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THE MORAINES OF SOUTHEASTERN SOUTH DAKOTA
AND THEIR ATTENDANT DEPOSITS.

By J. E. TopD

CHAPTER I. .

INTRODUCTION.
HISTORY OF WORK.

At the reorganization of the United States Geological Survey in
1881, the author, under the direction of Prof. T. C. Chamberlin, geolo-
gist in charge of the glacial division, was instructed to explore the
Dakota loop of the great moraine. At that time very little was known
of the distribution of drift in Dakota. Aside from certain theoretical
considerations which had been expressed by Professor Chamberlin and
Mr. Warren Upham, little had been presented upon the subject. A few
topographical notes by Nicollet in 1842, and a more direct treatment of
the subject from wide but incomplete observation, presented by Gen.
G. K. Warren in 1868 before the Chicago meeting of the American
Association for the Advancement of Science, were the more important
statements of observation. The latter distinctly makes the limit of
glacial action to coincide with the Missouri River from the forty-eighth
to the forty-third parallel. Dr. F. V. Hayden also, in the American
Journal of Science for January, 1867, published a very interesting
account of a trip taken by him to Rockport, Dakota, and Pipestone,
Minnesota, in the previous October. His notes refer mainly to the
older formations, but incidentally he records features of the drift.

After an examination of the field during the summers of 1881, 1882,
and 1883 it was considered better to delay a report upon the whole
region, and to present a preliminary report in the form of a bulletin
upon a limited portion. The portion chosen, and to which this bulletin
relates, was thought to bear most directly upon certain important ques-
tions and to be likely to furnish the most important results; moreover,
it was the most accessible portion, because more generally occupied by

settlers.
13
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LIMITS OF REGION.

The limits chosen in the regular course of the moraine—the axial
limits—are Turtle Point in Jerauld County, and a corresponding point
in the northwestern part of Lake County., For convenience in refer-
ence we will name the latter Vermilion Point. Turtle Point is a con-
spicuous landmark, which forms a natural point of division on the west
side of the loop, while Vermilion Point is on the east side of the loop
in about the same latitude, and, although it is not-so prominent a point
of division, it i is the most marked point near the northern limit of the
writer’s acquamta.nce with' the moraine upon the east side. Turtle
Point is upon the eastern edge of what is commonly known as the
Coteau du Missouri, a region between the James and Missouri rivers
spoken of by the early French explorers as the Plateau du Coteau du
Missouri. The term ¢ platean,” however, is a misnomer, for instead of
a continuous plateau, it is merely the skeleton of one. The peripheral
limits are, briefly, as follows: ‘On the north, the parallel of Turtle Point,
which is arbitrarily taken. On the other sides the limit theoretically
coincides with that of the extreme dispersion of erratics from the por-
tion of the moraine under consideration. On the west this boundary
is most definite and is near; on the east it is confused with that of the
JTowa lobe; on the south- the theoretical limit is so remote that we shall
need to ﬁx an arbltrary lumt which we will take as not more than 100

mile:..from the moraine. A map of the region under consideration is
shown on PL L ' _

Some of the advantages which may be derived from a careful pres-
.entation of this portién of the moraine are the following: -

First. It gives opportunity to present in a natural and censecutive
‘manner several typical features of drift deposits, moraanes, berg drift,
drainage outlets, gravel terraces, osars, ete.

Second. It furnishes important data upon several of the open ques-
tions connected with certain Pleistocene problems, viz: The origin of
loess, the distribution of glacial and glacio-natant deposits, oscillations
-of the earth’s crust in the post-Pliocene, besides several minor questions

.connected with the physics and history of the glaciers.

Third. It forms a convenient introduction to the larger subject which

it was first proposed to present. .

12

SKETCH OF OLDER FORMATIONS.

Though our work perta.ms especially to the recent depos1ts formed
«during the Pleistocene period, a brief consideration of older deposits
seems important, for the underlying rocks have influenced in several
ways the distribution of the drift." ' ‘ .

The older formations belong to widely separated epochs So far as is
yet known, the region under consideration exhibits only strata belong-
ing to the Algonkian and the Cretaceous, with scattered fragments of
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Tertiary deposits. The Algonkian—or, as it has been considered:- by
Prof. N. H. Winchell, the lower Cambrian—is represented only by the
red quartzite, which is conspicuously exposed along the Big Sioux, and
was named several years gince by Dr. C. A. White the Sioux quartzite.
The exposures in this region appear to be portions of an irregular syn-
cline, extending from southwestern Minnesota to the James River. An
‘enumeration of localities will be found on another page (p.122). The
strata have usually but slight dip,rarely more than 6°.- Ripple marks are
frequent, but no fossils, except a few of doubtful character, have yet been
found."” The rock bears- evidence. of ebb-and-flow structure. Oblique
stratification, inclining in: different directions, abounds in some strata.
Thin seams of metamorphosed clay occur occasionally, the more notable
‘being the ‘‘pipestone,” at Pipestone, Minnesota. The lower stratum
exposed on Wolf Creek is a bed of unconsohdated szmd ev1dent1y once
consolidated but- now decomposed. .

“The Cretaceous rocks all belong to the Dakota group and to the
three members separatéd by Hayden, but combined by King into the
-Colorado group.

The first, the Dakota sandstone, is exposed along the James River
and its tributaries in Hutchinson, Hanson, and Davison counties and
along the Missouri below Ponca, Nebraska,

The Benton group, comprising dark. pyritiferous clays, is certainly

found exposed only along the bluffs-of the Missouri, from near the
mouth of theé James River to the vicinity of the Big Sioux.? Slight
exposures near Milford, Nebraska, and - Rockport Dakota, also possi-
bly belong to this group. : -
- The Niobrara of Hayden, the chalkstone, forms a more consplcuous
and important deposit, which extends very widely under the drift. It
is exposed along the Missouri from Chamberlain to St. Helena; along
the James and its tributaries in Hanson and Davison counties; at sev-
eral localities along Clay and Turkey creeks; upon Beaver Creek, near
Canton; on the Split Rock, north of Brandon; along the Big Sioux, at
Akron and below, comprising the Inoceramus beds of Whlte, and along
Brule Creek, in Union County.

The Plerre group, consisting of clays of different colors a,nd qual-
ities, probably occupies four-fifths of the surface underneath the drift.
It is exposed along the Missouri from near the mouth of the Niobrara to
the northern limits of the region. It is this formation which is struck
in wells which pass through the drift in all localities in the Dakotas east
of the Missouri, except those that have been already indicated.

The Tertiary rocks are represented by the greenish quartzite—well
shown at the Bijou Hills—and various beds of sand, gravel, and clay
that are associated with it. These are ascribed to the Loup River
group by Dr. Hayden, and no reason for questioning the determination

1 Prof. N. H. Winchell, Thirteenth Ann. Rept Geol Na.t Hist. Survey anesota, 1884.
2Cf. Hayden, 1870, p. 87.
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has come to the writer’s knowledge.” Distinct fossils were not noticed
by him in it, though pieces of petrified wood and of mammalian
bones have been noticed upon it, which may have been derived from
it. It contains greenish pebbles of pitchstone at many points. In
northeastern Nebraska the Loup River Tertiary is-represented by over
‘80 feet of sands, marls, and clays containing petrified shells and bones
of animals. From similarly situated beds north of Sioux City teeth of
Equus major have been reported by Mr. Bain, who referred the beds
to the Pleistocene.? '

The Cretaceous clays have contributed largely to the mass of the
till. The Tertiary rocks have been influential in the formation of buttes
which have had an important limiting and directing influence upon the
ice sheet. The Archean rocks have been less influential, not having
been prominent emough to limit or deflect the ice, nor sufficiently
yielding to contribute material of much volume. In a few cases, as at
Rockport and near Alexandria, they seem to have exercised consider-
able directing power upon the lower portion of the ice.

ELEVATIONS.

The elevations which form an important portion of this paper were
mostly taken with an aneroid barometer. A few are derived directly -
from railroad profiles. The more important elevations have been taken
either several times or on days when the barometer showed little
fluctuation. In general their accuracy corresponds to their distance
from important streams or from railroads. A few are taken from the
topographic surveys of the United States Geological Survey. At the
beginning of our work the number of railroad elevations in the region
under consideration was quite small, on account of its recent settle-
ment. But the rapid railroad building of the last few years has been
favorable to the work, both by furnishing exposures and in affording
fresh and accurate information concerning elevations. The accuracy
of the survey has been materially aided through the generous response
on the part of railroad engineers to requests for profiles. In the
appendix several of these are published for the first time.
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CHAPTER II.

FIRST (OUTER) OR ALTAMONT MORAINE.

This is first presented because it furnishes a convenient line of refer-
ence in the further treatment of the area under consideration. It is
also the best defined and most constant feature,

I COURSE OF THE MORAINE.

The accompanying map, Pl. I, with a brief explanation, will give a
comprehensive view of the direction and divisions of the moraine.

Beginning at Turtle Point, in Jerauld County, the;head of a promi-
nent interlobular portion, the moraine extends in a south and south-
west direction past the Bijou Hills, nearly to the junction of Pratt
Creek with the Missouri, where there is a gap a few miles in breadth.
The more notable variation from a direct course is a small loop pushed
westward toward Red Lake. ‘

East of Pratt Creek the moraine appears again in the Cedar Creek
Hills, which, lying on both sides of Cedar Creek, form a high V-shaped
reentrant angle, pointing northeast. From the eastern end of the V
the moraine extends in a general southeasterly direction, nearly to the
junction of Wet Choteau and Dry Choteau creeks, where it crosses
the former, turns sharply northward, and forms a long interlobular
portion around the latter stream, being known as the Choteau Creek
Hills. Below the junction of the Choteaus the moraine lies along the
west bank of the stream nearly to its mouth, where it crosses and con-
tinues close along the bluffs of the Missouri to a point opposite the
mouth of the Niobrara, where-it develops a slight reentrant angle.

From this point no trace of it is found on either side of the Missouri
until we pass below Bonhomme. A little east of that place, on the
north side of the Missouri, it appears again, and, after forming a long
and much-eroded loop to the east, reaches Lesterville, where, after
forming a much smaller similar loop, it takes a southeasterly direction.
About 6 miles east of Yankton it swings more to the east, crosses the
James River, and continues to a broad gap through which Clay Creek
passes. East of the Clay Creek Gap it reappears along the east bank
of that stream and runs north and northwest to the vicinity of Childs-
town, where it again doubles upon itself and takes a quite direct course
southeast to Spirit Mound, 6 miles north of Vermilion, forming Turkey
Ridge. '

East of Spirit Mound no trace of it is found until Brule Creek is
reached, 10 miles east. There it reappears, running northward to Beres-

18 o
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ford, and thence north-northeast to the vicinity of Canton. From that
place to the vicinity of Sioux Falls it seems not to have been formed,
.except at three or four isolated points. About 5 miles east-southeast
of Sioux Falls it reappears on the west bank of the Big Sioux, and
curves around the bend of the Big Sioux at Sioux Falls, and thence
west and northwest to the vicinity of Montrose. From there it lies
along the cast side of the East Vermilion River to Vermilion Point,
about 12 miles northwest of Madison. There it forms a reentrant angle
by turning sharply to the east.

The map represents also the course of the moraine for some distance
outside the limits chosen.

FROM TURTLE POINT TO PRATT CREEK.

‘We have found it convenient to begin at the prominent headland
in Jerauld County known as Turtle Point, A view of this from the

Fia. 1.—Turtle Point, from the northwest.
~

northwest is given in fig. 1. This forms the northern end of a high,
even-topped ridge which extends from sec. 35, T. 108, R. 65, to the
southern portion of T. 106, R. 65, a distance of 12 miles.

The point derives its name from the unique figure of a turtle, 1 rod in
length, formed upon a mound capping the summit of the point. This
figure is formed of small bowlders placed at short intervals so as to
describe the outline of a turtle. The range extending south we shall
call Turtle Ridge (Pl II). Its height above the plain to the east is
nearly 500 feet. Its eastern face is quite abrupt, and along its northern
portion is much marked by gulches, which arise from springs issuing
from beneath the dritt. One of them is known as Wessington Spring,
which pours forth a copious supply of slightly sulphurous water.

These gulches seem very subject to landslides, which have repeat-
edly changed the location of the springs. This tendency to slide is
probably the effect of water softening the clays below. Some of

N
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these springs are connected with long, trough-like ridges. One, in
particular, running east from an'old exit of the Wessington Spring,
is extraordinarily large. It extends eastward from the face of the
ridge, 14 to 2 miles, with a height midway of from 50 to 75 feet above
the adjacent slope.

The western side of the Turtle Ridge subsides with a gentle slope to
a broad, undulating plain, around the heads of Smith and Crow creeks.
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Fi16. 2.—Map of Turtle Ridge and southwest Wessingtons.

This plain is considerably eroded near these streams. The top of Tur-

‘tle Ridge is in several places rough and very stony, exhibiting the

characters of a typical moraine. This is especially true toward its
western side at the north end, and along the eastern side farther south.
Among these knobs are frequent basins, some of them containing water.

A very remarkable feature in this ridge is a long, deep, narrow val-
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‘ley, with abrupt sides, extending from near the north end through the
center of the ridge 6 or 7 miles toward the south. It then turns abruptly
to the southwest and flows into Crow Lake. Tributary valleys begin-
ning at the face of the hills, on either side, form with this central val-
ley a complete drainage system. In themain channel are a few isolated
domes 25 or 30 feet in height, apparently composed of gravel and
bowlders. At different places in the channel are basins containing
water which form considerable lakes, and are not improbably the
sources of supply for the springs before mentioned. Muskrat Lake is
possibly the principal supply of the Wessington Spring. Some of the
ancient water channels have recently been eroded by water flowing
eastward, either upon the surface or by springs cutting backward into
the hills. A conspicuous exantple is represented in P1. III.

The general arrangement of the drainage system is shown in the
accompanying map, fig. 2. -

An interesting question which may be conveniently discussed at this
point is: How much of these high portions of the moraine is due
to- glacial action and how much to pre-Glacial topography? Turtle
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F16. 3.—Transverse section of Turtle Ridge. v Turtle Point. vv Ancient channel leading to Crow
Lake. vvvCrow Lake. vvvvSmith Creek,

Ridge affords several features which indicate that the glacial action
has been the least efficient of the two—in other words, that the position
and the greater portion of the mass are due to erosion antedating the
glacier. As will be seen from the accompanying section fig. 3, there
are exposures of sandstone in the east front of the hills in sec. 12, T.
107, R. 65. This sandstone is evidently similar to that capping the
Bijou Hills and the buttes farther west. The deposit is not consoli-
dated into a quartzite, as is usual in such localities, but shows similar
- structure even to the occasional occurrence of beds of grit between the
finer layers.

Below the beds of sandstone are lead-colored clays, occasionally
exposed in the deepest portions of the gulches. A more striking
evidence of their existence is seen in the numerous landslides which
have occurred near the various springs. The sulphurous ingredients
of the waters are probably traceable also to the pyrites in the clays.
Along the east foot of the ridge the drift is thin, and wells frequently
reach the Cretaceous clay 15 to 20 feet below the surface.
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Another evidence of the influence of pre-Glacial topography is seen
in the configuration of the country north of Turtle Ridge. Extending
northwest is the edge of a terrace, quite distinctly marked, about 250
feet above the level of the plain on the east. This terrace is covered
with drift, and its edge is seamed with gulches, which are faint imita-
tions of those in Turtle Ridge. It also abounds in bowlders, some of
considerable size. A ready explanation of this feature would be that
it marks the former edge of a great valley, more commonly known as
the James River Valley, and that the force of the ice sheet was
sufficient to override this portion because of its lower altitude, while
Turtle Ridge was able to hold its own against it. :

Before proceeding further we may find illustrated in Turtle Ridge
an interlobular moraine, as defined by Professor Chamberlin. It
occupies the space between the shallower western lobe and the main
body of the great Dakota lobe on the east. The internal drainage
system already described was evidently occupied by superglacial
streams which entered it from either lobe and drained through Crow
Lake into the present valley of Smith Creek. That these streams
were of considerable size is indicated by the fact that the breadth of
some of the outlets upon the face of the moraine is from 150 to 200
yards. These valleys are flat bottomed, 90 to 100 feet in depth in the
deepest portions. The gravel mounds before mentioned were possibly
formed by eddies in the stream. A similar internal drainage is found
in the Ree Hills, Bald Mountains, and other interlobular moraines.
Muskrat Lake is apparently formed by the partial filiing of the prin-
cipal channel by material brought in by the main western branch.

Among the bowlders found scattered in the Turtle Ridge two very
large limestone bowlders were noted on the east brow of the hills, one
9 by 7 by 2 feet, the other 20 by 9 by 2 feet. There are no bowlders of
red quartzite, nor of local Tertiary quartzite and sandstones. Ordinary
granite and greenstone bowlders abound.

Extending southward from near the middle of the east side of Turtle
Ridge is a low morainic ridge, leaving it at a very small angle, and
running 3 or 4 miles farther south, and subsiding gradually to the level
of the eastern plain in the nerthern part of T. 105, R. 65. Between
this and the principal range is a shallow valley occupied by the head-
waters of the west branch of the Firesteel. This subordinate ridge
is very stony. Whether the explanation of its existence may be
similar to that of the terrace north of Turtle Ridge is uncertain. It
seems not unlikely that it is a portion of a faint minor moraine found
bétween the first moraine and the second, or it may be a subglacial
moraine due to some unevenness in the floor over which the ice was
moving.! Extending from a point about a mile south of Crow Lake to
a point 3 or 4 miles west of White Lake, in a nearly direct line, is the
axis of another high and massive ridge, which we will call the south.

1 Cf. Dana, Am. Jour. Sci., 3d series, Vol. XX VIIT, p. 230
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- west Wessingtons. Its eastern face, like that of Turtle Ridge, is steep
for about two-thirds of its height, then descends by gentle slope to
the plain southeast. This range is highest in the middle, where it has
an elevation of about 300 feet, in the vicinity of Ishams Lake. Its
western slope is not more than half as steep as its eastern, and declines
gradually to Smith Creek, about 5 miles northwest, where the stream
is'over 100 feet lower than White Lake in the plain east, inside of the
moraihe, fig. 11 (p. 37).. While the range is massive, its summit is
crowned with a few clusters of knobs, showing at a distance its morainic
character. Among these knobs are the usual basins and ponds, the
largest of which is Ishams Lake, sec. 16, T. 105, R. 66. Between Turtle
Ridge and the southwest Wessingtons there is a broad sag, the summit
of its bottom being about 100 feet above the plain southeast. In about
the center of this pass or sag is a remarkable system of sharp, stony
ridges from 10 to 30 feet in height, extending from near the southeast
corner of T. 105, R. 66, in a curve corresponding to the lower portion
of the sag to the southeastern part of Crow Lake. The general features
of the system may be more fully understood from the accompanying
map, fig. 4:
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Fig. 4.—~Map of osar-like ridges near Crow Lake.

These stony ridges are osar-like and are probably connected with
former drainage from the ice sheet. _

At the southern end of the southwest Wessingtons is a similar but
less marked pass through the moraine, by which water probably escaped
into a valley connecting with the head waters of Smith Creek. From
this outlet the moraine is less conspicuous, evidently not having so
“high a pre-Glacial surface on which to rest. A scattered series of
morainic hills may be traced southwest past Kimball to the middle of
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the western side of T. 103, R. 68, This system of hills is from 2 to 5
miles in breadth, its inner and outer limits not being very clearly
defined. Along its outer limit west of Kimball is a valley running
southwest, connecting the valley of American Creek with Red Lake
and the Missouri. The inner ranges of the moraine are but little higher
than the subdued swells of the glacial topography upon that side.
About 4 miles east of Kimball the railroad crosses two well-defined
valleys, which head on the inside of the moraine. They doubtless indi-
cate lines of drainage dating back to the time of the ice sheet. One of
them connects with American Creek and the other with Smith Creek..
From near the middle of the west side of T. 103, R. 68, these morainie
ridges begin to describe a semicircular curve toward the northwest,
the outer range of which lies about along the east side of Red Lake.
The principal ridge in the curve presents-an abrupt and stony inner
slope and a gentle outer slope, with few bowlders. Irom the south-

.

F16. 5.—Portion of the moraine near Bijon Hills. vMoraine.

ern terminus of this semicircle, near the southern line of T. 103, R. 69,
the moraine seems still less defined, but as it approaches the east end
of the East Bijou it regains its character of broad, stony ridges sepa-
rated by sags with ponds, the ridges being from 30 to 40 feet higher
than the plain within. Lying against the eastern end of the East Bijou
is a high north-and-south ridge over 100 feet in height (fig. 5), and appar-
ently composed entirely of drift. South of the East Bijou the glacier
at some time evidently pushed farther west, perhaps nearly to the west-
ern end, but such occupation was comparatively temporary. Masses
of bowldery clay are found on the highest summit of the East Bijou,
toward the south side and near the southwest angle of the hill. South
of the Bijou Hills the moraine is again ill defined. ‘

On or near the middle of the western line of T. 100, R. 69, is a well-
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defined north-and-south ridge extending 2 or 3 miles. Its height is
over 100 feet. Its northern end terminates rather abruptly amid a
cluster of ponds of considerable size.

Extending inside of the principal portion of the moraine, from near
the northwest corner of T. 101, R. 68, 7 or 8 miles, in a south-by-east
direction, is a remarkable chain of lakes or lake beds occupying a broad,
shallow valley. Southwest of the east end of the East Bijou is another
cluster of lakes, with a valley connecting them with the head waters of
Snake Creek. It is probable that these two systems of lakes occupy
an old channel leading into Snake Creek.

Northwest, west, and south from the short ridge last described are
lower stony ridges, which are doubtless a portion of the moraine,
Besides these we find no trace of the moraine till we reach the hills
around Cedar Creek, which occupy the central portion of T. 98, R. 68,
The plain on the inside of the moraine is quite even, extending sharply
down to the east bank of the Missouri. In it Pratt Creek has excavated
a narrow valley about 200 feet in depth. East of its junction with the
Missouri there is a high terrace, capped with an abundance of gravel
and bowlderets. , .

FROM PRATT CREEK TO RUNNING WATER.

The Cedar Creek Hills receive their name from a very short stream
. called Cedar Creek, which is surrounded by them. They extend some-

P, (,‘,M"
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Fi@. 6. —Cedar Creek Hills, from the north. v Pratt Creek. vv Missouri River. v'v Driftless bluff.

what in the form of a V, with its apex pointing northeast and subsiding
gradually into the plain on or near sec. 15, T. 98, R, 68 (fig. 6). The
northwestern arm of the V, which is not very prominently developed,
extends for 2 or 3 miles along the northern side of the stream. The
southeastern arm extends in an irregular manner southward along the
top of the east bank of the Missouri, connecting with the hills north-
east of Wheeler. This continuation of the moraine has been under-
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mined by an east bend of the river above Wheeler until apparently
half of the moraine has been removed. Its appearance is shown in
fig. 7. This view presents the nearest approach of the inside of the
moraine to the Missouri River at any point between Pratt Creek and
Choteau Creek.

From this point, which is on or near sec. 23, T. 97, R. 68, the inner line
of the moraine may be described as follows: It extends east-southeast
to the southwestern end of Lake Andes, thence from the southwest -
corner of sec.12, T. 69, R. 65, near the south shore of Lake Andes south-
ward along the east side of the township nearly to its southeastern
corner, and thence south-southeast in nearly direct line to the middle
of T. 94, R. 62,

The structure of the moraine through this portion is found to be a
deep deposit of drift, overlapping hills of Cretaceous clay. The moraine

3 } // f Ly
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Fia. 7.—The moraine balf eroded by the Missouri.

presents few knobs upon its surface. It may be deseribed as a broad
swell, with a somewhat abrupt slope toward the northeast and an irreg-
ular gentle slope toward the southwest, which latter is much seamed
by short streams draining into the Missouri. It is interesting to find
this portion of the moraine mapped as a ridge on Gen. G. K. Warren’s
map of 1857.

Through it are three important outlets, extending upon or a little
below the level of the plain northeast. The first of these is now occu-
pied by Pease Creek and another smaller stream. This outlet is from
one-half mile to 2 miles in width, and is flat-bottomed, especially upon
the western side, the eastern being occupied largely by a system of
high, stony hills resembling osars. Another outlet is that extending
southwest from the end of Lake Andes (P1. IV). This also is occupied



U. S. GEOLOGICAL SURVEY BULLETIN NO. 158 PL. IV

ot e
”\ RO

N S sl

(o

i
o~ ’:ﬁ;{‘\\ =z
. -q‘}\ iy u‘

IR > 3 ! /
N SN 3 -«\/%3)$ {4 LIS ‘1% \%

- - U i
il w«
AV st S vm,/

NS \“)7/ AN 3

/a V/§ \/“;\‘&,&, Q\ \\1/;,,:\3\ z.)),. Y

SORRELIAR ARANNTY '%W@
,L \r( P AN, \\\\‘

SHEe 3 N\i}’“‘ .X""A;/W"\:,‘g\

X SR
1l'\[V{ﬂi/I/“ Y, ,/‘n//”\./*// ZAZN a'l,/}"

i
'M‘m N

w//}t\\ /}L,g\ 3

. #‘a,'%\.,.”w , n*pl (:][h

',{',(4" i '/ﬂ/ﬁ)] ol

n'\“\‘ 4 1
o N L o o
Wi ?’w@ M‘V; L e 1’4’%
7 \\\W; ooy o vﬁ'ﬁf“‘*'m % TS Sk w\w/;w‘“l‘”“" ﬂWMI ot
3 ' bW Mt d o TSN h
)@ ey N S Z?Qzﬁ?& %‘%/h‘“‘\w NP
. 4

LAKE ANDES OUTLET FROM THE NORTHEAST.

v Moraine. v v Bluffs across Missouri River, showing through Lake Andes Gap.



EET

.ToDD.] COURSE OF OUTER MORAINE. 27

by a small stream, which flows along the western side, and also a dry
drainage channel, a few feet in depth, from Lake Andes itself. The
eastern side of this outlet also presents prominently the effects of run-
ning water, in the form of gravel terraces. Another less important
outlet extends west-southwest from near-sec. 25, T. 96, R. 65, till it
joins the Andes Outlet before it reaches the river. From its relation to
a grassy lake of considerable size northeast of it in the plain, I have
called this Grass Lake Outlet. All of these outlets present the features
of nearly straight troughs, with sides quite abrupt, especially the western.
Their bottoms are in every case lower than the general level within the
moraine, and slope more or less rapidly to the surface of the lower
gravelly terrace described in Chapter V. Near the head waters of
Sevenmile Creek, at the southwest corner of T. 96, R. 64, the moraine
declines in elevation from 75 to 50 feet, and at the same time seems to
broaden, and continues this character from this point to Choteau Creek.
Several streams have their valleys heading in close to the northeast

F16. 8.—General view of the moraine from 2 miles south of Grandview. Numbers indicate degrees -
from south. )

side of the moraine and probably were minor channels of overfiow when

the ice was forming the moraine. A distant and general view of this

part of the moraine is shown in fig. 8. :

A conspicuous point in this lower portion of the moraine is on or

near sec. 30, T. 94, R. 62. It is situated some distance outside of the
inner boundary of the moraine, so that it seems never, or very briefly,
. to have been covered by the ice. It presents the well-marked layers of
the Bijou quartzite, lying in horizontal position, and scattered upon
them numerous bowlders of all kinds. Its altitude is quite definitely
determined to be 1,675 feet.

A view from the summit of the moraine shows, in general, a gentle
slope down to the level of a high terrace along the left bank of the .
Missouri. This terrace averages over 200 feet above the river.

The valley of Choteau Creek, asit approaches the moraine,is from 14
to 2 miles in width and flat bottomed, apparently marking another out-
let, which, however, instead of going straight toward the Missouri, turns
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eastward and joins a drainage valley from the interior of the Choteau
Creek Hills, This latter valley, from the scantiness of water in it, is
known as the Dry Choteau, while the more extended western branch
is locally known as the Wet Choteau. The Choteau Creek Hills are a
system of morainic hills surrounding the Dry Choteau. They extend
north and south and are estimated to be 3 to 5 miles in width. - Their
northern end occupies the west half of T. 97, R. 61, and is surrounded
with a broad, semicircular valley, in which rise the headwaters of
Emanuel Creek on the east and an important branch of the Wet Cho-
tean on the northwest. This valley is most abrupt on its outer side,
and has a depth of 60 to 100 feet below the plain outside. The plain
ends in a terrace-like edge, in some places considerably raised above
the region farther back. This is markedly true of the portion east ‘of
the hills, near Aden post-office, sec. 1, T. 97, R. 61, where the surface
suggests a minor moraine. The hills terminate sonthward in narrow
but prominent ranges near the mouth of Dry Choteau. This is par-
ticularly true of hills on the east side of the system. Iast and south-
east of that point there is a broad swell, evidently passed over by the
ice and suggesting an advance of the ice farther west in its later occu-
pation of the region. Perhaps the erosion of the waters escaping from
the valley had removed the moraine on that side, so that the ice broke
over the remainder into the drainage valley itself, That their location
was probably predetermined by hills of Cretaceous clay is indicated by
the reported occurrence of chalkstone some distance above their base
at the northern end. This was not certainly determined to form a
ledge, but was found in such quantity as to render it quite certain that
such was the case. Several important lakes and marshes occur in the
hills, :

The ice sheet evidently very nearly surrounded these hills, as the
small lobe extending east of them pushed through quite to Choteau
Creek in T. 93, R. 61. It also reached mearly to the present course of
the Missouri. There are, however, high northwest-southeast ridges
extending from near the mouth of Chotean Creek to sec. 3, T. 92, R.
61, where they are more developed than farther west, rising over 150
feet above the plain to the northeast and estimated to be fully 400 feet
above the river to the north. They are so cut by ravines from the
river as to make their morainic character somewhat questionable.
Fortunately, in an old well evidence was found of an ancient pond
upon this hill, containing specimens of fresh-water shells and having
every appearance of a morainic basin, which had been filled with
earth 8 or 10 feet in depth. ‘

EMANUEL CREEK GAP.

From this point no trace of anything that can be called a moraine is
found until we reach the blufts about 5 miles east of Bonhomme. Over
this region, on the north side of the river, the plain, gently undulat-
ing, gradually subsides to the level of the lower, bowldery terrace,
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which has an altitude of about 200 feet above the river. The surface
is somewhat lower in the vicinity of Springfield. North of Bonhomme,
in the valley of Snatch Creek, the general surface is still more de-
pressed, and abounds in low bowldery knobs. 1t suggests the filling of
a pre-Glacial valley. This is further indicated by a gap in the chalk
bluffs along the north side of the Missouri.

Upon the south side of the river, back from the bars and bottom
land immediately adjacent to the channel, is a strip of country from
2 to 4 miles in width displaying very little drift, and underlain by
chalkstone below and Cretaceous clays above, with much sand, probably
of Loup Fork epoch, still higher. This region is very much eroded -
by small streams running north to the river. South of this strip of
country there rises abruptly the northern edge of a table-land, built of
beds of sand and gravel below and of loess with a few scattered bowl-
ders above. The loess is much eroded, butits valleys extend away from
the river into the branches of Bazile Creek. One peculiar feature of
the northern edge of this table-land is the projection of high ridges of
the loess extending 14 to 2 miles northwest, without diminishing in
altitude, over the Cretaceous region before described. )

It seems clear that in this gap of the moraine we have trace of a
relation of ice sheet and river similar to that which existed Jbetween
the Bijou Hills and the Cedar Creek Hills, though on a vaster scale:
with the difference, however, that in that case the water was flowing
rapidly transversely to the motion of the ice, while in this case it was,
perhaps, discharging more in the same direction.

FROM BONHOMME TO SPIRIT MOUND.

The moraine appears on the north bank of the river, about 5 miles
east of Bonhomme, in a high, broad swell, extending from the south-
west toward the northeast, past Lakeport, which is situated on the
inner crest of the moraine; but it rather abruptly turns eastward and
declines in height near the center of T. 94, R. 57, where there seems to
have been a broad outlet, or perhaps a tongue of the ice in the place
now corresponding to the upper valley of Beaver Creek., Later there
seems to have been much water flowing southeast over this area.

Near Lesterville a considerable cluster of morainic hills again appears,
about 50 feet in height above the plain around them. These seem to be
an interlobular portion of the moraine between the broad valley to the
south and a narrower valley coming in from the north along their east
side, or else a local development of @ later moraine not usually appear-
ing, possibly an earlier portion of the second moraine.

Again, beginning near the southeast corner of T. 96, R. 57, a high,
sharp, continuous ridge extends in a nearly direct line to sec. 12, T. 94,
R. 56, where it quite abruptly declines in height, apparently having
been washed away by water from the west. Through this rangeis an
interesting gap through which Beaver Creek crosses it toward the east,
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upon sec. 28; T. 95, R. 56. South of this is a conspicuous peak, locally

known as Mount Pisgah. An interesting drainage channel at high

level crosses the moraine north of the gap on the west lines of secs. 16

and 21, T. 95, R. 66. A conspicuous view of this portion of the moraine

from the inside is given in P1. V, and from the outsidein fig.9. Another

drainage channel at higher level runs south obliquely across it along
- the west line of sec. 16, T. 95, R. 56.

A few morainic points in a ridge running east-west, northeast of
Lakeport, suggests the idea that the broad gap south of Lesterville
may at one time have been occupied by a smail lobe from the ice sheet
west. The highlands west of Yankton descend in a long, gentle slope
from the vicinity of Lakeport to Yankton. This slope is traversed by
valleys extending south of east which bear traces of running water.
There are gravelly knolls and terraces, especially toward the foot of
the slope. From the gap east of Lesterville extends a broad valley,
running southeast. Just southwest of James Ridge this also opens

Fia. 9.—James Ridge, from the west. vBeaver Creek. vvMount Pisgah.

toward the southeast upen a broad gravelly terrace, through which
Beaver Creek in its lower portion has excavated a deep valley. James
Ridge in its northern half seems to have been a narrow interlobular
portion of the moraine. A lower bowldery ridge, somewhat detached,
skirts its northern end much as in the case of the Choteau Creek Hills.

From a consideration of the topography of the gorge-like character
of the trough of the Missouri from Bonhomme to Yankton, of the
occurrence of blowing wells near Utica, and of the finding of fragments
of quartzite like that of the Bijou Hills at the south end of James
Ridge, i, seems probable that before the advent of the glacier the Mis-
souri, or rather the Niobrara, flowed northeast from Springtfield and
thence eastward north of Lakeport and Yankton to join the main river
northwest of the latter place.

Extending along the east side of James Ridge, separated from it on
the south by Beaver Creek, and turning east from the southern end of
the higher part of James Ridge, is a morainic ridge, ati one time
thought to be a part of the outer moraine, but a more satisfactory
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interpretation makes it a part of the second moraine, under which head
-it is further discussed.

East of Clay Creek morainic ridges appear again on or near sec. 26,
T. 95, R. 54, where they are well developed along the east branch
of Clay Creek.

From this point the more or less morainic west slope of the highland
runs nearly northwest to the southeast corner of T. 98, R.55. The west
branch of Clay Creek flows along southwest of it in a southeasterly
direction. Along the east branch of Clay Creek the chalkstone of the
Niobrara group appears high up in the hills, rising some 80 feet above
the waters of the stream. It is finely exposed as far north as sec. 17,
T, 95, R. 54, .

In the vicinity of Childstown post-office the moraine swings in a
curve east, northeast, and finally around southeast along the west side
of Turkey Ridge Creek, extending approximately parallel with the
moraine just described, and forming with it a broad, high ridge, from 4
to 6 miles in breadth. Its eastern limit, corresponding to the inside of
the moraine, extends from Spring Valley post-office, east of Irene, to
the vicinity of Wakonda, then more southward and then southeasterly
into the northwest corner of T. 93, R. 52, where it turns more east,
declines in height, and becomes broken into detached hills, the last of
which is Spirit Mound (P1L. 'VI).

This is a picturesque peak, rising nearly 125 feet above the level of
the plain, upon sec. 14, T. 93, R. 52.

Turkey Ridge.—Turkey Ridge exhibits the usual features of inter-
lobular moraines. It shows a core of Cretaceous chalkstone and clay,
above which there generally seems to be a mantle of fine deposits, pos-
sibly eolian, probably of Tertiary age. In some places this is a fine
silt, resembling loess, but more generally it is very fine sand, Some of
it may have been derived from glacial action, deposited before the ice
sheet covered this point. Above this rests a much thicker mantle of
till, 50 to 200 feet thick, except where cut through by erosion. No trace
of a composite character has been found in this, though it has been
penetrated at many parts by deep wells. The more reliable source of
water is the fine sand or chalk below. The water in the two may be
confluent. '

The main internal drainage channel is Turkey Creek, which evidently
received its waters from the east side, where two prominent cols are
found, one at an elevation of about 1,450 feet above sea level in sec. 30,
T. 97, R. 54, another at an elevation of about 1,318 feet, a little south of
Irene.” Both of these, especially the latter, have beeun cut down nearly
100 feet since they were first traversed by the water. Traces of drain-
age from the west are found at two or three points, but the ice there
was lower and soon the drainage was along the line of Clay Creek,
which ran along the west side of the interlobular moraine. These
two channels converge to the vicinity of Volin, Turkey Creek has a
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naturally narrow valley, bounded by chalk cliffs rising from 50 to 100
feet above the water. Turkey Ridge is about 24 miles long and from
5 to 7 miles wide. Its surface is not very rough. Most of it is
easily tilled, though in some places it is very stony. The prevailing
stone is red quartzite. Its highest point is about 1,750 feet above tide,
on sec. 5, T. 97, R.55. From that place it declines quite regularly to
about 1,400 feet for 2 or 3 miles west of Wakonda. A plan of it is given
in P1. VII; see also sections E-F and I-K with the general map (PL I).
This is derived from the topographical survey of the United States
Geological Survey made in 1896. In the later stages of the occupation
of the moraine, as the ice thinned, the internal drainage ceased and the
Vermilion lobe discharged along the line beginning in the eastern part
of T. 97, R. 59, and extending to 2 miles west of Viborg, passing through
the west side of T. 92, R. 52, thence nearly due south to sec. 9, T. 94, R.
52, thence southeast to the Vermilion River, passing just west of Spirit
Mound. ' '
VERMILION GAP.

From this point there is a gap in the moraine about 8 miles in width.
It is occupied by the very level plain along the Vermilion River. This
plain extends southward and ends as a high terrace, the southern end
of which extends from the mouth of the Vermilion nearly due east to
the Big Sioux. It rises about 100 feet above the Missouri. This terrace,
as exposed by cuts in the vicinity of Vermilion, is composed of blue
bowlder clay below, containing pockets of sand, and passing above into
yellow pebble clay, and this is capped in places with a silt indistin-
guishable from loess. The surface of this terrace frequently exhibits
basins similar to those found upon till; and from the relation of the
terrace to the moraine it was probably occupied by a narrow tongue of
ice running down the pre-Glacial Vermilion Valley into the Missouri.

FROM BRULE CREEK T0O CANTON.

Along the west bank of Brule Creek, as far south as sec. 13, T. 92,
R. 50, and still more prominent in the northwest corner of T. 93, R. 50,
and the southwest corner of the township north, the moraine appears
in a few scattered knobs of drift. Between these hills are evidently
overflow channels from the plain northeast to the valley of Brule Creek,
Some of their outlets are partially occupied by small lakes. These hills
toward the north become connected into a broad swell composed of
bowlder clay, which rises and broadens toward the north and extends
past Beresford, sitnated upon its summit, thence north and northeast
to the middle of the southern line of T. 98, R. 49, where it terminates
abruptly, overlooking a broad valley, which slopes from the plain north-
west down into the valley of the Big Sioux at Canton.

This portion of the moraine is not traversed by overflow channels of
any cousiderable size, at least none have eroded the moraine very deeply.
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There are, moreover, few knobs or morainic points exhibited by this por-
tion of the moraine. Itforms the western edge of ahighland region occu-
pying the whole area between it and the Big Sioux Rivér on the east.
This highland region is uniformly covered, especially upon the hilltops,
with loess, some of the points of it rising higher than the nearer
portions of the moraine. Branches of Brule Creek and the Big Sioux
have eroded the whole surface of this highland so that the height of .
the hills above the valleys is often more than 150 feet. That there was
more or less overflow across the moraine is indicated by numerous
broad, marshy valleys extending from the summit of the moraine south-
ward into Brule Creek. This is especially true in the vicinity of Beres-
ford and south of Canton. At the northern end of the highland region
it rises about 300 feet above the Big Sioux, and the valleys heading
-. near the moraine are narrower and deeper than those farther south.
One of the most instructive portions of the moraine in this region, and
indeed in any region, is that lying along the west side of Brule Creek,
through Ts. 94, 93, and 92, R. 50. In the northern part of the first
mentioned the moraine has the same features as near Beresford, and
passes gradually into the eroded highland region farther east. This
ends.in sec. 17, and farther south there is an alternation of drainage
channels with bowlder knobs. This is represented in part in P1. VIIL.
These outlet channels are upon the same level as the plain farther west,
and from 30 to 50 feet above the water in Brule Creek. In some of the
wider it would seem that the ice occupied the channel and left ponds
and bowlders over the surface, as in the common glaciated areas. These
knobs rise over 100 and 150 feet above the creek and from 60 to 70 feet
above the surrounding plain. The chaunnels are not all'upon the same
level, but are deeper toward the south. Their eastern surface is
mantled with loam, indistinguishable from loess. It has not been
found, however, more than 5 or 6 feet deep, and it is not difficult to
account for the numerous cases by eolian action in time of northwest
winds. East of the creek the till rises to about the same level as
that which forms the body of these knobs. At several points along
the creek, and 50 to 70 feet above it, there are thick deposits of sand
and gravel directly underlying the loess, which is much deeper upon
the eastern side of the creek. The relation is shown in one of the sec-
tions in P1. VIII. Between secs. 8 and 9, T. 93, R. 50, the stream flows
through a narrow gorge which seems to owe its character partly to the
slipping masses of loess. From that point to secs. 24 and 25, T. 92, R.
50, there is no morainic material west of the creek, but.at the latter
point the hills again appear very distinctly on the west side of the
creek. It is evident that Brule Creek began its course when the ice
occupied the Vermilion Valley as far south as the Missouri, and that the
ice rose nearly or quite as high as the general level of the loess farther
east. The question presents itself whether the water during the early
occupation of the moraine flowed as high as that level, so as to dis-
Bull. 158—3
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charge eastward over the loess of Brule Creek. There are some things,
both at this point and in the vicinity of Fairview, which seem to .indi-
cate this condition. For example, the width of Brule Creek between
secs. 8 and 9, T. 93, R. 50, seems too narrow for the width of the
valley farther north and the numerous outlets leading to it. Again,
south of Beresford, but more north of that place, while there are no
prominent drainage channels, there are shallow ones which cross the
moraine at a high altitude, some of them as high as and even higher
than thelevel of the loess farther east. Moreover, northeast of Beres-
ford there is a peculiar mingling of bowlder knolls and loess, as if the
loess portion of it had been deposited in the valleys of the till.

BIG SIOUX GAP.

From the northern end of the highland south of Canton to the high-
land south of Sioux Falls, on sec. 29, T. 101, R. 48, we have again a
depauperated portion of the moraine. It is only represented by a few
isolated hills lying along the west bank of the Big Sioux. They pre-
sent at first sight the peculiar phenomenon of detached portions of the
table-lands east of the Big Sioux. They rise to nearly the same height
and are about 150 feet above the plain to the west. The first of these
is about 1 mile northeast of Canton—a low hill composed largely of
gravel, rising about 150 feet above the river. The second is a much
more important hill, occupying much of sec. 6, T. 98, R. 48; the third a
hill occupying sec. 20, T. 99, R. 48; the fourth, in or near sec. 15, T.
100, R. 49. Thesé h11]s are composed of drift, and when of any size
show basins indicating their morainic character. Between the highland
south of Canton and the hill northeast there is a broad incline from
“heplain on the northwest to the level of the Big Sioux. TUpon this slope
two or three terraces may be traced. The plain on the northwest rises
about 130 feet above the river. Continuous with the higher of these
terraces, which is the more stony, is a long bowldery terrace extend-
ing down the Big Sioux, and gradually declining in altitude to the
valley of the Rock River. It reminds one of the terrace on the Missouri
extending from the mouth of Pratt Creek southward. The valley of
the Big Sioux here is narrower, apparently not more than half the
width of the Rock River. This is especially true in the vicinity of Fair-
view, This suggests its recent excavation, perhaps during the later
occupation of the principal moraine. .

North of Canton the plain to the west comes up quite sharply to the
valley of the river, leaving a terrace-like edge, except in the vicinity of
small streams emptying into the Sioux. East of the Sioux, as before
intimated, the general level is from 200 to 250 feet above the river. No
trace of Cretaceous clays was clearly noted along the Big Sioux above
Canton till the northwest corner of Iowa was nearly reached. "It is
probable that they rise from 25 to 50 feet above the present stream.
Northwest of Canton the chalkstone of the Niobrara group occupies



U. 8. GEOLOGICAL SURVEY

BULLETIN NO. 168 PL. Vill

R.51

W
e
\\\u\\\\‘

o
N
%

A

.94

G

NI
sty ‘Q
h W WA & § N
sy o
X © ///ﬂ/n@ & \\\\\q ™ ]
N T Y 8 N
Z N
N S Zwny
N P iy, o
Q 2\, '
ouTleT £ ) %
z g “
R 2 3 o
SN—
B = o
\\\\l\lllr@\\lm,// K N
Q ¢ T N
T
u ", - N
N~ I/,"”"/

/,,,,, 2
< \
<
o N

RIS
< Stk Gl O
< o)) Q\> Q S Tnga®
P WS § ¢
° S W [y
Eg Y e § £ N
- Z Z ., S S <
N o~ b
/”flr\‘ Z, Z ES g
u Z E (T2 P
’// S "2 E: 2
- my ey % 7
<

T.93.

DETAILS OF THE MORAINE IN UNION COUNTY, SOUTH DAKOTA.



ToDD.] COURSE OF OUTER MORAINE. - 35

the bank of a small stream at a height of nearly 100 feet above the Big
Sioux. There seems to be no evidence that any portion of the east
bluffs of the Big Sioux represents any part of the moraine.

FROM THE BIG SIOUX TO VERMILION POINT.

Beginning on the west side of the Big Sioux, about a mile north of
the northern boundary of Iowa, a high massive ridge begins to extend
westward and southwestward around the Great Bend of the Big Sioux,
and continues its westerly course to near the southwest corner of
T.101,R.51. Thence curving northward, it crosses the Chicago, St.
Paul, Minneapolis and Omaha Railway about 4 miles east of Montrose,
then closely follows the east side of the East Vermilion, crossing the
Chicago, Milwaukee and St. Paul Railway west of Winfred, and con-
tinues in that direction to a point about 12 miles northwest of Mad-
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F1a.10.—Inner slope of the moraine south of Wall Lake.

ison. The line indicated marks its inner slope. Its outer slope is less
distinctly marked, being irregular, but usually with slight descent
toward the north and east. Of the portion just traced, that immedi-
ately south of the bend of the Big Sioux is the lowest, rising only about
120 feet above the water in the river. It bears traces of several drain-
age channels, as though considerable water had been discharged north-
ward from this point. About 3 miles southeast of Sioux Falls is the
highest point east of the bend. It rises about 265 feet above the river to
the east, or 165 feet above the Chicago, Milwaukee, St. Paul and Omaha,
station at Sioux Falls. In this elevated portion the moraine has been
least modified, and therefore shows its usual characteristics—stony
knobs and ridges, with ponds. The moraine has been crossed in the
vicinity of Wall Lake, east of Montrose and east of Winfred. At the
first of these points its height is 175 feet above the plain to the south-

*
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west. East of Montrose and east of Winfred the altitude is about 200
feet. At all of these points the inner surface of the moraine is very
stony and unusually marked with knobs, which are more numerous
upon the inner slope than upon the summit of the moraine (fig. 10).

As one looks from the moraine toward the outside the view is like
that of a plain, with numerous pondsin places. Elsewhere these ponds
seem to have been drained by shallow channels of erosion, connecting
with Skunk Creek. These channels are not uniformly from the inner
surface of the moraine outward, but often parallel to it, or even
occasionally flowing toward it. In these shallow valleys are sometimes
found systems of elongated, sharp, stony ridges. - One example was
noted along a branch of Skunk Creek in the southwest corner of T.
101, R, 50. Another and more extensive system is found about 5 miles
from Montrose, leading from a shallow gap in the moraine and extend-
ing to a branch of Skunk Creek. (Pls. IX and X.) A fuller descrip-
tion will be given in a later chapter.

The outer surface of the moraine gently declines to the surface of
an undulating plain traversed by channels toe large for their present
streams. This portion of the moraine has no deep outlet channels
traversing it.  Its summit is not very rough, but from Hartford to
Russell it is from 8 to 10 miles wide, and its outer slope abounds in
prominent stony knobs and ridges interspersed with lakes.

Vermilion Point is the termination of Vermilion Ridge, where it
gradually subsides into the undulating plain on the north. Instead of
resting upon the edge of an elevated terrace like Turtle Point, it
lies on a plain running eastward. For this reason it is not nearly so
prominent.

This completes the tracing of the outer moraine in the region chosen
for consideration.

From Vermilion Point the moraine turns sharply east and northeast,
and after crossing Battle Creek about 6 miles south of Madison, it
quickly turns to a northerly course and passes 4 or 5 miles west of
Volga. The southern side of this loop is slightly developed, or much
eroded, but the eastern is very rough. It does not present the appear- -
ance of a broad swell, as in much of its course, but a disorderly min-
gling of frowning knobs and ridges, with narrow and broad channels
which are frequently studded with lakes. The outer boundary of the
moraine in this portion is marked by the northeasterly portion of Bat-
tle Creek and the flood plain of the Big Sioux farther north.

GENERAL CHARACTERISTICS OF THE MORAINE.

The term moraine, although already frequently used in this paper,
has not been clearly defined. It is a word introduced from the French,
but may be traced with the Italian mora, a heap of stone, and the
Spanish moron, hill or hillock, to the Latin murus, which not only has
the primary meaning of “wall,” but also “dam,” “edge of a pot,” etc.
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Both wall and rim of a pot are instructive comparisons in forming an

idea of moraine as used in this paper. ‘

Moraine, as commonly used, includes all the débris, bowlders, peb-
bles, sand, and clay which is transported and deposited in various
situations by a glacier. The moraine of which we speak in these pages
is always the system of hills believed to have been heaped up around
the edge of an ice sheet. Such hills are recognized as belonging to the
moraine more by their relative position than by any one character
which they bear individually.: Each one is usually circular or length-
ened parallel with the course of the system, abounds in bowlders, and
has quite abrupt sides, but none of these characters are always found.

. As a system the moraine usually presents these stony, knobby hills,
mingled confusedly with circular and winding basins, which often con-
" tain water, but sometimes both basins and hills are very faintly devel-
oped, so that the whole constitutes a broad swell. The moraine is
traversed here and there by transverse valleys, by which water escapes
from the ice sheet. These may be of trifling size or many rods in width
and cutting down through the whole height of the moraine.

The height of the moraine at any point is due, first, to the relative
elevation of the pre-Glacial surface; second, to the amount of material
pushed forward, which itself depends upon the pushing power of the
glacier and the time its edge remains stationary; third, to the amount
of material washed away; and, fourth, to the consistency of the mate-
rial. Excess of clay or sand tends to produce a low and even moraine,
while excess of stony material is favorable to the formation of a high
and rugged moraine.

STRUCTURE AND POSITION.

A cross section of the moraine where least modified is a broad, low
scalene triangle, the shorter side being inside, the longer, considerably
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F16. 11.—Section of southwest Wessingtons.

less abrupt, being outside. Much of the moraine, however, is so modi-
fied that these features do not appear. Portions best illustrating the
character mentioned are found where the moraine is neither doubled
upon itself nor closely adjacent to an important drainage channel, as,
for example, the southwest Wessington Hills (fig. 11), the portion
between Lake Andes and Choteau Creek, and the portlon between
Vermilion River and Canton, and again from Sioux Falls to Winfred.
As has been already intimated, the pre-Glacial topography is believed
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to have had great influence upon both the course and the character of
the moraine. For example, the locations of Turtle Ridge, Choteau
Creek Hills, and Turkey Ridge are doubtless due to the positions of
high pre-Glacial buttes. The position of Vermilion Ridge seemsrather
determined by the distance which the ice sheet could force itself up an
inclined plane. The subordinate lobes, as in the case of the Dakota -
lobe itself, were primarily determined by the existence of valleys down
or up which the ice pushed its way. -

HEIGHT.

The moraine has an elevation, above the plain inside, of from 50 to
400 feet. Its average heightisabout100feet. The extreme elevations,
as, for example, in Turtle Ridge, are in localities nearer the center of
the ice sheet, where we may suppose its thickness was greater and its
transporting action more pronounced. The lowest portions are found
apparently either where the ice sheet extended into ponded waters or

‘where it was acted upon by floods of water coincident with or subsequent

to its formation. An example of the first case is found north and south
of the Bijou Hills. An example of the second is found in the lower por-
tions of the James and Vermilion valleys. It seems not improbable
that some of the less developed portions of the moraine are to be
accounted for by their distance from the source of material and their
transient occupation by the ice sheet. For example, the ice can hardly
be conceived as occupying the moraine in the vicinity of Kimball as
long as it did in the vicinity of Wessington Springs or of Lake Andes.
It seems not improbable, also, that, other things being equal, if the
drainage of an ice lobe is lateral an excess of material would be found
near the termination of a glacier rather than in its lateral portions.
This may explain the height of the moraine in the vicinity of Lake
Andes. '

The outer or principal moraine, in general, appears to increase in
height toward the north, and still more toward the west. Both of these
features will be seen from the following table:

Table showing heights of outer moraine.

) Elevation above—
. Highest
Jocality. River Plain nz:;]i)sy.
outside. | inside. Sea.
West of Russell..... e e 330 200 1,825
Northeast of Montrose................|--..-... 200 1,740
West of Hartford................... -- 289 200 1,692
South of WallLake................... 247 175 1, 650
South of Sioux Falls.................. 130 125 11, 519-1, 525
Southeast of Sioux Falls.............. 265 155 1, 555 120
Southwest corner T.99, R. 48.......... 200 110 1,525
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TODD.] . HEIGHTS OF OUTER MORAINE.
Table showing heights of outer moraine—Continued.
Elevation above—
' Highest
Locality. River | Plain nzg.gkl?y.
outside. | inside. Sea.
South of Canton.................. 310 130 1,550
Beresford -..... ... ..ol 349 225 1, 505
Sec.31, T.94, R 53, cceenieeene e ann 100 7 1,325
Spirit Mound -............. ... ... 215 90 1,361 18
Sec.31, T.94, R.563. ... ................ 275 150 1,421
Sec.5,T.97, R.565. ... e 1, 740
Sec.28, T.95, R.54.................... 260 150 1,450 100
Sec. T, T.94, R 55. oo eeeeeaneeenne.. 250 | 100 | - 1,440
Mount Pisgah, (sec. 34, T. 95, R. 56).... 290 135 1,475
Northwest of Lesterville..............|........ 65 a 1,400
Lakeport...ccovevenaean oo oLl 310 |........ « 1,500 120
Sec.3,T.92, R.61..................... 400 160 1,615
See.4,T.95, R. 61 ... oo, 160 120 1,745
North end of Choteau Creek Hills....|........ 260 1,800 | 150(¢)
East center T.95,R.62............._. 100 250 1, 805
Prospect Point (sec.8, T.97, R.61). ....|.....cc.o]eeennnn. 1,645
Northeast corner T. 94, R. 63.......... 400 200 © 1,620
South center T. 94, R. 62.............. 610 |.oe..-.. 1,850 | 200
South of Lake Andes................. 605 390 1,845
Sec.6,T.96, R. 66. ... ... ............. 450 260 |.eoennann.. 55
Sec.24,T. 97, R.68.................... 575 54 1,865 50
Sec. 28, T. 98, R.68...cccvevuennenn . 697 175 1,986
Southwest end of East Bijou.......... 800 300 2,090
East end of East Bijou............... ... 275 1,975
North of end of East Bijou 2 miles....|........ (5 al,775
Hills near Kimball. ... ... ..........|........ 50 1,820
Southwest Wessingtons near Ishams
Lake..ooeeoeee oo 300 [eenenaaannn
Tuartle Point...... ... . .. ... oo 475 1,954 100
Sec. 27, T.108, R. 66. ...... ... ... feeeinann 200 1,785
Sec.3, T.107, R. 69.....cocooaiiio ... 215 110 1,765
aEstimated.

STONINESS OF THE MORAINE AND DISTRIBUTION OF BOWLDERS.

The stoniness of the moraine seems to bear a direct relation to the

action of water upon it,

Where there are traces of torrential wash in

the configuration of the country there is-usually an increase in the
number of bowlders; for example, in the internal drainage of Turtle
Ridge bowlders abound upon the abrupt sides of the channels. And

yet this was evidently only one influence among several.

The occur-
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rence of bowlders in patches or nests, upon the moraine as well -as

_upon the till, is probably due to some obscure segregating action of

the glacier or of glacial streams.

The number of bowlders in general in the Dakota moraine is much
less than in moraines farther east, as, for instance,in Wisconsin. This
is to be explained largely by the absence of bowlder-forming rocks in
the region. The glaciers over the whole Dakota lobe, with the excep-
tion of a few isolated square miles of Archean rocks, rested upon clay
which was evidently easily eroded both by water and by ice. As has
been already stated, the harder strata at the advent of the ice were, as
a rule, found capping a few buttes. These buttes, in most cases, seem
to have withstood the ice, and so thexr capping was not transported to
any great distance.

Bowlders of crystalline rocks, granite, greenstone, quartzites of
several sorts, and of a very fine-grained, compact white limestone
from the upper Silurian beds, occur everywhere, with little variation
in their relative prominence. Some of the variations noticed in the
character and distribution of bowlders are as follows: Flesh-colored,
fine-grained granite, black slate, and white and dark quartzites abound
more along the western side of the Dakota lobe. The white and the
yellow Silurian limestones were noticed in unusual size and profusion
in Lake Andes Outlet and about the mouth of Choteau Creek, espe-
cially to the west of that stream. Bowlders from 8 to 10 feet long and
from 2 to 3 feet thick are not uncommon, while smaller ones are much
more frequent. Their abundance so impressed me that in several
clusters and heaps I counted them.. In one, 16 out of 22 were lime-
stone; in another, 8 out of 16; in another, 40 out of 48. Several others
showed more than half hmestone The clusters counted were all on
the lower bowldery terrace.

There are several kinds of rocks found in southeastern South Dakota
which are adapted to form erratics. One is a siliceous rock of Tertiary
origin resembling buhrstone, of fine texture, yellowish color,and usually
marked with the stems of plants. This has been noticed apparently
near position a little south of the Northern Pacific Railway, and occa-
sional bowlders, not often more than 6 inches in diameter, are distrib-
uted to all portions outside of the moraine, specimens being found,
though never in considerable numbers, as far south and east as Page
County, Iowa. A second rock is the greenish quartzite capping the
buttes of the Bijou Hills system. This stone seems not to retain its -
hardness when exposed to the action of alkaline waters, for bowlders of
this rock are rarely found far from their original position without show-
ing much disintegration. The next two, from the Cretaceous, furnish
bowlders, but they last for only a short time and are found rarely at
much distance from their original beds. They are the “chalkstone” and
the Dakota sandstone. Under the influence of moisture and shearing
stress one quickly changes to clay and the other to sand. Fossils from
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the one and pebbles from the other are not infrequently found. The
largest bowlders from the Cretaceous, though rarely over a foot in
diameter, are fragments of large bluish limestone concretions from
the Benton, and usually show a septarian structure; they are not
common, but seem quite durable. Interesting erratics, but rarely
more than 4 inches in width, are derived from the Pierre and Ben-
ton. They are fragments of clay-ironstone concretions, which on
weathering become hoilow pebbles of limonite. The last is by far the
most important. It is the well-known quartzite which exists in exten-
sive ledges through southern Minnesota and westward as far as the
vicinity of Mitchell. Its structure is favorable to the formation of
bowlders, being naturally divided into blocks by numerous joints and
seams of stratification. Furthermore, its indestructibility preserves
the bowlders when passing through the ordeal of glacial and glacio-
natant action. Red quartzite bowlders are rarely over 5 feet in length.
The most western point where this rock was exposed to the abrasion
of the ice is at Rockport. Another point farther west is found on
Enemy Creek, in sec. 20, T. 102, R. 59, but from its lower position seems
never to have been eroded by the action of the ice.. The most western
point in the moraine and the deposits outside at which red quartzite
bowlders have been found is in a line nearly due south of Rockport, on
How Oreek, in northern Nebraska. It is not unlikely thatan extended
search in the Choteau Creek Hills may discover them there, but as yet

.none have been observed. From this point they increase rapidly in
numbers toward the east. This distribution corresponds with the
direction of the glacial scratches at Rockport and vicinity, which is
southeast. .

Another interesting point in the distribution of the red quartzite
bowlders is that they are very abundant—70 to 90 per cent of all
erratics—in the north end of Turtle Ridge, southwest of Turtle Ridge
Creek and east of Clay Creek, but outside (north and west) of those
streams they are rare. This is so noticeable, that it has attracted the
attention of the residents of the region. This corresponds with the
distinction between the first and second moraines.



CHAPTER III.
THE DRIFT REGION OUTSIDE OF THE. OUTER MORAINE.

The drift, by which we mean any deposit, whether bowlder-clay,
sand, or gravel, containing erratics which show marks of ice action,
extends for greatly varying distances outside of the moraine. As
already stated, the erratics are mainly from the Archean and Silurian
rocks. The region under consideration is naturally separated into the
following divisions, which may be designated according to the portions
of the moraine corresponding to their inner boundary.

What we shall, for convenience, style the Red Lake region, includes
all territory lying outside of the moraine from Turtle Point and the
moraine west to the vicinity of Pratt Creek, embracing—

The Ponca reach, extending from the mouth of Pratt Creek to the
mouth of the Nmbrara

The loess region, extending on its northwestern border from the
mouth of the Niobrara to Sioux Falls.

The Cotean des Prairies region, extending from Sioux Falls to Ver-
milion Point and beyond.

In each case the outer limit, as before stated, is the limit of the drift.
Each region presents characters peculiar to itself. The first occupies
an extensive external angle of the moraine ‘and presents the peculiarity
of driftless areas rising as islands above the sheet of investing drift.
The second is long and quite narrow, being confined almost wholly to the
present gorge of the Missouri. The third is covered with a continuous
sheet of drift, and that again with a blanket of loam or loess. The
fourth, like the first, occupies an extensive angle of the Missouri, but
presents no driftless islands and is only partially covered with the
loess.

RED LAKE REGION.

Topographically this region consists of a broad, basin-like widening
of the more elevated or superficial portion of the valley of the Missouri,
from the vicinity of the Great Bend to the vicinity of the Bijou Hills.
1t may be compared to a great lake bed in which wide, shallow chan-
nels have been eroded, and then at a later stage some of the principal
ones have been narrowed and cut down to thrice their original depth.

The region is bounded on the north and east by the moraine. On
the west its boundary may be given provisionally as follows: From the
Missouri above the Great Bend along the west side of Medicine Creek

42
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to the vicinity of Medicine Butte; thence past Red Butte south across
White River; thence curving southeast to Waterholes Creek, 5 or 6
miles above its mouth; thence along the eastern side of its abrupt
valley to the Missouri, which it closely follows down to the mouth of
Snake Creek. This boundary is mainly determined by the distribu-
tion of bowlders, which are sparsely scattered over the older deposits
of the country:. The underlying rocks of the region are Pierre clays,
which were evidently much eroded before the deposition of the drift.
The Tertiary also is represented by quartzite, gravels, and probably
some clays, capping the buttes along the southern and western border.

F1@. 12.—Bijou Hills, from the north.

The bottom of the pre-(lacial basin, as indicated by the course of the
streams as well as by direct observation, was in the vicinity of Cham-
berlain. Around the edge of the basin to the west and south are iso-
lated buttes capped with a greenish Tertiary quartzite. A range of these
begins with the Bijou Hills and extends in a nearly continuous range
westward. (See figs. 12 and 13.) Similar buttes are found southwest
of the Great Bend, one of the more conspicuous being Medicine Butte,
about 16 miles west-northwest from Chamberlain.
The drift which covers this region varies in thickness from 20 to 80
- feet along the eastern side to merely scattered bowlders, as is usually

£ w

Fia. 13.—Buttes south of White River, from the north. v West end of Bijous. vv Gap of Waterholes
Creek. .

the case, west of the Missouri. These become fewer and smaller to a
.8carcely determinable edge. On the east side of the Missouri, between
it and the moraine, is a nearly continuous sheet of till, which, as else-
where, is yellowish above and reddish or bluish below. The surface of
this till is unlike that which is found inside of the moraine in that it
combines the usual features of erosive topography with faint traces of
such basins as are found within the moraine. The average height of
hills above minor valleys is from 30 to 50 feet. The elevation of the
broad swells or uplands above the principal valleys is from 125 to 200
feet. Basins are rarely over 5 feet in depth and an acre in area. More-
over, many of these, by their position, suggest the idea that they are
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“due to theimperfect filling of old tributary valleys. They were noticed,
especially along the northwest side of the Red Lake Valley, about 50
feet above its bottom. The accumulation of an indistinct terrace below
that level may be conceived to have filled the side valleys at the mouth
more than farther back. The surface is rarely too rough for tillage,
except in the banks of present streams. The higher portions are cov-
ered, west and north of Red Lake, with 6 to 10 feet of yellow silt or
loess. This hides bowlders, which are seldom seen except below 50
feet above the bottom of Red Lake Valley. In places there are traces
of a terrace at about that height, as has been already stated, but bowl-
ders are not confined to it, and are probably more noticeable below
that level, because the loess has there been frequently removed.
Dverywhere there is a rich, black, loamy soil, except in basins and low
flats, where ¢ alkali ” clay abounds _

To the general statement that the region between the Missouri and
the moraine is covered with till, the following notable exceptions must
be made: First, the region bounded on the north by a shallow valley
running along the north line of Buffalo County from the Missouri to
Bozxelder Creek, thence along that stream on the east to its junction
with Crow Creek, and thence by an undetermined line to a bend in the '
Missouri about 5 miles above Chamberlain. Over this region the drift
is absent, except in the form of bowldery terraces along the principal
streams, and elsewhere sparsely scattered bowlders, perhaps one to the
square mile. The surface of this region presents gentle declivities,
except close to larger streams, where the underlying clay has been
excavated into yawning ravines. The deep unbroken valleys lie about
100 feet below the broad rounded swells which separate them. The
goil on the upland is a fertile, black, loamy clay. The sides of ravines
are barren. The highest portions above Crow Creek are about 1,770
feet above the sea, or 450 feet above the Missouri. The highest sum-
mit south of Crow Creek and one a few miles northwest of Chamberlain
may be a few feet higher, but neither rises to the height of the till
near Bijou Gap. '

Another and more perfect exception is found in the western Bijou
Hillg, including the western end of the East Bijou, the West Bijou,
the buttes which stand in the gorge of the Missouri, and the summit
of a smaller hill northwest of Bijou Gap. Upon all these no drift, not
even scattered bowlders or pebbles of drift origin, is found above the
altitude of 1,885 feet, or 565 feet above the Missouri at Chamberlain.

The distribution of drift in the East Bijou is peculiar, and as it affords
a contrast to the cases in hand, we will consider it more fully. The -
hill is a long, narrow butte, nearly 6 miles long and over a mile wide
near its western end, and 300 feet in height. The eastern end is
wrapped in a heavy covering of bowldery drift, as is all, except a sickle-
shaped spur about a mile in length and nearly equal _in height to the
rest of the hill, which extends northwest from the body of the hill and
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curves around toward the southwest. This spur, with a sharp south-
west angle of the hill, incloses an amphitheater which opens to the
southwest. The southwest angle of the hill is covered with bowlder
clay upon its southern and western slopes to the depth of about 30 feet.
The top of the northwest spur is wholly without drift, except on its
outer slope. In the amphitheater bowlder clay rises to the 1,885-foot
level in foothills which show a gentler slope than the hill itself. A
conical hill lying a little detached from the north side of the hill is
also driftless. The edge of the till on the flat summit of the hill ends
in a slope to the northwest, its trend being northeast-southwest.

West of the Missouri only scattered bowlders are found remote from
the immediate vicinity of the gorges of the Missouri and White rivers,
except a gravel-topped plateau several miles in extent southwest of the
mouth of White River and south of American Crow Creek, 3 or 4 miles
from the Missouri. Masses of drift, both gravel and bowlders, are
also found capping extensive terraces along both the Missouri and the
‘White rivers from 200 to 250 feet above the present level. These will
be more fully described in the chapter on terraces.

Along the south side of the old valley of White River, which is 2
miles in width, and in which the present gorge is excavated to the
depth of 200 feet, extends a very conspicuous elevated plain covered
with gravel, estimated to be 2 or 3 miles wide and extending along
White River at least 5 miles. It is much eroded Ly ravines. ' Its
pebbles are mostly of western origin, as is indicated by the great num-
ber of glassy, white, dark, and black quartz, and fragments of chal-
cedony seams. Granites and white limestone and other northern
bowlders are prominent on the sides of the ravines and scattered less
frequently on the level surface. This plain lies about 350 feet above
White River. Along the southern side of this plain lies a low swell,
about 20 feet in height, on which there is a great profusion of bowlders
of all sorts; 28 granite bowlders from 1% to 4 feet in diameter were
counted in going up the ridge, one being 6 by 4 feet. A little south,
and about 25 feet higher, blocks of Bijou quartzite are abundant, and
Cretaceous clay occupies the eroded but gradually rising surface for
4 or 5 miles farther south. At that point a cluster of flat-topped hills
rises about 75 feet above the surrounding plain and about 550 above the
Missouri. They are considerably eroded, as though they were only the
remnant of a much more extensive gravelly plain. Their preservation
may be partly due to the greater thickness of deposit at that point,
but are more probably due to the fact that they lie on the summit of
the watershed between White River and Waterholes Creek. Their hills
are capped with a deposit of western gravel 5 to 10 feet in thickness,
resting on a drab-colored loam. Upon these hills were found a few
bowlders, one a dark hornblendic gneiss 3 feet in diameter, another of
gray granite, smaller. Upon the crest of the watershed southeast of
these hills several other bowlders were found, but none to the south
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- or southeast, except two on the summit of a similar butte 3 or 4 miles
sountheast of the last-mentioned hills, which rise to the same level.
Upon this were found a large bowlder of white limestone, about 5 feet
long, and a smaller one of gray granite. Similar buttes farther south,
rising from the valley of the Waterholes, showed abundant blocks of
Tertiary quartzite, but few pebbles, and no traces of northern drift.

Excepting the cases already mentioned, no northern bowlders were
found over the region south of White River. Immediately east of these
hills is the wild gorge of Waterholes, and west the shallower val-
ley of a tributary of White River. If traces of drift were formerly
more abundant, as is possible, the great erosion connected with these
valleys has removed them. The deposit along American Crow Creek
is mostly on the south side, 24 miles from the Missouri. It closely
resembles the extensive gravelly plain south of the White River, before
described. 1t lies at an altitude of about 350 feet above the Missouri.
It is about a mile in width and dips slightly to the north and east.
The region between the lower portion of Medicine Creek and the Mis-
souri has notbeen closely examined, butfrom its general appearance from
the top of Medicine Butte, and its elevation, it is unhesitatingly put
down as belonging to the scattered bowlder region. In the valley of
Medicine Creek, west of Medicine Butte, no trace of drift was found,
but on the summit of the watershed, about 2 miles south of the peak,
drift was noticed. A ride of a dozen miles to the southeast disclosed
none except in the close vicinity of American Crow Creek. The gen-
eral level of the gently undulating plain occupying the whole region is
from 450 to 500 feet above the Missouri.

ANCIENT CHANNELS.

As before stated, the region is traversed by broad valleys. These
are found for the most part to coincide with present streams. Their
elevation above the Missouri is from 200 to 300 feet. One valley extends
from American Creek at Pukwana southwestward past Red Lake in a
direct line to the Missouri River. This channel is from 1} to 2 miles
~ wide, and is occupied in its deepest portion by Red Lake, a shallow
body of water 4 miles long and 2 miles wide. It is named from the
abundance of reddish weeds which appear along its shores and cover
considerable of its surface in the latter part of summer. Just east of
Pukwana, and extending for 5 or 6 miles up American Creek, is an
ancient lake, which has been filled. The level surface, the eroded
spurs, and the sand and gravel struck within a few feet of the surface
leave no doubt concerning the fact.

The heads of these various valleys connect in several cases with gaps
in the moraine. Crow Creek, 5 or 6 miles southwest of Waterbury,
crosses the moraine, which is there attenuated and broken. The north-:
ern and larger branch of Smith Creek in a similar way crosses, just
northwestof Crow Lake, the faintly developed loop of the moraine, which
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is pushed south down the west side of Turtle Ridge. The east.branch
connects with the internal drainage system of Turtle Ridge and the
gap before described southeast of Crow Lake. Two of its southern
tributaries rise near the moraine, one at the gap near White Lake and
the other at a gap 5 miles northeast of Kimball. American Creek heads
on the moraine near Kimball, and receives tributaries from the outer
slope of the moraine farther west. Snake Creek beads near a gap or
attenuated portion of the moraine south of the Bijou Hills. Another
water course from the same stream extends north through Bijou Gap
toward the lower part of the moraine, north of the East Bijou.

BOWLDER RIDGES.

A remarkable feature of these valleys in their upper course is the
presence of numerous sharp bowldery ridges extending parallel with
their course, These resemble those already described in connection
with the gap near Crow Lake, and probably are of the same origin,
They are from 5 to 15 or 20 feet in height, and frequently show a clus-
tered arrangement. One system was noticed extending.along the south
side of the valley of Smith Creek near Lyonville. Another along the
tributary valley from the vicinity of Kimball. Another, less conspicu-
ous, was noticed along the American Creek Valley. In this case a tend-
ency to a transverse arrangement was noticed. Itis not unlikely these
were formed in a different way.

OLD WATER LINE.

Another and still more remarkable feature, already alludéd to, is a
trace of water lines. This was first noticed in the vicinity of the West
Bijou Hill. Asone ascends its northern side the bowlders suddenly dis-
appear at an apparently horizontal line. None are found upon the sum-
mit, nor anywhere upon the southern slope above that level. The drift
masses on that side lie as low foothills between the higher spurs extend-
ing from the hill. Erosion has frequently made the line between the two
very distinct. Upon the northern slope a line of more prominent foot-
hills, or an eroded terrace, corresponding to this line, is quite distinctly
shown. Around a high conical hill about 3 miles northwest of the gap
the drift is found to disappear at about the same level. The border of
the driftless region south of Crow Creek has not been examined with
reference to this point. West of the Missouri the bowldery ridge,
already mentioned as lying south of White River, is presumably near
the same level; the distance between the two localities renders an
exact determination with the barometer impossible. Other features
of the upland of this region are provisionally referred to the action of
currents of water. In the channel passing through Bijou Gap, a little
south of the gap, is a marsh covering several acres. Southeast of the
gap separating the West Bijou from the Brick Kiln Buttes are three or
four slight Dasins trending southeast. Trailing southeast from each
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‘of the Brick Kiln Buttes, though now detached from them by circum-

denudation, is a long southeast ridge. One of these, where studied,
showed itself to be capped with loess-like silt, although its core is
largely Cretaceous clay. - Southeast of Medicine Butte is a shallow
marshy basin covering perhaps 2 square miles. Its longer axis points
toward a sag in the low swell running east from the butte. South of
this lake 3 or 4 miles are two much smaller marshy basins in a broad
sag running southeast to the valley of American Crow Creek.

ELEVATIONS.

The elevation of the prominent points of the region, as given in the
subjoined table, will furnish a more accurate idea of its topography:

Ilevations in the Red Lake region.

[All are barometric except those marked r, which are derived from railroad levels.]

Tosality. fhmotho | Atore e
. Feet. Feet.
Missouri, foot of Great Bend........... ... oo aiiaiias 1, 334
Summit of drift terrace in the Bend................. 235 1, 590
Bluffs east of river ... ... ...l 310 1, 695
Summit between Missouri and Boxelder, 10 miles
-1 ) A 425 1,780
Bozxelder Creek east-northeast...................... 255 1,610
Gravelly terrace just west ...... ... .............. 372 1,725
Summit of moraine northeast ...........c........... 435 1,790
Missouri at Fort Thompson.................. ... ]oooio... 1,341
Drift terrace east.....o.oooioi il ii et ' 320 1, 660
Summits 11 and 16 miles east ... ......... .. ... .... 420 1,760
Valley of Elm Creek between ... ................... 285 1,625
Boxelder Creek. e oonceoeen cincanacaans e 210 1,550
Terrace just east .. ... ... . L il 335 1,676
Moraine 4 miles east of Boxelder. ................._. 425 1,765
Medicine Butbe. . -« oo oo e . 875 2,100
Lake southeast. ... ... .o oo oLl 400 1,725
Plain east, average level ... ... .. ... ....oo..o.. 430 1, 750
Bluffs west of Chamberlain .. ... ... .. ._...._. 325 1,645
River at Chamberlain .. ... ... .. ..o |eeaiiiia rl, 321
Bluffs east of Chamberlain ................ S 325 1, 645
Summit 5 or 6 miles northeast of Chamberlain ... .. 460 1,780
Gravelly terrace between Smith and Crow creeks.. .. 230 1, 550
Summit 5 miles northeast of Pukwana .............. 380 1,700
Pukwana. .. ...l e e 216 1,537
Ancient lake northeast ................. PO 210 | - 1,530




topp] . RED LAKE DRIFT REGION. 49

Elevations in the Red Lare region—Continued.

Loty Abovethe | Avore o
Feet. Feet.

Red LaKke -...on e i i i e 204 1,525
Kimball ..o iiio.. . 458 r1, 779 -
Moraine near Kimball ... . . ... ... .. . ..., 500 - 1,820
Moraine southeast of Red Lake..................... 325 1, 645
Gravel-topped buttes 5 or 6 miles southwest of month

of White River.. ... . .. .o i, 570 1, 880
Bowldery ridge northeast of 1a8beee e s 510 1, 800

| Gravelly plain south of old valley of White River. .. 360 1,665

Terrace of White River 6 or 8 miles above its mouth, } 295 { 1, 545~

capped with drift and loess... .. ................ 1, 500
Missouri at mouth of White River .......... ... ............ 1,308
Terrace north of mouth of White River............. 300 1,610
High hill south of the junction of Red Lake Outlet

with the Missouri..... ... ... ....... 460 1,765
Conical hill northwest of Bijon Gap ................ 620 1,930
Moraine north of East Bijou..................... .. 470 1,775
The driftless region 4 miles west of river........._.. 500 1,790
Bluffs near Rosebud Landing ..............__...... 450 1,740
River at the Bijous ....................... T [ 1, 290
Larger Brick Kiln Butte ................... ... ... 710 2,000
Summit of ridge trending southeast................. 600 1,890
Summit of West Bijou........... .. ... ... ... 690 1,980
Bijou Gap....comeememi 460 1,749
Upper limit of drift around western Bijous.......... 590 1, 880
Summit of Bast Bijou ............... .. ..ol L 710 2,000

NOTES FROM WELLS AND OTHER EXPOSURES IN THE RED LAKE
REGION.

Natural exposures displaying the drift are almost entirely wanting,
Burrows of badgers and pouched-rats not infrequently display the sub-
soil, but no more. Wells, the only artificial excavations available,
rarely pierce through the drift, and are generally so curbed as to afford
no opportunity for direct examination. The statements of well-diggers
and other reliable persons who were present when the well was dug,
with illustrative material around the mouth of the well, have been nec-
essarily the main reliance in most of the cases tabulated below. Red
Lake is given as a base of reference. Steep banks, mostly grassed
over, have supplied a little information, which is in general valuable,
but not exact.

Bull. 158——4
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Data from wells and other exposures in the Red Lake region.

[These data were collected before 1888. There has been no opportunity to tabulate later data. ],

Locality.

Elevation
above
Red
Lake.

Description.

Bottom of ravine, 4
miles west of Puk-
wana.

Three miles west of
Pukwana.

A few rods southwest
of last, in a basin.
Pukwana, on terrace

of an old lake.

Three milesnorthwest
of Red Lake, edge of
basin.

Three miles west of
Red Lake.

One mile south of
south end of Red
Lake.

Another near by......

A little west of last. ..

On flat southeast of
Red Lake.

Five miles south-
southwest of  Red
"Lake.

One-half mile east of
last, in a basin,

Five miles north of
West Bijou.

Eighty rods north of
WestBijou,on knoll,

A mile west of south-
west angle of East
Bijou, on aridge.

At foot of southwest
angle of East Bijou.

Feet.
45
105
100
10

(]

40

40

160
215
270

235

210

20 feet deep; 6 feet in ‘‘soapstone.”

75 feet yellow till above, the rest blue
pebbly clay; 1 foot water.
17 feet; plenty of water.

12 feet yellow till above, 3 feet water;
abundant water.

3 feet black soil, 8 feet yellow till, lime-
stone and other pebbles, blue till in the
bottom.

60 feet through yellow till and gravel,
‘“no blue clay;” good water.

16 feet soil, yellow till and sand, 24 feet
blue till; no water.

16 feet yellow till and sand, 20 feet blue
till; no water, . :

14 feet soil, yellow till and sand, blue till
touched; plenty of water.

3 to 4 feet so0il, 25 feet yellowish and red-
dish pebble clay, and sand below.

A few feet yellow loamy till; pebbles not
very numerous.

Large pile of reddish-gray pebbly clay
thrown out. )

5 to 6 feet ‘“old soil,” 6 to 7 feet yellowish
silt with calcareous concretions,

6 feet yellow till, little soil (a cellar).

40 feet soil, then yellow pebble clay, then
sand, then bluish dirt which grew harder,
52 feet soapstone.

40 feet loose clay.
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Data from wells and other exposurcs in the Red Lake region—Continued.

Elevation
above
Red
Lake.

Locality. Description.

Feet.

Two and one-half 180 | Struck blue clay (Cretaceous) at 28 feet.
miles southwest of
southwest angle of
East Bijou.

Sec. 28, 4 miles south
of East Bijou, south-
west slope of high
hill.

Sec. 28, west center ...

280 | All bluish clay.

245 | 30 feet yellow till, 25 feet soapstone; little
water.

16 feet yellow clay, a little water, 15 feet
blue pebble clay, 4 feet ‘‘black soil,”
‘‘soapstone.”

38 feet yellow pebble clay above, ¢ black

Sec. 28, southeast cor- 230

ner, in a ravine.

South of west chd of

West Bijou. clay” below, then 2 feet of ‘‘soapstone.”
Bluff 1 mile northeast 85 | 60 feet drift. )
of Chamberlain.
Bluffs east of Cham- 115 | 5 to 10 feet loess, 70 to 75 feet drift, a red-
berlain. dish checky clay 50 feet below top.
Bluffs 2 miles south of 145 | 5 feet soil and loess, 1§ feet yellow and
Chamberlain. drab dirty sand, 40 feet pebbly clay,
quite gravelly, above drab clay.
. Bluffs south of Red 240

20 feet drift above, yellow, loamy, bowl-

Lake Outlot. dery clay below, a gravel bed, bowl-

derets, 50 per cent Bijou quartzite, 25
per cent white limestone, some bowlders
24 feet thick.

EXPLANATORY HYPOTHESES.

Such are the general facts derived from a study of the region, and
we naturally look for some hypothesis by which they may be explained.
There are but two which present themselves. One is that this region—
at least so much of it as is now covered with till—at some time previous
to the formation of the moraine was covered by the ice sheet, which
was either too thin or occupied theregion too short a time to obliterate
the pre-Glacial topography. The other hypothesis is that the dispersion
of drift was accomplished by floating ice in an expansion of the Mis-
souri, covering’ the region contemporaneously with the occupation of
the moraine.
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In favor of the first theory it may be urged that till is believed by
many to be an ancient ground moraine; also that the occurrence of
basins and bowldery ridges resembling those of glaciated areas can not
be otherwise explained. Furthermore, topographical conditions seerm
somewhat favorable for the extension of a lobe westward between White
Lake and the Bijou Hills, and such corresponds well with the observed
distribution of till.

Against this hypothesis the followmg considerations may be urged:

First. If we make the extension of the ice correspond to the present
distribution of till we must suppose such an extension both north and
south of the Bijou Hills by an ice sheet, which, at least around the
West Bijou, could not have been more than 100 feet in thickness, and
extending on that level at least 3 miles around the East Bijou, while in
less than 40 rods it must have risen from 100 feet to considerably over
300 feet in thickness.: Or, if we postulate first a thin ice sheet of greater
extent, and later a much thicker one of less extent, we find no adequate
room for the drainage during the occupancy by the second ice sheet.

Second. Such an extension must have passed more than 15 miles
beyond the moraine about Red Lake, while in the northern portion of
the region it extended in some places less than 2 miles. Such differ-
ence in fluctuation at nearly or quite equal altitudes is incomprehensible.

Third. This hypothesis fails to offer a rational explanation for the
. scattered bowlders which cover by far the greater portion of the region
under consideration.

Accepting therefore provisionally the other hypothesis, we may ex-
plain the facts discovered as follows: During the first advance of the
ice sheet streams to the north and west of this region, finding their
courses checked to the east, may have escaped around the edge of
the ice; at first around north of the Wessington Hills; later down east
of the Ree Hills southeast to White Lake; still later from the Great
Bend to the White River and north of the Bijou Hills. Or, if we
assume that the Missouri in this region dates back to pre-Glacial times,
we may forego these suppositions. But finally the ice reached the
Bijou Hills and soon after its greatest extent to the mouth of Pratt
Creek. At this stage the water over the Red Lake region rose to its
highest level, deposited the scattered blocks everywhere, and began
the accumulation of till along the southeast side of the basin. The
influx from the White River formed the highest gravel terrace, which
was probably rendered the more easy by the derivation of material
from the conglomerate strata of the buttes near by. The till filled to
the water level in the vicinity of Bijou Hills. The accumulation of the
till in this portion, rather than elsewhere, may be accounted for by the
occurrence of gaps through the moraine—at that time, of course, larger
than later—north of Kimball and north of the Bijous. The ice lobe of
the Ree Valley may not have attained its maximum extension at this
stage becaunse of the greater elevation of its bed.
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The outlet of this basin through the Bijous and around the ice at
Pratt Creek probably soon cut down to the 350-foot level by the deep-
ening of the channel west of the Bijous. Thetill continued to formin
the southeast portion. The lower gravelly terrace south of White
River was formed, as also the accumulation south of American Crow
Creek, The Ree lobe with its branches had meanwhile reached its
position, and the high bowldery terraces along the Missouri at the
Great Bend and along Boxelder Creek were forming, and the upper
portions of other important streams of the region were outlined. The
formation of some of the osar-like ridges in these valleys are possibly
to be referred to this stage..

During the thinning of the ice sheet these streams became unusually
laden with silt, while ice blocks became rare, because of the stagnation
of the ice, and a thin mantle of silt overspread the region below this
level. As the melting of the ice sheet continued in its recession to the
position of the second moraine, the channels were gradually deepened
to about the 200-foot level. Most of the osar-like ridges were formed,
and faint bowldery terraces of the Red Lake channel, which may be
referred to a reassortment of local material rather than to that directly
derived from the ice sheet.

More space has been given to this region because of its unusually
clear bearing on the questions connected with glacial and glacio-natant
action, which will be further considered in connection with the loess
region, where the phenomena are more complicated. ’

PONCA REACH,-OR REGION FROM MOUTH OF PRATT CREEK TO
MOUTH OF NIOBRARA.

This region presents striking contrast with the last. Itis narrow
and straight. Its outer margin at no point is more than 3 or 4 miles
from the river, nor more than 15 miles from the inside of the moraine.
Its southwestern limit ends very abruptly along the edge of a high table-
land corresponding geologically with the Bijou Hills, and rising abruptly
450 to 600 feet above the Missouri. The Missouri, from Pratt Creek to
Fort Randall, lies in a.narrow gorge, from 2 to 3 miles wide most of the
way, with a high bowldery terrace along its left bank, at an elevation
of 175 to 250 feet. Lower alluvial terraces are scantily developed. On
the right bank the frowning edge of the table-land before mentioned
rises abruptly from the river, except in the' bend above the mouth of
‘Whetstone Creek, where the bowldery terrace is finely developed, and
at Fort Randall, where a high alluvial terrace is found.

Viewing the bluffs south of Pratt Creek Gap from about 12 or 15
miles north, they appear rising above the glaciated plain to about the
same height as the Cedar Creek Hills to the left, which are, as before
stated, a portion of the moraine; and they are at a lower. altitude than
the ancient water level in the vicinity of the Bijou Hills, From both
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considerations it would seem impossible, under the lacustrine hypoth-
esis, that they should not at some time have been more or less covered
with drift; nevertheless, no drift is now found upon them, and not even
in the valley of Whetstone Creek did a considerable search reveal any
bowlders or northern gravel. This is the more remarkable because the
surface of the country drains southward into Whetstone Creek from the
crest of the bluffs overlooking the Missouri River on the north.

The southwest side of the river was examined again near Fort Ran-
dall, and nothing was found higher than about 425 feet above the river
which could in any wise be considered of northern origin except a very
few scattered pebbles. The examination was continued for 15 miles, to
the summit of the divide between the Missouri River and Ponca Creek,
600 feet above the former. Much of the surface traversed was about
450 feet above theriver, and was crossed with shallow valleys extending
from the northwest to the southeast. The surface was a dark loam, but
the subsoil everywhere showed either the clays of the Cretaceous or,
upon the high hills, the sands, marls, and gravel of the Tertiary.

. From the vicinity of Fort Randall to the mouth of Choteau Creek the
moraine is more remote from the river. Its outer slope, which shows
the usual billowy appearance of hills, is ravined by two or three con-
siderable brooks, which rise near the crest of the moraine and run
nearly directly south to the river. Their upper tributaries occupy a
more or less defined valley just outside of the moraine and parallel with
it. This slope extends down to the high terrace before mentioned,
which is here from 1 to 4 miles wide. This terrace shows a very even
surface, sloping from a height of 250 feet at its outer side to about 200
feet along its inner edge. An interesting feature appears about 5 miles
northeast of Yankton Agency, where the northern edge of the terrace is
marked by an abrupt bank, facing southwest and extending for a mile
or two. Itis over 75 feet in height. Where the terrace was observed
in the vicinity of Greenwood, near a stream, it was 130 feet above the
river. Thereitis capped with 10 to 15 feet of silt, below which itisvery
gravelly and contains bowlders for a dozen feet or so. Lower down it
presents the usual features of till. About 4 miles west of Choteau Creek
its edge is 200 feet above the river. Its surface is free from bowlders
and pebbles, being generally covered with a deep layer of silt. Below
this a layer of 30 to 40 feet of loose yellow and reddish till prevails.
Farther east, where its surface is ravined and cut into knobs, a wonder-
ful profusion of limestone bowlders is found.

Upon the south side of the river the table-land before mentioned
retains its altitude and terminates on the northeast sharply with the
top of the river bluffs. It continues with scarcely diminished height
to the mouth of the Niobrara, where it terminates abruptly. .

Along this portion of the river a very narrow terrace hanging to the
abrupt south bank, as seen from a distance, was judged to correspond
to that on the north side. From the mouth of Choteau Creek to the
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mouth of the Niobrara the ice sheet seems to have abutted closely
upon the river, much as at the mouth of Pratt Creek, but without
pushing its moraine entirely into it, as it 'did a little farther east, in
Emanuel Creek Gap.

Across the river is the eastern end of the southwestern table-land,
rising abruptly from the junction of the Niobrara with the Missouri to
the height of a little more than 300 feet. At this point it is a narrow,
much-eroded ridge, but within 2 miles it attains an elevation of 400
feet and becomes a table-land more than 2 miles in breadth, which con-
tinues toward the west, both rising and broadening. Its slope is pro-
nouncedly northward toward Ponca Creek. It is traversed by deep,
narrow valleys running in that direction from the very edge of the
bluffs overlooking the Niobrara. These bluffs are sometimes even lower
at the head of the valleys, as though the escarpment on the south had
moved northward since the valleys were formed. "About 6 miles west
of the mouth of the Niobrara heavy deposits of western gravel were
found in knolls along the crest of the bluffs, about 425 feet above the
level of the river at Niobrara. These are so left by erosion as to stand
out conspicuously above the surrounding surface. A trip was taken
along the line of the trail to a conical butte rising about 60 feet above
the general slope around it and about 500 feet above the river. Upon
it, and at several other points, numerous large blocks of Bijou quartzite
are found, but not the first trace of either bowlders or pebbles of north-
ern origin are seen upon the general level of the highland. Both, how-
ever, are found scattered in considerable numbers over the spur at the
eastern end to the height of 350 feet. It is a noticeable fact that they
occur at the higher levels only in the sags upon the crest, where cro-
sion would be least likely to remove them. They are very rarely found
on the slopes of the bluffs or upon the flat at their foot. The limit of
the drift at this point is estimated to be not more than 4 miles from the
inner border of the moraine where it is developed on the opposite side of
the river. The ice sheet must have been much nearer at its maximum,
and when we remember that all the drainage of the vast western edge
of the ice sheet must have passed this point, we are forced to inquire
why the stream did not erode its way farther south; why it did
not rise in its flooded stage so as. to carry the bowlders (for there
must have been some river ice, bearing drift, in glacial ice blocks) to a
much higher level, to at least 450 feet, the level of blocks less than 4
miles southeast. It is clear that either this table-land was above the
level at that time, so that they could not be deposited, or, if deposited
at a lower level, erosion has been sufficient to wholly remove them.

The before-mentioned gravel beds along the Niobrara evidently cor-
respond in elevation to the extensive sheet of gravel south of the town
of Niobrara. Irom a distant view it is judged that these beds were con-
nected through gravelly (¢) knolls in the sharp bend of the Niobrara a
few miles above its mouth. ' '
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LOESS REGION.
BOUNDARIES AND SURFACE.

Although the word loess may suggest the whole area covered by that
deposit, the boundaries of that region are so vague that we adhere to
our original plan of limiting our description chiefly to the surface cov-
ered with drift. We therefore turn our attention first to the—

WESTERN BOUNDARY OF GLACIAL DRIFT.

This also has been less accurately determined in this region than in
the preceding, The principal difficulties met in an attempt to deter-
mine it are as follows:

1. The deep and almost universal covering of loess, which extends
much farther westward.

2. The gradual passage of the northern or glacial drift into a west-
ern or fluvial drift, which has been found to occur along the principal
streams from the west, The distinctions which have been relied upon
in the determination of the former have been the occurrence of erratics
of red yuartzite and white and yellow Silurian limestones; also the
striation and abrasion of pebbles peculiar to glacial drift. On the
other hand, the western drift presents lithological characters similar to
those which have been previously recognized in the discussion of the
Red Lake region, and the pebbles are only waterworn.

3. The covering of the northern drift by the western. This may lead
to wrong conclusions where exposures are incomplete.

4. The erosion and removal of the drift itself underneath the loess.
This renders the upper surface of the drift very uneven, and because
no drift is found upon the surface of a hillside one may fancy that none
is present, where an exposure may reveal it as not only present, but
rising high in the center of the hill.

So far as yet determined the western limit may be stated as follows:
From the junction of the Verdigris with the Niobrara southeast, pass-
ing a mile or so east of Creighton, 5 or 6 miles east of Plainview, and
east of Pierce to the vicinity of Norfolk; thence south along the west-
ern line of Stanton County, swinging to the east in Colfax County to
the vicinity of Richland; thence in the same direction, passing 3 or
4 miles east of David City, south along the east side of Plum Creek to
the vicinity of Seward; thence south and southwest, passing west of
Norval post-office to the vicinity of Friend; thence southwest indefi-
nitely. That one may estimate as justly as possible the value of this
determination the subjoined data are given.

1. Localities visited which are beyond the drift, with a few others
reliably reported:

(a) No drift is found anywhere west of the Verdigris! nor between

1Later investigation has developed the occurrence of a few syenitic bowlders upon the high terrace
near Verdigris Valley, 180 feet above the stream.
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the Verdigris and Bazile south of Sparta post-office. The Tertiary and
Cretaceous rocks appear in that regiou in several places below the loess
without the drift intervening. (J) On the south side of the valley,
at Plainview, a bed of western gravel several feet in thickness was
observed, but not the slightest trace of northern erratics. None have
been found after a persistent search upon uplands for several miles west
and north of that town. (¢) The Yellowbank, north of Battle Creek,
exposes a straight section 120 feet high, in which 60 feet of fine sand
rests on the horizontal surface of 60 feet of compact drab-colored clay;
no fossils or pebbles in either. On a side hill, a little northeast, con-
siderable western gravel was found, but no northern erratics. (d) From
Norfolk to Columbus no drift was noticed in passing on the cars and
none learned of by inquiry. (e¢) On a high steep hill facing Shell Creek,
near Platte Center, numerous pebbles and a few bowlderets were found
resting on Tertiary clays. None were of distinct northern origin; none
were striated, and most have a decidedly western character. (f) In
namerous deep cuts north of David City and in the south side of the
Platte Valley no pebbles of any sort were found. (g) Four miles south
of David City a recently bored 80-foot well showed only a few western
wateérworn pebbles in a yellow clay. (k) The unanimous testimony of
well diggers is that west of Plum Creek, which runs south from near
Brainard to Seward, uo ‘‘hard heads” or pebbly clay are struck in
wells, though they are uniformly much deeper than those east of that
line. In both regions the deposits are similar down to what is com-
monly called the ¢“old soil.” Below that point those west of the line
indicated show saund only, while those east exhibit bowldery clay.
(¢) Nothing but western gravel was found in the vicinity of York, and
general testimony is to the effect that no *hard heads” or pebbly clay
are found west of Seward.

2. On the other hand, in the following localities the glacial drift has
been directly observed. A few others of which reliable information was
obtained are added, but carefully distinguished.

An extensive sheet of gravel was observed south of Niobrara. A
thin deposit begins a mile east of Creighton. There are numerous
exposures of yellow till from Osmond east for 5 or 6 miles, and there
is abundant pebbly clay with bowlders at the insane asylum 13 miles
northeast of Norfolk. ‘Hard heads” are reported as abundant 3 or 4
miles east of Pierce. Yellow and blue till with northern bowlders was
found on Maple Creek in the northern part of Colfax County. Red
quartzite pebbles were found in quantity 5 miles northwest of Schuyler.
Northern bowlders and pebbles are abundant on the bluffs south of Lin-
wood, and less prominent about the head of Bone Creek 5 miles east of
David City, also south of Brainard in Butler County. Bowlders abound
on hillsides and in ravines generally east of Plum Creek and of the Big
. Blue in Seward County. Drift is shown several feet in thickness in a
high bank on the Big Blue 9 miles southwest of Milford. Red quartzite
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bowlders and other traces of glacial drift were observed in abundance
south of Pleasant Hill in Saline County, and are reported in the vicinity
of Fairbury, Jefferson County.

EASTERN BOUNDARY OF GLACIAL DRIFT.

Theoretically the eastern boundary of this region should coincide
with the extension in that direction of drift material which has been
dispersed by ice of the Dakota lobe either as a glacier or as icebergs.
On either supposition a mingling of material with that which was dis-
persed from the Iowa lobe would be unavoidable; consequently there
would be more or less drift from the northeast in the area under cou-
sideration. So far as is known, no lithological distinction which would
be decisive in this case can be drawn. Red quartzite and white lime-
stone erratics are found inside both the Dakota and the Iowa loops of
the moraine. The rock most likely to be of service in this respect is that
from the Missouri Coteau, which resembles buhrstone,! but it occurs in
such small fragments, and .so rarely, that it must be of little service.
The phenomena of most practical value which are likely to be found
are strize upon the underlying rocks, which show motion from a westerly
direction. Topographical relations may also have some weight, So
far as is known no such strie are found in this region east of the
immediate valley of the Missouri, Farther north, however, strize are
found in such relation to the Dakota loop of the moraine as will warrant
us in placing the boundary which we seek far east of the Missouri. In
Minnesota strize from the northwest, or even from more nearly west,
are found at Pipestone, also at a point 7 miles south of Pipestone,
according to Mr. Warren Upham of the Minnesota survey. Numerous
strize have been observed also north of Valley Springs, South Dakota,
from N, 620 W,

This gives us reason for locating, provisionally, the eastern boundary
quite remote from the Missouri. It may nearly coincide with the
eastern boundary of the loess deposit as given in a later section. A
small bowlder resembling burhstone was found at Cherokee, on the
Little Sioux, and another east of Shenandoah in Page County, Iowa,
and it is not improbable that the eastern boundary should nowhere be
nearer to the Missouri River than 30 miles. "

As before stated, the southern boundary is arbitrarily set at abount
100 miles from the moraine. The southern limit of the drift would lead
us beyond the scope of this paper.

DESCRIPTION OF SURFACE.

Elevation.—The surface of this region is considerably higher than
that within the moraine; south of Emanuel Creek Gap the difference is
about 250 feet, and east of Big Sioux Gap 150 feet. Along its western

1 This has been determined to be of Miocene age and formed apparently in marshes bordering the’
lakes of that epoch.
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side the average altitude of the highest points is nearly 1,700 feet, while
along the Missouri it is about 1,400 feet. The whole region slopes toward
the south and east. This is shown by the following list of elevations.
They are mostly barometric, but closely connected with points deter-
mined by railroad levels. Only such points are taken as lie in the
general level of the country.

List of elevations in the loess region.

From north to south: Feet.
Bluffs south of Herrick, Nebraska ........oc.ioiooiiiiiiineniaaninna.. 1, 750
Hills north of Plainview ............ e et e eemeemeemeeeeeeae—eaaaa. 1,825
Hills near Battle Creek. ... .... ... i 1,816
Plain south of Humphrey ............................................... 1, 690
Plain at Osceola. ... conin o i 1,680
Plain at York - ... oo oo e e 1,662
Plain af Fairmont ... .ooeee it i i e s 1, 656
Bluffs at St. Helena, oVer ... ... coiimimiiomt it i e 1,400
Summit of the divide southwest of Hartington..... ... ... ............. 1,710

-Hilltops southwest of Coleridge..............o..cooo il 1,840
Summit southwest of Northside... ... ... .. .o ... 1,830
Summit 8 miles south of Stanton... ... ... .. .ol iliiiiiiiiL.. 1, 800
Bluffs 5 miles northwest of Schuyler . ..... ... oo iiao 1,610
Plain at David City..... e et et e e e e eeee s aieeeeameneeaann . 1,619
Higher knolls......ccoo...... e ceeeeeeaaa e eeeeeaaa. 1,650
Plain at Germantown «...e. veenie ittt et teee e e 1,584
Plain at Dorchester........................ et teere s 1,501
Hills west of Ponea. ... ..o i i iieiree e 1,375
Hills west of Emerson ..................... e 1,630
Hills east of Wost Point .. ... oo .o ieaataann 1,526 -
South of North Bend . ... ... oeou i i eanen 1,450
Hilltops near Wahoo, 0Ver. ... .......ooeioee it i aaaan, 1,300
Plain at Cheney . oo oo i eeee e 1,435
Knolls at Cheney....cceaen i it e e ieeee s 1,460
Southeast of Valley SPrings .....ceeuemieemninniioaaiiiin i cieaas 1,510
Plain at Warren, Iowa «c o coenmiit it i i i tiee e eee e 1,465
Hill east of Akron .......o..ooo.... e e e e maaaaa 1,415
Hilltops south of Blair, Nebraska ...................: e e 1, 350
South of Louisville ..o i it et i e e 1,225
Near Turlington ceeeveee e coeroi e e e et e ees 1,195

From east to west:

Bluffs near Platte Center .... ... . .o...oooieii i 1,645
Bluffs near Schuyler ....................... e e e .. 1,610
Summit near Mapleville.. ... ... i iiiooiiiaiiiiiiitiaeann.s PO 1,432
Summit west of Kennard............ e et e ean e eearaaaen 1,285
Hills west of Calhoun........................ R 1, 250
Guthrie, IoWa. ... coeiaieceeeieee it iaiieeeesee e e ceeeveen maenaaae 1,290
Plain at Friend, Nebraska ... ... .. oo i i i 1,575
Knolls at Friend, Nebraska ... ... ..o .. i iiiiei i 1, 600
Plain at Dorchester ... comenmmn i, 1, 500
Hilltops northeast OF L@t o oen e eeeeeee et e aaeaneaniane 1,450
Cheney, general 16Vel . . ... oecees ome e cee che e e cee e aannanaa 1,435

Cheney knolls ..... seeeesrienneniaan R tecncecons 1,460
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It may be conceived that at least the western portion of the region
was at one time a nearly level plain, out of which the valleys of the
present streams have been excavated. The original surface of the
plain has been quite perfectly preserved away from the larger streams,
Between the Platte and the Elkhorn this is true as far east as the head-
waters of Maple Creek. South of the Platte the plain extends as far
east as David City and the Big Blue. Traces of the plain, in the form
of high flat-topped hills, are found as far east as the Missouri and
beyond; but the whole region was probably never filled to a level plain.
Several things seem to indicate that when the region was first vacated
by the depositing waters it was not a completely filled basin. We
would not assume to decide between a lacustrine or fluvial deposition;
probably both played a part. 'We proceed to give some of these because
they also illustrate the peculiarities of the present surface.

Basins and knolls.—Even when the surface is-most nearly a perfect
plain, as in the region west of the Big Blue, there are shallow basins
with clayey bottoms and corresponding swells. Along south of the
Platte about Osceola the same is true, and farther eastward about
David City both features are upon a grander scale. Some of the basins
are more than a mile in breadth and the knolls and ridges from 25 to
40 feet. The aspect suggests the former extension of ashallow lake in
which there were low islands or bars. Farther north, about the head-
waters of Logan Creek, similar features, though much modified by ero-
sion, are noticed in the topography, but erosion has cut down the
basins, leaving the hills much more elevated, though still showing the
same isolated and irregular arrangement. Doubtless winds have had
a mild dune effect upon the loess.

Elevated ridges.—In the northern part of the region under consider-
ation a conspicuous feature of the topography are the high, somewhat
discontinuous northwest-southeast ridges. '‘One extends from near the
mouth of the Verdigris to the vicinity of Bazile Mills. Another begins
east of Santee Agency with a lofty spur running out several miles from
the northern edge of the table-land north. "It extends down into the
southeast corner of Knox County. Another begins southeast of Yank-
ton and extends southeastward to the West Bow. Amnother begins
near St. James and extends southeast into Dixon County, and possibly
into the Winnebago Reservaton.

These ridges are more narrow and conspicuous toward the north,
and may possibly be looked upon as the high watershed separating the
" intervening streams. Their surface features are doubtless due to
erosion, but the prevalence of this directionremains unexplained. We
must look for it in some peculiarity in the original surface where the
courses of the present streams were begun.

In the list of elevations given, the summits of these ridges were
taken rather than of lower surfaces between.

Ancient channels.—This directs our attention to another problematw
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feature. This embraces certain channel-like valleys which are found
in northern Nebraska crossing the divide between the tributaries of
the Missouri which run in a northerly direction and those which have
a southerly direction. Their characteristics are best preserved upon
the watersheds, because there they are least modified by erosion.
. The one passing near Coleridge, Nebraska, may be taken as a type of
the whole. It connects Bow Creek with the upper waters of Middle
Creek, a branch of the Logan. It is a valley from 3 to 4 miles in
width, showing two or three subordinate channels or intervales run-
ning approximately parallel with one another and depressed from
30 to 50 feet below the broad, flat ridges between them, which at one
time may have been bars or islands in the ancient stream. These ter-
race-like ridges are covered with a thin layer of loess, under which is
found gravelly clay 20 or 30 feet higher than the channels. In the
bottom of the channels, after penetrating the soil, which is deep and
rich, sand of indefinite depth is struck. Coleridge, which occupies the
summit of this channel upon the divide, has an altitude, according
to railroad levels, of 1,672 feet. The altitude of a high loess ridge
southwest of Coleridge is 1,800 feet, and a similar ridge 5 miles east of
Coleridge is about 1,825 feet high. Northwestward from Hartington -
the general surface is much eroded and distinct traces of the channel
are not found. However, there is nothing to forbid the opinion that
the channel formerly extended in that direction.!

A similar channel passes from the Verdigris to the Bazile at Creigh-
ton, thence southeast up the latter stream to Plainview, where it is 14
miles in width, and does not present the complex appearance which
was noticed at Coleridge. From this point it continues in a direct
southeasterly direction to the north branch of the Elkhorn at Pierce.

A smaller valley, which passes from the east branch of the Bazile at
Kemma southeast to the north branch of the Elkhorn, presents similar
characters. These channels in Nebraska are all much eroded toward
the northern end by existing streams. '

Avreas sloping away from principal streams.— Another character of the
topography, which is unlike that usually found in the chance arrange-
ment of streams upon an even plain surface, is the frequent occurrence
of drainage from the immediate vicinity of the principal streams to
some subordinate stream. This is remarkably true along the southern
side of the Platte Valley. For nearly 100 miles the waters falling im-
mediately south of the edge of the bluffs, instead of making their way
into the Platte, are carried away southward into the tributaries of the
Big Blue.. Even where small streams turn northward, as Bone Creek
and Skull Creek, the bluffs rise precipitously next to the Platte Valley,
and the waters, which eventually flow northward, are first turned south-

ISince the above was written, facts and considerations presented by Gilbert, Bain, Udden, and
others have led the writer to give greater prominence to wind action in explaining the irregularities
of surface mentioned.
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ward through the narrow valleys of these creeks. So with the Elkhorn
on its southern side from the vicinity of Wisner to Scribner, the land
slopes from the very top of the bluffs southward and southwestward.
Along the northern side the same feature prevails. Such subordinate
streams as Plum Creek, Cuming Creek east of West Point, Bell Creek,
and the west branch of the Papillion, draw from the very summit of
the bluffs along the Elkhorn. The same feature may be occasionally
found along the present valley of the Missouri, but its greater depres-
sion and the probably less original elevation of its bluffs render it less
prevalent and less evident. On a grander scale the whole of the north-
eastern corner of Nebraska may be instanced as an example of this
feature, sloping, as it does, away from the eastward-flowing portion of
the Missouri. Along the east branch of the Big Sioux, from the north-
ern line of Iowa southward, a similar relation carries the waters from
its near vicinity into Rock River. -

All of these features, when traced back to their beginning, point
toward inequalities in their original surface of greater or less magnitude.
Further reasons for believing that this original surface was uneven will
be found in the section treating of the relations of the loess to the drift,

Principal streams.—The central stream is the Missouri. Its valley
north of Yankton resembles in every respect that in the regions already
described, but east of Yankton it puts on quite a different appear-
ance. While its bluffs are still high along the south side; they show
no older formation except near their bases. The valley suddenly widens
to a breadth of from 8 to 10 miles. This breadth it retains to the
mouth of the Big Sioux, where it is somewhat increased. South of
Sioux City it attains a breadth in places of more than 15 miles. At
Blair the valley begins to narrow, and near Rockport, southeast of
Calhoun, it is about 3 miles wide. It is a significant fact that at this
point the Carboniferous limestone begins to appear near the water level.
Tarther south the valley is very rarely more than 5 miles wide, and
while the slope of the stream from Sioux City to this point has been about
6 inches per mile it now increases to 1 foot per mile, which it continues
to the southern line of Iowa. The valley of the Missouri is bounded
everywhere in the loess region with steep bluffs of that material,
rising 250 to 400 feet above the low, flat, bottom lands between. Where
they have been longest subject to erosion the loess, which usuaily con-
stitutes from one-half to three-fourths of the height, stands at an angle
of from 40° to 60°, while drift makes a much smaller angle with the
horizon, and the older rocks stand out as a shelf or shoulder. :

Three important streams enter this region from the west—the Niobrara,
the Elkhorn, and the Platte. The first, which barely enters, flows in
a narrow valley 300 to 400 feet deep. The other two have very wide
valleys, especially in their middle course, and are depressed from 250
to 300 feet below the general level. Their slopes nearly coincide with
the slope of the region.
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Tributary streams and creeks are numerous throughout the whole
region. They are fed by perennial springs, and usually run in narrow
ravines from 5 to 20 feet deep.

Terraces.—Although the subject of terraces will be treated more
fully in another place, a few words seem called for in this connection.
Along the principal streams the present flood plain is at an elevation
of from 5 to 20 feet. The bottoms of their valleys are principally
occupied by land upon this level. Traces of other benches from 15 to 30
feet are not infrequently of considerable extent. Besides these more
recent terraces there are conspicuous traces on most streams of a ter-
race at from 60 to 100 feet above the present stream. Traces of this
high terrace are found along the Missouri from Herman to De Soto, in
Washington County, Nebraska;-also in the vicinity of Fort Calhoun
it is finely exhibited for several miles. At North Omalia and at Belle-
vue it has considerable extent and an altitude of about 50 feet.

Along the Platte we find a high terrace on the north side of the
present valley extending from Hall County, where it is low and much
obscured by sand hills, to the vicinity of Fremont, where it has an
altitude of about 80 feet. Its northern edge is marked by the lower
course of the Loup River, Shell Creek, and Maple Creek. There are
ancient channels connecting these streams with one another at their
nearest points. Its width is from 3 to 4 miles. From the vicinity of
North Bend an old channel, 8 miles in width and on the same level with
the terrace to the north, extends southeast along the east side of Sand
and Wahoo creeks to the vicinity of Ashland.

Along the Elkhorn the terrace before mentioned, north of Fremont,
extends northward on the west side of the Elkhorn to Scribner. Little
trace of this terrace has been found above that point, partly because it
is obscured by sand hills, partly because the region has not been fully
examined upon that point.

Traces of this high terrace are found along Bazile, Beaver, Bow, and

- Logan creeks in Nebraska. In Iowa traces of it are found along the
Big Sioux near Beloit and Fairview, and along several of the streams
on the east side of the Missouri, which have not, however, been exam-
ined sufficiently to warrant a more complete description.

Elsewhere, and in general, the topography of the loess region finely
illustrates the principles of erosion when applied to a homogeneous
deposit. Remote from streams the hills have a gently rounded form,
extending to the edge of the deep ravines which furrow the bottom of
the valleys. These ravines increase in depth toward their head, where
they terminate abruptly with perpendicular or even overhanging banks.
Toward the principal streams the slopes of the hills gradually become
steeper. Where undermined by eroding streams they frequently present
bare perpendicular faces 20 to 50 or even 100 feet in height. In general
the topography is of the erosive type prevalent in massive sandstone
regions, for the loess resembles sandstone in its resistance to the various
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weathering agencies. From its tendency to stand in steep slopes along
the streams Professor Swallow, of Missouri, early named it the Bluff
deposit.

Sand hills. —Beneath the drift over much of this region is a deep
deposit of fine sand presumat.ly belonging to the Pliocene epoch. In
the northern portion of Cedar and Knox counties the lower valleys are
much widened by the unusual recession of their sides, which may be
ascribed to their undermining because of the presence of this deposit.
The sand is considerably mingled with the soil and glves a pleasing
smoothness to the landscape.

This sand deposit comes to the surface amd occupies much of the
country west of the Verdigris and the ancient channel before mentioned,
which runs southeast from Creighton. The western boundary of the
loess is there, and as far south as the Platte, obscured by the advance
of the sand eastward. Sand hills and “clay hills” are indeseribably
mingled. The “clay” closely resembles, if it is not identical with, the
loess. It probably is a deposit of the Loup River epoch. The 'anent
channel between Creighton and Pierce, more especially south of its
summit, shows an interesting series of transverse ridges of sand, vast
ripples, as it were, rising from 25 to 60 feet above the intervening
clayey meadows. They are at quite regular intervals of 1§ miles.
Traces of sand are found in the wash of the hillsides as far east as
Cedar County. At several other localities also there occur sand hills
which, though formed by the wind, have had their material brought
into the region by the instrumentality of streams. The Elkhorn and
the Platte, lowing through sandy regions, accumulate large quantities
of sand in their bars and bottom lands. When this sand is driest and
most widely exposed the whole region is subject to prevalent winds
from the northwest; the result is that, wherever these streams run
toward the southeast for some distance, large quantities of sand are
blown from the valleys out upon the upland. In this way one may
take a map and with considerable confidence tell where such sand hills
will be found. They have been observed occupying several square
miles south of Stanton. They are prominently developed, and are
more conspicuous because of their elevation east and sontheast of
West Point. They are frequently interspersed with small ponds.
South of the Platte they have been observed near the mouth of Bone
Creek northeast of David City, and in a very extensive area south of
Kearney. They also occur in corresponding positions along the -
branches of the Loup River. Much of the broad valley north of the
Platte is occupied by sand hills.

DRIFT DEPOSITS OF THE LOESS REGION.

_ The drift of this region may become the shbject of much controversy
as concerns its origin. 'We therefore propose to present, as completely
as our space will allow, the data which have been gathered.
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TILL.

The lowest and most important formation is here, as elsewhere, the
till. It presents the usual appearance of a homogencous matrix of
clay containing pebbles and bowlders scattered through it, with rarely
any trace of stratification or segregation of any sort. It also contains
irregular masses or pockets filled with stratified gravel, sand, or silt,

Color.—The prevalent color, when unaffected by weathering or leach-
ing, is a bi‘ight lead blue. Sometimes, however, it is a dull grayish
brown. It abounds, especially in its lower portions, in white pebbles
of limestone and quartz, which in a fresh surface present a striking
appearance upon the blue background. The upper portions of the till,
where it has been long subject to weathering, or where the frequency
of porous layers or seams has carried the surface waters into the clay,
are of a yellowish appearance, which below sometimes shades into a
reddish color and above into a dull buff,

Joints.—The clay always presents a jointed appearance, these joints

-running in all directions, dividing a deposit into polygonal masses.
These masses are continually subdivided as the process of weathering
goes on. In the freshly exposed blue till these masses may be 3 or 4

"feet across, and the sedms are correspondingly prominent. They
appear in some cases, which we may consider an earlier stage, as
mere cracks cutting the mass irregularly. They ‘more frequently
show traces of accumulation in the form of thin calcareous or selenite
plates. Seams have been found where the selenite plates were from
one-eighth to one-half inch in thickness. In some cases the selenite
shows a coating of flour-like gypsum, and in some cases, toward the
surface of the deposit, where it is more changed, the whole seam is
filled with such material. The color of the blue clay adjoining these
seams gradually changes through different stages to a dull yellow. As
the selenite plates increase in thickness these weathered portions as a
rule also increase in thickness. Some of the measurements of observed
cases are as follows: Measuring from' the center of the seam either
way, one-eighth inch flour-like gypsum, one-eighth inch drab clay,
three-fourths inch bluish, then the surrounding blue clay; another,
one-half inch créam-colored core, 3 inches yellow clay, 24 inches whit-
ish yellow, then the blue clay. More convincing evidence in favor
of the conclusion that the yellow till is merely the weathered portion
of the blue could scarcely be imagined. This change of color in this
case corresponds with what is uniformly observed of the drab-colored
layers of the chalkstone, of the similarly colored beds of the Benton
and the Pierre clays, and also of the blue limestone of the Carbonifer-
ous and Paleozoic rocks generally.

Local indications of subaqueous origin.—There are several features of
the till in this region which favor the conclusion that it is of subaque-
ous origin, While the previous description may be taken without
qualification as to general structure, there are exceptions found, as

Bull. 158—5
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follows: (1) Its colors are sometimes arranged in a horizontally banded
manner. This has been observed repeatedly along the Platte southwest
of Fremont, where ashy and chalky layers occasionally appear; (2)
while the erratics usually have no perceptible a.rrangement, they are
sometimes arranged in horizontal lines; perhaps a dozen pebbles lie
within a few feet of one another upon the same level, where as many
more of similar size could not be found in as many yards; (3) another
fact which, although it does not pertain to the structure of the till, has
an important bearing on the question of its subaqueous origin, is the
resting of the till upon the nearly horizontal surface of stratified sand
and clays of pre-Glacial origin without their slightest distortion.

‘The upper portion of the till which presents the yellowish colors fre-
quently abounds in calcareous concretions, some of irregular globular
form, otbers, occupying. the larger seams, of sheet-like form.. Some-
times these concretions have to a considerable degree the appearance
of disintegrated chalk.

RED CLAY.

The second member of the drift we will designate as the red clay,
for no other characters seem more constant. It usually lies above the
till. It is never below it, but sometimes is found where no till occurs,
and it is sometilges wanting between the till and the loess above. Its
more common characters, besides its brownish-red color, are: (1) It is
much more clayey than the loess above, and, especially in its upper
portion, becomes more loamy than the till ‘below; (2) it uniformly pre-
sents a stratified appearance, layers of clayey silt alternating with
thicker layers of purer clay. Erratics even several inches in diameter
frequently appear in it, and usually in a more or less stratified condi-
tion. These are found in greater abundance toward the base of the
formation. Its upper portion, for several feet in depth, may be entirely
free from them. Its stratification may be obscure either when it has
been somewhat weathered or when the exposure is of a more clayey
stratum, o

Its upper surface is nearly always distinctly marked, but its lower
surface not infrequently passes into the till without a clear line of sepa-
ration. This feature has been noted at lower levels near the principal
streams. In the northwestern portion of the region under consideration
it is overlain by a heavy deposit of gravel, but as a rule the loess
rests directly upon it. The darker and redder shade of this member is
without doubt due to the greater abundance of ferric oxides, and may
indicate that the formation has been more exposed to the air. It may
find an analogy in appearance, if not in origin of color, to the weathered
portions of ferrnginous sandstones.

GRAVEL AND SAND DEPOSITS.

The third member of the drift is composed chiefly of gravel and sand
beds, which also abound, usually in their upper portions, with bowlders.
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These occur mainly in the vicinity of the Missouri and the Big Sioux,
their greatest development being in Knox County, Nebraska, and Min-
nehaha County, South Dakota. In the former locality it constitutes
the bulk of the drift. '

'RELATION OF THE DRIFT TO THE UNDERLYING FORMATIONS,

The formations found beneath the drift are arranged in general in
strips extending north-northeast to south-southwest. First in the
northwest corner of the region come the Pliocene sands and clays, 50
to 100 feet in thickness. Their southeast margin, at least of their
thicker development, extends approximately from near the northwest
corner of Dixon County past Coleridge, Stanton, and Columbus, south-
ward. An area along the Split Rock in Minnehaha County, South
Dakota, is also doubtfully referred to this epoch. Similar deposits
have been observed also along the Big Sioux east of Canton, and
nearer Fairview, South Dakota, and northwest of Sioux City; also
near Lemars and Cherokee, Jowa. This formation along the Missouri
rises to an elevation of nearly 400 feet above the river in Knox County,
Nebraska, and diminishes in altitude to the east. Along the line out-
lined as bounding its thicker development it does not diminish much in
altitude toward the south. The Missouri, Elkhorn, and Platte south-
east of this line have cut through it to the older formations below,
and, it would seem, have removed much of its thickness. The Niobrara
chalkstone appears next east of and underneath the Pliocene. Its
eastern limit approximately extends from near Brandon, South Dakota,
southward along the Big Sioux, where it is exposed at Canton and
Akron, also at Ponca, west of Dakota City, at West Point, Skull
Creek, Milford, Pleasant Hill, and beyond. The Benton clays are
but feebly developed. The next formation, the Dakota sandstone,
appears quite prominently. Itseastern limitextends from near Dakota
City past Tekama, Louisville, Beatrice, and beyond. It is found also in
detached areas near Lewis and Red Oak, and northeast of Sioux City,
Iowa. The upper Carboniferous underlies this and extends farther
west than the east limit of South Dakota., It occupies the remainder
of the loess region in Nebraska and Iowa, with the exception of small
detached areas of Tertiary of indefinite extent.

These rocks seem to have been excavated in the form of a broad val-
ley along the Missouri, with its bottom from 15 to 150 feét above the
present level of the Missouri, but in the bottom of this valley the imme’
diate channel of the Missouri and other streams seem to have been
excavated to the present depth or even to a greater.

The drift, where it has been observed, rests upon the surface of the
underlying formations without disturbing them, except in a few rare
cases. The general fact may be illustrated by numerous sections taken
from Knox County, Nebraska, and.a few from southwestern Towa. In
the former locality the drift is found in some places resting upon a
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deposit of volcanic ashes more than 3 feet in thickness, which, though
very friable, shows no disturbance. About a mile east of Osmond it
was found resting on a gray pebbleless clay, and conformably. In Mills
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F16. 14.—Exposure showing base of the till north of Pacific Junction, Towa.

County, Iowa, typical blue till was found resting upon a grayish-brown
clay from 5 to 10 feet in thickness containing no pebbles, and this in turn
upon sand (fig. 14). Neither showed signs of disturbance. Near Ben-

FiG, 15.—Exposure showing base of the till near Berks, Nebraska.

nett and Roca, Nebraska, drift was found resting upon Carboniferous
clays without apparent disturbance. Near Berks, Nebraska, it was
found resting upon an inclined surface of stratified sand with no traces
of disturbance in either (fig. 15).

STRIATION OF UNDERLYING ROCKS.

While what has been given seems to indicate the general gentle
‘deposition of the drift, at least in deeper or' more protected localities of
the old surface, there are a number of cases where great force has’ been
exerted in a horizontal direction. Strice have been observed in the
following localities: About Sioux Falls the surface of the quartzite is
planed and striated generally toward a direction varying from S. 8° E. to
S.43° K., but some were from the west. Southeast of Sioux Falls, about
the northwest corner of Iowa, the surface of the quartzite is smooth
and striated in a similar manner, in direction from 8. 8° E. to S.53° E.,
the majority of cases corresponding with the course of the Big Sioux.
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A few miles north of Valley Springs strize varying from S. 8° E. to
3. 63° E. were abundant on the polished red quartzite. So far as is
known, no distinct striee have been observed on any other formation
except the Carboniferous limestones south of the Platte in Nebraska
and adjacent portions of Iowa. Very faint indications of motion from
the north-northwest of superincumbent blocks of bowldery clay were
noticed south of Roca, Nebraska. At Bennett, about 9 miles east, the
surface of the limestone was found planed and covered with strie indi-
cating a movement S.410t0 430 W. This was on the northeast side of a
hill looking toward a valley opening in that direction. A rod or two
west of that point a few striee toward S.17° W. were found, and still
farther west at one point striee were found toward S.61°W, and S.9° E,
It is a notable fact that this latter locality was simply a few square feet
of surface on the same level surface with many square rods of limestone
which, though covered with till, showed no signs of smoothing or stria-
tion. On the north side of the valley a mile away another slight trace
of striz was found, indicating motion toward S. 88° W. South of
Plattsmouth a considerable surface of the limestone, about 40 feet
above the river, is planed with strie from east of north,

Upon the limestone ledges 3 or 4 miles south of Pacific J unction,
Towa, strie are found at localities differing about 50 feet in elevation.
They are mainly of two sets, S. 9° E, and S. 40© E. Meek, in Hay-
den’s T'inal Report on Nebraska (p. 92), records near the mouth of the
Platte S.10° W. [mag.]. Dr. White in his Iowa report, Vol. I, p. 94,
mentions a locality opposite Council Bluffs, now obliterated, 6 to 8 feet
above high water, where the direction was S.41° W. Prof. S. Aughey,
former State geologist of Nebraska, reported strice near Beatrice, Roca,
and Syracuse, also along the Platte at several points, which have an
average direction of 8.19° E. In a quarry south of Unadilla, Nebraska,
though no striee were found, the different blocks in the upper layer
were tipped down toward the north without being apparently moved
from their position. Two miles northeast of Tabor, Iowa, planation
was widely shown, but the stone is now removed and the direction has
not been ascertained.

DISTRIBUTION OF THE DRIFT.

For convenience under this topic, we will divide the drift into
Nebraska, Dakota, and Iowa divisions.

THE DRIFT IN NEBRASKA.

South of Niobrara, Nebraska, at an elevation of over 400 feet above
the Missouri, is an extensive exposure of clayey gravel capping the
hills. This seems to be from 15 to 25 feet in thickness and to rest upon
light-colored clay. Farther south the loess appears above it, and
bowlders abound in it, especially in its upper portion. East of the
Bazile there is the same general appearance, but below tine sand begins
to show itself in the sides of the bluffs.
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Voléanic ash stratum.—Underneath the drift a layer of grayish-white
volcanic ashes begins to show itself 5 or. 6 miles southwest of Santee
- Agency and is exposed here and theve for at least 6 miles eastward. The
localitiesnoted are SW.4secs.27and 35, T. 33 N., R.4 W. At the former
place it is underlain by a stratum of laminated clay crowded with fresh-
water shells. Prof. R, E. Call has determined them to be mostly Lim-
nophysa decidiosa. This stratum has been observed to be more than 3
. feet thick. The ash seems to pass both laterally and above into a
whitish marl. Both are 450 to 475 feet above the Missouri River.

Mr. Andreas Lundteigen, chemist for the Yankton Cement Works, who
was interested in the deposit from a business standpoint, has kindly
given e the following analysis of a sample taken from the top of the
former bed on Mr. Wakana’s land : Silica, 72.44 per cent; lime, 6.55 per
cent; alumina and oxide of iron, 14.78 per cent; loss by ignition, 4.28
per cent; total, 92.05 per cent. - A sample from the bottom did not
differ materially.

A stratum exactly similar in composition has been found near West
Point (Pl. XI), on the West Blue southwest of Milford, and also along
the Missouri about 7 miles north of Omaha, Nebraska (Pl XII). At
all points it occurs in the drift, not below it. At West Point it is found
from 4 to 6 feet thick, at the second point 1 to 5 feet, and near Omaha
18 inches. Speclmens were submitted to Mr. J. S, Diller, of the Geolog-
ical Survey, who has pronounced them volcanic dust, composed chiefly
(90 per cent) of minute angular fragments of pumiceous glass. Besides
these are numerous (10 per cent) grains of quartz sand, well rounded,
indicating that the ashes fell into quite water.

“If, as seems not improbable, these different beds were deposited simul-
taneously, how may we account for their being below the drift in Knox
County and- in the drift in Cuming and Seward counties? By refer-
ence to a list of elevations further on we find the altitude to be now in
the first case over 1,600 feet, and in the other less than 1,500, the second
being less than 1,350 feet. Even making liberal allowance for changes
of level since their deposition, we can readily believe that the deposition
of drift, assuming its subaqueous origin, began at the lower levels before
the voleanic outburst, and did not reach the northern localities till later,
The apparent haphazard occurrence of the ashes in Knox County may
be readily explained by their preservation only in lagoons along the
ancient Niobrara. When they fell on the land rains would soon wash
them away, and when in the main stream they would be swept onward
and mixed with other sediments. The idea that they fell in ponds is
further supported by the occurrence of the fossiliferous elay lmmedlately
below.

If we accept the more commonly received hypothesis that the till is
the product of land ice, we may suppose that the older ice sheet
advanced to the altitude of West Point from the Des Moines Valley,
while the occupation of the Dakota Valley was later. Or we may sup- '
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pose that the deposits were simply formmed in bayous along the adjacent
streams when they were flowing at high levels. It should not be for-
gotten, however, that it is by no means certain that the ash beds in dif-
ferent localities were deposited at the same time.

There is little loess upon the surface of the drift for several miles east
of the Bazile, and erosion has cut this bed of gravel into abrupt knolls,
which are very conspicuous. Near the Bazile and along How Creek
erosion has also sapped the sandy formation so that the gravel-topped
%knobs have sunk bodily toward the streams.

Farther east’, about 5 miles southeast of Santee Agency, the loess
begins to so cover the drift that it is almost entirely hidden, except
along the face of the bluffs toward the Missouri. Its continued grav-
elly character is well shown southwest of Herrick, about what is called
the Devils Nest, a descriptive name for two or three very deep ravines '
excavated through the loess, drift, and Tertiary sands to a depth of
over 100 feet. Ome of the most complete sections found is at or near
the northwest corner of T. 32 N,, R. 3 W. The whole section, from the
summit of an adjacent hill, is as follows:

Section near the northwest corner of 1.32 N., R.8 W,

Feet. In.
Slope, probably loess, though bowlders were found near the summit.... 50 0
0TI 70T 4 0
Stratified sand, gravel, and bowlderets of granite, greenstone, etc...... 0 8-18
Reddish, loamy, joint clay containing northern pebbles................. 15 0
Fine white sand, stratified ...... .. conmmmerii et cee i 7 0
Reddish clay and rusty 8and . ... veeeeevneaitciiniaoen i i 4 0
Stratified lead colored clay - ... ..o cooi it teit e aaaae s 14-2 0
Finesand ... .. .. e 15 0
Wet efflorescent clay ... ..o i i e 0 8-10
. 1 4 0
Clayey 8and ..o iiecit et iacaceaieaecmamceceaeaaaeaaaaas 34 0
‘Whitish marl alternating with layers ofsand..........ccoooioiinnn... 50 0

In another section several rods west, below the loess, which was
about on a level with a corresponding point in the preceding-section,
the strata were as follows: ) '

Section several rods west of the preceding.

Stratified gravel and bowlders, about four coarse layers with fine sand al- oot Lo

ternating, all sorts of northern erratics present.......................... 43 0
Laminated loamy clay with two layers of pebbles ..........o.............. 30
Fine gray sand passing into 2 feet of chalky clay............... .. ....... 16 0
Grayish checky clay, stratified, with fossil planorbis and other fresh-water

shells, and a few small pebbles.... ... ... i oottt 30
Sand containing fragments of chalkstone and of large bones and teeth.. ... 10
(3 110 1y R 6 0

A general section showing several exposures noted is given in
fig. 16.

The gravelly drift is also made prominent by its capping long spurs
extending northward along the northern edge of the loess table-land.



Lkl &

12

MORAINES OF SOUTHEASTERN SOUTH DAKOTA.

[BULL. 158.

‘The tops of these are nearly in a line, about 390 feet above the river,

while the gravelly layer back under the loess is 450 to 475 feet.

They

appear like the remnants of a gravel-topped terrace, but as they have
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F16. 16.—Section of south bluff of the Missouri River near Herrick, Nebraska.

nocounterpartelsewhere,
it seems probable that
they, like the lower hills
along the Bazile, have
been let down from an
original high position by
the escape of fine Ter-
tiary sand from beneath
them. Farther east,
along Weigand and Bea-
ver creeks, gravelly ter-
races again appear at a
still lower level; these,
though containing the
same material as the
higher deposits already
described, are doubtless
a rearrangement of them
as terraces of these
streams. The gravelly
drift underlain by sand
appears to have once ex-

tended as a sheet over . .

the whole region of the
Beaver and the Bows, oc-
cupying the most of
Cedar County. It has
been affected by erosion
so much that it is not
now continuous except
along the divide.

In a high hill 3 or 4
miles southeast of Yank-
ton the summit of the
drift is less than 300 feet
above the river, and
shows much sand in con-
nection with it. In the
bluffs south of St. Helena,

the chalkstone rises 225 feet above the river .and only a few bowlders
and pebbles appear upon it, below the loess, which there rises only 40

feet higher.

At several points along the West Bow incomplete expo-

sures show the drift thin and with frequent bowlders, resting uniformly
on sand. Curlew Spring, a copious spring or system of springs about 4



U. S. GEOLOGICAL SURVEY BULLETIN NO. 158 PL. XII

BLUFF ABOVE FLORENCE, NEBRASKA, SHOWING ASH STRATUM.
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