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ABSTRACT

The Meade basin lies chiefly in Meade county, southwestern Kansas, at the
eastern edge of the High Plains. The field studies reported in this paper were
carried on in Meade county and in adjacent parts of Clark, Ford, and Seward
counties, Kansas, and Beaver county, Oklahoma. This area contains nearly
complete sequence of continental Pliocene and Pleistocene deposits. These
strata are here described and reclassifid as the Laverne and Ogallala forma-
tions of Pliocene age, and the Meade and Kingsdown formations of Quarter-
nary age. The age and stratigraphic position of the late Pliocene Rexroad
fauna and of several local Pleistocene faunas are discussed.

INTRODUCTION

The Meade basin of southwestern Kansas is situated in central
and northeastern Meade county and southwestern Ford county.
The area here considered includes all of Meade county and adja-
cent parts of Seward, Ford, and Clark counties, Kansas, and
Beaver county, Oklahoma. The location of the area studied is
shown in figure 1.

Attention was first focused upon the geology of the Meade area
about a half century ago by Cragin (1891, 1896), Haworth (1896,
1897, 1897a, 1897b), and Johnson (1901, 1902). Cragin made a
reconnaissance of the geology of this region, named some of the
deposits, and collected vertebrate fossils. Haworth and Johnson
studied the stratigraphy, structure, and ground-water resources of
the area, and drew attention particularly to that part of the basin
in which flowing artesian wells occur. After the work of these men
a period of more than 30 years elapsed, during which the geology of
southwestern Kansas received little or no attention. The strati-
graphic terms proposed by Cragin never came into general use,
and, as illustrated by the 1937 geologic map of Kansas (Moore and
Landes, 1937), the Tertiary and Quaternary deposits of this area
were grouped together and assumed to be equivalent to the Ogal-
lala formation of western Nebraska and Kansas.

During the last several years attention has again been drawn to
the Meade basin and a considerable quantity of additional data has
been obtained. During the last six seasons Hibbard has collected
vertebrate fossils from this area, some of which have been de-
scribed (Hibbard, 1938, 1938a, 1939, 1939a, 1940, 1941, 1941a;
Taylor, 1941). Smith (1940) spent the field seasons of 1937,
1938, and 1939 in making a reconnaissance of the geology of south-
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Fre. 1. Map of Kansas showing the location of the area studied.

western Kansas, including the Meade basin. In July, 1939, a de-
tailed investigation of the geology and ground-water resources of
Meade county was undertaken by the United States Geological
Survey and the Kansas Geological Survey, in cooperation with the
Division of Water Resources of the Kansas State Board of Agri-
culture and the Division of Sanitation of the Kansas State Board of
Health. This work was done by John C. Frye under the super-
vision of S. W. Lohman, Federal geologist in charge of ground-
water investigations in Kansas. A preliminary report on the water
supply of the Meade artesian basin has been published (Frye,
1940) and a detailed report is in preparation on the geology and
ground-water resources of Meade county, which includes a geo-
logic map of the county.

In 1939 and 1940, 25 test holes were drilled in the county by
means of a portable hydraulic-rotary drilling machine owned by
the Federal and State Geological Surveys and operated by Ellis
Gordon, driller; Perry McNally, sampler; and Laurence Buck,
helper. These holes ranged in depth from 30 to 600 feet, and went
through the Quaternary and Tertiary deposits into Cretaceous or
Permian bedrock. The test drilling provided very valuable data as
to the subsurface structure and lithology of these beds, and several
test holes yielded snails, which have been studied by Calvin Good-
rich of the University of Michigan and Byron Leonard of the Uni-
versity of Kansas,
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It is the purpose of this paper to summarize the recently ac-
quired data from the Meade area; to discuss the lithology, age,
correlation, and vertebrate faunas of the Tertiary and Quaternary
strata and the factors that controlled their deposition; and to pro-
pose a classification of these rocks that is consistent with their geo-
logic history and that can be used in the field for mapping purposes.
In this paper the physiography and stratigraphy are discussed by
Frye and the vertebrate faunas and their ages by Hibbard.

We express thanks to H. T. U. Smith of the University of Kan-
sas, who spent some time in the field with us, offered helpful sug-
gestions and criticisms, and made available a manuscript copy of
his report prior to its publication. Byron Leonard of the Depart-
ment of Zoology, University of Kansas, who has collected snails
from many localities in the Meade area and has examined shells
found in samples from test holes, has been very helpful in our
study. K. E. Lohman, of the U.S. Geological Survey, who pre-
viously had studied diatoms from Pliocene and Pleistocene beds of
the High Plains, examined material from the Laverne formation in
Seward county, and Willis L. Tressler of the University of Mary-
land examined ostracodes from the same locality, for which sin-
cere appreciation is expressed. Thanks are extended to the various
members of the Federal and State Geological Surveys who have
offered suggestions and read and criticized the manuscript.

PHYSIOGRAPHIC DEVELOPMENT

Meade county is situated in the western part of the Plains Bor-
der section and the eastern part of the High Plains section of the
Great Plains physiographic province (Fenneman, 1922, pl. 1).
From the western part of the county westward into Colorado, the
High Plains extend as a gradually rising and relatively unbroken
flat surface. Haworth (1897) and Johnson (1901) were in agree-
ment that this surface is underlain by fluvial deposits laid down by
streams that flowed eastward from the Rocky Mountain region
during Late Tertiary time. During Early Tertiary time this part
of Kansas was subject to subaerial erosion, while sediments were
accumulating in other parts of the High Plains region.

PLIOCENE EPOCH

The earliest known Tertiary sedimentation in this area occurred
during early Pliocene time in southwestern Meade county and

Google



394 Geological Survey of Kansas—1941 Reports of Studies

southeastern Seward county, Kansas, and Beaver county, Okla-
homa. These deposits have been named the Laverne formation by
V. V. Waite (unpublished manuscript quoted by C. N. Gould and
J. T. Lonsdale, 1926, p. 33). They were in part probably deposited
in small lakes (Gould and Lonsdale, 1926, p. 33) and in part on the
flood plains of streams. Some deformation occurred after their de-
position and prior to the deposition of the overlying Ogallala for-
mation. It is not known whether this disturbance was due entirely
to deep-seated diastrophism or was partly controlled by solution of
underlying Permian rocks followed by resultant differential sub-
sidence of the surface.

After the folding of the Laverne strata, erosion beveled these
beds to an irregular surface, upon which, during middle Pliocene
time, aggrading and laterally shifting streams deposited the sedi-
ments comprising the Ogallala formation. The middle Pliocene
part of this formation consists of channel and floodplain deposits
that range from moderately well sorted gravel to poorly sorted
sandy silt. The deposits were spread over the surface of a large
part of the area under consideration, but, owing to the irregular-
ities of the pre-existing topography, the thickness ranges from a
feather edge to scores of feet. At the end of middle Pliocene time
the upper surface of these deposits constituted a relatively flat
nearly featureless plain. On or below this surface was developed
a widespread deposit of caliche, which marks the top of the middle
Pliocene sediments. Small local ponds may have existed for a time
on this surface and may have played some part in the development
of this caliche, but, as pointed out by Smith (1940, pp. 90-92) and
others, it seems hardly possible that a large lake or lakes could
have existed in the High Plains region at that time.

At or immediately after the end of middle Pliocene time the
major faulting of the Meade basin began. The most important
fault occurred along a south-southwest line approximately in the
position of the present course of Crooked creek valley south of
Meade, and extended from a point north of Meade to the Okla-
homa state line. Less important parallel faults occurred east and
west of the Crooked creek fault. The total displacement of the
faults and the faulting of the Pliocene and Pleistocene beds south
of Meade are shown in figure 2. It is not known whether this
faulting was due to deep-seated diastrophism or was controlled
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wholly or partly by solution of the underlying Permian salt and
gypsum beds. It seems certain, however, that subsequent to the
faulting, solution and subsidence played an important role in deep-
ening the structural depressions and developing many sink holes
of various sizes east of the faults.
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Fic. 2. Schematic east-west cross-section through Meade County State Park,
south of meade. Test holes are indicated by vertical lines,

The sediments that constitute the Rexrbad member of the Ogal-
lala formation were trapped in these major depressions during late
Pliocene time. The location of the master streams in the Meade
area at the end of middle Pliocene time and during late Pliocene
time is not known. It seems probable, however, that during at least
part of this epoch some sediment from the Rocky Mountain region
was carried into this basin, in addition to material eroded from the
adjacent older Tertiary deposits that were exposed west and north-
west of the Meade basin. Most of the beds were deposited by
streams, but some beds may have been laid down in ponds, and the
presence of peat implies the existence of small swamps or bogs
during part of this time. The local basin in which the Rexroad
member was deposited extends westward from the Crooked Creek
fault into Seward county, and may extend northwestward into
Haskell and Gray counties. It should be regarded, however, as a
more or less isolated basin, which, owing to the local structural
conditions, trapped a relatively thick sequence of deposits at a
time when most of the Great Plains region was being eroded.

During the late Pliocene, sink holes started to develop on the
east or upthrow side of the major faults. A few of these sinks may
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have been of sufficient size to entrap small quantities of sediment,
but the main development of sink holes occurred during the en-
suing Pleistocene epoch. It is certain that extensive sink-hole de-
velopment did not start until late Pliocene time, because at many
places middle Pliocene deposits are exposed along the sides of the
sinks and extend across them with no apparent thickening. It
seems probable that the sinks were produced by deep-seated solu-
tion of beds of salt or gypsum in the Permian redbeds, which are
known to underlie the middle Pliocene beds at many localities.
Owing to the fact that the shallowest known soluble beds of ap-
preciable thickness in the Permian are now several hundred feet
below the water table, a special type of deep-seated circulation of
ground water must be postulated to account for this sink-hole de-
velopment. It is possible that the faulting opened passageways in
the Permian rocks and permitted ground-water circulation.

PLEISTOCENE EPOCH

Renewed movement along the major faults during very late
Pliocene or early Pleistocene time locally changed ‘stream grad-
ients and deepened the structural-solutional basin, which pre-
viously had been nearly filled with deposits, and this movement al-
lowed sedimentation to be resumed. It is possible that at some lo-
calities in the basin a continuous sequence of deposits was laid
down, uninterrupted by any break between the Pliocene and the
Pleistocene. At many places, however, the basal Pleistocene sands
~and gravels were deposited on a surface that had been eroded
somewhat. Because these basal Pleistocene gravels are coarser
than adjacent deposits of Pliocene age—except the basal Ogallala
gravel, which was not extensively exposed to erosion at this time—
and because they contain a much larger percentage of igneous rock
pebbles, it seems probable that a stream flowing from the Rocky
Mountain region carried some sediment into this area during the
early Pleistocene. Pebbles that seem to have been eroded from the
Pliocene strata west of the Meade area also occur in these de-
posits, hence probably there was a mixing of material from sev-
eral sources.

The early Pleistocene deposits completely filled the major basin
and spread across the adjacent area to the east of the Crooked
creek fault. Simultaneously deposits of local origin were accumu-
lating in some of the large sinks east of the Meade basin.
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After early Pleistocene sedimentation, which completely filled
the major basin, there was a time during which only a small amount
of erosion and deposition occurred. Streams flowing across the
depositional surface were competent mostly to transport their
loads through the area, neither eroding nor depositing. Locally,
however, some deposits were trapped in abandoned channels and
sink holes. These deposits constitute the upper channel phase of
the Meade formation.

During the late Pleistocene, streams flowing at the upland level
again began aggrading their channels and flood plains, and laid
down the fine sand and silt that constitutes the lower part of the
Kingsdown silt. These deposits cover much of the upland surface,
indicating that streams must have shifted laterally at frequent in-
tervals. Inasmuch as these fluvial deposits grade upward into
loess, stream deposition probably was accompanied by and fol-
lowed by eolian activity. The deposition of this thin fine-grained,
widespread upland formation marks the last recorded episode of
the Pleistocene epoch. The upper, eolian part of the Kingsdown
silt may have been deposited in the Recent epoch after the major
streams had started the down-cutting that has produced the pres-

ent topography.

RECENT EPOCH

The latest movement along the Crooked creek fault occurred in
the Recent epoch, displacing the Pleistocene formations and again -
giving surface expression to the basin. Sink-hole development has
continued into Recent time, as attested by the formation of the
“Meade salt sink“ within historic time (Johnson, 1901, pp. 706-
707). Erosion has been the dominant process during the Recent
epoch, however, in the development of the present drainage pat-
tern. The erosion of the Cimarron valley in its present position
seems to have occurred chiefly since Pleistocene time, as is indi-
cated by the presence, along the valley, of terrace gravels that lie
unconformably on middle or upper Pleistocene deposits nearly at
the level of the High Plains. Crooked creek occupies a series of
dissected sinks from the point where it crosses the major fault to
Cimarron river, and probably took its present course during late
Pleistocene or early Recent time by progressive sink-hole cap-
ture. Crooked creek thus became the outlet for the ponded water
in the Meade basin (Frye, 1940, p. 14).
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Recent deposits in the Meade basin comprise thin alluvium and
low terrace deposits along Cimarron river, Crooked creek, and
Sand creek, and their tributaries, and natural levees along part of
Crooked creek and its tributaries. Eolian sand occurs at many
places on the upland surface and along the valley flat of Cimarron
river.

STRATIGRAPHY AND PALEONTOLOGY

A summary of the Pliocene and Pleistocene stratigraphy of this
area is given in the following table, which includes also the named
local faunas, faunal zones, and provincial ages of the faunas. The
rest of this paper is devoted to a discussion of the lithology, age.
and fossil content of these formations.

TERTIARY ROCKS
LAVERNE FORMATION

The Laverne formation was named from exposures in Harper
and Beaver counties, Oklahoma, and described by V. V. Waite in
an unpublished manuscript, quoted by Gould and Lonsdale (1926).

The early literature dealing with this formation has been sum-
marized by Hesse (Chaney and Elias, 1936, pp. 47-51). In Kansas,
the Laverne is well exposed along both sides of the Cimarron val-
ley in southeastern Seward county (Smith, 1940, pp. 37-39), and
in southwestern Meade county.

Character.—A generalized section of the Laverne formation in
Kansas is given in figure 3A. These beds generally are well in-
durated and are more resistant to erosion than the overlying de-
posits. The formation consists of gray fine-grained thin-bedded
sandstone, some of which contains conglomerate as shown in plate
1A; blue-gray to tan even-bedded shale; and tan soft silty lime-
stone, which typically includes a thin bed of gray dense limestone
at the top. The soft silty limestone can be cut with a saw and has
been quarried for building stone and used in the construction of
ranch buildings in the Cimarron valley. We regard the Laverne as
a distinct formation rather than a member or zone of Ogallala for-
mation, as suggested by Hesse (Chaney and Elias, 1936, p. 51) . be-
cause: (1) the nonconformity that separates the Laverne from the
Ogallala is the greatest break in sedimentation recorded in the
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Pliocene and Pleistocene section. The beds of the Laverne dip at
angles as great as 15 degrees and are overlain by horizontal beds of
the Ogallala; (2) the lithology of the Laverne is distinct from that
of the overlying Ogallala—in fact, on casual inspection these beds
more closely resemble the underlying Cretaceous rocks than they
do the Ogallala; and (3) it is a unit that is easily recognizable and
mappable in the field. '

Age and fossils.—In the summer of 1938 Mr. and Mrs. Neil re-
ported that many years ago a complete fish, a turtle, and leaves
were found in a building-stone quarry in the Laverne formation on
the Neil ranch in sec. 24, T. 31 E,, R. 34 W, but all the specimens
thus reported have been lost. In 1938 a zone containing isolated
fish scales was located just west of the quarry on the Neil ranch,
but no identifiable specimens have yet been found. A few frag-
mentary bones were found in an exposure on the south side of the
river. Ostracodes and diatoms have been found in the soft lime-
stone beds exposed on the north side of the river in westernmost
Seward county.

In 1931 Hibbard and McNown collected vertebrate fossils from
clay beds in the Laverne beds of Beaver county, Oklahoma, and
these fossils have been described by Stirton (1935, pp. 437-438)
and Hesse (Chaney and Elias, 1936, pp. 56-68). In the summer of
1940, in company with S. L. Schoff of the U.S. Geological Survey,
we visited several exposures of the Laverne formation in Beaver
county, Oklahoma, including those from which the fossil verte-
brates and plants had been collected in 1931. On the basis of lith-
ology and stratigraphic position it seems certain that the beds in
southwestern Meade county and southeastern Seward county are
equivalent to the fossiliferous deposits in Beaver county.

Ostracodes collected from the soft silty limestone, below the
diatom zone of the Laverne formation on the Neil ranch, south-
western Seward county, were sent to Willis L. Tressler of the Uni-
versity of Maryland for identification. Tressler made the following
comments on the ostracodes (Personal communication, dated May
7,1941):

The most numerous species is Cyprideis littoralis (Brady) with both males
and females present in large numbers. . . . This form is a species which occurs
at the present time in brackish lakes particularly along the margins. Its dis-
tribution includes Norway, British Isles, the Baltic, Sea of Azow, Asia and
Africa and it has been found as a fossil in Sweden and Scotland. . ..
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The other species, which is fairly abundant, is Candona crogmaniana
Turner, which may be told by the highly arched dorsal margin and indented
ventral margin. I found a number of females and only one male. . . . It is a
form which originally was described from small pools in Georgia but which
has since then been found in a wide variety of habitats; I have myself found
it at the bottom of Lake Mendota in the oxygenless waters in the St. Law-
rence, and widely distributed in New York; and Furtos reports it as common
in Ohio. It is evidently an almost ubiquitous species.

During the fall of 1940 S. W. Lohman collected material contain-
ing diatoms from above the Ostracode zone in the soft, silty lime-
stone of the Laverne formation on the Neil ranch, southeastern
Seward county. This material has been studied by K. E. Lohman
of the U.S. Geological Survey, who found 34 species and varieties
of diatoms, listed and discussed as follows (Personal communica-
tion dated April 1,1941.):

Diatoms from the Laverne formation of southeastern Seward county, Kansas
(U.S.G.S. diatom Locality 3010. Relative abundance is indicated by
R, rare; F, frequent; C, common; and A, abundant).

Achnanthes coarctata Brébisson ...
Amphora cf. a. erigua Gregory .............................................................
Amphora ovalis Kutzing ... .
Amphora coffaeiformis var. josstlw (Pantocsek) Cleve
AMPROTA NS Do eeeee e
Anomoeoneis sphaerophora (Kiitzing) Pfitzer ...
Bacillaria paradoxa Gmelin ..........................
Cymbella mexicana (Ehrenberg) Cleve ...
Denticula SP. ..o e
Diploneis ovalis Hilse ................
Diploneis ovalis var. oblongella (Naegeh) Cleve .
Diploneis smithii (Brebisson) Cleve ... o,
Epithemia hyndmanni Wm. Smith ... .. ...
Fragilaria harrissonii var. dubia Grunow
Frustulia rhomboides AEhrenbergq De Toni ..............ocoooovoveivoeeeeeen
GOMPROMENLA SP. oo s
Mastogloia elliptica Agardh ..
Mastogloi@ N.S.P. .o
Melosira cf. m. islandica Muller ... ...
Melosira italica (Ehrenberg) Kiitzing ..
Melosira cf. solida Eulenstein ...,
Navicula cf. n. incerta Hustedt ...,
Navicula mutica KGLZING ..o
Navicula radiosa Kiitzing
Navicula sp.

I
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Nitzschia cf. n. vitrea NOITAN..............cocoooiiiie e R
Nitzschia cf. commutata Grunow ... R
Nitzschia Sp. ....cocooovoeeeeeerreecc SRS C
Pinnularia borealis Ehrenberg .......... e F
Pinnularia cf. major (Kiitzing) Cleve .................. . R
Pinnularia cf. microstauron (Ehrenberg) Cleve ... ... . . R
R
R
R
R
R

Pinnularia viridis (Nitzsch) Ehrenberg
Rhopalodia gibba (Ehrenberg) Miiller
Rhopalodia gibberula (Ehrenberg) Miiller ..
Stauroneis cf. 8. phoenicenteron Ehrenberg .. ... ...
Surirella cf. s. striatula TUrpin ...

This diatom flora contains a large number of species that live in saline lake
waters at the present time and their occiurence in the beds in Seward county
suggests very strongly that they were deposited under similar conditions.
This suggestion is strengthened by the fact that many of the diatoms in this
material are misshapen individuals characteristic of diatoms growing in water
that contains considerable alkali.

With the data at hand the best determination of age of this flora that can be
made is from upper Miocene to lower Pleistocene, inclusive. The uncertainty
is caused by the following factors: (1) the geologic ranges of some of the
species are not known with enough certainty; (2) two of the most abundant
diatoms present are new species and hence yield virtually no stratigraphic in-
formation; (3) there appears to be a curious mixing of species that go back as
far as upper Miocene with some that are not known from rocks older than
Pleistocene; and (4) the highly saline character of the water in which these
diatoms grew indicates that they constitute a saline facies flora which may be
and probably is quite different from a normal fresh water flora of the same
age.

This flora cannot be correlated with the diatom-bearing beds in Beaver
county, Oklahoma (Chaney and Elias, 1936, pp. 14, 15, 23) as only 12 percent
of the present flora occurs in the Beaver county material. Eighteen percent of
the present flora occurs in the Ogallala formation of Wallace county, Kansas
(Hanna, 1932), but this again is too small a percentage for a comparison, par-
ticularly as it does not include the most significant species.

Although the exposures in Kansas have not as yet yielded identi-
fiable vertebrate fossils it is possible that in the future more inten-
sive searching may reveal fossils in the same clay-shale beds from
which fossils have been taken in Oklahoma. The position of the
Laverne formation unconformably below middle Pliocene de-
posits, and the presence of lower Pliocene fossils in the upper part
of the formation, date it as lower Pliocene, and the lower part pos-
sibly is upper Miocene in age.
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OGALLALA FORMATION
MiIDDLE PLIOCENE BEDS

There has been a tendency on the part of some geologists who
have carried on field studies in western Kansas to use the Ogallala
formation as a widely inclusive term, grouping together under this
classification all the beds that occur above the bedrock floor and
below the surface of the High Plains, excluding only deposits such
as dune sand and alluvium. The term Ogallala formation was first
proposed by Darton in 1899, presumably from a locality, which he
later designated, near Ogallala Station, Keith county, Nebraska.
Smith, in 1940, (pp. 39-94) summarized the previous literature
dealing with this formation in the High Plains regions, and re-
stricted its upward extension to the top of the middle Pliocene,
but we classify upper Pliocene deposits also as belonging to the
Ogallala formation. The description of the Ogallala formation and
its subdivisions given below pertains to the Meade basin and vicin-
ity, and no attempt will be made to indicate correlations with the
several units that are classed as formations belonging to the Ogal-
lala group in Nebraska.

Character and subdivisions.—A generalized section showing the
lithology of the Ogallala formation in Meade county is given in
figure 3B. Locally the basal part of the formation consists of thick
beds of sand and gravel, which may or may not be tightly cemented
with calcium carbonate. A view of the cemented, or “mortar bed”,
type of rock is shown in plate 1B. The texture of these cross-
bedded channel deposits ranges within wide limits. In this area it
is possible to recognize the basal Ogallala sand and gravel even in
isolated exposures on the basis of lithology alone, because it con-
tains the only gravel and in most places the only well-sorted ma-
terial in the Ogallala formation. Beds of similar texture occur in
the overlying Meade formation, but these can be distinguished by
the fact that they contain a distinctly different assemblage of rock
types. The basal Ogallala gravel contains abundant pebbles of
sandstone, and concretions that seemingly were derived from the
Dakota sandstone, and also contains pebbles and cobbles of lime-
stone, red shale, and siltstone, and blocks of silicified wood. All
these rock types occur in the Pleistocene gravels, but are much less
abundant. Granite pebbles are rare in the basal gravel of the
Ogallala, whereas pebbles of pink granite and pegmatite are abund-
ant in the Meade. Pebbles of black, scoriaceous basalt occur more
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abundantly in the Pleistocene deposits than in the Ogallala,
Abradde pebbles of caliche and “mortar bed”, common in the
Pleistocene gravels, have never been noted by us in the basal
gravels of the Ogallala. In this area the induration of the deposit is
not a valid criterion as to its age, inasmuch as both loosely and
tightly cemented beds occur at various horizons from the basal
gravel of the Ogallala upward through the Meade formation. It
seems probable that in some localities Smith (1940, pp. 42-43) has
confused the basal gravel of the Meade with the basal gravel of the
Ogallala and thus may have regarded these two gravels as two
phases of the Ogallala.

The middle Pliocene deposits above the basal gravel consists
dominantly of sand, silt, and caliche, and locally at the top a hard
bed of caliche or limestone. Some beds are structureless, but oth-
ers are cross-bedded. The caliche occurs as cementing material,
pipey concretions, irregular beds, or nodular bands. The lithology
of this part of the Ogallala possesses very few distinctive features
and is nearly duplicated both in the Rexroad member and in the
Meade formation. Bedded clay has not been observed in this se-
quence, and fossils are rare. The caliche or limestone bed that
marks the top of the middle Pliocene part of the Ogallala, however,
locally has a very distinctive lithology. In northwestern Kansas it
was called the “Algal limestone” by Elias (1931, pp. 136-141), and
in this area, where it contains no recognizable algal structures, it
was described by Smith (1940, pp. 44-46) as the “capping lime-
stone”. This bed is locally nearly 6 feet thick, is very hard locally,
and in eastern Meade county and western Clark county it contains
considerable chert.

Age and fossils.—An upper molar of Amebelodon fricki Barbour
is the only vertebrate fossil that has been found in the middle Plio-
cene deposits of Meade county. It was taken from consolidated
sandstone south of the gravel pit on the Borchers ranch in sec. 28,
T. 33 S.,R. 28 W. In the summer of 1937 abundant seeds of Biorbia
fossilia, which were identified by M. K. Elias (Personal communi-
cation dated Feb. 8, 1938) were taken from an upper “mortar bed”
at the gravel quarry described above and also from a slightly lower
bed just northeast of the pit in section 16.

Beds in Clark county that occur at the same stratigraphic po-
sition have yielded some of the same middle Pliocene mammals
(Hesse, 1935) as those taken from “Edson” quarry (Hibbard,
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1939b) , Sherman county, and “Rhino Hill” quarry, Wallace county,
Kansas. This fragmentary fossil evidence, together with the
stratigraphic position of these beds above the lower Pliocene La-
verne formation and below the upper Pliocene Rexroad member,
definitely date the lower part of the Ogallala formation as middle
Pliocene in age.

REXROAD MEMBER

In 1940 the upper Pliocene beds of central Meade county were
named the Rexroad formation by Smith (1940, p. 95), from ex-
posures along a tributary to Crooked creek on the Rexroad ranch,
in the same general locality from which the Rexroad fauna was
collected by Hibbard (1938). The choice of this type locality was
somewhat unfortunate, as only the uppermost part of the forma-
tion is here exposed. The top of the formation, moreover, was not
defined by Smith, although it is exposed in this area; and beds of
Pleistocene sand and gravel, which here unconformably overlie
the Pliocene beds, were not clearly excluded from the Rexroad.

In the classification proposed in this paper the beds called the
Rexroad formation by Smith are designated as the Rexroad mem-
ber (upper Pliocene) of the Ogallala formation. This is deemed
advisable for the following reasons: (1) As stated above, on the
basis of both surface and subsurface data, it seems evident that in
parts of the basin there was continuous sedimentation from middle
Pliocene through upper Pliocene time, and in these localities no
break is distinguishable; (2) the.deposits were trapped in a local
basin, and, although there are deposits of equivalent age outside
this general area, they are not stratigraphically continuous with
the deposits of the Rexroad type locality, and are not genetically
related to them; and (3), as Smith (1940, pp. 95-97) has pointed
out, the lithology of the Rexroad beds for the most part is in-
distinguishable from the middle Pliocene part of the Ogallala for-
mation. For these reasons the Rexroad beds do not constitute a
mappable unit, except partially in the vicinity of the type locality,
where the upper contact, but not the lower, can be mapped.

Character.—The lower and thicker part of the Rexroad mem-
ber does not crop out at the surface in the Meade basin area, so
that the thickness and character of the member are known only
from test-hole samples and well logs. Where the entire member
is present it is about 200 feet thick, but in the deepest part of the
basin it may attain a maximum thickness of 250 feet, and east of
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the Crooked creek fault it is only about 30 feet thick. On the
basis of data from test holes, the lower 175 feet of the Rexroad
member may be described as comprising alternating beds of sand,
silt, and clay. The thickness of individual beds ranges consider-
ably. Two well-defined snail zones were encountered in the test
drilling, and these fossils, some of which were brought to the sur-
face unbroken, have aided in the recognition of these beds.

The upper beds of the Rexroad member, which are exposed at
the surface, consist of blue-gray, tan, and gray sand, silt and clay.
At many places a bed of soft sandy caliche occurs at the top of the
member and at a few localities a thin bed of peat occurs 20 to 30
feet below the top. The Rexroad member of the Ogallala forma-
tion is overlain unconformably by the basal sand or gravel of the
Meade formation of Pleistocene age. A generalized section of the
Rexroad member in central Meade county is shown in figure 3B.

Age and fossils.—Some fossils, notably snails, have been recov-
ered from test holes penetrating the lower part of the member, but
no vertebrates have been obtained from beds more than 50 feet be-
low the top.

The age and correlation of this member are based primarily
upon fossils constituting the Rexroad fauna, which were taken
from the upper 50 feet. This fauna consists of associated mollusk,
fish, amphibian, reptile, bird, and mammal remains.

The following mollusks have been identified by Baker (1938)
and a complete study of the faun:;1 is planned for future publication.

Mollusks of the Rexroad fauna

Freshwater forms Land snails (continued)
Pisidium sp. Helicodiscus singleyanus Pilsbry
Stagnicola reflexa (Say) Gastrocopta tappaniana C. B.
Physa anatina Lea Adams
Ferissia rivularis (Say) Gastrocopta holzingeri (Sterki)
Ferrissia parallela (Haldeman) Gastrocopta cristata Pilsbry and
Menetus kansasensis F. C. Baker Vanatta
Land snails Vertigo hibbardi F. C. Baker
Carychium perexiguum F. C. Vertigo milium Gould
Baker Pupoides marginatus (Say)
Polygyra mooreana tholus Pupoides inornatus Vanatta
(Binney) Strobilops sparsicostata F. C. Baker
Retinella electrina (Gould) Vallonia gracilicosta Reinhardt
Retinella rhoadsi Pilsbry Succinea grosvenori Lea
Retinella wheatleyi Bland Succinea grosvenori gelida F. C.
Hawaii miniscula Binney Baker
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The lizards of the Rexroad reported by Taylor (1941) are as

follows:

Lizards of the Rexroad fauna

Cnemidophorus bilobatus Taylor
Eumeces striatulatus Taylor

Eumecoides hibbardi Taylor
Eumecoides mylocoelus Taylor

Excepting the lizards, the fish, amphibian, reptile, and bird re-
mains have not been studied. Following is a list of the known
mammals of the Rexroad fauna, as reported by Hibbard (1938,

1939 ,1941, 1941a).

Mammals of the Rexroad fauna

Insectivora
Sorex taylori Hibbard
Blarina? sp.
Hesperoscalops rexroadi Hibbard
Scalopus sp.

Chiroptera
genus?

Carnivora
Canis lepophagus Johnston
Canis large sp.
Procyon rexroadensis Hibbard
Brachyprotoma breviramus

Hibbard

Spilogale rexroadi Hibbard
Taxidea taxus (Schreber)
Trigonicitis kansasensis Hibbard
Machairodus sp.
Felis sp.
Felis lacustris Gazin

Rodentia
Citellus howelli Hibbard
Citellus rexroadensis Hibbard
Eutamias or Tamias sp.
Geomys sp.
Liomys centralis Hibbard
Perognathus gidleyi Hibbard
Procastoroides lanei (Hibbard)
Onychomys sp.
Baiomys rexroadi Hibbard

Rodentia (continued)

Peromyscus kansasensis Hibbard
Eligmodontia? arizonae Gidley
Symmetrodontomys simplicidens
Hibbard
Sigmodon intermedius Hibbard
Parahodomys quadriplicatus
Hibbard
*Pliolemmus antiquus Hibbard
*Phenacomys primaevus Hibbard
Ogmodontomys poaphagus Hibbard
*Pliopotamys meadensis Hibbard
Lagomorpha
Pratilepus kansasensis Hibbard
Dicea lepuscula Hibbard
Nekrolagus progressus (Hibbard)
Hypolagus regalis Hibbard
Proboscidea
Mastodont

Perissodactyla

Plesippus simplicidens (Cope)

Nannippus phlegon (Hay)
Artiodactyla

Platygonus sp

Camelid, small

Camelid, large

Cervid

Capromeryx? sp

* These fossils were not recovered in place from the upper Pliocene deposit but from dig-
gings at a C.C.C. camp that penetrated both the basal sand and yzravel of the Meade forma-
tion and upper Pliocene clay (KUMVP Loc. no. 1). There is some evidence that they are
not a part of the Rexroad fauna but belong to a younger Pleistocene fauna. Confirmation
of this interpretation must await additional field study.
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Vertebrate remains have been found at only three exposures of
the Rexroad member. The three localities are situated along a
north-south line and all are within a distance of three-fourths of a
mile. They are situated along three side branches of a tributary of
Crooked creek and are separated by narrow divides covered with
Pleistocene and Recent deposits. The fossils were taken from beds
of clay, sandy silt, lenses of fine sand within the silt, and from beds
of bog material. No fossils have been found in place in the thick
cross-bedded channel sands. ‘

On the basis of the fossil mammals the Rexroad, Blanco, Ben-
son, and Hagerman faunas are believed to be of approximately the
same age. The differences between the faunas are thought to be
of only geographical significance. The Rexroad fauna shows a
closer relationship to the Blanco and Benson faunas than to the
Hagerman fauna. Although the fauna as a whole shows relation-
ships with forms now found in Mexico and Central America rather
than with the Recent forms now found in southwestern Kansas, a
few fossil forms possess boreal affinities.

The fauna indicates that meadow flats and timbered areas ex-
isted at least along parts of the late Pliocene stream valleys, and
that the climatic conditions then were not drier nor colder than
those at present. There is some indication, moreover, that the
climate of late Pliocene time lacked extremely cold winters or se-
verely hot summers, accordingly being more equable than the
present climate, and that there was a somewhat greater degree of
humidity than exists now in this region.

QUATERNARY ROCKS

The Pleistocene fluvial deposits of southwestern Kansas form-
erly have been included with the Pliocene deposits and referred to
the Ogallala formation. Cragin described briefly and named some
of the beds now known to be of Pleistocene age and referred them
to the upper Pliocene, but his names never came into general use.
In 1940 Smith (pp. 99-129) pointed out that in southwestern Kan-
sas, particularly in the vicinity of the Meade basin, there is a thick
sequence of Quaternary deposits. At that time he named several
new units, discarded or redefined some of Cragin’s earlier names,
and left part of the Pleistocene section unnamed. Excepting the
Kingsdown silt, the units named by Smith and by Cragin have
proved to be unsatisfactory for field mapping. It is here proposed
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to revive Cragin’s term “Meade gravels” (1896, p. 54), and rede-
fine it as the Meade formation, to include all the beds of Pleistocene
age between the top of the Rexroad member of the Ogallala forma-
tion and the base of the Kingsdown silt. Cragin’s Kingsdown for-
mation of late Pleistocene age is regarded as a valid stratigraphic
division but it is redefined to include the overlying loess because,
as Smith (1940, p. 113) states, the water-laid deposits locally grade
upward into the loess and can be distinguished from the loess only
by their bedding. The terrace deposits, alluvium, and dune sand
of late Pleistocene and Recent age are described briefly but no
stratigraphic names are applied to them.

MEADE FORMATION

In 1896 Cragin (p. 54) named the “Meade gravels” from Meade
Center, Meade county, Kansas. These gravels were described as
underlying the “Pearlette ash” and as containing vertebrate fos-
sils. As here redefined the Meade formation includes the “Meade
gravels” of Cragin at the base; Cragin’s “Pearlette ash”; Smith’s
“Odee formation,” “Equus niobrarensis beds”, and “Jones Ranch
beds”; and all other beds of Pleistocene age above the Rexroad
member of the Ogallala formation and below the Kingsdown silt.
Owing to the fact that the original Meade type locality cannot be
located accurately, the type locality of the Meade formation is here
designated as the exposures along Crooked creek valley, in Meade
Center township, south of the city of Meade, and particularly the
Pleistocene beds exposed in sec. 21, T. 33 S.,R. 28 W.

Character and subdivisions.—A generalized section of the Meade
formation, showing the lithology, stratigraphic position of the pre-
viously named units, and local faunas, is given in figure 3C. Sand
and gravel channel deposits occur at the base of the formation in
most places, and locally are thick and coarse-grained. These beds
grade laterally into finer sands and in some localities are absent.
The sand and gravel may be unconsolidated or, as shown in plate
2A, tightly cemented by calcium carbonate. The contrast between
the rock types represented in this gravel and in the older gravel
of the Ogallala formation is discussed above. This material is well
exposed in two gravel pits in sec. 33, T. 32 S., R. 29 W. This basal
sand and gravel grades upward into sand, silt, and caliche that is
tan, buff, and pink. Locally some beds are indurated and produce
benches on the slopes. In most places a bed of caliche occurs at the
top of this zone.
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Above the caliche oceur beds of clay, silt, and sand that are thin-
bedded and interbedded and range from gray, bluegray, and tan to
dark brick red. The thickness of this zone ranges between wide
limits and is best developed and best exposed in the southern part
of Meade county. These beds are well exposed along the north side
of Cimarron valley, south of Meade, as shown in plate 2B. At some
localities in northern Meade and central Seward counties the over-
lying “Pearlette ash” rests directly on the basal sand and gravel.
It is within this varicolored zone that Smith’s “Odee formation”
occurs (Smith, 1940, pp. 100-108). The “Odee formation” has not
proved to be a satisfactory unit for field mapping for the following
reasons: (1) the formation, as described, has no definite top or bot-
tom; (2) it is essentially a color zone that interfingers with and
grades laterally into equivalent beds of different color; and (3)
beds of similar appearance at a somewhat different stratigraphic
position within the Pleistocene seemingly were trapped in isolated
sink holes and some of these beds cannot be distinguished litholog-
ically from the “Odee” at the type locality. At many places where
the beds in this zone are well developed they are typified by their
red color, loose fine-grained texture, and content of large selenite
crystals. The selenite crystals occur at several localities and in
some places weather out to form a rubble on the slopes. These are
the only deposits within the Quaternary (or Tertiary) of western
Kansas known to us that are typified by large and abundant crys-
tals of selenite. At several localities a blue-gray clay containing
gastropods and ostracodes occurs interbedded with or at the base
of the brick-red material. Along the east side of Crooked creek the
“Odee beds” are overlain by volcanic ash of variable thickness,
and along the south side of the Cimarron valley a bed of volcanic
ash is included within this zone. '

In 1896 Cragin (pp. 53-54) assigned to the volcanic ash here in-
cluded in the Meade formation, the name “Pearlette ash”, from
Pearlette post office, Meade county. Haworth (1897b) pointed out,
however, that it was not desirable to assign a stratigraphic name to
such discontinuous lenses that were not as yet proved to be equiv-
alent in age, and the name has not been generally used. This ash
bed, from which the Borchers fauna (Hibbard, 1941b) has been
taken, is nearly continuous along the east side of Crooked creek
for about 8 miles south of Meade (plate 3B) and is exposed at sev-
eral localities along the west side of Crooked creek valley north
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of Meade and near Fowler. In most places a zone of aquatic snails
occurs in the clay and silt at the base of the ash and has been help-
ful in establishing the contemporaneity of the deposits exposed at
different places. Silt, sand, and caliche overlie the ash, and a bed
of nodular, hard, caliche occurs in most places at the top of the
lower part of the Meade formation.

Unconformably overlying the Pleistocene beds described above,
and here included as the upper part of the Meade formation, is a
discontinuous series of channel deposits and associated and iso-
lated sink-hole fillings. These deposits comprise beds of sand,
gravel, silt, clay, and caliche. In some places the gravels consist
dominantly of abraded pebbles of caliche. Owing to the isolated
nature of some of the minor basins in which these deposits accu-
mulated, the beds are not persistent stratigraphically nor similar
lithologically, and in many places can be recognized with certainty
only by their position above the more widespread deposits of the
lower part of the Meade formation and below the Kingsdown silt,
and by the abundant content of vertebrate fossils. The Cragin
quarry fauna and associated local faunas have been collected from
these deposits.

Smith (1940, pp. 108-110) has applied the name “Equus nio-
brarensis beds” to certain deposits within the Meade formation,
some of which have yielded abundant Equus remains. Of the four
localities that he described, localities 2, 3, and 4 have proved to be
of approximately equivalent age and to belong in the upper part of
the Meade formation. The beds at his locality 1, however, which
are lithologically quite distinct from those at the other three lo-
calities, have been traced into more prolific fossil zones at other
localities and found to be correlative with the basal sand and
gravel of the Meade formation.

The “Jones Ranch beds” (Smith, 1940, pp. 110-111), which have
yielded the Jones fauna, may be equivalent to the upper part of the
channel and sink-hole phase described above, but may be more
properly referrable to the basal part of the Kingsdown silt. They
represent a part of the filling of a large sink hole and so the name
is applicable only in a very restricted area. Owing to the fact that
sedimentation in this sink hole was continuous during Meade and
early Kingsdown time, the beds occurring within it contain no
definite erosional break between the Meade and Kingsdown for-
mations, making it difficult to correlate the “Jones Ranch beds”
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with beds in nearby areas. It is certain that they occur above the
“Equus niobrarensis beds”, however, and a poorly defined soil
zone separates the two deposits. These beds may be referred to the
top of the Meade formation, but probably they should be regarded
as transitional beds between the Meade and the Kingsdown forma-
tions. There is some doubt as to whether or not deposits in such
localized areas warrant the application of definite stratigraphic
names.

Age and fossils.—Only a few fragmentary vertebrate fossils have
been found in place in the basal sands and gravels of the Meade
formation. Some boreal forms such as Phenacomys primaevus
Hibbard, Pliopotamys meadensis Hibbard, and Pliolemmus an-
tiquus Hibbard, that were tentatively included in the list of mam-
mals of the Rexroad fauna, may have come from the basal sands of
the Meade instead of from the underlying clays of the Rexroad
member of the Ogallala. The fossil locality had been previously
worked, and, when the dump was sifted, these forms were found as-
sociated with upper Pliocene mammals. These forms have not
been recovered in place from the other upper Pliocene deposits as
have the rest of the undoubted upper Pliocene forms of the Rex-
road fauna. If it is established with certainty that these boreal
forms came from the basal sands and gravels of the Meade forma-
tion, it may indicate that these deposits were laid down during the
time of the earliest glaciation in the Rocky Mountain region. Two
fragmentary metapodials of Camelops were found in the consoli-
dated basal gravels and sands of the Meade formation in a quarry
in the Meade County State Park. Also, a few fragmentary and
isolated Equus teeth have been taken from another quarry in this
sand and gravel in Meade county (KUMVP Loc. no. 14).

The Borchers fauna (Hibbard, 1941b) the oldest recognizable
Pleistocene fauna in the Meade basin, was taken from the “Pear-
lette ash” bed of the Meade formation. Many fragmentary bones
of small forms have been found on the east side of Crooked creek
(KUMVP Loc. no. 9) near the edge of a lens of ash, which is ap-
proximately 4 feet thick. From this locality there have been col-
lected a few limb bones and vertebrae of salamanders, frogs, and
toads; snake and lizard vertebrae; bird remains; and remains of
small mammals. No fish remains have been found. Following is a
list of the Borchers mammalian fauna (Hibbard, 1941b).
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Mammals of the Borchers fauna

Insectivora )
Sorex taylori Hibbard
Carnivora
Mustela sp.
Spilogale cf. leucoparia Merriam
Rodentia
Citellus meadensis Hibbard
Citellus cragini Hibbard
Geomys sp.
Perognathus pearlettensis Hibbard
Perognathus gidleyi Hibbard
Onychomys fossilis Hibbard
Reithrodontomys pratincola

Rodentia (continued)
Sigmodon hilli Hibbard
Synaptomys cf. vetus

Wilson
Zapus burti Hibbard

Lagomorpha
Nekrolagus sp.
Hypolagus sp.

Lepus cf. californicus Gray

Artiodactyla
Camelops sp.

Antilocapridae

Hibbard Genus?

The Borchers mammalian fauna is definitely that of an early in-
terglacial stage and represents the oldest known interglacial fauna
in Kansas. Several forms show close relationship to, or are iden-
tical with upper Pliocene forms, such as Sorex taylori, Perogna-
thus gidleyi, Synaptomys cf. vetus, Nekrolagus sp., and Camelops
sp. The abundance of Sigmodon hilli, of which more than 150 frag-
mentary rami and maxillaries and many isolated teeth, have been
recovered, and Onychomys fossilis, indicates a warm temperate
climate. At present Sigmodon is not known to occur farther north
in the High Plains than Meade county.

No glacial fauna is known to occur between the Borchers fauna
and the Cragin quarry fauna. The Cragin quarry fauna represents
another interglacial fauna higher in the section than the Borchers
fauna, in the upper or channel phase of the Meade formation. This
fauna has not been studied in as great detail as the Borchers and
Jones faunas. The following is a list of the Cragin quarry fauna as
reported by Hay (1917, pp. 39-60) and Hibbard (1938a, 1939a).

Cragin quarry fauna

REPTILIA Felis cf. orgonensis Rafinesque
Testudo equicomes Hay Rodentia
MAMMALIA Geomys lutescens (Merriam)
Edentata Perissodactyla
Paramylodon harlani (Owen) Equus francisci Hay
Carnivora Equus leidyi Hay

Canis occidentalis Richardson
Smilodon sp.
Felis cf. imperialis Leidy

Equus niobrarensis Hay
Artiodactyla
Camelops kansanus Leidy
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In 1938 an invertebrate fauna was collected by Hibbard from
beds near the site of the Cragin quarry, and was reported by Smith
in 1940 (p. 109). Late in the summer of 1940 a disconformity was
discovered below the channel phase containing the Cragin quarry
fauna. As it is not known whether the beds from which this fauna
was collected lie above or below this disconformity, the strati-
graphic position of the invertebrate fauna is now open to question.

Another exposure of the upper or channel phase of the Meade
formation occurs east of the Cudahay volcanic-ash pit, north of
Meade. From this locality have been collected Equus niobrarensis
Hay, Camelops kansanus Leidy, and Parelephas columbi (Fal-
coner).

Many Equus niobrarensis remains have been taken from sink-
hole deposits in the upper part of the Meade formation in the Jones
sink southeast of Meade. On the basis of these fossils and fossils
from the overlying deposits, which have yielded mammals of the
same age as the Jones fauna, such as Cynomys ludovicianus Ord
and Microtus pennsylvanicus (Ord), the deposits in the Jones sink
seem to be of approximately the same age as the channel phase
that contains the Cragin quarry fauna. The fauna contains no
boreal forms and must be regarded as having lived during a later
interglacial stage than did the Borchers fauna.

Isolated fossils have been collected from exposures of the Meade
formation along the bluffs on the north side of the Cimarron val-
ley, on the XI ranch. Although these beds certainly are referable
to the Meade formation, their exact position within the section is
in doubt. Beds occurring above the horizon of the Borchers fauna,
but within the lower part of the Meade formation, have yielded
Aenocyon dirus (Leidy). Certain localities, notably a dissected
filled sink hole in Beaver county, Oklahoma (plate 4B), have
yielded Synaptomys bunkeri Hibbard (1940a), Parelephas co-
lumbi Falconer, Equus, and Camelops. These beds are probably
equivalent to the upper part of the Meade formation.

The age and stratigraphic position of the Jones fauna is of con-
siderable significance. As pointed out above, the beds from which
this fauna was collected were deposited in an isolated sink hole,
and the fauna comes from above the horizon of the Cragin quarry
fauna. The following forms were found associated in the Jones
fauna:
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THE JONES FAUNA

Mollusca
Shells reported by Calvin Goodrich (1940).
Pisces
Several vertebrae, spines, and two pharyangeal bones.
Amphibia
Salamander remains, abundant, including more than 1,250 atlases and other
associated skeletonal parts of an Ambystoma, now being studied by Joe
Tihen, University of Kansas; frog and toad remains.

Reptilia
A few snake and lizard vertebrae.
Aves
Many fragmentary bird bones, being studied by Alden Miller, University of
California.
Mammalia
Insectivora Geomys sp.
Sorex cinereus Kerr Perognathus sp.
Carnivora Onychomys sp.
Mephitis mesomelas Gray Peromyscus sp.
Rodentia Microtus pennsylvanicus (Ord)
Citellus richardsonii (Sabine) Lagomorpha
Citellus tridecemlineatus Lepus sp.
(Mitchill) Artiodactyla
Cynomys ludovicianus Ord Platygonus sp.

The presence of Sorex cinereus and Microtus pennsylvanicus,
the two most abundant mammals, indicates that at the time the
beds containing the Jones fauna were deposited, the region was
cooler than during the two interglacial stages represented by the
Cragin quarry fauna and the Borchers fauna.

KINGSDOWN SILT

The Kingdown marl of supposed late Pliocene age was briefly
described and named by Cragin (1896, p. 54) , from exposures south
and west of Kingsdown, in southeastern Ford county and northern
Clark county. In 1940 Smith (pp. 111-116) revived the name as
the Kingsdown formation and redefined it to include only beds of
Pleistocene age. Only by implication he excluded the overlying
loess, “from which it differs little except in its bedding”. It is im-
possible to distinguish a contact between the water-laid deposits
and the overlying loess, and in some places it is impossible to de-
termine with certainty whether some of the upper beds are eolian
or water laid. Inasmuch as the unit consists dominantly of silt and
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sandy silt, it is here proposed to designate it as the Kingsdown silt.
The overlying loess, where present, is here included as the upper
part of the Kingsdown silt.

Character—The lower part of this formation consists of thin-
bedded, dominantly fine-grained sand. In Meade county it uncon-
formably overlies the Meade formation and is channeled into it, as
shown in plate 3A. This sand grades upward into silt and sandy
silt, as shown in plate 4A, and loess. The upper part of the forma-
tion contains nodules, bands, and stringers of calcium carbonate.
The predominant color of these deposits is light tan, although buff
and gray beds have been observed. This formation for the most
part is confined to the uplands although it constitutes the upper
part of sink-hole fills in some localities and spreads over part of the
floor of the meade basin north of Meade.

Age and fossils—The stratigraphic position of the Kingsdown
silt, unconformably above the Meade formation, restricts its age to
uppermost Pleistocene and Recent. The only fossils recovered
from the formation, Taxidea taxus (Schreber), Cynomys ludo-
vicianus Ord, and Bison bison Linneaus, are identical with forms
living in Meade county during the Recent epoch.

TERRACE DEPOSITS, ALLUVIUM, AND DUNE SAND

The terraces, sand dunes, and alluvium in this area are primarily
of physiographic rather than stratigraphic interest, hence they will
be mentioned only briefly here. A detailed discussion will be given
in a subsequent publication.

Along the Cimarron valley there is a terrace, the crest of which
attains a maximum height of 100 feet or more above stream level.
This terrace is underlain by beds of gravel and sand that are chan-
neled against beds of the Meade and Ogallala formations. Teeth of
Paraelephas columbi (Falconer) have been taken from these de-
posits at a point on the north side of the Cimarron valley, south of
Meade.

A terrace about 10 feet above flood-plain level occurs along
Crooked creek south of Meade. The material composing this ter-
race is dominantly sand and silt and overlies beds of Pleistocene
and Pliocene age. Although mollusks are abundant in this material
no vertebrates have as yet been collected. The extensive terrace
deposits of the Englewood and Ashland basins to the east of this
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area extend up Sand creek and adjacent stream valleys. The pres-
ence of Bison bison, remains of domestic sheep, and Recent mol-
lusks indicates that the upper part of these terrace deposits is Re-
cent in age.

Recent alluvium occurs along Crooked creek valley, particularly
north of Meade where small-scale natural levees have been built
(Frye, 1941), and also along Cimarron valley, but little is known
concerning its character or thickness.

Eolian sand occurs on the upland in southern and southwestern
Meade county and eastern Seward county, and in the tri-county
area northeast of Fowler. It also occurs on the upper surface of
the terrace deposits of the Englewood basin in southeastern Meade
county and southwestern Clark county, and on the valley flat of
Cimarron river. Smith (1940, pp. 127-128 and 153-168) has given
an excellent discussion of the occurrence of dune sand in this area
and in other parts of the High Plains region, therefore no further
discussion is offered here. These dunes have yielded only remains
of Bison bison and domestic horses and cattle, indicating that in
general they are very young.
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