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GEOLOGIC STUDIES IN SOUTHWESTERN
KANSAS

By H. T. U. SmiTH
INTRODUCTION

LOCATION AND EXTENT OF THE AREA

The area described in this report comprises a block of fourteen
counties in the southwestern corner of Kansas: Clark, Ford, Finney,
Grant, Gray, Hamilton, Haskell, Hodgeman, Kearny, Meade, Mor-
ton, Seward, Stanton, and Stevens (fig. 1). It extends southward
from the north line of T. 21 S. to the Oklahoma boundary and west-
ward from the east line of R. 21 W. to the Colorado boundary. The
total area is about 12,000 square miles, or about one-seventh that
of the state of Kansas.

WW////J

7
vt

F1e. 1. Map showing the area described in this report. Areas in which
detailed studies have been made previously are indicated by double cross-
hatching.

PURPOSE OF THE REPORT

It is the purpose of this report to outline the broad features of
Cenozoic geology in southwestern Kansas, and to consider their re-
lations to the natural resources of the region, particularly to the
underground waters. No detailed geologic mapping or areal de-
scription is undertaken. Rather it is endeavored to provide a foun-
dation for future studies of detailed character in more restricted

(9



10 Geological Survey of Kansas

areas, and to anticipate some of the problems that must arise in the
course of such studies. Working hypotheses are suggested for ap-
plication to questions that cannot be answered satisfactorily now,
with the expectation that they will be subjected to the test of future
intensive work in critical areas.

PREVIOUS GEOLOGIC STUDIES

The important studies dealing specifically with the Cenozoic ge-
ology of southwestern Kansas are listed below. Others of more
general character or less direct application to this area are cited
at pertinent points in the text.

One of the first, if not the first, geologists to comment on the
Tertiary of southwestern Kansas was Newberry (1861),* who tra-
versed a part of the area on returning from an expedition to the far
west in 1858. The first detailed study, however, was published by
St. John in 1887, and in 1890 Hay published a reconnaissance ge-
ologic map and general description of the stratigraphy. In 1894,
Case presented additional observations on the Mesozoic and Ceno-
zoic formations. Hay, in 1896, assembled a comprehensive bibli-
ography of Kansas geology prior to 1893. The reader is referred to
this bibliography for reference to numerous obscure and relatively
inaccessible works touching casually on the geology of the area here
discussed. In 1897, Haworth contributed three important papers,
one (1897) on underground waters, another (1897a) on areal phys-
iography, and a third (1897b) on the nature and origin of the
Tertiary deposits. In 1898, a topographic map of the state, on a
contour interval of 100 feet, was compiled by Gannett. A report by
Johnson (1901), regarded by many geologists as a classic in its
field, presents a detailed analysis of the deposition of the Tertiary
strata in western Kansas and contributes much valuable information
on physiography, underground waters, and land utilization in parts
of the area, particularly in Meade county. In 1905, Darton pub-
lished a general report on the geology of the central Great Plains,
outlining the stratigraphy of the region, and summarizing available
data on underground waters, particularly with respect to deep wells.
In the following year, Slichter (1906) presented the results of some
detailed studies on underground waters along the Arkansas valley.
Haworth, in 1913, published a general report on well waters, includ-

* All citations of geological literature refer to the bibliography at the end of this report.
The references are arranged alphabetically by authors, and chronologically under individual
authors. The citations are made by giving author’s name and date, either enclosed in paren-
theses or not, depending upon the context.
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ing those in southwestern Kansas. In 1916, Darton published a
semipopular account of the geology along the route of the Santa Fe
Railroad. In 1920, the same author gave a detailed account of the
geology of the Syracuse and Lakin quadrangles, embracing large sec-
tions of Hamilton, Kearny, Grant, and Stanton counties. In 1926,
Bass contributed further to the geology of Hamilton county. In
1928, Landes published a detailed account of volcanic ash deposits
and their utilization. Moss, in 1932, described in detail the areal
geology of Hodgeman county. In 1934, some general features of
regional geology were summarized by Ver Wiebe. In 1935, a pre-
liminary announcement on results of ground-water studies by Theis
and others was released. In 1937, the areal geology was delineated
on a geologic map of Kansas (Moore and Landes, 1937) having a
scale of about 8 miles to the inch (1:500000), issued by the State
Geological Survey. In the same year, a summary of the mineral
resources of individual counties was prepared by Landes (1937).
A short preliminary paper on ground waters in a part of Ford county
was published by Lohman in 1938. Also in that year, a summary
of the oil and gas resources of western Kansas was compiled by
Ver Wiebe (1938), and a preliminary paper on Pleistocene gravels
was published by the present writer (Smith, 1938). Detailed studies
of the underground waters in Ford, Morton, and Stanton counties
have now been completed by H. A. Waite, T. G. McLaughlin, and
B. F. Latta, respectively, and manuscripts are being prepared.
Similar studies are progressing in Meade, Hamilton, Kearny, Finney,
and Gray counties.

FIELD WORK FOR THIS REPORT

Field work for the present report was started in 1936 and essen-
tially completed in 1938. It was of reconnaissance character, a total
of three months and one week being devoted to the area here de-
scribed. Some additional time, however, was devoted to studying the
eastward extension of Cenozoic formations in the Great Bend area,
and also the westward extension along the Arkansas valley in Colo-
rado. Most of the time was spent in those parts of the area that
had not yet been mapped in detail, and in these parts attention
was concentrated on the more dissected sections where the rocks
are best exposed. -

Base maps used for field work were county road maps and U. S.
Geological Survey topographic sheets. The latter cover about two-
thirds of the area, and comprise the following quadrangles: Ash-
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land, Dodge, Garden City, Lakin, Meade, Ness, Spearville, and
Syracuse. The scale of these maps is 1:125000 and the contour in-
terval is 20 feet. The degree of accuracy differs somewhat from
map to map, and although some details of topography are consider-
ably generalized, the maps, on the whole, are satisfactory for recon-
naissance work. Morton, Stevens, and Seward counties, however,
together with western Meade county, the southern portion of Stan-
ton, Grant, and Haskell counties, and the northern portion of
Hamilton, Kearny, and Finney counties, have not yet been mapped
topographically. In these areas the County Engineers’ road maps
were used. The scale of these maps ranges from 1 inch =2 miles
to 1 inch=4 miles. Also useful were the outline county maps pre-
pared by the State Highway Department, on a scale of 1 inch=4
miles.

A part of the field work was directed toward the making of a gen-
eralized topographic map (pl. 2), of 100-foot contour interval, for
those parts of the area not included in standard topographic sheets,
owing to the discovery of gross errors in the Gannett map of 1898.
Data for the new map were collected by making speedometer trav-
erses, using the Paulin Altimeter. U. S. Geological Survey and U. S,
Coast and Geodetic Survey bench marks were used as controls. In
some places, the results of State Highway surveys were available
also, and were very helpful. The map thus prepared, although
wanting in detail, gives a much more accurate picture of the relief
of the area than does the Gannett map, which represents only an
office compilation.

The rest of the field work was devoted to the study of surface and
subsurface geology. Surface geology was studied by examining typi-
cal exposed sections in as many representative localities as time per-
mitted. Particular care was given to the search for and collection
of fossils, especially vertebrates. Subsurface data and information
on underground waters were obtained from the records of deep water
wells, supplied by well drillers, city and railway engineers, and land-
owners.

OTHER SOURCES OF GEOLOGIC INFORMATION

Field work was facilitated and the preparation of this report was
aided by information obtained from many sources, both governmen-
tal and private. For the guidance of future workers in the area, the
more important of these sources are listed below.

Departments of the Federal Government—Geological Survey: The
annual reports, professional papers, bulletins, water-supply papers,
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and folios of this organization provide a fundamental background
for all geological work in the area. Specific references to these
publications are given elsewhere in this report.

Coast and Geodetic Survey: Precise elevations are available for
bench marks spaced 1 to 2 miles apart along the following lines of
leveling: Santa Fe Railroad route along the Arkansas valley from
Dodge City to Colorado line; Rock Island route from Bucklin to
Dodge City and from Bucklin to Liberal; Santa Fe route from
Dodge City through Gray, Haskell, Grant, and Stanton counties;
U. 8. highway 83 from Liberal through Garden City; Kansas high-
way 27 north from Syracuse, and between Richfield and Johnson;
and along Kansas highways 12 and 45 in parts of Seward, Stevens,
and Morton counties.

Bureau of Soils: The results of a reconnaissance soil survey of
the entire area, and of a more detailed survey for one part of the
area are of geologic interest, and are discussed in a later section of
this report.

Soil Conservation Service: A reconnaissance soil-erosion survey
of the “Dust Bowl” counties has been published, and aerial photo-
graphs for these counties are available. These were not obtained in
time to be used in the course of field work for the present report,
but were extremely helpful in the office, and should be invaluable
to future field workers.

Agricultural Adjustment Administration: Aerial photographs for
all counties exclusive of those in the “Dust Bow!” are available, and
many of these may be consulted in the local offices of the organiza-
tion.

Departments of the Kansas State Government—Geological Sur-
vey: Much valuable information on southwestern Kansas, partic-
ularly on the economic aspects of the geology, is to be found in
the many publications of the State Geological Survey. References
to these are made in following sections of this report.

Board of Health: Chemical analyses of municipal well waters,
together with partial records of the wells themselves, are on file in
the offices of the State Board of Health.

Board of Agriculture: Data on stream-flow measurements, irriga-
tion, and related matters are recorded in publications of the Division
of Water Resources of this department.

Highway Department: Accurate elevations along many stretches
of the state highways are available at the district offices. Generally,
however, these start from assumed datum points, and must therefore
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be tied-in with standard bench marks before they are usable. In-
formation on deposits of sand, gravel, volcanic ash, and other con-
struction materials is also on file at the offices of the highway de-
partment.

City and County Departments—Much valuable information on
water wells, location of sand and gravel pits, etc., was obtained
from city and county engineers.

Other sources—Records of many deep water wells and general in-
formation on subsurface conditions were obtained from well drillers.
Additional well logs were obtained from landowners, railway en-
gineers, and from the Well Log Bureau of the Kansas Geological So-
ciety, in Wichita.
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Kansas. Mechanical analyses of sediments, compilation of well logs,
and some general map studies were made with the help of student
assistants provided by the National Youth Administration.

TOPOGRAPHY

GENERAL FEATURES

Southwestern Kansas lies in the central High Plains region, and
forms part of the broad treeless plain that, with some minor irregu-
larities, slopes gently eastward from the Rocky Mountain front to-
ward the Mississippi valley. The prevailing slope of this Plains
surface is so slight as to seem almost perfectly flat, although actually
the slopes average about 10 feet to the mile. Crossing the Plains in
this area are two major streams: the Arkansas in the north, and the
Cimarron in the south. These streams derive the greater part of
their water from areas west of Kansas, and here receive the surface
drainage only of relatively narrow belts bordering their own valleys
and their widely separated tributary valleys. Large portions of the
interstream areas have no outside surface drainage whatever. The
total relief of the area considered in this report is slightly less than
2,100 feet. Altitudes range from 1,725 feet above sea level in the
southeastern corner to nearly 3,800 feet in the northwestern corner.
Local relief is slight on the Plains surface, but is as much as 300 feet
along the larger stream valleys.

The true Plains surface, although extensive, is by no means con-
tinuous over the entire area, for well below the general level lie
stream valleys ranging from less than 1 mile to more than 10 miles
in width. For the most part, these valleys trend parallel to the
regional slope, but locally there are notable exceptions, as in Meade
county, where the valley of Crooked creek lies transverse to the
slope of the Plains for about 30 miles. Cutting across the upland in
many directions, these valleys divide it into separate sections, and
in places leave only narrow, dissected remnants. At the southeast,
dissection is so extensive as to mark the border of the Plains. There
the upland surface terminates at an irregular escarpment, dropping
500 feet over the Red Hills to the greatly broadened valley of Cim-
arron river.



Prate 1. Relief map of southwestern Kansas. Photograph of a part of the relief model of the state prepared
under direction of R. C. Moore. Photograph by Bingham.

91

sosuny fo fiaaung 001607098



Geologic Studies in Southwestern Kansas 17

A more detailed discussion of topography is given in the following
pages. This discussion is confined to description, whereas interpre-
tations and explanations are reserved for a later section on physiog-
raphy. Plates 1 and 2 show the regional topography pictorially and
graphically.

THE PLAINS

The greater part of southwestern Kansas is characterized by the
plains type of topography. Entering the area at the west at altitudes
of 3600 to more than 3700 feet, the plains slope down to about 2400
feet at the eastern edge of the area. Although the regional declivity
is to the east, locally there are important departures from this direc-
tion, as well as variations in the rate of slope, which generally is
steeper in the western part than in the eastern part of the area.
These may best be considered in connection with the separate sec-
tions into which the plains are divided by stream valleys.

North of Arkansas river the plains are divided into an eastern and
a western area by a broad, shallow depression extending north from
Garden City. The western or Kearny area has a general slope south
of east, toward the depression, but also slopes somewhat toward the
Arkansas along its southern margin. The average slope from west
to east is about 15 feet per mile. East of the Garden City depres-
sion, in the Kalvesta area, the slope is almost uniformly eastward,
and is gentler, averaging about 10 feet per mile. The eastern and
northern portions of this area are much dissected by Pawnee river,
Buckner creek, and Sawlog creek, and their tributaries, leaving nar-
row and irregularly branching remnants of upland in the interstream
areas.

Between the Arkansas and Cimarron valleys there are three di-
visions of the plains: one of major extent in the central and eastern
part of the area, and two of lesser extent in the west. (1) The small-
est is the Syracuse upland in southern Hamilton county, constituting
a long, narrow upland between the Arkansas and the northern trib-
utary of Bear creek. (2) South of this, between Bear creek and the
Cimarron, lies the broader Stanton area, bounded on the east by
the southeastern stretch of North Fork of the Cimarron, and a north-
south tributary valley. From west to east, it is trenched by North
Fork and its nearly parallel tributaries. To the north it grades al-
most imperceptibly into the lowland of the Bear creek drainage basin.
The general slope here is slightly north of east, and averages about
15 feet per mile. (3) Extending from central Grant county to the

2—5846
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eastern edge of the area is the Haskell area, the largest area of
typical plains country. Its slope is southeast to east-southeast, and
the grade is as low as 7 feet per mile. Its eastern extension, the
Minneola area, is bounded by the Red Hills escarpment, is almost
completely cut off by the broad, transverse valley of Crooked creek,
and is deeply indented also by Mulberry creek, Bluff creek, and the
headwaters of Rattlesnake creek.

South of Cimarron river lies the other division of the plains, the
Cimarron Bend area. At the west, this area is essentially contin-
uous with the area north of the river, but at the east there is a dis-
tinet difference, for the slope here, in contrast to that northeast of
the river, is easterly. The topography of this area is more irregular
than that of the others, having many uneven low hills and hummocks
and intervening depressions, owing partly to the presence of sand
dunes, some ancient and some modern. There is no outside drain-
age, except in a narrow belt bordering the river, where short gulches
cut into the upland.

Everywhere on the plains surface, broad shallow undrained de-
pressions are a common feature. These range in shape from sub-
circular to elongate, and in size from less than a hundred feet to a
few miles in their longest dimension. For the most part, their sides
slope very gently toward the center, and in some places short tribu-
tary valleys drain into them. After heavy rainfall they commonly
hold temporary ponds or lakes.

VALLEYS OF THE ARKANSAS DRAINAGE

Arkansas river rises in the mountains of central Colorado, and,
leaving the mountains through the Royal Gorge, flows in a nearly
straight line across southeastern Colorado into Kansas. At a point
in southern Kearny county it swings toward the northeast, continues
in this direction for nearly 20 miles, then turns south of east once
more, and continues thence in a nearly straight line again to a point
in eastern Ford county, where it curves northeast toward Great Bend.
In the southwestern Kansas region, the river has an average gradient
of about 6 feet per mile. Its open channel narrows from nearly 600
feet in width at the west (pl. 3A) to 200 or 300 feet at the east (pl.
3B). The channel is shallow and sandy, and contains many bars
and islands. Much of the time there is little or no flow, the water
being diverted for irrigation. Bordering and in fact crowding the
channel at many places are heavy stands of cottonwood and tama-

" risk.
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GENERALIZED TOPOGRAPHIC MAP OF SOUTHWESTERN KANSAS
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Prate 2. Generalized contour map of southwestern Kansas. Compiled from topographic sheets of the U. S. Geological Survey, level lines of the U. 8. Coast
and Geodetic Survey, State Highway surveys, and aneroid reconnaissance by the writer.
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The valley bottom or inner valley of the Arkansas ranges in width
from less than 1 mile to about 4 miles. It is narrowest near Hart-
land, in western Kearny county, and widest in eastern Kearny
county, in the Lakin-Deerfield district. Bordering the valley plain
on the north is an almost continuous line of bluffs as much as 100
feet high. These bluffs are extensively notched by short tributary
valleys. South of the river, slopes are less abrupt, and the topog-
raphy is dominated by a persistent belt of sand hills. This belt
ranges in width from less than 1 mile to about 18 miles, being broads
est in southwestern Finney county and adjoining districts, where the
river bends to the north.

The outer valley of the Arkansas, comprising all land sloping to-
ward the river and lying below the level of the upland plains, is 5
to 20 miles wide. Its southern boundary is roughly coextensive with
that of the sand-hills belt, but its northern boundary lies much closer
to the river, the position being determined by the rim of the border-
ing bluffs. The depth of this outer valley ranges from about 300 feet
at the west to about 100 feet at the east.

An unusual feature of the Arkansas is the elevation of its channel
in comparison with those of the Cimarron to the south and the
Smoky Hill to the north. Although it enters the state at a much
lower altitude than either of those streams, the Arkansas descends
less rapidly, and, eastward, becomes higher and higher above the
channels of its sister streams. At the eastern edge of the area it is
more than 500 feet above the Cimarron and more than 200 feet above
the Smoky Hill (fig. 2).

" Topographically continuous with the Arkansas valley, although
having no surface drainage into it, is the broad, irregular, Scott-
Finney depression, which extends northward from Garden City to
Scott City. This depression is asymmetrical, being bounded on the
east in many places by a definite escarpment that is as much as 50
feet high, but at the west sloping upward gradually and merging with
the plains surface. It has no throughgoing drainage, and its floor is
very uneven, having numerous depressions of various sizes and
shapes, and many marshy areas. East-southeastward-flowing
streams from Kearny county are “lost” as they enter the depression.

Arkansas river has comparatively few tributaries of appreciable
size in this area and the distribution of these few is far from uniform.
On the north side, the only tributaries of any consequence are found
in Hamilton county. These streams are 10 miles or more in length,
and have valleys more than 50 feet deep. The larger tributaries of
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the Arkansas in the northeastern part of the area join the main river
at some distance beyond the area. The principal drainage lines are
Pawnee river, Buckner creek, Sawlog creek, and Coon creek. These
streams flow in a general easterly direction, and in part are parallel
to the Arkansas. It is surprising to find that, except in headward
stretches, the tributaries have gradients that are flatter than the
gradient of the main river. The tributaries head within a very few
miles of the Arkansas valley and for some distance flow away from
the main stream, so that the drainage divide between the two is
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crowded against the latter. The tributary streams, for the most
part, have some permanent flow, even though slight. Their channels
are narrow grooves that flare upward into broader grooves, which
cut downward about 20 feet below the general level of the valley
plain. The total width of the inner and outer channels generally
does not exceed 50 yards.

South of the Arkansas in this area there are only two significant
tributaries, Bear creek at the west and Mulberry creek at the east,
and the very headward portion of a third, Rattlesnake creek, which
flows into the main stream far to the east. Bear creek heads in
southwestern Colorado nearly 50 miles west of the Kansas line. To-
gether with its tributaries, it drains a broad lowland in southern
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Hamilton and northern Stanton counties, and, swinging to the north
across southern Kearny county, approaches the Arkansas, only to
end in a depressed basin amid the sand hills south of Hartland. In
time of flood this basin is filled, and the water spreads out around
the sand hills forming irregular ponds and lakes (pl. 4A), which
persist for many days, until depleted by evaporation and infiltra-
tion. Although coming within about 4 miles of the Arkansas, the
flood waters of Bear creek rarely if ever reach that stream. (Ha-
worth, 1897a, pp. 23-24; Darton, 1920, p. 8.) From west to east the
valley of Bear creek becomes shallower, the depth decreasing from
about 60 feet to less than 20 feet. By means of a trench 20 feet
deep and a few miles long, at a point near the Grant-Kearny county
line, the waters of Bear creek could be diverted to the Cimarron
drainage.

Mulberry creek heads in east-central Gray county, flows parallel
to the Arkansas for about 20 miles through Ford county, and then
swings northeast to join the main stream at the town of Ford. Its
channel is narrow, and is incised below the valley flat to a depth
ranging from less than 10 feet at the west to about 25 feet at the
east. Although the valley bottom is comparatively narrow—gen-
erally less than a quarter of a mile in width—the valley as a whole,
including the slopes of small, closely spaced tributaries, is 1 to 4
miles wide, and forms a deep embayment in the upland. Although
shallow near its source, the valley becomes rapidly deeper, and
through much of its course has a depth of about 100 feet. The
bordering slopes are gentle at the west, but fairly steep farther east.

VALLEYS OF THE CIMARRON DRAINAGE

Cimarron river heads in northeastern New Mexico, in the lava-
capped mesas east of Raton. It flows east into the panhandle of
Oklahoma, turns northeast across the southeastern corner of Colo-
rado, and continues northeastward in Kansas from southwestern
Morton county to southern Grant county, where it curves east for a
short distance, then swings abruptly southeastward across Seward
county and southwestern Meade county, almost at right angles to
its previous course. In southern Meade county it grazes the Okla- .
homa line, curves gently north for a short distance, and leaves the
state in the south-central part of the county. In Oklahoma it con-
tinues eastward near and almost parallel to the Kansas line, and re-

enters Kansas in south-central Clark county, flowing north of east
into Comanche county.
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From the Colorado line to southwestern Meade county, the Cimar-
ron has an average gradient of about 10 feet per mile. In southeast-
ern Clark county, however, it flattens to less than 8 feet per mile.
The channel is shallow, and of variable width. It narrows steadily
from about 800 feet in southwestern Morton county to 65 feet in
southwestern Haskell county (pl. 5) and then gradually broadens
downstream to several hundred feet. The channel is sandy, and has
no throughgoing permanent flow, although to the east and to the west
of the narrowest part there is some water at nearly all times. The
valley bottom in most places is considerably less than a mile in
width, but broadens somewhat in southwestern Meade county and
southern Clark county. The entire valley, from rim to rim, is only
a few miles wide along the greater part of the stream’s course. In
southern Clark county, however, it broadens somewhat abruptly
into a wide basin. From Morton county to southwestern Haskell
county ‘the valley averages about 100 feet in depth, but to the
southeast it deepens to more than 200 feet in southeastern Seward
county, where also the valley slopes are steepest and most abrupt
(pl. 4B). In Clark county the valley again becomes somewhat
shallower.

Until it reaches Meade county, the Cimarron has only one impor-
tant tributary in this area, North Fork of the Cimarron. This stream
heads in southeastern Colorado about 30 miles west of the Kansas
line, and enters Morton county about 12 miles north of the main
Cimarron. It flows northeast nearly parallel to the Cimarron as far
as central Grant county, then turns abruptly to the southeast and
joins the main stream in the southeastern corner of the county. It
has two widely separated tributaries in northern Morton county and
southern Stanton county. Its valley is shallower and shghtly nar-
rower than that of the Cimarron.

The most important—and most unusual—of the Cimarron’s trib-
utaries in this area is Crooked creek. This stream heads at the east-
ern edge of Haskell county, flows southeast through Gray county
across the Meade county line, swings north of east into southwestern
Ford county, and there doubles back on itself to flow south-south-
west through Meade county. In south-central Meade county, it
turns again to the southeast, leaves the state in the southeastern
corner of the county, and joins the Cimarron in Oklahoma. In
Meade county the valley of Crooked creek is strongly asymmetrical;
north of the town of Meade the western side slopes more steeply, but
south of Meade the eastern side is the steeper. North of Meade,
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also, the valley is a broad, shallow basin, and the stream’s gradient
is comparatively flat. South of Meade, the valley becomes narrower
and deeper, and the stream’s gradient is steeper. In both sections
numerous short tributary valleys enter from the west. The actual
channel of Crooked creek is inconspicuous and easily may be crossed
on foot during dry periods. In times of heavy rainfall, however, the
sluggish stream quickly overflows its banks and floods wide areas
of bottom land, damaging crops and washing out roads and bridges.

In northern Clark county, another important tributary is Bluff
creek. This stream rises just across the Ford county line, curves
east south of the county line, flows east about 12 miles, and then
bends abruptly south. After flowing south for several miles, it veers
to the southeast and crosses into Comanche county, then turns south
again and enters the Cimarron a few miles east of the Clark county
line. Along its upper stretches, the valley of Bluff creek is com-
paratively narrow, and has a maximum depth of about 200 feet. It
is enclosed between steep, varicolored bluffs, which give the stream
its name (pl. 6). Toward its mouth, the valley becomes shallow
and broad.

Between Bluff creek and Crooked creek there are many small trib-
utaries, but no very large ones. These streams are mostly mere
sandy arroyos. They are comparatively close-spaced, and ramify
headward into innumerable small branches.

ReEp HiLLs AND ASHLAND BASIN

The Red Hills (Adams, 1903) constitute a jagged, irregular es-
carpment leading down from the upland plain to the Ashland basin.
They begin in eastern Meade county, cross northern Clark county,
and extend for a long distance to the east. Fenneman (1931, p. 28)
notes that “this escarpment is not a single abrupt descent, but a
deeply eroded belt 10 to 20 miles wide.” Cutting across Permian
redbeds and the gray to brown Cretaceous rocks, and displaying in-
numerable mesas, buttes, and small canyons, this feature is one of
the most colorful and picturesque in Kansas. Its total relief is about
500 feet, and local relief is as much as 300 feet.

The Ashland basin is a broad lowland lying between the Cimarron
bluffs to the south and the Red Hills to the north. It is trenched by
the valleys of many small streams, and is by no means a flat surface,
although its relief is low in comparison with the rugged hills to the
north. Bordering the Cimarron and certain of its tributaries there
are belts of sand dunes, which in places cover areas of many square
miles.
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CLIMATE

GENERAL FEATURES

The climate of southwestern Kansas is the subhumid to semiarid
type. The following description, from the U. S. Weather Bureau
Climatic Summary of Western Kansas (Flora, 1932a, p. 1), outlines
the general conditions:

The western half of Kansas is characterized by a rather dry climate, abun-
dant sunshine, warm summer days that are alleviated by a good wind move-
ment and low relative humidity, pleasantly cool summer nights, and by winters
that, while cold, are commonly free from excessive snowfall and the damp,
cloudy days that occur so often over most parts of the country farther east.
Hot winds occasionally blow during a dry, heated period and are the cause of
great crop damage and much discomfort while they are occurring.

Winter months, as a rule, are slightly colder and windier than in eastern
Kansas, but are drier. Cold waves occasionally bring pronounced drops in
temperature and are often accompanied by driving snow.

A more detailed discussion of climatic factors, summarized from
U. S. Weather Bureau publications (chiefly Flora, 1932-1939) is
given below. For additional data, the reader is referred to the works
of Johnson (1901), Ward (1925), and Bates (1935).

PrrcipITATION

The average annual precipitation of southwestern Kansas de-
creases from about 22 inches at the east to about 17 inches at the
west. Departures from the average, however, are frequent and ex-
treme, resulting in irregular alternations from periods of excessive
moisture to periods of notably deficient moisture or drought (fig. 3).
In wet years precipitation reaches 30 inches or more, and in dry years
it declines to 10 inches or less. On the whole, the number of years
in which the rainfall is below average is considerably greater than
the number in which it is above average. In general, yearly totals
for different recording stations rise or fall together, but the amount
of rise and fall is not always proportionate, and, owing to the local
or “spotty” nature of the rainfall, minor reversals between different
stations are common.

The recent drought, beginning in 1931, is the most severe on rec-
ord, but is not without precedent. Other notably dry periods oc-
curred in 1892-'94, and in 1910-’14. If longer records were avail-
able, others of equal or greater duration and severity would un-
doubtedly be shown, and their recurrence in the future is to be ex-
pected. This variability in rainfall has been the governing factor in
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the agricultural history of the region. Wet years brought “boom”

times, immigration, and agricultural expansion. Dry years

led to

crop failure, bankruptcy, and emigration. This cycle has been re-
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Fra. 3. Annual variations in southwestern Kansas rainfall. Base
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peated several times, and it remains to be seen whether lessons have

been learned.

Of the total annual precipitation, by far the greater part falls dur-
ing the summer months (fig. 4), thus allowing maximum utilization
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by growing crops. July is the wettest month and January the driest.
In detail, however, precipitation is generally local and sporadic.
Torrential downpours, or “cloudbursts”, are common, and, although
fairly wide areas may be affected by a single storm, the intensity of
rainfall varies markedly from one locality to another. Records at
Dodge City show many falls of 2 to 3 inches in 1 hour, and of 6
inches in 24 hours.

During the winter months, from November to April, a part of the
precipitation takes the form of snowfall, which may total as much
as 20 inches. Generally the snow drifts considerably, and rarely does
it cover the ground for longer than a week at a time. February is
the month of maximum snowfall.
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Fi1c. 4. Average monthly distribution of precipitation
in southwestern Kansas.

During the summer months, especially June and July, hail storms
are not uncommon, and some are very destructive to crops.

TEMPERATURE

Average monthly temperature ranges from about 30° in January
to about 78° in July. Average monthly maxima, however, range
from about 43° to 93° for the same months, and average monthly
minima from about 17° to 65°. Detailed monthly variations for
Lakin, most nearly representative of the few stations for which com-
plete temperature records are available, are given in figure 5.

Daily temperature ranges during the summer months are com-
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monly as great as 30°, thus making for relatively cool nights after
even the hottest days. Daily ranges sometimes reach 50°.

The highest recorded temperature in the area was 116°, at Hugo-
ton, Stevens county. The lowest recorded temperature was —28°, at
Ulysses, Grant county.
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Winp

The only station in this area at which complete wind observations
have been made is the one at Dodge City. There the prevailing wind
direction is northwest for 5 months of the year—November to March,
inclusive—and southeast for the remaining 7 months, except Sep-
tember, when it is south. At Johnson, in Stanton county, prevailing
wind directions are essentially the same. At Liberal, partial records
kept by the Soil Conservation Service from March, 1936, to Novem-
ber, 1939, inclusive, show that the prevailing winds were northerly
for the 4 months November through February, and southerly for
the 6 months, May through October. During March northerly
and southerly winds were about equally important, but in April the
northerly winds were again prevalent. Southerly winds are signifi-
cant during every month of the year, and reach the peak of their ac-
tivity in July and August, when their strength and constancy con-
siderably exceed those of the northerly winds at their best.

The average hourly wind velocity at Dodge City ranges from 9.1
miles per hour in August to 11.8 in April. Maximum wind velocities,
however, reach 58 miles per hour, and are greatest in the winter and
spring months. Winds of maximum velocity blow from the northern
quadrant for 8 months of the year—January to March, and July to
November.

Tornadoes, although infrequent, have occurred in the area in every
month of the year except December and January. They are more
common in May and June.

SuNsHINE AND CLOUDINESS

Records at Dodge City show an average of 178 days of the year to
be clear, 65 to be cloudy, and 122 to be partly cloudy. The number
of clear days is relatively greater during the summer and early fall
months.

Humipity AND EvAPORATION

On the whole, the air is very dry in southwestern Kansas, and the
relative humidity is low. Thirty-year records at Garden City Ex-
perimental Farm show the following average rates of free surface
evaporation for the months of the growing season: April, 6.68 in.;
May, 8.46 in.; June, 10.25 in.; July, 11.90 in.; August, 10.42 in.;
September, 8.10 in. It may be noted that maximum evaporation oc-
curs during the month of maximum rainfall, and that the rate of
evaporation greatly exceeds the rate of precipitation.
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Dust SToRMS

Local dust storms have been known in western Kansas since the
country was first settled. (Throckmorton and Compton, 1938, pp.
7-8.) It was not until the recent drought, however, that dust storms
became so frequent, so severe, and extended over so wide an area
as to attract national attention. After several dry years, dust blow-
ing became severe in 1934, and reached a climax in 1935. During
some of the storms of that year—
dust became so thick in the southwestern part of the state as to cause total
darkness early in the afternoon and chickens went to roost as early as 3 p.m.
In some localities schools in the western counties were closed on account of the
danger to children in going and coming through the dust. In several of them
all forms of travel, including trains and busses, were stopped in the vicinity of
Dodge City and highways were closed. (Flora, 1935, p. 104.)

At several times, these dust storms extended beyond the eastern
border of the state. Dust blowing continued during 1936 and 1937,
but, although locally severe, generally did not extend eastward
nearly so far. In 1938, increased rainfall brought considerable alle-
viation in many places. Table 1 shows the frequency of dust storms
of different intensities at Garden City from early in 1935 through
1937, and table 2 presents similar data for Liberal.

Dust storms occurred most frequently in the late winter and early
spring months, but began as early as January and continued un-
til summer. In the extreme southwestern counties, sporadic dust
“blows” of varying intensity occurred in every month of the year.
Dust-bearing winds came from all points of the compass, and not
infrequently shifted their direction 180° or more during a single
storm. Records at Garden City show dust storms of all intensities
occurring at all wind velocities from 5 to more than 30 miles per hour.
Obviously, decreasing wind velocity favors settling of dust already
in suspension, so that, away from the source of the dust, no definite
relation between wind velocity and dust intensity can be expected.

Minor dust storms that I observed in the summer of 1937 were of
two types. The first type involved a gradually increasing haziness of
the air as more and more dust was stirred up by strong, steady winds
(pl. TA). This type lasted hours or days, until the strength of the
wind declined. The second type came more abruptly, after the
fashion of a thunder-shower. It progressed in wavelike manner and
showed a steeply inclined and sharply defined front, resembling an
irregularly lobate dark cloud rolling over the ground (pl. 7B). With
this cloud came strong, gusty currents of air and temporary darkness,
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TasLe 1—Number of days per month on which dust storms were recorded at
Garden City Experimental Farm. (Data from Susan Hadley, Secretary.)

Intensity of dust storms: (A) Dusty, but visibility greater than 14 mile; (B) very dusty,
visibility 100 feet to 14 mile; (C) extremely dusty, visibility less than 100 feet.

DATE oF STORMS, Intega%ty. - DATE OF STORMS, Tntensity.
A. B. C. A, B. C.
1935—March.......... 1 1 1 1 ) B N
April 6 16 1 1 6 - 1
May.o.ooonnnnnn 3 2 | 4 4 2
June.......... et 1 8 3 2
1936—f‘ebmaw ........ 1 4., 7 7 1
March.......... 2 | 3 1 1
April............ 1 1 [ 2 [
May...ooeevvvesfeunnns 1

TasLE 2—Number of dusty days recorded at the U. S. Soil Conservation Service
office at Liberal. (Data from M. M. Taylor and E. O. Hill of that office.)

Intensity of dust storms:

(A) Dusty but visibility greater than 0.2 mile; (B) very dusty,
visibility less than 0.2 mile.

MonTH. A. B. Monra. A. B. Monra. A, B.
1936—Mar. 11 11 1937—June...| 1 1 1938—Sept...| 6 |......
April...... 14 ... July...|...... 1 Oct....| 9 |......
May..... 12 2 ' Aug.... 6 {...... Nov... [: T
June..... 5 ... Sept. .. 2 |...... Deec.... 5 |......
July.....}lo..o e (070 70N P 1939—Jan....[ 5 |......
Aug...... 1 |...... Nov... ) S RN Feb.. .. 8 |[......
Sept..... 1 |..... Dec.... T |...... Mar. .. 6 |......
Oct...... 2 |...... 1938—Jan... 3 April...{ 10 |......
Nov..... 2 ... Feb.... 6 3 May...| 11
Deceevvvifonnenifinens Mar...| 13 3 June...| 10
1937—1Jan...... 1 |...... April...| 12 2 July... 8
Feb... 8 1 May...| 10 2 Aug.... 7 |..ooen
Mar..... 2 June...| 16 1 Sept. .. 8 1
April. 5 July...| 8 |...... Oct....| 12 |......
May.....[eeeeeifeenn, Aug....| 17 |...... Nov... 5 |oo...
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and in its wake were lingering swirls and streamers of dust and a
gradually decreasing haziness. This type of dust storm generally
came late in the afternoon, and sometimes was followed immediately
by a slight amount of rainfall, though more commonly by nothing
more than a somewhat clouded sky. Preceding such storms, dust
whirls or “dust devils” were usually conspicuous (pl. 8A).

STRATIGRAPHY
EXPOSED PRE-TERTIARY ROCKS

The pre-Tertiary rocks outcropping in southwestern Kansas range
in age from Upper Permian to Upper Cretaceous. They are widely
exposed along Pawnee river, Buckner creek, and Sawlog creek at
the northeast, and in the Red Hills and Ashland basin at the south-
east. At the west, their outcrop areas are fewer and smaller, being
limited to scattered areas along the larger stream valleys. Only
casual observations on these rocks were made, and the following
summary, included for completeness, is compiled from the literature.

PerMIAN Rocks

Redbeds and associated rocks of Permian age are widely exposed
in Clark county and in southeastern Meade county. These rocks
have been collectively known as Cimarron, but are now classified
by the State Geological Survey according to series that are based on
the Permian succession of western Texas. Subdivisions represented
in the area here discussed are indicated in the following table, mainly
from Norton (1939).

Permian rocks of Clark and Meade counties, Kansas

Thickness
SERIES. Formation. Member. in
feet.
Taloga : 65
Day Creek dolomite 2
Guadalupe
Upper shale member 38
‘Whitehorse Even-bedded member 100
Relay Creek dolomite 22
Marlow member 110

The following descriptions are from Norton (1939).
The Whitehorse formation crops out in southern Clark county.
Its lower member, the Marlow—
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is a unit of poorly bedded, soft, ordinarily fine-grained, commonly cross-bedded
sandstone, very difficult to subdivide into its individual layers. It weathers
into deep canyons and massive bluffs. Locally some of its more resistant beds
are composed of masses of “sandballs.” . . . Many of the basal beds are
prominently cross-bedded. In places they are more shaly or silty and some
are veined. . . . The Relay Creek dolomite member is a variable member
of sandstone 22 feet thick, with a dolomite bed, ranging from a few inches to a
foot in thickness, at top and bottom. . . . In central and northern Clark county
these beds are recognizable only as white streaks in the redbeds above a mass
of featureless red sandstones, and below the next evenly bedded sandstone mem-
ber. . . . Overlying the horizon of the Relay Creek dolomites and related
beds is 100 feet of well bedded sandstones with thin intervening shaly siltstone
partings, which also weather into canyons and promontories, but unlike the
Marlow below, the individual beds of this member can be followed and corre-
lated from place to place. . . . One of the more prominent and thicker
sandstone beds has a deeper maroon color than the average and makes a good
correlative marker. “Sand-balls” are present in these strata also, and the
“sand-crystals” from which they developed were found in the lower beds of the
member. Probably the best exposure of this member is in the Morrison oil

field of Clark county. . . . The 38 feet of shale intervening between the
even-bedded member and the Day Creek dolomite is a very distinctive unit
of the Whitehorse. . . . Close to the base is a dolomitic horizon of two to

three members, each about %% foot thick, bedded in maroon clay shale. Cal-
cite crystals of good size are present in an interlocking mass in the intervening
shale. Above are some brick-red sandy clays, another calcareous sandy lentil
near the middle of the member, a thin, hard red sandstone, more soft red sand-
stones, a last thin maroon shale, and above that 4-7 feet of gray-green sandy
shale, more buff-colored immediately beneath the contact with the Day Creek
dolomite.
The Day Creek dolomite is a single bed, typically about 2 feet thick, of fine-
grained, dense dolomite, overlain and ordinarily underlain by gray shales.
. In local areas, the dolomite has been partly altered to a siliceous rock
which Cragin dignified by the name of “faresite”.

This formation crops out in the area north and west of Ashland in
Clark county. It makes an excellent horizon marker, and its out-
crop has been mapped in detail by Putnam (in Suffel, 1930, pl. 17).
This rock is being used as rip-rap on the dam at Clark County State
Lake.

The Taloga (“Big Basin”) formation crops out in Big Basin and
in other parts of west-central Clark county.
The basal 7 feet of the lower shaly member of the formation, immediately
overlying the Day Creek dolomite, is gray-green in color at some localities.
. . The upper and more prominent part of the Big Basin sandstone consists
of 40 feet of sandstones and sandy shales, both locally lithified to a varying
extent. The massive sandstones are normally cross-bedded, red and hard, with

a crystalline sheen along a freshly broken face as if bonded with gypsum or
some form of calcium carbonate. Three principal beds make bold cliffs, the
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lower 5 feet thick, the top one 8 feet thick, and an intermediate bed 2 feet
thick. . . . Between these principal sandstone beds, the shales become more
or less sandy from place to place (Norton, 1939).

Triassic (?) Rocks

Triassic rocks are widespread in northeastern New Mexico, and
extend into the Texas panhandle and Cimarron county, Oklahoma
(Stovall, 1938, pp. 585-587). Their occurrence farther east in the
Oklahoma panhandle and in southwestern Kansas is debatable. In
Texas county, Oklahoma, a small area of red rocks along Beaver
creek west of Guymon is mapped by Gould and Lonsdale (1926, pp.
25-26) as very questionable Triassic. More detailed descriptions of
these rocks are given by Schoff (1939, pp. 49-54), and the suggestion
is made that both Triassic and Jurassic beds may be present. In
Morton county, Kansas, near the boundary between sec. 12, T. 34 8.,
R. 43 W., and sec. 7, T. 34 S., R. 42 W, just east of Point Rock, a
few small exposures are represented on the state geologic map
(Moore and Landes, 1937) as possibly of Triassic age. These ex-
posures occur along a small gully just north of the river, and in a
bedrock ledge on the river bank. The rock consists of red chippy
shale, and the exposed thickness is about 20 feet. It is overlain by
fine-grained cross-bedded yellowish to buff sandstone containing
some red bands, and having a minimum thickness of slightly more
than 40 feet. No fossils of any kind were found in either division.
The upper sandstone differs in appearance from typical Dakota, and
may possibly be of Jurassic or Early Cretaceous age.

Lower Creraceous Rocoks

In this area, rocks of Early Cretaceous age are virtually restricted
to the upper slopes of the Red Hills in Clark county. They are
grouped in two divisions, the Cheyenne sandstone and the Kiowa
shale. The following descriptions are drawn from discussions by
Twenhofel (1924) and Bullard (1928).

CHEYENNE SANDSTONE

The Cheyenne sandstone is best exposed at the type locality near
Belvidere, in southeastern Kiowa county, where it reaches a thick-
ness of 55 feet. In Clark county, where present at all, it is very
much thinner. It lies unconformably on the Permian redbeds, and
consists of strongly cross-bedded gray to yellowish sandstone, locally
streaked or mottled with red and other colors, and containing some
interbedded gray to yellowish and black shale. Bedding is discon-

3—5846
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tinuous, and grain size, cementation, and other lithologic features are
variable from place to place. Locally the rock is gypsiferous. Fos-
sils of land plants are common. The sandstone exposed between the
Permian redbeds and the Tertiary sand and gravel on the east side
of Big Basin in western Clark county may belong to this formation,
as may also the sandstone overlying redbeds at the Point Rock sec-
tion in Morton county.
KIOWA SHALE
The Kiowa shale is well exposed at Clark County State Lake,

along the valley of Bluff creek about 13 miles north of Ashland (pl.
6). The thickness here is about 100 feet. According to Bullard
(1928, p. 56), the rock—
consists typically of thinly laminated black shale grading into a yellowish clay
in the upper part. The black shale of the lower portion of the Kiowa is es-
pecially characteristic, consisting of very thinly laminated, paper-like shale.

. The upper portion contains more lime and has a distinctly yellow color.

. There are numerous thin layers of soft yellowish sandstone, particularly
in the upper part. The formation contains throughout thin limestone layers,
almost a fossil coquina, consisting of fragments of oyster shells. Fossils are
exceptionally abundant, occurring in the limy and sandy layers throughout the
formation. The black shale rarely contains fossils. '
Vertebrate as well as invertebrate fossils have been found in the

formation. Selenite is common throughout.
Upper CrETACEOUS ROCKS

Upper Cretaceous rocks are far more widely exposed in southwest-
ern Kansas than are those of Early Cretaceous age. The exposures
are broad and continuous in the northeastern part of the area, but
scattered and discontinuous at the west. The following formations,
in upward order, are present: Dakota sandstone, Graneros shale,
Greenhorn limestone, Carlile shale, and Niobrara formation. These
have been described and mapped in detail in Hodgeman county by
Moss (1932), and in Hamilton county and adjoining areas by Dar-
ton (1920) and Bass (1926), from whose reports the following de-
scriptions are mainly summarized.

DAKOTA SANDSTONE

The Dakota crops out along Bluff creek and other streams in
northern Clark county, at a few places on the north side of the Ar-
kansas in Ford county, and along Sawlog creek and Buckner creek
in Hodgeman county. At the west, there are scattered outcrops on
the south bank of the Arkansas just west of Hartland in Kearny
county, along Bear creek and its northern tributary in Hamilton
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and Stanton counties, and along tributaries of North Fork of the
Cimarron in northern Morton county and southern Stanton county.
The maximum exposed thickness of the formation in this area is
about 80 feet. The complete section is nowhere exposed, however,
and its thickness may reach or even exceed 350 feet. No detailed
studies of the formation have yet been made in this area.

Typical exposures of the Dakota show a fine-grained thin-bedded
to massive sandstone, which commonly exhibits cross-bedding. The
color ranges from gray through the characteristic buff to rusty
brown. The cement is calcium carbonate in some places, iron oxide
in others, and silica in a few others. The last forms a very hard,
quartzitic rock. All the sandstone beds are more or less lenticular,
and are interbedded with variegated clay or shale or both. The
formation as a whole is distinctly ferruginous, and ironstone concre-
tions are common in many places.

GRANEROS SHALE

The Graneros shale crops out along Sawlog creek, Buckner creek,
and Pawnee river in Hodgeman county, along the north side of Ar-
kansas river in Hamilton county and in western Kearny county, and
at several scattered localities south of the river in Hamilton county.
Its thickness is variable, the maximum being 65 feet. The formation
consists mainly of bluish-gray to gray-black fissile argillaceous shale.
In places it contains beds and lenses of sandstone, sandy shale, and
sandy limestone, and locally there are a few thin layers of fossil
oysters. In Hamilton county a thin band of bentonitic clay is re--
ported. Selenite crystals are present in many outcrops.

GREENHORN LIMESTONE v

The distribution of the Greenhorn limestone is similar to that of
the Graneros shale. Its thickness ranges from 122 to 132 feet. The
formation consists of a series of thin chalky and crystalline lime-
stones separated by thicker beds of chalky shale, which contain thin
bentonite beds (Moss, 1932, p. 26). From bottom to top, the follow-
ing members are distinguished: Lincoln limestone, Hartland shale,
Jetmore chalk, and Pfeifer shale. In Hodgeman county the lower
two of these are not satisfactorily differentiated, and in Hamilton
county the upper two are not distinctly separable, being grouped to-
gether as the Bridge Creek limestone. Subdivisions, as their names
imply, are distinguished on the basis of relative proportions of lime-
stone and shale. The Fencepost limestone bed, widely quarried for
the use indicated by its name, lies at the top of the formation.
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CARLILE SHALE

The Carlile shale crops out along Pawnee river and Buckner creek.
in the northeastern part of the area, and along tributaries of the Ar-
kansas in northern Hamilton county. Its maximum thickness is
about 260 feet. The formation consists of bluish-black noncalcare-
ous fissile shale above, grading downward into lighter-colored cal-
careous shale containing thin beds of chalky limestone. The lower
part is designated as the Fairport chalky shale member, and the
upper part as the Blue Hill shale member. The latter has a sandy
zone at the top, and contains large calcareous concretions, in part
septarian, in the upper part.

NIOBRARA FORMATION

This formation crops out along Pawnee river in northeastern Fin-
ney county, and along a few tributaries of the Arkansas in northern
Hamilton county. Only the lower part of the formation is exposed in
this area, and in Hamilton county this has a thickness of 73 feet.
Two members are recognized: the Fort Hays limestone member
below, and the Smoky Hill chalk member above. The Fort Hays
member consists of massive beds of chalky limestone separated by
thin beds of clayey to chalky shale. The limestone tends to be gray
on fresh surfaces, but buff on weathered surfaces. This member has
a thickness of 61 to 80 feet. The Smoky Hill chalk is composed of
soft beds of chalk alternating with chalky shale, and containing
numerous thin layers of bentonite.

TERTIARY FORMATIONS

The Tertiary section in southwestern Kansas is by no means com-
plete. The Eocene, Oligocene, and Miocene are nowhere known to be
exposed at the surface, although possibly deposits representing these
epochs may be concealed beneath younger deposits. The Pliocene
is represented by the widespread Ogallala formation, which covers
by far the greater part of the area, and by other deposits of less
extensive distribution. Vertebrate faunas and grass seeds from the
Ogallala in southwestern Kansas indicate a middle Pliocene age.
Beds of possible early Pliocene age lie uncomformably beneath the
Ogallala at a single locality. The upper Pliocene is represented by
the Rexroad formation, which is almost restricted to Meade county.
This formation lies unconformably on the Ogallala.
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Lower Priocent (?) Beps

Rock of possible early Pliocene age occurs in one small area in
southeastern Seward county (fig. 6), on both sides of Cimarron river
in contiguous portions of sections 23, 24, 25, and 26, T. 34 S., R.
31 W. The total outerop area is slightly more than 1 square mile.
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F16. 6. Map showing location of lower Pliocene (?) beds in
southeastern Seward county.

The lithology of the rock is unique, and entirely dissimilar to any-
thing else exposed in the region. The beds show irregular easterly
dips of 10° or more, and underlie essentially flat beds of the Ogallala
with angular unconformity. This rock was observed and described
by Adams in 1902, but seemingly has been unnoticed by later geolo-
gists.

No complete section of these beds was found. The following par-
tial section, however, was measured on the northeast side of the river
at the site of a small old quarry:
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Section of Lower Pliocene (?) beds in scc. 24, T.31 8., R. 34 W., Seward County

Thickness
in feet

Limestone, hard, somewhat porous, white to light sandy.......... 1
Sand, very rusty, coarse and gritty below and somewhat clayey
21 ¢ 70) 2 S PPt 7
6. Sandstone, soft, massive, coarse-grained, gritty, gray to yellowish,
including some grains of limestone..................cooiiitn. 1
5. Chalk, soft, porous, friable, gray to yellowish-gray in color, but
weathers gray-buff; shows fine banding but weathers massive.
Weathered surface somewhat “case-hardened” by solution and
redeposition. Quarried zone ...........ciiiiiiiiiiiiiin... 5.5
4. Covered interval .......cooiiiiiiiiiiiiiiiiiiiii it 6
3. Chalk, soft, porous, friable, very fine-grained, thinly laminated,
somewhat argillaceous, gray to light-chocolate-colored, and some-
what variegated. Some dark fragmentary carbonaceous material
on bedding planes ........ooeeieiiiiir it 5
2. Covered interval .........otiiiiiiiiiiiii i 5
1. Chalk, soft, porous, friable, thin-bedded, light-brownish, clayey,
weathers massive; contains some plant remains in lower part,
and abundant ostracodes throughout...................... 7 to 12

N %

The base of the section is about 40 feet above river level, the under-
lying material being concealed. Overlying the section is about 130
feet of Ogallala beds. A few hundred yards to the south, beds of
chalk and of limy sandstone, totaling about 5 feet in thickness, are
exposed, and seem to be lower in the section. The chalk constitutes
the most distinctive part of all the outcrops. It was formerly quar-
ried and sawed into blocks with wood saws for local use in building.
It is easily worked, and on exposure becomes superficially hardened
by solution and redeposition of calcium carbonate.

Rock similar to that described above was reported by Claude Hib-
bard, in 1939, from the valley of a tributary to the Cimarron in
southwestern Meade county. Similar rock was described also by
Cragin (1891) and by Case (1894) from the south side of Beaver
river near Beaver, Okla.

The fine banding (pl. 8B) and uniform lithology of the chalk
beds, together with the presence of fresh-water ostracodes and of a
fossil fish, reported by residents of the locality, suggest a lacustrine
origin. Exact data as to age, however, are wanting. Turtle tracks
and bone fragments were found by Adams, and additional frag-
ments were collected by Hibbard and me, but none of these are
diagnostic. The ostracodes, now being studied by John R. Embich,
may be helpful. If these beds correlate with those near Beaver,
Okla., as suggested by Adams, an early Pliocene age would be in-
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dicated by the recent studies of Chaney and Elias (1936). In the
absence of definite information they are tentatively assigned to that
age. It may be mentioned, however, that Adams noted the lithologic
similarity of the Seward county beds to the White River Oligocene.

OcaLLaLas ForMATION
GENERAL RELATIONS

The Ogallala formation is a widespread mantle consisting mainly
of stream-laid sand, gravel, silt, and minor amounts of clay, all de-
rived principally from the Rocky Mountain region. In places the
formation contains small deposits of volecanic ash, and locally there
are important limestone beds and some erratic deposits of chert.
This mantle is essentially continuous from the Platte valley in
Nebraska to the panhandle of Texas, and covers a belt 100 to more
than 250 miles wide from west to east. The top of the forma-
tion is essentially the surface of the High Plains throughout this
region. The formation rests with angular unconformity on older
rocks, which, in southwestern Kansas, range from Permian at the
east to Upper Cretaceous at the west. The angular discordance is so
slight, however, that in many exposures the older and younger rocks
seem to be parallel. The thickness of the Ogallala varies with the
relief of the underlying topography, and in this area ranges from less
than 50 feet to possibly more than 500 feet. In general, the forma-
tion is thinner at the east than at the west, but there are also sig-
nificant differences in thickness from north to south.

PREVIOUS STUDIES

The Ogallala formation, comprising beds previously called “Loup
Fork”, was named by Darton in 1899 (pp. 734-735, 741-742, pl.
84) from a locality® in southwestern Nebraska and its distribution
in that state was shown on a generalized map. In 1903 the formation
in the Scotts Bluff and Camp Clarke quadrangles in Nebraska was
described (Darton 1903, 1903a), and in 1905 its extension across
western Kansas and eastern Colorado was mapped and described
by Darton (1905, pp. 178-179, pl. 44). In 1935 the vertebrate fauna
of the type locality was described by Hesse, and in 1939 recent de-
tailed areal studies in Nebraska were reported by Lugn in a pre-
liminary paper.

Prior to Darton’s naming of the formation, beds in southwestern
Kansas now classed as Ogallala were described briefly by Hay
(1890) and beds in parts of northwestern Kansas were described by
the same writer (Hay, 1895). Hay recognized two divisions in these

* See footnote, p. 73.
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deposits: the “Tertiary grit” below, and “Tertiary marl” above.
Two years later, Haworth (1897b) described the general lithology
of the Tertiary in western Kansas, and showed that its origin was
fluviatile rather than lacustrine as had been assumed by Hay and
other previous writers, excepting Gilbert (1896). Johnson (1901)
elaborated on Haworth’s interpretation, presenting an extended an-
alysis of Tertiary fluviatile deposition, and questioning the validity
of Hay’s two divisions. After Darton’s reconnaissance report of
1905, introducing the name “Ogallala”, little further study of this
formation was made in Kansas until 1920, when Darton mapped and
described in some detail the formation as exposed in the Syracuse
and Lakin quadrangles. Later, the Ogallala of Russell county was
described by Rubey and Bass (1925), of Ellis and Hamilton counties
by Bass (1926), of Osborn county by Landes (1930), of Wallace
county by Elias (1931), and of Ness and Hodgeman counties by
Moss (1932). The studies of Elias, beginning in 1931, were by far
the most detailed, and led to the recognition both of definite horizon
markers, and of the value of grass seeds as index fossils (1932, 1935).
More recent studies by Theis have as yet been published only in
preliminary form (1935).

In eastern Colorado, Tertiary beds now regarded as equivalent to
the Ogallala were recognized as fluviatile deposits, and were desig-
nated simply as upland sands and gravels by Gilbert in 1896. In
1897, they were given the name Nussbaum formation in a more de-
tailed study of the Pueblo quadrangle. This name was used also
by Hills (1899) in describing the geology of the Elmoro quadrangle.
Darton (1905) pointed out that this formation corresponded to his
Ogallala formation, but he retained Nussbaum in describing the
geology of the Arkansas valley in Colorado (Darton, 1906, pp. 34-
35). This name was subsequently employed also in the descrip-
tion of the Tertiary strata of the Nepesta quadrangle (Fisher, 1906,
pp. 2-3), Apishapa quadrangle (Stose, 1912, p. 7) and several
counties in the southeastern part of the state (Coffin, 1921, p. 3;
Duce, 1924, p. 91; Patton, 1924, pp. 22-23; Tieje, 1921, pp. 10-11;
Toepelman, 1924, p. 12, 1924a, pp. 62-63). On the state geologic
map of Colorado (Burbank and others, 1935), however, the greater
part of the Tertiary in the Plains region was mapped as Ogallala,
and only a few outliers at the west were designated as Nussbaum.
The separation of the latter was apparently based on Gilbert’s
priority for the type locality, but was made arbitrarily, without ex-
planation, and consequently is confusing to the user of the map.
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Tertiary beds in the panhandle of Oklahoma corresponding to the
Ogallala were described without use of a formation name by Roth-
rock (1925) and by Gould and Lonsdale (1926). More recently
Schoff (1939, p. 57) has definitely referred these beds to the Ogallala.

Beds in the panhandle of Texas equivalent to the Ogallala forma-
tion are grouped in the Panhandle formation, a usage to which Hesse
(1936, p. 49) objects. A summary of the studies on this formation
was made by Plummer in 1932 (pp. 763-776).

Widespread deposits of Ogallala in eastern New Mexico have been
mapped and briefly described by Darton (1928, pp. 58, 300; 1928a).
Additional data for Curry and Roosevelt counties are given by Theis
(1932).

Paleontological studies, as distinguished from the areal studies

listed above, are cited in a later section dealing with the age of the
formation.

LITHOLOGY

General statement.—The lithology of the Ogallala formation is
notably variable, both laterally and vertically. With the single ex-
ception of a limestone member at the very top of the formation,
individual beds are characteristically lenticular, and few can be
traced very far. Gravel, sand, clayey silt, and calcium carbonate
are the principal materials, but their proportions and degree of in-
duration are typically irregular, and they occur in variable sequence.
Beds of one type of material commonly grade into those of another
so gradually that no sharp dividing line can be drawn.

Gravel and conglomerate occur throughout the greater part of the
formation, but, in many of the thicker sections, they seem to be
coarser, thicker, and more persistent at the base. In many relatively
thin sections, no basal gravel is present. The gravel generally is
admixed with more or less grit and coarse sand, and commonly
grades upward into sand. Channeling (pl. 9A) and cross-bedding
are characteristically prominent. The material is generally at least
moderately well sorted, and, unless thoroughly cemented, has a rela-
tively great porosity. All gradations are found from loose, un-
cemented gravel to hard, compact conglomerate, resembling concrete.
The former is well represented by the basal beds in Meade and
Clark counties, the latter by rock in exposures along Bear creek in
western Stanton county. Beds showing an intermediate degree of
cementation are perhaps the most common, and constitute the typi-
cal “mortar-bed” conglomerate, which generally is easily broken by
the hammer. These beds commonly weather in relief, and form
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prominent ledges along the valley sides. The cementing material is
generally calcium carbonate, which in some places is seen to be
megascopically crystalline. Limonite is locally conspicuous also. In
many outcrops gradation from slight cementation to strong cemen-
tation is found, governed seemingly by minor differences in the per-
meability of beds or cross-laminae. The color of the gravel ranges
from dirty gray to rusty brown, the latter being perhaps the more
common. In some beds the rusty stain is streaked or spotty, and
locally a sooty-black staining is found. The conglomerate beds are
generally somewhat dark gray on the weathered surface.

Facies variations—On the basis of the lithology of the pebbles,
two distinet facies of gravel are recognizable: one composed domi-
nantly of sandstone, ironstone, and quartzite, and the other of
crystalline igneous and metamorphic rocks. The former occurs only
at the base of the formation, and is exposed only in Meade and
Clark counties. The latter is widespread along the Arkansas valley,
and crops out also at scattered localities along the Cimarron valley,
above the base of the formation.

The sandstone-ironstone-quartzite facies is composed mainly of
material similar to that found in the Dakota sandstone and other
Cretaceous formations. Most of the ironstone pebbles are flat, and
are probably concretionary. The sandstone is fine-grained, light
buff in color, and more or less saccharoidal in texture. The quartz-
ite is dominantly gray, but weathers rusty brown; it is of the type
formed by secondary cementation rather than by metamorphism
and recrystallization. Locally some pebbles of gypsum, dolomite,
and red sandstone from the Permian are present, and a few mud-
balls are found. Pebbles of quartz are common, but voleanic rocks
are rare and not a single pebble of granite was observed, although
some feldspar grains occur in the coarse sand associated with the
gravel. In shape, the pebbles range from rounded through sub-
rounded to subangular, the last being almost exclusively quartzite.
In size, most of the pebbles do not exceed 3 inches in their longest
dimension, but some reach a length of 8 inches, and some sandstone
blocks more than a foot long are found. The latter are probably of
local derivation. A few ventifacts (pl. 10A) are found among the
quartzite pebbles, and are distinguished by their well-smoothed,
fine matte surface and shallow, irregular pitting.

The granitic facies of the gravel and conglomerate is composed of
reddish granite, graphic granite, pink feldspar, quartzite, quartz,
several varieties of felsite, and other crystalline igneous and meta-
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morphic rocks. The quartzite ranges from light gray through brown
and reddish to black, brown being the most common. The felsite
ranges from almost white to reddish and purple. Texturally, it
ranges from very fine-grained to aphanitic, and from porphyritic to
nonporphyritic. A conspicuous, though by no means abundant
variety consists of sparse white feldspar phenocrysts in a very fine-
grained reddish-pink matrix. Petrographically, the felsites include
varieties of rhyolite, quartz porphyry, syenite, andesite, and prob-
ably other rock types. Pebbles of sandstone, ironstone, and chert
are also found. The pebbles in this facies are generally well
rounded, and few exceed 3 inches in length.

Possibly other facies or subfacies of the gravel and conglomerate
may be represented by the deeper, buried portions of the formation,
particularly along the Arkansas valley, but few samples of this
material have been seen. One, obtained from a water well in Dodge
City, at a depth of about 100 feet below river level, is composed
mainly of chalky limestone pebbles, but contains a few pebbles of
granite and ferruginous sandstone, and coarse grains of quartz and
feldspar.

Basalt pebbles were found in very few places, and of these the
least equivocal is at Point Rock in western Morton county. There,
pebbles of reddish, scoriaceous basalt as much as 5 inches in length
occur scattered sparsely through gritty sand in the upper part of the
formation. Cobbles of similar material as much as 10 inches in
length were found in a gravel bed about 50 feet above stream level
on the north side of Crooked creek south of Meade, but it is possible
that this bed is post-Ogallala.

Sand and silt—Sand is the prmmpal material of the Ogallala
formation, and occurs at all horizons. It grades into gravel on the
one hand, and into sandy, clayey silt and sandy limestone on the
other. The sand is composed dominantly of quartz, but contains a
subordinate amount of feldspar and minor amounts of the heavier
dark minerals. Texturally, the sand ranges from coarse to very fine
grained. The degree of sorting varies. Some beds are clean, uni-
form, and well sorted (pl. 9B), whereas others are “dirty” and
poorly sorted, containing silt and some clay (pl. 11A). Structurally,
the sandy deposits range from even-bedded to irregularly cross-
bedded, and many layers may be classed as structureless, showing
no bedding whatever through a thickness of several feet. The last,
in fact, are very common, and are typical of the middle and upper
parts of the formation. The structureless layers, in general, tend
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to be fine grained and poorly sorted, containing admixed silt and
minor amounts of clay, and some calcium carbonate. Irregular
nodular, knobby, and tubular calcareous concretions are abundant
in these layers. The coarser sand, on the other hand, is commonly
better sorted, and shows more distinet bedding, but this is not an
invariable rule. The cementation of the sand is similar to that of
the conglomerate. Calcium carbonate is the principal cementing
agent, and as the proportion of lime increases the sand grades from
a calcareous sandstone to a sandy limestone. The color of the clean
sand is generally gray buff to rusty buff where uncemented, and light
gray where the cement is calcareous. Where considerable silt and
clay are present in the sand, as in the structureless layers, the color
ranges from gray to reddish pink. In a very few places, particularly
in the bluff east of Clark County State Lake, a gray-green color was
observed in impure sand layers.

Silt is an important constituent in some of the poorly sorted sandy
beds, but was not found to occur in very pure form. Clay likewise
occurs principally in mixtures with sand and silt, no beds of true
clay being found in the Ogallala formation in this area.

Limestone—Limestone occurs in the Ogallala at many places, but
is of subordinate quantitative importance. It is commonest in the
upper part of the formation, particularly at the very top, but occurs
also at the bottom of some relatively thin sections, as at Point Rock,
in Morton county. Exposures are most numerous in Clark county,
eastern Meade county, southern Hamilton county, and western
Morton county. Limestone beds are medium bedded to massive,
and range from about 2 feet to slightly more than 5 feet in thickness.
Texturally, they range from soft and chalky to hard, compact, and
crystalline, gradations from one extreme to the other being found
in a single bed or in closely associated beds. In fresh cuts the
limestone is commonly softer than on long-exposed surfaces, sug-
gesting that some “case-hardening” takes place by superficial solu-
tion and redeposition. Everywhere it contains scattered grains of
sand, sparse in some places, abundant in others. The color on fresh
surfaces ranges from light gray buff to reddish buff, the former be-
ing the more common. The weathered surface exhibits various
shades of gray. More common than limestone proper are beds or
zones of “caliche”, which characteristically show a very irregular
bottom (pl. 11B).

The most persistent and distinctive limestone layer is one that
occurs at the top of the formation, and is here referred to as the
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capping limestone. This limestone has a maximum thickness of
about 5 feet, and the upper part generally erodes in relief, forming a
prominent ledge. It is commonly massive, and weathers to a
knobby, cavernous, or irregular surface. It differs from underlying
calcareous beds in degree rather than in kind—in greater thickness
and hardness, in superior compactness and purity, and in the oc-
currence, locally, of conspicuous concentric structures. These are
made up of concentric, wavy bands differing slightly from the en-
closing rock in color or texture, or both (pl. 12B). These structures
are etched in relief by weathering. In some the appearance is
pisolitic, and in others it suggests algal structure. In a single
locality (in the northwestern corner of Harper county, Oklahoma)
the concentric structure was found to conform to the outline of a
pebble of ferruginous Dakota (?) sandstone (pl. 12A). These struc-
tures were observed only in the uppermost part of the capping lime-
stone, and, although common at that level, are locally obscure or
absent, and seem to be spotty in their distribution. Inasmuch as
these structures have been found only at the very top of those sec-
tions of Ogallala in which they occur, they are believed to be
diagnostic of the top of the formation. Limestone beds lacking the
concentric structures, but otherwise similar to those displaying
them, cap exposures of Ogallala in some localities, and are inferred
also to mark the original top of the formation.

The lithology of the capping limestone is remarkably persistent,
although wide gaps occur between known exposures. It constitutes
the only satisfactory horizon marker in the formation. In south-
western Kansas, outcrops were found in Clark, Meade, Hamilton,
and Morton counties. In northwestern Kansas, algal structure is
seemingly more prominent in the equivalent horizon, which is re-
ferred to by Elias (1931, pp. 136-141) as algal limestone. Beyond
the Kansas state line, rock similar to the capping limestone was
found by me at the following localities: (1) in the northwest corner
of Harper county, Oklahoma, in bluffs east of U. 8. highway 283,
about 4 miles south of the Oklahoma line, resting directly on Per-
mian redbeds; (2) in Cimarron county, Oklahoma, in a railroad
cut north of Boise City, separated from underlying Cretaceous rock
only by thin beds of gravel; and (3) along U. S. highway 160 in
western Baca county, Colorado, about 4 miles east of the Las Ani-
mas county line.

Chert—Some small, irregular bodies of chert, generally of milk-
white color, are found in the calcareous beds of the Ogallala, and
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a single thick bed of chert was discovered in western Clark county,
on the south side of U. S. highway 160 in the El4 sec. 9, T. 32 8.,
R. 25 W. There the chert is about 5 feet thick and seems to be a
local variant in the capping limestone, perhaps formed by replace-
ment of the limestone. It forms a prominent white ledge, visible
for a considerable distance. The chert is very brittle and easily
shattered by the hammer, forming irregular, hackly fragments;
seemingly it is thoroughly traversed by incipient fractures. The
color ranges from white on the weathered surface to light gray on
a fresh surface, and shows some dark mottlings. The rock is mega-
scopically opaque, but contains scattered and irregular clots and
veinlets of translucent, opaline silica. The veinlets are locally so
prominent as to give the rock a brecciated appearance. Although
most of the chert is dense and compact, there are numerous small,
irregular tubular openings, marginal to which there are some indica-
tions of solution. : A

Volcanic ash—The Ogallala seems to contain volcanic ash in
only one southwestern Kansas locality, in southern Hamilton county
(sec. 18, T. 26 S., R. 40 W.). The ash at that place differs from
typical Pleistocene ash in its calcareous nature and in a considerably
more advanced degree of induration. It is overlain by calcareous
sand indistinguishable from that common in the Ogallala.

AREAL DESCRIPTION

The bedrock floor—Although lithologic variations are common,
indeed characteristic, throughout the Ogallala, they are unsystem-
atic for the most part, and lack any broad regional significance. Of
greater interest and importance are the variations in the thickness
of the formation, and in the configuration of its bedrock floor, as
shown in the cross sections and map, figures 7 and 8. Surface ele-
vations used in preparing these figures were obtained from topo-
graphic maps, and my field measurements by altimeter. They are
obviously of a lower order of accuracy in parts of the area that are
covered only by my reconnaissance contouring than in those for
which standard topographic sheets are available. Delineation of
the bottom of the Ogallala is based on actual exposures of the con-
tact, as shown on published geologic maps, and on well records. In
the greater part of the area the latter provide the only source of in-
formation. The degree of confidence with which the bottom of the
" Ogallala can be recognized in such records depends on two factors:
the lithologic contrast between the Ogallala and the underlying beds,
and the accuracy and adequacy of the record itself.
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The accuracy of the well log depends first on the type of record
that it represents, whether the driller’s original log, or a log based
on the study of actual samples or cuttings taken from the well. Logs
of the latter type are greatly to be preferred, but very few were
available in the area studied; these few served to check interpre-
tations resting solely on driller’s logs, which are based on the “feel”
of the drill, on the rate of penetration, and on inspection of cuttings,
sometimes somewhat cursory. The reliability of this type of log
varies with the method of drilling, with the purpose of the well, and
with the care and experience of the individual driller. Other things
being equal, the logs of wells drilled with cable tools are more satis-
factory than logs of wells drilled by the rotary method, but the
former are in a minority. Water-well logs, on the whole, show far
more detail than those of oil and gas wells, particularly with respect
to sand and gravel zones, which are of interest as aquifers. Logs
of municipal water wells and of deep irrigation wells were found
most helpful, but most of these wells failed to reach the base of the
Tertiary, and thus gave only a minimum figure for its thickness;
unfortunately, no records were available for many wells of this type.
Logs of oil and gas wells, although more numerous in some parts of
the area, are far less satisfactory. Most of these wells are rotary-
drilled, and owing to the speed of drilling and to lack of interest in
Tertiary deposits on the part of oil operators, the upper 600 feet is
logged only in a very casual fashion. Commonly there are glaring
inconsistencies between the logs of near-by wells. Compromises,
averages, and approximations are necessary in the interpretation of
such records, and the margin of error in estimating the thickness of
the Ogallala reaches 100 feet. Finally, it may be noted that the ter-
minology used by drillers is different, and almost never is it the same
as that of the geologist. Calcareous beds, for example, are variously
referred to as “gyp”, “magnesia’”, or “shells”.

The confidence with which the base of the Tertiary may be rec-
ognized in well records depends also on the character of the under-
lying rock. Where this is the shale, limestone, or chalk of post-
Dakota formations, the lithologic contrast on entering it is generally
well enough marked to attract the driller’s attention. This condi-
tion prevails over large areas north of Arkansas river. There the
Cretaceous beds are commonly logged as blue shale, blue clay, lime,
or chalk, as the case may be. Where the color of the “clay” is not
indicated, the Ogallala may be inferred to extend to such depth as
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gravel or coarse sand is reported, and probably to such depth as
much sand of any type is interbedded with the clay or shale.

Where the Ogallala is underlain directly by Dakota or pre-
Dakota beds, the contact is more difficult to identify, and in many
well records can be estimated only very roughly. Where redbeds are
first logged, in significant thickness, a post-Permian unconformity is
of course indicated, but this may leave a questionable section of
considerable thickness below undoubted Tertiary. If gravel or
coarse sand is reported in any thickness, however, Tertiary beds are
probably indicated to at least the depth at which it occurs, for such
material is very rare in the pre-Tertiary beds of this area. This
criterion, of course, presupposes that the well log is true to the
facts, which in some instances is open to grave doubt, as indicated
by conflicting records of different wells in the same locality. Sand
or gravel being lacking, estimation of the basal Tertiary contact in
any given well log can only be approximated by comparison with
the nearest wells for which the records contain more distinctive
features, on the assumption that major changes in the bedrock
topography are reasonably gradual and orderly. A few wells for
which the records seem to have been more carefully made serve as
controls on the interpretation of other logs within a considerable
radius, and those few wells from which actual samples are available
provide the most definitive check of all. Even samples, however,
particularly rotary samples, are by no means unequivocal, and must
be interpreted with caution. Cuttings from the bottom of the hole
may be contaminated with material dropped or carried down from
higher levels. Pebbles derived from pre-Tertiary formations are
included in Tertiary beds, and, when found in fragmental form
mingled with cuttings of other material, easily may be confused with
cuttings from the bedrock itself. Pebbles of Dakota ironstone, for
example, occur well up in the Ogallala, so that the presence of
ferruginous chips in cuttings does not necessarily indicate that the
drill has reached the Dakota formation. Nor does the presence of
red streaks necessarily indicate that redbeds have been reached, for
some beds in the Ogallala are reddish, and probably contain ma-
terial reworked from the Permian and Triassic.

All factors considered, the data available were hardly adequate,
either in quality or in quantity, for accurate contouring of the
‘Tertiary basement. The map is preliminary only, and is subject to
such revision as the finding of additional data may require. On the
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whole, however, it is believed to present a.true, though generalized
picture of the major features of bedrock topography.

The bedrock floor, as mapped, is obviously not to be regarded as
a normal erosional topography. Crustal deformation is believed to
have played an important role, and to have taken place partly be-
fore or during the deposition of the Ogallala, and partly after the
deposition of that formation. Evidence for this is discussed in the
section on structural geology. It may be noted also that the bed-
rock surface does not necessarily represent the base of the Ogallala
in all places. It is entirely possible that, where depth to the bed-
rock floor is considerably greater than the “normal” thickness of the
Ogallala, the latter is underlain by older Tertiary formations, and
that it is these that rest directly on the bedrock.

Variations in the western area.—A more detailed description of
the Ogallala and its areal variations is given in following pages.
This description is based on division of the area into three broad,
north-south-trending belts, centering roughly about the three cross-
sections (fig. 7) ; these are discussed in order from west to east.

At the western edge of the area, near the Colorado line, the base
of the Ogallala (or of the Tertiary) has a relief of more than 250
feet, and the thickness of the formation ranges from 50 feet to more
than 200 feet. The noteworthy features here are two buried valleys
or basins separated by a ridge (fig. 7TA). Evidence for these is
found mainly in the areal maps of Darton (1920) and Bass (1926).
The north valley corresponds in position to the present valley of
Arkansas river. At the west, the bottom of the old valley, as re-
constructed, lies above the modern valley level. Eastward it seems
to become somewhat shallower and to converge with the present
valley level, but toward the eastern border of Hamilton county data
are inadequate and the relations are obscure, so that the old valley
cannot be traced with certainty into Kearny county.

North of the Arkansas valley, data on the floor of the Ogallala are
very meager. Beyond the evidence of several inliers of Cretaceous
rocks along short tributary streams, and of a single well record,
contours are drawn on the basis of interpolation to a few water-well
logs in Greeley county. The record of the well, in Hamilton county,
located about 6 miles north of Kendall, is of interest, and is quoted
from Haworth (1897b, pp. 261-262):
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Record of well 6 miles north of Kendall, Kansas

Thickness
in feet Total depth
Soil and light-colored subsoil..............coooviiiinitn, 8 8
Clay with large amount of calcareous cement............... 6 14
Sand and gravel ......ooiiiiiiiii i e e 57 71
Sandy clay with much calcareous cement................... 28 99
Sand and coarse gravel ......... .. i ittt 6 105
Sandy Clay .t e et e e e, 25 130
Sand and gravel ......coiiiiiiii e 12 142
Yellow sand .. oouiiiiiii ittt i 13 155
Sand and gravel ... ...t i e e 9 164
CIAY et 6 170
Water-bearing sand and gravel.................ccovinee.... 22 192
Yellow clay and fine sand...........coiieiiiiiien... 4 196

A thickness of at least 192 feet is indicated for the Ogallala,
placing the base of the formation at a lower level than in the river
bluff at Kendall, due south.

South of the Arkansas valley, the bedrock surface rises abruptly
to a ridge, which marks a structural dome in the Cretaceous beds.
Here the Ogallala thins to 50 feet or less. An outerop of the capping
limestone was found along a road cut in the E14 sec. 8, T. 25 S.,
R. 42 W, and it seems probable that this limestone controls the
present plateau. The bedrock ridge declines eastward, with the
topographic surface, but adequate controls for its delineation toward
and beyond the Kearny county line are wanting.

In southern Hamilton county and northern Stanton county, south
of the ridge, the Ogallala seems to occupy a broad basin. According
to Darton’s interpretation of the log of a well at Johnson (1920, p.
9), the Ogallala there reaches a thickness exceeding 180 feet. To
the southwest and south, the bedrock floor gradually rises, to crop
out along shallow stream valleys in southwestern Stanton county
and northern Morton county. In southern Morton county it declines
again. At Point Rock, on the river bluff about 6 miles east of the
Colorado line, the thickness of Ogallala beds is 80 feet, and the
section is as follows:

Section of Ogallala beds at Point Rock on Cimarron river, 6 miles east of the
Colorado state line

Tertiary system, Ogallala formation: Tl}:fl;:efs
6. Calcareous beds, poorly exposed...........covvvviinnn. 8 to 10
5. Calcareous sandstone to sandy limestone, containing some sand
lenses and numerous vertical, rod-like concretions............ 8

4. Calcareous sandstone, irregularly cemented and more or less
TASSIVE + . ttttitretenteneaseneeroneentanenessoncannensnns 6
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3. Calcareous sand, structureless, gray-buff, gritty, with scattered
limy concretions and pebbles of reddish scoriaceous basalt as

much as §inchesin length................ ..o il 10

2. Poorly exposed interval, mostly soft sandy material............. 42

1. Gray limestone, weathering cavernous to platey................ 4

Unconformity -
Sandstone of Mesozoic age

Total thickness .......vvieiiiiiii ittt eiiiiinnans 78 to 80

The base of the section is 53 feet above river level; it is underlain
by Mesozoic sandstone. The Ogallala beds are slightly warped.-

Farther south, at Elkhart, the thickness of the Ogallala formation
is at least 250 feet. A representative section is recorded in the log
of Elkhart city well No. 5:

Record of well at Elkhart, Kansas, showing Ogallala beds

Thickness
in feet Total depth

D 3 3

[Tertiary system, Ogallala formation]
Sandy €lay ...ooiiiiii i e e 15 18
Sandy clay with “gyp”. ..ottt iii i 22 40
CGYPDPY Clay vttt e e 5 45
T2 4o 9 54
CGYDPPY” Clay vttt i s 16 70
Plain “gyp” .o e 16 86
“Gyp” and €lay .oovieiiii i e 12 98
D ettt e e e s 24 122
“Gyp” and Clay covviiiitiii i i e i e 14 136
Sandy €lay ..oviiiiiiii i e e e P 18 154
L RIS 4 158
“Gyp” and clay ...ttt e e 5 163
Sandy €lay ....ieiiiii e 9 172
Red clay with little sand.............covviiiininnn... 16 188
Red joint clay «.ooovvnveviineniiiii i 4 192
Pack sand with few boulders............................ 33 225
Pack sand and clay, larger percent clay................. 20 245
Sand and gravel ..........coviiiiiiiiii 5 250

[? Unconformity]

[? Permian system or Mesozoicl
Brown pack sand ...... ... i 7 257
Red sandy elay ......oooviiiniiniiiiiiiiie e, 8 265
Pink sand rock ........ ool 12 277
Light-yellow sand rock ...........ccoiiiivnnninnna.... 9 286
Redshale «..ooiiiiii e 1 287

The sand and gravel at a depth of 245 to 250 feet must be Ter-
tiary, and the material below is probably pre-Tertiary. Examina-
tion of samples from depths of 246 to 277 feet in test hole No. 4
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for Elkhart city well No. 7 confirmed the above interpretation,
showing sand of typical Ogallala lithology to a depth of 258 feet.
This sand is fine to medium grained, angular, buff, dominantly
quartzose and subordinately feldspathic, and at a depth of 246 to
250 feet contains a few small pebbles. A distinct red color is first
observed at a depth of 272 feet. The sand at a depth of 258 to 272
feet is somewhat finer and more nearly uniform than that above,
and contains some silt. All or part of it may be of Mesozoic age.
East of Elkhart, toward Stevens county, the bedrock floor declines
and the thickness of the Tertiary strata increases rapidly.

Variations in the central area.—The Tertiary attains its maximum
thickness in the central part of the area (fig. 7B). Here the bedrock
topography shows two basins separated by a broad divide. The
basin at the north reaches its maximum depth of 300 feet below the
present Arkansas valley level in the vicinity of Garden City. In-
asmuch as some previous workers have assumed that the deposits
underlying the Arkansas valley are all Quaternary alluvium, it is
desirable to review briefly the evidence for Tertiary age of the
greater part of the fill. (1) The bedrock floor of the Ogallala
plunges under the Arkansas valley near Hartland in Kearny county.
(2) Just east of the point noted, the bedrock floor steepens too
abruptly to be accounted for by normal stream erosion alone (fig.
8). (3) Well records in western Finney county and eastern Kearny
county, at places some miles distant from the present valley, show
Ogallala similar in composition and in thickness to the material
under the Arkansas valley. (4) From central Kearny county to
Ford county, two water-bearing zones separated by relatively im-
pervious “clay’” are reported along the Arkansas valley. The “first”
water, in the upper 25 to 35 feet of fill, is distinctly harder than that
at greater depth. This suggests two separate and independent
aquifers having different intake areas. The upper of these is
obviously Quaternary valley fill. The lower one can be only
Ogallala.

Eastward, the bedrock depression—or Finney basin—becomes a
buried valley coinciding approximately with the Arkansas valley
as far as the town of Ford, gradually becoming shallower toward
that point. Westward, between Deerfield and Hartland, it shallows
abruptly, and, near the latter locality, emerges from the river
alluvium. Typical are the following well records from Garden City
and Lakin.
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Record of Railroad Well No. 4 at Garden City, Kansas

. . . . Thick
[Quaternary and Tertiary deposits, undifferentiated] in feet

Loam ............ T T
“Arkansas river bed” ...... . . i i i
Yellow Clay oovinieriiiiiii it iiiieienaaas
Sand and gravel ..............ciiinilt et
Yellow clay ..oooineiiiiii it
Red sand and gravel ........ ..o,
0] 12 PP
Fine sand .....oiiniiiiiiii i it e
Yellow clay ..ovvrininiiiiiiiiie it iitneeensnoanes
Black sand ....... ..ottt Cerseeeetenas
Sand and water ....... ... e
07 12 PPt
Quicksand and water ..........iiiiiiiiiiiii i
Coarse sand and gravel............cciiiiiiiiiennin...

55

Total depth

8
52
59
88
97
122
123
131
138
145
155
156
185
202

This well stops far short of bedrock, for Darton (1905, p. 298)
reports that a deeper well encountered “quicksand” to a depth of

311 feet, and entered black shale below that depth.

Record of Railroad Well No. 4 at Lakin, Kansas

. . . . Thick
[Quaternary and Tertiary deposits, undifferentiated] in feet

77 o PP
“Arkansas river bed”..... ... .. i i il
Yellow clay ..oovviineiiiiiii ittt iiiieiiininae e
Blue sand ......coiiiiiiiii i ittt iisiaeeraiiaaea
Blue Clay ..ovvnritiiiiei i e e
Coarse dark sand .........covveiiriieennnenerennneeenn.
Blue sand ......oovitiiii et e
Blue Clay ..vvviriiiiiiiiii it i
Coarse red sand ............ccviiinininnnn, e
Yellow sand and gravel ............ccooviiiiiiinnann.,
Yellow Clay ..ooveeiiniiii it i
Yellow sand and gravel.................ccouiiin.,
Red sand and gravel .......... .. ... . ittt
Yellow sandy clay ....... ..ottt
Coarse sand and gravel................ccoiiiiiiiie....

[? Unconformity]

[? Pre-Tertiary]
Rock

Total depth

8
32
35
118
125
133
138
146
150
170
177
198
214
217
231

The signficance of the “blue” sand and clay recorded in the Lakin

well is not clear.

North of the Arkansas valley, the Finney basin extends into Scott
county, and is continuous with the Shallow Water basin of that
county. Evidence for this is based partly on well records and
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partly on the surface topography, which has the form of a broad,
asymmetrical depression (pl. 2). This depression is traversed by
no stream, has no surface drainage, and obviously could have been
formed only by areal subsidence, which presumably affected the
bedrock in equal degree. In southern Scott county, about 3 miles
north of the county line, an oil-well log for the deeper part of the
trough gives the following record:

Partial record of a well in sec. 14, T. 20 8., R. 33 W ., Scott county, Kansas
Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
Surface clay ...l e 50 50
[ 5 o S PP 40 90
Gravel and sand ............cooiiiiiiii [P 35 125

[Unconformity]l :

[Cretaceous system]
Shale and “shells”........c.cciiiiiiiieiienieieannnenns 65 190
Lime oevii e e e i e 35 225
Lime and shale ........c.oviiiiiininiiiiiiiiannann, 100 325

This suggests that the thickness of the Ogallala is 125 feet.
Another well in the same section, however, gives the contact be-
tween sand and gravel and blue shale at 182 feet.

On the western flank of the Finney basin, in Kearny county about
9 miles north of Deerfield and just west of the Finney county line,
a representative well log is as follows:

Partial record of a well in sec. 26, T. 22 8., R. 86 W., Kearny county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] Tli]xl.c}{el;:ss Total depth
1S Y 19 19
Fine sand ...ouviniieiieie i eiae it 53 . 72
DA o TR 7 Vo 10 82
No.9sand ...ooviiiiiiiiiii it iiiienienienneennnenns 20 102
No.8sand . .ovvvniiiiiii ittt et 28 130
CIBY ettt e e 12 142
No.8sand ..ooviiiiiiiiiiiiiei ittt ieie e 15 157
No.9sand ..ottt it i ittt 6 163
No.8sand ...oovnniiiii ittt iiieienneenns 11 174
Clay oottt e e e e 10 184
Coarse gravel ... ...oiiiiiiiiiiiniiii ittt 22 206

[Unconformety]

[Cretaceous system]

L T, 21 227

Blue Shale .oovvvvninerieeie et iiees e eeiaaeeennnn, 75 302
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This indicates a thickness of 206 feet for the Ogallala.

In northeastern Finney county, the Cretaceous-Ogallala contact
crops out along the valley of Pawnee creek. Here the Ogallala is
generally less than 100 feet thick.

South of the Arkansas valley, the bedrock surface rises more than
200 feet to form a broad swell in northern Haskell county and ad-
joining counties at the east and west. The overlying sediments
thin to 200 feet or less. Evidence for this bedrock divide is found
partly in well records studied by Darton. At the now-abandoned
town of Santa Fe, in central Haskell county, Darton (1920, pp. 5,
6) reports 226 feet of Ogallala on the basis of a well log not quoted in
full. The surface elevation here is about 120 feet higher than at
Garden City. Ten miles northwest of Santa Fe, however, only 42
feet of Ogallala is reported (Darton, 1905, p. 303); the log is as
follows:

Record of a well 10 miles northwest of Santa Fe, Haskell county, Kansas

Thickness
: in feet Total depth

Soil ..oiiiiiiiei N 3 3
[Tertiary system, Ogallala formation]

Tertiary grit ......oiiitiiiii it renneeennnns 42 45
[Unconformaity]
[Cretaceous system]

Blue clay (Benton) .......c.ovveiiiiiriiiiiniiineanan, 260 - 305

Hard blue rock .....covviiiiiiiii i 20 325

Sand with much water rising to 210 feet................ 5 330

One-half mile south of Santa Fe, Darton (1920, p. 5) reports a
thickness of 286 feet for the Ogallala, and 6 miles southwest of the
same place a thickness of only 180 feet. Logs are not quoted. The
second figure indicates either a local high or an error in the original
log or in its interpretation. In view of these uncertainties and of
disagreement with other data, this figure was rejected in constructing
the bedrock contour map.

Eastward, the bedrock divide continues into Gray county, and,
in the southeastern township of that county, Cretaceous limestone
crops out. At Montezuma, in the south-central part of the same
county, a thickness of 224 feet in indicated for the Ogallala (and
overlying Quaternary material) by the log of the railroad well:
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Record of railroad well at Montezuma, Gray county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T}ilx;c;(e?éss Total depth
1 103 1 APt 4 4
Brown Clay .o.viiiiiiiii i et i e 10 14
Dark Clay ..covniieiiii i it e 9 23
Soft TOCK ..o vt e e e e 10 33
Hard sand rock .......ooiuiiiiiiiiiiniiiiennienannnes 53 86
Soft sand ...iiiiii i e e e 3 89
Soft sand rock ... i 65 154
Sand and elay ....ovriiiiiii i e 13 167
Soft sand . ..uiiiii i i e 3 170
Gravel and celay .....ooviiiiiniiiii ittt 6 176
Gravel, clay, and sand...........cooiiiiiiiiiiiiiin, 22 198
Soft sand ... e e e 3 201
Gravel, clay,and sand............cciviiiiiniiinenennn, 12 213
Concrete gravel .........coiieiiiiiiiiiiiiiiiiiiinnnnn. 0.5 213.5
Sticky Clay .ovviiiiiiii it e e e 0.5 214
Conerete gravel ......c.viiiiie i iiininnnnnnns 1 215
Sticky clay oot e 0.5 215.5
Concrete gravel .......ccoueiiiine it 0.5 216
Blue shale .....................ooaal P 1 217
Concrete gravel .......ooviiiiiie i 1 218
Blue shale ......coiiiniii i e 4 222
Concrete gravel ........ooiviiiiiiiiiiiii i, 1 223
Blueshale ..o e 0.5 223.5
Gravel ..ot e e e 0.5 224

[Unconformaty]

[Cretaceous system]

Blue shale .....coviiiiiiiiii i e 92 316

This well is probably on the northern flank of the subsurface di-
vide. The upper 23 feet may represent loess or the Quaternary

Kingsdown formation or both.

Westward in Grant county, the bedrock divide seems to flatten
out, but data are inadequate. At a water well in Ulysses, gravel
is logged at a depth of 263 to 268 feet, indicating Ogallala to at
least that depth, and suggesting a position south of the bedrock arch.

The complete log is as follows:
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Record of a well at Ulysses, Grant county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?x:c}{eré:ss Total depth
Soil and sand ........ooviiiiiiiiii RO 1:1 35
(0] 2 e 5 40
Sand i e 28 68
[0 122 66 134
Fine sand ....o.vititiiii i e 23 157
Sandy Clay ..ot e 18 175
Good sand ..ot e e e 7 182
Dirty sand .....oooviiiii e 2 184
Fine sand, nice and clean..............ccoviiiiunenn., 6 190
Dirty sand .....ooviii i e 11 201
Fine sand ......ouiiiiiiiiiii it it 6 207
Sandy clay ..ooiii e 13 220
Hard, tough clay ......cooviiiiiiiiii i 5 225
Dirty sand ....vvviittii e e 9 234
Tough clay ...oveii i e, 29 263
Gravel ... e e e, 5 268

[? Unconformity]

[? Cretaceous system, Dakota]l
Good SaNd .. vt i e 25 293

Six miles north of Ulysses, Darton (1920, p. 5) reports the Ogal-
lala to be 212 feet thick; this point is probably farther up on the
south flank of the bedrock arch. §Six miles south-southeast of
Ulysses (sec. 36, T. 29 8., R. 37 W.), Darton (1920, p. 6; 1905, pp.
299-300) cites a well log that also indicates 212 feet of Ogallala.
This points to a local, secondary bedrock high, separated from the
main arch to the north by a depression of uncertain extent and out-
line.

Farther south, in Stevens and Seward counties, a broad and ill-
defined basin occurs, in which the Tertiary reaches its maximum
thickness of more than 500 feet (Johnson, 1901, p. 628). This basin
extends also a considerable distance into Texas county, Oklahoma
(Schoff, 1939, fig. 3). It is entirely possible that the Tertiary section
in this area includes a considerable thickness of pre-Ogallala beds,
conceivably including Eocene or Oligocene deposits. Only by the
recovery of identifiable fossils, however, could this be demonstrated
satisfactorily.

Water wells at Satanta, in southwestern Haskell county, lie in

the northern edge of the basin. The log for the railroad well is as
follows:
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Record of the railroad well at Satanta, Haskell county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] Tﬁ:cflzggss Total depth
Surface material .. ...t 10 10
Hard rock ...... .o 5 15
Dark gray clay ..o e 15 30
White Clay oo e e e 20 50
Coarse dry sand ...........ciiiiii it 50 100
Fine dry sand .........ooiriiiiiin i, 30 130
Sandy clay ...t e 45 175
Cement gravel .........ooiiiiiiieriii i 10 185
Sand and gravel ... i 15 200
Coarse sand, water-bearing below 220 ft.................. 45 245
White clay .....ooiiiiii i e 13 258
Blue clay ..o e 2.5 260.5
Coarse water-bearing sand ................ ..o, 49.5 310

[? Unconformity]

[? Pre-Tertiary deposits]

Hard yellow clay ....ocviiriiniiiiiiii i iiiinennnn 1 311

This suggests a thickness of at least 310 feet for the Tertiary
(and undifferentiated Quaternary) deposits.

Data on the thickness of the Tertiary at Liberal, in southern
Seward county, are particularly good. The log for the deepest of
the three city wells (center well in park), is as follows:

Record of city well at Liberal, Seward county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?xic&iss Total depth
Soil, clay loam,and drysand.................. ..ot 200 200
Good sand ... e 17 217
Sandy clay ..oeiiiii e 62 279
Hard shell ....oouniiiiiii i 2 281
Good sand ..............unn.. e 18 299
ROCK et e s 1 300
Hard shell ... 6 306
Sand ... e 18 324
Sandy clay ..oeveriiii e 31 355
Very hard rock ..ottt 3 358
Clay and sand, sticky..........coooiiiiiiiiini ... 20 378
Tough Clay ..ovvii i e e e 21 399
Very good coarse sand..........coovieienineeninnnnannn. 7 406
CLAY .+ttt et e 19 425
2 416 PP 8 433
L AP 15 448
GoOod SaDNd .ottt e it 48 496

Clay, and perhaps sand in last foot..................... 6 502
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No pre-Tertiary rocks are identifiable in the records of the water
wells at Liberal. Consequently, it seems that Quaternary and Ter-
tiary deposits are exceptionally thick in this district. A sample of
sand reported to have been taken from a depth of 337 to 347 feet in
the test hole for the new irrigation well in the northwest corner of
Liberal was examined by me in the office of the City Engineer.
It was found to be a coarse, granitic sand or grit, of the type com-
mon in the Ogallala. The sand from the bottom of the well logged
above was reported by the City Engineer to be similar in character.
In the record of another well at Liberal, quoted by Darton (1905,
pp. 316-317), coarse sand and gravel is logged at a depth of 445
to 485 feet. From these facts it is concluded that the Tertiary (and
undifferentiated Quaternary) deposits have a thickness of approxi-
mately 500 feet in the vicinity of Liberal. '

In west-central Seward county, the following gas-well log indi-
cates a thickness of 380 feet for the Tertiary:

Record of a well in the SW% sec. 33, T.32 8., R.34 W, Séward county, Kansas

Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
Quicksand (20-in. casing set at 366 ft.).................. 380 380

[Unconformaity]

[? Permian system]
Shale, blue .....coiiiiiiii 35 415
‘Shale, HEht . ..oooiertte et 32 447
Red rock, hole caving ...t 3 450
Red shale ... 140 590

Red rock .......... P 167 757
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Farther north, a somewhat greater thickness is indicated by other

wells.

Near Arkalon, in central Seward county, a water well for the

Panhandle Eastern “booster” station was logged as follows.

Record of well near Arkalon, Seward county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?r:cfkee[}iss
Top soil, sandy clay, and loam.......................... 14
Dry sand .ovveeiieni i e e 13
L7 1 7
Fine sand, dry .......oviiiiiiiiiiiiiiii i 4
Tough elay ... 25
Dry sand ....ovveinniiiii i e e 8
Blue clay .oooviiri 4
Sandy Clay .....iiiii e 11
Soft sand rock ...t e 6
Sand, water-bearing ............. ... i i 11
Blue clay .oovvvriiniiii i e 9
Soft sand ToCK . ..vviiet i e 2
Good water-bearing sand ............. i, 21
Blue clay ..ot e e 4
Fine sand .....ovviiuiiiniiiiiiiiiii i 7
Blue Clay .ovvviiiii i e e e 3
Good sand and gravel...........ciiiiiiiiiiiii e 19

Total depth
14
27
34
38
63
71
75
86
92

103
112
114
135
139
146
149
168

Along the west side of a tributary draw a few hundred yards east of
this well, the following section (beds 1-5) was measured, its base
being about 50 feet higher than the floor of the well. Overlying beds

(6-8)

were studied on the east side of the valley.

Section of Ogallala beds near Panhandle Eastern pump station, Arkalon, Kansas

Tertiary system, Ogallala formation

8.
7.

6.
5.
4.

N

Sand, calcareous, containing concretionary nodules...........

Thickness
in feet

... 25

Sand, calcareous, silty, containing limy concretions, capped by a

hard, resistant layer of caliche (pl. 11)....................

Covered interval
“Mortar bed”, massive, moderately well cemented

Sand, cross-bedded, soft, yellowish; a fragment of rhinoceros

tusk found in the lower part...............cooiiiiia.,
Sand, hard, well cemented.............coviiiiiiiiiia.,
Sand, unconsolidated, gritty .......ccoiiiiiiiiiiiiieiiia..,
. Sand, coarse, gritty, pebbly, cross-bedded, slightly consolidated,
containing some mud balls................ccovivinni.n.
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The section is overlain by dune sand. The total measured thick-
ness for the Tertiary is 346 feet, and this is minimum.

In Stevens county, the most convincing evidence for the thickness
of the Tertiary was found in a series of samples collected by me as
a gas well was being drilled near the southwestern corner of the
county. One composite sample was collected for each length of drill
pipe (average length about 30.5 feet) between the depths of 79 and
627 feet. The sample log is as follows:

Partial record of a well in sec. 34, T. 34 8., R. 38 W., Stevens county, Kansas,

based on study of samples
Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
Sand, silt and clay, mostly soil..............c..ooiiiiit. 18 18
Clean, medium to coarse sand..............oevvnneennn. 61 79
Dirty, dark-buff, fine to medium sand and light, gray-buff,

compact limestone ..ottt 30 109
Limestone chips; medium to coarse sand and grit........ 61 170
Ditto, plus pebbles as much as 0.3 in. long............... 31 201

Coarse sand, grit, calcareous sandstone, limestone chips,
and pebbles of quartz and crystalline rocks as much as

05 1. 100g vvtiiii i i e e 30 231
Similar to above, but some reddish staining.............. 31 262
Similar to above, but virtually no reddish color; gray clay

toward bottom .......... il 30 292
Medium to coarse dirty sand, a few pebbles, and some

chips of €lay .....cooiiriiiiiiiiiiii ittt e i 31 323
Grit, pebbles, and clay.........cviiiiiiiiiiiiiiii 30 353
Similar to above, but sandier.................. ... 31 384
Similar to above, but containing calcareous, clayey buff

SHI, ettt e e 61 445
Dirty, clayey grit, chips of red mudstone, and some peb-

Lo =7 30 475
Similar to above, but sandier, and containing more red

material ... i e e 31 506
Dirty, reddish sand and grit, some chips of clay.......... 30 536
Sand and grit, clayey in part; a few chips of reddish ma-

17 Y 30 566
Dirty, reddish sand grit, and a few small pebbles......... 31 597

[Unconformity, possibly at slightly higher position]
[Permian system]
Light reddish sand and silt.............c.coiviiiinn.n. 30 627
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This log is interpreted to indicate a thickness of about 580 feet for
the Tertiary. The driller’s log of the same well is given below for
comparison:

Driller’s record of upper part o f well in sec. 84, T. 34 S., R. 38 W., Kansas

Thickness
in feet Total depth
Sand and clay ....ooiiiiiiiii i i e e 595 595
Shells vt i et e, 32 627
Sand, clay, and shells............coiiiiiiiiiiiii ., 373 1000
Redbeds and gyprock........cooviiiiiiii i, 70 1070

In the town of Hugoton, a test hole for the municipal well reached
a depth of 308 feet, and seemingly ended within the Tertiary. The
log is as follows:

Record of a well at Hugoton, Stevens county, Kansas
Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
S 10 U AP 2 2
[0 1 6 8
Sandy clay ..ovvviiiiiii i e 10 18
[0 1 6 24
Sandy Clay ...oviriiii i e 7 31
Fine sand ...o.viiiiiinniiitiiiiiiiiiiie it iiiaieeanea, 11 42
Sandy Clay . .vviiiii i e i 4 46
Packed sand .....oiuiiiiiiii e 35 81
Coarse sand and gravel........cooviiiiiiinineennnnnees 17 98
L0 3 A 3 101
“Gyp” and clay ...t i it 11 112
Sandy clay ..ovvriiiiiiiiii i PR 12 124
Clay and “gyp” ............ et er e et 10 134
D o e ettt e e 6 140
Sandy Clay o.oiniiiiii i i e e e e e 12 152
Fine packed sand .........ccviiiiiiiiiiiiiii e 8 160
L] PP 40 200
YD et e e 5 205
£ 0] 3 4 209
ROCK et e e 2 211
Packed sand ... 4 215
ROCK ittt e e e e 1 216
“Gyp” i et iieeireiiaeaaa, P 2 218
Clay and “gyp” «ivirtiiiiiii it et 30 248
Coarse sand and gravel ...........cciiiiiiiiiiiiinn., 6 254
Clay, sand, and gravel..........coiiiviiiiiiiiininnnnns. 13 267
Rock oo 2 269
Y ittt ittt e e 4 273
Sandy Clay «.o.vviiiiiii e 30 303
ROCK ittt e e e e i e 1 304

CIAY et 4 308
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Eight miles east and two miles south of Hugoton (sec. 26, T. 33
S., R. 36 W.), the Heger irrigation well reached a depth of 360 feet
without entering bedrock. A sample of the material from the
bottom of this well that was shown to me was identified as typical
Tertiary grit and gravel.

Elsewhere in Stevens county, gas-well logs indicate depths to bed-
rock ranging from about 400 to 600 feet. It is possible that some
Dakota or other pre-Tertiary rock is represented in some of these,
but if present it is probably thin, and in no case is it certain.
Typical gas-well logs available for study are quoted below.

Partial record of a well in sec. 3, T. 31 8., R. 37 W., Stevens county, Kansas
Thickness

[Quaternary and Tertiary deposits, undifferentiated] infeet  Total depth
Gravel ....oeiiiiiiiii i e 170 170
Sand ... e 280 450
Gravel ..ottt e e 60 510

[? Pre-Tertiary rocks]

Clay, yelloW ..ottt 15 525
Redrock and elay .....coovvvinineviiiiiiiiiennnns, 455 980

Partial record of a well in sec. 2, T. 33 8., R. 39 W., Stevens county, Kansas
Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
Sand .o 72 72
Sand and yellow clay........cooiiiiiii i, 100 172
Sand and gravel .......... ... i 162 334
Sand and sand rock..............oiiiiiiiii 20 354
Sand, hard ....... .. .. ., 19 373
Sand o 67 440

[? Pre-Tertiary rocks] :
Redbeds ........cccoivviiina... e, 20 460
Redbeds and shells . ..........cooiiiiiiiiiiiiia... 167 627

Partial record of a well about 8 miles south of Hugoton in sec. 27, T. 34 8.,
R. 37 W., Stevens county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?;icflg;gss Total depth
Sand and clay ......coiiiiiii i e 40 40
Clay and sand ......o.vveeeeinnnnnenennnnnn.., s 250 290
Water sand ...ooooiiiiiiiiii i e e 32 322
Sand and gravel ...l e 238 560

[? Pre-Tertiary rocks]

Redbeds ....ooiiii it i 40 600

5—5846
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Partial record of a well southeast of Hugoton in sec. 23, T. 33‘5., R.3T W,
. Stevens county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?ﬁcﬁ:ss Total depth
Sand ..o S 40 40
Sand, gravel, red clay ..........ciiiiiiiiiiiiii 250 290
Sand and shells .......ccoiiiiiiiiiiiiiii i 300 590

[? Pre-Tertiary rocks]

Redbeds vovviiiiiiii it e e e 118 708

The difficulties in distinguishing between Cretaceous and Tertiary
strata in such logs are obvious. Where gravel is reported down to
the redbeds, however, the absence of Cretaceous rocks is suggested.
Individually, the logs are far from satisfactory, and there is a large
margin of error in drawing contacts. Collectively, however, they
show sufficient rough agreement to outline a subsurface basin in
which the thickness of the Tertiary rocks far exceeds the average for
the rest of the High Plains region in Kansas.

The bedrock basin seems to become shallower eastward, and it
ends against the Meade trough, an elongate bedrock depression that
is entirely discordant with general regional trends, and corresponds
in position with the Crooked creek valley. Its origin is discussed
in the section on structural geology. On the east side of Crooked
creek south of Meade, the redbeds crop out in two places (secs. 9
and 32, T. 33 8., R. 28 W.), not shown on the state geologic map
(Moore and Landes, 1937). They are overlain by a section of
Ogallala of “normal” thickness. KEight miles south of Meade, the
following section was measured:

Section of Quaternary and Tertiary deposits 8 miles south of Meade, Kansas

Thickness

Quaternary system: in feet
13. Silt, light-brownish, loess-like, clayey, containing limy nodules.. 9
? Unconformity
12. Mudstone, greenish-gray, calcareous, containing some caliche in

irregular layers and scattered knobs......................... 16
11. Voleanic ash ..ovvinrinrerenerneinneenneenernneeneeanenns 2to 6
10. Mudstone like No. 12....c.iiiuiiniiiiiiii i iiiiiii e 8

? Unconformity
Tertiary system, Ogallala formation
9. Sand and grit, reddish-buff, some small pebbles, mainly granitic,
and layers and scattered nodules of caliche; fossil seeds of Bi-

orbia fosstlia Mear base. ....ovviitiiriit i 30
8. Limestone, sandy, moderately hard, grayish.................... 3
7. Sand, light-buff, massive, calcareous..................cocvun... 5
6. Limestone, sandy, moderately hard .................... ... ... 2
5. Sand, fine, light gray-buff, calcareous........................... 7
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Beds 10 to 13 are believed to be Quaternary. The lower part of
the section was measured about 0.25 mile west, in a gravel pit by
the side of the creek, using bed 5 as a local horizon marker: ‘

Section of Tertiary deposits at gravel pit about 8 miles south of Meade, Kansas

Thick
Tertiary system, Ogallala formation . in feet

7-9. Sand, silty, buff to reddish, limy, including some gray layers 18+

6. Sandstone, hard, calecareous ...........coieiiiiiiiiiiiiiieaa.,

5. Sand, light gray-buff, calcareous, fine........................... 5
4. Limestone, sandy; some sand and caliche....................... 6
3. Sand, gray to reddish, calecareous.........covviiiiiiiiiiiieann.. 10
2. “Mortar bed” sandstone, pebbly to gritty................ 0.5 to 10
1. Sand, coarse, loose, cross-bedded, and gravel; pebbles dominantly

of brown and black sandstone, subordinately of quartzite and
volcanic rock; some mudballs and a few ventifacts........... 30
Total thickness of Ogallala, 103 feet

The underlying bedrock is not exposed at this point, but from
outcrops a few miles north and south, and from the presence of
large red pebbles and mudballs in the basal gravels, it is inferred to
lie at shallow depth. The basal gravel in this section is among the
coarsest found anywhere in undoubted Ogallala, containing some
cobbles as much as 8 inches long. In the valley bottom just west
of the bluffs in which the above section is exposed, wells are reported
to reach depths of 200 feet without encountering the redbeds, in-
dicating an abrupt drop in the bedrock floor.

In contrast to the moderate thickness of Ogallala deposits in the
measured section 8 miles south of Meade are the much greater thick-
nesses of unconsolidated material logged in the Meade and Fowler
municipal water wells. Well No. 1 at Meade showed gravel at a
depth of 229 to 239 feet, and the bottom may possibly be post-
Cretaceous rock, at a depth of 283 feet. The Fowler well ended in
gravel at a depth of 285 feet, indicating that the bedrock floor had
not been reached. The log is as follows:
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Record of water well at Fowler, Kansas
Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet ~ Total depth‘
Soiland elay .....cvviiveiiiiiiinna.s e iieeerneenas 21 21
Fine dry sand........coiiiiiiiiiniiiieiniiinannnennnn. 4 25
Sandy Clay ...vvviiiiii i e i e e 28 53
Blue sand ......oiiiiiiii i e i e e e e 15 68
Blue sandy clay ....covniiiiiiiiiiii i 92 160
Yellow sandy €lay .....ccvviiiiiiiiiiiiiiinnnnnnenn 8 168
Fine sand .....ovieriiiiiiii ittt 4 172
Good SaNd ... e i 8 180
[0 A 5 185
Sand ... e mesees 7 192
L0 N 2 194
T U PRt 10 204
Hard sand ToCK .ovneeiiniiiiiieeeiieneeanaeennnns 4 208
Streaks of sand and elay............ ... i, 16 224
Hard “gyp” oot e 1 225
Sand, fine and “quicky”.......c.iiiiiiiiii i, 31 256
Clean fine sand ................. e 20 276
Gravel ....... AP 9 285

Logs of wells in the southwestern township of Ford county (Loh-
man, 1938, pp. 9-10) indicate Tertiary rocks to depths of 210 feet.

On the west side of the Meade trough, only a partial record for:
one deep well was obtained. This well is located about 5 miles:
southeast of Plains (sec. 2, T. 33 S., R. 30 W.). Sand and gravel
are logged at a depth of 165 to 283 feet, and ‘“chocolate-colored
shale” from 283 to 292 feet. Examination of a sample from that
interval, supplied by Paul Reusser, showed only a dirty, silty sand.
typical of the Ogallala. At Plains, the municipal water well was:
reported to be 365 feet deep, but no log was on file. Inasmuch as
the Ogallala is the principal aquifer in this area, it is a reasonable
supposition that the bottom of this well is within the Tertiary.
Although outcrop and well-log data are meager and spotty, the
presence of artesian water in large areas along Crooked creek valley
constitutes additional evidence of a structural trough in the bedrock
surface.

Character in the eastern area.—In the eastern part of the area,
the Ogallala becomes much thinner, and the discernible irregularities
of its floor are less marked (fig. 7C). The zone of maximum thick-
ness coincides approximately with the present Arkansas valley. At
Dodge City, a depth of 160 feet to bedrock is indicated by the fol-
lowing log of a well located 300 feet east of the water works and ice

plant.
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Record of a well near the water works at Dodge City, Kansas

[Quaternary and Tertiary deposits, undifferentiated] Tﬁ:cf]g;?;ss Total depth
S P 3 3
Sand containing water .......... ..o, el 27 30
Yellow clay, soft, impermeable .............ccovvvvnnnn. 10 40
Water-bearing sand ...c.ooeveiineiiiiiiiiiiiiiiiineen, 40 80
Yellow clay and sand .......ccovviiniiiiiiiiiinnn.n. 10 90
Fine sand and quicksand, water..............coovinennn. 60 150
Coarse, clean gravel, water ............cooviiiiiiiiinn, 10 160

[Unconformity]l

[Cretaceous system and ? Permian]

Black, mucky clay, sticky and impermeable............. 20 180
Black shale .....ccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiaa, 40 220
Yellow sand and sand rock, about 8 to 10 inches of “coal”

at bottom .....ooiiiiiii e e 20 240
‘White sand rock, water.........coviieriieniiieeninnnn. 15 255
Dark sandstone ........cooiiiiiiiiiiii it 10 265
Black, mucky clay ......ccoiiiriiiiiiiiiiiii i . 10 275
Red rocK ..ottt e e 50 325

The upper 30 feet is probably Quaternary valley fill. Eastward,
in the vicinity of Ford, irrigation wells studied by H. A. Waite in-
dicate that the Ogallala is approximately 70 feet thick under the
Arkansas valley. Cretaceous rock crops out at several places on the
north side of the valley in this locality, however, and it is probable
that these wells are on the side rather than on the center of the pre-
Ogallala valley. The following well log from southeastern Ford
county indicates that the buried valley diverges from the topo-
graphic valley in eastern Ford county, and continues southeast
where the latter swings to the northeast.

Record of a well in sec. 22, T'. 29 S, R. 21 W., Ford county, Kansas

[Quaternary system, Kingsdown formation] T?xic}g;:ss Total depth
Surface and elay ......cciiiiiiiiiii e e 46 46
[t 64 110

[Tertiary system, Ogallala formation]

Sand and gravel.......c.cooiiiiiiiiiiiiiii i i e 10 120
Water sand ...ttt 81 201
Sand and gravel ....... ... ittt 59 260

[Unconformity]

[Cretaceous and older rocks]

Sticky shale ......coviiiiiiiiiii it it 80 340
Sand . e 92 432

Shale and redbeds ...........coiiiiiiiiii i 28 460
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If this log is accurate, the depth to bedrock is 260 feet. The upper
110 feet represents the Quaternary Kingsdown formation. It is
interesting to note that Darton (1920, p. 3) recognized this probable
divergence of the buried and the surface valleys, for he writes:

From Hartland to Dodge the base of the [Ogallala] formation descends be-
low the bottom of Arkansas river and probably occupies an old depression,
which continues eastward through Kiowa and Pratt counties and the western
part of Reno county. :

The upper part of the Ogallala crops out at many places in the
bluffs on the north side of the Arkansas valley, and the basal con-
tact is widely exposed along Sawlog creek, Buckner creek, and
Pawnee river. The thickness is nowhere very great, the following
section from the railroad well at Spearville being representative:

Partial record of railroad well at Spearville, Ford county, Kansas

Thickness

[Quaternary and Tertiary deposits, undifferentiated] in feet  Total depth
Black 801l .. i e 6 6
Brown elay ..ot e 14 20
White “gyp” rock .....cooiiiiiiiii i 72 92
Coarse water sand ..ot 9 101

[Unconformity]

[Cretaceous system]

Yellow sandy €lay ....ovviinieniniiiiiieienanennnn, 5 106
Black sticky shale ..o, 6 112
Light-blue sticky shale ................coooiiiiii., 30 - 142
Light-blue clay ......oviiiiiiiiiiiii i, 22 164
Fine gray sand, little water............. ... 3 167
Coarse gravel, little water..................... ... 4 171
Dark-blue clay .....coovviiiiiiiii i 13 184

The well continues to a depth of 389 feet, in clay and shale for
the greater part of the section. The “coarse” gravel from 167 to 171
feet is unusual, for such material is very rare in the Cretaceous
section. A thickness of 101 feet is indicated for the Ogallala and
undifferentiated younger deposits. A sample from the bottom of one
of the Spearville city wells, at a depth of 85 feet, that was shown to
me is typical Cretaceous rock.

Farther north, in Hodgeman and Ness counties, Moss (1932, pp. 13-
15) reports that the Ogallala is about 100 feet thick at the west
and thins eastward. The bedrock floor (pl. 2) seems to slope some-
what north of east, but data are inadequate, the elevations here
being obtained from contour maps to which geological boundaries
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were transferred from the map by Moss and from the state geologic
map.

South of the Arkansas valley, the base of the Tertiary does not
crop out until the upper stretches of Bluff creek are reached. There,
in the northern edge of Clark.county, inliers of Cretaceous (not
shown on the state geologic map) are found in the N14 sec. 25, T.
30 S, R. 24 W., and N4 sec. 22, T. 30 S., R. 23 W. Where Bluff
creek bends south, the Ogallala is thin and locally absent, so that
upper Pliocene and Pleistocene beds rest directly on the Cretaceous.
It is uncertain whether this is due to the presence of hills on the
pre-Ogallala surface or to post-Ogallala erosion. It is possible that
the bedrock surface was never entirely covered by the Ogallala.
Near Minneola, in the northwestern part of Clark county, the fol-
lowing well log (Moore and Haynes, 1917, p. 252) indicates that the
depth to bedrock is about 125 feet.

Record of a well in the SEY% sec. 10, T. 30 8., R. 25 W., near Minneola, Clark
county, Kansas

[Quaternary and Tertiary deposits, undifferentiated] T?x:ciéh;?s Total depth
Soft black s0il ... .c.vvtiiii i 5 5
Yellow, clayey shale ...........ccoiiiiiiiiiiinnnna... 75 80
Gray sandstone .........vvieireiiieriieeietinaieeans 41 121
Yellow “gyD” e e e s 4 125

[Pre-Tertiary rocks]

Soft redrock .....coovviiiiiiii i e 5 130
Soft blue shale .........coviiiiiiiiiiiiiii i, 143 273

The upper 80 feet probably represents the Quaternary Kingsdown
formation, and it is possible that some Rexroad beds are present
below that formation.

In the bluffs on both sides of Bluff creek at Clark County State
Lake the Ogallala is well exposed.

Section of Ogallala beds on the west side of Clark County State Lake

Tertiary system, Ogallala formation Tl::;c 1;:::5

6. Limestone, caps bluff ......... .. ..o, 5
5. Calcareous bed, massive, porous ..........ocovveirivnrinnnennnn. 4
4, Calcareous bed, nodular, somewhat soft........................ 5
3. Sandstone, calcareous, hard, massive, cavernous................ 3

2. Sand, a lenticular bed, soft, coarse, uniform buff, containing fossil
seeds of Biorbia fossilia . ..vvveeii i 3

1. Sand, uniform, fine, light buff, harder and more calcareous toward
top where casts of fossil plant stems seem to be present...... 13

Total thickness of Ogallala, 33 feet
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The section is underlain by Cretaceous shale. Fresh exposures in
a road cut show that calcareous beds appearing gray on well-
weathered surfaces tend to be light buff on fresh surfaces. On the
east side of the valley, the thickness is slightly greater, and some
gray-greenish sand and mudstone is present at the base (pl. 9B).
The capping limestone is overlain by 40 feet of brownish-buff silty
sand of the Kingsdown formation.

In central Clark county, on a high hill in the NW14 sec. 11, T.
32 S., R. 22 W, the followi