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Guidebook for Field Conference C

UPPER MISSISSIPPI VALLEY

DAY 4—AUGUST 17

Start: Yankton, South Dakota, 8:00 a.m.

End: Watertown, South Dakota

Mileage: 200 miles (320 km)

Leaders: Merlin J. Tiptonli'and Fred V. Steecel

Contributors to guidebook: Merlin J. Tipton and Fred V. Steece
Itinerary: Yankton, Sioux Falls, Watertown

INTRODUCTION TO PLEISTOCENE OF
BIG SIOUX RIVER BASIN IN SOUTH DAKOTA

Glacial and interglacial deposits up to a known maximum thickness of
710 feet, representing most of Pleistocene time, make up the Coteau des
Prairies and are exposed inthe valley of the Big Sioux River and its major
tributaries (fig. 4-1). Glacial tills of Nebraskan, Kansan, Illinoian, and
Wisconsin Glaciations are interbedded with Aftonian, Yarmouth, and Sanga-
mon interglacial deposits and soil horizons in numerous localities, partic-
ularly in southeastern South Dakota and extreme northwestern Iowa. The
((Juate)mary geology of South Dakota is described by Lemke, and others

1965).

The Pleistocene deposits of northwestern Iowa and adjacent parts of
South Dakota and Minnesota have for many years been an engrossing sub-
ject of study by numerous workers. Among the most important contributors
to the Pleistocene stratigraphy in these areas are: Chamberlin (1883),
Wilder (1899), Bain (1898), Carman (1917, 1931), Kay and Apfel (1929),
Kay and Graham (1943), Leverett (1932), Smith and Riecken (1947), Ruhe
(1950), and Flint (1955).

Deposits of late Wisconsin age were delineated by Chamberlin (1883).
Leverett (1932), Todd (1896, 1899), Rothrock and Newcomb (1932), Roth-
rock (1934, 1935, 1946), Searight and Moxon (1945), Flint (1955), and
Steece and others (1960) all refined Chamberlin's monumental work.

Deposits of early Wisconsin and pre-Wisconsin age in the area re-
ceived no suchagreement of views. The early Wisconsin drift in the inter-
lobate area between the James and Des Moines lobes was identified by

1South Dakota Geological Survey, Vermillion.
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Fig. 4-1. Map of eastern South Dakota showing generalized
Pleistocene geology and route of field trip.



ERRATA: Reprint of South Dakota Part of INQUA Guidekook and Supplemental
Data for Field Conference C, Upper Mississippi Valley, South Dakota
Geological Survey Guidebock feries One, INQUA, Internaticnal
Association for Quaternary PResearch, VIIth Congress, August-
September 1965, United States of America.,

Please insert the enclosed shect in place of Fig, 4-1, Map of
eastern South Dakota showing generalized Pleistocene geology and route
of field trip. This figure is on page two of the INQUA Guidebook,
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Fig. 4-1. Map of eastern South Dakota showing generalized
Pleistocene geology and route of field trip.



Rothrock (1926) as Kansan. This correlation was based on work of Leverett
and Sardeson (1919) and Carman (1917) in Minnesota and Iowa respect-
ively. This drift and the correspondingdrift in northwestern Iowa was be-
lieved to be post-Kansan, pre-Peorian loess (but not Iowan eitheras stage
or substage) by Kay, Leverett, and Carman (Kay and Apfel, 1929, p. 118).
This same view was held much earlier by Wilder (1899, p. 123-132) and
by Bain (1898, p. 343-4),

In the late 1940's, R. F, Flint, G. D. Smith, F. F. Riecken, and Iowa
Geological Survey personnel held field conferences in northwestern Iowa
and adjacent areas (Flint, 1955, p. 83) which culminated in: "all of the
drift in South Dakota classified by Leverett as Kansan is classified here
as Iowan." Smith and Riecken (1947) had classified this same drift in
northwestern Iowa as Iowan; the drift tothe southof their border they map -
ped as Kansan, Ruhe (1950) corroborated their work and made further re-
classifications of the Wisconsin drifts in northwestern Iowa and south-
western Minnesota,

The problem of the age of this mterlobate drift was studied further by
Steece and others (1960), Tipton (1958, 1959, 1960) and Steece (1959a,
b). They found possible Iowan end moraine remnants in the Dell Rapids-
Trent area, north of Sioux Falls. South of these Iowan end moraine rem-
nants are deposits of an earlier drift sheet believed to be Illinoian. (De-
tailed evidence is given in a later part of this guidebook.)

Beneath the Illinoian drift are deposits of Yarmouth, Kansan, Afton-
ian, and Nebraskan age.

Cretaceous marine sedimentary rocks and Precambrian quartzites and
granites make up the bedrock of eastern South Dakota and crop out locally
in the area.

En route from Yankton to Stop 4-1

Proceed eastward from Yankton (fig. 4-1) along South Dakota Highway
50. The route is on the Missouri River floodplain which is from 2 to 10
miles wide. The valley fill is as muchas 150+ feet thick and is of Pleis-
tocene and Recent ages. At Vermillion, the route climbs the north bluff
of the Missouri trench onto the late Wisconsin till plain. Locally in this
area low smooth end moraine remnants attest to the former presence of a
late Wisconsin ice margin. The drift topography is smoothed and mantled
by an average of 5 feet of loess. Enter Vermillion and continue eastward
on State Highway 50 to Interstate Highway 29. About 5 to 6 miles east of
Vermillion the route crosses end moraine remnants and other remnants can
be seen to the south. Proceed northward on late Wisconsin till plain for
about 73 miles and rise abruptly onto Illinoian till plain. Late Wisconsin
ice locally overrode the Illinoian highland here for a dlstance of about 1
mile to the east. A test hole located 6 miles east and 712 miles north of
Vermillion on the nose of the Illinoian highland, NE{NE;SESE: sec. 1,
T. 93 N., R. 51 W., Clay County, drilled in 1964, revealed the following
sequence:



Late Wisconsin till; light yellowish-
brown, clay-rich, pebbly, very

silty, contains much loess........... 44 feet
Early Wisconsin loess; light yellow-

ish-brown to brown...........ovvvu.. 29 feet
Illinoian till; light yellowish-brown,

clay-rich, silty, pebbly, compact...... 8 feet

The loess thins from an average thickness of 20-30 feet in this area
to an average of 10-15 feet within 5 miles eastward.

Notice reentrant in the Illinoian margin occupied by late Wisconsin
drift. About a mile to the east is a kame (?) terrace built against the Illi-
noian highland, formed when the late Wisconsinice invaded this reentrant.
Rise on Illinoian highland for short distance and again descend onto late
Wisconsin till plain. From this area northward for the next 8 miles the
late Wisconsin till plain rises gradually from about 1,300 feet to over
1,500 feet. This increase of over 200 feet in elevation is due to the late
Wisconsin ice overriding the Illinoian highland which formed a buttress
to the advance of the ice.

Leave Interstate 29 atVolin exit and proceed east to Union County Road
1-C. Proceed south 1 mile and turn east on Union County Road 15 for 3%
miles to Stop 4-1. When crossing Brule Creek, notice the width of the
valley. To the north of this sector the floodplain broadens and locally
contains outwash valley train deposits. The valley from this crossing
southward was constricted by the late Wisconsin ice margin abutting aga-
inst the Illinoian highland. Notice also the fresh late Wisconsin till in
road cuts justwest of the valley, and thick loess in cuts on road ascend-
ing east bank of this valley.

Stop 4-1: Nora Section, road cut on north side of Union County Road 15,
3 mile west of abandoned Nora townsité. Center South line sec. 23,
T. 94 N., R. 50 W., Union County.

Unit Thickness
(feet) (meters)

3. Wisconsin loess, light brownish-yellow, massive, cal-

careous; calcium carbonate concretions; carbonaceous

flecks throughout; modern soil in top 1% feet............ 5.8 1.8
2. Sangamon soil horizon, clay, silty, dark reddish-brown,

becomes slightly lighter in color with depth; compact,

very slightly calcareous in spots; a few scattered carbo-

naceous flecks; several weak sub-vertical joints filled

with buff calcareous siltand occasional calcium carbon-

ate nodules; upper 3 to 4 inches of this unit show crude

laminae of brown clay and DUSEiBLLL i iiibidi. v db s osens oess 4.3 Y
1. Illinoian till, clay, reddish~brown, slightly calcareous,

compact, scattered pebbles of basalt, quartzite (green),



Unit Thickness
(feet) (meters)

sandstone, granite, and quartz (base of CUt) .. v vvensene 2.5 .8

Hand auger hole at base of cut: Illinoian till, medium
yellowish-brown to medium olive-brown (some olive-
gray mottling below), slightly sandy; slightly calcare-
ous in upper 1 foot, strongly calcareous below; tough;
abundant pebbles; abundant white carbonates near base.. 4.0 1.2

TOTALS 16.6 5.1

A similar soil horizon 6 miles southeast of Stop 4-1 was described by
Tipton (1958), and Steece and others (1960). Several outcrops within 15
miles of this stop, although not exposing soils as such, exhibit deposits
believed to represent Sangamon weathering. These have been studied by
Steece, but the information is not yet published.

These occurrences of Sangamon-age deposits coupled with evidence
presented later in this guidebook constitute evidence of pre-Wisconsin,
post-Yarmouth till in southeastern South Dakota and adjacent Iowa.

Proceed eastward 41 miles to Union County Road 2 and turn north. The
route traverses typical deeply dissected loess-mantled, Illinoian till topo-
graphy. Enter Alcester and continue northon County Road 2. About 2 miles
north of Alcester descend onto Brule Creek floodplain; on and off floodplain
for about 2 miles. Compare this feature here with the steep narrow valley
mentioned west of Stop 4-1. Cross State Highway 46 and enter Lincoln
County., Continue north on Lincoln County Road 131 to Norway Center.
Norway Center is about 2 miles southeast of the late Wisconsin drift bor-
der., Turn east on Lincoln County Road 152 for 3 miles, Turn north on
Lincoln County Road 135 for 53 miles to Stop 4-2.

Stop 4-2: Fairview West Section, road cut on east side of County Road
135, 4 miles (6 km) west of the town of I-‘a1rv1ew and about 3 mile south
of Newton Hills State Park. NW1SWiNW$ sec. 19, T. 97 N., R. 48
W., Lincoln County.

Unit Thickness
(feet) (meters)

3. Wisconsin loess, grayish-orange (10YR 7/4), mottled

with gray, becomes light olive-gray (5Y 6/1) in basal

4 feet; calcareous; carbonaceous flecks.......coveun.n 15.5 4.7
2. Post-Sangamon lag concentrate of boulders and cobbles. . Band
1. Illinoian till, dark yellowish~-brown (10YR 4/2) with light

olive-gray (5Y 5/2) mottling, clay-rich, abundant peb-

bles; compact, calcareous; oxidation joints 3 to9 inches

wide , moderate yellowish-brown (10YR 5/4) occasionally



Unit Thickness
(feet) (meters)

contain calcium carbonate filling in center; excellent
sand~-filled ice~wedge pseudomorphs.......ooeuuu.n. 30.0 9.2

TOTALS 45.5 13.9

This section exposes till which must be pre-Wisconsin by the follow-
ing reasoning. There is a sharply defined break in the topography near
Dell Rapids (about 45 miles north of this stop) (see fig. 4-2) in the drift
mapped or inferred by earlier workers to be Kansan (Rothrock, 1926; Shi-
mek, 1912; Carman, 1913; Bendrat and Spencer, 1904) and Iowan (Flint,
1955; Ruhe, 1950; Smith and Riecken, 1947). North of this border the ear-
ly Wisconsin drift (Lemke and others, 1965) is smooth, well drained, mod-
erately dissected, loess mantled, and exhibits hillocks which may re-
present remnant end moraines similar to the "paha" of the Iowan drift of
eastern Iowa (Alden and Leighton, 1917, p. 171-181). The drift south of
this border (the Illinoian) is maturely dissected, the loess mantle is thick-
er, the till is more deeply oxidized, occasionally jointed, contains sand-
filled, ice-wedge pseudomorphs, and is commonly overlain by a lag con-
centrate. In addition, the surface of the Illinoian shows a northwest-
southeast lineation that probably owes its origin to the prevailing wind
direction during deposition of the loess that mantles the drift. This line-
ation possibly could be the result of constructional features on the Illi-
noian drift surface, although this is unlikely owing to the deep dissection
present. Also, the break in topography at Dell Rapids coincides with out-
crops of the Precambrian Sioux Quartzite, and could reflect structural con-
trols by this bedrock. This also is unlikely because similar occurrences
of Sioux Quartzite beneath early Wisconsin drift in southwestern Minnesota
do not affect the drift topography in this manner.

The Illinoian drift at this locality and throughout this region of South
Dakota and Iowa shows well-developed oxidation joints occasionally with
calcium carbonate or gypsumfilling in the center (in many localities better
than at Stop 4-2) which alone indicate weathering of long duration; they
are diagnostic of pre-Wisconsin tills in glaciated areas (Flint, 1955, p.
36). Several nearby localities show ice-wedge pseudomorphs bisecting
the oxidation joints in this till. This fact proves that the joints were de-
veloped in the till before the formation of the ice wedges. The writers
believe the ice wedges were formed when the Wisconsin ice invaded the
region adjacent to the Illinoian highland. Also the presence of the lag
concentrate at the loess-till contact suggests prolonged exposure of the
till surface to subaerial erosion and weathering. The ice-wedge pseudo-
morphs are always terminated upward at the loess-till contact.

At nine localities within several miles of Stop 4-2, a weak inter-
loessal oxidized zone associated with carbonaceous accumulation occurs
from 4 to 8 feet below the land surface where the loess averages from 12-
18 feet in thickness. This oxidized zone represents a time when very



Figure 4-2. Vertical air photo of Dell Rapids, South Dakota area, showing Illinoian-
early Wisconsin drift border. Location shown on figure 4-1.



little or very slow loess accumulation was taking place. The carbona-
ceous material, although not abundant, represents the remains of plants
that grew, were short lived, and were smothered by slowly accumulating
loess. Thus, in a sense these zones represent soil horizons. This time
of non-deposition is believed by the writers to be during or near the time
of the late Wisconsin ice advance in the region to the west. As the late
Wisconsinice sheetmelted, it exposed the fresh drift plain which supplied
the loess that forms the upper increment above the oxidized zone. If this
oxidized zone in the loess does represent interstadial conditions just prior
to the late Wisconsin advance then the frost wedges in the Illinoian till
were probably formed during the early Wisconsin ice advance. The se-
quence of formation therefore is: 1) deposition of Illinoian till; 2) weather-
ing of till to form well-developed oxidation joints accompanied by Sanga-
mon soil formation; 3) erosion and formation of lag concentrate; 4) frost
wedging; 5) early Wisconsin loess deposition; 6) formation of weak soil
and oxidation zone on early Wisconsin loess; and 7) deposition of late
Wisconsin loess (see fig. 4-3).

The absence of Illinoian gumbotil on the Illinoian drift in this region
may be explained by assuming a cooler, drier climate (other factors being
more or less equal) for South Dakota and adjacent parts of northwestern
Iowa and southwestern Minnesota, as compared to southeastern Iowa, Illi-
nois, and northeastern Missouri where Illinoian gumbotil is well devel-
oped. This same climatic difference prevails today and is reflected in the
comparative modern soil development of the two regions (Holowaychuk,
1960, p. 6-19). The degree of development of gumbotils and ancient soils
decreases northwestward from central Illinois to northwestern Iowa and
southeastern South Dakota, as is obvious from a traverse between the two
regions. Since the Sangamon deposits in this area were probably thin and
not well developed, erosion has removed most of them.

Deposits exposed at later stops will present evidence that thetill dis-
cussed atStop 4-2is post-Yarmouth in age. Proceed north on County Road
135 for 13 miles to Stop 4-3.

Stop 4-3: Newton Hills Section, road cuton east side of County Road 135,
SW%SE4SE} sec. 12, T. 97 N., R. 49 W., Lincoln County.

Age Unit _ Thickness
(feet) (meters)

Illinoian
10. Till, moderate yellowish-brown

(10YR 5/4) to dark yellowish-

orange (10YR 6/6), clay rich,

compact, to friable near top,

blocky, calcareous, pebbly....ceove0es..29 8.8
Kansan, Grand Island-Sappa '
equivalent
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Unit Thickness
(feet) (meters)

Sand, quartzose, very fine to
fine, angulartorounded, clean,
faintly stratified; calcareous
except for leached zone in top
10 inches;pronouncedlocal mi-
crofaulting; local cemented zo-
NS . ittt tieensnnsenennennns . 39 11.9
Silt, clayey, olive-gray (5Y 4
/1), fissile, calcareous, lo-
cal orange-staining and con-
cretionary zones; varicolored
siltand clay interbeds near ba-

Colluvium: Clay, olive-gray
(5Y4/1), massive, calcareous,
compact; contains varicolored
clay pebbles, erosional(?)con-
tact with underlying unit............... 13-6 .45-1.8
Silt, and interbedded very fine
sand, light olive-gray (5Y 6/1),
calcareous; minute eolian cross
bedding; contains fresh volcan-
icashshards; a few snail shell

fragments.. ..ooeeeiiiniineeeneennnnnns 0-1 0-.3
Colluvium: sameasunit 7 abo-
V. e tencessronnnsssossocssassesss DR 5 1.5

Sand, clayey, dusky-yellow (5

Y 7/4), massive, calcareous;

contains 2-foot peat lens 4 in-
chesthickatbase.....vovviiiineennnn. 1.5 .45
Silt, clayey, varicolored, cal-

careous; contains fresh volcan~-
icashshards......oovivriieeriennnnnns 0-1.5 0-.45
Clay, lightolive-gray (5Y 6/1),

compact, massive, plastic, ca-

lcareous; orange-brown stain-

L ¢ L 1 .3
Sand, very fine, silty, yellow-

ish-gray (5Y 7/2), massive,

calcareous; contains fresh vol-
canicashshards.......ccvvvviinennn.. 2 .6

TOTALS 88.0 26.7
(maximum)



Unit Thickness

(feet) (meters)

A composite section of the Newton Hills locality is as follows:

5. Wisconsin loess..... Clddice b 6 aais ea e ol et B & 0w W ole 19 5.8
4 ;. TagCONCHMBRIE . . ¢ OV i «ifiafele Den idv it s s ameicnns Band
3. Illinoian till (mcludes unit 10 in above section) ...... 113 34.4
2. Kansan, Grand Island-Sappa equivalent (includes

units 1-9 in @above SeCtion) .. v.verevreeeeeeeeennnnn 140 42.7
Drill hole: _
1. Cretaceous Carlile Shale.....cvvivtereeneneonenannns 10 3.1

TOTALS 282 86.0

The absence of oxidation joints and ice-wedge pseudomorphs in the
Illinoian till at this locality is explained by the erosion which has taken
place, controlled by the proximity of the Big Sioux River. The cuts along
this road reveal large colluvial lenses filling former channels in the sur-
face of the Illinoian till, indicating that considerable erosion has taken
place, at least adjacent to the Big Sioux River. Several other cuts along
this road south of Stop 4-3 show well-developed lag concentrate at the
loess~till contact, ice~wedge pseudomorphs, and oxidation jointing inthe
till. Therefore, the till overlying the Sappa equivalent at this locality is
probably the same till as exposed at Stop 4-2. .

The silts and clays below the Illinoian till at this locality contain a
very small percentage of freshvolcanic ash shards. These shards compare
favorably in character with ashy deposits elsewhere in southeasternSouth
Dakota which inturn have been identified with the Pearlette ash in Kansas
(Tipton, 1958; Steece, 1960; Swineford and Frye, 1946). This fact plus
the fact that the ash shards contained in the deposits at Stop 4-3 and in
the adjacent region of southeastern South Dakota and northwestern Iowa,
are fresh and unaltered suggests that these deposits are equivalent to the
Sappa Formation of Nebraska and Kansas usage, and therefore are of late
Kansan or Yarmouth age. Also, the association elsewhere of these ashy
deposits with sands and gravels of nonglacial origin suggests that the
sands and gravels are equivalent to the Grand Island Formation of Nebraska
and Kansas usage, and are therefore of late Kansan or Yarmouth age. Sev-
eral sections in northwestern Iowa east of Canton expose a sequence of
Illinoian till on top of interbedded sands and gravels, and ashy silts and
clays which in turn overlie an oxidized compact, blocky, clay-rich till
believed to be Kansan in age.

Pearlette volcanic ash occurs in two exposures in southeastern South
Dakota and lends further evidence to the solution of the problem. The first
(identified as Pearlette by Swineford and Frye, 1946) exposed in the Hart-
ford section 30 miles to the northwest (Stop 4-5, this guidebook), occurs
above Kansan and Nebraskantills and underlies Illinoian till, and is asso-
ciated with Sappa equivalent silts and clays. The second Pearlette ash

11
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eéxposure occurs about 11 miles south of the Sangamon soil at Stop 4-1,
and 6miles south of another Sangamon soil zone developedon the Illinoian
till. The ash at this second locality occurs below Wisconsin loess and
above a Yarmouth (?) sand and gravel.

Further evidence of Yarmouth age for the sub-Illinoian silts and clays
in this region are the associated molluscan faunas. Ina cut 67 miles
northeast of Stop 4-3, ashy silts and clays are overlain by 3% feet of gray
clay containing an abundant molluscan fauna, which is overlain by Illi-
noian till. Leonard (1950) identified Gyraulus labiatus Leonard, Menetus
pearlettei Leonard, and Planorbula nebraskensis Leonard, among the forms
present, and concluded that the "...stratigraphic relations and the char-
acteristics of the molluscan fauna conclusively indicate Yarmouthian age
of the fossil-bearing deposit." (Leonard, 1950, p. 6). Using this faunal
assemblage as a guide, Steece has favorably compared several other mol-
luscan faunas in similar stratigraphic positions to Leonard's work.

Fossil snail shells canbe found sparingly inthe silts and clays at this
stop, but because they are not abundant they have not yet been studied.

Continue northward on Lincoln County Road 135. Drop down to the Big
Sioux River floodplain and follow the river for a short distance. A bore
hole in this low area revealed about 10 feet of alluvial-colluvial material
overlying Cretaceous Carlile Shale.

Notice cuts exposing mainly late Wisconsin till, on ascending from
the Big Sioux Valley; some jointed unoxidized Illinoian till is below. The
north end of the Newton Hills is also the north end of this segment of the
Coteau des Prairies (Rothrock, 1943). The late Wisconsin ice overrode
the Illinoian highland whichapparently forms the core of the Coteau in this
sector; the overriding ice presumably was relatively inactive because no
terminal moraines were constructed at the ice margin.

Enter the city of Canton, Turn west onU, S. Highway 18 for 10 miles.
The route traverses the featureless late Wisconsin till plain that rises
gradually from about 1,250 feet to slightly over 1,500 feet near Sioux
Falls. Turn north on Interstate 29 for 20 miles. Descend to the Big Sioux
floodplain at the 41st Street interchange. This floodplain is underlain by
Recentalluvium and Wisconsin valley train outwash. Cross Skunk Creek,
@ major tributary to the Big Sioux River. Turn east on U, S. Highway 16.
Cross BigSiouxRiver. Enter the city of Sioux Falls. Turn southon Kiwan-
is Avenue for 3 mile to Sherman Park and Stop 4-4 (also lunch stop).

Stop 4-4: ShermanPark Section, cutbank on Big Sioux River, NE3SW3 sec.
19, T. 101 N., R. 49 W., Sherman Park, southwest part of city of Sioux
Falls.

Unit Thickness
(feet) (meters)

5. Modern soil, black, sandy, calcareous.............. 1=3 e 3—.9
4. Wisconsin gravel, unsorted, calcareous........... oy 3 .9
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Thickness
Unit (feet) (meters)

3. Illinoian till, brownish-yellow; weathers light buff;
compact, blocky, iron-stained joints.......ocvveue.. 12 3.7
2. Kansan, Sappa equivalent:
b. Clay, greenish-gray, plastic.......vveveesesess 0.1-0.5 .04-.2
a. Silt, dark reddish-brown clayey, calcareous;
weathers reddish-gray; contains Yarmouth

MOLIUBKS. s vseesactssssnnsnsbnssontdoais 3.7 1.1
1. Kansan till, orange-brown, oxidized, friable,
CAICAreOUB. . o e e nraseraesessssre e 1sva e, & e Ve e i7e e g vute e mou la"af . TR 7.4

TOTALS (maximum) 46.5 14.2

This stop was Stop 7 of the 11th Annual Midwestern Friends of the Plei-
stocene field conference, 1960.

Even though the Illinoian till at this locality does not contain such
features as well-developed joints and ice-wedge pseudomorphs (probably
removed by erosion due to close proximity of Big Sioux River) it is judged
to be Illinoian because of the topography developed on its surface in the
surrounding areas, and because of its oxidized character. Also, the strat-
igraphic sequence here is similar to that seen in earlier stops.

The mollusks present in unit 2a were identified by Steece as Gyraulus
labiatus Leonard, Succinea grosvenori Lea, Pomatiopsis cincinnatiensis
(Lea), Vertigo gouldi (Binney), Retinella electrina (Gould) , Helisoma anc-
eps (Menke), Physa anatina Lea, Sphaerium cf. occidentale Prime. Only
one, Gyraulus labiatus, is considered to be an index fossil. This form is
restricted to Yarmouth in Kansas (Leonard, 1950). Two, Retinella elect-
rina and Succinea grosvenori, first make their appearance in Aftonian time;
Physa anatina and Helisoma anceps range from Lower Pliocene to Recent;
and Vertigo gouldi and Pomatiopsis cincinnatiensis range from Yarmouth
to Recent.

Retrace route to Interstate 29 and turn north for 43 miles to Interstate
90; travel on Big Sioux floodplain for 2 miles; climb onto Illinoian till
plain. Notice the similarity of the topography here as compared to that of
the Illinoian farther south near Stops 4-1, 4-2, and 4-3. Turn weston
Interstate 90 to State Highway 38 junction. Cross the valley of Skunk
Creek just priorto leaving Interstate 90. This sector of Skunk Creek val-
ley for a distance of 1 mile to the south and 5 miles to the northwest was
constricted by late Wisconsin ice advancing locally from the west. North
and south of this constricted sector the valley broadens and is occupied
by valley train outwash deposits. Proceed northwestward on State 38 to
county paved road and turn north for 1 3/4 miles; turn east 3/4 mile; turn
north on farm lane and park in farm yard; walk about ;7 mile to Stop 4-5.
(This locality was Stop 8 of the 11th Annual Midwestern Friends of the
Pleistocene field conference, 1960; and Stop 2 of the 1951 Pleistocene
field conference sponsored by the Iowa, Kansas, Nebraska, and South
Dakota Geological Surveys.)
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Stop 4-5: Hartford Section, cutbank on Skunk Creek, SWiSWINEL sec.
11, T. 102 N., R. 51 W., Minnehaha County.

Unit Thickness

(feet) (meters)

7. WISCONSIN L0BS8. ¢t vvercsonensssoisdiis Fimovi-vhaibbe 23 7.0
6. TINOIAN H1h. s v evnneseoscnsenanedbiics® s baps il it 27 8.2
5. Sappa equivalent,.,....... SPRPRPRPRRR A I o e T e 8 19 5.8
4, Kansan till. e sueeeeoooeennnns o Bl S o b 17 5.2
3. Aftonian gley () euveeeesenereeneennnns R 4 1.2
2. Nebraskan till...... seseuenne e i S e o i e 26 7.9
1. Precambrian Sioux Quartzite......... S T L .hit at 116 35.3
TOTALS 116 35.3

Figure 4-4 gives the stratigraphy of this section as interpreted by Flint
(1955), Steece and others (1960), and as revealed by the displayed cores,
from a boring at the top of the cut.

The stratigraphy is summarized as follows:
(This core description was eliminated from the INQUA Field Conference
Guidebook to save space and was handed out at the Stop.)

S.D.G.S. Strat. #1 Hartford, SWiNE} sec. 11, T. 102 N.,
R. 51 W., Minnehaha County, South Dakota
Drilled by S. Dak. Highway Commission, Drive pipe method,
April 20-25, 1960
Logged by M. J. Tipton

Feet
Drilled Recovered Interval Lithology
0- 7 1.4 0.0-0.4 Soil, silty-clay, dark to medium
brown, non-calcareous; some sand
and root fragments.
0.4-0.8 Loess, non-calcareous, lighter
colored (buff) and has small black
organic pellets.
0.8-1.4 Becomes light buff and siltier;
black pellets rare; last 0.1 foot
slightly calcareous.
7=12 1.4 0.0-0.3 Loess, light buff, silty, with some

fine sand and iron staining,
calcareous.

0.3-0.5 Becomes sandier, laminar; iron
staining,
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Feet
Drilled Recovered

12-17 1.4
17-22 1.6
22-27 2.0
27-32 2.6
32-37 2.5
37-42 3.7

Interval
0.5-1.4
0.0-0.2
0.2-0.5

0.5
0.5-1.4

0.0-1.6

0.0-1.8
1.8-1.95
1.95_200

0.0-0.5

Lithology

Distinct laminar bedding.

Loess as above except bedding
becoming less distinct; calcareous.
Becomes yellowish-buff owing to
increased oxidation.

Caliche.

Sandy silt, light gray to buff, cal-
careous, with distinct laminar bed-
ding and some iron staining.

Loess, light gray to buff, silty
with a few sand grains, oxidized
in splotches, calcareous; indis-
tinct bedding.

Loess as above with bedding becom-
ing a little more distinct.

Till (Illinoian?), light tan to dark
brown, pebbly, oxidized, calcareous.
Sand, medium to coarse, sub-
angular, mostly quartz, calcareous.

Till and Sand, relationship not

clear (the sand seems to be inter-
mixed in small pockets with the
till). Both till and sand calcareous
and only slightly oxidized.

Till, light olive-tan, sandy, cal-
careous and oxidized, contains
some caliche.

Till as above except color changes
to dark olive; only slightly oxidized.

Till, as above; changes to light
olive shade at 0.2; oxidized in
patches from 0.5-2.0; becomes
darker olive shade at 1.7.
Limonite and carbonate layer.
Till only slightly oxidized.

Till, calcareous, dark olive and
only slightly oxidized as above.
Slightly more oxidation and a
lighter olive,



Feet
Drilled Recovered Interval
42-47 2.7 0.0-1.5
1,5-1.7
1.7-2.7
47-52 2.9 0.0-1.0
1.0-2.9
52-57 4.8 0.0-0.1
0.1-3.8
(0.9-1.4)
(2.0-4.0)
3.8-4.0
4,0-4.8
57-62 4,7 0.0-0.1
0.1-2.8

Lithology

Till, as above.

Secondary carbonate containing
medium to fine sand grains; till
slightly lighter colored above

the carbonate for 0.5,

Till, calcareous, medium olive-
brown, containing more clay than
above.

Sand and gravel, calcareous,
mostly iron-stained quartz with
some feldspar, quartzite, lime-
stone, and light and dark igneous
rocks,

Till, light olive-brown, calcareous,
slightly oxidized.

Till, as above, .
Interglacial deposit (loess?) silt,
with some clay, light brown to

tan, slightly calcareous, speckled
with white secondary carbonate
deposits; also small brown limonite
specks; occasional quartz sand
grains.

Only very slightly calcareous;

dark igneous pebbles at 1.2.

"Becomes more calcareous and

darker; iron pellets at 2.4 similar
to those found in the Sangamon
soil and Fuson shale.

Soil (?) only very slightly cal-
careous becoming slightly darker
in color.

Almost no secondary carbonate
from 3.9-4.8, also an increase
in clay content and decrease in
silt; few black iron-manganese
patches at 4.8.

Debris caved in from above.
Soil (?), medium brown, clay
with patches of iron-manganese
and an occasional sand grain as
above, leached; becomes siltier
at 1,5-2.8.

17
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Feet
Drilled

Recovered

62-67

6772

72-77

Z.D

3.9

3.3

Interval

2.8-4.7

0.0-1.8

1.,8-2.5

0.0-0.1
0.1-0.9
0,9=1:0

1.0=1.2

Lad=2 -9

2.9-3.9

0.0-0.1

Lithology

Silt (loess?), buff, leached, with
occasional sand grain and pieces

of iron-manganese; occasional vol-
canic ash shards at 3.3-3.6; shards
rare 3.6-4.7 (Sappa?).

Silt (loess?), as above except con=
tains numerous small, sand-size
cavities; changes from buff to light
tan at 1.2-1.3 (owing to presence of
bentonite) , and faint laminations are
visible; becomes mottled buff to light
tan at 1.3-1.5 with laminations dis-
tinct; becoming more bentonitic.
Almost pure bentonite with occasional
iron stainingat 1,7,

Pearlette volcanic ash (sharp con-
tact); partly altered to bentonite and
slightly oxidized in part; non-cal-
careous,

Debris probably caved in from above
(including a Sioux Quartzite pebble).
Pearlette volcanic ash as above;
small sand-grain size cavities at 0.4,
Sharp contact, Dark gray to black
clay (soil?) mottled yellow and red,
highly oxidized, leached.
Greenish-gray, bentonitic clay and
silt, mottled yellow and red by strong
oxidation, occasional sand grain,
leached.

Greenish-gray clay and silt, partially
oxidized, leached; occasional iron-
filled rootlet casts; faint laminar bed-
ding at 2.4; bedding becomes more
distinct at 2.7; some beds composed
of very fine sand.

Kansan clay till, dark olive=-gray,
highly oxidized, leached, with black
iron-manganese; some sand and a

few sand layers; an occasional small
pebble; some laminar bedding.

Volcanic ash (caved in from above).



Feet
Drilled Recovered
77-82 2.1
82-87 3.0
87-92 3.2
92-97 2.4

Interval

001_0.7

0.7-1.6

1.6-3.3

0.0-0.8

0.8-1.1

1.1_104
1.4-2.1

0.0-2.5
2.5-3.0

0.0-0.7

0.7-1:1

) W R

0.0-0.1
001-005
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Lithology

Till, dark olive-gray, highly
oxidized and leached; contains

more pebbles than the above till.
Till, yellowish-brown, calcareous
and not as deeply oxidized as above
till; contains a little secondary
calcium carbonate.

Till, grayish-brown, calcareous,
lightly oxidized; secondary calcium
carbonate increases.

Sand, glacial, calcareous (could
be cavings), contains some silt,
and fine, medium and coarse sand.
Till, olive-brown, calcareous,
partly oxidized; some secondary
carbonate,

Sand, fine to medium, calcareous;
some silt,

Till, yellowish-buff, calcareous,
slightly oxidized, compact.

Till, yellowish-buff, calcareous,
partly oxidized.

Till, olive-brown, clayey, cal-
careous, partly oxidized.

Till, olive-brown as above except
less oxidation.

Contact smeared.

Aftonian clay (gumbotil? or gley?),
medium to dark brown, leached; occa-
sional pebble and sand grains.

Silty clay as above, except calcar-
eous; contains secondary carbonate;
pebbles and sand grains rare.

Silty clay, medium to dark brown

as above,

Nebraskan till, light yellowish-
brown, extremely calcareous and
partly oxidized; contact with silty
clay above is indistinct and smeared;
in places the clay appears to have
been forced down through cracks

into the till; faint bedding in lower
part.
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Feet
Drilled Recovered Interval Lithology
0.5-1.0 Till, as above except yellowish-
brown, and rudimentary bedding
more distinct; shell fragment? at
0.6.
1.0-2.4 Till, yellowish-buff, calcareous,
partly oxidized, and very compact;
hard caliche nodule at 1.8-2.3.
97-102 3.1 0.0-1.3 Till, yellowish-brown, calcareous,
partly oxidized and very compact.
1.3-3.1 Till as above except lighter yellowish-
brown.
102-107 3.0 0.0-1.8 Till, light yellowish-brown as above.
1.8-3.0 Till, as above except more clayey
and olive-brown; more deeply oxidized.
107-112 3.4 0.0-3.4 Till, dark olive-brown, calcareous
and oxidized; more moist and less
compact than above; becomes slightly
lighter colored in last 0.5 feet.
112-116.3 2.8 0.0-0.9 Till, as above.
0.0-2.5 Till, buff to light gray, calcareous,

only partly oxidized, very hard and
compact; shell fragment at 2.2.
2.5-2.6 Clay band, dark gray, calcareous,
containing a few sand grains.
.6=2.8 Till as above.
8 Chips and fragments of light-pink
Sioux Quartzite.

NN

There is little doubt that the two tills below the Pearlette ash bed at
this locality are Kansan and Nebraskan. Even though the Illinoian till
above the ashdoes notreveal well-developed jointing and ice-wedge pseu-
domorphs as does the drift farther south, it is judged to be Illinoian be-
cause of the similarity of the topography developed on the drift inthis area
to that of the same drift farther south, where the above features are well
developed.

Siltstone and claystone beds of the Sioux Quartzite crop out on the
east bank of the creek about 200 yards upstream from this section, and
the quartzite is visible in the bed of the stream below the cutbank at low
water level.

Return to State Highway 38 and proceed west for 6 miles to State High-
way 19. Follow State 19 to Madison about 30 miles to the north. The



route from Hartford to Madison traverses late Wisconsin drift, locally ex-
hibiting well-developed terminal moraine topography. Cross Wisconsin
outwash plain justbefore entering Madison. Continue north from Madison
on U, S, Highway 81. Travel on late Wisconsin (James Lobe Altamont)
drift with local morainic topography. Pass Lake Albert, enter Hamlin Co-
unty. Pass Lake Poinsett and travel on late Wisconsin (post-Altamont)
outwash (in part collapsed) associated with the ice-block basin of Lake
Poinsett., This outwash owes its origin to a retreatal phase of the late
Wisconsin ice which was rejuvenated some 6 to 8 miles behind (west) the
James Lobe Altamont moraine. In many places this outwash displays ex-
cellent pitted topography. The meltwater channel here cut through the Alt-
amont moraine via Lake Poinsett and formed the outlet on the east side of
the lake. Cross the western edge of the Altamont moraine and descend
into a narrow late Wisconsin spillway formed contemporaneously with the
Lake Poinsett outwash deposit. By watching carefully to the east it can
be seen that the Altamont moraine is breached by this spillway channel.
Climb onto the Altamont moraine and cross the crest about where the high-
way turns east for 1 mile. About 1mile after the highway turns north again,
leave the Altamont moraine and travel on early Wisconsin drift (fig. 4-1).

Notice the topography of the early Wisconsin surface as compared to
that of the late Wisconsin. The early Wisconsin is well drained and com-
monly mantled by an average of 2 to 5 feet of calcareous loess while the
late Wisconsin is poorly drained and essentially loess~free. Intersection
with State Highway 22 to the town of Thomas. To the left (west) for the
next 4 miles is a pitted outwash plain occupied by several lakes. This
feature and the ice block lakes were probably formed contemporaneously
with the two outwash deposits mentioned above. As the late Wisconsin
ice pushed against the higher early Wisconsin terrain to the east, the melt-
waters and ice blocks were captured; narrow outlets to the southeast and
northeast allowed the waters to escape. These outwash bodies, particu-
larly the pitted ones, are extremely variable in thickness, ranging from
10 to 90 feet. Terrace outwash deposits in this region suggest multiple
rejuvenations of the late Wisconsin ice bothin the James and Des Moines
lobes. Theoretically the sequence of outwash deposition is as follows:
Outwash from the Bemis advance was deposited. This was dissected by
the meltwater resulting from the Altamont readvance, leaving the Bemis
outwash as terraces. These relationships are seen onthe east side of the
interlobate region. Next, outwash deposits of the Altamont readvance
were locally dissected by meltwaters from a still later readvance (Gary?)
leaving the Altamont deposits as terraces. These last relationships are
seen on the James lobe side of the interlobate area.

. Descend the steep bluff of the Big Sioux River valley, and travel on
valley train outwash to Watertown.

21
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DAY 5—AUGUST 18

Start: Watertown, South Dakota, 8:00 a.m.

End: Minneapolis, Minnesota

Mileage: 300 miles (480 km)

Leaders in South Dakota: Merlin J. Tipton and Fred V. Steece

Leaders in Minnesota: H, E, Wright, Jr.,J, E. Stone, E. J. Cushing, and
C. L. Matsch

Contributors to Guidebook: Wright, Stone, Cushing, and Matsch

Itinerary: Watertown and Pickerel Lake, South Dakota; Pickerel Lake,
Browns Valley, St. Cloud, Minneapolis, Minnesota

Topographic maps: Minnesota—1:250,000 scale, Milbank (Stops 5-4 to
5-6), St. Cloud (Stops 5-7, 5-8); 1:62,500 scale, Lake Agassiz outlet
area (Stops 5-5, 5-6) Peever, Wheaton, Herman, (Big Stone), Beards-
ley, White Rock, New Effington, (Ortonville) St. Rosa area (Stop 5-8),
Swanville

En route to Stop 5-1

Travel north on U, S. Highway 81 from Watertown. You are still on
the BigSioux valley train outwash. Ascend onto early Wisconsin till plain
for 3 miles. Drop down to the valley train of Gravel Creek, a tributary to
the Big Sioux River. Travel on this plain for 8.5 miles. Again rise onto
early Wisconsin till plain for 3 miles. Cross Sioux Creek valley train,
tributary to the Big Sioux, and 5miles farther north cross anothertributary
outwash valley. Notice the high Des Moines lobe Bemis moraine on the
horizonto the eastand the James lobe Altamont moraine on horizon towest.
Continue the traverse on the early Wisconsin till plain, now and then
crossing outwash valleys which head in the Des Moines lobe Bemis and
Altamont moraines. At junction with U, S. Highway 12 turn east and climb
the Bemis moraine., Note particularly the drained surface and smooth topo-
graphy. Locally, however, constructional topography is present.

Stop 5-1: Bemis Moraine, between Ortley and Summit, Roberts County,
South Dakota.

This is a short "bus window" stop, to exhibit the character of the first
late Wisconsin advance of the Des Moines lobe in northeastern South Da-
kota, Although the Bemis moraine in South Dakota has not been precisely
dated, several C-14 dates from this moraine in Iowa give an age of about
14,000 years B. P. (Ruhe and Scholtes, 1959). The moraine has been
traced from the type locality into Iowa by Leverett (1932) and Ruhe (1950).
Outwash associated with the Algona moraine in northern Iowa which lies
behind the Altamont morainal system, has been dated at about 13,000 years
B. P. (Ruhe and Scholtes, 1959). Thus the Altamont moraine should date
somewhere in between the two. Dates in the James lobe in southern South
Dakota on drift behind the Altamont moraine range from 12,050 to 12,760
(Lemke andothers, 1965) which are slightly younger thanthe 13,000 Algona



date in Jowa. Thus, the two lobes may have advanced independently, and
the James lobe may be slightly younger than the Des Moines lobe.

A date of 10,060 + 300 (sample W-1033, Ives and others, 1964, p. 48)
was determinedon snail shells in a lacustrine marl overlying late Wiscon-
sin outwash inthe central part of the James lobe, and give a minimum date
for the late Wisconsin ice withdrawal from central South Dakota,

Route crosses a spillway channel heading in the Altamont moraine to
the east and cutting through the Bemis moraine. Rise out of spillway and
ascend the hummocky Altamont moraine, The differences in the character
of the two moraines is well shown by the air photo, figure 5-1. This view
was chosen rather than one at Stop 5-1 because figure 5-1 shows the mor-
aines at their type areas of Bemis and Altamont. Begin ascent of Altamont
moraine, Turn north on U, S, Highway 81 for about 2 miles to Stop 5-2 at
the crest of the Altamont moraine. :

Stop 5-2: Altamont Moraine, north of Summit, Roberts County, South Da-
kota.

This also is a short "bus window" stop to show the nature of the Alta-
mont moraine. Notice particularly that the surface is completely undrain-
ed; it is made up of hummocks andice kettles, probably little altered since
its deposition. This moraine has likewise been traced in the Des Moines
lobe by earlier workers (Chamberlin, 1883: Leverett, 1932: Ruhe, 1950).
The Altamont moraine continues northwestward from here for about 15 miles
where it merges sharply with the outer (Altamont) moraine of the James
lobe. The highest point on the Coteau of 2,110 feet is about 12 miles
northeast of here on this moraine. =

Retrace the route to U, S. Highway 12 and turn west. Descend Bemis
moraine onto early Wisconsin till plain for a short distance and then travel
on late Wisconsin outwash plain. Pass through the town of Ortley. Enter
Day County. Leave outwash plain and climb the James lobe Altamont mor-
aine. Turn north on county road at east end of Blue Dog Lake to Stop 5-3.

Stop 5-3: James Lobe Altamont Moraine, near Blue Dog Lake in eastern
Day County, South Dakota. (This was Stop 5 of the 11th Annual Mid-
western Friends of the Pleistocene field conference, 1960.)

Flint (1955) identified the Des Moines lobe Altamont moraine as Man-
katoin age, but he mapped the Bemis moraine and outer James lobe moraine
as Cary in age., On the basis of topography, the writers believe the outer
moraine of the James lobe correlates with the second (Altamont) moraine
of the Des Moines lobe.

At this stop we want to emphasize the remarkable similarity in topo=
graphy of the James lobe Altamont moraine (fig. 5-2) to the Des Moines
lobe Altamont moraine (fig. 5-1), and point out the equally remarkable
contrast to the Bemis moraine. The Altamont moraine of both lobes shows
complete lack of drainage (except at the margins of the Coteau), and is
characterized by a disordered arrangement of sharp hummocks and deep
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Figure 5-2.

Vertical air photo of Blue Dog Lake - Ortley, South Dakota area, of
Stop 5-3, showing James Lobe Altamont moraine as compared with

Des Moines Lobe Altamont and Bemis shown on figure 5-1, Location
shown on figure 4-1,
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ice-block kettles, the latter occurring at discordant elevations. The Be-
mis moraine, on the other hand, is a smooth drainedridge that only locally
exhibits constructional topography as described by Leverett (1932, p. 58).

Ruhe and Scholtes (1959, p. 591) have shown that the Altamont moraine
in Jowa is Cary (pre-Two Creeks) in age and therefore cannot be the correl-
ative of the Port Huron (post-Two Creeks Mankato, Wright, 1964, p. 636).
Since there are no known major stratigraphic horizons equivalent to the
Two Creeks interval (approximately 11,800) in South Dakota (except per-
haps glacial lakes Dakota and Agassiz II), it is probable that the whole
of the James lobe drift in South Dakota is pre-Two Creeks in age. The
South Dakota Geological Survey, accordingly, has established the practice
of referring to Wisconsin events prior to about 14,000 years B. P., as
early Wisconsin and to later events between 14,000 years and 11,800 years
B. P. as late Wisconsin, The terms early and late do not necessarily im-
ply the same meaning as Leverett's "early" and "late" Wisconsin. Nor
does early Wisconsin in our usage correspond to the "early Wisconsin"
in Ohio (Goldthwait and Burns, 1958). Nevertheless, some post-Two Cre-
eks events are recorded in South Dakota, but these occurred after the ice
had completely withdrawn from the State.

Principal References (South Dakota)
Days 4 and 5

Alden, W, C., and Leighton, M, M., 1917, The Iowan drift; a review of
the evidences of the Iowan stage of glaciation: Iowa Geol. Survey,
v. 26, p. 49-212,

Bain, H, F., 1898, Geology of Plymouth County [Iowa]: Iowa Geol. Sur -
vey, v. 8, p. 315-366.

Bendrat, T. A., andSpencer, M, S., 1904, The geology of Lincoln County,
South Dakota and adjacent portions: Amer. Geologist, v. 33, p. 65-94.

Carman, J. E., 1913, The Wisconsin drift-plain in the region about Sioux
Falls [S. Dak.]: Iowa Acad. Science Proc., v. 20, p. 237-250.

1917, The Pleistocene geology of northwestern Iowa: Iowa Geol.

Survey, v. 26, p. 233-445,

1931, Further studies on the Pleistocene geology of northwestern
Iowa: Iowa Geol. Survey, v. 35, p. 15-194,

Chamberlin, T. C., 1883, Preliminary paper onthe terminal moraine of the
second glacial epoch: U, 8. Geol. Survey, 3rd Ann. Rept., p. 291-
402.

Flint, R. F., 1955, Pleistocene geology of eastern South Dakota: U. S.
Geol. Survey Prof. Paper 262, 173 p.

Goldthwait, R. P., and Burns, G. W., 1958, Wisconsin age forests in
western Ohio: Ohio Jour. Science, v. 58 (4), p. 209-230.

Holowaychuk, N., 1960, Soil formation factors in the North Central Re-
gion, in Soils of the North Central Region of the United States: Univ.
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Ives, P. C., Levin, B., Robinson, R. D., and Rubin, Meyer, 1964, U, S.
‘Geological Survey radiocarbon dates VII: Radiocarbon, v. 6, p. 37-76.
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