracte'l' of Keew'atin d'rift.-Besides the difference 
in color (pI. 4, .A.) the I(eewatin drift is generally of 
a more clayey and less stony character than the under­
lying Patrician drift, so the two drifts. are readily 
distinguished wherever e~p'osed.· Th~ cont,rast in 
st.oniness is so striking that it is clearly brought out 

in photographs.. (See pI. 4, B..) !The Keewatin drift 
is a' calcareous . till, containing limestone ·,pebbles 
brought in fronl southern Manitoba. Such pebbles 
are seldom found in. the Patrician drift,. and, the 
few that: occur were probably d~rived trom an ~n~ 
derlying old ca.lcare~us gray ~rift,· exposures of 
which are. to be seen at the base, of the Patricia~ drift 
on 'the borders of ,the Ini'n~ exc~vations. .The 'clayey 
character of the Keewatin drift'is propably due to the 
incorporation of clay~y s~ale; f~om fo~mations. in 
southern Manitoba and northwestern Min~esota in the 
path of this ice sheet. It is. the prevailing .ch~racter 
of the _young grayt'ill of wester~ ~innesota'l" 
Th~ colo~ of the :K:e~watin clrift in this' lobe· south 

o~ the Mesabi' range is· decidedly. red apd th:us dis­
tiI?-c~ly. di~~rent .. irolp :tl?-eyellow and g~ay;' ~olors of 
the same drift to t~le north. and west of the range. 
This red .color is propab.ly due, in the main, to jncor~' 
poration of red m~terial frOln the iron-bearing ·forn~a.­
tjons on the range, rather :than to' deep oxidation since 
the drift was deposited. 

'P'l'o'b~ble' p'lace,; i~': JtJl #qon~~n . 8ta~.~.~The uri ft in 
this lobe south of the Mesabi iron range seems about 
us old as the outer' part of the'sheet of young gray 
drift in the Des' Moip.es.lbbe aJ):d the Grantsburg sub­
lobe. It "is thus.'of late<Wisconsin' age.· It seems 'to 
fall in the" same ·part· of the Wis~onsin' stage" as the 
Port Huron morainic ;system; though perhapS" not cot­
relati ve' in a stric·t sense. . North of '-the Mesabi· range 
this <Keewatin drift is associated with that 'of theVer­
inilion' Iilorainic :belt of the Patrician ice sheet: (p. 56)'. 
The g~3;y drift: of,' the Littlefork drainage basin; how:. 
ever' overlaps the Vermilion. moraine nearly 'as far , , 

east as the· west end of V ermilion Lake) and is thus 
younger than that':moraine .. : 

'Lake Aitkin.~The 'name' Lake Aitkin lias been 
applied :by Upham 89 to a;, body "of: water which for a 
time covered 'the low, ground on' the' borders 'of the 
Mississippi ·River in Aitkin County, with ~light exten­
sions northward' into'Itasca':County and westward into 
Crow Wing·Cou!lty .. ··'. It occupied a: basin south of the 
Mesabi range into wliich the St.' L(n~is sub lobe of the 
Keewatln ice sheet ~had a southwestward extension. 
With· the' withdrawal' of the ice lobe ponded' water 
accumulated at its' southwest end arid gradually ex­
tended with the melting away 'of 'the ice. : At·the same 
time another lake, glacial Lake St. ~ouis; was formed 
in the St. Louis drainage hasin along' the 'eastern 
border of the same receding ice lobe.no ' 

The recession of the ice'border eventually was suffi­
cient to expose a low strip' on the: divi'de between the 
St. Louis and Mississippi drainage basins. near the 

IJIl Upham, Warren, Report on Aitkin County: Minnesota Geol. Survey, 
vol. 4, pp. 46-47, 1899. '. 

00 Winchell, N. H., Glacial lakes in Minnesota: Geol. Soc'. America 
Bull., vol. 12, PP. 121, 124, 1901. 
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Swan River, and the lakes then may have become con­
fluent and taken a common level in harmony' with the 
lower of the two outlets. The level of the two lakes 
differed so slightly before they became confluent, how­
ever, that it may be a difficult matter to determine 
which lake took the flow of the other. 

Lake Aitkin discharged directly down the course 
of the present Mississippi. Two beaches that differ 
about 10 feet in altitude are traceable on the borders 
of this lake. The higher one seems to mark the level 
of the head of the outlet when the ponding began, and 
the lower one registers a deepening of the outlet and 
a corresponding lowering of the level of the lake. 

The higher shore line 'has an altitude of 1,220 to 
1,225 feet above sea level from Aitkin west to the 
head of the outlet. There is a northward rise to 1,230 
feet in the vicinity of Palisade and' to 1,250 feet at 
Jacobson. This rise of 25 to 30 feet, which is made in 
a. distance of about 40 miles, is the result of subsequent 
northward differential uplift. 

OUTWASH AND GLACIAL DRAINAGE ON EAST SIDE OF 
KEEWATIN ICE SHEET 

The southeastern part of Stearns County and the 
bordering part of Wright County received the drain­
age from the ice in the angle between the main lobe 
and the Grantsburg sublobe, and as a result the low 
areas carry a coating of gravel and sand. The gravel 
trains to the southeast of the Sauk River Valley head 
in the recess between the ice lobes. On the Sauk 
River the gravel plain below Cold Spring heads at 
the gray-drift border and fills two low strips, one 
leading north toward' St. Joseph and the other fol­
lowing the present corirse of the river to St. Cloud. 
The Sauk Valley later served as a line of discharge 
for the waters that formed the extensive outwash plain· 
north of what is regarded as the Altamont morainic 
system in Pope, Kandiyohi, and! southern Stearns 
Counties. The headwater part of the Sauk River 
received the drainage from the north end of that 
great outwash plain through a channel leading from 
Villard past Westport. It is probable that some out­
wash was deposited in the upper part of the Sank 
Valley between Sauk Center and New Munich, at the, 
time the Bemis moraine was forming along the south-
west border of the valley. . 

The Round Prairie outwash plain extends across 
the present divide between the Little Sauk and Long 
Prairie Rivers and blo~ks the mouths of small valleys 
that come in from the east, which had been opened 
prior to the culmination of the Keewatin ice move­
ment. Lake Latimer is hel'd in the lower end of one 
of these valleys by such a filling. Smaller lakes be­
tween Lake Latimer and Round Prairie are in basins 
in the outwash plain. About 4 miles south of Long 

Prairie the border of the gray drift ctosses to the 
east side of the valley that drains northward to the 
Long Prairie River, and the outwash plain gives place 
to swampy land that lay beneath the ice edge. Along 
the east side of this valley past Lake Charlotte and 
the eastern part of Long Prairie numerous small 
knolls mark the limits of this drift. There was south­
ward drainage to the Round Prairie gravel plain from . 
the east side of Lake Charlotte. 

The part of the Long Prairie Valley north of the 
village is much broader than that west of it and has 
been filled with a deposit of sandy gravel; part of this 
area was a prairie at the time of the settlement of this 
region, whence comes the name. At a few places 
along the east bluff of the valley enough fresh-looking 
calcareous till was found to suggest that the Keewatin 
ice extended across the valley, but the ice seems not to 
have covered the valley long enough to make a con­
tinuous sheet of till at its edge. The sandy gravel 
eontains some limestone and probably is chiefly Kee­
watin outwash. Inasmuch as the Long Prairie River 
heads in an extensive outwash plain connected with 
what is regarded as the Altamont moraine, its valley 
was the natural line of discharge for glacial waters 
down to the time of completion of that moraine, and 
it is not unlikely that considerable material was car­
ried into this broad northward-flowing section of the 
stream course. The presence of calcareous gravel here 
is less significant than the patches of fresh calcareous 
till in showing that the Keewatin ice extended over 
this part of the valley. 

Eagle Creek, which enters the Long Prairie River 
at Browersville, has a broad gravel-filled valley, in 
places a mile in width, in the eastward-flowing part 
below Eagle Bend, but in the northward-flowing part 
for 4 miles above Eagle Bend the valley is narrow and 
its bottoms are cut in till. The headwaters are in an 
outwash plain of sandy gravel, from which glacial 
drainage would naturally have gone down Eagle 
Creek. Probably this drainage had a tendency to 
erode in the northward-flowing part, but deposited 
sand and gravel in the eastward-flowing part, below 
Eagle Bend, where its waters were free to spread out. 

The next noteworthy glacial drainage line to the 
north is the Wing River. This stream heads in an 
extensive outwash plain in southeastern Otter Tail 
County, part of which is known as Parkers Prairie. 
The stream traverses a till tract in northwestern Todd 
County, in a broad gravel-filled valley more than a 
mile in average width, and then enters the extensive 
area of sandy gravel that covers much of Wadena 
County. For about 3 miles, from Hewitt north to 
the line of Todd and Wadena Counties, it traverses 
a strip of bouldery till instead of utilizing the broad 
f,'"I'a vel plain close by on the east. , In explanation of 
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this peculiar course it was at first th.ought ,that the 
I{eewatin ice sheet' lnay have c.overed this strip .of 
b.o,uldery till while the gravelly dep.osits were being 
laid d.own as a direct .outwash in the valley .on its east 
b.order. But the relati.on .of the Wing Valley t.o the 
great .outwash plain a.t its head makes it seem' pr.ob­
able that glacial waters were dep.ositing material in 
this part .of the valley l.ong after the ice b.order had 
withdra wn frOln this secti.on. The stream may now 
be f.oll.owing a depressi.on which was t.o .one side of 
the main fl.ow .of the glacial stream and which f.or that 
reas.on remained unfilled. The fresh calcare.ous gravel 
car'ried by this large stream fr.om the Parkers Prairie 
.outwash plain was spread .out widely in s.outhern 
Waden~ C.ounty, filling the space several miles wide 
between the Wing and Partridge Rivers and extend­
ing d.own each stream t.o Leaf River. 

In southwestern 'Vadena C.ounty west .of Wing 
River and s.outh .of Leaf River there is a tract .of 
several square miles in which the surface is different 
frOln a plain .of aggradati.on, th.ough the drift is a 
l.o.ose-textured sandy and pebbly ,dep.osit, with little 
.or n.o admixture .of clay. There are a few surface 
b.oulders, usually a f.o.ot .or less in diameter, m.ore .or 
less waterw.orn. The surface is gently undulating 
like a till plain .or gr.ound m.oraine, and it is pr'.obably 
a very sandy phase .of gr.ound m.oraine. It is nearly 
in the line .of c.ontinuati.on .of the weak m.oraine that 
runs northward thr.ough western T.odd C.ounty, but 
it. has t.o.o little expressi.on t.o be classed as a m.oraine. 

The Leaf River has its s.ource in a great .outwash 
plain connected with what is regarded as the Alta­
m.ont m.orainic system, and its valley was the line of 
discharge for a glacial river .of considerable magni­
tude. The channel cut by this glacial stream is half 
a, mile to a' mile or more in width in eastern Otter 
Tail C.ounty and southern Wadena C.ounty, and 50 to 
75 feet in depth. The present st.ream winds ab.out as 
a narrow thread in its br.oad b.ottoms and has deep­
ened the .old valley but slightly. 

The Red Eye River also runs in a valley that is t.oo 
large t.o have been cut by s.o small a stream since late 
\iVisc.onsin time. Its s.ource is in a gravel .outwash 
plain connected with a m.oraine in s.outhern Becket' 
C.ounty that may be the .outerm.ost member .of the 
Altam.ont m.orainic system. It runs thr.ough a till 
plain .of y.oung gray drift in n.ortheaStern Otter Tail 
County and western Wadena C.ounty. The valley is 
40 to 50 feet deep and a quarter t.o half a mile wide. 
Its c.ourse is so direct that it aff.ords long views up and 
down the valley. It is this ,feature that gives perti­
nence to the name I-lillview, applied t.o a hamlet 
Rtan4ing on one .of its bluffs in n.ortheastern Otter 
Tail County. The present stream has cut 'an insig­
nificant trench in the b.ottoms left by the glacial river. 
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The streams in eastern Becker, s.outhern Hubbard, 
and n.orthern Wadena C.ounties fl.ow for much .of their 
c.ourses in a great .outwash plain .of sandy gravel, in 
which they have cut small valleys c.onsistent with 
their drainage' areas. The glacial waters came in 
fr..om the west; and n.orth .fr.om what is th.ought t.o be 
the Altam.ont m.orainic system and pr.obably carried 
material as far .out as the b.orders .of the plain .0-£ 
young gray till in s.outheastern Becker C.ounty and 
western Wadena C.ounty. The main line .of discharge 
was d.own the Cr.ow Wing River. Much.of this plain 
seems t.o have been ice c.overed' just before the stand 
was made at the west and n.orth b.orders, f.or it c.on­
tains numer.ous· lake basins which are th.ought t.o 
mark, places where masses .of stagnant ice remained 
after the active ice b.order'had receded t.o the p.ositi.on 
.of the m.orai;ne, the .outwash material being built 
around these masses. These lake basins are f.ound in 
n.orthern 'Vadena C.ounty as well as nearer the m.o­
rainic systems in Becker and Hubbard C.ounties. A 
c.onsiderable part .0.£ this great .outwash area .may thus 
have been .overridden by a readvance .of the ice that 
immediately preceded the devel.opment .of the Alta­
m.ont morainic system. The gravelly 'dep.osit may 
thus have been built up t.o s.ome extent as the ice was 
withdrawing fr.om the area. 

ALTAMONT MORAINIC SYSTEM 

Name.-The name Altam.ont was applied by Cham­
berlin 91 t.o a m.oraine in eastern S.outh Dakota which 
he supp.osed t.o be the .outerm.ost m.oraine .of the latest 
(Wisc.onsin) glaciati.on, the name being taken fr.om 
the village .of ,Altam.ont, which stands on it. (See 
figs. 6 and 11.)· The Bemis m.oraine, which lies .only 
a few miles .outside the Altam.ont in that l.ocality, 
seems' t.o have been .overl.o.oked .or unrec.ognized by 
Chamberlin as the pr.oduct of the Wisc.onsin glacia­
ti.on. The name Altam.ont was also applied by Qham­
berlin t.o the .outerm.ost m.oraine .of the Dak.ota l.obe 
and has been ad.opted by later students. But it re­
maip.s t.o determine whether this usage is warranted, 
f.or the Bemis m.oraine may lie .outside the Altamont, 
at least .on parts .of the b.order .of the Dak.ota l.obe. 
If .ordinary scientific usage is f.oll.owed, the name Alta­
m.ont sh.ould be applied .only t.o the m.oraine .or m.o­
rainIc system that is the equivalent .of the .one .on which 
the village .of Altam.ont stands. 

Easte'l'n South Dakota.-Thr.ough.out much .of its 
course in eastern S.outh Dak.ota the Altam.ont m.oraine 
i!:; so cl.osely ass.ociated with the Gary moraine .on its 

, inner b.order that there is rarely a distinct line .of 
separati.on. The intermorainic strip between them has 

01 Chamberlin, T. C., Terminal moraine of the second glacial epoch: 
U. S. Geol. Survey Third Ann. Rept., pp. 378, 386. 3n3, 1883. 
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an undulating- surface which· in places .is 'not'· clearly 
distinct ,from the knolls "and ridges of: the moraines~ 
Its expression as a rule, however,:is, milder than that 
of the moraines. 'It is in few' places' as much; as 5 
miles in width and commonly 2 miles or. less. . 

:The junction' of ,the Minnesota lobe and the Dakota 
lobe at the time- the. Altam9nt moraine was forming 
was in.south,vestern Roberts, County and eastern Day 
Coun~y, S. ,Dak. .. (see fig. 11), and a strong interlobate 
moraine extends northward frOlll this junction across 
eastern Marshall County and western Roberts County, 
nearly to the line of North Dakota. Hurricane Lake 
stands at the junction of the moraines, and an' outwash 
plain leads southward from it down the valley of the 
Big Sioux River. The morainic knolls bordering the 
lake reach an altitude 'of 2,050 feet; the depression in 
which the lake lies only about .. 1,900 feet: Other 
lines of discharge for glacial waters are' found both 
to the southeast and to the west of the' one leading 
from Hurricane Lake,. but all'of them come together 
north of Ortley, . .in a' plain 3 :or 4 miles in width, 
drained southward by the Big Sioux River .. 

The Altamont moraine of the 'Minnesota lobe passes 
through.the village of. Summit and has an altitude of 
2',000 to 2,020 feet within the village limits. A short 
distance southeast of the· village the highest points 
reach fully 2,050 feet. The moraine bears east of 
south through northwestern Grant County and touches 
the northeast corner of Codington County. It passes 
immediately east of Troy and 'follows the east side 
of a 'chain of lakes fronl Troy to Altainont. The bor­
der as traced by C. S: Corbett from Altamont to the 
~1innesota line haverses sees. 22, 21~ 16, 17, and 7, 
T. '114 N." R. 47 W.; sees. 35,.' 34, 33, 28, 21, 20, 17, 
and' 7; T .. '115 N., R. '48 W~; 'and secs. 12, 1, and 2, 
T. 115 N., 'R~ 49 W~ . In this intel:val the moraine is 
very prominent over a' width' of about 21h miles, and 
a narr'ow, undulating 'Stdp separates it from the Gary 
~oraine,ori ,the eg,st. ~his undulating strip continues 
nortl~'ward past '1;ake A~ice,' qeyond which th~re is a 
practically cQrnplete union o'f the Altamont and Gary 
morain'es"clear to'·the ihterlohate:moraine at the junc­
tion of !the ¥lnriesota and J)ak~ta lobes. 

Boulders :are :.espeGialiy numerous along the crest 
and on ·the outer slope of the' Altaniont' moraine. itnd 
in places make it difficult to ~uttiva'te the land, so· that 
some of it· is "still until1ed~" The'dr,ift is' thickly' set 
with stones of all sizes',. )7et' the matrix is usually 
clayey, especially on the eastern or inner slope. 

.Lakes are numerous iri the depressions in the inter­
lobate moraine, and they are conspicuous features in 
the moraine of the Dakota lobe for many miles to the, 
south, but in the moraine of the Minnesota lobe they 
are ~onspicuous no farther south than Summit. There 
are, however, lakes in the gravel plain immediately 
outside the moraine as far south as Clear Lake. 

The .. drainage from the Altamont moraine went 
westward or southward through gaps in the Bemis 
moraine ·into the Big Sioux River, one of these gaps 
being, . at . Hidewood Valley, near Clear Lake, and 
another near. the State line south of Lake Hendricks. 
There are others in Lincoln County, Minn., near Lake 
Shaokatan and Lake Benton. Part of the present 
drainage leads through some of these gaps into the, 
BIg Sioux River. But other streams heading out­
side the Altamont moraine now flow through the 
moraine and discharge into the ~1innesota Valley. 
One of these is at South Shore, another east of Brandt, 
and another near Astoria. These all wind about in 
depressions among the morainic hills, and not in di­
rect and wide open valleys such as were opened by the 
lines of glacial drainage. 

Southwe8tern Minne\S'ota.-The Altamont moraine 
is combined with the Gary mor.aine from the line of 
South Dakota and Minnesota southeastward to a local­
ity within about 3 miles of Ivanhoe. The two 
moraines. are thence distinct through much of their 
course across southwestern Minnesota. The Altamont 
moraine passes immediately south of Ivanhoe and 
eastward immediately north of Arco. N ear the linl3 
of Lincoln and Lyon Counties the moraine turns 
southward and runs past Florence into the northern 
edge of Murray County, its inner border being near 
Burchard, in Lyon County. It then runs eastward 
for about 12 miles along the border of Murray and 
Lyon Counties, and turns southeastward past the south 
side of Lake Sarah. It crosses Lake Shetek near 
the southeast end of the lake and generally follows 
the northeast side of the Des Moines River through 
eastern Murray County, though in places its nlorainic 
hills are found on the southwest side of the river, 
notably about 4 miles northeast of Avoca. In eastern 
Murray County and southwestern Cottonwood County 
the moraine is separated into two or three constituent 
ridges, which unite and separate from place to place, 
the intervals between them being occupied by narrow, 
relatively smooth till plains. The main part of the 
Altamont moraine crosses to the south side of the 
Des:Moines River at Big Bend, in southern Cotton­
wood ,County, runs southward past Wilder and'Lake­
field -through central Jackson County, and passes into 
Iowa near'the middle of the south line of the county. 
The most prominent part of the moraine traverses 
Tps. 101 to 105 N., R. 36 W., but morainic topography 
extends as far east as the Des Moines River, the width 
where most expanded being about 10 miles. Opposite 
Lakefield the width is about 6 miles, and at the line 
of Cottonwood and Jackson Counties it is not more 
than 3 miles. The general width of the moraine in its 
course across southwestern Minnesota is about 3 miles~ 
but where separated into constituent ridges it may be 
5 miles or more. The narrowest part appears to be 
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in southwestern Cottonwood County, west of Big 
Bend, where the width is only about 1112 miles. 

The portion of this lnoraine in Yellow :Medicine, 
Lincoln, Lyon, and Murray Counties is sufficiently 
clnyey to nlake good ngricultural land, there being 
few places where it is too stony for cultivation. The 
clay ,is so retentive of lnoisture that the crops usually 
successfully withstand seasons of drought. Immedi­
ntely east of Lake Shetek a range of gravelly hills sets 
in which leads southeastward past Dovray, about to 
the line of Murray and Cottonwood Counties. There 
are nlso n few gravel knolls north of ""Vilder near the 
Cottonwood County line. The moraine is gravelly 
near the south side of Jackson County. 

The nltitude of the Altamont nloraine in south­
western Minnesota is lower than that of the Bemis 
moraine, for it lies on the northeast slope of the 
Coteau des Prniries, whereas the Bemis nearly follows 
the crest. Near the line between South Dakota and 
~finnesotn it is about 1,800 feet above sea level and , , 
its crest maintains an altitude of 1,700 feet as far 
southenst as Arco and is in places above 1,700 feet still 
farther south, in the vicinity of Florence. East of 
Florence the altitude soon drops below 1,600 feet, nnd 
the crest of the moraine stands between 1,500 and 
1,600 feet throughout much of its· course in Murray 
County. In Cottonwood and Jackson Counties there 
g,re only a few segments along the crest that rise above 
1~500 fect, the greater part of the moraine being be­
tween 1,400 and 1,500 feet. The inner or northeast 
edge of the moraine is generally 100 to 200 feet lower 
thn,n'the crest. 

'rhe Altamont moraine diverges very widely from 
the BeJnis mornine in its course through Murray and 
Cottonwood Counties and then comes back to that mo­
raine nnd overrides its several ridges in northern 
Iowa. The till plain between these moraines has a 
width of 30 miles in its nlost expanded part, in south­
eastern! MUlrrl:ay, northea:stern Nobles, southwestern 
Cottonwood, and western Jackson Counties. The plain 
is remarkably smooth and slopes from the Bemis 
mornine northeastward to the Des Moines River. The 
cause for this difference in the courses of the Bemis 
and Altnmont moraines may be found in the prom­
inence of the quartzite range in Cottonwood County 
in T. 107 N., Rs. 34, 35, and 36 W. (See pI. 3.) This 
nmge, which stands nearly 1,500 feet above sea level, 
11Jay hnve checked the southward spreading of the ice 
lobe so that its border at the time of the Altamont 
moraine was not so far to the southwest as it miO'ht b 

ot.herwise have been. The bearings of striae along 
the range are in harmony with this interpretation. 
They benr southeastward on its northwestern part and 
shift to n southerly trend at its east end. The quartz­
ite rnnge thus appears to have been a buttress over 
and around which the ice had to pass at the time it 

,vas forming the Altamont moraine. The ice was 
presumably so thick over this range at the time it 
extended to the Bemis moraine that it had a free flow 
past the range and did not curve around it. 

I ow a.-The Altamont morainic system continues 
southward in Imva past Spirit Lake and Lake Oko­
Loji with as great prominence as it exhibits in south­
ern Jackson County, Minn. In central Dickinson 
County it forms a great loop that embraces Lake Oko­
boji. (See fig. 7.) East of that lake it doubles back 
about to the village of Superior and then resumes a 
southward course through the western part of Em­
met and Palo Alto Counties and the eastern edge of 
Clay County. It loses its pr'ominence in eastern 
Buena Vista County and northwestern Pocahontas 
County but is a distinct moraine all the way to the 
~·outh end of the lobe and includes Mineral Ridge, 
In northern Boone County. Its course from Buena 
Vista County to Boone County was determined by 
J. H. Lees, of the Iowa Geological Survey, some years 
ago. The results have not been published, but Doctor 
Lees has kindly supplied the data for outlining its 
course. It lies some distance inside the limits of the 
Wisconsin drift of the Des Moines lobe. The Bemis 
mor·aine probably forms the limit of the Wisconsin 
drift from Clay County southward on the west side 
of the Des Moines lobe. 

The Altamont moraine barely enters the eastern 
edge of Clay and Buena Vista Counties, and its border 
runs through the southwest township of Pocahontas 
County. It traverses the western range of townships 
in Calhoun County and passes through Lavinia and 
Lake City. After' cutting across the northeast corner 
of Carroll County it swings eastward and crosses 
northern Greene County about 6 to 8 miles from its 
north line, the village of Dana being on it. It con­
tinues its eastward course in Boone County, where 
prominent parts, Pilot Mound and Mineral Ridge, 
have been recognized as morainic features since they 
were first pointed out by White 92 in 1870. The mo­
l aine is as a rule about 2 nliles in width but in places 
is narrower. In'the northern part, from Albert City, 
Buena Vista County, northward, its width is greater' 
than 2 miles, in places 6 miles or more. The ice border 
may have held its position there while making con­
siderable retreat in the southern part of the lobe. In 
that event the moraine traced around to Mineral 
Ridge is only a partial representative of the Alta­
mont system. There may be weak moraines in the 
district east and north of the one traced by Lees 
which have not yet been traced, for' the district has not 
been carefully examined. The moraine 'traced by Lees 
is reported by him to have considerable relief in 
Greene County, in places 60 to 80 feet above the plain 
outside, though the usual relief is between 20 and 

92 White, C, A. Geology of Iowa, p, 99, 1870, 
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40 feet. It has a gentle swell and sag topography, 
with here and there ,rr prominent knoll, such as Pilot 
Mound" 50 feet or more in height. The pr'ominent 
knolls are liable to be gravelly, but otherwise the 
moraine consists of clayey till with only a slight 
aInount of interbedded gravel. The part north of 
Albert City contains many sharp knolls 50 feet or 
nlOre in height and several lake basins. It is thus 
in striking contrast to the moraine leading from 
Albert City to Mineral Ridge. 

In June, 1921, Doctor Lees and the writer took up 
the tracing of the Altamont moraine in Boone County 
and mapped its course across Boone, Story, Hardin, 
IJamilton, and Wright Counties, and the writer con­
tinued the mapping northward across Hancock and 
Winnebago Counties, Iowa, into connection with work 
previously done in Minnesota. The topographic maps 
of the Boone and Ames quadrangles indicate its course 
and its topographic expression across much of Boone 
County and the northwest corner of Story County. 
It crosses the Des Moines River just above Fraser in a 
slight protrusion to the south between Pilot Mound 
and Mineral Ridge. The river is in a narrow valley 
250 feet deep where it passes through the moraine. As 
the moraine stands only 30 to 40 feet above the outer 
border plain here~ the valley is cut far below the level 
of its base. To the northeast past Mineral Ridge the 
relief of the moraine is abnut 80 feet in the most prom­
inent places but is generally only 50 feet. The width 
is but little more than a mile at Mineral Ridge village, 
but 5 miles farther east it spreads out to fully 3 miles. 
It narrows to about a mile at the Squaw Creek Valley, 
at the border between the Boone and Ames quad­
rangles, but widens to fully 3 miles at the line of 
Boone and Story Counties, its inner border being in 
the edge of Hamilton County. It there takes a sharp 
turn to the southeast, follo~s the south side of Keigley 
Branch to the Skunk River, and crosses that valley 
5 or 6 miles above Ames. It is exceptionally weak in 
the vicinity of this valley, with a relief of but 20 to 
30 feet or even less and a width of but 1 to 2 miles. A 
short distance east of the limits of the Ames quad­
rangle the moraine swings abruptly northward and 
follow~ the east side of Bear Creek to the south ep.d of 
the line between Hardin and Hamilton Counties. 
There was thus a distinct protrusion of the ice border 
4 or 5 miles southward in crossing the relatively low 
tract through which the Skunk River flows. 

The Altamont moraine follows the line of Hardin 
and Hamilton Counties for about 15 miles north from 
its south end, the outer edge of the moraine being 
within a mile east of the county line, and the inner 
edge usually within 3 miles west. Farther north it 
l~es almost wholly in Hamilton County. One ridge 
hes between Bear and L.ong Dick Creeks and another 

east of Bear Creek,. in the southeast township of 
Hamilton County, but they are not so distinct farther 
north. In the vicinity of the Chicago & N orthwest­
ern Railway the ridges are united and the moraine 
has a relief of about 50 feet above the plains on each 
side. Fr.om Iowa Lake southward to the Story 
County line the moraine shows knolls 20 to' 40 feet 
high in nearly every section, and thus has a stronger 
expression than to the north, in northeastern Hamil­
ton County, where there are flat areas separating 
strips of gently undulating land that rise only 15 to 
25 ,feet above them. . 

MacBride's map .of the surface deposits of Hamil­
ton County'93 shows a narrow morainic ridge in the 
eastern part of the county. It follows the west side 
of the SkUI® River ,from Randall northward to the 
head of the stream, except for a few knolls on the 
east side ab.out 3 miles southeast of Blairsburg. It is . 
only about a quarter of a mile in average width but 
is practically continuous for a distance of 20 miles. 
It has a hummocky surface and a relief of 15 to 25 
feet. This moraine should perhaps be included in the 
Altamont morainic system. It is only 3 to 6 miles 
from the inner edge.of the main moraine, and appears 
to be united with the main moraine from the head of 
the Skunk River northward. 

There is some uncertainty as to how much of the 
morainic complex in counties farther north should be 
included in the Altamont morainic system. Pr.obably 
the very strong morainic system lying west o.f the 
headwater part of the Iowa River falls in that sys·, 
tern, and it may also include part of the morainic area, 
east of the river .. The present description, however, 
a,pplies only to the morainic belt west of the river. 

In the southeast township of Wright County the 
moraine has on its outer border an extensive outwash 
plain that fills the interval between it and Iowa 
River. There is also a gap about a mile wide in the 
main ridge of the morainic system in secs. 21, 22, 27, 
and 28 of this township, through which glacial waters 
were discharged from the inner part of the morainic 
system. This glacial stream cut a channel about 15 
feet below the general level of bordering parts of the 
outwash plain. The moraine is much more promi­
nent north of this channel than south of it, knolls and 
sharp ridges 50 feet or more in height being present. 
Immediately west of Dows there is a sharp outlying 
ridge, about 4 miles long and less than a mile wide, 
that is separated from the main part of the morainic 
system by a plain of sandy outwash about half a mile 
wide. The main part passes east of Galt, but for 
about 2 miles west there are scattered knolls as much 
as 20 feet in height and a more undulating surface 
than farther west. The morainic belt follows up the 

03 MacBride, T. H., Iowa Geol. Survey, vol. 20, p. 126, 1910. 
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west sid~ of the Iowa River past Elm and Cornelia 
Lakes, with a general width of about 2 miles. On 
passing the Great Western Railway it bears away 
from the Iowa River Valley, and' a till plain 2 to 3 

, miles wide lies along its east border nearly to the 
north line of Wright County. The morainic belt sur­
rounds Twin Sisters Lake. and passes east of Olaf . 
station, on the Minneapolis & St. Louis Railroad. Its 
general width in northern Wright County is 2 to 3 
miles. Its highest points are about 80 feet above 
Belmond but only 30 to 40 feet above the till plain 
'on its outer border. 

In southern IIancock County there is a single broad 
morainic belt 3 to 4 miles wide, east of which lies a 
gravelly outwash plain extending to .the East Branch 
'of the Iowa River. Its highest points are about 50 
feet above the edge of the gravel plain, and many of 
its knolls are 20 to 30 feet or more in height. 

About 3 miles south of the Chicago" Milwaukee, 
St. Paul & Pacific Railway the morainic belt spreads 
out and splits into distinct ridges. The outer one 
runs northward nearly to the north side of the county, 
with a gravel plain 1 to 2 miles wide between it and 
the Iowa River. Its width also is 1 to 2 miles, and it 
has a strong expression, with sharp knolls and ridges 
25 to 50 feet in height. The Iniddle part of the mo­
rainic system runs northward to Eagle Lake, along 
the east side of the West Branch of the Iowa River, 
and has a width of about 3 miles. Near Eagle Lake 
it becomes separated into three narrow ridges, which 
die out in a plain within 2 to 3 miles to the north. 
Two of these ridges are east of the lake and the other 
one west of it. This west ridge follows the Minneap­
olis & St. Louis Railroad nearly to Hayfield and is 
scarcely a quarter of' a mile in width for a distance 
of 4 miles. The western part of the morainic system 
lies west of the West Branch of the Iowa River for 
several miles southeast from Britt, which stands at its 
inner border. It runs northwestward across Britt 
Township and then swings northeastward and runs 
past Crystal and Edward Lakes into Winnebago 
County. Its width in Britt Township is about 2 
Iniles, but in Crystal Township it is 3 miles or more 
wide and forms the most prominent part of the mo­
rainic system. Spurs extend west from it 2 or 3 miles 
into Bingham and Orthell Townships. There is a 
narrow strip of sandy gravel outwash on its outer 
border in Britt and Crystal Townships~ This gives 
place to a clayey plain farther out that occupies the 
greater part of the low area between the outer and 
inner members of this morainic, system. Much of it 
is still in a marshy condition. The width of the mo­
l'ainic system and the plain between its members is 
12 or 13 miles in the northern townships of Hancock 
County, but the morainic ridges occupy only about 
half this width. 

In Winnebago County the Inain part of the Alta­
Inont morainic system lies west of Lime Creek. Im­
mediately north of Forest City an outwash plain 
about 5 miles long and only 1% miles wide heads 
in the western member of the morainic systCln and 
passes tl~rough a gap in the outer member to the Lime 
Creek Valley. Another nlelnber lies close to Lime 
Creek from this outwash plain northward into Minne­
sota, except from Scarville northward, where there 
is an' outwash plain 1 to 3 miles wide between the 
Inoraine and the creek. The western or inner Inem­
bel' is more prominent than the one east of it and 
forms the divide between the Cedar River and Des 
~10ines River drainage basins. It runs past Thomp­
son, Coon Grove, and Lake Harmon and forms the 
Kiester Hills, in the southeastern part of Faribault 
County, Minn. Between these two main members, 
ther'e is a strongly undulating till plain with here and 
there clusters of sharp knolls. In places there is no 
clear line of separation between the outer and inner 
members, and where the morainic system passes into, 
Minnesota they are completely united. The morainic" 
ridges with the intervening undulating land cover ru. 
general width of about 10 miles in their course across· 
Winnebago County. 

South of Grantsbwrg sublobe.-At the Minnesota­
Iowa line the main part of the Altamont morainic­
system is massed together in a single broad moraine­
of strong expression, whose highest points are knownl 
as the Kiester Hills, from the neighboring village of 
Kiester. It is about 7 miles wide and covers nearly 
all of the southeast township of Faribault County and 
the western part of the southwest township of Free'­
born Co-qnty. An outwash plain of sandy gravel 
covers most of this township, and the moraine borders 
it on the north as well as the west. ' At the place where 
the morainic belt makes a turn from a northward to 
a northeastward course is the pr~minent range of 
kames that form the Kiester Hills, standing about, 
200 feet above the till plain on the north and west" 
or nearly 1,400 feet above sea leveL' 

A prominent ridge of this morainic system is crossed! 
by the Chicago, Rock Island & Pacific Railroad imme­
diately east of. Conger and' passes between Albert Lea: 
and Manchester. ,It has an outwash plain of sandy 
gravel on its' outer border from Albert Lea nearly to 
Clarks Grove. Near Ellendale it, overlaps an earlier 
moraine, which may perhaps be a part of the Alta­
mont morainic system. This outlying morainic ridge 
is a strong and continuous one from the State line at 
Emmons to Ellend'ale. It' passes immediately east of 
Twin Lakes, Albert Lea, and CI~rk Grove, and is 2 to 4 
miles in width. In places it is fully as strong as the 
ridge just outlined. South of the State line, however, 
it has a very irregular development. It is relatively 
weak for 3 miles south of the State line, but about 
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2 miles north of Lake ¥ills, Iowa, there is a sharp 
range of hills which runs westward about 3 miles' to 
Lime Creek:. At its south edge there is a sharp ,ridge 
bearing some resemblance to an esker but containing 
till as well as gravel, which rises abruptly 40 to 60 
feet above a featureless plain on the south. 'West of 
this plain, between Lake Mills and Lime Creek, there 
are a few knolls that may pertain to this belt, but it 
seems quite as probable that connection is made with 
the Altamont moraine near Scarville. On the whole it 
seems more probable that this moraine is a part of 
the Altamont morainic system than of the Bemis. It 
may be the equivalent and continuation of the eastern 
morainic ridge in Hancock County, Iowa. Glacial 
drainage from its outer border went down the Shell­
rock River and built up a plain of sandy gravel about 
2 miles in width. The plain south of it in the vicinity 
of Lake Mills, Iowa, is covered with a deposit of 
pebbleless clay 2 to 6 feet or more thick, indicating 9. 

ponding of water in that locality. In this connection 
it should be noted that in' and around Albert Lea there 
is a deposit of lake clay up to a level some 30 feet 
above Lake Albert Lea. This clay seems to have been 
due to a drift barrier at the southeast end of the lake 
which was not cut away until the moraine that passes 
,vest of Albert Lea was formed. ,It is inferred from 
this deposit that the moraine which passes east o~ the 
city is but little older than the, one to the west, and 
both are referable to the same morainic system. The 
ponding around Lake Mills, Iowa, is probably due to 
3. drift barrier on Beaver Creek or at the southeast end 
of Rice Lake, in western Worth County, but neither 
locality was visited by the writer. 

There are three morainic ridges in northwestern 
Freeborn County, Minn., that are combined with the 
Altamont morainic. system in Waseca County. One 
that leads from Walters, in southeastern Faribault 
County, northeastward, passing just east of Alden and 
Hartland, has considerable strength, but the others 
are rather faint moraine$, which) die out in a plain 
near the line o£ Freeborn and Faribault Counties be­
tween Alden and Wells. It is probable that the mo­
raines whose courses have just been outlined are the 
equivalents of the Gary and later moraines of 
southwestern Minnesota (p. 75) rather than of the 
Altamont, but they are completely merged with the 
Altamont in much of their course from southeastern 
Waseca County northward to the Minnesota Valley. 

NortA of Grantsbwrg sublobe.-The equivalent mo­
raines of the Grantsburg sublobe are discussed below 
(pp. 84-87) by Sardeson. It is probable that the 
second or Cl~OW River morainic system in that sub­
lobe may be correlated in a general way with ,the 
Altamont morainic system. As indicated in the discus­
sion of the Bemis moraine (pp. 61-64), there is some 

uncertainty as to the correlation of moraines in the 
district north of the Grantsburg sublobe with those 
in the part of the Des Moines lobe to the south. How­
ever, there seems little question that the main mo­
rainic system in this district is the equivalent of the 
Altamont system of other parts of the Des, Moines 
lobe. Whether certain moraines outside the main 
belt, such as the" Leaf Hills moraine," also fall in 
the Altamont system is a matter of uncertaint.y. On 
the inner or western border also, from Pope County 
northward~ later moraines than the Altamont are 
clo~ely associated with it. 

One of th~ outlying moraines that should perhaps 
be included in the Altamont system leads from the 
gray-drift border in the vicinity of Richmond, in 
southern Stearns County, southwestward between 
Paynesville and Cedar Lake to the north border' of 
Green Lake near New London, where it becomes 
united with the nlain morainic belt. Its outwash 
apron also seems to merge into that of the main mo­
rainic belt northq£ New London, with no apparent 
evidence of difference in age. This moraine has a 
much stronger expression than the Bemis moraine that 
leads northwestward from Richmond and is' also 
stronger than the moraine along the gray-drift bor­
der southea~tward from Richmond. Yet that mo­
raine s~ems to f01'111 a natural continuation for the 
Altamont as :well as the Bemis moraine, and it would 
be expected to ,have greater strength. The outer part 
of the moraine next to the outwash plain carries a 
larger amoun~ of sand and gravel and has a sharper 
expression than the inner part, which grades into a 
t~ 11 plain on' th~ southeast. . 

The moraine j llst discussed seeins to antedate the 
outer moraine of the Crow River morainic system of 
the Grantsburg sublobe, as that moraine is correlated 
with the main morainic belt of the Altamont system. 
l~efore the ice border began to recede from the outer 
1I1Oraine of the Crow River system it had melted back 
southward across northern Meeker County and taken 
the position of the main belt of the Altamont system. 
In the district it thus vacated there are drainage fea­
tures that make this clear. A ponding of water took 
place in the part of the Crow Ri ver Valley direGtly 
above (west of) the outer moraine of the Crow River 
system, and laminated clay of considerable thickness 
was laid down in this lake. Its discharge was north­
ward through Eden Valley, a well-defined valley pass­
ing just east of the village of Eden Valley, Meeker 
County, to the Sauk River near Richmond. On'the 
borders of this lake are,a there are strips of sandy land, 
the clay being restricted to the deeper part of the basin. 
To the south, around Litchfield, ·is ,an, extensive out­
wash plain of sandy gravel, formed at the junction 
of the Grantsburg sublobe with the main ice lobe, and 
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this plain drained northward across the ponded waters 
of the Crow River through Eden Valley to the Sauk 
River. The headwater part of the Crow River and 
also Eden Valley are bordered by a till plain stand­
ing above the level of the ponded waters and lying 
between the moraine just discussed and the main. mo­
ra.inic belt of the Altamont system, as well as the outer 
moraine of the Crow River system of the Grantsburg 
sublobe. The extent of the till plain, ·the outwash 
plain, and the ponded district along the Crow River 
and their relations to the Grantsburg sublobe and the 
main ice lobe may be seen by reference to . Plates 
1 and 2. 

The main morainic belt of the Altamont ·system is 
a conspicuous feature fr0111 its junction 'with the 
Crow River system of the Grantsburg sublobe,. in 
southern Meeker County, northwestward across north­
central J(andayohi, northeastern' Swift, mid central 
Pope Counties. It is bordered on the northeast by 
one of the most conspicuous outwash plains in the 
State,' 5 to 8 miles wide and over 40 iniles long. The 
morainic belt for 2 to.4 miles back from. the 'outwash 
plain is of more gravelly constitution than in its innel~ 
01' western part. There is, however, a; gr'avelly spur, 
part of which is l\:nown as Blue Mounds, running 
westward across the morainic belt in southern 0 .Pope 
County nearly to Lake Emily, and'a g-roup of promi­
nent kaInes south of this spur near Langhei.· The mo­
rainic belt is interrupted by a great depression south­
west of Glenwood, in which Lake Minnewaska lies, 
about 200 reet below the level of the morainic crest 
on each side. Numerous lakes occupy pits of various 
sjzes and depths all along this 111ain morainic belt, 
not only in the section under discussion but ror a long 
distance to the north, as shown on the general glacial 
map. These lakes, together with the prominent knolls 
and ridges or the morainic belt, give' it a strength of 
expression exceeded at few other places in the State. 
Yet the height or the Cl'est of the moraine above the 
outwash plain on its outer border is very moderate, 
generally but 25 to 50 reet. The variations of level 
within the moraine reach 100 reet and in places even 
200 reet. 

The Inain part of the Altamont morainic system 
runs rrom Pope County in a course west of north 
across western Douglas County into central Otter 
Tail Couilty and there passes around the west end 
of Otter Tail Lake, beyond which its course is east 
of north into Beckel' County. A strip of gravelly 
outwash setting in east of Dalton and running north­
west, east of Fergus Falls and Elizabeth, seems to lie 
~etween it and later moraines on the west. This line 
of separation is continued northward along the Peli­
can River to its source in Pelican Lake, and thence 
northeastward in a broader gravelly strip that termi-

nates near Detroit. The morainic belt thus outlined 
has a strong expression, compared with the later mo­
raines to the west, and might easily pass for the fuU 
representati ve of the Altamont morainic system. It 
is possible, however, that the"" Leaf Hills. moraine" 
of. Upham,94 lying east of it in Douglas and Otter 
Tail. Counties, should be included in this' morainic 
5ystem. 

.. The "·Leaf Hills moraine," as interpreted. by 'Ithe 
present writer, was developed by an· eastward-facing 
iee .lobe and is thus earlier than moraines ·to the ·west. 
In this interpretation it is not the ni~th moraine; as 
numbered by Upham, but is at latest an early p'art or 
the second or· Altamont . morainic system. It·. may 
prove to. be earlier than the Altanlont system .. If the 
outwash plain on the east is regarded as a. -dependency, 
formed 'at the same time, as it seems to be, the moraine 
includes a strip of sharp gravelly knolls that' runs 
llorthwestv"ard from southwestern Todd County across 
northeastern Douglas County. Its s'outhward contin­
uation may run through eastern Douglas' County into 
c('nnection with the main Altamont nl0rainic belt Ii'ear 
the line of Douglas and Pope Counties, but ir so ~it 
lacks the strong expression which it exhibits to the 
north. Perhaps it 'connects also with the' main mo­
rainic belt ,along a narrow but shar.p' ·morainic ridg~ 
that runs southwestward rrom Miltona b.etween .Lake 
Carlos and Lake Ida to Alexandria, its cOllnection at 
the south being obscured somewhat by outwash rrom 
the 'main morainic belt. In southern Otter Tail 
County a till plain lies on its inner border near Effing­
ton. But in the township to the west is a strong spur, 
Leaf Mountain, developed where the moraine' makes 
an abrupt turn from a northwest course· to a course 
east of north. The Parkers Prairie outwash plain is 
w·jdest opposite this bend. At the Leaf River the 
course of the moraine changes to west of, north,. and 
it continues with considerable strength to Pine Lake 
in northern Otter Tail County, passing ,iminediately 
west of New York Mills. It seems to have its continu­
ation northward int.o Becker County in a' strong mo­
raine running east of the Otter Tail River to Height 
of Land Lake, where it becomes merged with the main 
lllOrainic belt. The general width or the " Leaf Hills 
moraine" is about 2 miles. It ha,s scarcely one-third 
the average width of the main morainic belt, but in 
much of its course it is as prominent as the strongest 
part or the main belt, its crest being in places 100 to 
150 feet or more above the bordering till plain on the 
west and nearly as much above the outwash plain on 
the east. There are parts of the Parkers Prairie out­
wash plain that nearly reach the 1,500-foot contour, 
but parts or the moraine are above 1,600' feet, and a 

~ Upham, Warren, Geology of MInnesota, vol. 2, pp. 549, 570-571. 
1888. 
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few points may exceed 1,700 feet. From its outer bor­
der there was strong drainage to the Mississippi, with 
valley trains down several of the tributaries, as well a~ 
an extensive outwash gravel plain along the morainic 
border. On the western or inner· border the drainage 
now goes largely to Otter Tail River, of the Hudson 
Bay system. In part of its course. the crest of the 
moraine forms the divide between the Hudson Bay 
and Mississippi drainage systems. As is common in 
moraines of strong relief, the drift is largely loose· tex­
tured, with considerable gravel and sand interbedded. 

The greater part of 'the strip of land between the 
"Leaf Hills moraine" and the main Altamont mo­
rainic belt is occupied by an outwash plain bordering 
the Altamont moraine, but from a locality near the 
line of Douglas and Otter Tail Counties northward to 
Richdale, in northeastern Otter Tail County, there· i~ 
a narrow till plain 2 to 5 miles in width along the 
inner or western border of the" Leaf Hills moraine." 
In the vicinity <;>f Otter Tail Lake the outwash plain 
is expanded to a width of about 15 miles, but its usual 
width is less than 5 miles. Besides Otter Tail Lake, 
which is about 12 miles in length, the outwash plain 
includes several lakes 3 to 6 miles long,. as well as 
llumerous smaller ones. These lakes appear to occupy 
places where detached masses of the ice sheet persisted 
during the general retreat of the ice border from thp 
"Leaf Hills moraine" to the edge of the main Alta­
Inont moraine, and if this inference is correct the Alta­
mont appears to have been a close successor of the:' 

. ,~ Leaf Hills moraine." 
From central Becker County, where the" Leaf Hills 

moraine" and the main Altamont moraine come to-' 
gether, there is a prominent morainic belt that swings 
around to the east through northeastern Becker 
County and southern Clearwater County into Hub­
bard County, and this continues eastward in great 
strength across central Hubbard County to Leech 
Lake, in Cass County. In Hubbard County its width 
is about 15 miles. From the· vicinity of Shell Lake, 
in Becker County, about to Tenmile Lake, in Cass 
County, it is bordered by a broad outwash plain of 
sandy gravel. The morainic belt consists of loose­
textured drift, with much included sand and gravel, 
for several miles back from the outwash plain, but 
becomes more clayey .toward its inner or northern 
border. There are numerous small lakes inclospd 
among the morainic knolls and ridges throughout its 
course from Becker County to Leech Lake, and that 
lake fi~ls a great irregular depression in the morainic 
belt. In the outwash plain the lakes are much elon­
gated, and some of them fill imperfectly drained 
parts of valleys that probably served as lines of 
glacial drainage across the outwash plain. A till 
plain several miles in width lies north of Leech Lake 

and north of this morainic belt from Leech Lake 
westward· across northern Hubbard County and 
southern Clearwater County, its northern limits being 
at an outwash plain of sandy gravel that borders a 
later system of moraines, as indicated below (p. 109). 
A large part of this till plain is under cultivation, 
and settlements extend into the clayey part of the 
morainic belt to the south. But a large part of the 
morainic belt is still in forest. The outwash plain is 
largely under cultivation, and some of the oldest set­
tlements in northern Minnesota were made on it. The 
tase of clearing the. land and its level surface were 
the inducements to early settlement. 

In Cass County, from Tenmile Lake eastward past 
Longville, this morainic system with gray drift over­
laps the St. Croix system of red-drift moraines that. 
COlnes up fronl the south, and in places it forms a. 
relatively thin veneer over the red drift. But the gray 
drift fonns the main part of the promontories that. 
project into Leech Lake. The moraine of gray drift 
seems to extend westward outside the limit of the­
red-drift deposits within a few miles west of Leech 
Lake and there to have features entirely independent. 
of these deposits. 

For some reason not yet understood the great 
strength which the Altamont system displays all along­
its course from Leech Lake southward to the end of 
the Des Moines lobe in central Iowa is not maintained 
beyond this lake. There is a till plain of gray drift. 
for about 20 miles east of. Leech Lake, its eastern . 
limits being near Cohasset and the village of Shovel 
Lake. East of this plain is the overridden Mille­
Lacs moraine of red drift, which runs northward from. 
Hill City through the central part of Itasca County. 
This moraine carries only a thin veneer of the gray 
drift, . which modifies the red-drift features. but. 
slightly. The gray drift has a marked extension 
southward from Hill City into the lowland bordering: 
the Mississippi River in Aitkin County. It also, as· 
already indicated (p. 64), has a great extension into· 
the St. Louis River basin south of the Mesabi ironl 
range. 

Ou;twash from Altamont moraJinio system.-Vigor-· 
ous discharge at the head of the Big Sioux River, in.. 
southwestern Roberts County, S. Dak., from the junc-. 
t.ion of the Dakota ice lobe with the Des Moines or­
IHinnesota-Iowa lobe, spread out a gravelly outwash' 
over an area of 25 or 30 square miles. Outwash ma-· 
terial was probably carried far down the Big Sioux: 
Valley from the Altamont morainic system as well as. 
from the outlying Bemis moraine. 

In Grant and Codington Counties there was nlore· 
or less ponding along the ice border while the Alta­
mont morainic belt was being formed, but small areas: 
Gf gravel ar~ found in the vicinity of South Shore ·and 
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between South Shore and Troy. In Deuel County, 
S. Dak., there is some gravelly outwash from this 
lllOrainic belt north and east of Clear Lake, with drain­
llge down Hidewood Creek through the Bemis moraine. 
Elsewhere in this county there seems to have been 
either ponding or a lack of free drainage on the ice 
border. 

In southwestern Minnesota very little gravelly out­
wash is found on the border of this lnorainic system. 
There is some gravelly material along the Des Moines 
River below Currie, and also a small amount along 
the outer border of 'the morainic belt where it lies a 
few miles back from the Des Moines River in south-

'western Cotto~wood County. 
In Dickinson County, Iowa, there is a conspicuous 

gravelly outwash deposit south of Lake Okoboji, near 
Milford, with discharge down the Little Sioux Valley. 
But with this exception outwash appears to be scanty 
ulong the west side and south end of the Des l\10ines 
lobe in Iowa. This meagerness seeins remarkable, as 
the surface outside slopes away from the morainic 
belt, and there is now good drainage from it into the 
Raccoon River in Calhoun, Carroll, and Greene Coun­
ties. FrOln the south end the Des Moines and Skunk 
l~ivers and some of their tributaries lead directly away 
fJ'Oln the morainic belt, but their valleys show remark­
ably little outwash material. On the east side of the 
Des Moines lobe outwash of sandy gravel is conspicu­
ous from northwestern Hardin County northward into 
l\iinnesota. It lies chiefly along the ,Iowa River 'but 
nlso borders Lime ,Creek, a tributary of the Cedar 
River. 

, In Freeborn County, Minn., there are conspicuous' 
outwash plains of sandy gravel near Mansfield and 
north of Albert Lea. There was also outwash into the 
Shellrock Valley from the south end of Lake Albert 
Lea. There are outwash deposits of sandy gravel in 
southern Steele County, leading to the Straight River. 
In Rice County the only conspicuous outwash is at the 
Cannon River near Morristown. There was vigorous 
outwash into the Minnesota Valley near Shakopee 
from the oll:ter part of the morainic system, and the 
outwash was abundant farther up as the ice edge 
retreated up the valley. There was vigorous outwash 
also into the Mississippi Valley from the vicinity of 
Minneapolis up to th,e Clearwater Valley. Some of 
the outwash material was laid down on the east side 
of the valley when the ice border stood on that side 
in the vicinity of Anoka, but most of it was laid down 
on the west side after the ice had vacated the valley. 
Outwash is very conspicuous from southern Stearns 
County nortl~ and northwestward into Otter Tail 
County and still farther north along Otter Tail River 
nearly to its source. Great outwash plains in eastern 
Becker County and southern Hubbard Co:unty also 

seem to have been largely formed in connection with 
the Altamont morainic system. Farther north out­
wash is not a conspicuous feature, and there appears 
to have been considerable ponding of water. This was 
due partly to the much lower altitude in the northern 
part of Minnesota at that time than at present. The 
northward' differential uplift of that region is dis­
cussed in a later section. 

GARY MORAINE 

Extent.-The Gary moraine was named by Cham­
Lerlin 95 from Gary, S. DaIr. It is combined with the 
Altamont moraine in Roberts and Grant Cou~ties, s. 
Dak., the combined' breadth being 6 to 8 miles, about 
half of which pr'obably pertains to the Gary moraine. 
The villages of Marvin, Stockholm, and Strandburg 
appear to be on the Gary part. Its inner border is 
about 6 miles west of Sisseton and passes near Marvin~ 
Twin Brooks, Labolt, and Revillo. The Gary mo­
raine is lower on the northeast slope of the Coteau des 
Prairies than the Altamont. Its inner edge is about 
1,400 to 1,500 feet above 'sea level, and the outer edge 
lies 200 to 300 feet higher. It crosses Deuel County, 
S. Dak., as a distinct moraine, separated from the 
Altamont moraine by a strip of undulating till about 
2 miles wide. It passes into Minnesota immediately 
south of Gary, which is near its inner border. 

This moraine is combined with the Altamont mo-
,raine in Yellow Medicine County' and the northern 
part of Lincoln County, Minn. It becomes a distinct 
moraine about 3 miles north of Ivanhoe, where it also 
splits into two members with ~ narrow till plain sep­
arating them in northeastern Lincoln County. The 
two members with the included till plain occupy a 
strip about 6 miles wide. Oil entering Lyon County 
the members unite to form a single lnor'aine 4 or 5 
miles wide. The outer border is at Russell and the 
inner border about 2 miles southwest of Lynd. The 
moraine is again double from the vicinity of the 
Great Northern Raihyay southeastward to Tracy, the 
outer member being about 2 miles and the inner' mem­
ber 1 Y2 miles wide. Near Tracy the moraine splits, 
up into several distinct, rather low ridges, each only 
about a mile wide. The outermost ridge is at the 
county line 2 miles south of Tracy; the innermost one 
is about as far north of Tracy. Ther'e are four and in 
places five ridges in southeastern Lyon County and , 
the adjacent parts of Murray and Redwood Counties. 
The several members unite in a single belt on the east 
side of Plum Creek, in northeastern Murray County, 
and this belt runs southeastward in Cottonwood 
County 'to the quartzite' ridge between Storden and 
Jeffers, maintaining a width of about 3 miles. The 

OG Chamberlin, T. C. Terminal moraine of second glacial epoch ~ 
U. S. Geol. Survey Third Ann. Rept., pp. 378, 388, 393, 1883. 
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nloraine then takes an abrupt turn southward, and an 
inner member, which probably was developed directly 
after the outer and main member, sets in at the quartz­
ite ridge, north of .J effers, and leads southward past 
Delft. This moraine and the outer o.ne become united 
between Delft and Bingham. Lake, but a still later 
moraine branches off near Delft and runs southeast­
ward across southeastern Cottonwood, northeastern 
Jackson, and southwestern Martin Counties. This 
seems to belong to the Gary system, although it is 
separated from the main moraini~ ridge by an inter'val 
of 4 to 6 miles in much of its course in these counties. 
The main member passes southward from pelft~ 
crosses the county line directly east of Windom, and 
follows the east bluff of the Des Moines River south­
"vard into Iowa. Its width is only 1 to 2 miles from 
'Vindom to the State line. The moraine lying east o.f 
it has a. general width of about a mile. The com­
bined width of the moraines is therefor'e no greater 
than the usual width of the Gary moraine, where it 
is not split up into separate members. 
, The Gary moraine reaches an altitude of 1,600 feet 
at the So.uth D~,kDta line and maintains a similar alti­
tude along its outer border across Lincoln County, 
Minn. In, Lyon County it gradually decreases in alti­
tude to the southeast and is .n.qt far from 1,500 feet 
o.n its outer border from, Ru~s~ll southeastward past 
Garvin into. Murray County'. ,The highest parts o.f 
the moraine are between 1,400 and'l,50Q feet above sea 
level in northeastern Murray CDunty and northwest­
ern Cottonwo.od County. The moraine is slightly 
above 1,500 feet for a' short distance at the place 
where it turns southward between Storden and Jeifers. 
Fro.m this point sDuthward into. Iowa the crest of the 
moraine is at 1,400 to 1;500 feet. The inner member 
is slightly less than 1,400 feet above sea level but 
generally above 1,300 feet. 
Th~ course o.f the Gary ~oraine in Iowa has not 

been determined. At the State line it lies east of the 
Des Moines River, but it prDbably passes to the west 
side within a few miles farther south and may be 
combined with the Altamont mDraine in part Df its' 
course Dn the west side and at the end o.f the Des 
Moines lobe, for it appears to. be combined with that 
Ploraine on the east side of t.he lobe. 

The Gary mo.rainic belt probably embraces the inner 
members of the series Df mDraines in western Free­
born, eastern Waseca, and eastern Le Sueur Counties1 

Minn. It probably wraps around if it does not in­
clude part of the Kiester Hills, in southeastern Fari­
bault County. In Scott, Carver, and Wright Counties 
it probably includes Dne Dr two. of the inner members 
qf the prominent system o.f mDraines that lies Dn the 
northeast border o.f the great plain drained by the 
Minnesota River. It probably includes the later mem-

bel'S Df the series of mo.raines at the base Df the 
Grantsburg lo.be (Delano and Montrose mDraines, 
pp. 85-86). In Meeker, Kandiyohi, Swift, and Pope 
Counties it forms the inner part of the great morainic 
system northeast of the great plain that borders the 
l\finnesota River. In Douglas County later nloraines 
are crowded against its inner border, and in Otter 
Tail, Becker, and Clearwater Counties it is in clo.se 
asso.ciation with later mo.raines, as well as with the 
Altamont nloraine. It probably forms the inner part 
Df the great morainic system in Hubbard County and 
on.the borders of Leech Lake ill Cass County. To 
what extent it is represented in the veneer of gray 
drift on the red -drift moraines of Itasca County is 
nDt known, nDr are its course and linlits in J\:oochi­
ching County. It probably traverses each of these 
counties. 

Topogr(J)phy.-The topography o.f the Gary moraine 
in South Dakota is, on the, whole, less rugged than 
that Df the Altamont moraine, though many of its 
knolls reach a height of 30 to 40 feet. The slDpes, 
(;riginally,steep, are greatly cut up by deep ravines o.f 
the postglacial drainage. 

In southwestern Minnesota the moraine has knolls 
ranging from 20 to 50 feet OIl mo.re in height, many 
of them with steep slopes. ,It is in striking co.ntrast 
to. the very smo.oth till plain, on its inner Dr northeast 
Lorder. The knolls are generally withOl~t definite sys­
tl~m in arrangement, but in places there is a succession 
cf nearly parallel ridges trending in the general direc­
tion Df the morainic belt. Some of these ridges are 
separated by narrow intervening plains, but others are 

,crowded against ,one another and present the appear­
ance o.f a series of ribs running transverse to the slope 
of the Coteau. , 

In Iowa and southeastern Minnesota the knolls are 
commonly but 20 to. 30 feet or less in height. There 
is. however, in southern Le Sueur County, Minn., a 
range of morainic hills of greater prDminence, which 
extends as a spur several miles farther west than 
neighboring parts of the moraine. So.me o.f the mo­
rainic knolls near Elysian, Minn., are 75 feet high.' 
IT pham 96 regarded this belt of hills as a later mo.raine 
than the Dne leading south from it and gave it the 
name" Elysian." But in the present writer's opinion 
it is merely a spur formed in a recess in the ice border. 
Upham was able to trace it westward only to the 
vicinity of Lake Washington, several miles east of the 
Minnesota Rive~. A simil~r spur in Carver County 
near Waconia was also. interpreted by Upham 91 to" 
be a moraine later than the moraine leading south fro.m 
jt and was named the " Waconia" nl0raine. It extends 
southwestward from Waco.nia about to. Norwood, but 

96 Upbam, Warren, Geology of Minnesota, vol. 1, pp. 461, 581, 1884. 
97 Idem, vol. 1, p. 621, 1884 ; vol. 2, p. 128, 1888. 
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there ends abruptly. It probably marks a recess in the 
ice border. Its knolls are of similar prominence to 
those in neighboring parts of the moraine to the north 
nnd south, being 25 to 30 feet in height, with a few 
still higher. 

The part of the great nlorainic belt which the writer 
is inclined to correlate with the Gary moraine has 
a strong exptession throughout its course from the 
~1innesota Valley northwest, north, and east to Leech 
Lake. It has nnmerous knolls 25 to 50 feet high, and 
a few 75 feet 01' more. It is strikingly in contrast 
,vith the till plain on its inner border as far as Swift 
County, but from that region to Leech Lake there 
a.re either sttongly undula.ting till plains or later mo­
rtl.ines on the inner border. The Gary Inoraine is 
banked against the inner border of the strong Alta­
mont Jl10raine throughout nearly all its extent on the 
east side of the area cccupied by the ice lobe in Min­
nesota. The only important exception is in the 
Gr'antsburg sublobe, where its constituent ridges are 
separated from one another and from the outlying 
Altamont Jl10rainic ridges by narrow strips of gently 
undula.ting till plain. Northward from Leech Lake 
the morainic features are ill defined, and definite mo­
rainic belts are not developed. ~10raines of red drift 
were here overridden by the ice that carried the gray 
drift, and they have a nluch stronger expression than 
any of the gray-drift features. 

St1"UCtU1Y1 of thfJ d1ift.-In most of its cour'se across 
eastern South Dakota and southwestern Minnesota the 
Gary Jnoraine consists of clayey tin, thickly set with 
stones of all sizes. The only place noted where it 
is conspicuously gravelly is in the outer member in 
northeastern Lincoln County, Minn. It is there Inade 
up in part of gravelly knolls, but some of the knolls 
are composed of clayey till. The char'acter of the 
moraine in Iowa has 1I0t been determined. 

On the east side of the Des Moines lobe in south­
eastern ~1innesota the moraine consists mainly of 
clayey till. In the Kiester Hills, in the southeastern 
part of Faribault County, there is some gravelly drift 
which probably pertains to this morainic belt. A few 
gravelly knolls wete noted southeast of Otisco, in 
eastern Waseca County. There are also gravelly 
knolls on the borders of Freeborn Lake, in western 
Freeborn County. 

Near the west base of the Grantsburg sublobe, in 
eastern Meeker County, ther'e is a strip of gravelly 
moraine extending for several miles northeast and 
southwest from Darwin. It fronts on the outwash 
plain which fills the reentrant between this sub lobe 
and the part of the main lobe to the northwest' and 
on which the city of Litchfield- stands. Northwest 
of this j unction the main lobe is characterized by 
clayey till in its course acr'oss Meeker, Kandiyohi, I 

Swift, and Pope Counties, the principal exception 
noted being a group of kames known as the Blue 
~10unds, in southern Pope County. Gravel knolls are 
interspersed with ,knolls of till in the rugged morainic 
areas of Otter Tail and Becker Counties but are nlore 
rare farther northeast in Clearwater and Hubbard 
Counties. 

Outwash plains.-'-In the South Dakota portion of 
the Gary moraine and in much of its course in south­
western Minnesota it stands on the rather steep north­
east slope of the Coteau des Prairies, in a topographic 
situation unfavorable for the spreading of outwash 
Iil.aterial on its border. In Minnesota the northern­
most notable development of outwash gravel is in 
southern Cottonwood County, north of Windom. 
'Glacial drainage led southward past WindOln to the 
Des Moines River and followed down that valley into 
Iowa. There is a slight amount of sandy outwash 
outside one of the late members of the Gary system 
along the East Fork of the Des Moines River in south­
western Martin County. 

The part of the morainic belt in Iowa has not been 
traced in detail nor examined critically as to outwash 
conditions. Some gravelly outwash in the vicinity of 
Crystal Lake, in northern Hancock County, borders 
a. moraine tha.t is tentatively referred to the Gary 
system. 

In southeastern Minnesota there seems to be no con­
spicuous outwash connected with the Gary morainic 
belt south of the Minnesota Valley. Here there is a 
conspicuous deposit of outwash gravel in the vicinity 
,of Carver, which was discussed by Upham 98 as 
follows: 

Another observation which seems to give the same testimony 
and to show that the modified drift forming high terraces and 
plains in this valley was deposited during the recession of the 
ice sheet is presented in the notably uneven surface of the 
'broad part of the terrace of this valley drift in Carver County 
between Carver and Bevens Creeks. On this tract, composed, 
below the soil, of stratified gravel and sand, extending about 
2 miles in width and elevated 125 feet above the river, are 
frequent depressions from 10 to 30 rods in diameter and 15 
to 40 feet in depth below the general level, often inclosed with­
out outlet, and some of them containing lakelets and sloughs. 
Such hollows have not been seen elsewhere in my explorations 
of these terraces along the Minnesota Valley, '''hich instead 
have generally a smoothly level contour. Their origin must 
apparently be referred to sedimentation while masses of ice 
occupied the places of these bowl-like depreSSions. 

, Near Montr,ose, in eastern Wright County, there is 
an outwash gravel plain covering several square miles 
that seems to be a dependency of the Montrose mo­
raine, a member of the Crow River morainic system. 
Still larger outwash plains near Monticello and near 
Annandale are similarly related to the Loretto mo­
raine of the Grantsburg sublobe, which may be cor-

98 Upham, Warren, Geology of Minnesota, vol. 2, p. 133, 1888. 
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related with the outer part of the Gary system. There 
were ponded waters in northeastern Meeker County 
in the drainage basin of the North Fork of the Crow 
River. Lake clay is found in the deeper part of this 
ponded area, and sand on its shallow borders. Souih 
of this ponded area, in the vicinity of Litchfield, is 
an extensive plain of s!lndy gravel outwash, a little 
higher than the ponded area just noted but grading 
into it at the north. Near Atwater is another place 
where outwash gravel borders the moraine. The Gary 
morainic belt is so closely merged with the Altamont 
farther north that it is difficult to draw the line of 
separation. Under such conditions outwash is rare 
and inconspicuous. 

GRANT,SBURG SUBLOBE OF WISCONSIN GRAY DRIFT 

By FREDERICK W. SARDESON 

, GENERAL RELATIONS 

During the Wisconsin stage of glaciation, at the 
time when the western or Keewatin sheet of ice crossed 
western and southern Minnesota and the eastern part 
of the Dakotas in a southward to southeastward 
course and formed the Des Moines glacial lobe in 
northern Iowa, a sublobe turned northeastward. from 
it, from south-central Minnesota, and extended across 
the St. Croix Valiey to the vicinity of Grantsburg, 
Wis., as long since recognized and discussed by N. H. 
Winchell and Warren Upham.99 

The Grantsburp: sublobe covered the present course 
of the St. Croix River for about 40 miles, from th~ 
mouth of the Snake River to Osceola, Wis., and th~, 
present course of the Mississippi for 60 miles, from 
Clearwater to St. Paul. This sublobe diverged at 
nearly a right angle from the main or Des Moines 
lobe. The position of the point of deflection of the 
west edge of the sublobe at its culmination is shown 
by the distribution of its drift deposits to have been 
west of the Mississippi, near Kimball Prairie, in 
Stearns County. The east side of the base of the 
sublobe was south of the Minnesota River, near Lake­
ville, in Dakota County. At its maximum extension 
this sublobe covered an area 70 miles wide and 80 miles 
long, or, if 'we include the area covered by it in Wright 
County, wh~re it merged into the main lobe, it was 
100 miles long. The entire area covered by gray Kee­
watin drift northeastward from a line drawn from 
Kimball Prairie to Hutchinson, Belle Plaine, and 
Lakeville is described as the district of the Grantsburg 
sublobe. The 'Patrician red drift of the Wisconsin 
stage is present beneath the gray drift about as far 
southwest as this line. 

00 Geology of Minnesota, vol. 2, pp. 254-256, 409-415, 439, 622, 625, 
642, 1888. See also Winchell, N. H., Minnesota Geol. Survey Fifth 
Ann. Rept., pp. 156-174, 1877; Sixth AnD. Rept., pp. 84-87, 1878 .. 

The ground over which the Grantsburg sublobe ad­
vanced is re~atively low. Along the axis ,of the sub­
lobe, from Anoka, on the Mississippi River, through 
North Branch to the St. Croix River, the altitude is 
not far from 900 feet above sea level. The margin of 
the ice spread out so as to rest on ground that is about 
1,000 feet above sea level. Having overridden the 
great St. Croix morainic system of the Patrician drift 
sheet before crossing the line of the present Missis­
sippi River, the Grantsburg sublobe spread thence 
easily northeastward over an intermorainic plain of 
the Patrician red drift. In that advance it encoun­
tered neither bare-rock rid.ges nor terminal moraines,. 

. except near its margin. 
The drift deposited by the ice of the Grantsburg 

sublobe is the characteristic young gray Keewatin 
drift of the late Wisconsin substage of glaciation. It 
is generally a thin deposit, except. within the later­
moraines to the south of the 'Mississippi Valley. In 
the development of the outer system of terminal mo-· 
l'aines of the sublobe the red drift was frequently 
thrust up into knolls and ridges and the gray drift· 
mixed in and spread over it. Intermixture of red! 
till and gray till is not extensive, but the gravelly or' 
sandy red outwash deposits where overridden by the­
gray drift were commonly mixed with it to such 8t 

degree as to make the till sandy, where otherwise it 
would be clayey. This occurred in the ground mo-· 
raine as well as in terminal moraines of the Grants­
burg sublobe. 

The deposits of the area covered by the Grantsburg­
sublobe are in genetic order as follows: The extra­
morainic till sheet; the first or Rush Lake morainic· 
system; the second or Crow River morainic system;. 
and the dune sands. The dune sands were not derived 
directly from the ice lobe but were distributed by the­
wind soon after the ice had melted. 

EXTRAMORAINIC TILL SHEET 

Outside the first strong moraine on the north side· 
of the Grantsburg sublobe there is a thin sheet of. 
young gray till overlying the red Wisconsin drift. Its. 
onter border is in places marked by a slightly ridged! 
arid hummocky belt. N ear Clearwater, in Stearns, 
County, it covers parts of secs. 28, 29, 31, 32, and' 33,. 
'1'. 123 N., R. 27 W., and part of sec. 6, T. 122. N., R. 2.7" 
'V. This tract is an overridden part of a red':drift 
outwash plain. Its surface is undulating and has a'. 
st.ony clay soil and sandy to stony till subsGlil. This· 
till is only a few feet thick and is underlain by assorted 
sa,nd and gravel of the' red drift. The continuation of' 
this . till sheet extends across Sherburne County but 
is concealed to a great degree by outwash and' d:une­
sand. It emerges from under the dune- sand' near­
Princeton. For 25 miles, from the· IQcality near-
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Princeton to Braham, there is a narrow strip of clayey 
till about 3 miles wide. Along its outer or north edge 
't he slightly ridged border, less than a mile wide, runs 
from the "'Test Rum River 3 nliles above Princeton to 
Braham. It consists of heavy clay till but has an 
undulating surface. Between the West Rum and Rum 
]~ivers tl.1is drift comprises 2 to 6 feet of gray till, 
leached to a brown° color, overlying crumpled lami­
nated red silt of a glacial lake bed. Also from a point 
2 miles east of Braham westward to Rice Lake there 
iR a thin sheet of heavy clay till over crumpled beds of 
red sand and gravel. Between the Rum River and 
Rice Lake the surface is high and moderately rolling, 
an,d a brown or gray till overlies red till. The ground 
moraine, as well as this ridged border, consists in the 
main of clayey till, but a small area in secs. 12 and 
13, T. 36 N., R. 26 'V., has a few feet of sandy gray 
t.ill over red gravelly outwash. 

'fhe extramorainic till sheet is cut off near the north­
east corner of °Isanti County by strong moraines. It 
nppears again east of the St. Croix River at Grants­
burg and also at Osceola, Wis. On the southeast side 
of the Grantsburg sublobe, from the St. Croix River 
to St. Paul, the border of the young gray drift lies 
upon the inner part

O 

of the red drift of the St. Croix 
morainic system and is so thin as to have little topo­
graphic effect. The surface there was already 
strongly rolling before it was overridden by the Kee­
watin ice sheet and was but slightly modified by the 
later glaciation. . 

THE FIRST OR RUSH LAKE MORAINIC SYSTEM 

The first morainic system comprises four moraines 
which are merged into one complex moraine at the 
l'eentrant on each side at the base of the sublobe but 
spread apart northeastward toward the end of the 
lobe. The COurse and relations of the moraines are 
hngely obscured by a deposit of dune sand over them. 
1~here is also some confusion where red-drift moraines 
m~e overridden by the gray drift. The morainic sys­
tem is best displayed near Rush Lake, in northern 
Chisago County, and is therefore called the Rush 
Lake morainic systenl: The several moraines are here 
°named the Pine City, Cambridge, Isanti, and Harris 
Jl1oraines, in the order of their development. 

Where the Grantsburg sublobe separates from the 
main lobe near IGmball Prairie, this lnorainic system 
is not only merged into a single great moraine but 
partly overridden by a moraine of the second or Crow 
River system. Overriding of this sort occurs also at 
the other reentrant, south of the Minnesota River. 
The system appears to become divided into moraines 
just where it turns into the sublobe. 0 

Pine Oity moraine.-The course of Pine City 
moraine (pI. 2) appears to be along the south side of 

Lake Louisa at South Haven, in Wright County, but 
is nearly covered by outwash gravel. A small area 
not so covered appears in secs. 10 and 16, T. 121 N., 
R. 28 W., near South Haven. Three small spots of it 
are also exposed 1 to 2 miles north of the town, in secs. 
4, 8, and 9. Its course is thence northeastward on the 
north side of Clearwater Lake and the Clearwater 
River through Stearns County. A smali prominence 
surrounded by outwash appears in secs. 20 and 21, 
T. 122 N., R. 27 W. In Sherburne County two knolls 
rising above the outwash seem referable to this 
moraine. One is on the line of secs~ 26 and 0 35, 
T. 35 N., R. 30 W., and the other, known as Blue 
Hill, is in the northwestern part of sec. 28, T. 35 N., 
R. 27 W. The moraine seems to run northward from 0 

Clearwater to the Elk River eastward to Blue Hill 
and southward to Crown, in secs. 4 and 9, T. 34 N., 
R. 25 W., where it agains turns northeastward. This 
part, however, is all covered with dune sand except a \ 
small area 'near Crown. 
o North of the Rum River the moraine is mostly free 

from the cover of dune sand. It emerges, 3 miles wide, 
in the center of T. 36 N., R. 24 W., and spreads to ~l 

width of 5 miles as a knolly belt trending northeast­
ward but narrows to only 2 miles in the" center of 
T. 37 N., R. 23 W. Thence it runs east and north as 
a strongly ridged and knolly belt about 2 miles owide, 
forming a reentrant in passing around a" high ridge 
in the northeast corner of Isanti County. It continues 
northeastward to the Snake River at Pine City and 
follows the south side of the Snake Valley to the St. 
Croix Valley in sec. 3, T. 38 N., R. 20 W. 

At the apex of the sublobe, on the east side of the 
St. Croix Valley and for many miles south, down to 
Osceola~ this moraine and the next two in order have 
been cut away to some extent by the glacial St. Croix 
River when it served as the o"utlet for the glacial Lake 
Duluth. Parts of the moraines are still present above 
Taylors Falls. In secs. 27, 28, and 34, T. 34 N., 
R. 19 W., a group of morainic hills combines the 
features of an overridden red-drift moraine with 
knolls of the gray drift. For 4 miles in the vicinity 
oof Taylors Falls the morainic knolls are built around 
rock prominences. 
o Between Taylors Falls and White Bear Lake, near 

St. Paul, the three moraines of gray drift appear to 
be merged into a single belt. They rode over the 
inner part of the St. Croix morainic system of the 
Patrician ice sheet and modified it to only a slight 
degree. West of White Bear Lake the moraines of 
gray drift are not so closely united but are not dis­
tinct, as they are riding over the red-drift moraines, 
whose features are much more prominent than those 
of the gray drift. oThe Pine City moraine here forms 
the border of the young gray drift and is about 2 
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miles wide as' it passes southwestward' from; White 
Bear Lake between Phalen and Gervais Lakes. It 
runs to Owasso Lake and thence··west on the smith 
side of the Duluth branch of the Northern Pacific 
Railway to the Mississippi River.l This· moraine 
passes the southwest corner of Ramsey County and 
enters Dakota County near Mendota. The Minnesota 
Valley Inakes a break in it. In the vicinity of Savage; 
near the Scott County line, the course of the moraine 
changes to southward. It there unites with or is 
overridden by later moraines of the gray drift. 

Cambridge mJoraine.-The Cambridge moraine (pI. 
2) appears to have been buried under outwash gravel 
from Twin Lake, south of South Haven, to Sugar 
Lake, in northwestern Wright County. But. between 
Sugar and Lime Lakes and to the north a morainic 
tract remains exposed that is 3 miles wide and 5 miles 
long. It appears 'to show the turning of the moraine 

. from a. northeasterly to a northerly course. ·In Sher­
burne County, north of Becker, a tract 3 miles square 
is morainic, but the ground west and south of it is 
covered by outwash gravel,. and that east and north 
by dune sand. The moraine emerges next from under 
the dune sand on the east side of the county, in secs. 
25, 26, and 34, T. 35 N.,.R .. 26 'iV. It is there just at 
the turn to a southerly course: The moraine then lies 
nearly 3 miles wide along the Sherburne and Isanti 
County line. It is high and strongly ridged. Its 
southerly deflection and some of its relief is due to the 
crossing of an older ridge which runs along the east 
side of Sherburne County from a point near Prince­
ton to a point east of the village of Elk River. The 
moraine turns to a northeasterly course in the north­
west corner of Anoka County. It becomes narrow 
near the borders of Anoka and Isanti Counties and 
disappears under a subs~quent outwash plain, 4 miles, 
east of the Sherburne County line. North of St. 
Franci.s the course of the mQraine under the dune sand 
can be seen by the sq.rface altitude, running north­
eastward parallel to the Rum River Valley. About 
100 acres of till is exposed in secs. 9 and 16, T. 34 N., 
R. 24 W. The dune-covere.d moraine .cros~es the Rum 
Valley. below Cambridge. Till. ~ pp~ars at. the, surface 
2 miles east of Cambridge, and the moraine mai~tains 
a width of 2.miles from that pla~e up tp ·Rush Lake. 
It spreads at the lake, part of it skirting the west 
shore and part, goipg between the. two. arms of the 
lake. North of the lake .it is 'united again ... Where 
the moraines cross into Pine County the Cambridge 
moraine partly overrides the Pine. City mQ;raine. In 
Pine County the Cambridge moraine is about 2 miles 
wide and curves eastward and then southeastward to 
the county boundary. It is cut off by the St. Croix 
glacial river valley on the county line. 

1 See U. S. Geol. Survey Geol. Atlas, Minneapolis-St. Paul folio 
(No. 201), p. 8, 1916. 

The St. Croix glacial river destroyed the Cambridge 
moraine for many miles, but its course, like that of 
the Pine City moraine, was probably southeastward 
to Taylors Falls. It merged with the Pine City 
ITloraine from the St .. Croix Valley to' 'White Bear 
Lake. Thence it appears to run from the west side of 
Bald Eagle Lake southwestward ~o Vadnais Lake and 
westward past New Brighton to the glacial Mississippi 
Valley at the line of Anoka and Hennepin Counties. 
It runs through the northwestern part of Minneapolis 
and St. Louis Park, and, crossing the southwest cor­
ner of the city around· Harriet Lake, it disappears 
under outwash. ,Its continuation south of the Minne­
sota' Valley is in a morainic complex along the line 
of Dakota 'and Scott Counties. 

Isanti rmoraine.-The' Isanti moraine (pI. 2) has 
not been recognized in the complex morainic tracts in 
Wright County, south of the Mississippi Valley, nor 
in Sherburne County' except in the southeast corner. 
It is a weaker moraine than the Pine City and Cam­
bridge moraines; being usually' only a quarter to half 
a mile wide. Two miles east of the village of Elk 
River, in sec. 36, T. 33 N., R. 26 W., this moraine 
comes to view. as if overridden up to that place by 
later moraines. It runs northeastward in T. 35 N., 
R. 25 W., ·through secs. 30, 20, and 16, .and then north 
to Nigger Lake. It then runs northeast through secs. 
9. 4, 3, and 2, T .. 33 N., R. 25 W., and into sees. 34 and 
35, T. 34 N., R. 25 W., where it 'disappears under the 
c~twash gravel in the same way as the Cambridge 
moraine does north of it. The Isanti moraine is cov­
ered by dune sand on the east side of the Rum River 
from St. Francis to old Isanti village, 1112 miles north 
of the present town. It appears as a till area on the 
line of sees. 16 and 21, T. 35 N., R. 23 W., and runs 
across sees. 15, 11, and 1 and adjacent sec. 36, T. 36 N., 
R. 23 W., and sec. 30, T. 36 N., R. 22 W. It then 
joins the Cambridge moraine and is closely parallel 
io it in Pine County. 

On the east side of the sublobe the Isanti moraine 
is not distinguished from those formed earlier, 
although from the north end of Bald Eagle Lake it 
probably runs north of Pleasant Lake and around the 
north· side of Mounds' View to N e'w Brighton. 

Harris moraine.-The Harris moraine (pI. 2) is not 
distinguished in Wright County, but it may there form 
a part of what has been described as the Cambridge 
Inoraine. In Sherburne County it is a distinct fea­
ture. It is exposed in a narrow strip a quarter of a 
mile wide and 2 miles long running west from the 
north end of Eagle Lake, which is merely a section 
across the moraine between the part that has been 
buried under outwash gravel of the glacial Mississippi 
River and a part to the north covered by dune sand. 
The moraine emerges at Zimmerman from the edge of 
the dune-sand area. It is here interrupted by Fre-
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mont Lake and the former southward extension of that 
lake, but enough remains to show that it is just turn" 
ing from an easterly to a southerly course at that 
place. This southerly de:flection seems due to the 
high altitude along the east side of the county. The 
moraine runs a mile wide along the west slope of this 
high land in secs. 15,22,27, and 34, T. 34 N., R. 26W. 
It spreads out on the crest of the high land southward. 
Its east border runs through the middle of sees. 2 and 
12; the west side of sees. 13 and 24, and the east side' 
of sec. 26. A later moraine, the Anoka moraine of 
the Crow River system, lies against the Harris'mo­
raine along the west side of secs. 3, 10, 15, and 22 and 
overrides and cuts it off in sees. 26 and 27. The 
Harris moraine appears to turn sharply east, however, 
nt Elk River village, and then northeast in Anoka 
County. In this part the outer border runs from the 
southeast cornel' of sec. 31 to the southeast corner of 
sec. 21, T. 33 N., R. 25 'V., but is interrupted' by out­
vn1sh plains in both directions beyond these points. 
The outwash leaves exposed a triangular morainic 
area whose south boundary runs from the north side 
of sec. 6 to the center of sec. -2, T. 32 N., R. 25 W., 
and whose east boundary runs from,that point to the 
southeast corner of sec. 2, T. 33 N., R. 25 W. ' 

The course of the moraine beneath the dune sand 
east of the Rum River is very probably from a point 
south of St. Francis past Bethel to sec. 4, T. 34 N., 
R. 23 W., southeast of Isanti, where the moraine 
emerges. It is a mile wide there and runs north from 
the south side of sec. 33, T.35 N., 'R. 23 W. It then 
tnrns eastward into sec. 27 and runs across sees. 23 
and 26 to sec. 21, T. 35 N., R. 22 W. There it turns 
northward and spreads, crossing secs. 15 and 16, 10 
and 11, and 2, 3, and the' eastern part, of 4. In T. 36 
N., R. 22 W., it is about a mile wide, from sees. 34 and 
35 northward to sees. 2 and 3. The moraine extends 
ucross sec. 35, T. 37 N-., R. 22,W., and projects into 
sec. 26 to the swamp at the east end of Rush Lake. 
It then turns south into sec. ,36. A part of the'moraine 
runs eastward across the northern part of sec. 12, 
T. 36 N., R. 22 W. This ,part is largely interrupted by 
an oubvash deposit. The moraine as a whole crosses 
secs. 5 and 8, T.' 36 N., R. 21 vV., and runs southeast­
ward to sec. 15, where it -is ,cut off by the St. Croix 
Valley. The glacial St. Croix River cut away the 
moraine between Harris' and Sunrise, and the moraIne 
is concealed by dune sand for 4 miles south of Sunrise. 
But at Kost village only a few dunes are scattered on 
its western slope. It is about 1% miles wide. Its 
€~astern or outer border runs south through: sec. 28, 
T. 36 N., R. 20 W., to the north end of Sunrise Lake. 
From the south end of the lake it runs southwestward 
past the town,ship corners nearly to Wyoming. The 
inner border is followed by the Sunrise River from the 
locality near Wyoming to leost. Th<: moraine is cov-

ered by dune salld from the Wyoming locality south­
ward into the northwest corner of vVashington County 
and through Anoka County along the west and north 
side of Rice, Creek to Fridley, on the east bluff of the 
Mississippi River. 

vVest of the river the moraine is, interrupted for a 
few miles by an outwash plain, but it emerges between 
Osseo and Fish Lake and runs in a strip nearly 3 nliles 
wide in a course south of east, passing east of Medicine 
Lake and west of St. Louis Park through Hopkins to 
the Minnesota Valley. South of this valley it is 
merged in the great morainic complex. 

Topography.-The moraines of the Rush Lake sys­
tem have generally a moderately rolling surface. At 
reentrant angles they s~ow exceptional roughness. 
Thus northeast of ,Elk River village the Cambridge 
nnd Harris moraines have str'ongly rolling surfaces. 
East of Braham the Pine City and Cambridge mo­
raines have prominent knolls and strong par'aIlel 
ridges. For some reason, on the other hand, where 
these moraines have reached their northern limit and 
nlade an eastward or southeastward turn they become 
weaker or have gentler undulation. The Cambridge 
moraine in particular looks as if that part of it were 
water-laid. 

In places where the moraines of young gray drift 
override the red-drift moraines the knolls and ridges 
are exceptionally prominent, yet they are less rough 
than the surface of the same'red moraines where they 
ha ve not been overridden. Where ground moraine 
of gray drift lies over terminal moraines of red drift 
the surface commonly has as strong relief as is 
usually presented by the terminal moraines of the 
young gray drift, or even stronger. But at the same 
time such ground moraine lacks the detail of hum.; 
mocks and basins and the variable constitution of the 
terminal moraines. However, gray ground moraine 
over the red ter'minal moraines is easily mistaken for 
gray terminal moraine. 

OOmJp08Uion.-In Stearns and Wright Counties the 
small areas that pertain to moraines of the Rush Lake 
system are composed of clayey tin. Those in western 
Sherburne· County are the same except that in spots 
sand is scattered over the till. In eastern Sherburne 
County nearly all these moraines are made up of sandy 
till, probably owing to the introduction into the till 
sheet of gravel and sand from overridden outwash 
deposits. The Pine City moraine shows many changes 
from clayey to sandy till in Isanti County. There is 
some clayey till at Crown, but north and east of that 
place the moraine is sandy or' gravelly. From the 
Rum River to the St. Croix the moraine consists of 
clayey till except for a more sandy strip along 
Stanchfield Creek. 

The Cambridge moraine consists of sandy till in 
Sherburne County and for about a, mile east of the 



82 QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES 

county boundary. Thence to the Rum River this 
moraine and also the Isanti are mainly clay till. The 
Harris moraine has sandy till in northwestern Anoka 
County, except about 2 square miles of clay till in secs. 
32 and 33, T. 34 N., R. 25 W., and secs. 5 ,and 4, 
T. 33 N., R. 25 W. The Cambridge, Isanti, and Harris 
moraines from the country east of the Rum River 
northward are nearly all loose-textured sandy till 
almost to Rush Lake. Around Rush Lake and from 
that area to the St. Croix Valley they' are nearly all 
clayey till. The moraine mist of the Sunrise River 
is mostly clayey till, and such till prevails in the 
morainic tracts around Taylors Falls and thence 
southwestward to Forest Lake and White Bear Lake. 
The moraines of this system also consist prevailingly 
of clayey till from White Bear Lake southwestward 
t9 the Minnesota Valley. In several places, however, 
small areas of outwash of the red drift have been over­
ridden and in such places the overlying till is of a 
sandy nature. 

Glacial stride.-Glacial striae on the Keewenawan 
rocks near Taylors Falls that seem referable ,to the 
Keewatin ice sheet show an eastward bearing. At 
Minneapolis also the striae of the latest movement bear 
eastward. 

AS8()ciatea outwash am,d glacial drainage.-The orig­
inal extent of the outwash pertaining to the Grants­
burg sublobe is fairly well shown, for the dune sand 
seldom lodged on outwash plains. The outwash 
deposits ,associated with the Rush Lake morainic sys­
tem are of greatest extent near the reentrants that 
mark the divergence of the sublobe from the main 
lobe. On the northwest side' in Wright and Stearn~ 
Counties there is outwash from several moraines of 
the system all thrown together. This outwash extends 
from Kimball around the border of young gray driit 
to Clearwater and north across the Mississippi River 
into Sherburne County. The direction of outwash ,vas 
not only out, or north, from the ice border, but was 
also eastward along it, as shown by the slope of the 
surface. From Kimball, 1,138 feet above sea level, the 
outwash descends to 1,016 feet at Cable, in Sherburne 
County. Successive positions of the ice border during 
the deposition are shown by descents from one plain 
to another. Thus the plain at KimbaN, north of the 
Clearwater River, is about 36 feet higher than that at 
South Haven, south of the river. Correspondingly 
Cable (altitude, 1,016 feet) and Haven (1,014 feet) 
are higher than Clear Lake (997 feet). 

Some outwash from the Crow River morainic sys­
tem lies adjacent to and more or less mingled with 
that of the Rush Lake system. That belonging to the 
Rush Lake system begins about 3 miles n'orthwest of 
Kimball and lies north of a line running to that vil­
lage and to the west end of Lake Louisa. It includes 

also the outwash east and south of the Clearwater 
River to the north side of Twin, Sylvia, John, Pleas­
ant,. and Sugar Lakes and east to Fish Lake below 
Clearwater. North and west of Clearwater it extends 

. from the river 3 miles south of Clear Lake northeast, 
north, and west to the gray-drift border. 

Besides the basins of lakes and ponds which lie in 
this area of outwash gravel, part of the surface has the 
unusual feature of being distinctly rolling,. Between 

'Lake Louisa and Twin Lakes the surface is rolli1J.g, 
and also· from South Haven north of Clearwater 
Lake nearly to Clearwater village and southeastward 
from that tract between Sugar and Clearwater Lakes. 
This rolling outwash appears to lie upon moraines and 
to veneer the rolling surface which they presented. 
There are in this area basins which are attributed to 
the melting away of cakes of ice buried either in the 
moraines or in the outwash itself. 

The. outwash consists generally of medium to fine 
gravel and sand. Drainage that produced this out­
wash in the reentrant under discussion came from the 
ice border in several or many places between Kimball 
and the valley of the Elk River. The general slope 
of the plain was caused by the direction of drainage, 
which was eastward. The first drainage Course was 
along the line of swamps that leads from the area 
north of Fairhaven by Plum C,reek to. Clearwater. 
Later the course of the Clearwater River was fol­
lowed, and thence along the present course of the 
Mississippi, but in reverse direction, to Sauk Rapids. 
Drainage from Cold Spring down the Sauk River also 
reached Sauk Rapids. The flow was thence eastward 
to the Elk River through a channel that passes east 
of East St. 'Cloud. The border of the young gray· 
drift was followed eastward from the Elk River to 
the Rum River near Princeton" through Sevenmile 
Swamp to the Groundhouse River, and thence to the 
Snake River and down its valley to the St. Croix 
River. 

There' is an outwash deposit on the Rum River in 
the vicinity of St. Francis that seems to connect with 
the Harris moraine. It is about 11 miles long and 1 
to 3 miles wide. The northern part of it is a low, 
flat sandy plain, which end/:? near the Pine City mo­
raine. The gravel is somewhat coarser in the south­
ern part near the Harris moraine. It is 3 miles wide 
at ,St. Francis but narrows to only a mile at the south, 
where it seems to have its head. 

A smaller plain of sandy outwash, which seems to 
. be connected with the Harris moraine, covers about 
2 square miles along the Isanti and Chisago County 
line in secs. 32, 33, and 34, T.· 36 N., R. 22 W., and 
adjacent parts of secs. 4 and 5, T. 35 N., R. 22 W. 
This plain lies on the northwest side of the moraine. 
A still smaller' area of outwash lies at tIle apex of the 








































































































































