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Abstract

Kidder County,. located in south-central North
Dakota, is completely covered by drift of the Wisconsin
gstage. Irpregular preglacial topography, large amounts
of confusing "stagnation" moraine, and a blanket of out-
wash over much of the county make differentiation of
tills of different glacial advances difficult. The
11y |

o
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purpose of this report is finding ways of lithologice
differentiating the tills of the different glacial
advances, in the county.

Kidder County is covered by drift of two major
advances of the Mankasto substage, A-1l and B-1 of
Flint's South Dskota designation. ‘A dark brown, sandy,
loesslike materisl covering much of the county probably
is the same material overlying carbon 14 dated wood i
the southeast part of the county. Yellow loess is
exposed in at least four places in the county.

Grain analyses on 55 samples of till from through-
out the county showed no significant differences in the

size composition of tills of the A=l and B-1 advances.
Fifteen pebble counts failed to show any differences f
between tills of the two advences. The field appearances
of tills of the two advances do not differ appreciably.
However, where two tills crop out in one expo

the southern psart of the county, the lower till is
yellower, stickier, and harder than other til

county and has small irregular joints coated with iron
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and manganese oxide. This till is thought to be Tazewell
in age. In a second exposure two tills are separated
by a gravel concentrate which is overlain by less than
a foot of loess. These two tills probably belong to the
Long Lake and Twin Buttes loops of the A~1 advance of
the Mankato substage.

The only way to differentiate tills within the
Mankato substage in the end moraine complex of south-
central North Dakota is by the topographic expression
and stratigraphic relationships of the till sheets.

In some cases Mankato and Tgzewell tills may be differ-
entiated by secondary changes such as the degree of
oxidation and joint coatings. The percentages of sand
and the percentages of shale in the coarse sand fraction
of samples of till collected from the county were not
found to vary appreciably for 15 miles on either side

of the contact between the Fox Hills sandstone and the
Pierre shale. This helps to strengthen the belief of
other workers that only 20-«20% of till is locally
derived.

Introduction

During the summer of 1959 the author worked with
a North Dakota Geological Survey party which mapped the
glacial geology of Kidder County, N. Dak.  During
mapping, the problem came up of differentiating tills of
different ice advances. There is a special set of prob-
lems in the study ares--the effect of preglacial topo-
graphy and the large blanket of otutwash masking the
end moraines, Thus differentiation on the basis of
landformg is difficult. The purpose of this report is

finding ways of lithologically differentiating the tills




of the glacial advances.

Kidder County -is located in the Coteau du Missouri
in the glaciated lMissouri Plateau section of the Great
Plains province (Eﬁnneman, 19%8) of south-central
North Dakota. The elevation of the' county varies from
1700 to 2300 feet above seda level. The county has a
short grass native vegetation and lies near the east
edge of the Chestnut soil zone (U. S. Department of
Agriculture, Yearbook 1941, p. 117).

Flint's "Pleistocene Geology of Eastern South

Dakota" is the most complete work on the glacial geology

County is 50 miles from the South Dakota boundary).
Considerable reference will be @gﬁe to it. Age desig- .
nations are from Lemke and Colton (1958, table 1 and
figy 3). (See table 1 and appendix I.,) Except for
size analyses of five till samples (c=71, 76, 97, 106,
and 114) made by James Chmelik, all field observations
and laboratory snalyses were made by the author. The
generalized glacial map of the county (fig. . l) is taken
in part from the unpublished work of Dr. Jon L. Rau,
Wallace E. Bakken, James C. Chmelik, and Barrett J.
Williams, members of the Survey mapping party.
During six weeks in June and July of 1959, 125
pot samples of till and loess were collected in the

county. Figure 2 is a location map of 55 samples on




which size analyses were made by means of a slightly
modified American Society for Testing Materials (1958,

p. 8%3-93%) hydrometer procedure D422-54T,., The coarse

gand (Wentworth scale) fractions separated during the size
analyses were studied and the percentages of shale grains
recorded. Color was determined by comparing the samples
with the Munsell so0il color charts. Differential thermal
analysis was used to detect dolomite and gypsum in two

gamples.

Summary of the glacial geology of Kidder County

The glaciers of the Wisconsin stage advanced from
northeast across North Dakota\over oldex drift and nearly
200 miles of Pierre shale;‘rfhe ice advance came to a
halt after moving over the escarpment Just east of the
Coteau du Missouri. 1In Kidder County . the topography
of the end moraine complex was even more complicated by

the irregular badland topography developed on bedrock

of Fox Hills sandstone. What appears to be end Moraine
is often only an irregular preglacial topography covered
with a thin blanket of drift. Till behind the end
moraines is often in the form of confusing "stagnation"
or "dead ice" moraine (Lemke and Colton, 1958, fig. 5).
Mueh of Bhe till is covered with one of the largest
outwash boiflies in the United States (Flint and others,

1959). Therefore true relationships between the tills

of different glacial advances are often difficult to
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determine frem only the geomorphology of the till sheets.
The till of the end moraines on the northern and

castern sides of the

post-Cary advance number 1 of ILemke and Colton, which

corresponds to Flint's B-1 Mankato advance in South

Flint in 8. | This report
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The end moraine of the B-l1l advance has strongly
arcuate loops with closely spaced subparallel ridges
of high relief. The "Twin Buttes" loop of the A-1
advance has high relief but few strongly arcusate sub-
pgrallel ridges. The rest of the end moraine in the
central and west part.of the county has low relief and
wider spaced subparallel ridges; in'the central part of
the county much of it is covered with outwash from the
B-1 advance. Not eonly does this outwash hide much of
the glacial geology of the county, but part of it was
probably incorporated into the advamcing ice, making
the resultant till more heterogeneous,

Yéllow loess or loesslike material was observed
in at least four localities in the county:

1. Roadcut 6% mi north of Tappen, a half mile south
of the northwest corner of sec. 2, T. 14C N.,
R. 71 We; 3 ft of loess under a half foot of
gravelly till.

2. Near south shore of Lake Isabel, 4 mi south of

O

Dawson, in the SEKSWK sec. 34, T, 139 N.,

Re 72 We3 7 £t of loesslike matterial inter-
bedding downward into laminated lake clay;
sample Cl-7; histogram fig. 3Db.

~

Roadcut 2 mi east of Alkali Lake, a half mile south

L&Y

of the northeast corner of .Bec. 12, T. 1357 N.;

R. 70 W.5 20 ft of loess partially surrounded
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by outwash; sample €Cl-523; histogram fig. 3c.
4. Roadcut described on page 19.
From % to 3 feet of post-lankato loesslike material

covers much of the outwash and till in the south half

of the county. It contains mostily fine sand the same

size as that in active dunes in the south-central part

of the county, but it is genetically the same as loess.

{Tan F3%5m&m 1 R TOPRE T P e, L g A arnlr hraom
(See fig. 4a, b, and ¢.) It is generally dark brown,

contains much organic material, is not bedded and is

fairly well consolidated. (See Flint, 1955, p. 128.

N

This is probably the same material found above the spruce
n |

wood (in Twin Buttes loop) that was radiocarbon dated
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Otherwise, this loesslike sand has no stratigraphic

importance.

Results

Field appearance.--No significant difference in

color exists between the tills of the A-1 and B-1 advances.
On the Munsell scale it is generally 2.5Y-5Y 5-7/2-4

when dry and 2.5Y-5Y 4-5/2-4 when wet. The wet color

can generally be described as olive or olive brown.

Most of the till has reddish-yellow spots, probably

caused by the oxidation of fragments of iron oxide
concretions from the Pierre shale, and a white mottling,
due to an irregular concentration of calcium carbonate.

In several places in the southwest corner of the county
the till contains "geodes" filled with crystals of

gypsum one-eighth inch long. Also observed within the
till in the southwest corner were salmon-colored dolomitic
lenses and sheets (as in the northwest corner of sec.

30, T. 137 N., R. 74 W.3; and three miles into Burleigh
County, 0.1l mile north of the southeast corner of sec.

28, T. 139 N., R. 75 W.). Horizontal fissility was noted
at a few exposures. BExcept for one exposure (described

on page 18), the tills have no significant visual dif-
ferences that might be used for correlation.

Grain size analysis.--Shepps (1953, p. 35) made size

analyses on about 75 till samples from Tazewell, early

Cary, and late Cary till sheets in several counties in
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o2 PR1] of the Bil
Mankato advance

A Till of the Cl-=10
lTazewell exposure

a
b

Figure 5.-=-Triangular diagram of s

sition of 47 samples of Mankato an

northeast Qhio. He: found that the sand-silt-clay ratios

ylotted on a trisngular diagram were very useful in

1 at+43 haat Mayiariont] o 1 nate nf LT
correlating the till sheets Triangular pl of &

6. No major difference éxists between

he A=1 and B-1 till Most

w0

plots fall within a small area on the triangular diagram.

The very clayey sample, Cl-85-A, is probably contaminated

2

by lake clay. Nearly all the samples that have greaf
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than average percentages of sand have been contaminated
with outwash. For example, samples Cl-55 and Cl-56 are
from a 2% to 3 foot blanket of till overlying outwash
behind the western part of the Crystal Springs loop.
Nine out of eleven till histograms in figure 6
have peaks in the fine sand grade. This size grade also
has the greatest frequency in the wind blown sand cover-
ing much of the county. See. fig. 4a, b, and c.)
he peak in this grade size 'in the till is probably
the result of incorporation of much wind blown sand into
the till. The peaks in eight out of eleven till histo~
grams in the medium silt- grade probably have similar
relationships with the peak in the medium silt grade
in loess such as that shown in figure %a and b.
An attempt was made to plot the sand and clay
percentages on two different isopleth masps (Krumbein
and Pettijohn, 1938, p. 201). But only a random
distribution of the sand and clay percentages was noted.
Closer spaced sampling, however, might show significant
relationships between outcrops of Fox Hills sandstone,
outwash deposits, and the amount of sand in the till.
It might be expected that the till west of the contact
of the Fox Hills sandstone and the Pierre shale would
have a higher percentage of sand. However the difference
is not great: 14 samples east of the contact average

31% sand, and %3 samples west of the contact average
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A2%% sand.

Stone counts.--Stone counts have been used To

differentiate till sheets by determining differences

in provenance. Flint (1955, p. '136-137) made stone

counts at 34 localities ip Scuth Dskota and found no

-

significant .differences in compeosition of stones in
different glacial advances. Fourteen pebble counts were

made on A-1 and B-1 tills and no significant differences

o

were noted in pebble composition of the tills of the
two advances. (See fig. 7.)
Flint noted (1955, p. 137) that the true percentage

Felsic igneous

Mafic igneous Limestone and dolomite
Figure 7.--Triangular diasgram of ratios of three most
abundant rock types in pebbles in till of A-1l and

B=1 advances.

4 b




of shale in pebbles is hard to derermine because the
shale pebbles disintegrate easily. The coarse sand
ractions separated during size analysis were saved and
the percentages of shale grains determined. Again no
significant trends were noted. It would be expected
that the till east of the contact of the Fox Hills sand-
stone and Pierre shale would have a higher percentage of
shale grains. However, shale averaged 27% of the coarse
fraction in samples from east of the contact, while
west of the contact, shale averaged 351% of that fraction.
This is probably due to the large amount of outwash
incorporated into the till of these three loops east of
the contact.

Stratigraphy.--At least two localities were

observed in the county that had more than one till
exposed. In a road cut 8k miles south of Tappen, 0.3
mile north of the southwest corner of sec.. 22, T. 138 N.,
R. 71 W., the following section was observed:

6&. Fine sand, dark brown; fine grained; wind
7 3 ] 3

~

blown; loesslike, with silt matriX......... 1,9
5, MPill, pale olive (5Y 6/%) when dry; 5 mm iron
oxide spots; 1 ft thick lime concentration
» - ] '-' - 3
near middle; sample Cl-37; histogram, fig.
6f. (Probably corresponds to till of Twin

Buttes loop, of the A-1 Mankato advance.).. 3.8
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gpicuous vertical
she ferruginous
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7/4) when dry; incon-

tube
S o
concretcl

ns,

diameter; sample Cl-37/-D; histogram, fig.
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boulder concentration between two tills dn north-
central North Dakota. If Lemke and Colton were correct
in saying that both the Twin Buttes and Long Lake

loops belong to the A-1 advince of the Mankato, the

interval represented by the gravel concentrate and loess

must be fairly short. (See Appendix I,)

n

The second exposure with two tills is

T b 4 =1

south of Dawson, 0.% mile north of the southeast corner

-

- I

of gec. 16, T. 1537 N., R. 72 W., an either side of
State highway- %:

Feet

(estimated)
pale yellow (5Y 7/3) when dry; 5 mm
iron oxide spobts; lime mottling; contains
Fox Hills sandstone boulders; contains
more pebbles than unit 23 sample Cl-10-C;
histogram, fig. 6ce - (A=l advance of
Mank&BO ) o308 & S ons o WS 5o o n 86l gls e e ne s s  B0=
Sharp irregular unconformity.

2. Till, pale yellow (2.5Y .7/4)

sticky when wet, hard when dry; iron and
mangaenese oxide coatings on the faces of
small, irregular, 1 .in. spaced joints;
samples Cl-10-4 (1 ft below top) and

Cl-10-B (6 ft below top

N
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w
ct
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. fig. 6a and b. (Tazew
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Feet
(estimated)
Contact gradatiocnal.
l. Till, similar to unit 2 but greyer. (Prob-
ably the unoxidized equivalent of unit
= T TR S Sy iect! ol SETETRCICTR WL SPEIRPNNG Sk Bl R
Base concealed. maximum 25.0

The till of unit 2 is the only one seen in the county
that differs conspicuously from all the others.
Iron and manganese oxide on small irregular joint faces
was also noted in the older (Iowan or Tazewell) of two
tills described by Lemke and Kaye (1958, p. 95). It
was also noted by Flint (1955, p. 35) on joint surfaces
of Towan till in South Dakota. Because this till is
considerably different from ofher tills in the county,
it is probably not of the A-1l or B-1l Mankato advances,
but is Tazewell in age (known Tazewell is exposed 30
miles southwest of this exvosure). Flint found that
most pre-Wisconsin till is more prominently jointed.
Another till that is sticky when wet (samples
Cl1-49 and 50) is exposed 10 miles south of Crystal
Springs, O.4 mile west of the northeast corner of sec.

4, 1, 137 N., R. 70 W. “Other than its stickiness, this
till isn't remarkavly different from other tills in
Kidder County.

Conclusions

Tills of different glacial advances in the end
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moraine complex in south-central North Dakota are
difficult to differentiate by lithology alone. Little
difference exists between tills of the A-~1 and B-1
advances.of the Mankato subatage. If the major direc-
tion of glacial flow in the different substages had
varied, the till lithologies might have been different.
In northwestern North Dakota, where the ice approached
from more than one major direction, Howard (1956)
outlined the contact between two different tills by
using stone counts,., Stone counts also might be used

in south-central North Dakota to differentiate sub-
stages. (Stone counts were only made on Mankato till
in Kidder County.) However, the major glacial movements
were probably all southwest, over nearly 200 miles of a
single bedrock formation.

Secondary changes, such as oxidation and iron and
manganese oxide on Jjoint faces, may be of considerable
help in distinguishing between Mankato and Tazewell
tills. (And very strong Jjointing would suggest pre-
Wisconsin till.) Except for the geomorphology of the
till sheets, stratigraphic relationships, where they can
be observed, are the most helpful.

A second conclusion that was reached concerns
Shepps' statement (1953, p. 46-47) that the importance
of the local source of till has been overestimated.

(Flint (1955, p. 1%8) emphasizes the importance of the
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l. The topography of the Twin Buttes loop resembles
that of the end morainesoof the B-1 advance much more
than 1t does that of the end morainesof Lémke and Coltonls
\-1 advanc northwest of the Twin uttes loop (see . ").
2. The Twin Buttes loop overlaps at angles
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with aerial photographs.. ‘At the eritical point on the

The'main conclusions of the report are not altered

by this change in age designations. Not only tills of
the A-1 and B-1 advances, but also tills of the Cary

able in Kidder County. ® Flint

19 is post-Cary - pre-lMankato rather than "inter-A-1

H

Mankato"
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