Strarx GeoLocicAL Survey or Kansas, BuLLerin 109
1954 Rxrorrs or Stupies, ParT 3, PAGes 29-48, FiGures 1-3, PraTeS 1-3
ArrmL 1, 1954

SIGNIFICANT NEW EXPOSURES OF
PLEISTOCENE DEPOSITS AT KIRWIN,
PHILLIPS COUNTY, KANSAS

By

JoHN C. FrYE AND A. BYrRoN LEONARD

Google



REGIONAL SETTING ........................ .
THE KIRWIN EXPOSURES ... ...

FoSSIL MOLLUSKS ........................
Kansan gastropod fauna ...
Grand Island assemblage .

Sappa assemblage ... ... ...
Illinoian faunal assemblage ... ... . .. .
Wisconsinan faunal assemblage ... .. ... . e e 46

SUMMARY AND CONCLUSIONS ...

REFERENCES

ILLUSTRATIONS

PLATE

1. Cut-off trench of Kirwin dam across the high terrace at Kirwin,
Phillips County, Kansas

2. Yarmouth soil in cut-off trench of Kirwindam ... ... .. ... . 36
3. Fossiliferous Kansan deposits near Portis, Osborne County, and
in the cut-off trench of the Kirwin dam ... SOV 42
FIGURE
1. Generalized cross section of North Fork Solomon River Valley
and adjacent high terrace at Kirwin, Phillips County, Kansas ... 38

2. Diagram showing the distribution of fossil mollusks in the seve:al
stratigraphic units exposed in the cut-off trench at Kirwin dam ... 45

3. Profiles along the North Fork Solomon River Valley

Google



ABSTRACT

A cut-off trench excavated in 1953 by the U. S. Bureau of Reclamation
at Kirwin, Phillips County, Kansas, has provided hitherto unavailable data
on the Pleistocene deposits of the North Fork Solomon River Valley. The
excavations cross approximately 1 mile of high terrace and reveal an aban-
doned and filled valley cut in Cretaceous chalks and shales. The Pleistocene
deposits are classed as Grand Island and Sappa (including the Pearlette vol-
canic ash bed) members of the Meade formation, of Kansan age, marked in
the top by the Yarmouth buried soil; the Crete-Loveland member of the San-
born formation of Illinoian age, marked in the top by the Sangamon buried
soil; and the Peoria silt member of the Sanborn formation of early Wiscon-
sinan age. Molluscan faunas are listed from the Grand Island, Sappa, Crete-
Loveland, and Peoria. These exposures show that the bedrock valley had
been cut to a level below the present flood plain before deposition of the Kan-
san sediments.

INTRODUCTION

The Pleistocene deposits of North Fork Solomon River Valley
have been studied in some detail from eastern Decatur County
eastward to the junction of this river with South Fork in western
Mitchell County (Frye and A. R. Leonard, 1949; A. R. Leonard,
1952), particularly with regard to the quantity and quality of
ground water contained in these deposits. In fact, in the lower
part of this valley most of the usable supply of ground water
occurs in the alluvium and terrace deposits of Pleistocene age.
These strata are poorly exposed, however, and much of the knowl-
edge concerning them has been based on widely spaced cross sec-
tions determined from test holes drilled as a part of the coopera-
tive State and Federal ground-water program.

A dam across North Fork Solomon River Valley is currently
under construction at Kirwin by the United States Bureau of Rec-
lamation. In 1953, as a part of the construction of this dam, a cut-
off trench was excavated across the high terrace on the north side
of the valley, continuous with the axis of the dam; the purpose of
this trench was to prevent leakage around the north end of the
structure through Pleistocene channel gravels. An exceptionally
fine exposure of the deposits under the high terrace was thus re-
vealed by the excavation (Pl.1). A study of the deposits and their
contained molluscan faunas. buried soils, and volcanic ash has
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Pleistocene Deposits at Kirwin, Phillips County 35

necessitated a reinterpretation of the early Pleistocene history of
the valley.

As the work schedule of the Bureau of Reclamation calls for
filling the cut-off trench with impermeable material in 1954, it
seems desirable to publish a description of the Pleistocene deposits
immediately so that interested persons may have an opportunity to
examine the exposures before they are covered by the trench fill-
ing, even though a detailed study of related deposits in other parts
of the valley has not yet been possible.

Particular thanks are expressed to Charles Osborne and C. T.
Jamison of the Bureau of Reclamation for calling to our attention
the existence of these significant exposures and accompanying us in
a field examination. The U. S. Bureau of Reclamation is generously
making available to the State Geological Survey data obtained by
its test drilling.

REGIONAL SETTING

North Fork Solomon River flows in a general easterly direction
from Thomas County across parts of Sheridan, Decatur, Norton,
Phillips, Smith, and Osborne Counties to its junction with South
Fork in northwestern Mitchell County to form Solomon River. In
its headwaters, the valley is cut into the Pliocene Ogallala forma-
tion; downstream, Cretaceous rocks first occur at the surface in
western Norton County. From eastern Norton County to the
junction with South Fork, the valley slopes are developed pre-
dominantly in the Cretaceous Niobrara formation and Carlile shale.
A prominent late Wisconsinan terrace is observable throughout
most of the length of the valley and has been mapped in Norton
County (Frye and A. R. Leonard, 1949) and across Phillips, Smith.
and Osborne Counties (A. R. Leonard, 1952), where it was named
the Kirwin terrace. Recent alluvium underlies the flood plain and
is marked in the lower course of the valley by a distinct, though
low, flood-plain terrace. Throughout the course of the valley, late

ground. Note horizontal extent of Yarmouth soil in central part of photograph
and the thinning of the Kansan deposits over the Cretaceous high in the dis-
tance. B, Part of trench wall, on the northeast side, where stratigraphic section
was measured. Dark bands above the middle and near the top are the Yar-
mouth and Sangamon buried soils, respectively. Modern surface soil appears
as a dark band at top of cut near the car and below the spoil piles.
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Pleistocene Deposits at Kirwin, Phillips County 37

Pleistocene loess mantles the upland and much of the valley slope
area, the loess becoming thinner eastward.

Although these general aspects of the geology of the valley have
been interpreted clearly, the recognition and correlation of high
terraces has been handicapped by their fragmentary nature, lack
of exposures, and the general blanket of loess. Frye and A. B.
Leonard (1952) described this valley as presenting a physio-
graphic sequence of terraces—that is, the oldest terrace at a rela-
tively high position on the valley sides, the Illinoian terrace at a
lower level, and the Wisconsinan (Kirwin) terrace at a still lower
position. Evidence from the new exposures at Kirwin requires
some modification of this earlier interpretation.

THE KIRWIN EXPOSURES

The North Fork Solomon bedrock valley presented an appar-
ent constriction at Kirwin before excavations were made; natural
exposures of Cretaceous chalk (Fort Hays) are found on both
sides of the valley in this area above the Kirwin terrace. The
slightly dissected loess-covered surface which extends northwest-
ward presents no bedrock outcrops. Not until the Bureau of Rec-
lamation drilled a series of test holes across this surface was it
discovered that the area is underlain by a maximum thickness of
120 feet of Pleistocene deposits which fill an abandoned valley of
the river (Fig. 1). This abandoned valley segment occurs in an
arcuate pattern, leaving the present valley west of Kirwin and
returning to it east of Kirwin. The present valley, cut in bedrock,
was formed by post-Illinoian erosion after the stream had shifted
southward across a former low spur of Cretaceous rocks.

The shifting of the stream southward at this location has
contributed to exceptionally fine preservation of the Pleistocene
fill, as it has been protected from erosion by the main stream.
Post-Kansan deposition by side-slope wash and minor stream ac-
tion buried a sizable area of Yarmouth soil (Pl. 2) without re-
moval of the A horizon.

grayish-tan; 2 to 3.5 feet (C horizon) massive with irregular but strong ac-
cumulation of calcium carbonate, tan to light-gray. Shells of fossil mollusks
in lower part of zone of calcium carbonate accumulation. (November 1953)
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Pleistocene Deposits at Kirwin, Phillips County 39

Figure 1 shows that the bedrock valley occupied by Kansan
sediments extends well below the level of the surface of the late
Pleistocene Kirwin terrace. The Illincian deposits overlie un-
eroded Yarmouth soil at the valley-wall end of the excavation.
Adjacent to the present valley, the Yarmouth soil is absent and
basal gravels of the Crete member, coarser than at the valley-wall
end, rest directly on eroded Kansan sediments. This suggests that
by Illinoian time the major stream had shifted southward nearly
halfway from its Kansan position to its present location.

The stratigraphic section described below was measured in the
northeast wall of the trench starting in the area of lowest bedrock
in the abandoned valley (Pl.1).

Kirwin dam section, measured in cut-off trench excavation in the

high terrace of North Fork Solomon River Valley, SW V4 sec. 28 and

SEY4 sec. 29, T.4 S., 16 W., Phillips County, Kansas; November 1,
1953.

Thickness,
feet

QuATERNARY—Pleistocene
Sanborn formation—Peoria silt member (Wisconsinan Stage,
Iowan-Tazewellian Substages)

9. Silt, massive, well-sorted, calcareous (except surface 0.5
foot), light-tan; contains transition zone in base above
contact on Sangamon soil; lower part oxidized to pale
pinkish-tan; terrestrial gastropods in middle part ............ 10.0

Crete-Loveland member (Illinoian Stage)

8. Silt, sand, and clay, massive to thinly bedded and cross-
bedded, light-brown to tan; coarser in lower part; con-
tains lentils of sand and chalk gravel and locally coarse
cross-bedded gravel at base; middle and upper parts
relatively poorly sorted with thin dispersed sand and
gravel lentils. Top 2.5 feet is Sangamon soil—upper 0.5
foot (A horizon) friable brown silt loam; 1 foot (B hori-
zon) light-brown silty clay loam with well-developed
prismatic structure; 1 foot (upper C horizon) massive
light-brown sandy silt with sparse lime mottling along
joints and dispersed lime nodules. Five weakly devel-
oped soils occur below the Sangamon soil—upper 4 soils
pale pinkish-brown, less than 1 foot thick, with weak
textural contrast and structures; lowermost soil, 5 feet
above base, nearly 2 feet thick with silty clay loam B
horizon (Pl. 3B). Terrestrial gastropods occur sparsely
throughout lower half ... ... ... 320
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40  Geological Survey of Kansas—1954 Reports of Studies

Meade formation (Kansan Stage)
Sappa member

1.

Silt and sand; lower 1 foot massive tan sandy silt contain-
ing terrestrial and fresh-water gastropods. Yarmouth
soil (Pl. 2) profile in upper 3.5 feet; upper 0.5 foot (A
horizon) friable gray-brown massive to granular loam;
15 feet (B horizon) dark gray-brown sandy clay loam
with strongly developed prismatic structure; 1.5 feet
(C horizon) massive silt and sand, dark gray-brown
at top to tan, with lime mottling thmughout but con-
centrated in upper part, lime nodules rare .

Grand Island member (66.5 feet)

6.

Sand and gravel, lenticular and interbedded fine and
coarse with a few silty zones; contains pebbles and
cobbles (up to 1 foot or more in diameter) of Creta-
ceous chalk; and sand and fine gravels predominantly
of quartz, feldspar, and granitic grains similar to those
of the Ogallala formation farther west. Discontinuous
zone of yellow-brown limonitic staining at top. At the
southeast end of the trench a lentil of Pearlette vol-
canic ash 2 to 3 feet thick occurs near the top of this in-
terval above high Cretaceous bedrock. ...,

. Silt and fine sand, well-sorted, thin-bedded to lam-
inated, locally intricately cross-bedded in zones 1 to 3
inches thick, tan to gray-tan. Laterally replaced by sand
and gravel. ...

. Silt, sand, and clay, massive, in a persistent zone of len-
tils; black, dark-gray, and tan; dark organic coloring
distributed lenticularly through zone; calcareous
throughout. Locally sand and gravel occur in this zone.
Shells of terrestrial gastropods throughout. . .

. Sand and gravel, cross-bedded, lenticular, gravels pre-
dominantly of Cretaceous chalk; similar in lithology to
unit 6 above. ...

. Silt, sand, and clay, massive, black to gray-brown, cal-
careous, similar in lithology to unit 4 (Pl. 3C). Occurs
as discontinuous lentils in sand and gravel; contains
shells of terrestrial gastropods. ..............cccecoiiiireriieericnneens

. Sand and gravel, cross-bedded, lenticular; contains

pebbles and cobbles of Cretaceous chalk. Coarser tex-

tured than unit 3 above and locally gradational with it.

Thickness of exposed Pleistocene deposits ....................

CRrETACEOUS—Gulfian
Carlile shale—Blue Hill shale member
(Penetrated by bottom of sump at lowest point in floor of

excavated trench. Fort Hays chalk member of Niobrara
formation exposed in floor of trench at higher elevations)
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Pleistocene Deposits at Kirwin, Phillips County 41

The relatively narrow steep-sided Kansan valley is judged to
have been filled rapidly by an aggrading stream in late Kansan
time. The lower part of the fill contains a disconnected series of
humic silty lentils (Pl. 3C) that suggest pauses in the movement
of gravels through the valley and the filling by finer materials of
active or abandoned channel segments. The bulk of the Kansan
fill, however, to within a few feet of its top (Pl 3B) consists of
coarse gravel, predominantly derived from Cretaceous chalky
limestones similar to the bedrock of the valley walls; it is free of
silt or clay lentils and thus indicates relatively continuous rapid
alluviation. The upper part of the fill grades into silty sand, which
suggests a lessening of the vigor of the alluviating stream.

In the upper part of the Meade formation (Kansan) a lentil of
fresh and relatively pure volcanic ash is exposed in the south-
eastern part of the trench. Ada Swineford has examined samples
of this ash and makes the following statement concerning it (per-
sonal communication) : “The volcanic ash is very fine-grained and
unaltered. The shape of the shards, the vesicles, and the refractive
index of the glass are characteristic of the Pearlette volcanic ash
ud.”

A thin bed of clay occurs in the northwestern end of the trench
a short distance below the Yarmouth soil profile and in the same
stratigraphic position as the Pearlette volcanic ash. Ada Swineford
has examined samples of this clay by x-ray diffractometer, using
nickel-filtered copper radiations, and describes it as follows (per-
sonal communication):

The predominant clay mineral is montmorillonite with minor amounts of
illite and kaolinite. About 15 percent calcite is present and less than 5 per-
cent quartz. The deposit is probably a result of weathering of a thin lentil of
impure Pearlette volcanic ash, which occurs in relatively unweathered condi-
tion farther along the cut.

The exceptionally well-preserved Yarmouth soil profile that
caps the Kansan cycle of sediments is the most unusual feature of
these exposures. Nowhere in northwestern Kansas has a more
completely preserved Yarmouth soil been observed. This profile
(PL 2) is approximately 31% feet thick and indicates a mature de-
velopment under grass cover with moderate to moderately poor
drainage.
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Pleistocene Deposits at Kirwin, Phillips County 43

The Illinoian cycle of sediments, classed as the Crete-Loveland
member of the Sanborn formation, is significant. The texture of
the sediments suggests that the main channel at this time was
situated south of the position of the Kansan channel and that the
bulk of the Crete-Loveland sediments was derived from valley side
wash, minor streams, and perhaps in part from colluviation. The
sediments in this part of the trench are poorly sorted, ranging
from coarse sand to clay, and contain five recognizable, although
weakly developed, buried soil profiles. The preservation of the
A horizon of these soils, as well as that of the underlying Yarmouth
soil, is consistent with a position removed from major stream action.

A Sangamon buried soil, typical of hundreds of exposures of
this soil examined in north-central Kansas, occurs in the top of the
Illinoian sediments.

The overlying Peoria loess is also typical in texture, color,
thickness, and distribution of the widespread Peoria exposures
in this part of the State.

FOSSIL MOLLUSKS

Assemblages of fossil gastropods were found in the cut-off
trench at four stratigraphic positions. In addition, a poorly pre-
served skull of a large squirrel (Cynomys, prairie dog) was found
associated with a weathered zone in the lower part of the Illinoian
deposits. A few worn teeth were recovered from this specimen. A
limb bone from some large mammal was discovered by one of the
workmen in the course of excavating the Grand Island gravels, but
we did not see this fossil. Samples of sediments from several levels
were examined for the presence of fossil pollen by Mr. Roland An-

Kansan deposits underlying a high terrace remnant on south side of North
Fork Solomon River. Measured section by A. R. Leonard (1952, p. 39): fossil
snails listed in Figure 2. (June 1951). B, Sappa and uppermost Grand Island
member, Meade formation, with Yarmouth soil profile in top, overlain by
Crete-Loveland member of Sanborn formation, in Kirwin dam cut-off trench.
Fossil snails occur in C horizon of Yarmouth soil and lower in the Sappa mem-
ber, and in the lower half of the overlying Crete-Loveland member. Note
weakly developed soil in Crete-Loveland about 5 feet above Yarmouth soil.
(November 1953) C, Humic sandy silt clay lentil in lower part of the Grand
Island member. Meade formation, in deepest part of cut-off trench of Kirwin
dam. Fossil snails in this and adjacent lentils. Bed 2 of measured section.
(November 1953)

Go 3IC



44  Geological Survey of Kansas—1954 Reports of Studies

derson, graduate student in the Department of Botany at the Uni-
versity of Kansas, but no pollen grains were found; spores of mos-
ses and of fungi were observed in the humic lentils in the lower part
of the Grand Island depositional cycle. Seeds of Chenopodium
(common pig weed) or some similar plant were recovered in con-
siderable numbers from the C horizon of the Yarmouth soil, where
they occurred with numerous shells of gastropods. Among these
organic remains, only those of the gastropods are of stratigraphic
significance.

An adequately diagnostic assemblage of fossil gastropods was
collected from each of the several stratigraphic units exposed in
the trench (Fig. 1) including an assemblage from the lower part of
the Grand Island sediments, but some gastropod faunas are mea-
gerly represented both in kinds and in actual numbers. The strati-
graphic distribution of fossil mollusks from sediments exposed in
the trench is shown in Figure 2, which also lists for comparison the
faunal assemblages from Kansan deposits at two other localities in
North Fork Solomon River Valley.

KansaN GasTrorop FauNnas

Grand Island assemblage.—Eleven species of terrestrial gastro-
pods occur in dark-gray to black humic lentils within the lower 15
to 20 feet of the Grand Island sediments. The assemblage, while
not rich in kinds nor abundant as individuals, is characteristic of as-
semblages of gastropods known to occur elsewhere in Kansan de-
posits (Fig. 2; Frye and A. B. Leonard, 1952, fig. 7). Gastrocopta
meclungi, reported by Hanna (1913) from unidentified Pleistocene
deposits in Phillips County near Long Island, has not been found
subsequently in sediments of known age within the Pleistocene.
The species occurs here also in Illinoian sediments.

The molluscan fauna recovered from the Grand Island sedi-
ments in the excavation contains small terrestrial species, indicat-
ing that the humic-stained lentils were deposited in temporary de-
pressions on the flood plain of the Kansan Solomon river; the ab-
sence of any aquatic species suffices to show that these depressions
were not filled with water for periods longer than a few weeks at
most.

Sappa assemblage.—Nineteen species of fresh-water and terres-
trial gastropods occur in Sappa sediments in the C horizon of the

Go 3]0
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Yarmouth soil profile. The assemblage is characteristic of late
Kansan molluscan faunas at other localities in the western Mis-
souri River Valley (Frye and A. B. Leonard, 1952, fig. 7), but sev-
eral diagnostic species, such as Carychium perexiguum, Deroceras
aenigma, Gyraulus pattersoni, Euconulus fulvus, and others found
at one or both of the other known Kansan faunal localities in the
North Fork Solomon Valley, do not occur here. Reasons for this
are not apparent.

It may be assumed that the greater part of the shells in this as-
semblage were redeposited from small ponds, since most of the
shells are representative of species that live in such places, but a
few which are characteristic of prairie and prairie-border situa-
tions probably were washed into the trench from valley slopes.
Among the aquatic gastropods, Gyraulus cristatus has not been re-
corded previously from Pleistocene sediments in northwestern
Kansas. The living representatives of this species are widely dis-
tributed in Europe and in northern North America from Maine
west to Alberta and northward in Canada.

A total of 29 species occurs in Kansan sediments in the trench, a
number which compares favorably with faunal assemblages re-
covered from Kansan deposits elsewhere. It should be emphasized
that neither here nor at the Norton County locality (Fig. 2) is there
any significant or consistent difference between molluscan assem-
blages in Grand Island and Sappa deposits.

ILLINOIAN FAUNAL ASSEMBLAGE

The lower part of the Crete-Loveland sediments exposed in the
excavation contains a meager molluscan faunal assemblage of six
species of terrestrial gastropods. Gastrocopta mcclungi has not
been reported previously from Illinoian deposits; the remaining
species are characteristic of Illinoian faunal assemblages elsewhere
(Frye and A. B. Leonard, 1952, fig. 8) but comprise only a small
part of the total known faunal assemblage in Illinoian sediments of
the Kansas region.

WiscoNSINAN FAUNAL ASSEMBLAGE

The lower part of the Peoria loess above the transition zone con-
tains five species of diminutive terrestrial gastropods. The assem-
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Pleistocene Deposits at Kirwin, Phillips County 47

blage, although small, is characteristic of the Iowan faunal zone in
Wisconsinan sediments in Kansas and elsewhere (A. B. Leonard,
1952, p. 11).

SUMMARY AND CONCLUSIONS

Exposures made available in the cut-off trench across the high
terrace at the north end of the Kirwin dam, Phillips County, af-
ford the most complete sequence of middle and late Pleistocene de-
posits so far studied in northwestern Kansas. Except at the Iowa
Point section in Doniphan County (Frye and A. B. Leonard, 1949),
no exposure in Kansas affords a superior sequence of molluscan
faunal assemblages. The Kansan deposits classed as Grand Island
and Sappa members (including the Pearlette volcanic ash bed) of
the Meade formation and terminating in the Yarmouth buried soil
constitute the bulk of the fill of an abandoned early Pleistocene
valley and contain two distinctive molluscan faunas. The Illinoian
sediments are particularly distinguished by the presence of five
buried soils which indicate six episodes of deposition separated by
short intervals of relative stability. None of these soils compares
in degree of development with the Sangamon soil which was
formed after Illinoian deposition, but the lowermost soil contained
within the cycle of Illinoian deposition is well enough developed to
indicate requirement of a significant interval of time. At no other
place in Kansas is the series of minor buried soils within the Crete-
Loveland sediments so clearly displayed.

The configuration of the bedrock at Kirwin demonstrates (1) a
post-Ogallala, pre-Kansan episode of valley trenching that reduced
the bedrock floor to a position below the present channel level, fol-
lowed by (2) valley filling through Illinoian time and (3) a post-
Sangamonian interval of vigorous valley trenching, followed by
(4) late Wisconsinan alluviation.

Elsewhere in North Fork Solomon River Valley diagnostic mol-
luscan faunas have been collected only from exposures in a road cut
on U. S. Highway 283, southeastern Norton County, and from a
gravel pit southwest of Portis, Osborne County. By utilizing data
from these three localities and by the reinterpretation of cross-sec-
tion data at Glade (A. R. Leonard, 1952, pl. 3, B-B’), a schematic
profile of the bedrock floor of the Kansan valley has been con-
structed and plotted with profiles prepared by A. R. Leonard (1952,
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F1c. 3.—Profiles along North Fork Solomon River Valley. Data for the Kir-
win terrace and flood plain are from A. R. Leonard (1952). The gradient of
the bedrock floor of the Kansan age river (based on four control points) has

cross cutting relationships both to the present flood plain and the Kirwin ter-
race surfaqe. :

fig. 3) for the Kirwin terrace surface through this segment of the
valley. These profiles (Fig. 3) show that the topographic sequence
of valley fills is inverted downstream from Norton County, suggest-
ing the headward migration of an over-steepened channel segment,
or knickpoint, between Kansan and Wisconsinan time. These data
emphasize the complex nature of the relationships of Pleistocene
terraces in Great Plains valleys, and the hazards that are involved
in age correlation based on elevation above present channels, and
even by the tracing of alluviated surfaces.
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