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PLEISTOCENE GEOLOGY OF EASTERN SOUTH DAKOTA

By Ricuarp Foster FrINT

ABSTRACT

The glaciated part of the State of South Dakota has an area
of about 34,000 square miles that constitutes almost the entire
eastern half of the State. It is underlain principally by flat-
lying marine Cretaceous strata, capped very locally by residual
remnants of Tertiary continental rocks. Lying partly in the
Central Lowland province and partly in the Great Plains prov-
ince, it is characterized topographically by two great plateau-
like highlands, the Coteau des Prairies and the Coteau du Mis-
souri, separated by the James River lowland, elongate from
north to south. The exfreme relief of the region is about 1,200
feet; in general the lowland is 300 to 700 feet lower than the
surfaces of the coteaus. The region is drained mainly by the
Missouri River and two of its tributaries, the James and the
Big Sioux. The general direction of stream flow is toward the
south.

The climate varies from subhumid to humid, and much of the
region is almost treeless. The drainage apart from the main
streams is poorly integrated, and considerable areas have in-
terior drainage in consequence of the dry climate and of the
blocking of ancient drainage lines by glacial drift.

East of the Missouri River glacial drift is very nearly con-
tinuous, averaging an estimated 40 feet in thickness but thicken-
ing at one place to 500 feet. West of the river the drift consists
of little more than scattered erratic boulders lying on the
bedrock.

The glacier ice entered the State from the northeast or north,
and flowed generally southward and westward. The extreme
outer limit of glaciation is marked, not by end moraine, but by
the indistinct outer limit of scattered boulders and patches of
till. The limit is lobate, with projections extending into major
valleys.

Glacial erosion of the weak Cretaceous rocks is believed to
have been great. Much of the width and part of the depth of
the James River lowland are believed to be the result of this
process.

Most of the drift consists of till, and most of it is made up of
fragments of local rocks; only a small proportion was brought
in from outside the State. The till is very rich in clay, reflect-
ing the predominance of shale in the bedrock strata of the
region. In most parts of the region, outwash deposits are
scanty and thin. This fact results from the preponderance of
clay and silt in the drift. The clay and much of the silt picked
up by melt-water streams were carried onward out of the State,
leaving only the very meager coarse fraction as bed-load
deposits.

Many outwash bodies are of poor quality for use as concrete
aggregate, owing in considerable degree to physical or chem-
ical instability of the rock types that constitute the individual
pebbles and cobbles.

Ice-contact stratified drift, chiefly in the form of kames and
collapsed and pitted bodies, is conspicuous in certain localities,
particularly where glacier margins stood across steep-sided val-
leys. Fine-grained sediments deposited in small temporary gla-
cial 1akes are present also in topographically favorable positions.

Stratigraphically the drift consists of layers of till separated
by layers of loess or stratified drift, or fossil-bearing nonglacial
sediment, or zones of weathering. The individual layers rep-
resent successive glacial stages and substages separated by
features that record nonglacial conditions. Loess, particularly,
is abundant and seems to have been deposited freely during
each deglaciation of the region. Much of it was derived from
the deflation of outwash silt along the Missouri, James, and
Big Sioux Rivers, but some of the loess came from more local
sources. '

Both Wisconsin tills and pre-Wisconsin tills occur within the
State. The Wisconsin tills are very much alike and can not
be distinguished from each other on a basis of physical char-
acter. The pre-Wisconsin tills also resemble each other, but
in many exposures they seem to be distinguishable physically
from the Wisconsin tills. On a basis of stratigraphic relations,
Illinoian till and at least one pre-Illinoian till—probably Kan-
san—have been identified. '

In a few places a pre-Wisconsin till is overlain by oxidized
loess correlated with the Loveland loess of Iowa and Nebragka.
In other places pre-Wisconsin tills are overlain or underlain by
sand and gravel, deposited by streams that flowed eastward from
the Great Plains, Black Hills, and Rocky Mountains, and con-
taining fossil mammal bones. On a basis of the fossils these
are correlated with the Holdrege, Red Cloud, Grand Island,
and Crete formations. These sediments have made it possible
to correlate exposures of pre-Wisconsin till that could not other-
wise have been correlated.

The Wisconsin stage in South Dakota consists of four glacial
substages, correlated respectively with the Iowan, Tazewell,
Cary, and Mankato substages recognized in Iowa. The Iowan
and Tazewell substages are separated from each other by a
residual concentration of wind-cut stones and by loess, but not
by any features recording notable weathering. Similarly, al-
though the Cary and Mankato substages are separated from
each other by loess, little weathering, mass wasting, and stream
erosion are recorded for the interval between them. In con-
trast, oxidation, soil development, and erosion occurred during
the Tazewell-Cary interval. Accordingly it is believed that
the Wisconsin stage in South Dakota can be properly viewed
as consisting of two pairs of two glacial substages, the two
pairs separated from each other by a significant break.

The areal extent of each of the pre-Wisconsin glaciations is
not well known, owing mainly to subsequent erosion. The Illi-
noian glacier seems to have reached the position of the Missouri
River from end to end of the State. The Kansan ice is believed

1



2 PLEISTOCENE GEOLOGY OF

to have reached less far, and the Nebraskan ice still less far.
During these early glaciations the topography of the region
was substantially different from the present-day topography.

The most extensive of the Wisconsin drift sheets is the
Iowan; it reaches south beyond the Missouri River into Ne-
braska, and west beyond the Missouri on a wide front extending
into North Dakota. The post-Iowan drift sheets lap off suc-
cessively upon each other in such a way that the Mankato drift
is the least extensive of them. The topographic relations of the
drift sheets to the two coteaus make it possible to estimate the
thicknesses of at least the Mankato and Cary glaciers with less
error than is generally possible in other regions. In this re-
gion these glaciers are estimated to have had thicknesses of 800
to 1,600 feet.

The Iowan drift sheet has no end moraines, the Tazewell has
few, and the Cary has many. The Mankato drift is unique in
that more than 80 percent of its area consists of end moraine.
The progressive increase in development of end moraine is be-
lieved to be a result of increasing frequency of climatic fluc-
tuation and decreasing thickness of the glacier.

During the melting of the Mankato glacier a large glacial
lake, Lake Dakota, occupied much of the James River lowland
for a time, leaving silt deposits over its floor and beach deposits
at places along its shores as a record of its existence. Water
flowing out from the lake cut the deep narrow trench occupied
by the present-day James. River. Still later the extensive
glacial Lake Agassiz occupied, in part, the northeastern corner
of South Dakota and overflowed southeastward through the
Minnesota River, which forms a part of the eastern boundary
of the State.

Although the chief valleys now drain toward the south, seg-
ments of former valleys, now partly destrroyed by glacial erosion
and deposition, indicate clearly that an earlier stream system
drained toward the east. Much, though not all, of the former
stream pattern has been reconstructed. It consists of eastward
continuations of all the major streams now entering the Mis-
souri River from the west. The belief, advanced as early as °
1869, that an ice sheet flowing southwestward blocked these
valleys and detoured the drainage so as to form the Missouri
River is confirmed. One of the results of diversion was the
shifting of the continental divide separating Arctic drainage
from Gulf drainage from a position in South Dakota to a posi-
tion hundreds of miles farther north.

The date of the drainage diversion is believed to be Illinoian.
At the time of diversion the eastward-flowing streams were al-
ready well incised below the general surface of the Plains;
evidence from fossil-bearing western alluvium indicates that
much of this incision occurred during the Yarmouth interglacial
age.

West of the Missouri River a pronounced preference for par-
allel, southeast-trending courses characterizes tributary streams.
This pattern is independent of any known lithologic or struc-
tural features. It is suggested that the pattern has resulted
from the headward growth of streams guided by longitudinal
sand dunes and deflation basins on a high surface or surfaces
no longer present in this region.

The Big Sioux River bisects the Coteau des Prairies longi-
tudinally. It originated as an interlobate stream that flowed
southward down a narrow ice-free belt of country between two
major glacial lobes.

Pleistocene animal and plant life in South Dakota is repre-
sented by very meager collections. The forms that have been
‘identifled indicate subarctic floras similar to other floras in the
same belt of latitude, and faunas consisting of large mammals

EASTERN SOUTH DAKOTA

and invertebrates that are quite similar to far better known
assemblages collected in Nebraska.

SCOPE AND PURPOSE OF STUDY

The region herein described embraces roughly the
eastern half of the State of South Dakota, including all
of that part of the State overridden by glacier ice at
one time or another in the Pleistocene epoch. The map,
plate 1, shows the western and southern limit of glacia-
tion as a line roughly parallel with the Missouri River,
trending southward from Corson County to the vicinity
of Pierre, and thence southeastward into Nebraska.
The glaciated area embraces approximately 34,000
square miles, of a total area of 77,615 square miles con-
stituting the State as a whole.

The present report is one of the results of the Mis-
souri Basin studies made by the Geological Survey as a
part of a general governmental program of improve-
ment within the drainage basin of the Missouri River.
The governmental program includes the construction
of more than 100 dams across the Missouri River and
its tributaries, the cutting of hurfdreds of miles of irri-
gation canals, and the building of a number of stations
for generating hydroelectric power. The benefits ex-
pected to accrue from this overall project include the
control of flood waters, the production of a large vol-
ume of electric power, the improvement of navigation
on the lower Missouri River, and the irrigation of ex-
tensive tracts of land at present only marginally arable.

The dams now under construction are being built by
the Corps of Engineers, U. S. Army, and the Bureau of
Reclamation of the Department of the Interior. The
Geological Survey’s part in this program consists of
studies of the areal geology of specially important parts
of the Missouri River basin, followed by the publication
of maps and reports through which the information
gathered in the field is made available for use in the
construction projects and for public use generally.

The Geological Survey takes the point of view that
these areal studies should not be confined solely to ful-
filling apparent immediate engineering needs, but
should provide in great detail all the geologic informa-
tion obtainable, of whatever kind. This policy prob-
ably will result in greatly increased usefulness of the
maps and reports and through it information will be
obtained, some of it of immediate practical use, the ex-
istence of which is unsuspected before the field study
begins. Accordingly much of the geologic field map-
ping is being done in detail on air photographs, scale
1: 20,000, and the maps are published, as they are com-
pleted, in quadrangle units, some on a scale of 1: 62,500,
each embracing 15 minutes of latitude and longitude,



SCOPE AND PURPOSE OF STUDY 3

and others on a scale of 1: 24,000, embracing 7.5 minutes
in each direction.

Because a large part of the Missouri River basin and
nearly all the territory immediately adjacent to the river
itself is covered with glacial drift, much of the areal
geologic field work undertaken in this program is con-
cerned with the mapping of glacial features. When the
Geological Survey’s program was set up in 1946 it was
thought desirable to provide for reconnaissance glacial
studies in South Dakota, North Dakota, and Montana,
in order to create a framework of regional informa-
tion into which the detailed quadrangle mapping could
be fitted.

The present report is the result of such a reconnais-
sance study, within the limits of South Dakota. Its
purpose is to describe the glacial features of the State, to
identify and briefly describe the layers of glacial drift
and other materials exposed at the surface, to correlate
these layers with those exposed in adjacent States, and
to reconstruct the general outline of the history of South
Dakota during the Pleistocene epoch.

FIELD WORK AND ACKNOWLEDGMENTS

This report is the result of four seasons’ field study,
carried on during the summers of 1946, 1947, 1948, and
1949. The 1946 season was devoted largely to recon-
naissance along the southern part of the Missouri River
within the State, and in the southeastern part of the
State generally. During the three subsequent seasons
systematic mapping was undertaken. Mapping was
done largely by automobile road traverse with inspec-
tion of exposures in road and railroad cuts, supple-
mented by foot traverses in dissected areas such as the
Missouri River trench and the valleys of other streams.
The field data were plotted on planimetric county maps,
scale half an inch to the mile, prepared by the South
Dakota State Highway Commission. The data were
later transferred to the base map of South Dakota, scale
1:500,000, published by the U. S. Geological Survey
(see pl. 1 in thisreport).

County photo-index maps, consisting of air-photo-
graph mosaics, were extensively used in the field, and
much time between field seasons was spent in stereo-
scopic study of air photographs, scale 1: 20,000, which
proved to be of great aid in the identification and in-
terpretation of glacial features, and in the location of
exposures for later examination in the field. At one
time or another air photographs covering the entire
glaciated part of the State were inspected.

In August and September 1950, a rapid field check
of critical exposures was made.

During the field work, conferences were held from
time to time with personnel of the U, S. Geological
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Survey, Army Engineers, Bureau of Reclamation, and
Department of Agriculture, and also with personnel
of the State geological surveys of South Dakota, Iowa,
Nebraska, and North Dakota, and with other scientists
interested in local Pleistocene problems. Much benefit
was derived from these conferences, especially as to the
correlation of stratigraphic units in South Dakota with
those in other States.

The writer was assisted in the field during 1946 by
W. R. Hansen, during 1947 by D. R. Crandell, during
1948 by R. F. Brown, and during 1949 by Margaret
C. H. Flint as a volunteer. During one or more of these
years he benefited greatly from field conferences with
W. E. Benson, C. R. Warren, H, E. Simpson, and D. R.
Crandell, all of the Geological Survey and all chiefs
of field parties engaged in detailed mapping of specific
areas within the Dakotas.

The present report and the map accompanying it
have been materially improved by the use of data fur-
nished by many agencies, all of which gave willing
and cordial cooperation. Acknowledgment of such
aid is due principally to these organizations and indi-
viduals: South Dakota Geological Survey (E. P. Roth-
rock, C. L. Baker, Brewster Baldwin, and B. C. Petsch),
Nebraska Geological Survey (E. C. Reed and G. E.
Condra), Iowa Geological Survey (H. G. Hershey,
R. V. Ruhe, A. C. Trowbridge), North Dakota Geo-
logical Survey (W. M. Laird), U. S. Department of
Agriculture, Division of Soil Survey (James Thorp,
Guy D. Smith, W. I. Watkins, C. A. Mogen), U. S.
Army, Corps of Engineers, Fort Randall Project (John
A. Trantina), U. S. Soil Conservation Service (Glenn
Avery, O. J. Scherer, Vernon Moxon), Production
and Marketing Administration, Photo Laboratory
(Neil P. Berney), Omaha Drilling Company (Maurice
E.Kirby), U. S. Bureau of Reclamation (V. A. Means),
South Dakota Agricultural Experiment Station (F. C.
Westin).

The helpful comments of the following persons, who
read parts of the manuscript, are acknowledged : W. D.
Frankforter, H. G. Hershey, E. C. Reed, R. V. Ruhe,
C. B. Schultz, and James Thorp. Sincere thanks are
due to W. D. Frankforter, J. T. Gregory, C. W. Hib-
bard, A. B. Leonard, and C. B. Schultz, who identified
fossils and made stratigraphic and ecologic comments
on them.

Because an area of about 34,000 square miles was
mapped during only four field seasons and because
very little subsurface information could be obtained, it
is apparent that not all the results of the study may
be correct in detail. However, as the main purpose of
the investigation was to correlate the glacial drifts of
South Dakota with those in adjacent States, special at-
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tention was given to correlation, and close liaison was
maintained with geologists working in contiguous re-
gions. As a result, it is believed that, whereas future
detailed mapping will modify the positions of boun-
daries shown on the accompanying map, and may even
change the correlation of drift sheets with those in other
regions, the correlations made are reliable within the
limits of present knowledge of glacial stratigraphy.

Aside from the improvements that will accrue from
detailed- mapping, several refinements and new tech-
niques can be effectively used in the further study of
the Pleistocene of South Dakota. Interpretation of
the logs obtained from systematic test-boring traverses
in little-dissected areas, collection and analysis of fossil
pollens from lake and swamp deposits, and refinement
of lithologic-provenance analyses of the stones in the
drift will radically improve our knowledge of the stra-
tigraphy of the region. At present the known data
are confined to the interpretation of relatively few,
shallow exposures.

EARLIER STUDIES

Perhaps the earliest published mention of Pleistocene
features in South Dakota is contained in a report by
George Catlin (1840, p. 144-145), who made an ethno-
logic expedition into the Dakotas only 30 years after
the explorations of Lewis and Clark. Catlin’s vivid
description of the Coteau des Prairies (p. 6) is fol-
lowed by this inference:

The direction of this ridge clearly establishes the course of
the diluvial current in this region, and the erratic stones which
are distributed along the base I attribute to an origin several
hundred miles northwest from the Coteau. . . .

The surface of the top and the sides of the Coteau is every-
where strewed over with granitic sand and pebbles, which . . .
show clearly, that every part of the ridge has been subject to
the action of these currents. . . .

Written before the theory of the glacial origin of the
drift had reached America, these paragraphs appar-
ently are based on the older concept of a vast flood or
current of water. With this single exception, Catlin’s
inferences are in accord with modern beliefs.

The next significant observation of Pleistocene fea-
tures, contained in the historic record, was made by an
engineer, G. K. Warren, who made a reconnaissance
shortly after the end of the Civil War, and prepared a
report on certain rivers west of the Mississippi. In it
he (Warren, 1869, p. 311) stated three major generaliza-
tions: that the Missouri River marks the southwestern
limit of the glacial drift, that the direction of flow of
the glacier ice near its border was toward the south-
west, and that the Missouri River originated as a
stream flowing along the margin of an ice sheet. If

~ minor modifications are disregarded, all three general-

EASTERN SOUTH DAKOTA

izations have stood the test of time; subsequent inves-
tigations have confirmed them.

In 1883 the Geological Survey published a report by
T. C. Chamberlin (1883, p. 388-395, pl. 35) on the drift
border between the Atlantic Coast and the Missouri
River. This report outlined the trend of the drift
border in South Dakota and traced some of the more
conspicuous end moraines in the eastern part of the
State. - The data given were based in part on the work
of J. E. Todd, who had begun a study of the glacial fea-
tures of South Dakota about 1883. This study continued
for many years and led to the publication by the Geo-
logical Survey of 2 bulletins, 2 water-supply papers,
and 7 geologic folios, as well as to publication of papers
in various journals, the last appearing in 1914.

A comparison of three glacial maps of the State com-
piled by Todd is a key to the progress of study by him.
The published maps are: Todd, 1896, pl. 1; 1899, pl. 1;
and Hard, 1929, fig. 5. The last map, although not com-
piled by Todd himself, nevertheless, within the limits
of South Dakota, was based largely on his work.

Todd’s work was concerned mainly with topographic
features and with drift exposed at the surface. Pub-
lished information on the subsurface Pleistocene stra-
tigraphy is mainly the work of Darton, a by-product of
his study of the artesian water resources of the region.
Darton’s compilation (18963 1897; 1905; 1909) of the
logs of many deep wells drilled during the settlement
of east-central South Dakota continues to be the best
available source of subsurface information both on the
bedrock and on the Pleistocene deposits. As a result of
his field work, Darton compiled a generalized topo-
graphic map of the State. Although never published,
this map is an important and useful source of informa-
tion. It is the chief source from which the map, plate 2
in the present report, was compiled.

In 1912 Leverett made a rapid reconnaissance study
of the drift in northeastern South Dakota, but the re-
sults were not published until 1932, when they were in-
corporated into a report on the Pleistocene of Minnesota
(Leverett, 1932). Features in the extreme northeast
corner of South Dakota, related to the glacial Lake
Agassiz, were mapped and described by Upham (1895).

In 1929 Hard (fig. 5, p. 24) published a detailed
report on a part of the James River lowland immedi-
ately north of the northern boundary of South Dakota.
This report contains information pertinent to the adja-
cent area in South Dakota, as well as a map (the work
of O. A. Ljungstedt) of the drift border and end
moraines in South Dakota, compiled from all earlier
sources.

The South Dakota Geological Survey has published
many reports on the glacial geology of specific areas,
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mostly concerned with sand and gravel deposits and
with municipal water supplies, as well as reconnaissance
reports on three counties.

In 1945 Searight published a brief summary of some
of the glacial features of northeastern South Dakota
(Searight and Moxon, 1945). This publication ampli-
fied Leverett’s reconnaissance and made progress in the
differentiation of the drift sheets in that part of the
State. :

The publications mentioned constitute the principal
contributions to Pleistocene research in South Dakota
that were published at the time the present author began
his study.

GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

Eastern South Dakota is crossed each year by tens
of thousands of tourists en route to the mountains far-
ther west. To many of them the region seems monoto-
nous and “flat.” To be sure, the maximum relief is no
more than a thousand feet, and throughout consider-
able areas the local relief is no more than a few tens of
feet. Nevertheless the topography of eastern South
Dakota possesses both variety and systematic arrange-
ment. This israrely apparent to anyone moving at fifty
miles an hour in a train or an automobile or to one with
an unpractised eye. But to the traveler who moves at
a slower pace and notes the subtle details of a surface
by no means “flat,” the terrain reveals its character and
history.

Although it does not show details, the topographic
map (pl. 2) pictures the major topographic features of
eastern South Dakota and the country immediately ad-
jacent to it. Reference to the map will aid most readers
in following the regional description given in the text.

In this region the most important physical boundary
separates the Central Lowland from the Great Plains.
Trending from north to south about midway between
the James River and the Missouri, this boundary, un-
fortunately not everywhere distinct, is a belt of country
that marks a transition from the relatively moist low-
land to the subhumid plains.

This boundary, and others within the region, are
considered systematically in the description that fol-
lows. As far as possible the description conforms with
the subdivisions adopted by the U. S. Geological Sur-
vey and represented on a map, Physical Divisions of the
United States (scale 1:7,000,000) prepared by Nevin
M. Fenneman in cooperation with the Physiographic
Committee of the U. S. Geological Survey, and pub-
lished by the Survey, in 1930. However, this map was
compiled before the areal relations and surface history
of this region were as fully understood as they now are.

Therefore, in the present discussion some new subdivi-
sions are introduced and emphasis on the various boun-
daries is shifted somewhat, in accordance with up-to-
date knowledge. The physical divisions of South Da-
kota as they are now understood are shown in figure 1.
The boundaries west of the Missouri River are based in
part on a map by Rothrock (1943, p. 8).

100 Miles \"J

F1GURE 1.—Physical divisions of South Dakota. 1, Minnesota River—

Red River lowland; 2, Coteau des Prairies; 8, James River lowland;
4, Lake Dakota plain; 5, James River highlands; 6, Coteau du Mis-
souri ; 7, Missouri River trench ; 8, northern plateaus; 9, Pierre hills;
10, Black Hills ; 11, southern plateaus ; 12, Sand Hills.

MINNESOTA RIVER-RED RIVER LOWLAND

The extreme northeastern part of South Dakota, in-
cluding parts of Roberts, Grant, and Deuel Counties,
is included in the broad depression drained southeast-
ward by the Minnesota River and northward by the
Red River. This depression is referred to here as the
Minnesota River—Red River lowland; most of it lies
within Minnesota and North Dakota. At least 50 miles
in width, the depression has the appearance of a broad,
rather shallow river valley (pl. 2) 1,000 to 1,100 feet
above sea level, and indeed it is believed to have been
excavated by a large northward-flowing stream and
subsequently enlarged by glacial erosion. It is now so
thoroughly covered with glacial drift that bedrock is
exposed only here and there in the sides of steep-walled
valleys incised into the lowland.

In North Dakota and Minnesota the floor of the low-
land is nearly flat; its most conspicuous features are
low, narrow beach ridges and other strand lines made
by glacial Lake Agassiz, whose southern part formerly
covered this area.

Near the point at which South Dakota, North Dakota,
and Minnesota meet, the lake floor narrows and funnels
into a capacious, steep-sided trench, from less than a
mile to more than 2 miles wide and about 100 feet deep.
This trench was cut into the lowlands by the stream fed
by overflow from Lake Agassiz; hence it is a former
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great spillway channel. Itssoutheastern partis drained
today by the Minnesota River to the Mississippi; its
northern part is drained by the Bois de Sioux River to
the Red River. Hence the divide between drainage to
the Gulf of Mexico and drainage to the Arctic Ocean
lies across the northern part of the trench at the town
of Browns Valley, Minn., midway between two elongate
lakes, Lake Traverse and Big Stone Lake. So low is it
that slight fluctuations in the levels of these lakes result
in discharge at times toward the Gulf and at other
times toward the Arctic. The surface of Big Stone
Lake, 966 feet above sea level in 1915, is the lowest part
of South Dakota. _

West of the trench with its elongate lakes, the low-
land, exclusive of incised tributary valleys, has an aver-
age local relief of less than 20 feet. The surface is that
of ground moraine, merging into barely perceptible
broad, swell-like, end-moraine ridges. Only one of
these end moraines is conspicuous—that in T. 120 N.,
R. 47 W., Grant County. Here the ridge narrows to
less than half a mile in width and its crest rises to a
height of 100 feet above its base. Known in South Da-
kota as Mount Tom, this ridge trends southeastward
into Lac qui Parle County, Minn., where it bears the
name of Antelope Hills.

Within South Dakota the drainage of the lowland
flows from the high Coteau des Prairies eastward to
the trench, with minor modifications imposed by the
end-moraine ridges and by the channels cut by outflow-
ing water escaping from the glacial Lake Agassiz.

COTEAU DES PRAIRIES
SURFACE EXPRESSION

A massive highland standing between the Minnesota
River—Red River lowland and the James River low-
land, the Coteau des Prairies is easily the most conspicu-
ous single topographic feature of eastern South Dakota.
Its eastern slope is a striking escarpment which, in its
northern part, reaches a height of 800 feet and has an
average slope of about 200 feet per mile. Its western
slope is less conspicuous because the top of the coteau
slopes gently westward and because the lowland west
of the coteau has a somewhat higher altitude than the
lowland east of it. Both slopes are unusual in that
they are nearly devoid of indentations made by streams.
Their comparative smoothness and linear continuity
are conspicuous, and are fairly well shown on the map,
plate 2.

The French explorers and fur traders named this
highland. In 1843 J. N. Nicollet described it, when
seen from the low country to east or west, as “looming
as it were a distant shore” (Upham, 1895, p. 387).
Catlin (1840, p. 144-145) who saw the Coteau des Prai-
riesin 1835, described it thus:

This wonderful anomaly in nature, which is several hun-
dred miles in length, and varying from fifty to an hundred in
width, is undoubtedly the noblest mound of its kind in the
world : it gradually and gracefully rises on each side, by swell
after swell, without tree, or bush, or rocks, . . . and is every-
where covered with green grass, affording the traveller, from
its highest elevations, the most unbounded and sublime views
of—nothing at all,—save the blue and boundless ocean of prai-
ries that lie beneath and all around him, vanishing into azure
in the distance, without a speck or spot to break their softness.

The description is a good one. The Coteau des Prai-
ries is a flatiron-shaped plateau some 200 miles long,
pointing north and festooned with end moraines. The
point, nose, or prow of the flatiron lies on the boundary
line between Marshall County in South Dakota and
Sargent County in North Dakota, and affords a mag-
nificent view outward over the lowlands to the east,
north, and west. With an axis trending a little east of
south, the coteau broadens somewhat toward the south.
Although its western margin in South Dakota becomes
progressively lower and less distinct southward, the
coteau is still fairly well defined in the southeastern
corner of the State. Its eastern margin becomes less
distinct as it passes across the southwest corner of Min-
nesota and enters northwestern Iowa. There it merges
imperceptibly into the general upland surface of that
region. On the south, likewise, the coteau merges into
the general upland surface.

This gradual decrease in emphasis toward the south
is partly the result of decreased relief. Along its
northeastern margin, in Grant and Roberts Counties,
the coteau reaches extreme altitudes exceeding 2,000
feet. In Brookings and Moody Counties, however, the
highest points hardly exceed 1,800 feet. It is note-
worthy that the western margin of the highland is gen-
erally 100 to 200 feet lower than the eastern. In other
words, the surface of the coteau slopes westward. The
slope is more conspicuous on a lopographic map than
on the ground, because the end moraines and stream
valleys that diversify the surface produce an effect of
irregularity that obscures the regional slope.

The topography of the Coteau des Prairies exhibits
a rough linearity in directions nearly parallel with the
scarplike margins of the highland. This results from
the presence of several nearly parallel end moraines
which lie along both margins, diverging slightly to-
ward the south from a knotlike cluster at the point of
the flatiron. The moraines were built along the lateral
margins of two lobes of glacier ice held apart by the
wedge-shaped highland between them.

Only one large stream, the Big Sioux River, drains
the Coteau des Prairies. The Big Sioux has its origin
in southwestern Roberts County, only 40 miles south
of the point of the flatiron, and flows southward to the
Missouri near Sioux City, Iowa, along a path that ap-
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proximates the central axis of the coteau. As far
south as Sioux Falls this unusual course seems to have
been inherited from one of the glacial ages, when gla-
cial melt water flowed southward, confined between the
two glacier lobes that flanked the coteau. Most of the
streams tributary to the Big Sioux enter the main
stream from the east; very few enter it from the west,
an element in the stream pattern that likewise is a re-
sult of the glacial history of the coteau.

The surface of the Coteau des Prairies is dotted with
lakes, both perennial and intermittent; the largest are
5 to 10 miles in length. Unlike the minor streams, these
lakes are more abundant west of the Big Sioux River
than east of it. Many occupy parts of former valleys
that have been blocked by glacial drift and have there-
fore ceased to be drainage ways.

GENERAL GEOLOGY

The Coteau des Prairies is a plateau—an erosion rem-
nant, irregularly covered with glacial drift, that owes
its partial isolation to the cutting of capacious stream
valleys northeast, northwest, and southwest of it. It
is only one part of a much more extensive plateau that
continues northward through North Dakota into Mani-
toba and Saskatchewan. North of South Dakota, how-
ever, the plateau lacks a western escarpment sloping to
a wide lowland. Instead it is broadly benchlike, hav-
ing an escarpment only at its eastern margin : the Mani-
toba escarpment (Upham, 1894, p. 235-246; 1895, p.
36-42, 102-105) overlooking the lowland drained by
the Red River. A brief description of the plateau and
escarpment is necessary to an understanding of the
Coteau des Prairies, its continuation in South Dakota.

For more than 40 miles northward from the northern
tip of the Coteau des Prairies there is no escarpment.
Probably this wide gap, as will be shown, represents the
valley of a large ancient river, now occupied only in
part by smaller streams. North of the present Shey-
enne River the escarpment reappears. Its altitude
there is 1,400 to 1,500 feet, 500 to 600 feet higher than
the floor of the Red River valley to the east. Its rate
of slope varies between 50 and 100 feet per mile. Broken
only by minor streams, the escarpment continues north-
ward to the international boundary, where it is locally
known as the Pembina Hills or Pembina Mountains.
In southern Manitoba the escarpment is interrupted by
a 60-mile gap, now occupied in part by the eastward-
flowing Assiniboine River, which has cut a trench sev-
eral hundred feet deep into the plateau west of the
escarpment. The escarpment south of the gap is locally
known as the Tiger Hills and Brandon Hills; north of
the gap it carries the local name of the Riding Mountain.
It is steep, and its crest stands 500 to 1,000 feet above

the Red River. The broad gap, like that in southern
North Dakota, is believed to mark the preglacial path
of a large eastward-flowing stream.

Trending northwest, the escarpment lies west of Lake
Winnipegosis, where it carries the local name of Duck
Mountain, and continues northward past the Saskatche-
wan River.

The escarpment and plateau are so thoroughly cov-
ered with drift, and so few subsurface data are re-
ported from borings through the drift, that the char-
acter of the underlying material can be indicated only
in general terms. Itisknown, however, that the plateau
is a bedrock feature and the main form has not been
obscured by the irregular blanket of drift that mantles
it. The segment of the escarpment and plateau that lies
in western Manitoba consists of Mesozoic strata ranging
from sandstone of the Lower Cretaceous (Swan River
group, of Canadian geologists), which is exposed in
places at the base of the escarpment, upward through
the Ashville, Favel, Vermilion River, and Riding
Mountain formations of Canadian usage, the latter
formation having a total thickness of more than 1,100
feet. This sequence (Wickenden, 1945, p. 5-50) has
been regarded as approximating the Graneros shale
(Ashville), Greenhorn limestone and Carlile shale
(Favel), Niobrara formation (Vermilion River), and
Pierre shale (Riding Mountain).

At Deloraine, Manitoba, on the plateau about 70 miles
west of the escarpment, a drill struck bedrock beneath
about 90 feet of drift (Tyrrell, 1892, p. 215E). This
thickness of drift constitutes only a small proportion
of the height of the escarpment. Other evidence that
bedrock lies close to the surface is present in the Tiger
Hills (Johnston, 1934, p. 4).

In North Dakota a similar relationship has been
inferred. The plateau west of the escarpment has been
described as a much-dissected bedrock area of consid-
erable relief, irregularly covered after dissection, with
drift averaging 150 to 300 feet in thickness (Leonard,
1930, p. 16; Barry and Melsted, 1908, p. 142-145, 151).
The bedrock crops out in valleys at the base of the
escarpment. Over much of the plateau the drift is now
regarded as thinner than was formerly believed; in
northeastern Cavalier County (Barry and Melsted,
1908, p. 144), near Lakota (Nelson County), and south
of Devils Lake in Benson County, the bedrock is at

“or close to the surface (W. M. Laird, North Dakota

State Geologist, written communication).

The wide variation in thickness of the drift is illus-
trated by the fact that at Michigan City, in Nelson
County, 12 miles west of the escarpment, 25 test holes
showed an average depth to bedrock of only 30 feet,
whereas at Hope, in Steele County, 6 miles west of the
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escarpment, the drift is 150 to 200 feet thick (P. E.
Dennis, written communication).

The escarpment and plateau owe their existence to
lithology and structure, at least in part. In Manitoba
the bedrock strata are believed to dip southwest
(Wickenden, 1945, p. 52) at a rate of 6 to 10 feet per
mile (R. T. D. Wickenden, written communication).
Similar relations are inferred in North Dakota (W. M.
Laird, written communication; Barry and Melsted,
1908, p. 162). In South Dakota a westward dip of a
few feet per mile, inferred by Darton (1909, p. 87, 90,
123) from the records of deep wells in the Coteau des
Prairies, is perhaps also reflected by the southwesterly
slope of the upper surface of the coteau and by bed-
rock exposures in the Missouri River trench between
Vermillion, S. Dak., and Sioux City, Towa (Todd, 1908,
figs. 5, 6; Petsch, 1946, profile in pocket).

The inference that the escarpment and plateau have
a lithologic and structural origin gains some support
from evidence that they are capped by beds, within the
Pierre shale, that are slightly more resistant to erosion
than the main body of the shale. In Manitoba the
uppermost part of the Riding Mountain formation of
Canadian geologists, possibly equivalent to the Pierre
shale, is a siliceous shale harder than the beds under-
lying it (Wickenden, 1945, p. 47-49). It is not un-
likely that this hard shale forms the bedrock surface
under much of the plateau. The existence of a resist-
ant cap in North Dakota has been implied (Barry and
Melsted, 1908, p. 178) although no proof of it has been
offered. In parts of the Coteau des Prairies in South
Dakota the relatively resistant chalky Mobridge member
of the Pierre shale may constitute the cap rock beneath
the drift (Searight and Moxon, 1945, p. 6).

Only the acquisition of more stratigraphic data than
are now available can form an adequate basis for a de-
cision as to whether or not the plateau owes its ex-
istence partly or wholly to the presence of one or more
resistant beds acting as cap rock.

The Coteau des Prairies, like its northern continua-
tion, is underlain by Cretaceous strata, although it is
very thoroughly mantled with drift. Dark-colored
shale, probably the Carlile, crops out in the west wall of
the Minnesota River trench in Roberts County, S. Dak.,
nearly opposite the town of Browns Valley, Minn., at
an altitude of about 1,000 feet (Rothrock, 1984, p. 20—

21). Shale, believed to be Pierre shale, crops out in’

several small valleys at the base of the western slope
in Marshall and Day Counties, at about 1,400 feet
(Rothrock, 1935, p. 9). At Iroquois, Kingsbury
County, near the west base of the coteau, the same bed-
rock occurs in a well at about 1,350 feet (Todd, 1904b,
p- 2). On the top of the coteau, in Marshall County,

flat-topped buttes north of Roy Lake and near the
northern tip of the plateau suggest that bedrock is close
to the surface at 1,900 to 2,000 feet, though inspection
of the shallow exposures in them revealed only drift.
These data suggest, although they do not prove, that
the bedrock surface within the mass of the coteau has
a relief of 500 to 600 feet.

Information from well records suggests considerable
variation in the depth of the bedrock surface beneath
the drift. A boring at Bristol, Day County, altitude
about 1,770 feet, penetrated a complex section of 370
feet of drift before striking bedrock (M. E. Kirby,
written communication). A boring at Webster, 11 miles
east of Bristol, altitude about 1,840 feet, passed through
380 feet of drift overlying bedrock (Rothrock, 1943,
p.- 19). A boring near Bryant, Hamlin County, pene-
trated three layers of till and ended at a depth of 320
feet without reaching bedrock (Searight and Moxon,
1945, p. 17). Although these three borings reveal great
thicknesses of drift, a well at DeSmet, Kingsbury
County, on top of the coteau at altitude 1,740 feet,
reached bedrock (shale) at a depth of only 104 feet
(Todd, 1904b, p. 2).

The foregoing inadequate, scattered information sug-
gests that the surface of the bedrock beneath the drift
has a greater relief than the surface of the drift itself.
However, opinions have differed as to the relative im-
portance of drift and bedrock in determining the topo-
graphic prominence of the coteaun. Upham (1884, p.
601; 1895, p. 38) stated that

The altitude of the Coteau des Prairies is due to the Upper
Cretaceous formations, here spared and left by preglacial ero-
sion as a broad and high ridge, upon which the drift deposits
lie, rather than to extraordinary thickness of the drift beyond
that which it commonly has on the lowlands at each side.

A different opinion was stated by Leverett (1932, p.
11):

The prominent Coteau des Prairies, in the southwestern part
of Minnesota, was for some time interpreted by geologists as
owing its great prominence chiefly to Cretaceous strata, which
were thought to fill in the gaps between the high areas of Sioux
quartzite noted above. But studies by Meinzer along the Coteau
and later studies by the present writer have showa that the
filling between the quartzite areas consists largely of glacial
material, borings having been put down to depths of 400 to 500
feet without encountering rock. The quartzite areas thus seem
to stand above the general level of the bordering Cretaceous for-
mations, much as the Baraboo quartzite of southern Wisconsin
stands above the surrounding Paleozoic formations. The highest
altitude reached by the Cretaceous 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 Minnesota. The morainic ridges of Wisconsin age, which to
some extent follow the crest of the Coteaun, stand only about 50
feet above the district outside. It thus appears that the great
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bulk of the glacial material on the Coteau was laid down in
earlier stages of glaciation.

This point of view was adopted by Rothrock (1943, p.
19-20). However, the subsurface data adduced by
Meinzer (Hall, Meinzer, and Fuller, 1911, p. 233-236,
36-37) and referred to in the quotation from Leverett
are scattered, and are confined to the extreme eastern
part of the coteau. Meinzer’s inference is more cautious
than that of Leverett, although it is based on the same
data. It consists essentially of a modification of Up-
ham’s view. “It still seems altogether probable,” he
wrote (Hall, Meinzer, and Fuller, 1911, p. 233), “that
the elevation of the coteau is to large extent caused
by older formations * * *” He visualized the late-
preglacial coteau as a high, dissected bedrock area
which, when overlapped by the margins of successive
glaciers, was built up by glacial deposition between and
upon the preexisting bedrock hills. The hills acted as
a barrier against and within which the ice, flowing
slowly near its margins, lodged its basal load of drift.

Admitting that the matter cannot be fully explained
until many more subsurface data have been assembled,
the present writer believes Meinzer’s view is essentially
correct. The successive glaciers packed the small draws
and larger valleys full of drift and thereby smoothed
the formerly ragged margins of the coteau. It seems
unlikely that the smooth slopes of the coteau are to any
considerable extent the result of glacial erosion, at least
during the Wisconsin glacial age, because at most places
along the lateral margins of the glacier lobes that were
separated by the coteau, the direction of glacier flow
had a component toward the coteau slopes that was
stronger than the component parallel with them.

The very slight dissection of the coteau slopes that is
evident today is occurring chiefly in the drift itself; only
locally has it denuded the bedrock of its cover of glacial
deposits. The present-day dissection is the beginning
of a precess that in time could reestablish the ragged
outline and deep indentations that probably existed be-
fore glaciation.

SUBDIVISIONS

The standard map of the physical divisions of the
United States * shows a hairpin-shaped boundary trav-
ersing the Coteau des Prairies and separating the
western lake section, a “young glaciated plain,” from
the Dissected Till Plains. In South Dakota these two
sections correspond essentially with the areas in which
the Cary and Mankato drifts and the Iowan and Taze-
- well drifts, respectively, are at the surface, as shown on
the geologic map, plate 1. This boundary is a valid one,

1 Physical divisious of the United States. Scale 1: 700,000, Pre-
pared by Nevin M. Fenneman in co-operation with the Physiographic
Committee of the U. S. Geological Survey (1930).

though on the ground it is far less conspicuous than the
boundary that separates the Coteau des Prairies from
the lowlands at its base. Accordingly the coteau can
be thought of as subdivided into the two sections repre--
sented in a generalized manner on the standard map.

JAMES RIVER LOWLAND
GENERAL FEATURES

The broad lowland that lies between the Coteau des
Prairies and the Coteau du Missouri is here referred to
as the James River lowland. It is an arcuate lowland
200 miles long and 50 to 60 miles wide, trending from
north to south, and concave toward the east. Through-
out South Dakota it is drained southward by the James
River, which occupies the central axis of the tract.

Only near its southern end does the lowland possess
conspicuous irregularity. In Turner, Yankton, and
Bon Homme Counties it is interrupted by a group of
ridges described in the following section as the James
River highlands. West of these highlands the lowland
opens narrowly southward into the Misouri River
trench. East of them it opens more widely into the
trench through a tract drained by the Vermillion River;
it also has a broad eastward protuberance into the valley
of the Big Sioux River. The James River itself
occupies a narrow valley cut through the highlands.
This peculiar pattern of topography and drainage is a
result of glacial alterations of preexisting valleys.

The lowland is conspicuously lower than the coteaus
that flank it. Its site is believed to have been deter-
mined by two ancient major streams that incised broad
valleys below the surface now represented by the highest,
hills of bedrock in the coteaus. Later the valleys were
widened and united by glacial erosion and were altered
in detail by glacial deposition.

From end to end the general surface of the lowland
lies at altitudes of 1,300 to 1,400 feet. Into this sur-
face the James River has cut a steep-walled, rather nar-
row trench 30 to 100 feet in depth. Apart from the
trenches of the James and its tributaries and the glacial
Lake Dakota plain, the surface is smoothly rolling, with
very broad, low subparallel ridges, trending eastward
and lying convex toward the south, and with local re-
lief rarely exceeding 20 to 30 feet and in places no
more than 10 feet. The small streams that drain to-
ward the James occupy broad, shallow depressions
between the ridges. In detail the ridges and interridge
areas are indented by thousands of barely perceptible
closed depressions. The ridges are end moraines, built
during the shrinkage of a glacier lobe that conformed
to the general contour of the lowland.

In three districts this general topographic pattern
is interrupted by relatively high isolated hills. They
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are higher and steeper than the systematic end-moraine
ridges, and their long axes are at variance with the
trends of the ridges. All these hills are believed to
have cores of bedrock.

One of the isolated hills is in Davison County. It is
a knobby ridge 3 miles long, half a mile wide, and 80
feet high; its center lies 5 miles south of the center of
the city of Mitchell. Its trend is northwest, in con-
trast with the northeast trend of the minor end moraines
in the vicinity. Although the knobs that form the
crest of the ridge consist of drift, bedrock (a sandstone,
apparently the Codell member of the Carlile shale),
crops out in the middle part of the eastern end of the
mass. From this outcrop and from the discordant
trend of the ridge, it is inferred that the main body of
the hill consists of bedrock. Probably the knolled drift
that mantles it was deposited during the latest deglacia-
tion, when the ridge formed a slight reentrant in the
margin of the glacier and thereby localized sharply the
accumulation of glacial deposits.

The second isolated group of hills consists of the
Redfield Hills, lying south and east ef Redfield in Spink
County, and Bald Mountain, 6 miles southwest of Red-
field. The Redfield Hills consist of a very irregular
knobby ridge 8 miles long, 1 to 2 miles wide, and with
an extreme height of 80 feet. The trend of the ridge
is southwest, whereas the near-by minor end moraines
trend south to southeast. Bedrock (the relatively
resistant, chalky Mobridge member of the Pierre shale)
is exposed in at least three places. It is probable that
bedrock constitutes the main mass of the Redfield Hills,
beneath an irregular covering of drift.

Bald Mountain is a hill 2 miles long, half a mile to
1 mile wide, and 140 feet high at its highest point. Its
surface is marked by many conspicuous knolls. Its
long axis trends northward, approximately parallel
with the local end moraines. The latter, however, are
broad, relatively smooth, and no more than 30 feet high.
The surface of Bald Mountain appears to consist en-
tirely of drift, but the similarity of the hill to the Red-
field Hills in both trend and surface expression sug-
gests that, like the latter, it has a massive core of
bedrock.

The third high hill also lies in Spink County, 20
miles east of Redfield, and extends southward from the
town of Doland. It is known locally as Doland Ridge.
Low at its northern end, it increases southward to-an
extreme height of 60 feet and an extreme width of 114
miles. The ridge is less knobby and irregular than the
hills described previously. Drift covers its surface, but
dark-gray shale is exposed well down in its southeast
and northwest flanks and in a valley just north of
Doland. From the altitude and prominence of the
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ridge, from its southward trend in contrast with the
southwest trend of the nearby end moraines, and from
the fact that a well at Doland reached bedrock at only
42 feet below the surface, it is inferred that Doland
Ridge has a core of bedrock. The core is probably
capped by the relatively resistant, chalky Mobridge
member of the Pierre shale.

In all three districts—Mitchell, Redfield, and Do-
land—the isolated hills described are believed to be
remnants of major prediversion divides, still prominent
despite repeated glacial alteration.

The James River, known to the French fur traders
as the Jacques and commonly referred to by the local
inhabitants as the Jim, has been called “the longest un-
navigable river in the United States.” It follows a
conspicuously meandering course along the flat floor
of its trench, and has an average gradient, within South
Dakota, of only 5 inches per mile. In drought years
short stretches of it have been known to go dry tem-
porarily. Its tributaries are few and are intermittent
throughout the greater parts of their lengths. Most
of them are perennial only in their downstream parts.
This habit results from the subhumid character of the
region, which receives a mean annual precipitation of
only 18 to 20 inches. In fact, of the lowland as a whole,
more than 10,000 square miles in area, probably more

than 80 percent has interior surface drainage (Visher,

1917, p. 36). Most of the immediate surface runoff finds
its way into nearby shallow depressions, where it forms

-temporary lakes that dwindle away and disappear by

evaporation. As the impervious, clay-rich drift in

‘which the basins occur inhibits downward percolation,

little water disappears from the lakes in this manner.
LAKE DAKOTA PLAIN

The Lake Dakota plain is a part of the James River
lowland topographically distinet from the dominantly
morainic main part of the lowland because it is the
floor of an abandoned lake. It occupies the axis of
the lowland from south of Redfield northward into
North Dakota. It is about 90 miles long in South
Dakota and extends 15 to 20 miles farther in North
Dakota. Throughout most of its length it is 25 to 30
miles wide, but it becomes narrow at both ends.

The plain is remarkably flat, having a local relief that
in many places is no more than 10 feet. Its general
altitude varies from a little more than 1,300 feet near
the State line to a little less than 1,300 feet near its
southern end. The flatness results from the deposition
of sediment in glacial Lake Dakota, a former water body
that occupied part of the James River lowland during
the last deglaciation of the region. Fine-grained lake-
floor deposits filled in the irregularities in the existing
morainic surface, thus reducing the relief. The entire
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area of the Lake Dakota plain is underlain by lake-
floor silt, sand, and clay. Only near their southern
limit do these sediments fail to mask the gently rolling
morainic surface that underlies them.

The plain is dissected by the James River and its
tributaries. The steep-sided trench cut by the James
is about 30 feet deep near the State line, and increases
to about 100 feet near the southern end of the plain,
The tributary streams, having steeper gradients than
the James, occupy conspicuous trenches only near their
mouths. Elsewhere they are incised only very slightly
below the general surface.

The pattern of the streams tributary to the James
River is different from that of the streams south of the
Lake Dakota plain. It was stated that throughout
much of the James River lowland the streams have an
arcuate pattern related to the broad, swell-like end
moraines. In the Lake Dakota plain, in contrast, their
general courses are straight rather than arcuate and
have a strong component toward the south. Appar-
ently these streams assumed their courses on the south-
sloping surface of the abandoned lake floor. As the
lake deposits mask the morainic topography beneath
them, the end moraines do not control the stream pat-
tern as they do farther south.

The northeastern part of the plain, notably in
Brown and Marshall Counties, is diversified by
patches of windblown sand having a faintly hummocky

topography.
JAMES RIVER HIGHLANDS

The features referred to in this paper as the James
River highlands consist of a group of three ridges of
drift-covered bedrock that partially block the south-
ern end of the James River lowland. They owe their
positions and general outlines to a series of drainage
changes. During one or more of the glacial ages, new
stream valleys were cut and old ones were abandoned
but not obliterated. The ridges are the most conspicu-
ous of the cut-up intervalley areas that still remain.
From east to west the highlands are Turkey Ridge,
James Ridge, and Yankton Ridge. All owe their prom-
inence chiefly to the fact that they are underlain by
the relatively resistant chalk and limestone of the
Niobrara formation.

Turkey Ridge, the largest, is more than 40 miles long
by 10 miles wide, and stands more than 300 feet higher
than the surrounding country. Trending southeast, it
forms the divide between the nearly parallel James and
Vermillion Rivers. The northeast flank of the highland
has a gentler and less conspicuous slope than the south-
west flank. This is because the northeast flank slopes
down to an ancient valley (now occupied by the Ver-

million River) that has been modified only by glacia-
tion, whereas the southwest flank slopes down to a
trench whose sides have been undercut more recently
by the James and Missouri Rivers. Indeed, between
Volin and Vermillion the flank of Turkey Ridge is a
steep bluff that has been undercut by the Missouri since
the latest glaciation of the district.

Turkey Ridge has a curious drainage pattern. The
principal stream, Turkey Creek, bisects the main part
of the highland longitudinally, flowing for nearly 20
miles through a narrow canyon as much as 200 feet
deep. The stream has an interlobate origin. That is,
it began to flow down the surface of the ridge at a time
when the lowlands on the two sides of the ridge were
occupied by lobes of glacier ice that stood higher than
the top of the ridge itself. The stream’s course was
therefore guided by retaining walls of ice until it in-
trenched itself into the glacial drift and bedrock.

Turkey Ridge consists of chalk of the Niobrara
formation overlain in places by Pierre shale. In the
canyon of Turkey Creek the Smoky Hill chalk member
of the Niobrara formation is exposed beneath the
Sharon Springs member of the Pierre shale. Both
chalk and shale crop out also in places along the steep
west flank of the ridge. Elsewhere, however, exposures
are rare because the bedrock is mantled with 30 to 200
feet of glacial drift. The surface expression of the drift
consists of a succession of end moraines draped, as it
were, across the top and along the sides of the highland.

James Ridge, the smallest of the James River high-
lands, is west of the James River a few miles above its
mouth. It is 9 miles long, 114 miles wide, and 100 to
260 feet high. Its long axis trends southeast, parallel
with the axis of Turkey Ridge. At its southern end
shale crops out, and near its northeastern end shale is ex-
posed overlying chalk; apparently these strata consti-
tute the bulk of Turkey Ridge. Glacial drift with a
conspicuously morainic topography covers the ridge
and is banked massively against its northern and east-
ern sides, so that at first view the highland conveys the
impression of a conspicuous end moraine. Individual
end moraines are present, but they are secondary to the
bedrock ridge and their positions were determined by it.
Well logs show that the drift on and around the ridge
1s very thick. ‘

The third highland, Yankton Ridge, forms the north-
ern side of the Missouri River trench from Yankton
westward for 16 miles, reaching an extreme height of
nearly 500 feet above the river. Its southern side is
steep, whereas its northern slope is gentle. In this
asymmetry it resembles Turkey Ridge and for a similar
reason, as Yankton Ridge slopes on its north side to an
ancient stream valley, abandoned and partly filled with
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glacial drift. Also like its neighbors, Yankton Rfdge
has a massive core of chalk (Niobrara) overlain by
Pierre shale. The two formations are well exposed at
an abandoned cement plant 4 miles west of Yankton.
The bedrock is veneered with drift except along the
Missouri River bluffs, where the chalk is almost con-
tinuously exposed. The drift is relatively thin.

In addition to the three ridges described, a fourth
and smaller ridge, about 6 miles long, elongate east-
ward, and about 100 feet lower than James Ridge, oc-
cupies the southern part of T. 95 N., R. 57 W. The
town of Lesterville stands on its summit. Although
proof is lacking that this ridge consists of bedrock, it
is believed to be a bedrock ridge because of two facts.
One is that end moraine is “draped” around it in such
a way as to suggest an obstacle to glacier flow similar
to the obstacles formed by James, Yankton, and Turkey
Ridges. The other fact is that immediately west of
Lesterville this ridge is cut by a valley, incompletely
filled with drift, that possesses steep side slopes and a
winding ground-plan pattern similar to those of pre-
drift valleys in other parts of the State where bedrock
is known to lie at or very close to the surface.

COTEAU DU MISSOURI

The Coteau du Missouri is that part of the Missouri
Plateau section of the Great Plains province which lies
east of the Missouri River. Its name dates back to the
days of the French fur traders. It is the western coun-
terpart of the Coteau des Prairies. Each coteau is an
extensive remnant of a former nearly flat bedrock sur-
face that was incised by major streams in the days be-
fore the great drainage diversion. The two plateaus are
underlain by much the same sequence of strata and are
similar in several other respects. Although the Coteau
du Missouri is separated from the main body of the Mis-
souri Plateau only by the trench of the Missouri River,
the character of its surface is sufficiently distinct to
justify separate description.

Considered as a unit, therefore, the Coteau du
Missouri in South Dakota is an unevenly dissected
plateaulike highland occupying the curving belt of
territory, 200 miles long, between the Missouri River
and the James River lowland. Itisnearly 75 miles wide
near the North Dakota boundary, but narrows to a width
of about 25 miles in Charles Mix County, at the south-
ern edge of the State. The coteau ends at the southeast
corner of that county, where the Missouri River cuts
through the escarpment that forms the eastern boundary
of the coteau.

Except in a few places the Coteau du Missouri is some-
what less high and has a limiting slope less steep than
the Coteau des Prairies, but it continues northward

through North Dakota higher and steeper than the part
that lies in South Dakota. Although the Coteau du
Missouri is considered to end at the Missouri River, the
escarpment that forms its eastern margin trends south-
ward with a broad sweep concave toward the east and
continues across the Missouri River into Nebraska.

Beneath the glacial drift over much of the Coteau du
Missouri the uppermost bedrock formation is the Pierre
shale. Deep-well logs show that the bedrock strata dip
gently toward the west, with a variable inclination of
the order of only a few feet per mile. Comparable
strata with a comparable dip underlie the Coteau du
Missouri in southern North Dakota also (Hard, 1929,
p. 49). However, the Pierre shale is not everywhere the
youngest bedrock unit present. Both the escarpment
and the plateau west of it vary in height and steepness,
and despite the thick and nearly ubiquitous mantle of
glacial drift, there is reason to believe that the highest
and steepest areas owe their prominence to caps of re-
sistant rock of post-Pierre age.

Unlike the Coteau des Prairies, the Coteau du Mis-
sourl lacks a well-defined western escarpment. Its
western limit is the trench of the Missouri River, which
has cut deeply into the Missouri Plateau and has started
innumerable closely spaced tributaries working head-
ward into the high lands east and west of the trench.
The western margin of the coteau, therefore, is a belt
of intricately dissected country that overlooks the Mis-
souri River trench.

The fact that resistant strata cap the higher parts
of the Coteau du Missouri is evident in eastern McPher-
son County, at the North Dakota State line. There the
surface reaches an altitude of more than 2,100 feet, 800
feet above the Lake Dakota plain at its base. In that
district the plateau is capped, beneath the drift, by Fox
Hills sandstone overlying Pierre shale. The Orient
Hills, in southern Faulk County and northwestern
Hand County, about 10 miles long and 200 feet high,
form a steep escarpment facing east and are undoubt-
edly underlain by resistant rock. The drift that covers
them is so thick, however, that bedrock exposures have
not been found in this mass. Southwest of Miller, in
Hand County, the plateau increases in altitude to form
a great mesa, the Ree Hills, more than 2,200 feet in al-
titude. The cap rock here, beneath the drift, is a sand-
stone (Ogallala?). In Jerauld County the escarpment
forms a very deep promontory, the Wessington Hills,
1,800 feet in altitude and underlain by a siliceous sand-
stone referred to the Ogallala formation. The Ree
Hills and Wessington Hills together form the highest
parts of an extensive upland that extends from Miller
at the north to near Chamberlain at the south. The up-
land appears to be the surface expression either of a
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very broad, very shallow syncline, or of an apparent
structure caused by differences in altitude of the deposi-
tional surface of the cap rock. :

In this upland as well as in the upland capped by
Fox Hills sandstone in McPherson County, the bedrock
is mantled with a complex accumulation of glacial drift.

Farther southwest, away from the escarpment, the
coteau has other high areas underlain by resistant
rocks. A group of high hills near the southeast corner
of Charles Mix County, and the prominent buttes, 300
to 400 feet high, known as the Bijou Hills, close to the
Charles Mix County—Brule County line, have a thin
capping of quartzitic sandstone of Ogallala(?) age.
Beneath these local cap rocks the main body of the
Coteau du Missouri consists of Pierre shale, which is
found in deep wells and is exposed at a number of
places in the escarpment.

Less conspicuous than the high areas just mentioned,
the low areas are none the less significant, for at least
some and perhaps all mark the positions of capacious
former stream valleys now buried beneath glacial drift.
The low areas are broad, shallow sags, with well-defined
lateral limits, that traverse the Coteau du Missouri, in
an easterly or northeasterly direction, from the Mis-
souri River trench to or through the escarpment that
overlooks the James River lowland (pl. 2).

The most obvious of these sags traverses Hughes,
Hyde, and Hand Counties, north of the Ree Hills. It
was termed by Todd (1885, p. 392, 393) the Great Ree
Valley. At its highest point the axis of this depression
is only about 1,750 feet above sea level. Because of its
low altitude this sag has been chosen as the route of a
projected canal to carry irrigation water from the Mis-
souri trench across the Coteau du Missouri to the James
River lowland.

Another sag, broad but less conspicuous than the one
mentioned above, traverses the Coteau du Missouri
through southwestern Edmunds and Potter and north-
eastern Faulk Counties. It is difficult to trace because it
is interrupted in places by massive end moraines. Part-
ly because of the presence of these moraines, the altitude
of the axis of the sag exceeds 1,900 feet at its highest
point.

Farther south, three narrower sags traverse the Co-
teau du Missouri. One is in the northern parts of
Brule and Aurora Counties, a second leads eastward
across northern Douglas County, and a third, trending
northeast, crosses eastern Charles Mix County and
southeastern Douglas County.

With the exception of the Great Ree Valley, these
topographic low areas merge smoothly into the upland
across which they lie; their lateral margins are poorly
defined because both low areas and upland have been

glaciated and smeared with drift one or more times
since the lows were abandoned by the streams that orig-
inally cut them. The sags are most conspicuous in
their effect on the escarpment of the Coteau du Missouri
that faces the James River lowland. In the sectors
where three of the sags debouch into the lowland there
is, properly speaking, no escarpment at all. Where the
escarpment should be, only a long gentle slope leads
down toward the lowland. Each slope is apparently
the floor of a large abandoned stream valley, modified
by glacial erosion and covered with a variable thickness
of drift. The two sags traversing Douglas and Charles
Mix Counties have no such gaps and stopes because they
are blocked by massive end moraines. At these places
the position of the bedrock floor beneath the drift can
only be conjectured.

The drainage of the Coteau du Missouri is generally
symmetrical. The eastern slope drains toward James
River, mostly through short, nearly parallel streams.
The western part drains toward the Missouri with a
more irregular stream pattern. In the northern part
of the coteau, in Hyde, Faulk, Edmunds, and McPher-
son Counties, there is a large area between the heads of
these two sets of streams in which the drainage is in-
terior. Here the runoff drains into the many local de-
pressions in the glacial drift.

Here and there throughout the ertire Coteau du Mis-
souri, there is interior drainage. but it is far less wide-
spread in the southeastern part than in the northern,
for two reasons. The first is that in the southeast the
coteau is narrower, a fact that has allowed tributaries
of the James and Missouri to work headward into the
central area with relative rapidity. The second is that
a moister climate in the southeastern part results in
greater runoff and hence more vigorous erosion by
small seasonal streams, than in the northern region.

Even in the northern part of the Coteau du Missouri,
however, some integration of depiessions in the drift
has taken place. This is evident from the common
presence of two or more depressions linked together
like a string of beads by narrow streamways.

Despite its seemingly simple pattern, the drainage on
the Coteau du Missouri has had a complex history, and
some streams now flow in directions opposite to those
of streams that formerly occupied the same areal posi-
tions.

With the exception of four small areas in Charles
Mix County, all the Coteau du Missouri has been glaci-
ated. Much of the more dissected area, especially in the
belt close to the Missouri River, lacks a cover of drift,
which was thin when deposited and which has since
been removed by erosion. The broad upland between
the eastern and western slopes of the coteau is largely
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covered with ground moraine. This mantle of drift has
swell-and-swale topography with many shallow depres-
sions, slopes so gentle that in some places they are
almost imperceptible, and a local relief of less than 20
feet. Here and there the ground moraine is interrupted
by sharply niarked belts of end moraine having a relief
of 100 feet or more, and with very steep, boulder-cov-
ered slopes separating knolls from basins. Many of the
depressions in the surface of both ground moraine and
end moraine contain intermittent lakes and marshes.
Some of these are connected by iil-defined channels that
carry lake overflows only during wet seasons.

Nearly flat expanses of sand and gravel washed out
from the glacier ice during its melting occupy parts of
valleys as well as areas beyond the outer margins of
major end moraines.

In parts of the Ree Hills and Wessington Hills,
where weak Pierre shale forms steep slopes beneath
caps of resistant younger strata, the shale has slumped
extensively, large masses of it having slid downslope
through considerable distances. In such localities the
topography is knobby and irregularly benched in de-
tail. A good accessible example is found in sec. 13, T.
107 N., R. 65 W., immediately south of Wessington
Springs.

MISSOURI RIVER TRENCH

The Coteau du Missouri is separated from the main
part of the Missouri Plateau by the trench cut and oc-
cupied by the Missouri River. Trench is a more de-
scriptive term for this feature than valley, because the
cut made by the river into the plateau is deep, generally
narrow, and notably steep. It is a very conspicuous
relief feature and constitutes a major barrier to east-
west travel. As an example, the Missouri River in
South Dakota is spanned at only 6 points by a total
of 9 bridges. In addition there was but 1 ferry op-
erating during the years 1946-1950.

From North Dakota to the vicinity of Pierre, the
trench has an irregularly southward trend. From
Pierre to the mouth of the Niobrara River it trends
southeast, and from the Niobrara to the Iowa State
line it trends nearly east. Throughout South Dakota,
therefore, its trend is arcuate, convex toward the south-
west. As the general slope of the land is easterly, it is
evident that the Missouri River flows partly along the
regional slope and partly oblique to it, in a very
anomalous relationship.

The floor of the trench, including flood plain and low
terraces, averages little more than a mile in width. At
places where the river occupies segments of major val-
leys that antedate the present drainage system, the
width increases. Thus, for a few miles south of the
North Dakota boundary, the trench is 4 miles wide,

between the mouth of the Niobrara and the mouth of
the James it is 2 to 3 miles wide, and between the mouth
of the James and the mouth of the Big Sioux it is 6
to nearly 10 miles wide.

The side slopes of the Missouri River trench are steep,
dissected bluffs ranging in height from 300 to more
than 600 feet above the river. Throughout much of
the trench the bluffs are about 400 feet high. North
of Mobridge they reach 600 feet and between Chamber-
lain and Wheeler they reach nearly 700 feet. Down-
stream from Yankton the trench is little more than 300
feet deep.

Between Bon Homme County and the North Dakota
State line the Pierre shale is extensively exposed in
the bluffs. In places these strata, which are compara-
tively nonresistant to ercsion, have been intricately dis-
sected to form badlands. In others (particularly where
the shale contains bentonite) slumping has occurred on
a large scale, carrying the upper strata in great masses,
some exceeding half a mile in individual length, down-
slope to the very margin of the flood plain. In many
places glacial drift is present in abundance, covering
the bedrock slopes. The trench contains a considerable
number of terrace remnants at various altitudes.

From Yankton upstream to the North Dakota State
line the trench is fringed on each side by a zone of
ciosely spaced, steep-sided ravines that extend several
miles back into the plateau. When viewed from the air
these zones give the plateau the appearance of being
frayed or ravelled at its edges. The zones of ravines
are referred to by local inhabitants as “the breaks.”
The ravines are an expression of the youth of the
greater part of the Missouri River trench, whose short,
steep, and numerous tributaries have not yet had time
to evolve into a simpler system composed of a smaller
number of longer and gentler valleys. Downstream
from Yankton, where the Missouri River occupies an
old broad valley, the breaks, as might be expected, are
far less conspicuous.

The Missouri River trench constitutes a dividing line
between two kinds of topography. The Coteau du Mis-
souri east and north of the trench reveals the effect of
glaciation conspicuously, though on the plateau west
and south of it glacial evidence is less conspicuous or is
absent altogether. The most obvious difference is that
the surface of the Coteau du Missouri, beyond the
breaks, is smoother, less dissected, and more nearly flat
than the plateau to the west.

The gradient of the Missouri River through South
Dakota averages about 1 foot per mile. FErosion and
deposition by the river are believed to be approximately
in equilibrium (Whipple, 1942). The form of the
channel changes from place to place. In the segments
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of the trench that are comparatively wide, namely, near
the North Dakota State line and between the mouth
-of the James and that of the Big Sioux, the channel has
a meandering habit, with a meander belt 2 to 4 miles
in diameter. Elsewhere the trench is too narrow to con
tain meanders of this width. Instead, the channel
swings from side to side of the trench, undercutting the
bluffs at various points and building crescent-shaped
point bars of alluvium at the inner sides of the bends.
In places bars are built within the channel itself, creat-
ing “split channels”. The maps (pls. 1 and 2) show 2
features of the Missouri River that superficially re-
semble incised meanders. One, Big Bend, lies midway
‘between Pierre and Chamberlain. The other, Little
Bend, is at the mouth of the Cheyenne River. Both are
isolated features rather than being units in a systematic
sequence. It is not likely, therefore, that either of
these loops is a meander that has become incised into
the surface. Probably the sides of the loops mark the
approximate positions of small valleys utilized by the
water that established the present route of the Missouri
River under glacial conditions. The centrifugal ero-
sive force exerted by the new stream at the sharp bends
has smoothed them into the semblance of meanders.

Although the main channel of the Missouri River
stands out distinetly in the pattern of the trench floor,
bars, both large and small, have created numerous
short subsidiary channels. In the spring when the
river is in flood, many of these bars are not apparent,
but as the summer progresses increasing numbers of
them appear as islands. The bars and subsidiary chan-
nels, however, are not so numerous as to give the flood
plain the braided pattern that characterizes the North
Platte, South Platte, and other rivers farther south.

The Missouri River carries suspended in its water a
bulky load of sand, silt, and clay, derived from the
Pierre shale and other materials exposed upstream and
along tributaries. The water is therefore brownish
yellow with mud. Even early travellers reported that
the Missouri was turbid. Hence, although it is likely
that cultivation of the soil in the tributary region has
added to the sediment carried by the river, rapid erosion
was in progress before the advent of agriculture. Such
erosion may have been enhanced by progressive climatic
desiccation.

Although both. are stream-cut valleys, the Missouri
River trench and the James River lowland differ
markedly from each other in most respects. The James
River lowland is many times wider, somewhat deeper,
and smoother in detail, lacking entirely the breaks
that characterize the borders of the Missouri trench.
The difference is partly one of age, for the lowland is
much older than the trench. It is also partly one of

glaciation, for the lowland has been repeatedly enlarged
and smoothed by glacial erosion along its length and
repeatedly coated with a covering of glacial drift. The
trench, on the other hand, bears fewer indications of
glacial modification even in those places where the
glacial effects have not been removed by later rapid
erosion.

The peculiarities of the Missouri River in South
Dakota—its anomalous relationship to the regional
slope, its relatively steep gradient, its narrow trench
with youthful side slopes, the distribution of its
meanders, and the varying height of its bluffs—are the
result of the peculiar manner and recent date of its
origin. It is a river forced into existence by glacial
blockade, which sealed off the eastern continuations
of several large eastward-flowing streams and obliged
their waters to seek escape southeastward along a patch-
work route improvised from a number of preexisting
valleys.

MISSOURI PLATEAU WEST OF MISSOURI RIVER

The Missouri Plateau is the main plateau region from
which the Coteau du Missouri has been isolated by the
river trench. It is very extensive, for it reaches north-
ward into North Dakota, westward around both sides
of the Black Hills into Montana and Wyoming, and
southward a short distance into Nebraska. Along the
Nebraska-South Dakota State line the Missouri Plateau
is overlooked by a rugged north-facing escarpment
which marks the northern edge of the comparatively
flat High Plains region.

Within South Dakota the Missouri Plateau em-
braces three regions of distinctive aspect. The most
southerly of these is a series of plateaus and broad
benches underlain by Cenozoic strata. This region
slopes upward from 2,000 feet near the Missouri River
trench to more than 3,000 feet near the Black Hills. It
is drained by the Keya Paha River and by southern
tributaries of the White River. Near the southern edge
of the State it is bordered by the Sand Hills region,
most of which lies in Nebraska to the south.

The most northerly region is a series of plateaus,
benches, and isolated buttes underlain by the Fox Hills
sandstone and younger Cretaceous strata. The dis-
sected, steplike surface of this region, too, rises from
about 2,000 feet near the Missouri to well over 3,000 feet
in the extreme northwestern part of the State. It is
drained eastward, chiefly by the Grand and Moreau
Rivers,

The third region lies between the two just described.
To most local inhabitants it is known as “the west river
country.” More specifically it hasbeen called the Pierre
hills (Rothrock 1943, p. 47), because it is underlain al-
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most entirely by the Pierre shale. It is known also as
the “gumbo region” because of the ubiquitous dark plas-
tic clay into which most of the Pierre strata break down
as a result of weathering. These strata do not form
benches and plateaus as do the younger strata to the
north and south. Instead, they are reduced by weather-
ing, mass wasting, and stream cutting to a network of
smooth hills and ridges with convex tops. The seem-
ingly endless procession of grassy hills and, in the
larger valleys, the extensive exposures of somber brown-
ish and grayish shales combine to give the region a
monotonous and rather dismal aspect. The region, no
doubt because of the erodibility of the surface rocks, has
lower altitudes at comparative longitudes than do the
adjacent plateau lands on the north and south. It is
drained eastward through the Cheyenne, Bad, and
‘White Rivers.

In a few places the Pierre hills region is surmounted
by isolated buttes standing as much as 400 feet above the
general surface and visible from distances of many
miles. Examples are the Iona Hills in Tripp, Gregory,
and Brule Counties, and Medicine Butte in Lyman
County. These buttes are capped by Tertiary strata
such as form the plateaus farther south. The caps
show that such strata extended over much if not all of
the Pierre hills region, and that they have been removed,
largely by undermining of the weak underlying shales.

In all three regions the major rivers flow eastward,
occupying trenches 200 to more than 300 feet deep and
meandering along the trench floors, their channels
fringed with cottonwood trees. Each river has a well-
graded, well-integrated system of tributaries. The pat-
tern of the larger tributaries is normal, but over wide
areas the minor tributaries have a pronounced south-
east-trending parallelism, well shown on plate 1. This
parallelism, present in all three regions as well as in a
few areas east of the Missouri River, is most clearly
evident in the central or Pierre hills region, probably
because the weak rocks in that region are easily eroded
and readily assume a pattern impressed on them by
minor streams without offering lithologic or structural
obstacles of their own. The southeast-trending drain-
age lines are believed to be chiefly inherited from Pleis-
tocene eolian deposits that formerly covered much of the
Plateau.

Glaciation, clearly evident east of the Missouri River
trench, has affected only a narrow and discontinuous
belt of country west of the river. The glaciated belt
reaches a maximum width of 40 miles in Corson County
at the north, and narrows to a mere fringe in Lyman
County. Evidence of glaciation in Gregory County
has not been observed. In contrast with the Coteau du
Missouri, the country west of the Missouri River has

been affected very little by glacial action even within
this narrow belt. The evidence consists chiefly of ice-
abraded boulders, foreign to the Dakotas, which lie
scattered in patches over the dissected surface.

STREAMS

The positions and directions of flow of nearly all the
streams, large and small, in eastern South Dakota have
been either wholly determined or strongly influenced
by glaciation.

Each of the four major rivers of the region—the Mis-
souri, James, Big Sioux, and Minnesota (including
Lake Traverse and Big Stone Lake)—bears the impress
of strong glacial influence. Most of the present course
of the Missouri River was formed by the diversion of
streams, which originally flowed eastward, into a single
course directed southeastward. Most of the James
River follows the broad depression formed by two old,
nearly collinear valleys, one extending northward from
the vicinity of Redfield, the other southeastward. The
Big Sioux is an interlobate stream, created originally
by melt water flowing southward down the long narrow
depression between the Des Moines glacial lobe on the
east and the James lobe on the west. The valley formed
by the Minnesota River, Big Stone Lake, and Lake
Traverse occupies the position of a former major north-
ward-flowing stream.

The lesser streams are divisible into four principal
groups, based on their origin. These groups are listed
below, together with conspicuous streams in each group.
The list is representative but is not complete. Valleys
in the first two groups lie in the areas where bedrock
relief was too great to be completely masked by glacial
deposits.

Valleys antedating one or more glaciations, and now reoccupied
by streams flowing in the same direction as formerly.
Spring Creek downstream to Herreid, Campbell County

Crow Creek, Jerauld and Buffalo Counties
West Fork Vermillion River, Turner County

Valleys antedating one or more glaciations, and now occupied by
streams flowing in the opposite direction.
Swan Creek, Walworth County
Little Cheyenne Creek, Potter County
Medicine Creek between Blunt and Canning, Hughes County
Smith Creek, Buffalo and Brule Counties

Valleys cut by proglacial streams formed along the outer mar-
gins of end moraines. These valleys have no apparent relation
to any former valleys. -

Okobojo Creek in the northern half of Sully County

Medicine Creek in Hyde County

Platte Creek in Aurora County

Emanuel Creek in Hutchingson County and northern Bon
Homme County

Clay Creek in Turner County and northern Yankton County

Bast Fork Vermillion River in Lake and MeCook Counties

Firesteel Creek in Jerauld County

‘Whetstone Creek in Roberts County



GEOGRAPHY 17

Minor streams in intermoraine swales, generally lacking out-
wash deposits and probably mostly postglacial.
Scores of such srreams exist in the James River lowland
between minor ridges in the Mankato end moraines.
Most of them appear only on large-scale maps; examples
shown on plate 1 are the headwaters of Dry Creek and
of South Fork of Twelvemile Creek, both in northwestern
Hutchinson County.

LAKES

In eastern South Dakota lakes, or at least depressions
capable of holding water, are numerous. There is a
complete gradation from minor depressions in the gla-
cial drift, containing water only temporarily in excep-
tionally wet seasors, to basins that have contained lakes
continuously, at least since the earliest settlement of
the region. Hencs any map of the “lakes” of this re-
gion would necessarily be based on some arbitrary
determination of what constitutes a lake.

Most of the natural lake basins in eastern South
Dakota are of glacial origin. Such basins oceur in till
or stratified drift or a combination of them. The deep-
est is believed to be the basin of Pickerel Lake in Day
County, reported to have a depth of 60 feet. Many
lakes, including large ones, are so shallow that reeds,
rushes, and other aquatic plants project above their
water surfaces even in their central parts.

A fact that appears curious at first sight is the virtual
concentration of major lake basins on the two coteaus,
with the James River lowland represented only by the
_ basins of Lake Byron, Sand, and Cottonwood Lakes,
and a few lesser lakes. This fact finds an explanation
in the origin of the basins, explained on page 67.

The levels of all the lakes in the region fluctuate,
both seasonally and over periods of years (see, for ex-
ample, Caddes, 1947). Data on the areas of individual
lakes are not significant in detail because the combina-
tion of shallow basins and fluctuations of water level
results in considerable expansions and shrinkages. The
largest, Lake Poinsett in Deuel and Brookings Counties,
has a maximum area of about 12 square miles, and Lake
Thompson in Kingsbury County is nearly as large.

The proportion of saline lakes and dry lake basins to
lakes essentially fresh is much greater in the western
part of the region than in the eastern. This is a direct
result of less precipitation and more evaporation in the
western than in the eastern part.

Throughout the region the lakes tend to be connected
by more or less distinct channels so as to form irregu-
lar, discontinuous chains. This arrangement is strik-
ingly evident in the air photographs that cover the en-
tire eastern part of the State. It is not clearly evident
on the map, plate 1, which shows only the largest lakes.
Even on plate 1, however, the chain formed by Brant
Lake and Lakes Herman and Madison in Lake County,

and the Grass Lake chain in Codington County are ap-
parent. Most of the connecting channels carry water
only at times of extremely high lake levels. A typical
lake system of this kind occurs in eastern Day County.
Pickerel Lake has an overflow channel leading south-
west to Waubay Lake, which in turn has an overflow
eastward to Blue Dog Lake. Enemy Swim Lake has
an independent high-level outlet leading southward
also to Blue Dog Lake, which in turn is similarly con-
nected southward with Bitter Lake. The latter is ap-
parently the “sink” for this entire system. It is some-
what saline, and although it possesses a high-level out-
let, draining eastward into the Big Sioux River, this
outlet seems to be rarely used.

Most of the lake basins are somewhat related to an-
cient valleys that have been only partly obliterated by
glacial deposition. The majority of the basins are not
kettles, as that term is generally understood among
geologists.

Both the contemporary strand lines and the aban-
doned strand lines (p. 130) of the lakes are character-
ized generally by surface concentrations of boulders and
large cobbles at and slightly below the bases of wave-
cut cliffs. The boulders are similar to those cropping
out in the cliffs, and clearly are a residuum accumulated
through erosion by waves. Similar concentrates are
seen commonly at the shores of lakes occupying basins
in till in other regions.

Less common are horizontal ridges of similar coarse
residuum, mixed with stones of smaller size, fringing
existing and abandoned lacustrine strand lines. Such
ridges occur in places on the Coteau du Missouri. A
particularly good example lies in secs. 22, 23, and 27,
T. 114 N., R. 72 W. This ridge fringes three sides of
a lake basin at a height of 17 feet above the water sur-
face of June 1948. It is 8 feet high, 15 to 20 feet wide
from base to base and consists mainly of boulders with
diameters as large as 30 inches. As the boulders are too
large to have been moved by wave action in a lake that
could not have had a maximum diameter of more than
2 miles, the ridge is probably the work of ice, moving
possibly by expansion during the freezing of lake water,
but more likely as floating masses driven by winds dur

-ing the spring breakup of the ice.

CLIMATE

Because of its midcontinental position and its loca-
tion near the paths of many cyclonic storms, South Da-
kota has a markedly continental climate with extreme
summer heat, extreme winter cold, and rapid fluctua-
tion of temperature. Temperatures of 100° F or more
are not uncommon during summer months, but as they
are ordinarily accompanied by low humidity, they are
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less oppressive than are such temperatures in the States
farther east. Temperatures fall below zero frequently
from November to March, and at times these low tem-
peratures are accompanied by strong winds. The ex-
treme annual range recorded in the eastern half of the
State is from +120° F (at Gannvalley, Buffalo County)
to —58° (at McIntosh, Corson County). In winter the
ground freezes to depths of 3 to 6 feet.

The distribution of precipitation in South Dakota is
shown in figure 2. In the eastern half of the State pre-
cipitation diminishes quite regularly from 26 inches
annually in the southeast corner, to about 18 inches in
the central region. This range includes the transition
from humid to subhumid climate, a transition clearly
reflected in the vegetation and soils. About three-
quarters of the annual precipitation falls during the
period from April to September and about half during
May, June, and July. Occasional storms may precipi-
tate 3 or 4 inches of rain, or even more, within a 24-hour
period.

100 Miles

FI1GURE 2.—Map showing distribution of average anmual precipitation in
South Dakota. Figures represent inches of precipitation expressed as
water. (U. S. Department of Agriculture, Yearbook 1941, p. 117.)

Despite a rather high frequency of cyclonic storms,
the precipitation totals are small. Low winter temper-
atures are the result chiefly of frequent outbursts of
polar air that flow generally southeastward across
South Dakota. During the winter polar air covers the
region so much of the time that tropical air from the
Gulf of Mexico is rarely felt at the surface. Instead
this warm moist air rides over the heavier polar air
masses and, through condensation, precipitates snow.

During the summer months warm, moist air from
the Gulf of Mexico invades the region from the south-
east and produces most of South Dakota’s rainfall when
it overruns cold air masses. The decrease in precipita-
tion from southeast to northwest, shown in figure 2, per-

haps reflects the general northwest direction of flow of
the tropical air. Violent summer storms of the con-
vectional thundershower type bring additional rain-
fall to the region.

These general conditions of circulation are reflected
also by the surface winds, prevailingly northwest dur-
ing the cold season and southeast during the warm sea-
son. Velocities are ordinarily low, but occasional high
velocities occur during blizzards.

Because of the generally low humidity, cloudy days
are few. In South Dakota as a whole the average num-
ber of clear days per year is 173, with 104 days partly
cloudy. This leaves only 88 cloudy days per year.

SOILS

Most of the soils of South Dakota are zonal soils, that
is, soils that occur throughout large areas, or geo-
graphic zones, having broad distinctive geographic
characteristics. The zonal soils are subdivided into
groups, each reflecting the nature of the climate and
the ecologic complex under which it is formed. The
soil groups found in eastern South Dakota reflect the
subhumid climate and the accompanying predominant
tall-grass cover that prevails in that region in contrast
with the prairies and woodlands of moister regions.

Figure 3 shows the distribution of zonal soil groups
in South Dakota and States adjacent to it. Eastern
South Dakota lies in a broad north-south belt of .
Chernozem soils. Chernozem (a Russian word mean-
ing black earth) is the black soil of subhumid regions,
developed under a dense stand of predominantly tall
grasses. In the regions where Chernozem occurs, rain-
fall is adequate to remove calcium carbonate, by leach-
ing, only from upper to lower horizons of the soil.
Hence this compound is dissolved slowly and is repre-
cipitated, commonly either as a soft whitish deposit or
as small nodular masses, 18 inches to 5 feet below the
surface. At the same depth, or deeper, gypsum may
accumulate in the same manner. The grasses that cover
the surface absorb calcium in large amounts, and re-
turn this element to the soil as they decay. The cal-
cium is then absorbed by colloidal compounds, impart-
ing a stable granular structure to the soil. This type
of soil is favorable to the bacteria that produce dark-
colored humus, and thus the Chernozem acquires its
black hue. Many Chernozem soils develop quickly,
some maturing within perhaps no more than a few
hundred years.

East of the Chernozem soil zone in the latitude of
South Dakota lies a zone of acid Prairie soils, which,
like the Chernozem soils, develop under a cover of] tall
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FIGURE 3.—Map showing distribution of soil groups in South Dakota
and parts of adjacent States. Alluvial, Solonetz, and Solonchak soils
and Wiesenbdden are not shown. (U. 8. Department of Agriculture,
water. (U. S. Department of Agriculture, Yearbook 1941, p. 117.)

grasses. They, too, are black, but as they form in a
climate moister than that prevailing to the west, leach-
ing of calcium carbonate is effective, and this material,
in time, is removed entirely. Therefore the horizon of
secondary calcium carbonate that characterizes the
Chernozem soils is not present in Prairie soils. In this
region the boundary that separates Prairie soils from
Chernozem soils is not far from the line representing a
mean annual precipitation of 26 inches. This boundary
barely touches southeastern South Dakota.

West of the Chernozem soil zone in South Dakota is
an interrupted zone of Chestnut soils. These soils are
characteristic of predominantly short-grass country
having less rainfall than the Chernozem zone. In South
Dakota the boundary between the Chernozem soil and
the Chestnut soil very nearly coincides with the line
representing a mean annual precipitation of 18 inches.
The scanty rainfall in the zone of Chestnut soils will not
support such a heavy stand of grass nor such a large
microbial population as those characteristic of the
Chernozem zone. Hence the Chestnut soils have less or-
ganic matter than the Chernozems, and, as their name
implies, are dark brown rather than black. Because of

scanty moisture, only the more soluble salts are leached
from these soils, and the calcium carbonate leached from
the upper part of the soil profile is usnally reprecipi-
tated within 1 to 2 feet of the surface, where it forms
conspicuous whitish layers.

The means by which calcium carbonate accumulates
in soils is not thoroughly understood. Secondary ac-
cumulation of carbonate apparently is the result of the
low rainfall and high evaporation characteristic of sub-
humid and semiarid climates. Where parent materials
are calcareous, a clear general correlation exists between
annual precipitation and the conspicuousness of cal-
cium carbonate in soil exposures. Within the region
mapped, this material is thickest and most conspicuous
in the northwest, where precipitation is least, and be-
comes increasingly patchy and discontinuous south-
eastward through the Chernozem soil zone. Near the
eastern limit of that zone carbonate of lime is still pres-
ent, though it is very scanty and is not visible in every
exposure.

Associated with the zonal Chernozem, Prairie, and
Chestnut soils in South Dakota are widespread addi-
tional soil groups that are not zonal. These are shallow
rocky soils (lithosols), eolian-sand soils, alluvial soils,
Solonetz and Solonchak soils, and Wiesenboden. _

The shallow rocky soils are confined principally to the
area of outcrop of Pierre shale in the nonglaciated
country west of the Missouri River. These soils owe
their thinness and poor development principally to the
impermeability of the shale and to rapid erosion result-
ing from extensive dissection and steep slopes that pre-
vail where this formation crops out. Much of the soil
in this region is scarcely more than slightly altered bed-
rock. Where the Fox Hills sandstone and other for-
mations more permeable than the Pierre shale crop out
within the same climatic belt, dissection is generally less
intense and slopes are less steep ; in consequence, Chest-
nut soils form.

Eolian sands underlie a vast area in northern
Nebraska and extend in places into South Dakota. The
soils in this area are little more than the parent sand
leached of its calcium carbonate and other soluble con-
stituents, and slightly darkened in upper layers by
humus.

The alluvial soils are essentially fresh alluvium along
the streams that have been darkened slightly by accumu-
lation of humus. :

Dotted throughout the Chernozem- and Chestnut-soil
zones are complexes of soils of groups known as Solonetz
and Solonchak. Solonetz soils occur ordinarily in
poorly drained or nondrained areas such as depressions
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in the surface of glacial drift, where parent materials
contain easily soluble salts, especially the salts of
sodium. Because of poor drainage and a consequent
complicated series of chemical reactions involving the
leaching of salts and deflocculation of colloidal clay
particles, the soil becomes jellylike, strongly alkaline,
and nearly impermeable. As it dries it develops a pris-
matic columnar structure. It supports a very sparse
plant cover. Soils that still retain their soluble salts re-
main fairly permeable to water but are generally too
salty for economic plants. These are the Solonchak
soils.

The shallow rocky soils and the eolian-sand soils are
shown on figure 3. Solonetz and Solonchak soils are
not shown on this map because most individual areas
are small and are dotted over parts of the Chernozem-
soil and Chestnut-soil areas.

Many soils of the poorly drained flats and morainic
depressions are not sufficiently salty to affect the natural
vegetation or the direction of soil development. Most
of these areas are covered by rank herbaceous vegeta-
tion, the roots of which decay to form black humus in
the upper soil horizons. Lower horizons have blue-gray
or mottled colors that reflect the effects of high water
table and irregularly alternating oxidizing and reduc-
ing conditions. These dark-colored poorly drained as-
sociates of Chernozem and Chestnut soils are known as
Wiesenboden (meadow soils). Some are calcareous
throughout and nearly all in South Dakota are at least
neutral in reaction,

The detailed classification of soils, important for a
wide range of agricultural purposes, is made easier by
the existence of a map and description of the geologic
materials from which the soils have developed. Con-
versely the identification and mapping of glacial drift
deposits is aided by field conference and discussion with
soil scientists familiar with the soils. The chart on
page 21 represents a correlation of soil types (soil se-
ries) with the glacial drift sheets and other Pleistocene
deposits in eastern South Dakota.

Soil types are dependent on a number of factors,
among which are parent material, topography and
drainage, climate, organisms, and time. It has long
been recognized that soils vary from place to place as
controlling factors vary. However, the concept that
soils vary from time to time is of fairly recent origin.
In this respect an important control is climate, which,
during the Pleistocene epoch, has fluctuated notably.
The evidence of repeated glaciation in South Dakota
implies such fluctuations, which must have been ac-

companied by appropriate changes in vegetation and in
other organisms living in the soil.

It is expectable, therefore, that these changes should
be reflected in the soils formed on the several sheets of
glacial drift and loess, although the time intervals be-
tween the successive glacial incursions do not seem to
have been great enough to bring about strikingly ob-
vious changes in the soils. Pedologists have not yet ex-
amined the soils of eastern South Dakota in detail suf-
ficient for the general recognition of soil differences
brought about by these climatic fluctuations. Hence the
soil types currently recognized in this region are based
largely on differences in present-day climate, topog-
raphy, and drainage.

The soil types are shown in the following chart. The
left-hand column represents parent materials as shown
on the map, plate 1, supplemented by loess data from
the text. The column next to it represents climate and
vegetation, expressed in terms of the soil-group zones
taken from figures 2 and 3. The remaining columns
represent various types of topography.

A comparison of the table with the text descriptions
of the several drift sheets is instructive. For example,
the Towan drift is characterized by a nearly continuous
covering of loess, and has a topography that includes
very few undrained depressions. In contrast, the
Mankato drift has a loess cover only locally and is
marked by thousands of small closed depressions.

Again, the lithologic composition of a drift sheet,
varying from place to place, gives rise to a variety of
soil series. In eastern Spink County, for instance, the
Mankato till is rich in clay and is very tough and com-
pact. The soil series formed on 1t is different from the
loamy soil in the western part of the same county, where
the Mankato till is rich in silt and is friable.

Conversely, a single soil series occurs on two or more
drift sheets, in places where the latter are similar in
lithology and texture. The Barnes series, formed on
silty till, occurs on all four Wisconsin drift sheets.

Local topographic details strongly affect the soil
series formed on them. Thus. in the region of Cher-
nozem soils, on silt-rich Cary till, soils of the Buse
series occur on steep convex slopes (rolling topogra-
phy), Barnes soils occur on gentler convex slopes
(undulating topography), Aastad soils on nearly flat
surfaces, and Parnell and Tetonka soils in the shallow
closed depressions. On the same till in the region of
Chestnut soils, four distinctly different soils occur in
the four topographic situations named above. These
soils in the Chestnut zone are thinner, paler in hue, less
rich in humus, but richer in secondary carbonates, than
are the corresponding soils in the Chernozem zone.
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Correlation of soils with Pletstocene deposits in eastern South Dakota

Symbols: *Tentative name; N, not set up; P, probably does not occur.

[Prepared by F. C. Westin and W, I. Watkins, South Dakota 3tate College Experiment Station; Glenn Avery, U. 2. Soil Conservation Service; and C. A. Mogen, Soil
Survey Division, U. 8. Department of Agriculture, from Pleistocene data furnished by R. F. Flint.}

Topegraphy
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Pleistocene deposits group zones Nondrained
Rolling Undulating Salt N lin Salin depressions
3 : ne onsaline, aline
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BIOGEOGRAPHY tion is less sparse here than farther west. Farming is

The glaciated eastern half of South Dakota can be
divided into two biogeographic zones, an eastern zone
corresponding fairly closely with the Central Lowland
physical division, and a western zone corresponding
with the Great Plains. The boundary that separates
the two approximates the scarp that constitutes the
eastern limit of the Coteau du Missouri (fig. 1).

The eastern zone is largely prairie, with groves of
trees (many planted since the settlement of the region)
on the flood plains of the larger streams and, in the
southeastern part of the zone, on the upland itself. The
eastern half of this zone is dotted with many lakes and
marshes. Indigenous plants and animals, both ter-
restrial and aquatic, have marked affinities with the re-
gion lying east of South Dakota. The human popula-

the chief occupation, with corn the chief crop. Exten-
sive cattle and hog feeding is carried on, particularly
in the southeastern part of this zone.

The westbound traveller notices the transition from
the eastern zone to the western within a few miles
of crossing the boundary between them. The western
zone is not prairie but steppe, with few trees other than
those planted in rows for shelter on the uplands and the
cottonwoods and box elders that fringe the principal
streams. The native vegetation consists chiefly of
grasses. The human pepulation is sparse and is en-
gaged in farming (with wheat the chief crop) and the
grazing of stock.

Both biogeographic zones, especially the western
zone, are to some degree marginal with respect to agri-
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culture and grazing. In moist years the land is highly
productive, but during dry years crops may fail and
stock may suffer from hunger and thirst. The climate
of South Dakota has fluctuated conspicuously since the
beginning of settlement. In consequence, and because
of the marginal character of the region, repeated shifts
of population have resulted. The most recent changes
began during the dry years of the middle 1930’s, when
thousands of ranches, farms, and homesteads were
abandoned. This movement was followed, during the
moister 1940’s, by a partial return of the displaced
population and by a great increase in agricultural
production,

It is expected that the governmental plan for the de-
velopment of the Missouri basin, now being put into
effect, will when completed, minimize or do away al-
together with the natural difficulties that have hitherto
beset agriculture and grazing in South Dakota.

PRE-PLEISTOCENE ROCKS
STRATIGRAPHIC SEQUENCE AND LITHOLOGY

Most of the geology of eastern South Dakota that is
visible at the surface is Pleistocene. Except in the

EASTERN SOUTH DAKOTA

trenches cut by the Missouri River and other large
streams, exposures of pre-Pleistocene rocks are rare.
Not much is known, therefore, about these rocks, and
what little information is available is necessarily de-
rived in part from the logs of deep wells, many of them
drilled before 1900.

A brief description of the rocks exposed in eastern
South Dakota is necessary to an understanding of the
composition of the glacial drift, the variations in
which, from one district to another, are in part the re-
sult of the distribution of the bedrock formations. This
description is contained in the following chart, which
gives the name, stratigraphic position, and thickness of
each rock unit exposed in the region, together with a
condensed description useful for identification.

Only the rocks known to be exposed at the surface
are described. A number of formations, found in deep
borings but not known to crop out in this region, are
omitted as having exerted no apparent lithologic influ-
ence on the Pleistocene deposits. The distribution of
bedrock units exposed at the surface or immediately
underlying the drift, within the glaciated part of the
State, is shown in the sketch map, figure 4.
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Chart showing sequence and characteristics of the bedrock units occurring in eastern South Dakota
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g )
2 3 . Thickn Remarks and
;%’ g Name of unit Description (1f<éet)ess Referen(,?ég
Ogallala formation(?) Sandstone, quartzite, marl, and shale. High-level remnants only; sandstone and Unknown | See accompanying
quartzite facies cap buttes. text.
Shale, siltstone, and sandstone, tough, light-gray to brownish; interbedded with 1200
é. Hell Creek formation. carbonaceous shale and thin beds of lignite. Contains bones of terrestrial ver-
£ tebrates. Forms steep buttes and mesas.
i
£ Sandstone, medium-grained, poorly indurated, medium-gray, olive-gray, and green- 1300
ish-gray hues, with subordinate gray siltstone and gray shale inlower part. Contains
Fox Hills sandstone. ferruginous and caleareous concretions. Weathers to orange sand. Irregular cemen-
tation results in lenticular weathered masses unrelated to stratification. Forms
buttes and mesas with rounded profiles.
Elk Butte member. Shale, blue-black, noncaleareous; with subordinate siltstone. 100 to 250
Shale, dark blue-gray with bentonite beds, chalk, chalky shale, and sandy shale. 2100 to 300
Mobridge member. Chalk beds are gray, weathering to yellowish and orange hues, and form cliffs.
Shale, dark-gray, noncaleareous, siliceous in northern part of region. Thin bentonite 240
Virgin Creek member. beds ocecur in lower part of member, and scattered large coneretions in upper part.
Weathers to orange and brownish hues. Forms cliffs where siliceous.
S
g 3 Shale, olive-gray, nonsiliceous, with abundant large, flattish, very dark purple concre- 180
:‘f‘ E Verendrye member. tions. Shale weathers to gumbo; concretions break down to small angular frag-
| - ments.
R
2° & Shale, noncalcareous, gray, with layers of bentonite, and (in southern part of region) 1160 | Crandell (1950).
De Grey member. . . . -
conspicuous concretions of manganese-iron oxides and iron carbonate.
Crow Creek member. Shale and marl, calcareous, with a thin basal sandstone. 115
_— - 1125
Gregory member. Shale, medium-gray to yellowis:h-gray, with conereticns and calcareous layers. In
cludes discontinuous marl beds at base.
3 : Shale, thin-bedded, grayish-black, bituminous, weathering brownish black. Includes 135
s . s , y y
?} haron Springs member thin bentonite beds.
Q
3
3
2 - Chalk, massive and shaly chalk, bluish-gray to dark-gray, weathering to yellowish
© %g Smoky Hill chalk member. orange and white. Moxon, Olson, and
.§ 5 150 to 300 Searight (1939,
Z g Fort Hays limestone mem- | Chalk, massive and chalky shale; gray when fresh; weathering to white or yellowish p.17).
a e ber. orange.
5]
& | o Codell sandstone member. Sandstone, coarse, massive to erossbedded; pale-brown to brownish-gray. 1100
o =2
g |23
g 53-8 Unnamed unit Shale, bluish-gray to greenish-gray; with ealeareous and ferruginous concretions. 200
S ' Fossiliferous.
O
Greenhorn limestone Limestone, bluish-white, firm, thin-bedded, well-jointed, chalky, with layers of cal- 1100
' careous shale. Fossiliferous.
Graneros shale. Shale, dark-gray, with sandy beds near base. Locally contains pyrite. 1100
Sandstone, fine-grained, irregularly bedded; with siltstone, shale, and carbonaceous 1300
Dakota sandstone. beds. Light olive gray when fresh; yellowish orange to light brown on weathered
surfaces.
. Quartzite, mostly fine textured, but including conglomerate, siltstone, and shale. 33,000
,§ Sioux quartzite. Light brownish gray to grayish red purple; less commonly gray, white, and orange.
.g In places cut by basic igneous intrusions.
[
% Granite Granite, coarse-textured, dark-red, showing faint grain on weathered surfaces caused
& ' by subparallel orientation of minerals.

1 Maximum thickness.
2100 feet in south; 300 in north.
3 Minimum thickness.
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EASE OF EROSION OF PIERRE SHALE

The Pierre shale as a whole is very easily eroded be-
cause of the large proportion of clay and the small pro-
portion of quartz in this rock; poor consolidation; and
the presence in it of many layers of bentonite, a rock
rich in the clay mineral montmorillonite, a product of
the chemical alteration of volcanic ash. When dry and
where it is not weathered, the Pierre shale is firm and
compact. When wet with rain or melting snow, how-
ever, the weathered mantle absorbs water readily and
swells notably, and the shale becomes a plastic mass.
In consequence the surface shale flows downslope, even
on extremely gentle gradients. The floors of many
small draws and larger valleys are thickly covered with
shale debris—part alluvium, part earth-flow detritus—
which has reconsolidated by drying while en route to
the main rivers. As the flowed material dries, it cracks
and spalls into small flaky particles suitable for removal
by slope wash, streams, and wind.

Because of the behavior just outlined, the Pierre shale
is destroyed, almost as rapidly as it is weathered, by
both aqueous and eolian erosion. On nearly flat sur-
faces its destruction is retarded by the root network
of the grasses, which form, under the climate that now
exists, a continuous mat of sod in such situations. But
on many slopes erosion is so rapid that it outstrips the
rate of development of soil and thus inhibits the for-
mation of a cover of soil and vegetation.

The very rapid rate of erosion of the Pierre shale
partly explains the scarcity of glacial drift in the gla-
ciated areas underlain by this formation west of the
Missouri River. Also it seems to have been an impor-
tant factor in the development of the anomalous pattern
of minor drainage lines. Finally, it partly explains the
great number of deflation basins that occur in flat areas
underlain by the Pierre shale.

TERTIARY STRATA, CHIEFLY OGALLALA
FORMATION

At several localities within and immediately west of
the glaciated part of South Dakota erosion remnants of
sandstone, quartzite, marl, and shale are believed,
largely on a basis of their lithology, to represent the
Ogallala formation of Pliocene and upper Miocene age.
Silt and siltstone believed to be a fine-grained equivalent
of at least a part of the Ogallala formation have been
recognized in southeastern Nebraska by the Nebraska
Geological Survey, and have been called the Seward
formation (Condra, Reed, and Gordon, 1950, p. 15).
The sandstone and quartzite remnants form conspicu-
ous buttes and other highlands; the marl remnants ex-
ercise less obvious control of the topography.

The outcrop areas, mostly small, are shown on the
map, figure 4. Small buttes capping the northern tip
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of the Coteau des Prairies at an altitude of about 2,000
feet in Marshall County may comsist of Fox Hills
sandstone, though a complete covering of glacial
drift makes knowledge of their composition uncer-
tain. It is possible, also, that this sandstone underlies
the drift in parts of Walworth, Edmunds, and Faulk

‘Counties. The outcrops east of the Missouri River,

with the predominant rock type exposed, are Bijou
Hills, Brule County (quartzite), hills in southeast part
of Charles Mix County (sandstone and quartzite), Wes-
sington Hills, Jerauld County (quartzite), and Ree
Hills, Hand County (marl and shale). Yellowish-gray
to very pale orange sand containing voleanic ash shards,
exposed in the high mass north of Lowry, Walworth
County, probably also is referable to the Ogallala for-
mation. High, flat-topped buttes here suggest a re-
sistant cap rock like that in the Ree Hills farther south.
Owing to the mantle of drift, however, no exposures of
cap rock have been observed.

Outcrops west of the river are: western Gregory
County generally (marl, shale, and quartzite), Iona
Hills, Brule and Gregory Counties (quartzite), Medi-
cine Butte, Lyman County (marl and quartzite).

These rocks occur at altitudes between 1,650 feet and
2,200 feet, and clearly are no more than small rem-
nants of a formerly extensive cover. The sandstone is
a medium- to fine-grained thin-bedded light olive-gray,
pale-olive, and greenish-yellow rock and has a cut-and-
fill type of crossbedding. The quartzite is a highly silic-
ified facies of the sandstone; it fractures through the
individual grains. According to Frye and Swineford
(1946), closely similar rock of Ogallala age occurring
in Kansas possesses a cement consisting of opal and
chalcedony. Cementation is irregular, producing a
lenticularity that is in part unrelated to the stratifi-
cation.

The marl and shale are soft, are finely laminated
with papery stratification, and are yellowish gray to
white, and locally greenish yellow. No more than 11
feet of this sediment has been observed in a single
exposure, but its thickness is undoubtedly greater.
Some layers contain small, partly carbonized fossil
fishes, at least one of which has been dated as possibly
middle Pliocene or younger (Dunkle, D. H., U. S. Na-
tional Museum, written communication).

Because of their close association with each other
and because of their distinctive lithology, the sandstone,
quartzite, marl, and silt in the widely scattered areas
named above are believed to correlate with the sedi-
ments similar to them in southwestern South Dakota
and northern Nebraska that are generally regarded as
correlative with the Ogallala formation.
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The east-west linear distribution of the remnants of
Ogallala strata that form the cap rocks of the Iona
Hills and Bijou Hills suggests the possibility that these
remnants constitute part of the filling of an eastward-

trending, pre-Ogallala valley. This suggestion implies
that differential erosion in post-Ogallala time has re-
versed the topography by lowering the surrounding
country by several hundred feet while preserving parts
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of the floor of the old valley beneath the resistant Ogal-
lala cover. No conclusive evidence for or against this
suggestion has yet been found.

In the vicinity of Corson, Minnehaha County, sedi-
ments of unknown age, that may be Ogallala, are ex-
posed overlying the Sioux quartzite. These sediments
consist of light-gray clay and siliceous material, in
places resembling weathered chert. They were mapped
as Niobrara formation by Darton (1909, pl. 1) and were
described briefly by Baldwin (1949, p. 14-16), who
referred to the siliceous material as volcanic ash.

STRUCTURE

The rocks of eastern South Dakota are essentially flat
lying. They are warped into broad gentle arches and
basins, but the dips of the strata in such structures are
so small as rarely to be visible to the eye. They are
measured in terms of a few feet or a few tens of feet
to the mile.

In broad terms the structure of eastern South Da-
kota is homoclinal, with a regional dip toward the
northwest (fig. 5). This dip constitutes the east limb
of a shallow syncline plunging north, with an axis
trending through Todd, Washabaugh, Jackson, Haa-
kon, Meade, and Perkins Counties. This structure has
been called the Lemmon syncline, and also the Dakota
structural basin (Rothrock, 1947, p. 21). It is not
smooth ; rather it is interrupted by local low folds that
trend in various directions. The most conspicuous of
these is the Sioux uplift, trending nearly westward
through Minnehaha, McCook, Hanson, and Davison
Counties. This uplift coincides with the axis of
the ridge of Sioux quartzite (Darton, 1909, p. 33).
Another conspicuous structure is the Medicine Butte
anticline, a low dome trending northward through
eastern Lyman County (Petsch, 1942). Still other
gentle structures are exposed at various places
along the Missouri River, and have been identified
where exposures made mapping possible (Petsch, 1946,
geologic profile; Rothrock, 1947).

All these structures involve the Cretaceous rocks, and
appear (on incomplete evidence) to antedate the deposi-
tion of the Ogallala formation.

It is doubtful that structure has played any signifi-
cantly direct part in determining the extent of glacia-
tion or the distribution of glacial deposits. Indirectly,
of course, structure has been important in creating an
areal outcrop pattern that has resulted in noteworthy
differences in the lithologic content of the drift between
one district and another and in topographic differences
that have affected the direction of flow of glacier ice.
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PLEISTOCENE GEOLOGY
GLACIATION

In South Dakota, the area east and north of the Mis-
souri River is almost completely covered by glacial drift
(pl. 1). West of the river the drift consists prin-
cipally of scattered boulders. Several features show
that glacier ice entered the State from the northeast
or north, and flowed generally south and west: the
trend of the outer limit of glaciation, which is every-
where at right angles to the direction of former flow;
striations on exposures of hard bedrock; and the lith-
ology of the drift, which includes rock types derived
from the north and northeast but only locally material
derived from other directions.

The effects of glacial erosion in South Dakota are
largely concealed beneath the thick mantle of drift;
hence little information on this subject has been ob-
tained. Wherever the pre-Cambrian granite and the
Sioux quartzite are well exposed beneath drift or with-
out any cover, their upper surfaces are smoothed,
striated, or polished, proving glacial erosion but afford-
ing no quantitative information. The fact that the
drift includes large amounts of material derived di-
rectly from the Pierre shale, Niobrara formation, and
other local bedrock units supports the inference that
extensive glacial erosion of these rocks has occurred.
Probably much of this erosion took place in what is
now the James River lowland, for there the ice was
thickest and therefore flowed most rapidly, and there
the topographic and geologic relations suggest that
glacial alteration of preglacial land forms was greater
than in other parts of the State.

GLACIAL DEPOSITS

The glacial drift, spread as a blanket over the eroded
preglacial surface, radically altered the topography of
" eastern South Dakota by partly filling major valleys,
entirely obliterating many small valleys, forcing the
cutting of new valleys, and forming massive end
moraines. The topographic map (pl. 2), even though
greatly generalized, clearly shows the difference be-
tween the glaciated country and the territory beyond
the limit of glaciation.

As a rule the surface of the drift has less relief than
the surface of the bedrock beneath it. The principal
exceptions are in the belts of massive end moraines,
which impart exceptional relief to the drift. In gen-
eral, therefore, the effect of glaciation has been to reduce
the local relief. This is particularly true in the coteaus.
It is less evident in the James River lowland.

The thickness of the drift (fig. 5) ranges from a mere
trace to a presently known extreme of 480 feet, found
in a well boring at Webster. Only rarely is a thickness
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greater than 25 feet seen in a single exposure; the sig-
nificant thickness data therefore are derived principally
from the logs of borings. These logs show that, in the
Minnesota lowland the average thickness of the drift
is about 50 feet. In the James River lowland the thick-
ness generally ranges from 50 feet to 100 feet, although
locally it exceeds 300 feet. Over the coteaus the thick-
ness is extremely variable, owing to the irregularity of
the bedrock surface in their areas. West of the Mis-
souri River the drift consists only of scattered boulders.
A rough estimate of the average thickness of the drift
in South Dakota east of the Missouri River is 40 feet.

Physically the drift is divisible into four groups: till,
outwash, glacial-lake deposits, and ice-contact stratified
drift. Of these, till is by far the most abundant. Most
of it is rich in clay, and nearly all is believed to have
been deposited by lodgment upon the ground from the
under part of the flowing ice.

Outwash consists of crossbedded gravel, sand, and
silt deposited by melt water as it flowed away from the
ice. In South Dakota it occurs commonly as thin
veneers that cap benches cut into till and bedrock along
the courses of southward-flowing stream systems. Al-
though abundant in the till, clay is a rare constituent
of the outwash. Its scarcity is believed to be the result
of the ability of the turbulent proglacial streams to keep
the tiny clay particles in suspension, thus preventing
their deposition and resulting in their being carried en-
tirely out of the region.

Glacial-lake deposits, consisting chiefly of parallel-
bedded silt, sand, and clay, occupy depressions of vari-
ous sizes that were temporarily blocked by the glaciers
and so were filled with ponded water. Most of the
lakes were small, but two very large lakes—Lake
Agassiz and Lake Dakota—occupied considerable areas
in South Dakota.

Ice-contact stratified drift shows by its surface form
and disturbed internal structure that it was accumu-
lated upon or against melting glacier ice. Commonly
it occurs as mounds or knolls, and as irregular masses
pitted with closed depressions of various diameters.

The till, which constitutes the great bulk of the drift,
consist of an intimate mixture of rock fragments of all
diameters from clay particles up to large boulders.
Clay, silt, and sand sizes constitute most of the till;
larger pieces, although conspicuous because of their
their size, constitute only a small fraction of the mass.
Most of the bedrock of eastern South Dakota is weak,
and breaks down into small particles. The predomi-
nantly fine texture of the till probably reflects the der-
ivation of the till in large part from the local bedrock.
Such a relationship is commonly observed in glaciated
regions.
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Stratigraphically the drift in South Dakota, like that
in the Central Lowland generally, consists of several
distinct layers of till separated by layers of loess or
stratified drift or by zones of chemical alteration in-
duced by weathering of the till itself. These layers
(pl. 8) represent glacial invasions during successive
glacial ages (or subages), separated by time intervals
when there were no glaciers and when stream deposits
or windblown silt were laid upon the surface, or when
the upper part of the drift was slowly decomposed to
form soil. In a few places fossils have been found
imbedded in the material separating two drift sheets.

Some of these layers are exposed at the surface;
others are found in borings. In the latter, especially,
correlation of the layers from one place to another is
very difficult because of the known variations of any
one layer in respect to lithology, texture, and thickness.
Accordingly the correlations suggested in this study
are tentative only, and are no more than the best guesses
that can be made from present knowledge of the glacia-
tion of the entire region. Future study will undoubt-
edly correct and amplify them in many respects.

The broad southeasterly trend of the outer limit of
the drift is part of a regional trend that apparently
was determined by the climate prevailing at the time
the drift was deposited. The ice flowed westward, a
direction in which annual precipitation diminishes and
summer temperatures increase at present; presumably
similar relations existed during the glacial ages. The
ice margin ceased to advance when temperature and
precipitation in this region ceased to be favorable.

The lobation of the drift border, superposed upon the
regional trend, is controlled by topography. The lobes
are coincident with major valleys, in which the flowing
ice was able to penetrate farther west than upon the in-
tervening divides.

EFFECT OF GLACIERS ON DRAINAGE

One of the greatest changes wrought by the glaciers
in eastern South Dakota is in rearrangement of the
drainage. Before the arrival of the ice in one of the
pre-Wisconsin glacial ages, probably the Illinoian age,
the main streams flowed toward the east. The ice, flow-
ing westward, blocked these streams, ponded them, and
forced them to overflow. The overflow water spilled
-southward and eastward, approximately along the mar-
gin of the blockading ice. The escaping water soon in-
trenched itself into the weak underlying rock, so that
when the glacier melted away the runoff remained in
its new course. This course is the trench of the Mis-
souri River.

The James River trench was cut mainly by the water
escaping from the south end of Lake Dakota, a tempo-
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rary lake dammed between the shrinking glacier on the
north and an ancient divide on the south.

The route of the Big Sioux River was established
along the south-trending depression between the Des
Moines lobe and the James lobe of the ice sheet. This
event certainly took place in Wisconsin time; whether
a similar event occurred also during any pre-Wisconsin
glaciation is not known.

Thus the drainage of eastern South Dakota, origin-
ally eastward, is now predominantly southward. It
was turned, in some cases through nearly 90 degrees,
in consequence of glacial control of various kinds.

NONGLACIAL DEPOSITS
LOESS

The abundance of silt-size particles in the drift, cou-
pled with the prevailing dry climate and rather strong
winds that characterize the region, resulted in the
deflation of silt from cutwash bodies and even from the
till itself, during the melting of the glaciers. The silt,
from the outwash, mixed with silt derived from non-
glacial sources farther west, was deposited over the sur-
face to leeward of the source areas, as loess. The layers
of loess range from thin, barely recognizable veneers
to several tens of feet in thickness. They are useful
in stratigraphic correlation, for in many areas they
separate layers of till so similar in appearance as not
to be individually identifiable were it not for the layers
of loess between them.

STREAM DEPOSITS

In some parts of eastern South Dakota, generally
interbedded with the drift, are deposits of stream-laid
gravel, sand, and finer sediments, the lithologic content
of which shows that their area of origin was far west
of the glaciated region. Some contain the fossilized
bones of mammals, from which it has been possible to.
approximate the dates when they were deposited, and
hence by inference the dates of the glacial deposits in
contact with them.

Some of these stream sediments may have been laid
down during interglacial ages when South Dakota was
free of a covering of glacier ice. Others may have ac-
cumulated during glacial ages when glacier ice in east-
ern South Dakota constituted a barrier to the normal
eastward flow of streams entering the region from the
west.

POSITION AND FORM OF THE BEDROCK SURFACE

The configuration and depth of the surface of the
bedrock are inferred partly from the form of the major
topographic features of the region, and partly from
the logs of drill holes and geophysical prospecting
operations. Unfortunately, in South Dakota subsur-
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face data are scanty. In the present investigation the
276 available logs—not nearly enough to afford an ac-
curate idea of the bedrock surface—were obtained from
a number of sources, mostly published (Darton, 1896,
1897, 1909; Todd, 1899, 1900b, 1903a, 1903b, 1903c,
1904a, 1904b, 1908, 1909; Todd and Hall, 1903, 1904;
Rothrock, 1934, 1946a ; Sayre, 1935 ; Loucks, 1942, p. 50;
and written communications from V. A, Means, U.S.
Bur. Reclamation, and M. E. Kirby). Many additional
holes have been drilled, but the data have never been
systematically gathered from drillers, property owners,
and municipal and county officials. With only a few
exceptions, the logs represent holes drilled prior to
1910 and mostly prior to 1900, and the reliability of
interpretation of the materials found varies widely.
The locations of the holes were indicated on a map
(scale 1:500,000) and beside each were plotted the
depth to bedrock and the altitude of the bedrock sur-
face calculated from the curb altitude.

Another source of information lies in geophysical
surveying, undertaken principally in the search for ad-
ditional subsurface water supplies. A resistivity sur-
vey, made in an area of 16 square miles at Huron, re-
vealed in some detail the bedrock topography beneath
nearly 100 feet of drift (Rothrock and Petsch, 1935).
The relief of the bedrock surface in that district is
about 70 feet. .

If the drift could be stripped away from the Coteau
des Prairies, leaving only the bedrock, the topography
of this massive highland would be quite different from
its present topography. The general form of the Coteau
des Prairies and the data from a few deep borings that
penetrate hundreds of feet of drift suggest that
whereas the main mass of the coteau consists of bed-
rock, it is considerably dissected, and has been both
heightened and smoothed in outline by the accumula-
tion of a large volume of drift. Apparently the suc-
cessive ice sheets, flowing from the north and north-
east and impinging on the high dissected mass of the
coteau, flowed into and past the deep coteau valleys and
packed them full of clay-rich drift, much as grease is
packed into a wheel bearing, until nearly every trace
of the valleys was obliterated. No doubt some of the
valleys were reexcavated in part by interglacial streams,
and were repacked with drift during later glaciation.

The volume of the drift seems to be greater near the
northern end of the Coteau des Prairies and along its
eastern margin than farther south and west. This dis-
tribution finds a reasonable explanation in the narrow-
ness and probably greater dissection of the northern
area, and in the greater exposure of the northern and
eastern areas to the onflowing ice. The drift carried in
the base of the ice can be expected to have been scraped
off and caught in the rough topography near the point

or prow and along the eastern fringe of the highland,
much as mud is scraped from the sole of a shoe by a door-
step scraper. The drift remaining in the ice was carried
onward and was plastered over the wider part of the
coteau, which, by virtue of its width, probably was also
less thoroughly dissected.

In the extreme southern part of the Coteau des
Prairies, in the area known as the Newton Hills, thick-
nesses of drift and loess combined exceed 200 feet in
places, as shown by drillers’ logs. Probably these great
thicknesses occur in valleys cut into the bedrock and
wholly masked by Pleistocene deposits.

In the Coteau du Missouri the relation of drift to bed-
rock is similar, at least in some degree, although the
scarcity of subsurface data makes impossible the recon-
struction of detail. Subsurface data from areas in
Davison, Hutchinson, and Hand Counties suggest that
the drift is plastered thickly against the eastern escarp-
ment where the ice impinged obliquely. This relation-
ship is analogous to that on the northeastern escarpment
of the Coteau des Prairies. The distribution of bed-
rock outcrops suggests that in the Coteau du Missouri
the drift is thinner than in the Coteau des Prairies. In
the western part of the western coteau, in particular,
the drift is commonly very thin, and bedrock crops out
in wide areas.

Except in a very few places drift blankets the James
River lowland completely. The bedrock surface be-
neath the lowland is gently irregular, and is character-
ized in places by large elongate depressions, apparently
buried major valley systems. Although the present sur-
face of the lowland has a general, very gentle, south-
ward slope from the northern end of the State to the
southern, the bedrock surface beneath it increases in al-
titude from the North Dakota State line to the latitude
of Redfield, Spink County. In that latitude bedrock
is exposed at the present surface at many places
throughout an eastward-trending belt. South of that
latitude the bedrock surface declines at a rate slightly
steeper than the inclination of the present surface.

These facts suggest that a stream divide antedating
the drift crossed the lowland in the latitude of Redfield,
and that glacier ice and the melt water flowing from it
partly wore down the divide and partly obliterated it by
the deposition of drift both north and south of it. A
similar belt of exposures of bedrock, trending eastward
through Davison and Hanson Counties, suggests the
former presence of a second divide that crossed the
western part, though not the entire width, of the low-
land.

The inferred former divides are here referred to as
the Ancient Redfield divide (p. 149; pl. 7) and the
Ancient Mitchell divide (p. 151; pl. 7).
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PRE-WISCONSIN GLACIAL DEPOSITS
REGIONAL STRATIGRAPHIC SEQUENCE

In the broad region of central United States four
glacial stages have been identified, and have been
named, from base to top of the Pleistocene, Nebraskan,
Kansan, Illinoian, and Wisconsin. In South Dakota
the Wisconsin is represented in such preponderant
strength that in the discussion that follows it is treated
separately, whereas the three underlying stages are
treated together and more briefly.

The Nebraskan, the lowest glacial stage in the
Pleistocene sequence, was named by Shimek (1909, p.
408) from exposures in the Missouri River bluffs near
Omaha, Nebr. Earlier, this drift sheet had been called
sub-Aftonian and also pre-Kansan. Drift correlated
with the Nebraskan stage by various workers has been
reported to have a maximum thickness of 150 feet in
Nebraska (Lugn, 1935, p. 40) and Iowa (Kay and
Apfel, 1929, p. 181), and to be very thick locally in
Minnesota (Leverett, 1932, p. 15).

In Towa, Minnesota, and Wisconsin the Nebraskan
drift, according to Leverett (1932, p. 14-15),
consists mainly of a nearly black till, in which a large amount
of woody material, still present in identifiable species, was in-
corporated. It seems to contain the black alluvium and dark
humus soil of the region over which the ice sheet passed.
McGee applied the terms “bituminous” and “carbonaceous” to
this till, as noted by him in northeastern Iowa.

Even if we assume that the exposures referred to are
assigned to the Nebraskan stage correctly, it seems
likely that the “nearly black” hue is due chiefly to the
presence of a large quantity of dark-colored clay rather
than to the presence of organic matter. Most if not
all moist, unoxidized, pre-Wisconsin tills occurring in
the central States are very dark in hue.

The next higher glacial stage in the standard se-
quence, the Kansan, was named by T. C. Chamberlin
(1896, p. 872), by transfer to this second drift of the
name he had previously applied to the drift now called
the Nebraskan. West of the Mississippi River the
Kansan drift has been recognized in Towa, Minnesota,
Nebraska, and Kansas. Throughout this region a
thickness of 50 to 150 feet has been generally attributed
to it (Kay and Apfel, 1929, p. 256; Leverett, 1932,
p. 21; Lugn, p. 67-68). However, thickness estimates
must be judged in the light of the possibility that not
all the till exposures involved have been identified as
Kansan correctly.

The third glacial stage, the Illinoian, was named by
Leverett (Chamberlin, 1896, p. 874) from the State of
Illinois, where this drift is extensively present at the
surface. Although known to be present eastward

through Indiana, Ohio, Pennsylvania, and New Jersey,
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and although identified in Wisconsin, this drift has
been recognized hitherto in only two districts west of
the Mississippi River, namely, southeastern Iowa and
southeastern Minnesota.

A body of till, exposed in a Missouri River bluff near
Chamberlain, S. Dak., was recognized as probably Illi-
noian, on a basis of its stratigraphie and erosional rela-
tions (Warren, 1951). This confirmed the probable
extension of the Illinoian drift westward into South
Dakota, in analogy with the Nebraskan, Kansan, and
Wisconsin drifts. The strongest direct stratigraphic
implication of the presence of Illinoian till is in an ex-
posure in Minnehaha County (locality 17A, p. 35), in
which a till (unit 3) antedates Loveland loess and post-
dates nonglacial sediments similar to though not proved
to be the Sappa formation of Nebraska geologists. The
probability that this till is Illinoian is high. Further,
the presence in Moody County (locality 19, p. 36) of
an exposure of a pre-Loveland till underlain succes-
sively by nonglacial alluvium and by a still older till
suggests that the till first mentioned is Illinoian, though
an earlier date is admissible. Stronger evidence of the
Illinoian glaciation of South Dakota, although still in-
direct, comes from the widespread presence of the Love-
land loess in Iowa and Nebraska, and, at several local-
ities in South Dakota. These facts imply extensive
glaciation in this region during the Illinoian age.
Hence the loess and probable age of the tills near Cham-
berlain and in Moody County stand in mutual support.
Evidence of an Illinoian glaciation of South Dakota,
derived from drainage relations, is detailed on page 51.

If the probability of the presence of Illinoian drift
in South Dakota is admitted, then it is probable that
much of the pre-Wisconsin till exposed in South Da-
kota is Illinoian, simply because the likelihood of sur-
vival is greater for this till than for the two older tills.
But Nebraska geologists are of the opinion that Illi-
noian drift is not present in Nebraska because of the
stratigraphic relations in northeastern Nebraska.

UNCERTAINTIES IN CORRELATION

In South Dakota internal differences among tills of
different dates, revealed by the methods used in this
study, are not great enough to permit their correlation
with a particular stage or substage, in the absence of
independent evidence of date. In other words, in this
region there is no “typical” Nebraskan, Kansan, or I1li-
noian till. Similar difficulty has arisen in other re-
gions, although in western Iowa, Carman (1917, p. 416)
was able to distinguish between Nebraskan and Kansan
tills in some areas, and in eastern Nebraska there are
said to be slight differences between these two tills
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(Condra, Reed, and Gordon, 1950, p. 20). The only
sure basis of correlation of a till in South Dakota is its
stratigraphic relation to some other deposit of known
age. On this basis many exposures of till have been
identified as Wisconsin because they are seen in con-
tact with loess sheets and paleosols known to belong to
the Wisconsin stage.

However, many exposures show no such contact;
they show only till without any underlying deposit
or paleosol, known or unknown. Not only is the
assignment of such a till to a particular stage uncer-
tain, but in some cases it has not even been possible to
determine whether it is Wisconsin or pre-Wisconsin.

In regions outside South Dakota pre-Wisconsin tills
have been differentiated from Wisconsin tills on a basis
of the extent to which they have been altered by weath-
ering. Wisconsin deposits are generally little altered
or only moderately altered, whereas pre-Wisconsin de-
posits are generally considerably altered. Chemical
conversion of till to gumbotil, therefore, indicates that
that till is pre-Wisconsin. Furthermore accumulations
of red iron oxide have been found characteristically
developed in soil profiles formed during the Sangamon
and other interglacial ages. In accordance with this
general relationship, a till altered to a reddish soil in
this region is considered pre-Sangamon with a high
degree of probability. The implication is that such a
till could be Illinoian, Kansan, or Nebraskan.

Removal by erosion of part or all of a soil profile
leaves a till with a thin, decapitated soil profile or with
none at all. Consequently the observer is in doubt as
to how much, if any, weathering actually occurred and
can not with certainty assign the till to any one glacial
stage. As tills in South Dakota are rarely exposed in
visible contact with deposits of known age and soil
profiles are altered only locally, the difficulty of satis-
factorily correlating till in this region is great.

Fortunately a few exposed tills can be identified as
pre-Wisconsin because of their observed stratigraphic
relations to Wisconsin sediments. But many more in-
clude no exposed evidence of age. Some exposures are
considered pre-Wisconsin on the indirect evidence of
topographic and erosional features, and still others are
believed pre-Wisconsin on a basis of internal evidence.
This evidence is applied in the following way :

The internal characters of tills known to be pre-Wis-
consin on a basis of stratigraphic evidence are observed
to differ somewhat from Wisconsin tills. Tills that
possess similar characters, but that are exposed without
accompanying stratigraphic evidence of their age, are
inferred to be pre-Wisconsin. It should be emphasized
that such inferences are tentative and are subject to re-
vision in the light of more detailed investigation than
has been possible hitherto.

PHYSICAL CHARACTERISTICS OF PRE-WISCONSIN
TILLS

Regardless of age, the tills of South Dakota consist
of preponderantly fine-grained sediments, of silt and
clay sizes, and, where not leached, are very calcareous.
The characters believed to be peculiar to the pre-Wis-
consin tills, and to differentiate them from younger tills,
are scarcity of large-size rock fragments, pronounced
compaction, distinct widely spaced jointing, conspicu-
ous chemical alteration, distinctive hue, and greater
thickness.

Scarcity of large-size rock fragments—Boulders are
very few and relatively small; cobble sizes are almost
as rare. In most exposures fragments more than 6
inches in diameter are not commonly seen. It is esti-
mated that pebble and larger sizes together constitute
only a small fraction of one percent of the entire volume
of such a till. This distinction, however, does not seem
to extend to the finer grain sizes according to the few
mechanical analyses that have been made (fig. 13).
The analyses (made by dry screening) suggest that the
distribution of sand-, silt-, and clay-size particles is
roughly comparable in all tills. Either the dry-screen-
ing method has failed to yield the true proportions of
clay-size particles, or the impression of finer grain size
conveyed to the observer by an exposure of a pre-Wis-
consin till is apparently an illusion created by the scar-
city of pebbles, cobbles, and boulders.

Pronounced compaction.—Although no compaction
tests in the laboratory were made in connection with this
study, the firmness of pre-Wisconsin tills is evident in
many exposures, with the exception of a surficial zone
3 or 4 feet thick, which has been altered by weathering.
A blow with a pick makes only a small dent in an old
till; in a Wisconsin till it is likely to cause considerable
disaggregation. A conspicuous result of the compact
character of pre-Wisconsin tills is that the matrix tends
to break around included stones, leaving distinet firm
molds.

Although pronounced compaction is not believed to
be a criterion of pre-Wisconsin tills, compactness of
old tills is believed to be in part a function of time,
during which physical settling has occurred. Other
possible factors are relative abundance of very fine par-
ticles in the till, secondary deposition of mineral mat-
ter such as gypsum and calcium carbonate between ad-
jacent grains, and consolidation brought about by the
weight of overriding younger glaciers. Probably the
last factor is of minor importance in that early Wis-
consin tills, overlain by later Wisconsin till and there-
fore overridden by later Wisconsin ice, are not notably
compact.

Distinet, widely spaced jointing.—Pre-Wisconsin
tills commonly have clean-cut, deep joints spaced sev-
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eral inches to more than 1 foot apart. 'When dry these
tills do not crumble; they break along the joints, form-
ing massive blocks of irregular shape. In some local-
ities such blocks break with a slightly conchoidal frac-
ture. In this respect the old tills have the properties
of a firm rock, whereas Wisconsin tills, in breaking up,
generally have the properties of an unconsolidated
sediment.

The attitudes of the joints are steeply inclined and
are commonly not parallel. Individual joints as much
as 15 feet in length have been noted. Some joints are
true fissures filled with secondary mineral matter, usu-
ally gypsum in platy layers paralleling the fissure walls.

Conspicuous chemical alteration—Because altera-
tion proceeds from the ground surface downward, its
intensity varies.in a vertical direction. Thick till ex-
posed to chemical decay during an interglacial age, in
an area of nearly level terrain and slow subsurface
drainage, has this succession of vertically superposed
zones of alteration:

Gumbotil, leached and deoxidized residual clay,
largely secondary, representing the alteration or
removal by solution of all but the most highly
siliceous original materials.

Oxidized till, from which original carbonates have
been leached.

Oxidized till.

Fresh, unaltered till,

Weathering profiles of this kind are common in pre-
Wisconsin tills in Yowa, Missouri, and Illinois. Al-
though tills known or suspected to be pre-Wisconsin oc-
cur at numerous localities in South Dakota, the upper-
most, gumbotil zone was observed at only one place (fig.
6, locality 28; p. 37). However, the underlying oxi-
dized zones are exposed in many places. As the pre-
Wisconsin tills generally occur in areas dissected by
streams, the rarity of gumbotil may indicate merely
that the most completely weathered part of the till,
being at the surface, has been destroyed by slope wash
and other forms of erosion.

The phenomena observed in the oxidized zones in the
old tills differ somewhat from those characteristic of
the Wisconsin tills. In the upper part of this zone
oxides of iron and manganese coat the joint faces; far-
ther down, limonitized fringes of various widths extend
inward from the joints, in some places isolating masses
of unoxidized till. Generally the Wisconsin tills are
oxidized uniformly, irrespective of the numerous,
poorly developed joints. The difference in alteration
between the two groups of tills may be chiefly a func-
tion of the difference in degree of compaction, with re-
sulting differences in ease of penetration by subsurface
water.

EASTERN SOUTH DAKOTA

Distinctive hue—The pre-Wisconsin tills observed
in South Dakota, where not obviously oxidized and
when wet, tend to show the darkest tones of hue 5 ¥ on
the Munsell color scale, approximating olive gray, in
contrast with the Wisconsin tills which, under the same
conditions, tend to approximate the medium and dark-
medium tones of hue 10 Y2, When dry, both groups of
tills resemble each other more closely; yet there is a
tendency toward the pale tones of the hue 5 ¥ in the
old tills, whereas the Wisconsin tills more commonly
show the pale tones of hue 5 Y 2. These statements are
based on a considerable number of color-chart compari-
sons. Aside from them the general impression made
on the observer in the field is that the old tills are
darker than the Wisconsin tills. This impression is
conveyed also in reports from exposures outside South
Dakota by statements that the old tills when unoxidized
are “dark gray,” “black,” “blue,” and “blue-black,” in
contrast to a “light-gray” color commonly observed in
the Wisconsin tills.

The cause of this difference in hue is not known. The
difference may result partly or wholly from differences
in the original constituents of the tills. As pointed out

‘on page 162 the James River lowland, which was of

prime importance in guiding the direction of flow of
the glaciers in Wisconsin time, did not come into exist-
ence as such until after the pre-Wisconsin tills had been
deposited. Accordingly it is possible that those tills
were laid down by glaciers that flowed in somewhat dif-
ferent directions, and hence picked up somewhat dif-
ferent materials, from those carried by the Wisconsin
glaciers. Another possible cause of the difference in
hue between Wisconsin and pre-Wisconsin tills is the
presence, in the former, of oxidation so faint that it is
not readily recognizable.

Greater thickness—It should be added that the av-
erage exposed thickness of pre-Wisconsin tills is dis-
tinctly greater than that of Wisconsin tills, reaching
an extreme at Sioux Falls of 120 feet, with the base not
exposed. This difference may be accidental ; however,
after many more data have been obtained, it may be-
come evident that the tills of the Wisconsin stage are
noticeably thinner than those of the earlier stages.

Finally, no attempt was made to compile statistics on
the lithologies of stones in the pre-Wisconsin tills.
Such a study might aid in discriminating between these
and younger tills, but it should be undertaken as part
of a more detailed general examination than was pos-
sible in the present research.

In summary, the pre-Wisconsin tills in this region are
freer from large rock fragments, generally more com-
pact, more conspicuously jointed, more markedly af-
fected by differential secondary mineralization, appar-
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ently darker in hue, and generally thicker than are the
Wisconsin tills. These differences are relative, and
probably no one of them is in itself an adequate basis
for differentiating a till on the spot. However, the com-
bination of these characters may justify the provisional
identification of a till as pre-Wisconsin, at least until
later more detailed study places its stratigraphic posi-
tion on a more adequate basis.

DESCRIPTION OF EXPOSURES
The exposures of pre-Wisconsin tills fall into three
groups, arranged in order of decreasing certainty of
correlation.

TILLS CERTAINLY OR PROBABLY PRE-WISCONSIN
BECAUSE OF THEIR STRATIGRAPHIC RELATIONS

The first group, consisting of 9 measured sections or
groups of sections, includes tills whose stratigraphic



34

PLEISTOCENE GEOLOGY OF

relations imply pre-Wisconsin age. These are num-
bered 4, 8, 9B, 16, 174,B,0,D, 194,B, 22, 25, and 28
on figure 6. Each measured section includes one or
more tills that can be regarded as pre-Wisconsin with
considerable confidence.

In 6 sections (localities 4, 8, 98, 194,B, 20, and 28)
Illinoian till is believed to be present. In 8 sections
(localities 178,C, 19 and 25) till underlies sediments
believed to correlate with the Sappa formation, as the
Sappa is of late Kansan or Yarmouth age (p. 43) the
underlying till must be either Kansan or Nebraskan.
As both Kansan and Nebraskan tills occur in western
Towa and eastern Nebraska, there can be no doubt that
both Kansan and Nebraskan glaciers successively
traversed at least part of South Dakota.

The probable Sappa correlatives are dated by fossils
at only one locality (25), but at one other locality
(17B) this horizon is fixed with strong probability by
the presence of the Pearlette ash member. In one place
(represented by sections from localities 174,B,0,D) a
composite section includes pre-Wisconsin tills that may
be Nebraskan, Kansan, and Illinoian, respectively. At
no locality in South Dakota, however, has a single till
been surely assigned to a specific pre-Wisconsin stage,
because none occurs between two nonglacial deposits
each of which is of certainly known date.

Locality 4. Section north of abutment Fort Randall Dam, ex-

posed in August 1948 during construction. SWIL8BL, sec. 5,
T.95N., R. 65 W., Charles Miz County, S. Dak.

Feet

4. Loess - 5.0-12.0
8. Till, silt matrix, crumbles easily; oxidized.

(Cary?). Maximum 20.0
Sharp unconformity.
2. Till, consisting of boulders and cobbles with little

fine-grained matrix, numerous contorted lenticu-

lar inclusions of sand, silt, pebble gravel, and

clay; oxidized. (Iowan?)___ 3.0-20.0
Unconformity.
1. Till, olive-gray, compact, coarsely jointed, blocky;

included stones rare. Uppermost 3 feet oxidized

to yellowish-gray hue. (Pre-Wisconsin, probably

Illinoian.) Maximum 23.0
Maximum thickness —_ 7.0

Erosional unconformity with relief of 15 feet at altitude ap-
proximating 1,350 feet.
Bedrock. Niobrara formation.

This section, revisited in September 1950, had been
cut back about 700 feet from the face exposed in 1948.
It exposed 90 to 115 feet of till (unit 1), almost entirely
free of boulders and so compact that the excavating
contractors were blasting it in preference to the use of
power shovels. The basal part of the till consists
largely of chalk reworked from the Niobrara forma-

tion immediately beneath. The great thickness and
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physical character of this till support the opinion that
it is pre-Wisconsin. :

Locality 8. Section exposed in gully, October 1949, in NEYLNW Y
sec. 2, T.93 N., R. 57 W., Yankton County, 8. Dak.

[Measured by H. E. Simpson]
Feet
(mazimum)
4. Till, consisting of abundant stones in a silt-rich
matrix ; grayish-orange when dry, moderate yellow-
ish-brown when moist; friable, mealy; structure-
less; calcareous. (Cary.)-——
3. Loess, moderate yellowish-brown when dry, dark
yellowish-brown when moist; structureless; cal-
careous. (Iowan and [or] Tazewell.) . _____
2. Till, consisting of abundant pebbles in a silt-clay
matrix ; grayish-orange when dry ; moderate yellow-
ish-brown when moist; cut by many closely spaced
joints ; top 0.2 foot altered to grayish-black Weisen-
bddenlike soil, noncalcareous; beneath the soil zone
the till is calcareous. (Iowan.)
1. Till, consisting of pebbles in a silt-clay matrix; top 3
feet altered to black Wiesenbddenlike soil, noncal-
careous; beneath the soil zone the till is compact,
tough, with widely spaced joints along which oxida-
tion is developing. Unoxidized areas are gray-
ish blue; oxidized areas are grayish orange.
(Illinoian?)
Base concealed.

1.7

0.8

0.9

4.8

8.2

Locality 9B. Shallow gully in draw, altitude approzimately
1,00 feet, northeast corner of NWY NE sec. 13 T. 93 N., R.
57 W., Yankton County, S. Dak.

[Section measured, augered, and interpreted by H. E. Simpson]

Thickness *

{feet)
Exposed Augured

4. Loess, very pale yellowish-brown (10 YR 7/2)
with light-gray mottling when dry; massive;
calcareous. (Iowan and Tazewell?) ._______ 0.

Contact sharp.

3. Loess, clayey, pale yellowish-brown (10 YR 6/2)
when dry; massive; leached but containing
secondary calcium carbonate. (Loveland.)__

Contact sharp.

2. Till, light olive-gray, oxidized to moderate yel-
lowish-brown along joints, massive, calcare-
ous. (Illinoian.) .

Contact sharp.

1. Sand, gravelly, fine to coarse, yellowish-gray to
grayish orange-pink, contains pebbles and cob-
bles and lenses and balls of silt and clay,
feldspathic granules numerous in some strata.
(Pro-Illinoian outwash.). ... ___

Base concealed.

5.0

2.0

5.0

2.5 5.0

2.5 5.0

1 Thicknesses given should not be added horizontally or vertically.

The following section, located a short distance beyond
the South Dakota State line, was exposed in a road-
building excavation in June 1949 at the east abutment
of the highway bridge across the Missouri River at
Sioux City, Iowa.
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Locality 16. Northwest corner of sec. 31, T. 89 N., R. }7 W.,
Woodbury County, Iowa

[Examined by R. F. Flint, H. G. Hershey, R. V. Ruhe, and G. D. Smith]

Feet
(estimated)
8. Soil zone, 1 to 2 feet thick, developed in the top
of unit 7 9.0

7. Loess, very silty, massive, yellowish-gray, calcareous.
(Cary and post-Cary.)
6. Soil zone, olive-gray to grayish-black, carbonaceous;
maximum 2 feet thick; developed in the top of
unit 5. (Tazewell and Cary.)
5. Loess, very silty, massive, yellowish-gray; basal part
with yellowish-orange mottling. (Iowan and Taze-
well.)
4. Mature weathering profile extending downward
through the full thickness of unit 8 and locally into
unit 2. (Sangamon.)
3. Loess, rich in clay, in part secondary ; dark yellowish-
brown to grayish-red. (Loveland?) - ....___. 3.0-10.0
2. Till, consisting of rare pebbles in an abundant matrix
rich in clay and silt; compact, tough, conspicuously
jointed ; strong oxidation along joints. (Kansan?
on basis of correlation by Iowa geologists.) -.__ 7. 0-30.0

Erosional unconformity.

1. Sand, fine, yellowish-gray ; has both parallel and roll-
ing bedding, foreset northeastward; local cut-and-
fill stratification. (Kansan?) Maximum_ .______ 10.0

Locality 17 (Sections A-D). Northeast bank of Skunk Creek
and slope above bank in SWIYNBEY, sec. 11, T. 102 N., R 51
W., Minnehaha County, 8. Dak.

[Exposed in July 1947]

Section A. Trench, 2.5 to 4 feet deep, exposing units 2, 3, and
4 and 1.5-inch auger hole passing through units 1 and 2.

[Trench section measured by R. F. Flint and D. R. Crandell, Auger hole
measured by G. D. Smith, F. Riecken, H. G. Hershey and R. F.
Flint]

Top of slope.
Feet
4. Loess, well sorted as to size; upper part oxidized light
olive-brown to yellowish-gray, grading downward
into gray with brown mottling; calecareous through-
out; uppermost 2 feet humified. (fowan and post-

Towan) 7.0

Sharp contact.

8. Till, consisting of numerous stones, mostly less than 2
.inches in diameter, in clay-rich matrix; not tough;
crumbly; faintly jointed; moderate olive-brown
when moist; yellowish-gray when dry; iron and
manganese oxide coatings on joint and pebble sur-
faces; matrix in basal part contains reworked under-
lying silt. (Iowan)

Contact smeared ; indistinct.

2. Bilt, clayey, loesslike; unstratified; well-sorted as to
size; very compact; moderate-brown when moist;
moderate yellowish-brown when dry; uppermost 2
feet leached. (Loveland)

303764—55—4

14.5

17.0

Sharp contact.
1. Till, consisting of stones in clay-silt matrix; tough,
compact ; dark yellowish-brown when moist; upper-

most 4 inches leached. (Loveland) o eee 1.0
Sediments concealed beneath slope, to surface of creek.. 78.0
117.5

A layer of volcanic ash is exposed on the slope south
of the auger hole and at about the altitude of the bottom
of the hole.

Section B. In head of gully about 600 feet east of Section A.

[Measured by R. F. Flint and D. R, Crandell],
Concealed to top of slope.
Feet
8. Volcanie ash, like unit below but mixed with silt in
proportions increasing upward, and streaked with

yellow iron oxide; noncalcareous; maximum.._____ 1.7
Contact gradational.
Volcanic ash, unstratified; noncalcareous; very light
gray to white; apparently unaltered.! (Member of
Sappa formation) 0.4
Contact sharp ; nearly horizontal.
2. Silt, clayey, poorly stratified, compact; at top olive
gray, grading downward to grayish olive mottled
with yellow iron oxide; noncalcareous. (Sappa
formation.® Kansan?)____ - 2.6
Contact sharp.
1. Till, consisting of stones, mostly small, in abundant
matrix rich in silt and clay; tough; light olive-gray
when moist; uppermost 3 inches leached. (Kan-
san?) 1.0
Concealed beneath slope, to creek surface_______________ 39.5
45.2

Section 0. In head of gully, about 300 feet east of Section B.
[Measured by R. F'. Flint and D. R. Crandell]

Concealed to top of slope.

Feet

4. Till, like till in section A, unit 3. 1.5

Contact smeared ; indistinct.

3. Silt, with clay content increasing upward; loesslike,
nonstratified, very compact, olive-gray when moist in
upper half, grading down into moderate brown ; lower
part noncalcareous; upper part slightly calcareous
probably owing to secondary lime derived from over-
lying till. (Loveland?)

Contact sharp; nearly horizontal.

2. Clay, silty, indistinetly laminated, compact; at top
olive-gray grading downward into grayish olive,
streaked and mottled with yellow iron oxide ; faintly
calcareous. (Sappa formation; Kansan?)_________

Contact indistinct, marked by very thin layer of collu-

vium(?).

1, Till, consisting of small stones in abundant clay-rich
matrix; tough, distinctly jointed; light olive-gray
when moist; oxide coatings on joint faces, faintly
calcareous. (Kansan?)

Concealed beneath slope, to surface of creek____________

(Towan.) e

2.9

1.3

1 Pearlette ash (Frye, Swineford and Leonard, 1948, p. 505.)
2 Condra, Reed, and Gordon, 1950, p. 22.
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Section D.—In cut bank of Skunk Creek about 500 feet south-
east of Section C

[Measured bf' R. F. Flint and D. R. Crandell, amplified by G.' D. Smith]

Concealed to top of slope.
Feet 1

3. Till, consisting of small stones in silt-rich matrix;
crumbly, moderate olive-brown when moist; some
pebbles in colluvium are wind etched .o

Contact distinct.

2. Silt, loesslike, containing rare scattered small pebbles;
very tough, brownish-gray, slightly calcareous; up-
permost part altered to Chernozem soil; top (gla-
cially?) disturbed ;

1. Till, consisting of rare stones in clay-silt matrix ; tough,
jointed, light olive-brown when moist; no pebbles of
carbonate rocks in uppermost 4 feet; calcareous
throughout. Uppermost part altered to Chernozem
soil and perforated with filled-in crayfish burrows
containing shell fragments of the aqueous snail
Limnaea reflexa Say. ’

Base concealed at surface of creek.

5-25

3-13

12-18

i
i
1Thicknesses are maxima and minima exposed throughout 250 feet

horizontally.
Interpretation of section D at locality 17:

3. Towan till.

2. Silt of the Aftonian, Sappa, or Loveland deposits,
probably the same date as the burrows, in the
underlying till, containing the snail shells. Ac-
cording to Leonard (1950, p. 41) the known
stratigraphie range of this snail, which certainly
postdates the till, is Pleistocene (Aftonian) to
Recent. Insofar as the silt does not resemble
the silt of the Sappa formation in sections B and
C or the silt of the Loveland loess in section 4,
it can be considered as most likely Fullerton.

1. Nebraskan, Kansan, or Illinoian till. Least likely
Illinoian because the Chernozem soil indicates a
post-till, presilt interval and because the over-
lying silt does not resemble silt of the Loveland.
The vertical position of the top of the till, sub-
stantially lower than the tops of the basal tills
in section B and O, and the dissimilarity of the
silt overlying it to the silt of the Sappa in those
sections, suggests that this till is more likely
Nebraskan than Kansan.

Locality 19 (Sections A and B). Road cuts 500 feet west of
bridge over Big Sicug River in SW sec. 27 and NW1, seo.
34, T. 106 N., R. 49 W., Moody County, S. Dak.

[Sections exposed in June 1947]

Section A. South side of road.

4. Silt, pale yellowish-brown when moist ; light olive-gray
to pale yellowish-brown when dry, with very fine
sand; streaked with dark yellowish-orange; indis-
tinctly laminated; very tough; irregularly jointed
subvertically ; noncalcareous except for a few areas
far from joints. (Loveland ?, probably in part eolian) _

Feet

10.5
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Sharp contact. Feet
8. Til}, light olive-gray when moist; consists of a few
stones less than 10 inches in diameter in clay-rich
matrix ; tough ; jointed ; blocky ; joint faces and stone
molds coated with iron and maganese oxides; cal-
careous. (Illinoian?)
2. Silt, sand, and gravel. At top, olive-gray silt, indis-
tinctly laminated, grading down into light olive-gray
silt interbedded with medium and fine sand and
pebble gravel. Pebbles mostly less than 0.5 inch in
diameter, and poorly rounded. Uppermost 10 inches
noncalcareous. (Sappa formation; Kansan?)______
1. Till, consisting of very few, very small stones in clay-
rich matrix ; lower part olive-gray when moist, light
olive-gray when dry; uppermost 4.5 feet oxidized;
extremely tough; blocky; calcareous throughout.
(Kansan?) .
Concealed to surface of Big Sioux River . ______

135

4.2

Section B. North side of road. )

4. Silt and sand, like section A, 4, consisting of a humified
silt zone, 0.5 feet ; leached silt zone, 1.5 feet ; silt zone
of secondary carbonates, 3.0 feet; and an oxidized
zone of silt and sand, 2.0 feet; (Loveland?, probably
in part eolian)

Contact gradational.

3. Granule gravel and coarse sand, lithology like that in
drift ; indistinctly stratified ; thoroughly oxidized to
dark yellowish-orange. Stream deposits, either out-
wash or reworked drift, occupying stratigraphic po-
sition of Crete formation; (Illinoian)* ____________ 2.0

2. Stone concentrate 1.0

1. Till? identical with Section 4, 3; (Illinoian?) _--____ 11.0

7.0

1 Condra, Reed, and Gordon, 1950, p. 24.
2 Base of Section B, 1 is 6 feet higher than top of Section 4, 1.

Locality 20. Road cut, ditch, and stream bank, exposed in
July 1947 in NE1, sec. 14, T. 10} N., R. 49 W., and adjacent
part of sec. 11, Mimnehaha County, 8. Dak.

[Composite section]
Feet
(mazimum)

5. Sand, medium-grained, yellowish-gray; indistinctly
and irregularly stratified ——— 6
4. Gravel and sand, little sorted; includes ventifacts.._.. 1.5
3. Till, pale yellowish-brown when dry; matrix sandy to
clayey; weak and crumbly. 8
Concealed - 4
2. Clay, silty; yellowish-gray when dry; uppermost
0.2-0.8 feet humified to light olive-gray when dry;
indistinctly laminated ; contains erratic pebbles and -
minute mollusk shells stratigraphically not diagnos-
tic but indicating a pond environment; calcareous..
1. Till, dusky-yellow when dry; very few stones, no
boulders; very compact; coarsely jointed; blocky.. 7
Base concealed.

2.5

29
Interpretation : )
5. Eolian sand, Iowan and (or) post-Iowan.
4. TJowan outwash.
3. Iowan till.
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2. Pre-Wisconsin aqueous sediment, probably local.
1. Pre-Wisconsin till, most likely Illinoian.

Locality 22. Road cut on CUff Avenue, Sioux Falls, in the north
bluff of the Big Sioux River trench, southwest corner of sec. 3,
T.101N., R. }9 W., Minnehaha County, 8. Dak.

[Composite section prepared from exposures through a north-south
distance of 200 feet, observed in 1947, 1948, and 1949]

Feet
(mazimum)

Surface marked by several boulders, which either overlie

or project through the loess.

10. Loess, coarse, noncalcareous; top 1.4 feet humified,

lower part brownish. (Wisconsin.) .o ___.

Gradational contact.

9. Silt or loess, very sandy; basal 0.5 foot nearly all
sand; nonstratified, noncaleateous, brownish.
(Wisconsin.) 2

Sharp contact, marked by discontinuous stone concentrate.

8. Till, consisting of abundant pebbles in a clay-silt ma-
trix; firm; light olive-brown when moist; oxidized

throughout, calcareous throughout; (Tazewell?).. 7°

Sharp contact.

7. Loesslike silt,' somewhat clayey, even textured ; upper
part oxidized, lower part gray with brown mot-
tling; caleareous. (Iowan and post-Towan, either

in place or as a large inclusion in till 6 or 8.) -..___. 2

Sharp contact, indistinet to southward.

6. Till, consisting of pebbles in a eclay-rich matrix;
moderate olive-brown when moist, caleareous.
(Iowan?) 16

5. Sand, fine, light olive-gray; parallel bedded in nearly
horizontal layers averaging less than 1 millimeter
thick, some with dark carbonaceous matter; faintly
Jjointed ; coarse and irregularly bedded at south end;
uppermost 1 foot nonecalcareous; remainder slightly .
calcareous. (Iowan?).__ - 6

Sharp contact. .

4. Colluvium and Wiesenbdden soil zone, consisting of
dark-gray clay and silt, indistinetly laminated, con-
taining minute gastropod shells; faintly calcareous

3.2

in southern part of cut only. (Pre-Towan)._.__... 7.2
Gradational contact.
3. Till, light olive-gray when moist; with streaks and

blotches of moderate brown iron oxide, calcareous,

with top 2-foot zone characterized by whitish nodules

of secondary carbonates; uppermost 30 feet oxidized.

(Pre-Wisconsin) o ______ 47.5
2. Concealed 12
1. Till, like unit 3 but lacking secondary carbonates__.. 8
Base concealed at estimated 50 feet above Big Sioux River

110.9

1 Qccurs in northern part only, pinching out southward, where its
stratigraphic position is represented by a thin layer of whitish secondary
carbonates.

The gastropod shells at horizon 4 are of a single
species, Ammnicola cincinnatiensis (identified by A. B.
Leonard). Its presence indicates perennial water, but
it is of no stratigraphic significance.

A composite section measured in 1927 by Kay (Kay
and Apfel, 1929, p. 161) is as follows:

Locality 25. Two miles east of South Dakota State line in SEY
sec. 14, T. 98 N., R. 48 W., Lyon County, Iowa
Feet
5. Loess, buff-colored, lowest 1 foot gray and has iron
tubules ; unleached except upper 3 feet, which is dark
brown and leached 14
4. Till, Kansan, oxidized, unleached, has concretions,
sand pockets, breaks into irregular shaped frag-
ments, jointed ———— 38
3. Silts, alternating bands of dark-brown, chocolate-col-
ored calcareous silts and lighter colored loesslike
silts with no pebbles and highly calcareous and hav-
ing concretions 30
2. Till, Nebraskan, oxidized and unleached, dark-brown,
chocolate-colored stains along many joints, many
lines of concretions, breaks into irregular frag-

ments 10.5
1. Till, Nebraskan, unoxidized and unleached, dark gray
in color, highly calcareous, has concretions, starch-
like fracture e 15
107.5

As stated in the foregoing description, Kay inter-
preted the two tills as Kansan and Nebraskan, respec-
tively. However, the section was revisited by various
geologists in 1947 and 1948. A molluscan fauna col-
lected by Leonard (1950, p. 6, 41) from the silt of unit
8 consists of 8 genera, of which 3 are not known to oc-
cur elsewhere than at the Sappa horizon, and the re-
maining 5 occur in deposits ranging in age from Sappa
to Recent. None have been found in pre-Sappa deposits
elsewhere. It is therefore likely that the silt is Sappa.
It follows that the overlying till (4) can not be Kansan,
as Kay believed, but must be post-Kansan. In the
writer’s opinion this till is Towan. The lower till (2)
may be Nebraskan, as Kay thought, but is more likely
Kansan. .

Locality 28. Road cut 0.1 mile west of the north quarter corner
of sec. 16, and 0.1 mile west of the south quarter corner of
sec. 9, T. 96 N., R. 4,8 W., Lincoln County, S. Dak.

[Exposed in July 1947]
Feet
4. Loess (Iowan and post-Iowan.) 5.0
3. Concentrate of stones, including ventifacts; lying dir-
rectly on
2. Till, dusky-yellow when dry; clay-rich matrix with
pebbles, cobbles, and one boulder; calcareous.
(Iowan.)
1. Clay, silty, pale-brown to reddish; weathers with mi-
nute hexagonal cracks; checks when dry; grades
downward into similar material containing sand-size
grains and granules exclusively siliceous; noncal-
careous.! (Illinoian? till and loesslike silt altered to
gumbotil and gumbo silt.) -
Base not reached.

10.0

27.0

1 Only the uppermost 4 feet of unit 1 were exposed. The basal 6 feet
of the section were measured by augering.
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TILLS BELIEVED TO BE PRE-WISCONSIN ON
TOPOGRAPHIC EVIDENCE

The second group includes sections that expose tills
believed to be pre-Wisconsin by virtue of their relations
to topography, rather than through direct strati-
graphic evidence, which is lacking. This group in-
cludes five sections, all located in the southern or south-
eastern part of the State. They are localities 2, 3, 6, 26,
and 27 on figure 6.

In this group of exposures the tills, unlike the Wis-
consin tills, are unrelated to the existing topography.
Clearly they were deposited before the erosion occurred
that resulted in the present-day relief. As this relation-
ship has not been observed in the Wisconsin deposits,
other than along the immediate bluffs of present-day
streams where erosion is now very active, it is believed
to indicate pre-Wisconsin dates for the tills concerned.

Locality 2. EBExposures in bluff of Missouri River trench in secs.
6,7, 18, 19, 30, T. 108 N., R. 71 W., Brule County, S. Dak.

[Composite section, from observations by R. F. Flint in 1946 and
C. R. Warren in 1949]

Peet
(mawimum)

4. Loess, including a soil zone, and overlain by boulders
(till equivalent). (Wisconsin undifferentiated.).. 10

Sharp contact.

3. Till, yellowish; consisting of stones in abundant
matrix rich in silt and sand ; probably reworked from
unit 2; maximum thickness estimated. (Iowan.)__ 10

Contact not exposed.

2. Till, consisting of stones, mostly pebble size, in
abundant matrix of silt and clay, light olive-gray to
greenish-gray, compact, cut by widely spaced joints
along which oxidation is occurring in upper part, cal-
carceous. (Illinoian?) 120

Sharp contact.

1. Sand and gravel, largest pebbles about 0.7 inch in
diameter; pebbles mostly well rounded; western
provenance; stratification not determined because of
poor exposure. (Crete formation?)_____________ 70

210
Sharp contact.
Pierre shale.

Locality 3. Road cut at top of northeast blujf of Missouri River
trench. West quarter corner of sec. 24, T. 100 N., R. 71 W.
Charles Miz County, 8. Dak.

[Altitude of top of section approximately 1,900 feet]

?

. Feet
Till, consisting of sparse stones and one boulder in silt-

rich matrix; oxidized dusky-yellow when dry through-

out; tough; inconspicuously jointed; contains many

inclusions of contorted, stratified and semistratified

drift ; extensively impregnated with gypsum.-_________
Pierre shale.

Interpretation—This till, which has the general
physical character of the pre-Wisconsin tills and which
resembles till 1 in locality 4 (p. 84) is believed to be I1li-

noian. It is perched on the crest of the bluff, 550 feet
above the river; yet no eroded remnants of till occur
anywhere between this exposure and the river. This
fact suggests that the till antedates the Missouri trench;
yet, as explained in the text, there is no evidence that
either Nebraskan or Kansan ice reached as far west as
this locality. If this reasoning is accepted, the till can
be only Illinoian.

Locality 6. In sand and gravel pit on farm of Albert Hiedb in
NW1,; sec. 23, T. 97 N., R. 62 W., Douglas County, 8. Dak.
[Exposed in 1946 and 1947]

Feet

4. Boulders scattered on dissected surface. (Wisconsin
till equivalent.)

3. Till, consisting of stones and a few boulders in a clay-
and silt-rich matrix; light olive-gray when moist;
uppermost 10-12 feet oxidized dusky-yellow; con-
tains inclusions of olive-gray clay-rich till and dusky-
yellow loesslike silt; in places cut by structures re-
sembling clastic dikes; (Illinoian?) Maximum. ...

Sharp, flat-lying erosional contact, in places transecting

stratification of unit 2.

2. Gravelly sand, pebble sizes less than 5 percent of total;
largest fragments about 1 inch in diameter; mostly
medium and coarse sand ; grains varyingly rounded ;
yellowish-gray, locally with a faint pinkish hue
owing to presence of abundant pink feldspar; lith-
ology western; cut-and-fill stratification, in courses
12 to 20 inches thick, with foreset beds predominantly
sloping northeast; contains fossil vertebrates not
later than early Kansan; (Red Cloud formation)®..

Unconformity ; upper surface of unit 1 faintly channeled.

1. Siit, grayish-olive when moist; micaceous; compact;
indistinctly laminated; 2 feet exposed; 2 feet
augered; (Interglacial? alluvium; possibly Fuller-
ton formation)

Base concealed

22.0

24.0

4.0

50.0

1 Schultz, Reed, and Lugn, 1951,

Locality 26. Road cuts extending through north-south horizontal
distance of about 1 mile in east half of secs. 12 and 13, T.97 N.,
R. 49 W., Lincoln County, 8. Dak.

[Composite section exposed in June 1947]
Feet

4. Scattered boulders, foreign, chiefiy granitic. (Cary till
equivalent at surface.)

3. Loess, fine-grained, light olive-gray when dry, oxidized,
calcareous; includes conspicuous zone of small cal-
careous nodules in upper part. (Iowan and Taze-
well.) 15

2. Till, light olive-gray when moist, mottled in places with
dark yellowish-orange; consists of small stones in a
clay-rich matrix; conspicuously jointed, blocky, cal-
careous, (Illinoian.) - 98

Sharp, fiat-lying contact.
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1. Sand, silt, and clay, proglacial lacustrine and fluvial
sediments, mostly horizontally stratifled:

Feet Feet
h. Sand, medium ; indistinctly laminated___ 19
g. Sand, fine, silty; contains large platy
calcareous concretions 21
f. Clay, silty, olive-gray when moist, blocky ;
contains small gastropods_ ... ___ 12
e, Sand, very fine, interbedded with coarse
silt 11
d. Concealed, — 20
c. Sand, medium to fine, with beds of small
angular pebbles ; crossbedded with fore-
setting predominantly southward._____.. 16
b. Concealed : 31
a. Clay, light olive-gray, indistinctly lami-
nated, faintly blocky . _____ 3
Total for unit 1 133
Total for section 246

Base concealed in bed of creek near its mouth in Big Sioux River.

Gastropods from horizon 1 f were collected by A. B.

Leonard, who kindly furnished this list and comment:
Gyraulus, sp. (fragmentary, not identifiable)

Helisoma antrose

Lymnaea palustris

Lymnaea reflexa

Fragments suggesting additional species also occur. As the
species identified are known to occur in deposits from Aftomian
to Recent, they do not afford a specific date for these deposits.

The significant fact here is that till 2 is unrelated
to the existing togopraphy. Both this till, and the sedi-
ments of unit 1 that underlie it, antedate the existing
valleys and seem to be related to a former broad valley
that drained southwest (pl. 7). As the Wisconsin drift
sheets elsewhere in South Dakota are generally related
to the present topography, it is inferred that till 2 is
pre-Wisconsin. The underlying sediments may well
have accumulated in a lake ponded at the margin of
the inferred pre-Wisconsin glacier shortly before the
ice reached its maximum extent.

Locality 27. In the south bluff of the valley of Big Sioux River.
Line seporating secs. 16 and 17, T. 97 N., R. 48 W., Lincoln
County, 8. Dak.

[Section exposed in June 1947]

Feet
3. Loess, identical with loess of locality 26, unit 3 ex-
cept that it contains pipelike ferruginous concre-
tions; (Iowan and Tazewell.) 11.0

Sharp, flat-lying contact. Pebbles concentrated at con-
tact, about 0.2
2. Till, identical with till of locality 26 unit 2 except that
it is more widely mottled and stained with limonite.
(Illinoian.)
Concealed 5.0
1. Sand and silt, proglacial lacustrine and fluvial; sedi-
ments similar to that in locality 26 unit 1 except
that little clay is included. (Illinoian?) . _._____
Base concealed beneath floor of valley.

TILLS BELIEVED TO BE PRE-WISCONSIN ON
INTERNAL EVIDENCE

Tills described in the foregoing paragraphs possess
certain physical characteristics in common that differ
from those observed in tills identified, on evidence in-
dependent of physical characteristics, as Wisconsin.
When such characters are observed in exposed tills
without direct evidence of correlation, it is tentatively
inferred that the tills are pre-Wisconsin. Exposed tills
inferred to be pre-Wisconsin solely because of their
physical appearance are found in the following listed
12 localities, which are shown on figure 6. The list is
offered with the qualifying statement that the dating
is provisional only, and that no basis whatever has been
found for assigning any supposed pre-Wisconsin till to
any particular pre-Wisconsin stage.

Localities of occurrence
[Locality numbers correspond with numbers on the map, figure 6]

1. NW148SW14 sec. 32, T. 114 N, R. 67 W., Hand County. Road
cut. BExposed in 1948: 8 feet of till overlain with ero-
sional unconformity by Mankato(?) outwash gravel.

5. SW1SW14 sec. 36, T. 104 N., R. 62 W., Davison County.
Road cut. Exposed in 1948: 11 feet of till overlain by
Mankato (?) outwash.

7. Southeast corner sec. 18, T. 102 N.; R. 59 W., Hanson
County. Road cut. Exposed in 1948: 18 feet of till over-
lain by sand and Mankato ( ?) till.

11. Northwest corner sec. 5, T. 94 N., R. 53 W., Clay County.
Section in creek bank at railroad crossing. Exposed in
1946 and 1947: 22 feet of calcareous till capped by a
stone concentrate, base concealed.

12. 0.1 mi. west of the north quarter corner of sec. 6, T. 93 N., R.
52 W., Clay County. Section exposed in 1946: 12 feet
of till, with base concealed, and overlain (above a con-
cealed interval) by loess and till, both considered to be
Wisconsin.

13. SE4NE1; sec. 24, T. 92 N,, R. 52 W., Clay County. Sec-
tion 500 feet long on west side of South University Street,
Vermillion. Exposed in 1946 and 1947: 49 feet of cal-
careous till, with base concealed, overlain by 8 feet of
loess believed to be Cary and post-Cary.

14, E%NEBE14 sec. 21, T. 92 N, R. 51 W,, Clay County. Long
road cut in bluff of Missouri River trench. Exposed in
1946 and 1947 : 40 feet of till, base concealed.

15. NW14NW4 sec. 24, T. 92 N., R. 51 W,, Clay County, Long
road cut in bluff of Missouri River trench. Exposed in
1946 : 30 feet of calcareous till (base concealed) overlain
with erosional unconformity (further marked by local
stone concentrates) by 5 to 15 feet of loess believed to
be Cary and post-Cary.

18. SE14 sec. 8, and SW14 sec. 9, T. 107 N., R. 48 W., Moody
County. Cuts along road descending south bluff of Big
Sioux River trench. Exposed in 1947: 52 feet of till, con-
cealed by colluvium at base of bluff, the uppermost 35
feet of which are oxidized. Overlain by a thin cover of
loess believed to be Wisconsin, probably Cary.

20. SEY sec. 11 and NE4 sec. 14, T. 104 N., R. 49 W., Minne-
haha County. Stream bank and ditch. Composite sec-
tion exposed in 1947: 7 feet of till, overlain by aqueous
clay and by till thought to be Iowan.
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23. Near center of sec. 9, T. 101 N., R. 49 W., Minnehaha County.
Below parapet retaining U. S. Highway 77 across a
spillway tunnel for the Upper Sioux Valley Drainage
Canal. Rothrock and Newcomb (1926, p. 15) reported a
section, exposed in 1925, of 120 feet of till. In 1947 and
1949 till about 80 feet thick was exposed, with 40 feet
below it concealed by colluvium. The uppermost 30 feet
are oxidized dusky yellow; below the oxidized zone the
till is light olive-gray when dry.

24, East quarter corner sec. 10, T. 101 N.,, R. 49 W., Minnehaha
County. Great Northern Railway Co. sand-and-gravel
pit. Hxposed in 1947: 8 feet of till, constituting a mas-
sive knob projecting upward into an extensive body of
Cary(?) outwash. ’

DISTRIBUTION OF TILLS

A comparison of localities having exposed tills be-
lieved to be pre-Wisconsin (fig. 6) with the general map
of surficial deposits (pl. 1), shows that most of the lo-
calities are close to major present drainage lines, where
dissection and relief are at a maximum. This fact
implies that pre-Wisconsin drift occurs, perhaps wide-
ly, beneath the more extensive areas of little dissection
on the Coteau des Prairies and in the extreme south-
eastern part of the State. Wide and deep erosion of
the James River lowland by Wisconsin glacier ice
makes it improbable that much pre-Wisconsin drift is
preserved beneath that lowland (p. 154-155).

The only direct inference as to geologic history that
can be drawn from the distribution of the tills is that
during some glacial age or ages antedating the Wis-
consin age, glacier ice covered southeastern South Da-
kota as far west as the Missouri River in Brule County.
More specific inferences as to pre-Wisconsin glaciations,
however, can be drawn from other kinds of evidence
(p. 52-54).

OTHER POSSIBLE PRE-WISCONSIN DEPOSITS
TILLS FOUND IN BORINGS

The assembled subsurface data on eastern South Da-
kota reveal very meager indications of pre-Wisconsin
tills. Of the 20 borings located on the map (fig. 25)
and shown in figure 26 and plate 6, only two (at
localities 2 and 8) include units so interpreted, and in
each the interpretation is questionable. Both borings
are located in prediversion valleys. This fact permits
assignment of the tills in question to the pre-Wisconsin
dates.

BOULDERS

In many places throughout the glaciated region of
South Dakota boulders, mostly granitic, and noticeably
roughened by differential weathering, occur on the sur-
face. Roughening appears to have been brought about
by alteration of ferromagnesian minerals and feldspars
as compared with unaltered grains of quartz. Such
boulders are a part of the Wisconsin drift, and are scat-
tered through a vastly greater number of boulders of
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similar rock types that are fresh and free of differential
weathering. This fact seems to preclude the possi-
bility that the weathering postdates the Wisconsin glaci-
ations. Neither can the weathering antedate the Pleis-
tocene glaciation in all cases, because the form of the
weathered surfaces of some of the boulders indicates
that these were glacially abraded before they were
weathered. It is inferred that some and perhaps all of
the roughened boulders formerly constituted parts of
one or more pre-Wisconsin drift sheets, that they were
exposed and weathered during one or more interglacial
ages, and that they were then picked up and moved
again by Wisconsin glacier ice.

OUTWASH

At four localities (fig 6, localities 94, 9B, 198, and
26) represented by measured sections, there are strati-
fied sediments whose stratigraphic positions indicate
that they are pre-Wisconsin and whose lithologic char-
acter is such that they could represent bodies of out-
wash. At the first locality (94) alluvium underlies
Loveland loess, as shown in the following section, with
a contact that is apparently transitional. For this rea-
son it is thought to represent Illinoian outwash—pos-
sibly the lateral margin of a valley train of the Missouri
River—rather than a sedimentary body of some earlier
date.

Locality 9A. Cut on east side of road ewposed inm 1951. Near
center SWi sec. 14, T. 98 N., R. 57 W., Yankion County,
8. Dak.

[Section measured and interpreted by H. E. Simpson]
Feet
(mawvimuwm)

4, Loess, very pale yellowish-brown, mottled with light-
gray when dry; massive, with prismatic structure;
calcareous ; contains scattered sand grains and small
calcium-carbonate concretions. (Iowan and post-
Iowan.) — :

Contact sharp to transitional due to reworking of unit 3.

3. Loess, dark yellowish-brown to moderate yellowish-
brown when dry; massive, with prismatic structure;
leached; contains secondary calcium carbonate.
(Farmdale? of Leighton.)

Contact sharp.

2. Loess with soil profile; upper part dark yellowish-
brown; massive, with prismatic structure; leached,
contains secondary calcium carbonate. Lower part
clayey, moderate yellowish-brown when dry; mas-
sive, with prismatic structure; leached; contains
secondary calcium carbonate. (Loveland.)—____.___

Contact transitional.

1. Sand, clayey and silty, dark-gray to grayish-black;
stratified ; leached. (Illinoian alluvium.)_ __________

Base concealed.

10.0

3.9

5.2

2.0

21.1

At a second locality (26 on fig. 6; see p. 38-39) lacus-
trine or alluvial sediments underlie a pre-Wisconsin till
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without intervening weathering or deep erosion, and
have a thickness greater than 133 feet. Their predomi-
nantly parallel stratification and considerable content
of clay and silt indicate that these sediments are lacus-
trine at least in part, and probably accumulated in a lake
in front of a growing ice sheet. As the sediments occur
within the area of an abandoned former valley of major
size (pl. 7) it seems likely that the lake was created by
damming of the ancient valley, on the southwest side,
by a pre-Wisconsin James glacial lobe. The lacustrine
sediments may have been derived both from that lobe
and from the Des Moines lobe on the northeast. The
existence of these lobes is assumed by analogy with the
clearer record of glacial lobes of Wisconsin age. The
lacustrine sediments were later overridden by the ad-
vancing ice sheet and were covered with till. Presuma-
bly this was the Illinoian glaciation, although proof is
lacking that this drift does not pertain to a still earlier
glacial stage:

The third locality at which pre-Wisconsin stratified
material has been observed is 19 B (fig. 6, p. 36). Al-
though the sediment exposed at that place is pre-Love-
land alluvium, it lacks features distinctive of outwash;
hence its interpretation as outwash is only a possibility.
It is separated from the till beneath it by a stone con-
centrate, which records erosion of the till before the
alluvium was deposited. This fact does not preclude
the outwash hypothesis; it means merely that the
stratified sediment was laid down after the till at that
locality had been eroded. Whether this stratified body
actually represents outwash remains andetermined.

The three bodies of stratified drift enumerated above
have two very different relationships to weathering.
The body at locality 19 B is thoroughly oxidized,
whereas the other two are hardly altered at all. The
difference is not significant, inasmuch as each of the
two little-altered bodies is overlain by thick sediments,
which protected the material underlying them from
substantial alteration, whereas the more-altered body
was affected by the oxidation that altered the Loveland
loess during the Sangamon interglacial age. Degree of
weathering alteration, therefore, is not necessarily a
measure of relative age.

The scarcity of exposed sediments that even possibly
may represent pre-Wisconsin outwash is not remark-
able. The widespread covering of pre-Wisconsin drift
by Wisconsin drift has been noted already. More sig-
nificant, perhaps, is the fact that, as shown in a later
section, Wisconsin outwash in South Dakota is gen-
erally very thin owing to the character of the bedrock;
therefore the pre-Wisconsin outwash bodies must, of
necessity, have been thin also. Furthermore outwash
is commonly deposited along major streamways, where
post-outwash erosion is likely to be concentrated. For

this reason outwash is a vulnerable kind of deposit; it
is not likely to have survived, in quantity, the inroads
of erosion during the interglacial ages that succeeded
the times of greatest outwash accumulation.

SUMMARY OF PRE-WISCONSIN GLACIAL DEPOSITS

In summary, there are exposed in eastern South
Dakota tills known or inferred to represent pre-Wis-
consin glacial stages. At certain localities a till un-
derlies deposits believed to be the Sappa formation,
and hence is jnferred to be either Kansan or Nebraskan,
more likely the former. At other localities a till un-
derlies the Loveland loess and hence is Illinoian or pre-
Illinoian, more likely the former. In no exposure has
either Nebraskan or Kansan till been identified un-
equivocally, although it is certain that at least one of
them is present. However, as both these tills occur in
western Iowa and eastern Nebraska, there can be no
doubt that both Kansan and Nebraskan glaciers suc-
cessively travered at least part of South Dakota.

In eastern Nebraska, the Nebraskan drift generally
contains little or no Sioux quartzite, whereas the Kan-
san drift contains abundant fragments of the forma-
tion (E. C. Reed, written communication). Possibly
this difference is the result of the quartzite body not
having been-denuded of its Cretaceous cover, and ex-
posed to erosion, until Aftonian time. In South Da-
kota most of the exposures of pre-Wisconsin drift occur
in or south of the area of outcrop (beneath the drift)
of the Sioux quartzite. Of these, the ones known or
likely to be pre-Illinoian contain quartzite fragments.
On a basis of this reasoning the drifts in question may
be Kansan rather than Nebraskan.,

Much of the pre-Wisconsin till exposed in South Da-
kota is believed to be Illinoian, but except in the Cham-
berlain district the evidence is indirect, and hence in
most exposures till believed to be Illinoian can not be
so dated with entire confidence.

Pre-Wisconsin outwash is scarce; hence the cited
record of deposits made by the proglacial streams of
pre-Wisconsin glacial ages is very meager indeed.

PRE-WISCONSIN NONGLACIAL DEPOSITS

Pre-Wisconsin nonglacial deposits, like pre-Wiscon-
sin tills, are exposed in South Dakota in only a few
places. This fact is not surprising. Probably it is a
direct result of Wisconsin glaciation, more extensive in
that State than the glaciations of earlier date, having
in part destroyed preexisting deposits, and in part con-
cealed them beneath a nearly continuous blanket of
Wisconsin drift.

In consequence, knowledge of such features is so frag-
mentary that reconstruction of a continuous sequence
of events in Pleistocene history from them is not pos-
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sible. On the other hand eastern Nebraska and south-
western Towa were far less affected by Wisconsin gla-
ciation ; therefore the record of pre-Wisconsin events
that they preserve is much more nearly complete. For
this reason it is desirable to summarize the stratigraphic
column already established in this adjacent region, and
then to attempt to fit the fragmentary record from
eastern South Dakota into that column.

Western South Dakota is underlain extensively by
pre-Wisconsin Pleistocene nonglacial stream deposits
which include, in places, bones of fossil mammals, and
which are commonly related to extensive stream terraces.
Mapping and interpretation of this group of related
features would add greatly to knowledge of the Pleis-
tocene history of South Dakota. However, as most of
these features lie west of the glaciated part of the State,
they are beyond the scope of the present report.

STRATIGRAPHIC SEQUENCE IN NEBRASKA AND IOWA

The pre-Wisconsin Pleistocene features of nonglacial
origin in Nebraska and western Jowa—stream deposits,
loess, and weathering profiles, particularly stream de-
posits and loess—have been extensively investigated by
the Nebraska Geological Survey, by surface methods
and by an intensive program of test drilling, and de-
scribed (Condra, Reed, and Gordon, 1950; Lugn, 1935;
Kay and Apfel, 1929; Kay and Graham, 1943). A re-
view of their correlation and significance in Nebraska
is essential to an understanding of the somewhat scanty
evidence of these features in eastern South Dakota.
The term “nonglacial” here refers to the transporting
or developing agency rather than to date or source of
sediments. It is not meant to imply that a nonglacial
feature was necessarily developed during an interglacial
age.

. STREAM DEPOSITS

The Pleistocene stream deposits in Nebraska include
coarse and fine alluvium. Their stratigraphic relations
are shown in figure 7.

The coarse sediments consist dominantly of sand and
pebble gravel, derived from the west, in part apparently
from as far west as the Rocky Mountains. The sand-
and-gravel bodies constitute valley fills, in some areas
spreading out of the valleys and covering interfluves.
The fills reach maximum thicknesses of 300 feet. The
stratigraphic relations of these sediments to the Ne-
braskan and Kansan till sheets and the conspicuous mix-
ing of the western sediments, in the vicinity of those
till sheets, with sediments of northeastern, glacial deri-
vation, have led some Nebraska geologists to the belief
that some of the sand-and-gravel bodies were deposited
in part from the bed loads of western rivers whose
downstream segments were in contact with Kansan and

—
Silt and clay of the Loveland formation
(valley phase)

Sand and gravel of the Crete formation

Silt and clay of the Sappa formation
(including Pearlette ash member)
Sand and gravel of the Grand Island _-
and Red Cloud formations

Red Cloud sand and gravel

Silt and clay of the Fullerton formation _

Sand and gravel of the Holdrege
formation

FIGURE T.—Chart showing generalized stratigraphic relations of pre-
Wisconsin Pleistocene deposits in Nebraska. (From Condra, Reed,
and Gordon, 1950, p. 12 ; modified by Schultz, Reed, and Lugn, 1951.)

Nebraskan glacier ice. The ice deflected the drainage
southward. :

All these coarse sediments look alike and ordinarily
are not separable on a basis of their appearance. They
are, however, separable by virtue of their stratigraphic
relations to till sheets, and they are in part identifiable
through the mammal bones they contain. On this two-
fold basis four bodies have been recognized as distinct
formations (Condra, Reed, and Gordon, 1950; Schultz,
Reed, and Lugn, 1951). These are the Holdrege for-
mation (Nebraskan), Red Cloud formation (lower
Kansan), Grand Island formation (upper Kansan),
and Crete formation (Illinoian). (See fig. 7.)

The Holdrege and Red Cloud formations constitute
thick valley fills and are spread widely across inter-
fluves. In contrast the Grand Island and Crete forma-
tions are confined to valleys and are less thick. It is
inferred, therefore, that considerable dissection oc-
curred during Kansan time, creating valleys to which
subsequent deposits of sand and gravel were confined.

The four bodies of sand and gravel contain fossil
vertebrates, mostly mammals; these are listed in plate 4.
From this list it is apparent that the pre-Illinoian
Pleistocene mammal faunas of Nebraska fall into two
groups, separated approximately by the horizon of the
Kansan till; it is mainly on the basis of this fact that
the Red Cloud and Grand Island formations are con-
sidered to be two distinct units (Schultz, Reed, and
Lugn, 1951).

The mammals of the lower group (antedating the
Kansan till) were collected from localities in the west-
ern part of the State, from the Lisco member of the
“Broadwater formation” of Schultz and Stout (1945,
p- 232) and from the Red Cloud formation. They in- -
clude prongbuck, llama, camels, peccary, horses, masto-
donts, saber-toothed cats, skunk, badger, otter, wolf,
fox, coyote, ground sloth, and a large variety of rodents.
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This assemblage of animals represents a plains environ-
ment with a climate possibly somewhat moister than
the present climate of the region.

The upper group (postdating the Kansan till) in-
cludes a number of immigrants, such as Castoroides,
Castor, Archidiskodon, Parelephas, Mammuthus, E quus
excelsus and E. giganteus, Mylohyus, Cervalces, Alce,
Symbos, Ovibos, Ovis, and Bison. Of these genera, the
mammoth (Mammuthus) and the two musk-oxen sug-
gest a cold, possibly tundra, environment; while Alce
and possibly Cervalces suggest a subarctic forest habi-
tat. Not all these animals necessarily lived in Nebraska
at the same time, for both the stratigraphy and the im-
plied ecology involved permit their assignment to a
wide range of time beginning with the Kansan glacial
maximum and extending into Yarmouth time.

The fine alluvium in eastern Nebraska includes, in
contrast, laminated silts and clays that are mainly
fluvial but that may be in part eolian. Here three strat-
igraphic units are recognized : the Fullerton formation,
the Sappa formation, and the Loveland formation (val-
ley phase). The latter term is used here in the sense
of Condra, Reed, and Gordon (1950, p. 24-26), who es-
tablished the fact that it is not equivalent to the Crete
formation, but postdates that unit.

Each of these silt-and-clay units occurs as relatively
thin accumulations in former valleys now completely
filled with sediments, and as a group these units alter-
nate with the sand-and-gravel units. The top of each
of the silt-and-clay formations is marked by a pro-
nounced erosional unconformity. Although suspected
previously, these facts were established chiefly through
the results of systematic test drilling by the Nebraska
Geological Survey (Condra, Reed, and Gordon, 1950,
figs. 7,8).

The Sappa formation contains a molluscan fauna of
65 species collected from 20 localities (Frye, Swineford,
and Leonard, 1948, p. 506). This fauna implies a tem-
perature probably no lower than that. of today
(Leonard, 1950). The vertebrate fauna of the Sappa
formation likewise implies a climate no colder than the
present climate (C. B. Schultz, written communica-
tion). Prominent in this fauna are ground sloths
(Megalonyz and Paramylodon), mammoths (Archi-
diskodon and Parelephas), horse (Equus excelsus),
tapir (Zapirus), peccary (Platygonus), camels (Camel-
ops and Tanupolama), deer (Odocoileus), four-horned
antelopes (Stockoceros and Hayoceros), and four-
horned prongbuck (Capromeryz).

Correlation of the Sappa formation is facilitated by
the presence in it of a widespread layer of volcanic ash,
the Pearlette ash member, said to be petrologically dis-
tinctive and therefore recognizable as a key horizon

wherever exposed (Frye, Swineford, and Leonard,
1948).

Although the Sappa fauna suggests interglacial con-
ditions, current practice in the Kansas and Nebraska
Geological Surveys is to regard the Sappa formation
as upper Kansan (that is to say, glacial) and to restrict
to the succeeding Yarmouth interglacial stage the deep
weathering, soil development, and erosion that succeeded
the deposition of the Sappa sediments. In an analogous
manner, this practice also regards the Fullerton forma-
tion as upper Nebraskan rather than A ftonian, as for-
merly. This practice, followed in figures 8 and 13 for
reasons of consistency, is provisional and for conven-
ience only, and is manifestly permissible pending agree-
ment as to where to place boundaries between glacial
stages and interglacial stages in a nonglaciated region.
The correlation of fossil-bearing stratigraphic units
shown on plate 4 does not coincide in all respects with
the correlation mentioned above. This results from
unreconciled differences of opinion among geologists
i the Nebraska-Kansas region.

LOESS SHEETS

The only pre-Wisconsin loess deposit that has been
widely recognized in Nebraska and Iowa is the Love-
land loess. Named Loveland by Shimek (1909, p. 405,
footnote), from a locality in western Iowa, this deposit
was later generally identified as chiefly loess, and, to-
gether with noneolian deposits, was incorporated by
Kay (Kay and Graham, 1943, p. 63-85) into his Love-
land formation. The Nebraska Geological Survey
(Condra, Reed, and Gordon, 1950, p. 26-30) recognized
this formation as consisting of an upland phase (loess),
a valley phase (alluvium) and a slope phase
(colluvium). )

Mickelson 2 showed that the expanded Loveland for-
mation of Kay included noneolian sediments of dif-
ferent dates, and that at least some of these sediments
are referable to the Sappa formation. Accordingly he
recommended that the Loveland loess should include
only the sediments represented by the type section, as
originally named by Shimek, and implied abandon-
ment of the name Loveland formation in the wider
sense. For simplicity and convenience this recommen-
dation is followed in the present discussion.

The Loveland loess consists predominantly of silt,
with minor amounts of very fine sand.® It is generally
3 to 6 feet thick, locally reaching 20 feet in Towa and 60
feet in eastern Nebraska. It mantles an eroded surface
including, in Iowa, the Sappa formation* and in

2 Mickelson, J. C., 1949, Reclassification of the Pleistocene Loveland
formation of Iowa : Towa Univ., unpublished Ph. D. dissertation, 97 p.

2 See mechanical analyses, idem, p. 82—-85.

4Idem, p. 86.
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Nebraska the Crete formation, apparently without evi-
dence of post-Crete, pre-Loveland weathering (Condra,
Reed, and Gordon, 1950, p. 30). It is overlain by Wis-
consin deposits, mostly loess. The date of Loveland
loess deposition is thus fixed, at least in places, as post-
Crete, pre-Wisconsin. It is deeply oxidized and deeply
leached of its carbonates, and this alteration antedates
the overlying Wisconsin deposits. Hence, as the sedi-
ments constituting the Crete are believed to date from
about the time of the Illinoian maximum, the age of
Loveland loess deposition could date from late Illinoian
to fairly late Sangamon. In 1924 (Kay and Graham,
1943, p. 63-85) the opinion was generally held that the
date of the Loveland formation of Kay was late Sanga-
mon. Later, however, evidence began to accumulate
that the Loveland loess (in the original sense) was de-
posited during a glaciation, hence cannot be Sangamon,
and hence must be Illinoian. The evidence is as
follows:

1. Grain-size distribution is identical with that of
younger loesses in the region; hence the Loveland loess
is a true Joess.®

2. Mineral composition in samples from Iowa is simi-
lar to that of the same size grades in the (Kansan) till
in the same region. Hence the Loveland loess is prob-
ably derived from glacial material.®

3. Areal distribution is in the form of a belt along the
Missouri River from South Dakota to St. Louis, Mo.,
and on down the Mississippi River (Wascher, Humbert,
and Cady, 1947). The total bulk is large. The Love-
land loess thins and becomes finer grained with in-
creasing distance from the Missouri River. Hence this
loess must be derived from the outwash of a major glaci-
ation, when outwash was being deposited extensively
and vegetation on the outwash was at a minimum (Guy
D. Smith, written communication).

4. In northern Missouri the Loveland loess is thor-
oughly weathered to a gumbo loess 3 to 5 feet thick, com-
parable in character and thickness to the gumbotil de-
veloped in the Illinoian till. Hence the major glaciation
responsible for furnishing the sediment for the Love-
land loess is probably the Illinoian (Guy D. Smith,
written communication).

The opinion that the Loveland loess is mostly or
wholly Illinoian is now general among geologists in
Nebraska, Iowa, and Illinois.

From the time of its earliest recognition the Loveland
loess has been described as “red,” “reddish,” “pink,” and
the like, although in many exposures it is similar in
color to the Wisconsin loess sheets. The opinion has
been expressed that this color is original; that is, that

8 Mickelson, op. cit., p. 85.
¢ IJdem, p. 86.

the sediment of the Loveland loess was red when de-
posited. Against that view is the more recent opinion
of Nebraska geologists and pedologists that the color is
mainly secondary and that it pertains to a well-de-
veloped soil profile in areas of good subsurface drain-
age.

If the latter opinion is accepted, then the “red” color
of loess in Nebraska and Iowa is the result of weather-
ing that formed the red iron oxides. It is noteworthy
that no loess, proved to be Wisconsin on a basis of its
stratigraphic relation to till sheets, shows such fea-
tures. On the contrary the Wisconsin loess sheets,
where oxidized, are paler, being generally yellowish
rather than reddish. These implications are consonant
with the relative stratigraphic positions of the Wis-
consin loesses and the sediments that have been referred
to the Loveland loess. The Wisconsin loesses were ex-
posed at the surface during part or all of Wisconsin
time, whereas the Loveland loess was subjected to
weathering during part or all of the Sangamon inter-
glacial age, which is believed to have been longer, and
which certainly was warmer, than the Wisconsin glacial
age.

Here it should be noted again that some of the Love-
land formation of Kay is in fact pre-Illinoian. By
analogy it seems likely that any “red” loess or other sedi-
ment that is actually pre-Illinoian owes its color to
weathering during either of the two pre-Sangamon in-
terglacial ages. Those were times when climatic condi-
tions are believed to have been favorable to the creation
of weathering products similar to those developed dur-
ing the Sangamon age. Test drilling in Nebraska in
1950 established the presence of “red” loess whose strati-
graphic position demonstrates that it is a part of the
Sappa formation (E. C. Reed, oral communication).

The Loveland loess, in its original sense, is thought
to be Illinoian, and is a true loess in which a distine-
tive weathering profile developed during the Sangamon
interglacial age. The “reddish” hues ascribed to the
Loveland are probably the result of oxidation. There
seems to be no reason for the belief that such oxida-
tion was peculiar to Sangamon conditions. On the
contrary, it developed apparently during earlier inter-
glacial ages, as indicated by published descriptions of
deeply oxidized pre-Illinoian deposits. As, however,
the latter deposits are rarely preserved, the statistical
probabilities are that most, of the reported occurrences
of deep oxidation are Sangamon, even where direct
stratigraphic proof of age is lacking.

WEATHERING PROFILES

A third pre-Wisconsin Pleistocene stratigraphic fea-
ture (although not a deposit) that occurs in Iowa and
eastern Nebraska consists of gumbotil and related
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weathering products. Gumbotil is a gray, leached, de-
oxidized clay that is the product of thorough and long-
continued chemical decomposition of till under condi-
tions of poor subsurface drainage beneath broad flat
uplands. In Towa gumbotil occurs commonly as the
upper parts of pre-Wisconsin till sheets. It has there
been found to have average thicknesses of 8 feet on the
Nebraskan till, 15 feet on the Kansan till, and 3 feet on
the Illinoian till (Kay and Apfel, 1929, p. 133). These
gumbotil zones have proved useful in the mapping of
the pre-Wisconsin drift sheets in Towa.

In eastern Nebraska, gumbotil occurs in places but is
not common. According to the Nebraska Geological
Survey (Condra, Reed, and Gordon, 1950, p. 15) its
rarity is the result of erosion, which has removed most
of the gumbotil that may have existed formerly. In
South Dakota also gumbotil rarely is exposed, probably
likewise because of erosion.

Although gumbotil and related weathering products
(Rube, 1948) constitute the most striking product of
interglacial weathering, less thoroughly decomposed
products of the interglacial alteration of till are like-
wise present at many places throughout the Central
Lowland. These include weathering profiles in which
oxidation of iron-bearing minerals and leaching of car-
bonate minerals have penetrated to various depths, in
some places exceeding 30 feet. Black carbonaceous
soils, which developed in poorly drained depressions
in the ground moraine and in similar wet spots, are also
included.

The weathering profile developed in the Loveland
loess, and described in the section preceding is of course
a product of chemical alteration. In Kansas (Frye,
1949, p. 480) the soil in the Loveland loess is much
thicker than the modern soil at the present surface.
Changes in its character between northeastern and
north-central Kansas suggest a gradual decrease in pre-
cipitation and a change in plant cover from east to west.
This change is parallel with, but greater than, the
change that occurs in the modern soil through the same
distance. The difference in rate of change between the
two soils suggests a greater rate of change in mean
annual precipitation, east to west, in Sangamon time
than at the present time.

STREAM DEPOSITS IN SOUTH DAKOTA

The foregoing summary of pre-Wisconsin nonglacial
features in Nebraska and Towa, where such features are
present more widely and have been studied more fully
than in South Dakota,*constitutes a framework into
which the meager information available in South Da-
kota can be fitted. Exposures within eastern South
Dakota are so few and collections of fossils are so in-

complete that the correlations suggested in the follow-
ing discussion must be regarded as tentative until much
more information has become available.

The nonglacial stream deposits in South Dakota in-
clude both sand and gravel, and clayey silt. Each is
described separately.

SAND AND GRAVEL
DISTRIBUTION AND THICKNESS

At various places in eastern South Dakota bodies of
sand and gravel of far-western provenance are exposed,
apparently identical with the western sediments com-
monly present in Nebraska. All possess approximately
the same characters, which therefore can be described
for the group as a whole.

These. western sediments occur at various altitudes
and in various topographic positions. They occur prin-
cipally as broad spreads and isolated erosion remnants
on high (though not the highest) interfluves, as veneers
covering high strath terraces along the Grand, Chey-
enne, Bad, White and Niobrara Rivers, and as valley
fills (Todd, 1910, map). In all occurrences the bases of
the deposits lie well above existing drainage lines. In
some places the western deposits are overlain by till

Although at several localities the base of a sand-and-
gravel body is exposed, in all occurrences within the
glaciated region the original top has been lost through
erosion. In places west of the glaciated region the
original tops of bodies of these sediments are preserved.
Within the glaciated region, however, the tops of most
of the observed sections are erosional; hence original
thicknesses are unknown, although probably thick-
nesses were highly variable. An extreme thickness of
27 feet has been observed in a single exposure in Brule
County, and thicknesses of 50 and 81 feet, respectively,
have been inferred at two localities.

The occurrence of western sand and gravel on divides
and in abandoned or buried valleys implies great modi-
fication of the topography since the various bodies of
sand and gravel were deposited. (See fig. 10.)

PHYSICAL CHARACTER

The lithologic composition of the sand and gravel is
different from that of the stratified drift. North of the
White River a large proportion of the pebbles consist
of carbonate rock types and various kinds of chalcedony.
South of the White River 20 to 50 percent of the pebble-
size fragments consist of pink feldspar, with subordi-
nate pegmatites, white and brown quartzites, volcanic
rocks, and chalcedony. In the glacial drift these con-
stituents are negligible or absent. Most of the constit-
uents mentioned could have been derived from the
Black Hills and possibly in part from the Rocky Moun-
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tains in Colorado (Wanless, 1923, p. 262)." The pres-
ence of chalcedony and fragments of fossil mammal
bones characteristic of various Cenozoic strata in the
Great Plains region indicates that some of the material
of the sand and gravel was picked up east of the Black
Hills and Rocky Mountains.

The sand and gravel contain, in addition to the fos-
sils derived from older deposits, mammal bones and
teeth that are not abraded and that are believed to
belong to animals that lived at the times of deposition
of the western sediments. The fossils are scattered
through the sediments so sparsely that they have gen-
erally been collected only where concentrated by screen-
ing or washing operations at sand pits. These opera-
tions concentrate the fossil fragments, but also they
make it impossible to determine the exact position of
any particular fossil within the deposit.

Grain-size distribution in samples from extreme
southern South Dakota is shown by histograms (fig.
8). Itisapparent that the sediments are predominantly
of sand size, with minor amounts of pebbles, mostly of
small diameter. North of the White River cobbles
are present, the largest having a diameter of 10 inches.

Individual grains larger than silt particles show
some degree of rounding. In a series of three samples
collected from Gregory County, and Charles Mix
County, S. Dak., and Cedar County, Nebr., respectively,
together embracing an east-west distance of about 80

7Oral communications from E. B. Eckel, Lincoln Page, and James
Norton of the U. 8. Geological Survey, and E. L. Tullis, of the South
Dakota School of Mines, These four persons kindly examined specimens
of the pebble-size fractions of the material.
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miles, grain size decreases eastward, and the extent of
sorting and rounding increases in the same direction.
(Laboratory report by S. S. Oriel on samples collected
by R. F. Flint.)

Stratification is of the lenticular, cut-and-fill type,
with individual courses several inches to about one foot
in thickness. The foreset laminae have a pronounced
easterly dip that is consonant with the western origin
of the sediments.

DESCRIPTION BY LOCALITIES

Bodies of western sand and gravel have been mapped
wherever observed east of the Missouri River trench,
and west of but near the trench in the drainage basins
of the Bad and White Rivers. The areas or points of
outcrop are shown on a map (fig. 9) and are listed,
together with what is known about the contained fossils,
in the following paragraphs. The map and list do not
include distinct terraces along the Grand, Cheyenne, and
White Rivers, on which western sediments occur com-
monly as discontinuous coverings, nor do they include
localities at which western sediments, mixed with sedi-
ments of glacial origin, are believed to have been re-
worked by glacial and postglacial streams.

Locality 1. Secs. 10 and 12, T. 8 N, R. 27 E,, and
secs. 11 and 12, T. 7 N., R. 27 E., Stanley County. Two
remnants capping buttes on the high ground south of
the mouth of the Cheyenne River, at altitudes of 2,100
to 2,200 feet (700 to 800 feet above Missouri River). A
horse tooth was collected by Mr. D. R. Crandell from
the exposure in section 10, but remains unidentified.
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FI1cUuRB 9.—Map showing localities in and close to the glaciated region at which sand and gravel of western origin, not mixed with glacial deposits,
have been observed.

Sections 11 and 12, described by Crandell ®, yielded
three fossil specimens which were identified by Dr.
C. W. Hibbard in 1949 and 1951, as follows:

Part of vertebra centrum of Proboscidean
Neural arch of vertebra of Proboscidean

8 Crandell, D. R., 1951, Geology of parts of Hughes and Stanley Coun-
ties, 8. Dak.: Yale Univ., unpublished Ph. D. dissertation, p. 99-101,

Fragment of lower molar of equid, possibly Hippotigris
(=Plesippus), which has a known range from Upper
) Pliocene to the lower part of the Yarmouth.

The tooth fragment was examined again in 1951 by
Dr. C. B. Schultz, who compared it favorably with ex-
amples from the upper part of the Ogallala formation
in Nebraska. As the tooth fragment shows abrasion, it

may antedate the deposit from which it was collected.
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Locality 2. Southern half of Stanley County.
Twenty-eight erosion remnants north of the Bad River,
ranging in altitude from 1,700 feet to 2,100 feet (250
to 650 feet above Missouri River). Crandell ® inter-
preted them as remnants of a belt of coarse alluvium
deposited by an ancestral Bad River (fig. 10). One
remnant, in the NW1/4 sec. 26 and center of sec. 22, T. 5
N,, R. 29 E., yielded 2 groups of fossils collected by Mr.
Crandell :

One group, identified by Dr. C. W. Hibbard in 1951,
includes teeth of Aquus excelsus or E. niobrarensis.
This form has a stratigraphic range from upper Kansan
to Wisconsin.

The other group consists of fossils examined by Dr.
C. B. Schultz. He identified them as bison, camel, pro-
boscideans, raccoon, and horse. The horse, represented
by 5 teeth, was referred by him to £'quus excelsus. He
correlated this species tentatively with one from an
horizon within the Grand Island or a higher one, pos-
sibly as high as the I1linoian stage.

Locality 3. Sec. 34, T. 107 N., R. 79 W., and NW1;
sec. 8, T. 106 N., R. 78 W., Lyman County. Remnants
on the high interfluve between the Bad River and Medi-
cine Creek, at an estimated altitude of 2,000 feet. No
fossils are known from these deposits (D. R. Crandell,
written communication).

Locality 4. Center of sec. 30, T. 107 N, R. 75 W.,
Lyman County. Cap on butte, altitude about 1,980 feet
(700 feet above Missouri River). Fossils collected by
D. R. Crandell were identified by Messrs. C. B. Schultz
and W. D. Frankforter as parts of a Pliocene deer (min-
eralized and waterworn, indicating reworking from an
older deposit), a phalanx of a camel, probably Pleis-
tocene, and a phalanx and calcaneum of £guus, also
Pleistocene (C. B. Schultz, written communication).

Locality 5. Secs. 16, 17, 20, 21, 28, and 29, T. 105 N.,
R. 72 W., Lyman County. Continuous cover over flat
interfluve at about 1,800 feet (450 feet above Missouri
River). Its extent west of the area designated above
is unknown. No fossils have been found.®

Locality 6. Secs. 6, 7, and 19, T. 108 N., R. 71 W.,
and sec. 4, T. 102 N., R. 71 W., Brule County. Occupies
abandoned prolongation of the valley of White River,
and is overlain by thick till. Altitude of lowest part,
about 1,470 feet (115 feet above Missouri River). No
fossilshave been found. (C.R. Warren, 1951.)*°

Locality 7. SW4 sec. 10, T. 102 N, R. 71 W., Brule
County. Forms knoll onwpland. Altitude of base of
sand and gravel, about 1,800 feet (500 feet above Mis-
souri River). (C.R.Warren, 1951).1° A suite of fos-

® Op. cit., p. 104.

0 Warren, C. R., 1950, Preliminary report on the geology of part of the
Chamberlain, S. Dak. quadrangle: U. S. Geol. Survey, manuscript on
open file, 30 p.

sils collected from this deposit were identified as
follows:

Edentata: Megalonyr sp. Ground sloth
Carnivora: Felid, large. Large cat, size of Smilodon (too in-
complete for generic identification)
Proboscidea : Parelephas cf. jeffersoni (Osborn). Mammoth.
(Too incomplete for definite specific identification)
Perissodactyla :
Equus excelsus Leidy. Horse
Bquus cf. giganteus Gidley. Large horse
Artiodactyla:
Camelops kansanus Leidy, referred. Camel
Camelid, larger than C. kansanus. Large camel
Antilocaprid, similar to Stockoceros. Four-horned antelope
Platygonus sp. Peccary
Mylohyus sp. Peccary

Messrs. Schultz and Frankforter, who identified the fos-
sils, expressed the opinion that this suite is probably
of Yarmouth age, less probably as young as Sangamon
(C. B. Schultz, written communication).

Locality & Vicinity of Burke, Herrick, St. Charles,
and Bonesteel, Gregory County. Continuous cap, at
least 25 miles long, on broad interfluve. Altitude 2,000
to 2,200 feet (at least 700 feet above Missouri River).
Extent southeastward in Nebraska is unknown. No
fossils from this area have been identified.

Locality 9. NE1j sec. 2, T. 94 N., R. 65 W., Charles
Mix County. In high area much dissected by Missouri
River tributaries. Altitude 1,738 to 1,771 feet (about
500 feet above Missouri River). Exposed in the Gas-
par sand and gravel pit, the sediment varies in thick-
ness from 23 to 81 feet, and is overlain by till.

Fossils collected by H. E. Simpson were identified by
C. B. Schultz and W. D. Frankforter (written commu-
nication) :

a. Proximal end of the radius-ulna of a giant camel, cf.
Gigantocamelus (Fullerton formation—Broadwater
fauna—of western Nebraska).

b. Proximal end of radius-ulna. Same identification as above.

c. Proximal end of metacarpal of a small camel, cf. smaller
(Tanupolama-like) forms of camel from the Fullerton
formation (Broadwater fauna). Not diagnostic; may be
Upper Pliocene, but we think it to be lower Pleistocene.

d. Fragment of antler of a large cervid, probably Cervus.
Unknown in upper Pliocene or lower Pleistocene of the
central Great Plains.

e. Dorsal vertebrae of a mastodont. Not diagnostic.

f. Fragment of proximal end of right ulna of a mastodont.
Not diagnostic.

g. Fragment of carapace of a giant turtle (Testudo).
diagnostic.

A later collection, made by Messrs. Schultz and
Frankforter, was listed by them as follows:

Not

Proboscidea : Mastodont (compares favorably with Stegomas-
todon, but additional material is needed for specific identifi-
cation).
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Artiodactyla :
Sangamona sp. Large deer, similar to example from Locality
10, but larger.
Gigantocamelus fricki Barbour and Schuliz referred. Giant
camel.

Messrs. Schultz and Frankforter (written communica-
tion) expressed the opinion that this assemblage sug-
gests an Aftonian or early Kansan age.

In addition to the fossils listed above, others were
collected from the same deposit that are differently min-
eralized and consist of forms characteristic of the Ogal-
lala formation (Ash Hollow formation of Ogallala
group, of Nebraska geologists). Obviously they were
reworked from Ogallala deposits.

Locality 10. NW1j sec. 23, T. 97 N,, R. 62 W., on
Charles Mix-Douglas County line. In abandoned high-
level valley; capped with till. Altitude about 1,475
feet (225 feet above Missouri River). Fossils collected
and identified by Messrs. Schultz and Frankforter
(written communication) :

Rodentia:

Procastoroides sweeti Barbour and Schultz. Giant beaver

Procastoroides sp. Large species, probably not described
Proboscidea : Mastodont (compares favorably with Stegomas-

todon, but too incomplete for specific identification)
Perissodactyla: Equid (near Plesippus sp. Based on palate

with IZ cheek teeth; also 4 incisors and one addtional cheek
tooth). Horse.
Artiodactyla :

Odocoileus sp. Deer

Sangamona sp. Large deer

Capromeryz sp., referred. Antilocaprid

Gigantocamelus fricki Barbour and Schultz, referred. Giant

camel

The above list indicates that the fauna is not later than early
Kansan and is probably Aftonian in age. The fauna is similar
to the one we find beneath the Kansan till in northeastern Ne-
braska and also to our Broadwater fauna in western Nebraska.
This fauna is much more diagnostic than the one from ILocal-
ity 9.

In addition to the forms listed . .. Ash Hollow (Ogallala
group) species appear. The specimens representing Tertiary
forms are mineralized differently from the lower Pleistocene
forms.

Locality 11. Sec.28,T. 93 N., R. 60 W., Bon Homme
County. In abandoned high-level valley; capped with
till. Altitude of base of sand and gravel, about 1,365
feet (175 feet above Missouri River). No fossils are
known from this deposit.

Locality 12. Irregular area capping part of Yank-
ton Ridge, chiefly in secs. 2, 3, 10, and 11, T. 93 N., R. 57
W., Yankton County, and secs. 12 and 13, T. 93 N., R.
58 W., Bon Homme County. Altitude of lowest expo-
sure of sand and gravel, about 1,500 feet (330 feet above
Missouri River). Highest exposure is at 1,590 feet
(H. E. Simpson, written communication). Sediments
from this area have been reworked and incorporated

into pro-Illinoian outwash, shown in unit 1, locality
9B, page 34.

Fossils collected by H. E. Simpson were examined in
1951 by Dr. Schultz and Mr. Lloyd Tanner, who iden-
tified them as follows (written communication) :
Perissodactyla: Equus excelsus, referred.

Artiodactyla :

Sangamona, referred. Giant deer.

Gigantocamelus fricki, referred. Giant camel.

Titanotylopus nebraskensis, referred. Camel.

Messrs. Schultz and Tanner stated their belief that the
camels suggest correlation with the Holdrege, Fuller-
ton, and Red Cloud formations, whereas the horse and
deer suggest correlation with the Grand Island and
Sappa formations. It is not known whether all the
specimens were collected from their original places of
deposition, or whether the stratigraphically older ones
had been reworked.

Locality 13. Near the northeast corner of sec. 13,
T. 95 N,, R. 54 W., Yankton County. On Turkey
Ridge, at altitude about 1,440 feet (270 feet above Mis-
souri River). Sand and gravel are overlain by till. No
fossils have been found.

CONDITIONS OF DEPOSITION

The western provenance of the sediments, their east-
west linear distribution, their decrease in grain size and
increase in rounding in an eastward direction, and the
easterly dip of their foreset stratification point to the
inference that these deposits were made by streams
flowing eastward from sources hundreds of miles west
of the glaciated region of South Dakota. The cut-and-
fill stratification indicates further that the streams were
braiding streams carrying full bed loads. The spreads
of sediment across interfluves suggest that the streams
responsible for such deposits either had aggraded their
(probably shallow) valleys to the point of obliteration
and were depositing wide, thin mantles of sediment
across the plains surface between the valleys, or were
occupying shallow, high-level valleys the present posi-
tions of which are represented by interfluves (fig. 10).

The western sediments are exposed only a short dis-
tance inside the glaciated region, although they have
been seen incorporated in the glacial deposits in the
Missouri River trench and at various localities in Brule
and western Aurora Counties not far east of the trench.
These facts may mean that some of the western sedi-
ments were never widely deposited east of the Missouri
River, owing to early blocking and diversion of east-
ward-flowing streams by glacier ice. It seems more
likely, however, that western sediments were deposited
in the region east of the Missouri, and that they were
later in part buried beneath glacial drift and in larger
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part plowed up by glacial erosion and eroded by
streams and mass wasting during nonglacial intervals.

AGE AND CORRELATION

Evidence drawn from the fossils combined with evi-
dence from topographic and stratigraphic relations
indicates that the western sand and gravel in South
Dakota represent at least three episodes of stream
deposition: an episode antedating the Kansan glacial
maximum, an episode postdating that maximum, and
an episode of early Illinoian age.

Only the first two of the episodes named are inferred
directly from the faunal identifications in the preced-
ing section. The fossils suggest that the deposits at
localities 9 and 10 antedate the Kansan maximum and
probably are to be correlated with the Red Cloud sand
and gravel and (or) the Holdrege formation in Ne-
braska. On the other hand the fossils from localities
2, 7, and 12 postdate the Kansan maximum and sug-
gest correlation with the Grand Island formation.

The correlation of one of the bodies of sand and
gravel with Illinoian deposits is based on evidence
drawn from locality 6. There the body of sand and
gravel occupies the floor of the abandoned prolonga-
tion of the valley of White River. It is exposed in the
eastern wall of the Missouri River trench, and is over-
lain by till more than 100 feet thick. The floor of the
former valley, and therefore the base of the sand and
gravel that cover it, lies 115 feet above the Missouri
River, which transects it nearly at right angles. These
relations, including also the position of locality 7, are
shown in cross section in figure 11. The western sedi-
ments in the abandoned valley segment were first ob-
served by the writer in 1946, and were later examined in
detail by C. R. Warren (1951) who constructed the
cross section and established the probable correlation of
the overlying till.

The western sediments exposed in the abandoned
valley are believed by Warren to be younger than the

N. s,
T.102N.
T.103 N,R. 71 W. R71 W
[sec.32 T sec.6 | Sec.7 | Sec.18 | Sec.19 [ Sec.30 4&;31{ !s«“!
10°
2“0'! Late Kansan
1 1 orYarmouthd

1600'

1400'
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EXPLANATION

7

Bedrock

Till Western gravel

FIGURE 11.—Cross section showing inferred stratigraphic relations ex-
posed in east side of Missouri River trench opposite the mouth of the
White River. (After C. R, Warren, 1951.)

two high-level bodies described above. Warren's
reasoning is this:

1. The sediments at locality 7 have an exposed thick-
ness of 27 feet and a maximum inferred thickness of 50
feet. Either figure is too great to be attributed to the
normal covering of alluvium on a planation surface.
Hence the sediments probably represent a fill within
the valley of the Ancient White River, which, indirect
evidence suggests, may have been 15 to 20 miles wide.

2. These sediments contain fossils which, as already
stated, have been identified as probably late Kansan or
early Yarmouth.

3. The base of the sediments at locality 6, occupying
the floor of the abandoned White River valley, lies 350
to 380 feet lower than the base of the sediments at local-
ity 7, and 425 feet lower than their top. Hence 425 feet
of erosion, at least 350 feet of it in the shale underlying
the higher sand and gravel, took place between the two
episodes of deposition. This erosion created a low-level
valley, about 6 miles wide, incised below a much wider
high-level valley. The alternative to this view, the
hypothesis that both occurrences of sand and gravel are
parts of a single giant-size fill at least 425 feet in maxi-
mum thickness and perhaps 15 to 20 miles in width, is
so improbable that it is not considered further. In the
low-level valley a new generation of western sand and
gravel was deposited, by a river flowing eastward across
the path of the present Missouri River. Later the valley
was invaded by glacier ice and the eroded remnants of
this sand and gravel were buried beneath till 125 feet
thick.

4. The thick till was eroded. Later, during a new
glacial invasion, it was covered by till at least 12 feet
thick, probably of Iowan age. In the interval between
the two episodes of till deposition, the Missouri River
was created and cut a trench at least 170 feet lower than
the floor of the low-level valley of White River.

5. The low-level western deposits, then, are much
younger than a sand and gravel of late Kansan or
early Yarmouth age, but are in turn overlain by a thick
till that long antedates an Yowan(?) till and hence is
pre-Wisconsin. * The thick till therefore can only be
Tllinoian, and the western deposits immediately beneath
it must also be Illinoian (or very late Yarmouth).

The low-level sand-and-gravel body in the abandoned
valley of White River is more likely Illinoian than Yar-
mouth, because no coarse-grained sediments of Yar-
mouth age have been recognized elsewhere in South
Dakota, in Nebraska, and in western Iowa. The physi-
cal character and apparent stratigraphic position of the
sand-and-gravel body are identical with those ascribed
to the Crete formation. Accordingly it is considered
likely that this low-level body is the correlative of the
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Crete formation. If so, then at least three of the four
western sand-and-gravel units recognized in Nebraska
are present in South Dakota as well.

In connection with the Crete formation, attention
is drawn to a measured section exposed in Moody
County (locality 198, p. 36). In that section Loveland
loess is underlain by a thin body of sand and granule
gravel, which in turn overlies till, from whick it is
separated by a residual concentrate of stones like those
in the till. Possibly the sand and gravel represent out-
wash, but the presence of the underlying concentrate
points to erosion intervening between deposition of the
till and that of the stratified sediments. Accordingly
it seems more likely that the latter represent reworking
of the till, and redeposition of sand and granules from
it, by a local stream (possibly the prediversion river
shown in plate 7 as traversing Moody County) before
the deposition of at least some of the Loveland loess.
The stratified sediments occupy the stratigraphic posi-
tion of the Crete formation and correspond with the
description of that formation as given by Condra, Reed,
and Gordon (1950, p. 24-25).

CLAYEY SI1LT

In comparison with the sand-and-gravel bodies de-
scribed above, the occurrence of bodies of clayey silt is
even more restricted. At only three localities have such
sediments been found in stratigraphic positions such
that they are known to be pre-Wisconsin.

The most closely dated occurrence is near Hartford,
Minnehaha County (localities 178, p. 35 and 170, p.
35). At that place the clayey silt underlies the Love-
land (%) loess and overlies a till. It is 2.6 feet thick,
olive gray, and indistinctly laminated. Itsstratigraphic
position, supported to some extent by its physical char-
acter, justifies correlation with the Sappa formation
(Condra, Reed, and Gordon, 1950, p. 22). This correla-
tion is strengthened by the occurrence in this section,
conformably overlying the clayey silt, of a layer of vol-
canic ash. On a basis of microscopic characteristics
the ash was correlated (Frye, Swineford, and Leonard,
1948, p. 505) with the Pearlette ash member of the
Sappa formation of Kansan age, which is stated to
occur at many localities in the territory stretching from
Nebraska to Texas. If the ash bed is a petrologically
distinctive unit, then the correlation of the associated
clayey silt at the South Dakota locality is assured.

A second exposure of pre-Wisconsin clayey silt oc-
curs in Moody County (locality 194, p. 86). In that
exposure olive-gray clayey silt, indistinctly laminated,
is interbedded with coarser sediments near its base. It

is 4.2 feet thick, and no volcanic ash is present. It un-
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derlies a till that in turn underlies Loveland loess, and
is underlain by a still older till. These relations strongly
suggest, although they do not prove, correlation with
the Sappa formation.

The third exposure occurs south of Delmont in Doug-
las County (locality 6, p. 38). There a minimum of
4 feet of grayish-olive silt, indistinctly laminated, un-
derlies a thick section of sand and gravel of western
origin. As the age of the western sediments is fixed, by
Schultz and Frankforter, on a basis of contained fos-
sils, as not later than early Kansan, the underlying silt
may be referable to the Fullerton formation, or may be
even older.

LOVELAND LOESS IN SOUTH DAKOTA

Like the pre-Wisconsin stream deposits described in
the preceding section, loess or loesslike silt of pre-Wis-
consin age has been seen exposed in few places within
South Dakota. Specifically such sediments have been
‘noted at 8 localities in southeastern South Dakota and
at 2 additional localities, 1 in Towa and 1 in Nebraska,
very close to the South Dakota State line.

All these localities are represented by measured sec-
tions on the map, figure 6. They are localities 94 (p.
10), 9B (p. 34), 10 (p. 52), 16 and 174 (p. 35), 194
and 193 (p. 36), 21 (. 52), 28 (p. 37), and 29 (p. 53).

Locality 10. Cut on east side of road, exposed in July 1948, in
northwest corner of sec. 7, T. 32 N., R. 2 E., Cedar County,

Nebr.
[Section measured by H. E. Simpson]

Feet
(mazimum)

2. Lioess, dusky-yellow when moist, yellowish-gray when
dry ; massive except for a zone 2.5 feet thick, which is
laminated; firm, calcareous. (Iowan and post-
Towan.) ..__

Contact distinct ; very irregular.

1. Loess, dark yellowish-brown when dry, dusky yellow-
ish-brown when moist; compact, noncalcareous ex-
cept for secondary calcium carbonate in topmost 12
inches. (Loveland.)

Base concealed.

12.0

5.0

17.0

Locality 21. Section exposed in east bank of West Pipestone
Creek, July 19)7, near center sec. 26, T. 103 N., R. /8 W.,
Minnehaha County, S. Dak.

[Measured by G. D. Smith, F, F. Riecken and R. F. Flint]

3. Loess, yellowish-gray when dry, calcareous.
and post-Iowan.)
2. Till, yellowish-gray when dry; consists of pebbles and
boulders in an abundant silt-rich matrix ; faintly fis-
sile; ventifacts present in slope wash though not seen
in place; basal 5 feet include unoxidized masses and
thin streaks and smears of the underlying silt;
olive-gray when moist; caleareous. (Jowan.) _____.

(Iowan
4.0

30.0
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Feet

Contact somewhat smeared.

1. Silt, clayey, dark yellowish-brown to grayish-purple
when dry; jointed, blocky ; noncalcareous except for
secondary calcium carbonate accumulation in upper-
most 3 feet; contains secondary colloids. Exposed 7
feet down to surface of creek; 3 feet augered below

creek. Base not reached. (Loveland.)_ ._.__.____._ 10.0

44.0

Locality 29. COuts on north-south road in SE4 sec. 31 and SWi4
sec. 32, T. 96 N., R. 48 W., Lincoln County, 8. Dak.
[Measured by G. D. Smith, F'. ¥'. Riecken, and R. F, Flint. Only the

loess exposed; underlying sediments measured by use of spade and
auger]

. Feet
4. Loess, yellowish-gray when dry, caleareous. (Iowan
and post-Iowan.) <11.0
3. Sand, medium-grained, faintly and irregularly strati-
fied, dark yellowish-orange when dry, pinches out to-
ward south. (Iowan.) Maximum 1.0
2. Till, yellowish-gray when dry ; consists of pebbles in an
abundant clay-rich matrix; many pebble ventifacts
at upper contact; cal¢areous. (Iowan.) _—_____.___ 3.0
1. Gumbo silt, dark yellowish-brown to grayish red-purple
when dry; contains secondary colloids; checks when
dry; noncalcareous. Base not reached.! (Love-
land?) - . 6.0
21.0

10. F. Scherer (written communication), some years earlier, pene-
trated 15 feet of this unit with an auger, ending in the same material,

The loess or loesslike silt exposed in these sections is
dark yellowish brown and in places has the purplish
hue found in the oxidized Loveland loess in adjacent
States. As stated earlier, this color may have devel-
oped through weathering during any one of the three
interglacial ages; hence it is not diagnostic of Sanga-
mon weathering. On the other hand, the stratigraphic
position of the loess or silt in all these sections permits
correlation with the Loveland loess, if that unit is, as it
is now generally considered to be, Illinoian. For ex-
ample, at 4 localities (174, 21, 28, 29, fig. 6) the loess
or silt underlies the Iowan till and is therefore pre-
Iowan. At 5 localities (10, 16, 174, 194, 21, fig. 6) it
overlies a till believed, on independent physical evi-
dence, to be pre-Wisconsin. One locality (174, fig. 6)
is common to both groups; the exposure at that place
affords the closest dating of this loess that has been
seen thus far in South Dakota.

On a basis of these considerations the dark yellowish-
brown loess or silt at the localities listed is correlated
tentatively with the Loveland loess.

In the ten exposures listed, the thickness of this ma-
terial ranges from 5 to 17 feet. These rather substan-
tial thicknesses, together with the considerable area
embraced by the localities of occurrence, are consonant

with the evidence from other parts of the Central Low-
land that this loess probably was.derived from the out-
wash resulting from a major glaciation.

The data from one of the 276 recorded well logs ex-
amined during the present investigation suggest the
presence of Loveland loess. This well (5 on fig. 25) is
in the SW14 sec. 15, T. 95 N., R. 64 W., Charles Mix
County. The log (Rothrock, 1946a, p. 20) reads:

4. Drift 20
3. Reddish-brown clay 10
2. Blue clay 10

1. Gray shale.

It seems likely that unit 4 is Cary drift, 3 is Loveland
loess, and 2 is pre-Loveland till The distinctive color
is what makes this interpretation likely; but the thick-
ness is within the observed range of the Loveland loess
in South Dakota, and the location, a short distance
northeast of the Missouri River, is optimum for the
occurrence of a loess deposited later than the major
drainage diversion described on pages 139-143.

If the observed distribution of the Loveland loess
represented the actual distribution, it could be said to
be consistent with the concept of wind-deposited silt
derived from outwash in the valleys of the Missouri
and Big Sioux Rivers. However, in view of the re-
peated Wisconsin glaciation of southeasten South Da-
kota, it is not at all certain that what we now see is
representative of the original distribution of this loess.
Accordingly it seems best not to draw inferences from
the areal pattern of the known exposures.

WEATHERING PROFILES AND BURIED SOILS

In South Dakota, gumbotil has been identified thus
far at only a single locality (28 on p. 37; fig. 6). Al-
though detailed study would undoubtedly disclose
other gumbotil localities in South Dakota, it is believed
that such localities are actually few, and that in this
scarcity at least two factors are involved.

One factor is that the whole of the glaciated part of
South Dakota was overridden by glacier ice during the
Wisconsin glacial age, thus extensively removing by
erosion or covering up pre-Wisconsin materials. The
comparable effect of Wisconsin glaciation in the State
of Iowa is strikingly evident in two maps published
by Kay and Apfel (1929, p. 128, 129) showing the dis-
tribution of exposures of gumbotil of Nebraskan and
Kansan age respectively. Although abundant outside
the area of Wisconsin glaciation, such exposures are few
in the area covered by the Iowan ice and are almost non-
existent in the area covered by the post-Iowan ice.

The other factor is dissection. The southeastern part
of South Dakota is traversed by major valleys of both
prediversion and postdiversion dates. It is therefore
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likely that this region was subject to considerable dis-
section in the vicinities of these major valleys. As dis-
section increases, the combined area of broad flat up-
land surfaces—the sites of gumbotil development—
decreases.

Where mature weathering profiles in till are exposed
in Towa, ordinarily oxidation has penetrated farthest
below the surface, leaching of carbonate less far, and
conversion to gumbotil least far. In permeable till oxi-
dation proceeds more or less umiformly through its
mass; in less permeable till oxidation penetrates along
the joints and works inward from them. This is illus-
trated at locality 8, page 34, where tills 2 and 4 are
permeable and oxidized, whereas till 1 is oxidized only
along and close to the joints. With the exception of
this one occurrence the pre-Wisconsin tills exposed in
South Dakota show only a part of this profile. Either
the unaltered till, or the oxidized zone, or the zone that
is both oxidized and leached, extends to the top of the
till now exposed, regardless of whether the till is or is
not overlain by some younger deposit. From this fact
it may be inferred that following or during the weather-
ing process, erosion removed a part of the till, thereby
destroying a part of a weathering profile already made,
or preventing a profile already in process of develop-
ment from reaching maturity. Tills exposed beneath
slopes of about 15 degrees-or more are calcareous, in-
dicating that on such slopes, in this climate, surface
erosion proceeds at least as rapidly as chemical altera-
tion of the till.

All that can be said about the general process of oxi-
dation, leaching, and gumbotil formation during pre-
Wisconsin Pleistocene ages is that the occurrence of al-
tered deposits, overlain by less-altered or unaltered de-
posits of Wisconsin age, indicates that pre-Wisconsin
intervals of weathering did occur in South Dakota.
Better evidence of the extent and character of those

intervals, however, exists outside the State, in the region
not overrun by glacier ice during the Wisconsin age.

At three localities weathering of a till prior to deposi-
tion of a till of Wisconsin age is recorded principally by
humification; that is, by the accumulation of dark-
colored organic matter in the uppermost part of the
older till. These are localities 8 (p. 84), 17D (p. 36),
and 22 (p.87). The dark-colored accumulations are in
part Chernozem soils and in part Wiesénboden soils.
In at least one locality (22) the organic matter has been
augmented by the accumulation of colluvium, and in
another (17D) it is perforated with filled-up crayfish
burrows.

None of these occurrences necessarily demands a very
long time interval between the first exposure of the pre-
Wisconsin till and the deposition of the overlying Wis-
consin deposits. Hence they are treated here merely as
phenomena that developed in interglacial ages rather
than as evidence of interglacial conditions.

The leached, thoroughly oxidized character of the
Loveland loess exposed in South Dakota denotes a
weathering profile developed through extensive altera-
tion during the Sangamon interglacial age.

SYNTHESIS OF PRE-WISCONSIN STRATIGRAPHY

The known and inferred relations that have been dis-
cussed in the foregoing pages are assembled in the form
of a chart (fig. 12). In it the drift sheets are repre-
sented as wedge-shaped bodies thinning toward the
west, and the relation of the nonglacial sediments to
them is necessarily based in part on analogy with simi-
lar relations established in Nebraska. The whole pre-
Wisconsin sequence as depicted in the chart is con-
sistent with the few and inadequate data obtained in
South Dakota and with the more satisfactory data
assembled in Nebraska. It is believed to be correct in
its essentials, but it must be regarded as tentative and as
subject to revision in the light of future information.
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F1eURE 12.—Chart showing provisional correlation of lithologic units and weathering zones in eastern South Dakota with standard time units
and with inferred events in and west of the Missouri River trench.
The inconsistency in showing events in and west of the Missouri River trench in contrast with lithologic units east of the trench is

intentional.

The western limits of the several drift sheets are necessarily much generalized because their limits change depending on latitude,
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PHYSICAL GEOLOGY OF THE WISCONSIN STAGE

The Wisconsin drift is the youngest of the four major
drifts generally recognized in northern North America.
In South Dakota it is the most extensive of the four;
it covers up the pre-Wisconsin drifts everywhere except
in those places from which it has been locally removed
by erosion. Therefore, within the State, the area of
the Wisconsin drift is coextensive with the glaciated
area, which approximates 34,000 square miles. Most
of the thousands of road and railroad cuts east of the
Missouri River expose only the ubiquitous Wisconsin
drift; hence most travellers across the eastern part of
the State never see the pre-Wisconsin drifts at all. In
fact the older drifts are so rarely exposed, and their
outcrop areas are so small, that they can not be shown
practicably on the map, plate 1.

The Wisconsin stage, a time-stratigraphic term, in-
cludes the deposits laid down during the Wisconsin
glacial age, not only by glacier ice and its melt waters
but also by nonglacial streams and by the wind. Fur-
thermore in Wisconsin time the ice smoothed and
striated the bedrock in places, and although the bedrock
markings are not strictly a part of the Wisconsin stage,
they have a strong bearing on it and must be considered
along with it.

GLACIAL MARKINGS
EXPOSURES AND PRESERVATION OF MARKINGS

In southeastern South Dakota, bedrock and boulder
pavements are exposed on which can be seen, at one
place or another, highly polished surfaces, striations
and grooves, and crescentic marks made by the passage
of glacier ice across rocky surfaces. The first two are
the direct result of abrasion; the third consists of re-
lated though somewhat different features resulting from
the movement of former glaciers.

Exposures of these features are confined to three
areas: Sioux quartzite in the southeastern part of the
State, a boulder pavement in Beadle County, and gran-
ite in Grant County. They are among the very few
areas in which firm, resistant materials are known to
be exposed. The friable character of the Codell and
Fox Hills sandstones, the solubility of the chalk strata,
and the softness and ease of erosion of the various shales
make such strata unsuited either to receive such mark-
ings or to retain them, once made.

The vast majority of the markings mentioned are pre-
served on the Sioux quartzite, a rock type ideally suited
to the preservation of striations and related features.
The map (plate 5) shows the striations and grooves re-
corded on this rock. The areal bunching of the mark-
ings reflects the spotty distribution of “windows” in the
drift, through which the underlying quartzite is ex-

posed. Most, though not all, of the quartzite exposures
occur along the larger streams, which once carried pro-
glacial melt water laden with silt. In consequence, al-
though many exposures show ideally the effects of gla-
cial abrasion, others have been scoured by streams so
effectively that they have lost their glaciated surfaces.
The presence of glacial markings on nearly all the ex-
posed quartzite surfaces not glacially quarried nor sub-
sequently scoured by streams invites the belief that if
the overlying drift were stripped away, the quartzite
would be seen to be so marked nearly universally.

POLISHED SURFACES

The facies of the Sioux quartzite most commonly ex-
posed in South Dakota takes a beautiful polish. In-
deed many of the quartzite surfaces are so smooth that
they reflect sunlight brilliantly even when they are
dry. Following a rain some of them are dazzling.

The polish on some surfaces has some of the charac-
teristics of wind-abraded surfaces; such polish is be-
lieved to be eolian. However, on other surfaces the
polish lacks these characteristics, and no clear evidence
of age sequence as between striations and polish was
noted. Such surfaces are believed to have been pol-
ished by glacier ice.

Many surfaces are both striated and polished. The
striations and grooves are clearly the result of abrasion
by sand grains and larger-size particles, whereas the
polish could only have been made by finer particles.
In southwestern Finland, Edelman (1949, p. 132) found
striations generally confined to surfaces inclined up-
stream, and polish present generally on surfaces in-
clined downstream. His explanation, that the ice had
failed to bear down upon the lee slopes, does not apply
to the Sioux quartzite surfaces, which are mostly flat
lying, with little relief. Although in some localities
(notably E1ls sec. 6, T. 101 N., R. 58 W., Hanson
County, and the vicinity of Dell Rapids, Minnehaha
County) the quartzite possesses relief, with gentle up-
stream slopes and steeper downstream slopes, the pol-
ish does not seem to be confined to the downstream
slopes.

In view of these facts it seems more likely that the
presence of both striations, and polish of apparently
glacial origin, on the same surface is related to the char-
acter of the glacial loads in this region. The clay-rich
composition of the till indicates that the basal loads of
the glaciers consisted principally of clay. It seems pos-
sible that the clay was responsible for the polish, and
that the striations were made contemporaneously by
the rarer fragments of larger size carried in the base
of the ice.-
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STRIATIONS AND GROOVES

The striations and grooves have no essential differ-
ences except as to size. The striations are fine to coarse
scratches, mostly less than one-sixteenth of an inch in
average depth, whereas the grooves are mostly as much
as one inch in depth and several inches in breadth.
Nearly all are straight, but few of either kind seem to
have a linear continuity exceeding a few yards. Prob-
ably they were made by the same mechanism, at the same
time, with tools that varied in coarseness.

Nearly all the striations in southeastern South Dakota
trend southeast. Like most striations in other regions
they do not in themselves indicate which of the two pos-
sible directions was the one toward which the ice flowed.
The actual direction must be determined from other fea-
tures, such as the provenance of the overlying drift and
the orientations of end moraines that mark various posi-
tions of the glacier margin. From such evidence it is
clear that in this area the ice flowed generally from
northwest to southeast.

At individual localities some striations diverge from
others, but the divergences are not large, nor do they
show any apparent order or system in their arrange-
ment. Most of the divergences seem best explained as
the result of small local variations in direction of flow
during a single movement of ice, almost certainly the
latest ice that flowed across each locality. However,
good indications of the presence of two sets of striations
were observed at two localities. One is in the SW1/ sec.
35, T. 101 N., R. 48 W., near Rowena, Minnehaha
County. At that place a set trending southeast seems
to cut an older set trending south-southeast. The other
is in secs. 21 and 22, T. 102 N., R. 47 W, northeast of
Sioux Falls, where again a set trending southeast cuts a
south-southeast set. According to Brewster Baldwin
(written communication) the south-southeast set is less
plain, restricted in occurrence, and found on high parts
of the surface together with the southeast set, whereas
the southeast set occurs on low parts of the surface with-
out the south-southeast set. At neither of these locali-
ties was evidence seen that the two sets were separated
from each other by more than a short interval of time.

In this connection attention is drawn to the obser-
vation by Leverett (1932, p. 17) at localities in Pipe-
stone and Rock Counties, Minn., not far from the South
Dakota State line, of two sets of striations, an earlier
set bearing south and a later one bearing south-south-
west. At the south edge of the SW1; sec. 16, T. 103
N, R. 45 W., Rock County, Minn., Brewster Baldwin
(written communication) confirmed Leverett’s obser-
vation by noting the truncation of a southward-trending
set by a set at S. 45° W,

The Minnesota localities are related to the Des
Moines glacial lobe on the east side of the Coteau des

Prairies, whereas the Rowena locality is related to the
James lobe on the west side of the coteau. All are in
the area last glaciated during the Iowan subage. It
seems quite possible that all these examples represent
variations in local direction of flow occasioned by thin-
ning of the ice with consequent increased response, in
the direction of flow of each lobe, to the regional topo-
graphic barrier consisting of the coteau itself.

The opinion was stated above that at each locality
the striations were probably made by the ice that last
invaded the locality. This reflects the rather general
opinion that a glacier able to produce a good set of stria-
tions on a given surface is likely to have been able to
erase the striations made earlier. If this is assumed to
be the case in southeastern South Dakota, then a use-
ful inference can be drawn from the relation of the stria-
tion directions to the areal pattern of the drift sheets.
Comparison of plate 5 with the map, plate 1, shows that
part of the striated Sioux quartzite district was last
glaciated in Towan time, part was last glaciated in Cary
time, and part was last glaciated in Mankato time. Yet
the general orientation of all the striations is about the
same, namely, southeast, as though the scratches had
been made beneath the peripheral zone of a lobe of ice
flowing southward down the James River lowland, and
spreading outward near its margin in the fashion com-
mon to all lobate glaciers. If we assume the scratches

‘to have been made in each locality by the latest ice, then

some of them are Towan, some are Cary, and some are
Mankato. It then follows that the direction of flow of
each was, in this district, about the same ; that the high-
standing mass of the Coteau des Prairies induced a
similar lobation in all. That this was indeed the case
is evident from the lobate pattern of the borders of the
Cary and Mankato drift sheets in South Dakota, and
from that of the Iowan drift sheet in northwestern Iowa
as shown on the map by Ruhe (1950). There is thus
general agreement between the striations on the one
hand and the pattern of the drift sheets on the other.

An alternative explanation is that all or most of the
striations were made by the Towan ice, and that the
Iater glaciers, being somewhat thinner, failed to erase
them and to leave new scratches in their place. This
seems unlikely because the post-Iowan glaciers carried
large volumes of drift in their basal zones and flowed
vigorously enough to build this drift into massive end
moraines. It is probable that such glaciers would be
competent to abrade effectively the bedrock beneath
them.

Striations are far fewer on the granite outcrops in
Grant County than on the Sioux quartzite, possibly be-
cause of the coarser texture and variable hardness of
the polyvmineral rock. They consist principally of
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broad, shallow grooves, cutting a low boss of the gran-
ite in the SW14 sec. 7, T. 120 N., R. 46 W, east of
Milbank. Their trend is about S. 15° W. As the area
is generally covered with Mankato drift, probably the
grooves were made in Mankato time. They are roughly
normal to the trend of the outer limit of the Mankato
drift sheet in that vicinity.

The striations in Beadle County, in the James River
lowland, are of interest because they occur not on bed-
rock, but on a boulder pavement. They were well ex-
posed in June 1949, in the SE14SE1, sec. 26, T. 113
N,,R. 60 W., in the west side of the valley of Shue Creek.
At that place till 8 feet thick overlies a different till,
at least 12 feet thick, the upper surface of which is a
boulder pavement. The upper till is dusky yellow when
dry, has a silt-rich matrix, and is friable. The lower
till is light olive gray when dry, and has a clay-rich
matrix containing many large pieces of Pierre shale
and pockets of gravel in which chalk is an important
constituent.

Both tills contain boulders, but boulders are concen-
trated at the surface of the lower till to such a degree
that they form a nearly continuous pavement, which
stands out as a pronounced lithologic bench in the val-
ley side. The exposed boulders range from 1 to 5 feet
in diameter; most of them exceed 3 feet. They include
many kinds of igneous and metamorphic rocks; two
are Paleozoic limestones. The boulders are planed
down so that their tops are flush. They are not, how-
ever, fitted together like a mosaic, but are separated
slightly from each other by the inclosing till. Many
boulders seem to have lost as much as half their bulk
through glacial abrasion.

Many of the planed surfaces are striated with fine,
well-marked parallel scratches, and one boulder pos-
sesses two strings of nested crescentic fractures, the
strings paralleling the striations. Although many
striated boulders were seen, only six had surely not been
displaced by soil creep. On these six the striations have
a uniform bearing of S. 16° E. to S. 21° E. This direc-
tion parallels the axis of the James River lowland in
the latitude of the locality, and is at right angles to the
crests of the end moraines in the vicinity. There seems
to be no basis for doubt that the striations are as reli-
able an indication of the latest movement of glacier ice
over this area as though they had been inscribed on
bedrock.

As the till immediately overlying the boulder pave-
ment is of Mankato age, the till that incloses the
boulders is either Mankato or pre-Mankato. The fact
that the lower till is notably bouldery suggests, how-
ever, that it is Wisconsin. If Wisconsin age is accepted
on this basis, it follows that glacial downcutting, by
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abrasion alone, amounting to at least 1-2 feet, was
accomplished during one or more of the Wisconsin
glacial invasions. Indefinite as it is, this is the only
possible quantitative measure of the rate of glacial ero-
sion that has been found in South Dakota.

Boulder-pavement exposures in Beadle County were
noted in 1904 and 1905 by Todd (1909, p. 5) in the
SW1,SW1/ sec. 9, T. 113 N., R. 60 W., and in the north-
east corner of sec. 8, T. 113 N., R. 61 W. He recorded
southeast bearings for the striations at both localities,
but, at both, the bearings are more easterly than at the
locality described above. Both places were visited by
the writer in 1949, but although there are many surface
boulders, no boulder pavement was observed. At the
latter place four surface boulders with flat facets bear-
ing parallel striations were seen; probably these were
derived from the pavement exposed in 1904 and 1905.
At the former place some of the boulders showed wind
cutting, but none with plane facets or parallel stri-
ations were observed.

At several other localities throughout the townships
named, lowever, planed and parallel-striated boulders
were seen lying on the surface, mostly on the side slopes
of small draws. These are believed to have been de-
rived from a boulder pavement that was extensive in
this district. )

The presence of a pavement on till implies concentra-
tion of boulders through the removal of the finer grain
sizes by a selective agent of erosion, probably running
water. The presence of boulder concentrates on the
Mankatc till, in places along the James River, ascribed
elsewhere in the present paper to melt-water streams,
suggests that the pavement described above may have
been concentrated in a similar manner.

CRESCENTIC MARKS

In some places the striations and grooves on bedrock
surfaces are accompanied by crescentic marks. Marks
of this kind have been described repeatedly in the liter-
ature, which has been summarized by Harris (1943).
Of the four distinct types that have been recognized,
three are shown in figure 13. All four are alike in that
they are commonly lunate, are oriented at right angles
to the direction of glacial flow, are as much as several
inches in individual length, and are generally arranged
in nested series or strings. The four types, however,
differ among each other in these ways:

Crescentic gouges are concave upstream and consist
of two fractures, from between which the rock has been
removed.

Lunate fractures resemble crescentic gouges except
that they are concave downstream.
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I CRESCENTIC FRACTURES

FIGURE 13.—Crescentic gouge, lunate fracture, and crescentic fractures
shown diagrammatically. Greatest diameters of all features shown
are about 4 inches. Arrows indicate direction of flow of glacier.

Crescentic fractures are concave downstream and
consist of a single fracture only, without removal of any
rock.

Chattermarks occur only within large grooves, are
concave downstream or not concave at all, are made by
the removal of a chip of rock, and possess no fracture
that extends deeper than the scar left by removal of the
chip.

Of these types, crescentic gouges and crescentic frac-
tures occur commonly on striated surfaces of Sioux
quartzite. Maximum individual diameters are about
4 inches; depths range from one-sixteenth to one-eighth
inch; nested series vary to as much as 12 inches in
length, with component marks spaced 1 inch to 114
inches apart. In each case the long axes of the series
parallel the striations on the same surface.

According to Harris (1943, p. 258) the principal
fracture in the first three types dips into the rock in
the forward or downstream direction. At only two
localities, however, was it possible to check this state-
ment in the field, owing to lack of exposures of vertical
rock surfaces cutting the fractures. At one locality
(SW14 sec. 14, T. 102 N., R. 48 W., Minnehaha County)
a set of six crescentic gouges, paralleling well-developed
grooves trending S. 42° E., are seen to possess down-
stream-dipping fractures. At the other locality (east
quarter corner sec. 22, T. 104 N., R. 45 W., Rock County,
Minnesota) fractures observed by D. R. Crandell in
1947 and later sectioned in the laboratory include a
crescentic fracture that dips 85° upstream and a crescen-
tic gouge that dips 30° downstream. Hence it appears
that not all the fractures associated with crescentic
marks do dip downstream. Consequently neither the
direction of concavity of the mark, nor the direction of
dip of its fracture seem to be reliable criteria of the di-
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rection of glacial flow. If this is true, then crescentic
markings afford little directional information in addi-
tion to what can be inferred from the associated stria-
tions and grooves.

Some of the marks observed on the Sioux quartzite
may be chattermarks, but in the absence of vertical
sections this could not be established.

THICKNESS OF DRIFT

The thickness of the Wisconsin drift in South Dakota
is extremely variable within short distances. In the
James River lowland it is believed to be, on a rough av-
erage, between 50 and 100 feet. In some places near the
margins of the coteaus it probably exceeds 300 feet. In
many areas along the eastern and northern sides of the
Missouri River trench this drift is only a few feet thick.
West of the trench, with few exceptions, and in western
Buffalo County the Wisconsin drift can not properly
be said to possess thickness, for it consists almost en-
tirely of widely scattered stones and boulders, generally
lying directly on the surface of the bedrock itself.

Although, without a great number of closely spaced
borings, it can not be established that the till is thicker
on slopes that faced the oncoming glacier ice than on
flats and on slopes facing downstream, nevertheless the
thicknesses exposed in these three situations lead to the
belief that such is the case. A similar relationship has
been observed elsewhere than in South Dakota.

Well records in end moraines at points along the
flanks of the coteaus indicate that at those places the
drift is generally thicker than it is in the James River
lowland. The greater thickness of the drift along the
flanks of the coteaus is not attributable entirely to the
fact that massive end moraines are present there, be-
cause drift thicknesses exceed the heights of the mo-
raines above their bases. This fact indicates that excep-
tional accumulations of drift were built at these places
during episodes of glacial deposition that antedated
the building of the existing end moraines.

Aside from the coteaus and the few other bedrock
features described earlier, the topography of the east-
ern part of the State is determined almost entirely by
the surface of the Wisconsin drift. Furthermore most
of the earth fill, sand, and gravel used in the construc-
tion of roads, dams, and other structures, and most of
the domestic water supplies obtained through shallow
wells are derived from the Wisconsin drift. In all
these ways, therefore, the Wisconsin drift is of major
importance.

TILL

GENERAL CHARACTER

Within the area of outcrop of any one kind of bed-
rock the several Wisconsin tills are much alike in physi-
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cal character. In fact the lateral change in character
of a single till, as the character of the bedrock beneath
it changes, is commonly more conspicuous than the dif-
ferences between successive Wisconsin tills in any one
district. In consequence it is difficult if not impossible
to distinguish Wisconsin tills from each other on a
basis of their physical character.

Certain general characteristics of the Wisconsin tills,
however, seem to distinguish them from the pre-Wis-
consin tills. The most obvious is that pebbles, cobbles,
and boulders are more abundant relative to the finer size
grades. Wisconsin tills are less compact, disaggregat-
ing easily when dry and quite commonly feeling mealy
between the fingers. Joints, where present, are less con-
tinuous and more closely spaced. Probably because of
their looser texture, oxidation is more uniformly devel-
oped in them, imparting a more nearly uniform hue to
any exposure. Finally, in many places the Wisconsin
tills possess weak fissility parallel with their upper
surfaces.

In some localities Wisconsin tills seem to differ from
older tills, and to differ among themselves as well, as to
friability. However, mechanical analyses (fig. 14)
show very small differences among them as to the pro-
portion of silt and sand (which would make them
friable) to clay-size particles. The differences observed
in the field are believed to result from differences in
moisture content. When moist, a small Jump of till
is plastic between the fingers, but the same till, when
quite dry, may be friable. Therefore differences in
friability are not necessarily differences inherent in the
tills themselves.

The tills of three Wisconsin substages in north-
western Iowa have been shown by Ruhe® to differ
among themselves only slightly; the similarity among
Wisconsin tills therefore appears to be general through-
out a wide region.

BOULDERS

Rock fragments of pebble, cobble, and boulder size
are more abundant, relative to finer size grades, in Wis-
consin tills than in pre-Wisconsin tills, In the present
reconnaissance study no statistical data on pebbles and
cobbles were accumulated, but the distribution of
boulders, which are numerous, large, and easily seen,
was noted. The largest boulder observed has a maxi-
mum diameter of more than 10 feet. Waring (1949)
recorded a boulder 17 feet in diameter on the James
River lowland.

Two facts about the distribution of boulders, seen in
exposures of till and on the surface, are apparent. The
first is that there is a close relationship between angle of

1 Ryhe,” R. V., 1950, Reclassification and correlation of the glacial

drifts of northwestern Iowa and adjacent areas: Iowa Univ., unpub-
lished Ph. D. dissertation, fig. 5.

local slope and frequency of boulders at the surface. The
steeper the slope, the more frequent the boulders. This
can only have resulted from the residual concentration
of boulders through the removal, by rainwash, of the
finer matrix that formerly inclosed them. The relation-
ship is clearly evident at the northeast end of the most
easterly butte in the Bijou Hills, centering in the north-
east corner of sec. 26, T. 101 N., R. 69 W., Brule County.
Till mantles the comparatively flat country around the
base of the butte, and no section was seen in which two
tills are exposed. But on the butte itself, with a slope
averaging about 25 degrees, no till was observed. In-
stead the surface is littered with stones and boulders.
The strong suggestion here is that on both flat and slope
only one till is represented, and that on the slope the till
has been converted into coarse residuum. In other
words the critical factor is not time but angle of slope.
This interpretation very probably applies in part to
the Wisconsin drift both in the Missouri River breaks
and in the dissected country west of the river. In those
districts the drift is represented chiefly by scattered
boulders rather than by till. However, as stated on
pages 8587, there are reasons for believing that in the
latter district, at least, the till was scanty even at the
time when it was deposited.

The second fact apparent in boulder distribution is
that boulders are generally more abundant in end
moraines than in ground moraine. Undoubtedly their
abundance on the surfaces of end moraines is in part
the result of residual concentration owing to the re-
moval of a large bulk of fines on the relatively steep
slopes that characterize those moraines. But as the fre-
quency of boulders exposed in place in end moraines
is substantially greater than their frequency in ground
moraine, the difference is in part original. Even in
end moraines with steep slopes, however, one segment
may have many surface boulders whereas an adjacent
segment may have very few. An example is the outer-
most Mankato end moraine along the western flank of
Turkey Ridge in Hutchinson and Yankton Counties
Commonly surface boulders are more numerous on the
distal slope of an end moraine than on the proximal
slope. This may result from repeated lodgment of till
against the proximal slope, thus covering up the water-
washed surface of that slope.
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