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ABSTRACT

Ellsworth County comprises an area of about 720 square
miles. The county lies in the Dissected High Plains section of
the Great Plains physiographic province and is drained by the
Smoky Hill River and its tributaries and tributaries of the Saline
and Arkansas Rivers. The topography slopes generally eastward.
The long-term mean precipitation at Ellsworth, the county seat,
is 25.66 inches. Agriculture is the chief industry in the county,
and petroleum, salt, and clay are the chief natural resources.

The oldest rock that crops out in the county is the Ninnes-
cah Shale of Early Permian age. Rocks of Early to Late Creta-
ceous age unconformably overlie the Permian rocks. The Kiowa
Formation is considered to be Early Cretaceous and the Gran-
cros Shale is considered to be Late Cretaceous in age based on
faunal evidence, but the age of the Dakota Formation, which
occurs between the Kiowa Formation and the Graneros Shale,
is problematic. Evidence indicates that the Upper-Lower Creta-
ceous boundary may lie within the lower part of the Dakota
Formation. The Kiowa Formation and the Graneros Shale were
deposited under marine conditions, whereas the Dakota Forma-
tion was deposited under terrestrial conditions.

The lithology most characteristic of the Dakota Formation
is gray and greenish-gray siltstone and clay showing red and
reddish-brown mottles. The contact between the Kiowa Forma-
tion and the Dakota Formation is placed at the basc of the red
mottled clay or siltstone.

The lower part of the Graneros was deposited in a shallow
turbid sea. Later deposition occurred in deeper more saline
water.

The contact between the Graneros Shale and the Greenhorn
Limestone is placed at the base of the lowermost skeletal lime-
stone in the Greenhorn that has a petroliferous cdor. The upper
boundary of the Greenhorn is conformable and gradational and
is arbitrarily placed at the top of the Fence-post limestone bed.

Pliocene rocks in the county consist of remmants of a soil
caliche formed during late Pliocene time.

Pleistocene rocks unconformably overlie Permian and Creta-
ceous rocks in the valleys and large parts of the upland area.

The Dakota Formation and the Pleistocene deposits in the
valleys are the most important aquifers in the county. These

! Present address: Department of Geology, New York University,
New York City, N.Y,

2 Present address: American Cyanamid Co., Worthington, Ohio.

ground-water reservoirs are recharged principally from local
precipitation.  Yields of properly constructed wells may be in
excess of 250 gallons per minute in the most-productive areas.

The results of chemical analyses indicate that the water
generally is suitable for most uses; however, the quality varies
considerably from place to place, and locally a large amount of
chloride is present.

INTRODUCTION
History and Purpose of the Report

This report was prepared by the State Geological
Survey of Kansas and the U.S. Geological Survey, in
cooperation with the Environmental Health Services
of the Kansas Statc Department of Health and the
Division of Water Resources of the Kansas State Board
of Agriculture.

The report is based on data collected during three
separate investigations, each of which was begun with
a different objective.

In the summers of 1958, 1959, and 1960, William
Ives, Jr., collected data on the stratigraphy of the
outcropping rocks and the mineral resources of Ells-
worth County. The main objective of this study was
to assess the mineral resources being exploited and
potentially exploitable in the county.

In the summer of 1964, P. C. Franks, assisted in
the field by George L. Coleman and Pei-Lin Tien,
made an intensive study of the Cretaceous rocks in
Ellsworth County with special emphasis on the Kiowa
Formation-Dakota Formation contact and the Lower-
Upper Cretaceous boundary. Much of the data on
cross-stratification and minor sedimentary structures
presented in this report results from the work by
Franks.

In 1964, C. K. Bayne studied the hydrology of the
area and mapped the Tertiary and Pleistocene geology.
He also did additional work on the stratigraphy of
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A summary of ceramic testing of Dakota clays by
Plummer and Romary (1947) included several mea-
sured sections and photographs of outcrops in Ells-
worth County. They studied samples from 102 test-pit
locations in the county to verify stratigraphic con-
clusions reached in their publication. In his report on
coal resources of the Kansas Cretaceous, Schoewe
(1952) delineated parts of Ellsworth County where
lignite is found. Plummer and others (1954) studied
ceramic properties of four distinct Dakota clay beds
of which two were in Ellsworth County. These studies
resulted in the development of new industry in the
county.

Methods of Investigation

During the field work for preparation of this report
and the geologic map, contacts were mapped on 7%-
minute topographic quadrangle sheets and vertical
aerial photographs and then were transferred to a base
map at a scale of 1:48,000 prepared by the Topographic
Division of the U.S. Geological Survey.

Many exposures were examined and many sections
were measured with tape and hand level. One hun-
dred twenty test holes and auger holes were drilled
for geologic and ground-water information and are
incorporated in the report. Data for 311 wells and
springs are given in table 6 and include depth of well
and depth to water level. Information relating to the
yield and adequacy of the wells was obtained from
the owners when it was available. Location of wells
and test holes was determined from aerial photographs
and 7%-minute topographic sheets.

Samples of water from 29 wells were analyzed by
the laboratory of the Environmental Health Services,
Kansas State Department of Health.

Well-Numbering System

The well and test-hole numbers used in this report
give the location of wells according to General Land
Office surveys. The well number is composed of town-
ship, range, and section numbers, followed by letters
that indicate the subdivision of the section in which
the well is located. The first letter denotes the quarter
section; the second letter, the quarter-quarter section
or 40-acre tract; and the third letter, when used, the
quarter-quarter-quarter section or 10-acre tract. The
160-acre, 40-acre, and 10-acre tra  are designated
a, b, ¢, and d in a counterclockwise direction, begin-
ning in the northeast quadrant. As an example, well
15-9W-22¢bd is in the SEX NW4 SWX sec. 22, T.15 S.,
R.9 W. (fig. 4). When two or more wells are located
within a 10-acre tract, the wells are numbered serially
according to the order in which they were inventoried.

[R.lO_w. RIW. RSBW RTW.
, ] it
| 14
|s.
_ —
]
l T.
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I9-yw-2¢¢cpa~ | ™
1 - L T

——— =

Ficure 4—Well-numbering system used in this report.
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STRATIGRAPHY OF SUBSURFACE ROCKS!

Ellsworth County is underlain by rocks that rep-
resent all the Paleozoic systems. Individual units
within the system may not be present locally in the
county, so that a well drilled in a specific location may
penetrate only a part of the rocks that might be present
in another part of the county. Table 1 is a generalized
column summarizing the sequence of pre-Cretaceous
rock units in the subsurface in Ellsworth County.

STRATIGRAPHY OF OUTCROPPING ROCKS

Rocks that crop out in Ellsworth County range in
age from Early Permian to Recent and are described
on the following pages. A generalized section of the
outcropping rocks and their water-bearing character-
istics is given in table 2.

! The classification and nomenclature of rock units used in
this report are those of the State Geological Survey of Kansas
and differ somewhat from those of the U.S. Geological Survey.
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Ficure 5.—Generalized section of Kiowa and Dakota Formations in Ellsworth County and some of the variations in nomencla-

ture and interpretation of stratigraphic relationships in Kansas.

The Cheyenne Sandstone, which underlies the Kiowa Forma-

tion in its type area in southern Kansas, is not exposed in Ellsworth County but may have equivalents in the subsurface of
western Ellsworth County.

Members. For consistency, in this report, the Kiowa
Formation is assigned to the Lower Cretaceous Series,
whereas the Dakota Formation is assigned to the
Lower(?) and Upper Cretaceous Series.

Kiowa FORMATION

Nomenclature, definition, age, and correlation.—
Figure 5 is incorporated in this report ' = emphasize
the complexity of nomenclature appliec 0 rocks re-
ferred to here as the Kiowa Formation. Ithough the
nomenclatural history of the Kiowa Forr tion is com-
plex, excellent summaries are given by I llard (1928,
p. 40-47), Waite (1942, p. 135-137), anc _atta (1946,
p. 221-223). Considerable attention is wven in this
report to discussion of nomenclature of b a the Kiowa
and Dakota Formations, inasmuch as any of the
stratigraphic problems associated with tt -~ e rock units
actually originated as problems in nom clature and
arose, in part, from study and differing terpretation
of the rocks in this area by several authc

Recognition of beds of Cretaceous ag, at and near
the type area of the Kiowa Formation in Kiowa
County, Kans., is attributed to Mudge (1878, p. 47,
55). St. John (1883, p. 571) recognized the occurrence
of rocks that contained marine fossils of Cretaceous
age near the base of the so-called Dakota group of

Mcek and Hayden (1861) not only near Brookville,
a few miles cast of the Ellsworth County line in north-
central Kansas, but also in Kiowa County in southern
Kansas. St. John noted (p. 588) that the fossil as-
semblage was in many ways similar to that contained
in the Cretaceous of the north Texas coastal plain.
Cragin (1894, p. 49) first used the name “Kiowa
shales” to designate “. . . the inferiorly dark-colored
and superiorly light-colored shales that crop out in
several of the counties of southwestern Kansas, resting
upon the Cheyenne sandstone in their eastern, and
upon the ‘red-beds’ in their middle and western ex-
posures, and being overlaid by brown sandstones of
middle Cretaceous age, or Tertiary or Pleistocene
deposits, according to locality . . .” in southwestern
Kansas. With publication of the study by Prosser
(1897) of the so-called Comanche series of Kansas,
the name “Kiowa shales” seems to have come into
fairly general use in approximately the same sense that
the name “Kiowa” now is used in southwestern Kansas.
However, the names “Belvidere beds” and “Medicine
beds” have been applied to the same rocks in whole
or in part from time to time (c¢f. Cragin, 1895b;
Twenhofel, 1924, p. 20-34; Latta, 1946, p. 222, fig. 2).
Cragin (1889, p. 37) seems to have been the first to
recognize that shale lithologically and paleontologically
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Kansas (Plummer and Romary, 1942, p. 322; Jewett,
1964) indicates that Kiowa sediments deposited in
Ellssvorth County may have accumulated near the
margins of the sca.

Much of the shale was deposited in relatively quiet
water where the bottom was only occasionally dis-
turbed by currents and waves, but where conditions
were not completely inhospitable to the maintenance of
benthonie life. Neritic currents and wave action locally
built deposits of interlaminated shale and sand or silt
that grade upward into sandstonc containing ap-
preciable interstitial clay and commonly showing signs
of an abundant bottom life. Oyster beds locally formed
in estuarine bays or other places where low salinity and
current or wave activity favored growth. When cur-
rents or waves acted somewhat more strongly, the
ovster beds were destroved and were reworked to form
conquinoid “shell-beds.” Where the supply of sand
was sufficiently great, currents and waves built barrier
bars and beaches behind which and between which
carbonaccous muds were deposited and locally lignitic
materials accumulated.

The climate on the nearby land to the east and
northeast was mild. The upward incrcase in the abun-
dance of sandstone and associated carbonaceous de-
posits in the Kiowa Formation in B sworth County is
taken as evidence of regressive sedimentation that
heralded deposition of the overlying, largely non-
marine Dakota Formation.

Kiowa Foraration-Dakora Foraiation ConNTAaCT

The Kiowa and Dakota Formations in Kansas gen-
crally have been considered to be conformable as well
as vertically and laterally gradational. Twenhofel
(1920, 1924) and Tester (1931) visualized large-scale
and intimate intertonguing of the two units. Latta
(1946, p. 249) stated, “In the upper part of the Medi-
cine Lodge Valley in the Belvidere area, the Kiowa
shale grades with apparent conformity into beds of
sandstone, shale, and clay which contain fossil plants
and arc lithologically similar to certain beds in the
Dakota formation of central Kansas.” Swineford (1947,
p. 38) stated, “The Dakota formation . . . is con-
formable on and intertonguing with the Kiowa shale,
although in the northernmost part of the area it over-
laps dircctly on Permian rocks.” In his study of Rice
County, Kans., Fent (1950, p. 57) described his
placement of the Kiowa-Dakota contact as follows:
“. . . the contact between the predominantly marine
beds of the Kiowa shale and the nonmarine beds of the
Dakota formation is arbitrarily placed at the top of
the uppermost zone known to contain abundant marine
fossils.” On the other hand, Mack (1962, p. 17) indi-

cated that the Dakota Formation rests unconformably
on the Kiowa in Ottawa County, Kans.

Plummer and Romary (1942, p. 332) placed the
Kiowa-Dakota contact at the base of one or more beds
of siltstone or fine-grained sandstone containing cllip-
soidal masses of calcite cement (“quartzites”). Lo-
cally, 1" "t-colored a “laceous rocks bencath the
sandstonce beds were metuded in the Dakota Forma-
tion. However, more than one bed of fine-grained
sandstone containing ellipsoidal concretions of sand-
stone cemented by caleite can be seen in the Kiowa
Formation along the shores of Kanopolis Rescrvoir.
Fent (1950, p. 57-59) also noted the abundance of
caleite-cemented sandstone in the Kiowa Formation
in Rice County. Swincford (1947) examined calcite-
cemented sandstone of the Kiowa not only in Ellsworth
County but elsewhere in central Kansas. Thus, fine-
grained sandstone containing abundant concretionary
masses of caleite cement (“quartzites”) may be more
characteristic of the Kiowa Formation than of the
Dakota Formation.

The lithology most characteristic of the Dakota
Formation in Ellsworth County and elsewhere in
north-central Kansas is gray to greenish-gray clay or
siltstone showing red to reddish-brown mottles and
commonly containing numerous spherules of siderite
or its limonitic and hematitic alteration products. Ac-
cordingly, the contact between the Kiowa and Dakota
Formations in much of Ellsworth County was placed
at the base of red-mottled Dakota clay or siltstone or
at the base of gray clay or siltstone enclosing lenses
of red-mottled argillaceous rocks.

Red-mottled Dakota clay and siltstone commonly
rest directly on or occur within a few feet above sand-
stone that grades downward into typical gray Kiowa
shale or into carbonaccous deposits in the upper part
of the Kiowa Formation (fig. 13). Arenicolites burrows
arc common both in the sandstone and in the under-
lying gradational sequences of interlaminated sand-
stone, siltstone, and shale.

A zone enriched in iron oxide commonly is found
at the top of the “quartzite” bearing sandstone or at
the top of a thin shaly interval that grades laterally
into such sandstonc (see measured sections 4 and 5).
This enriched zone was selected as the top of the
Kiowa Formation in many parts of castern Ellsworth
County. For practical usc, however, the top of the
sandstone is a more convenicnt datum for mapping
purposes inasmuch as it is exposed more prominently
than the overlying argillaceous rocks.

Thick lenticular deposits of sandstone near the top
of the Kiowa Formation generally are overlain almost
directly by red-mottled Dakota siltstone or clay. In
at least one locality (fig. 13), basal Dakota siltstone
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stained by iron oxide. Commonly, however, abundant
iron-oxide cement is present, almost to the cxclusion
of quartz grains, where sandstone beds cap hills and
benches. Where abundant iron oxide has accumulated
in sandstone, bedding may be completely masked.
The distribution of iron-oxide cement commonly is
controlled by cross-stratification; the iron oxide forms
bands that follow the cross-strata or pipe-like structures
whose strike parallels the strike of cross-stratification.
Elsewhere, iron oxide forms large tubular diffusion
structures that follow the direction of dip of cross-
strata.

In contrast to the abundance of calcite-cemented
or dolomitic calcite-cemented sandstone in the Kiowa
Formation in Ellsworth County, calcite or dolomite
cement is scarce in sandstone of the Dakota Formation.

Sandstone lenses in the Dakota Formation show
scour-fill contacts with underlying argillaceous rock.
The sandstone at the top of measured section 4 is on
the flanks of a scour-fill channel, the base of which is
nearly 30 fcet lower in altitude less than a quarter of a
mile south of the described exposure and 15 or 20 feet
lower than that 200 feet to the southeast. Similarly,
the sandstone shown on figure 22, although it exhibits
a nearly planar base in the photograph, has an obvious
scour-fill relationship with the underlying contorted
siltstone, clay, and sandstone. Generally, the size and
shape of individual sandstone lenses are difficult to
determine, but in places the lenses are elongate in the
general direction of dip of contained cross-stratifica-
tion. Laterally, sandstone lenses may either grade into
or pinch out in sequences of siltstone and clay. Re-
sults of measurements of cross-stratification at 52 lo-
calities of the Dakota Formation are summarized on
figure 12. The dominance of vector resultants to the
west and southwest indicates that transport of most
Dakota sandstone was from northeast or east to the
southwest or west. An average direction of S.71°W.
was calculated.

Sandstone in the Dakota Formation is erratically
distributed and occurs as lenses of variable size, but
the extent to which individual lenses are intercon-
nected is problematic. Attempts to define such things
as “first,” “second,” and “third sandstones” are unre-
alistic. Figure 15 is a detailed map for parts of Tps. 16
and 17 S., R.8 W., south of Ellsworth. Several prom-
inent lenses of sandstone are exposed in the area and
their bases have been mapped on aerial photographs.
Cross-stratification measurements were made at several
localities. As a result, the map illustrates both the
local variability of cross-stratification and the lenticu-
lar nature of Dakota sandstone. The authors estimate
that as many as five or six lenses of sandstone are pres-
ent in the 7-square-mile area. Although little informa-

tion is available concerning size and shape of sand-
stone lenscs in the Dakota, figure 15 indicates that the
dimensions of some of the lenses can be measured in
miles.

Thus far in the discussion of the lithology of the
Dakota Formation, emphasis purposely has becn
placed on " he ity 7 late
the several rock types. mowever, the rormauon 1s not
without some system. It is precisely that system that
allowed definition of the Janssen Clay and Terra Cotta
Clay Members by Plummer and Romary (1942).
Gray and dark-gray beds of siltstone and clay, as well
as beds of lignite, are confined mostly to the upper
third of the Dakota Formation, whereas red-mottled
siltstone and clay arc found mainly in the lower two-
thirds. However, the basal parts of the Terra Cotta
Clay Member also contain gray and dark-gray lignitic
beds where they are intercalated in varying degrecs
with beds of red-mottled siltstone and clay. Similarly,
seams of porcelaneous kaolinite are found near the
base and in the upper part of the formation. Within
the whole sequence of the Dakota Formation, some
similarities in zonation of lithologic types can be ob-
scrved from place to place. These similarities enabled
Plunmmer and Romary (1942) to devise a generalized
sequence for the argillaceous rocks of the Dakota For-
mation. That sequence follows in modified form.
Modification was made by the authors in consultation
with Norman Plummer. The sequence, however,
should not be taken as being everywhere applicable,
but parts of it may be recognizable from place to place
in the belt of Dakota outcrops. The generalized sec-
tion summarizes briefly the nature of argillaceous rocks
in the Dakota Formation. Sandstone, except for that
near the top of the formation that locally contains
molds and casts of marine and brackish-water pelecy-
pods (Hattin, 1965b), generally has been omitted from
the generalized section.

Generalized section illustrating overall nature of Dakota For-
mation in Ellsworth County. Sandstone lenses and beds may
comprise from 30 to 50 percent of the sequence.
Thickness,
feet

Janssen Clay Member:

17. Siltstone or shale, pale-yellowish-brown to
brownish-gray, generally laminated to thin-
laminated; commonly contains concretionary
“limonite,” hematite, or siderite, and laminae
of fine-grained sandstone. May be a transition
zone between typical Dakota and typical
Graneros Shale. Locally grades lateraﬁy to
fine-grained sandstone containing molds and
casts of brackish water or marine pelecypods
near top 0.1-5.0

16. Siltstone, gray to light-gray, generally resis-
tant; contains carbonized plant debris as well
as nearly vertical tubes that resemble molds
of reed stems or roots or worm borings. Com-
monly supports a bench and is a good datum
for mapping purposes. Locally grades laterally
to sandstone like that noted above ... 0.5-4.0
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massive, unlaminated character of much Dakota clay
and siltstone, particularly in the Terra Cotta Clay
Member, is suggestive of sedimentation by flocculation
(Mcade, 1964). Volcanic activity may have led to
deposition of volcanic ash that locally was reworked
and altered to seams composed almost completely of
porcelaneous kaolinite in basal sequences of Dakota
siltstone and clay.

Sandstone in the Dakota Formation is inferred to
have been deposited mainly by streams and rivers.
This conclusion is based partly on scour-fill contacts
seen at the base of the many sandstone deposits, evi-
dence of contemporaneous reworking of siltstone and
clay, and directional orientation of cross-strata dip
bearings in sandstone (fig. 12). The coarseness of
some sandstone in the lower parts of the Terra Cotta
Clay Member may be indicative of relatively rapid,
though limited, uplift of the source areas of the sedi-
ments.

The dispersion of vector resultants of cross-strata
dip bearings in the Terra Cotta Clay Member is
markedly less than the dispersion shown by vector re-
sultants in the Janssen Clay Member (fig. 12). The in-
creased dispersion of vector resultants in the Janssen,
combined with the finer grain size of Janssen sand-
stone compared with sandstone in the Terra Cotta,
suggests a decrease in stream gradient and a conse-
quent increased tendency for streams to meander or
otherwise change course. The abundance of lignitic
material in the Janssen may also indicate the onset of
swampy conditions associated with the decrease of
stream gradients as well as proximity to the shifting
strand line of the encroaching Late Cretaceous sea.

Imprints of oak, willow, walnut, sycamore, mag-
nolia, laurel, and sassafras leaves, among others, in-
dicate that the climate was mild. The presence of
fossils of cycads and figs may indicate that the climate
was subtropical in some areas (Lesquereux, 1892,
p. 256).

TERRA COTTA CLAY MEMBER

The lower member of the Dakota Formation is
characterized by red-mottled gray to greenish-gray
clay and siltstone. Measured sections 4, 5, and 6 span
the Kiowa-Dakota contact and describe the lower
parts of the Terra Cotta Clay Member. Section 6 was
measured near the old town of Terra Cotta. None of
the sections, however, spans the full thickness of the
member. The relative proportions of clay and silt-
stone to sandstone are significant and indicate the ex-
tent to which the Dakota Formation is mainly an
argillaceous unit. However, coarse-grained and con-
glomeratic sandstone in the Dakota Formation is re-
stricted principally to the Terra Cotta Clay Member.

In many places this interval, which has been
designated informally as the “Andrews section” ( Plum-
mer and others, 1963, p. 4), contains relatively few
lenses and beds of red-mottled siltstone and clay, but
it often grades laterally into sequences composed
largely of red-mottled material. The sequence has
large reserves of relatively plastic1 ™ firih  clay
siltstone suited for the manufacture of facing brick.
Clay pits operated by the Kanopolis plant of Acme
Brick Co. are located in this part of the Dakota Forma-
tion in secs. 25 and 28, T.15 S., R.7 W. The pit in
sec. 34, T.16 S., R.8 W., probably is in this part of
the Dakota.

The direction of transport inferred from measure-
ments of dip bearings of cross-stratification for Terra
Cotta sandstone is mainly southwestward (fig. 12¢).
The calculated grand vector resultant is S.64°W.,
somewhat more southward than that calculated for the
whole of the Dakota Formation. The likelihood is
that channel deposits in the Terra Cotta Clay Member
are elongate primarily in a southwestward direction
in contrast to southward and southeastward elongation
of sandstone deposits in the Kiowa Formation.

The contact between the Terra Cotta Clay Mem-
ber and the overlying Janssen Clay Member does not
constitute a stratigraphic datum. In contrast to the
Terra Cotta, the Janssen is characterized by gray and
dark-gray siltstone and clay, much of which is shaly,
as well as beds and seams of lignite. The contact be-
tween the Terra Cotta and Janssen differs in strati-
graphic position from place to place, and the beds or
zones rich in iron oxide marking the separation are not
everywhere present. However, it is not difficult to dif-
ferentiate between the Terra Cotta Clay Member or
the Janssen Clay Member, although it is difficult to
determine the actual contact. The usefulness of the
definition of the Terra Cotta Clay and Janssen Clay
Members lies mainly in their gross lithologic differ-
ences and in the economic utility of the contained clays.

Thickness of the Terra Cotta Clay Member in
Ellsworth County is difficult to determine, owing partly
to lack of continuous exposure of the member; the
lack of a definite stratigraphic datum separating the
two members of the Dakota also makes thickness de-
terminations difficult. However, the Terra Cotta com-
prises about two-thirds of the thickness of the Dakota
Formation.

JANSSEN CLAY MEMBER

The Janssen Clay Member is composed mainly of
gray and dark-gray siltstone and clay and contains len-
ticular beds of lignite and lignitic shale or clay. Car-
bonaceous siltstone is prominent in many areas and, lo-
cally, lenticular beds of red-mottled clay and siltstone
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montmorillonitic Graneros Shale. Together the silt-
stone and the overlying material often support a bench
that precisely marks the base of the Graneros Shale.
The top of the transitional interbedded sandstone, silt-
stone, and shale is indurated by iron oxide that may
have een derived by oxidation of concretionary
siderite.

Where ledge-forming siltstone has been replaced
by sandstone, the top of the Dakota Formation can be
placed at the top of the sandstone. Elsewhere, the
ledge-forming siltstone may be missing and argilla-
ceous rocks of the Janssen may be overlain directly by
basal Graneros Shale. However, the kaolinitic content
and consequent generally nonplastic aspect of the
Janssen rocks together with the abundant carbonaceous
material contained in them permit fairly clear demarca-
tion from the overlying Graneros Shale.

Cretaceous System—Upper Cretaceous Series
COLORADO GROUP
GRANEROS SHALE

Definition—The name “Graneros” was proposed
by Gilbert (1896) for his lower division of the Benton
group in eastern Colorado. He described the Graneros
(p. 564) as *. .. a laminated, argillaceous, or clayey
shale with very little admixture of limy or sandy ma-
terials.” He reported the unit to be from 200 to 216
feet thick and resting on the uppermost sandstone of
the Dakota Group. The name is derived from a locality
on Graneros Creek at lat 37°37’N.; long 104°47’E.
(which places it approximately in T.24 S., R.66 W,
Pueblo County, Colo.).

Logan (1899) concluded that the Bituminous shale,
the name he gave the basal unit of his subdivision of
the “Limestone group” of the Benton formation in 1897,
was stratigraphically equivalent to the Graneros shale
of Gilbert in Colorado. Gilbert (1896) in his original
description included the lower two members of the
Greenhorn Limestone in the Graneros. Moore (1920)
includes only the bituminous shales in the Graneros
and includes the Lincoln Limestone Member and the
Hartland Shale Member in the Greenhorn Limestone.
This usage of the Graneros has been followed in Kan-
sas since that time.

Hattin (1965a) discussed the paleoecology and
depositional environment of the Graneros in central
Kansas.

Distribution and thickness.—In Ellsworth County
the outcrop of the Graneros trends northeastward to
southwestward. The outcrop extends westward up the
Smoky Hill River valley about halfway across Russell
County. The Graneros is best exposed in a narrow belt
along steep slopes of the valley walls, which are capped

by the Greenhorn Limestone, and in cuts along the
highways.

The Graneros thickens westward from the outcrop
belt in central Kansas. Scott (1962) reported 210 fect
of Grancros in central Colorado, and Bass (1926b)
reported 61 feet of Graneros in Hamilton and Kcarny
Counties in western Kansas. In central Kansas the
thickness ranges from about __ feet in castern Mitchell
County to about 40 feet in Russell and Ellsworth Coun-
ties. In Ellsworth County the thickness ranges from
about 28 feet in the northwestern part of the arca to
about 40 feet in the southwestern part (sec measured
scctions 9, 10). The thickness is commonly 35 to 40
feet.

Lithology.—The dominant lithology of the Graneros
is noncalcareous montmorillonitic shale that ranges
from slightly silty to fine sandy. In general, the shale
is moderately silty (Hattin, 1965a). Unweathered
Grancros shale breaks into irregular rather-tough
blocks that split easily along obscure laminae. Upon
weathering, the shale breaks into innumerable small
flakes that characterize almost all Graneros exposures.
The shale is soft and plastic when thoroughly wet, but
is brittle when dry. The dominant colors of the par-
tially weathered shale are medium light gray, olive
gray, medium gray, and brownish gray. The highly
weathered shale is generally moderate or dark yellow-
ish brown, dusky yellow, or dark yellowish orange.

Most shale units in the Graneros contain numerous
layers or lenses of silt or fine and very fine sand. These
layers or lenses range from thin laminae to thin beds.
The thinnest lenses and laminae are generally the
most fine grained.

Most of the shale units contain gypsum either in
finely granular or almost powdery form or as isolated
platy aggregates of sclenite.

Although shale is the dominant lithology of the
Grancros, other lithologies occur throughout the forma-
tion. Noncalcarcous or calcareous lenses and laminae
of sandstone or siltstone are conspicuous in many
Graneros exposures. Although most sandstone occurs
as laminae or very thin beds, numerous sandstone and
siltstone bodies are sufficiently distinct to be described
individually. In Ellsworth County the noncalcareous
sandstone beds or lenses occur most commonly in the
upper part of the Graneros. Calcareous sandstone is
gencrally near the middle part of the formation (Hat-
tin, 1963a).

Cementation of the sandstone is generally poor,
and locally the rock is not cemented; however, well-
cemented lenses are present. The cement where pres-
ent in the noncalcareous lenses is usually limonite, but
in some places it is gypsum. The dominant colors of the
sandstones in the Graneros are light olive gray, yellow-
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Inoceramus labiatus. This particular shell, though not
absent in other formations, is abundant only in the
Greenhorn beds and thus serves to mark the formation.

Correlation of the Greenhorn at the type locality
in Colorado with similar beds in Kansas was made by
Logan (1899). He regarded the upper four subdivi-
sions (Lincoln marble, Flagstone beds, Inoceramus
beds, and Fence-post beds) of his “Limestone group”
of the Kansas Benton to be stratigraphically equivalent
to the Greenhorn Limestone of Colorado.

Rubey and Bass (1925) again subdivided the
Greenhorn into an upper unnamed member, the Jet-
more chalk member, a lower unnamed member, and
the Lincoln limestone member. These subdivisions
were not proposed as “new labels” on Logan’s units,
but they have different boundaries. Bass (1926a)
proposed names for the unnamed units, the upper be-
coming the ] ifer shale member and the lower, the
Hartland shale member.

The Greenhorn Limestone is not readily divisible
into its members in the field. In Ellsworth County, ex-
cept for the contact between the Pfeifer Shale Mem-
ber and the Jetmore Chalk Member where the top of
the “shell bed” is used, the contacts between the mem-
bers of the Greenhorn are obscure. These contacts are
gradational and may be arbitrarily placed within an
interval several feet in thickness. The upper contact
of the formation with the Carlile Shale, as it is defined,
is sharp and can be easily seen in the field. The lower
contact with the Graneros Shale is easily identified
using a lithologic change from predominantly shale to
limestone, a change from noncalcareous or only partly
calcareous to very calcareous, and a petroliferous odor
for the lowermost limestone.

LINCOLN LIMESTONE MEMBER

The basal unit of the Greenhorn Limestone is the
Lincoln Limestone Member.

Definition—Cragin (1896) in his proposal of the
name “Russell formation” for the lower Benton of
Kansas states that this new formation includes the
“Lincoln marble.” However, he does not comment
further on the “marble.” Logan (1897) designates the
second unit from the base of the Benton as the Lincoln
Marble, which he describes (p. 216) as consisting of
“. .. from two to five layers of hard flinty limestone
intercalated with shale.” Invertebrate fossils, especially
species of Inoceramus, are abundant. Logan (1899,
p. 83) states that the term marble is applied because
the stone will take a “moderate polish.” Rubey and
Bass (1925) substituted the term limestone in the
unit name.

Lithology.—The Lincoln is described by Rubey
and Bass (1925, p. 47) as

. . . beds of chalk and chalky shale, with thin beds of hard
dark gray crystalline slightly sandy fossiliferous limestone at its
base and top and in some places near the middle. The lime-
stones emit a strong odor of petroleum on fresh fracture. A
few thin beds of yellow clay occur in the lower half. . . . The
beds of crystalline limestone are commonly only 2 to 6 inches
thick and . . . although dark gray on fresh surfaces these beds
are greenish or brownish gray where somewhat weathered.

In the north-central ~ * of the in* v
Greenhorn Limestone is onty about 65 feet thick, the
rocks here considered to represent the Lincoln Lime-
stone Member average less than 5 feet thick (see
measured section 12). These rocks are composed of
chalk, chalky shale, and crystalline limestone com-
monly found in the lower part of the Lincoln. In
western and southwestern Ellsworth County where the
Greenhorn is 80 to 85 feet thick, the Lincoln is about
20 feet thick. The contact with the overlying Hartland
Shale Member of the Greenhorn Limestone is grada-
tional and cannot be definitely placed.

1 1

HARTLAND SHALE MEMBER

The second unit above the base of the Greenhorn
Limestone is the Hartland Shale Member.

Definition—The presence of a member between
the Lincoln Limestone and the Jetmore Chalk Mem-
bers was acknowledged by Rubey and Bass (1925) in
their classification of the Greenhorn, but no formal
name was proposed for it. Bass (1926b) named this
unit the Hartland Shale Member, a name derived from
exposures near Hartland, Kearny County, Kans.

Lithology.—The original lithologic description of
the Hartland Shale Member in Russell County by
Rubey and Bass (1925, p. 47) is summarized below.
The Hartland consists of about 35 feet of chalky shale
containing a few thin beds of chalk and clay. A crude
quantitative analysis of this shale revealed a 65 to 70
percent silt content with a few flakes of muscovite.
The most prominent bed is a 5-inch-thick hard me-
dium-gray fine-grained chalk, 14 to 15 feet above the
base, which contains well-preserved Inoceramus and
flat vertical marks resembling grass blades. Below this
prominent bed is 1 or 2 feet of yellow or light-bluish-
gray clay and some gray and green chalky shale, and
then another 5-inch-thick chalk bed which is softer,
lighter colored, and less fossiliferous than the prom-
inent chalk. Overlying the prominent chalk is 2 or 3
feet of chalky shale, which in turn is overlain by thin
beds of chalk containing pyritic nodules and a few
beds of yellow clay.

In Ellsworth County the Hartland is commonly
about 20 feet thick. The contacts with the Jetmore
Chalk Member of the Greenhorn Limestone above
and the Lincoln Limestone Member below are grada-
tional (measured sections 11 and 12).
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Ellsworth County, discussion of the Carlile is restricted
to the lower member, the Fairport Chalk Member.

FAIRPORT CHALK MEMBER

The lower unit of the Carlile Shale is the Fairport
Chalk Member.

Definition.—Fairport was proposed by Rubey and
Bass (1925, p. 40-45) as a proper stratigraphic name
for the Ostrea shale of Logan. The typc exposures are
in the vieinity of Fairport, a small community in north-
castern Russell County, Kans. The Fairport chalk
member, as it was called by Rubey and Bass, comprises
85 feet of “chalky marl and thin chalk beds.” Only
about 15 feet of this unit is present in Ellsworth
County. Like Logan, they placed the lower boundary
at the top of the Fence-post limestone bed ( measured
section 11). The upper boundary is placed at the con-
tact between noncalcarcous and calcarcous strata (de-
termined by using dilute hydrochloric acid). They
note the presence of yellow clays (bentonite) and
several zones of ellipsoidal calcarcous concretions. The
beds are dark gray when freshly exposed, but weather
to light tan. Rubey and Bass found the oyster Ostrea
congesta in abundance and some specimens of the
ammonite Prionotropis twoolgari, the worm Serpula
tenuicarinata, and a clam regarded as similar to but
not identical with Inoceramus dimidius.

Lithology.—On] the lower part of the Fairport is
present in Ellswort  County, and exposures arc rela-
tively scarce. The ithology of the lower Fairport
scems consistent ai is comprised of soft laminated
chalk containing several thin limestones and ovoid
limestone nodules.  Approximately the lowermost 5
fect of the Fairport is very similar in appcarance and
character to the upper part of the Greenhorn Lime-
stone, Above this * wer 5-foot zone the nodules be-
come scarce and 1aller, the limestone layers get
thinner and occur ss frequently, and the clay con-
tent of the sedimer  increases (measured section 11).

Stratigraphic rewtions.—The Fairport is conform-
able with the Greer - orn; in fact, deposition apparently
was uninterrupted From the description by Rubey
and Bass (1925, p. 43) the Fairport-Blue Hill contact
apparently is confc-mable also.

Environment ¢, deposition.—The lower Fairport
apparently originated in a continuation of the environ-
ment in which the Greenhorn was deposited—shallow,
clear, fairly warm marine waters. Such conditions
would have been ideal for the clams and lime-fixing
protozoans found "~ abundance as fossils. As deposi-
tion continued, th: umount of fine noncarbonate par-
ticles accumulating increased (perhaps from wind-
blown volcanic ash or dust and settling of suspended

terrigenous mud ), but not at a rate sufficient to deter
growth of lime-fixing animals.

Tertiary System—Pliocene Series
Ocavraca FORMATION

The name Ogallala Formation is applied to the
sediments of Pliocene age in nsas. A of
the general aspect of the formation is given by Fryc
and others (1956, p. 8):

The Ogallala formation of northern Kansas is a heterogencous
complex of clastic deposits. The thickness of the formation
ranges from more than 300 fect to less than 3 fcet; the texture
ranges from coarse gravel containing pebbles as much as 3
inches in long diameter to clay; and the sorting ranges from
good to poor. Cementing material, not everywherc present,
includes tough opal, disseminated white opal, and various
amounts of calcium carbonate. Colors of the deposits are dark
to pale green, pink, reddish brown, tan, buft, pastel grays,
and ash gray. Lentils of volcanic ash, marl or marly limestone,
and bentonite contrast with the predominate stream-laid
clastics.  Throughout this heterogeneous assortment of sedi-
ments there is virtually no distinctive bed that can be traced
appreciable distances in the field.

The Ogallala has been divided into three members
in Kansas. The lowermost member is the Valentine
Member, which is overlain by the Ash Hollow Mem-
ber. The upper member is the Kimball Member. The
upper surface of the Kimball is marked by the wide-
spread occurrence of a distinctive bed called the “algal
limestonc.” The name “algal limestone” was intro-
duced by Elias (1931, p. 138) in the belief that the
structures in the limestone were the work of algace, but
Swincford and others (1958) present cvidence that
the bed resulted from soil-forming processes.

In Ellsworth County only the uppermost bed, the
“algal limestone,” is present. About 40 localities were
visited during this investigation where the so-called
algal limestone crops out. These outerops occur in
small knobs or ridges occupying the highest topo-
graphic positions in the general arca of the outcerop.
The thickness ranges from a few inches to about 3.5
fect. The “algal limestone” deposits in Ellsworth
County do not represent clastic deposits but rather are
the remnants of a widesprcad soil formed in this area
during late Pliocenc and possibly into early Pleistocene
time. The deposits occur only in divide areas and serve
as marker horizons, which have been relatively stable
since the close of the Pliocene Epoch. Figure 16 shows
contours on top of the “algal limestone” in and adjacent
to part of Ellsworth County. The contours indicate a
genceral slope toward the east and also show topo-
graphic highs near the prescnt drainage divides be-
tween the Saline and the Smoky Hill Rivers and be-
tween the Smoky Hill and Arkansas Rivers. There is
some indication that a drainage channel existed in or
near the Smoky Hill Valley and the abandoned Wilson
valley. Any clastic material that may have been de-
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Arkansas River just west of Wichita in Scdgwick
County. The lowermost deposits in McPherson channel
are Pliocene in age (Lane and Miller, 1965).

Quaternary System—Pleistocene Series

Pleistoccne deposits in Kansas are of contincntal
origin and are composed of silt, clay, sand, avel, a1 °
small amounts of volcanic ash. The Pleistocene Epoch
as defined by the State Geological Survey of Kansas
was the last of the major divisions of geologic time
and has been called the “ice age” owing to the presence
of continental glaciers in North America and else-
where. The Pleistocene Series in Kansas has been di-
vided into the Nebraskan, Kansan, Illinoisan, and Wis-
consinan glacial stages and the Aftonian, Yarmouthian,
and Sangamonian interglacial stages. Events in cach
of the periods of continental glaciation followed a
cyclic repetition. Each cycle consisted of a glacial and
an interglacial interval or stage. The cycle in a mar-
ginal belt around a glaciated area was characterized
by a period of down-cutting in the valleys and some
local deposition of sediments, in turn followed by a
period of deposition of coarse material, deposition of
progressively finer material as the glacier retreated, and
finally, during the interglacial stage, little or no deposi-
tion and the development of a soil profile over a large
area where surface conditions were relatively stable.

During the Nebraskan and Kansan Stages con-
tinental glaciers entered northeastern Kansas. During
the Hlinoisan and Wisconsinan Stages the continental
glaciers did not reach Kansas, but the climatic changes
accompanying their approach had a direct effect on
the Pleistocene deposits in Kansas.

Ellsworth County is about 100 miles from the
nearest approach of any of the ice sheets and did not
reccive outwash material from the glaciated arca. The
principal effect in Ellsworth County during the glacia-
tions, therefore, was climatic. Ellsworth County is
drained by the Smoky Hill and Saline Rivers, except
for an area of about 80 square miles in the southwest-
ern part of the county that is drained by the Arkansas
River. The Smoky Hill and Saline Rivers headed in
western Kansas and have never had dircet connection
with drainage from the Rocky Mountains. The Arkan-
sas River in central Kansas probably had no connection
with Rocky Mountain drainage until late Kansan or
early Illinoisan time, indicating that mountain glacia-
tion during the Pleistocene had no direct effect on the
Pleistocene deposits in Ellsworth County. The source
of the material comprising the Pleistocene deposits in
the county has been the Ogallala Formation in the
western part of the State and the local bedrock.

The Smoky Hill River in Ellsworth County has
been cutting its channel at or near its present course

throughout the Pleistocene and possibly during late
Pliocene time. During cach suceceding glacial stage,
the channel has been incised to a lower altitude. The
Saline River has followed closely its present course
from western Kansas to a point near the northwest
corner of Ellsworth County throughout the Pleistocenc.
During early Pleistocene and probably late Pliocene
time, the Saline River entered Ellsworth __unty near
the northwest corner and flowed  southeastward
through the now abandoned Wilson valley into the
Smoky Hill River at a point just west of Ellsworth.

NEBRASKAN AND AFTONIAN STAGES
HoLpREGE AND FULLERTON FORATATIONS

During the Nebraskan and Aftonian Stages, the
Smoky Hill River did not head in western Kansas. The
upper Smoky Hill drainage during this time was
through Galatia channel to the ancestral Arkansas
River (Bayne and Fent, 1963). That part of the Smoky
Hill River below Galatia channel was tributary to
drainage through Wilson valley and the Saline River,
which drained through McPherson channel to the
ancestral Arkansas River.

Deposits representing the Holdrege and Fullerton
Formations of Nebraskan age are locally present along
the edges of the valleys of the Smoky Hill River and
Wilson valley. These deposits are discontinuous and
have little surface expression. Geuerally the Holdrege
and Fullerton underlie the dissected slope between
the relatively flat surface of Kansan age deposits and
the valley wall. Test holes and geologic sections (A-A,
B-B’, and D-D’, pl. 2) indicate that these deposits rest
on a bedrock bench and are in a terrace position rela-
tive to the vounger Kansan deposits. The Holdrege
and Fullerton Formations were not mapped, because
they are poorly exposed. They are included in the
arca mapped as the Grand Island and Sappa Forma-
tions of Kansan age on the geologic map (pl. 1).

In Ellsworth County the IToldrege and Fullerton
Formations are composced of silt with minor amounts
of clay and generally some sand and gravel in the
basal part of the deposit. Locally, some caliche is
present in the upper part. These deposits may be as
much as 40 feet thick but more commonly are about
15 or 20 feet thick.

KANSAN AND YARMOUTHIAN STAGES
Graxp Isnanp anp Sarra Forarations

During carly Kansan time, the strecams in Ellsworth
County deepened their channels. The valleys were
incised below the base of the Nebraskan deposits, and
most of the Nebraskan dcposits were removed (A-A’
and D-D’, pl. 2). Galatia channel, which had drained
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Ficure 18.—Configuration of the bedrock surface and buried channels in southwestern Ellsworth County and northern Rice
County.

more than short distances. Silt and clay are the domi-
nant materials comprising the deposits, although locally
sand and gravel derived from the local bedrock are
present in the basal part of the deposits. These de-
posits are not shown on the geologic map (pl. 1).

A triangular-shaped area in southern and south-
western Ellsworth County, the northern boundary of
which nearly coincides with the drainage divide be-
tween the Smoky Hill and Arkansas Rivers, is underlain
by Pleistocene deposits (pl. 1). The upper part of
these deposits is nearly everywhere composed of silts
of late Pleistocene age; however, several buried chan-
nels which drained the arca during early Pleistocene
time are present. Figure 18 shows the contours on the
bedrock surface and the location of these buried chan-
nels. The deposits in these channels consist principally
of silt and clay, but sand and gravel derived trom the
local bedrock is present in the lower part of the de-
posits. They may be as much as 60 feet thick, but are

commonly less than 30 feet thick. These channel de-
posits are assigned a Kansan age and are considered
to be part of the Grand Island and Sappa Formations.

Fent (1950) considered the deposits in the exten-
sions of the channels in Rice County to be of Kansan
age, because water-worn pebbles of caliche are com-
mon throughout the deposits. He considered the
caliche to have been derived from a soil caliche formed
during the Aftonian interglacial stage. This caliche
differs from the “algal limestone” caliche of late Plio-
cene age in that the distinet banding in the “algal
limestone,” which gives it the appearance of being
algal in origin, is missing.

ILLINOISAN AND SANGAMONIAN STAGES
Drainage in central Kansas at the beginning of the

Ilinoisan Stage was probably through the same chan-

nels as in the Kansan Stage; however, Wilson valley
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Ficure 20.—Map illustrating capture of headwaters of Clear
Creek by Elkhorn Creek.

Ellsworth County has been essentially unchanged;

however, the valleys have been deepened.

Early in the Wisconsinan Stage the stream valleys
in Ellsworth County were deepened to a point well
b w the deepest Illinoisan incision (D-D’, I-I’, and
J-7’, pl. 2) and later filled with alluvial materials to a
point 20 to 30 feet below the surface of the Illinoisan
alluvial deposits. In other areas in Kansas, a second
phase of cutting and filling occurred during late Wis-
consinan time, but this twofold sequence of cutting
and filling during 2 Wisconsinan was not recognized
in Ellsy rth Cow

The Wisconsinan alluvial deposits in the stream
valleys in Ellsworth County are similar in mode of
occurrence and composition to those of the other
stages « the Pleistocene inasmuch as they are com-
posed of silt, clay, sand, and gravel; the coarse material
generally occurs near the base of the deposit, and silt
or sand generally comprises the upper part of the
deposit. Wisconsinan fluvial deposits in the Smoky
Hill Valley are generally better sorted and more
permeable than the materials deposited in the earlier
stages of the Pleistocene. Wisconsinan fluvial deposits

in the Smoky Hill River valley are as much as 60
feet thick. In the tributary valleys, these deposits are
commonly less than 30 feet thick.

Peoria ForataTioN

During the Wisconsinan Stage loess was deposited
in Kansas in tv oh '
sinan loess comprises the Peoria Formation, and the
later loess comprises the Bignell Formation in the
Kansas classification. The Peoria Formation is prob-
ably equivalent in age to the lower Wisconsinan fluvial
deposits, and the Bignell Formation is probably equiv-
alent to upper Wisconsinan fluvial deposits. The great-
est thickness of Wisconsinan loess was deposited in
northern Kansas. In northwestern Kansas the Peoria
may exceed 50 feet in thickness, whereas the Bignell
probably does not exceed 10 feet. In northeastern
Kansas near the Missouri River both the Peoria and
Bignell may exceed 50 feet in thickness. In Ellsworth
County the Peoria is thin, having an observed max-
imum thickness of about 10 feet. The Bignell was not
observed in the county. Although some Bignell prob-
ably was deposited in the county, the loess was thin
and ecither has been eroded or is included in the mod-
ern soil and is not identifiable.

In the channel areas in southwestern Ellsworth
County, silts that resemble loess overlie similar deposits
of Illinoisan age and are believed to be Wisconsinan
in age. These deposits are believed to be water-laid
silts and colluvium derived from the Peoria loess and

to be essentially of the same age as the Peoria (A-A’,
E-E', F-F’, G-G’, and H-H’, pl. 2).

RECENT STAGE

In Ellsworth County geologic processes in the up-
land areas during the Recent Stage have consisted of
erosion, downslope movement, deposition of collu-
vium, and formation of soil. In the valley areas Recent
deposits consist of alluvium, which occurs in a narrow
band mostly within the active channel of the streams.
Recent alluvium has not been differentiated from the
Wisconsinan fluvial deposits on the geologic map (pl.
1). In the Smoky Hill River valley during the Recent
Stage, the stream has been entrenched below the sur-
face of the adjacent Wisconsinan fluvial deposits. The
Recent alluvial fill is composed of silt, sand, and gravel
which cannot be differentiated from the Wisconsinan
fluvial deposits except for position. These deposits
probably arc no more than 25 to 30 feet thick and, al-
though hydrologically similar to the Wisconsinan de-
posits, they are utilized only at a few locations because
of their limited areal extent and subject to flooding.
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water-bearing zone at the intake area, percolates
downdip and accumulates. As water continues to ac-
cumulate in the aquifer, it is placed under pressure
by the weight of the water accumulating farther up-
dip. This pressure is called hydrostatic pressure.
When an aquifer under hydrostatic pressure is pene-
trated by a well, water will rise in the well to a height
determined by thc magnitude of the hydrostatic pres-
sure. The imaginary surface connecting this level in
artesian wells is called the piezometric surface. For
an artesian well to flow, the piezometric surface must
be at an altitude higher than the land surface at the
well site.

The Water Table

The water table is defined as the upper surface of
the zone of saturation in a porous rock (Meinzer,
1923b). Where thc upper surface of the zone of satura-
tion is intersected by an impermeable rock, the water
table is interrupted and artesian conditions exist. If
an aquifer lies above an impermeable bed, the water
contained in the aquifer may be perched, and the
upper surface of the perched aquifer is called a
perched water table.

The water table is not a plane surface, but is gen-
erally a sloping surface that has irregularities caused
by differences in permeability of water-bearing ma-
terials, by unequal additions or withdrawals from the
aquifer, and by topographic features. The water table
is not stationary, but fluctuates in response to additions
of water to, or withdrawals of water from, storage.
Plate 1 shows the location of wells, springs, and test
holes in Ellsworth County in which measurements
were made of the depth to water, the altitude of the
water surface with respect to sea level, and contours
of the water table. Data concerning these wells are
given in table 6, On plate 1 the water table is shown
in the valleys and upland areas. Locally in the uplands
the water may be confined, and water will rise above
the aquifer in a drill hole. In these localities the con-
tours represent a piezometric surface of an artesian
aquifer rather than a water table. In the upland areas
very shallow wells generally were not used in drawing
the water-table contours, because in many of these
wells the water appears to be perched above the
principal aquifer. In southwestern Ellsworth County,
in an area of about 36 square miles, water contained
in Pleistocene deposits is perched as much as 100 feet
above the water table in the Dakota Formation. The
basc of the perched aquifer and the surface of the
Dakota aquifer converge southeastward, and the two
aquifers merge into a single water-table aquifer.

The contours on plate 1 show the shape and slope
of the water table in Ellsworth County. Each point on

the water table on a given contour is at the same alti-
tude, and the water moves downslope in a direction
at right angles to the contour at any given point. The
rate of ground-water movement is controlled by the
geology. The Dakota Formation is composed of much
finer-grained materials than the Pleistocene alluvial de-
posits in the valley and, therefore, has a lower per-
meability. Movement of water through the finer ma-
terial is slower than through the coarser material, and
steeper slopes or a higher head are required to move
the same quantity of water through the fincr upland
deposits. The water-table contours on plate 1 are
generally more closely spaced in the upland areas
than in the valley areas because the water table gen-
erally reflects the surface topography as well as the
permeability of the aquifer. In the valleys of the major
streams, the contours are more widely spaced and
uniform than in the upland. This is a reflection of the
more gentle slopes of the topography in the valley
areas as well as an indication of greater permeability.
The ground-water divides roughly coincide with the
topographic divides in Ellsworth County, although
the ground-water divide in the southwestern part of
the county appears to be somewhat south of the
topographic divide.

Recharge and Discharge

Recharge is the addition of water to the ground-
water reservoir and may occur in several ways; how-
ever, the original source of all recharge is precipitation.
In Ellsworth County the principal source of recharge
is by direct infiltration and percolation of precipitation
to the zone of saturation. Some recharge occurs
through infiltration of water from streams and by sub-
surface inflow from adjacent areas.

Water upon reaching the zone of saturation, con-
tinues moving down the slope of the water table to-
ward a point of discharge. Ground-water movement
in most of the county is toward the Smoky Hill River
valley, but some water in the southwestern part of
the county moves toward the Arkansas River drainage,
and in the northern part of the county water moves to-
ward the Saline River. Water may be discharged from
an aquifer by evaporation, transpiration, seeps, springs,
wells, and subsurface outflow. In Ellsworth County
water is discharged by all these methods although
some are much more important than others. Over a
period of several ycars in which the average climatic
conditions are about equal to long-term normal con-
ditions, recharge is about cqual to discharge, unless
outside influences such as heavy pumping crcate an
imbalance. In Ellsworth County only minor fluctua-
tions of the water tablc are known to have occurred
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in the past, indicating that the quantity of water in
storage has remained about the same.

Long-term mecan annual percipitation in Ellsworth
County is about 268 inches. This amounts to about 1
million acre-feet of precipitation a year in the county.
About 2 inches of the precipitation, or 70,000 acre-fcet,
leaves the county as runoff. Of the remaining 24
inches of precipitation, most of the water is evaporated
and transpired from the surface or the zone of soil
water, but a part percolates down to the zone of satura-
tion to become recharge. Probably about 10,000 acre-
feet of water per year is pumped from storage, and
because storage remains nearly constant, this water,
about 0.3 inch of the annual precipitation, represents
recharge. Seeps and springs, which discharge water
from storage throughout the year, probably represent
3 to 4 inches or more of rccharge although most of
this water is lost by transpiration and evaporation a
short distance from the point of discharge.

Subsurface inflow of ground water from the west
into Ellsworth County probably is slightly greater than
the subsurface outflow to the east, but more water is
discharged through springs and seeps in the eastern
part of the county.

Quality of Water

Water, as it is precipitated and as it percolates
through the scdiments and rocks, takes into solution
various gascs and mineral salts. The amount of these
impurities can be very important in the consideration
of ground water for a specific use. The kind and
amount of impurities in ground water can be deter-
mined by quantitative chemical analyses. The chemi-
cal character of ground water in Ellsworth County is
indicated by analyscs of 29 samples of water (table 3).
Figure 24 shows the chemical character of the sampled
water and the location of the sampled wells. These
analyses show only the dissolved-mineral content and
do not indicate whether the water meets sanitary re-
quirements.

The chemical analysis of a water may be expressed
in milligrams per liter (mg/1) or milliequivalents per
liter (me/1). In an analysis expressed in milliequiva-
lents per liter, unit concentrations of all ions are
chemically equivalent. To convert milligrams per liter
to milliequivalents per liter, the values for concentra-
tion of mineral constituents should be multiplied by
the factors in table 4 (Hem, 1970).

Chemical analyses presented in graphic form may,
in many cases, be more easily interpreted than analyses
presented in tabular form. Many graphic methods of
presentation and study of water analyses have been
used. Graphic methods should not be considered a

universal explanation for all problems related to water
quality but should be used as tools, along with all
other methods related to the interpretation of water
quality, in the study of such problems.

Figure 24 shows in graphic form the chemical
character of water and the location of the wells listed
in table 3. Expressing the analyses in this manner is
a convenicnt way to visually compare the analyses of
several different waters. The lower end of the line
marking the center of each bar graph is at the point
corresponding to the location of the well. Vertical
scales of each bar graph arc the same, and the con-
stituents arc plotted in the order shown in the ex-
planation.

A graphic mcthod of interpreting water analyses
suggested by Stiff (1951) utilizes four horizontal axcs
and one vertical axis. The principal cations are plotted,
one along cach axis to the left of the vertical axis, and
the principal anions are plotted in a similar manner to
the right of the vertical axis. Ionic concentrations are
cxpressed in milliequivalents per liter. When the
plotted points are connected, a figure or pattern that
is characteristic of a given type of water is obtained.

Figure 25 shows the patterns obtained by plotting
milliequivalents for analyses of eight samples of water
from wells in Ellsworth County using the Stiff method
of graphic interpretation. The patterns show the pre-
dominant ions, which determine the chemical type of
the water. Numbers 1 and 8 are calcium sulfate waters,
17 and 18 are sodium chloride waters, 10 and 5 are
calcium bicarbonate waters, and 29 is a calcium bi-
carbonate watcr containing an appreciable quantity
of nitrate.

Casual study of the patterns shown by the analyses
could lead to erroneous interpretation as to the source
of the waters. Although the pairs of analyses shown
on figure 25 are similar and one might assume that
similar patterns reprcsent waters from the same aqui-
fer, a study of the records of wells and springs in table
6 indicates that, in each case, similar patterns are
from different aquifers, and three separate analyses
of water from the Dakota Formation, analyses 8, 17,
and 5, have different patterns.

If one considers only the major dissolved con-
stituents and groups together certain dissolved ions
whose properties are similar, most natural waters can
be represented as solutions of the cationic constituents,
calcium, magnesium, and the alkali metals, and the
anionic constituents, sulfate, chloride, and those con-
tributing to alkalinity. The alkali metals are prin-
cipally sodium and potassium, and the constituents
contributing to alkalinity are principally bicarbonate
and carbonate. When the constituents are grouped in
this manner, the composition of a water can be rep-




TasLE 3.—Chemical analyses of water from selected wells and one spring.!
[ Dissolved constituents and hardness in milligrams per liter.)

Dis- So- Hardness as Specif-
solved dium CaCO, ic con-
Sample Tem- solids Man- Cal- Mag- and po- . . : ductance
e et Geologic P o (S smea  Toml g onopehn o B Chos Tho e Noncar. ihace:
3 - 4 h . i m ium a N -
number 25-86) infeel  source: lection  (°F) 180° C) (5i0,)  (Fe) (Mn) (Cn) (Mg) (Natk) (HCO(S0,) (&) (F) (NOy) Total bonate 25°C) pH
14- 6W- Taaa 1 18 Terrace Dep 11-21-61 531,350 17 0.19 .00 318 40 61 388 680 45 0.6 1.5 958 640 1,910
26adc 2 99 Dakota Fm 11-21-61 55| 468 7.5 23 .03 38 14 112 222 138 46 14 15 152 0 840 _
14- TW-26dcc 3| 106 do 11-17-61 53| 129 16 A1 .00 29 43 8.1 102 5.8 9.0 2 6.2 90 6 220 .
14- 8W- 8cbb 4 21 GreenhornLs 11-20-61 53| 983 13 .07 00 195 19 109 300 122 204 4 173 564 318 1,800
28cbd 5 74 Dakota Fm 11-20-61 57} 363 17 1.6 .00 106 7.7 14 300 37 25 2 8.9 296 50 640
14- 9W-28cced 6 51 Sappa Fm, 11-18-61 56| 328 25 17 .00 100 55 12 324 41 19 1 2.7 272 6 600
Grand Is-
land Fm
34adb 7 63 Dakota Fm 11-18-61 57| 364 19 56 .00 102 82 18 305 21 29 2 17 288 38 670
14-10W- 9ddc 8 88 do 11-16-61 571,590 13 3.5 .67 389 56 39 356 802 111 1.2 4 1,200 908 2230
20cdal 9 25 Grand Is- 10-10-56 775 22 10 .00 156 12 90 356 119 96 2 102 438 146 . 7.3
land Fm,
Sappa Fm
15- 6W-14cda 10 49 Kiowa Fm 11-20-61 57| 421 15 A4 11 77 23 38 268 116 18 5 1.5 286 66 730
35aaa 11| Spring Dakota Fm 11-20-61 55| 126 15 01 00 26 37 11 90 82 11 2 6.2 80 6 230
15- TW-22ced 12 28 Terrace Dep 11-20-61 56| 200 25 18 28 35 79 20 140 30 11 3 1.5 120 5 340
15- 8W-19bad2 13 50 do 4- 9-56 649 27 1.0 .35 119 15 91 357 109 102 5 6.2 358 65 7.2
25dca 14 40 Grand Is- 5- 2-60 412 16 .03 .00 101 10 19 195 59 36 2 75 293 138 690
land Fm
34caa 15 60 Daokta Fm 11-20-61 57| 297 6.0 7.3 17 49 10 48 212 54 25 3 4 163 0 540
15- 9W-24ddd 16 18 Terrace Dep 11-21-61 58| 306 55 22 22 52 15 48 283 16 44 1 4 191 0 590
15-10W-36ccb 17| 152 Dakota Fm 11-16-61 562,450 8.0 2.6 .14 144 55 714 373 171 1,170 .8 2.2 585 279 4,840
16- 8W-10daa 18 90 Kiowa Fm 11-18-61 56|1610 9.0 79 .08 146 49 376 307 284 590 1.0 19 566 314 3,050 -
16- 9W-19ced 19 57 Pleistocene 11-21-61 56| 648 5.5 30 .09 98 16 114 202 140 174 4 4 310 144 1,220
Ser
16-10W-26¢ccel 20| 111 DakotaFm 11-21-61 56| 362 21 168 34 96 11 22 317 15 40 2 4 284 24 660
17- TW-10cca 21 65 do 11-20-61 _..| 395 14 .06 .00 69 14 53 244 74 42 S 8.9 230 30 720 -
17- 8W- 4add 22 59 do 11-18-61 57| 350 9.0 21 11 70 15 44 310 18 40 .6 4 236 0 650
7cba 23 6 Colluvium 11-18-61 53| 272 3.0 42 02 75 14 12 288 21 19 4 4.2 244 8 510
25¢ccecl 24 95 Dakota Fm 5- 8-61 318 16 01 .00 73 12 28 264 18 39 4 1.8 232 16 580 7.4
17- 9W-13abb 25| 112 do 11-16-61 51| 341 9.0 11 21 72 19 33 334 20 22 7 4 258 610
16dab 26| 210 do 4-24-61 372 23 55 12 84 15 32 322 18 40 4 1.1 271 7 680 7.6
17-10W-10dbd2 27| 190 do 3-23-61 . 419 20 .01 .00 90 13 47 342 35 42 4 3.2 278 0 770 7.5
27aac 28 84 do 11-16-61 57| 333 14 80 00 73 15 40 310 16 41 4 1.5 244 0 650 _
33ced 29 36 Pleistocene  11-21-61 55| 637 22 48 .00 176 11 21 346 22 82 1133 484 200 1,140
Ser

1 Samples analyzed by Kansas State Department of Health.

2 Dep, deposits;

Fm, Formation; Ls, Limestone; Ser, Series.

3In areas where the nitrate content of water is known to exceed 45 mg/], the public should be warned of the potential dangers of using the water for infant feeding (U.S. P

p.7

Health Service, 1962,
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Ficure 26.—Modified Piper diagram showing grouping of
analyses of water from wells. Numbers by symbols are sample-
identification numbers from table 3.

contrast to the characteristic red stain caused by iron.
The recommended maximum concentration for man-
ganese is 0.05 mg/]l for domestic use. In Ellsworth
County 13 of the samples contained manganese in
excess of the recommended limit.

Chloride—Chloride is abundant in nature and
many rocks contain small to large amounts of chloride
salts that may be dissolved by ground water. Water
containing less than 250 mg/1 of chloride is satisfactory
for domestic use. Cattle can drink water containing
as much as 5,000 mg/1 of chloride; however, they will
lose weight until they become adjusted to the water.
Only two samples contained more than 250 mg/1 of
chloride in Ellsworth County.

Fluoride.—Fluoride in concentrations greater than
1.5 mg/1 in drinking water used regularly by children
during the formation of the permanent teeth may cause
mottling of the tooth enamel (Dean, 1936, p. 1270).
However, a moderate concentration (1.0 to 1.5 mg/1)
of fluoride helps to prevent tooth decay. Only two
samples of water had concentrations of fluoride greater
than 1.0 mg/1, and no concentration exceeded 1.5 mg/1.

Nitrate—The recommended maximum concentra-
tion of nitrate in water for domestic supply is 45 mg/1.
The use of water containing an excessive amount of
nitrate in the preparation of a baby’s formula can cause
cyanosis (blue baby), or oxygen starvation. Water
containing more than 90 mg/1 of nitrate is regarded by
the Kansas State Department of Health as likely to
cause severe, possibly fatal, cyanosis if used con-
tinuously (Metzler and Stoltenberg, 1950). Nitrate

poisoning appears to be confined to infants in their
first few months of life. Adults drinking the same
water are not affected; however, breast-fed babies of
mothers drinking such water may be affected. Cows
drinking water containing a high concentration of
nitrate may produce milk high enough in nitrate to
cause cyanosis in infants. Nitrate “ber

from water by boiling or other simple treatment.

The source of nitrate in natural water in Ellsworth
County is not known. In Kansas, nitrate-bearing rocks
sufficiently high in nitrate to contribute the quantities
that occur in water are not known to exist. Chemical
fertilizers and certain legumes are sources of nitrate
in some local areas, and seepage from sewage sources
or barnyards may also contribute nitrate. The quanti-
ties that have been pumped over a period of several
years from wells known to yield water with a high
nitrate content would indicate a continuing source of
the nitrate. Bacteria, which have the ability to “fx”
or convert the nitrogen of the air or of organic material
to nitrate, may be the principal source of nitrate in
water.

In 1958 the Kansas State Department of Health
investigated the water supplies of several cities in
Kansas in which the concentration of nitrate was
higher than the desirable limits set by the Depart-
ment of Health. Wilson in Ellsworth County was one
of these cities. Conclusive results were not obtained
in this investigation; however, certain factors were
common to all the water supplies and may be im-
portant to the presence of nitrate in these water sup-
plies. In all the cities the supplies were from thin
aquifers of low transmissibility. The wells were rela-
tively low-yielding wells having appreciable draw-
down when pumped. Nitrate concentrations were
higher at or near the water table than in the lower
part of the aquifer. Wilson, in a 16-year period,
pumped an estimated 370 tons of nitrate in water from
the east city well. This quantity of nitrate would in-
dicate that a continuing source of nitrate was necessary.

Wells yielding water with a low nitrate content
have been constructed in areas known to contain water
with a high nitrate content. In such a well the aquifer
must bc more than 10 or 15 feet thick. The well
should be screened only in the bottom of the aquifer
and tightly cased to the surface. The well should be
pumped at a low rate to take water out of the bottom
of the aquifer with little disturbance of the water hav-
ing high nitrate content at or near the water table.

In only four samples of water from Ellsworth
County (table 3) was the nitrate concentration greater
than 45 mg/l. Two of these samples were from mu-
nicipal supplies (Wilson and Kanopolis). The geologic




Bayne, Franks, Ives—Geology and Ground-Water Resources of Ellsworth County, Central Kansas 45

little or no drawdown in the water table, and ap-
preciably greater amounts of water probably could
be safely withdrawn at these places. Although very
few individual wells are pumped in excess of 10 gpm,
vields of as much as 250 gpm probably could be sus-
tained by cyclic pumping in a number of placcs.

The directions of dip of cross-stratification in sand-
stone generally are conceded to indicate the directions
of flow of currents that deposited the sandstone. The
relationship between dip bearings of cross-stratification
and the trend of clongation of scour-fill channels at the
base of the Shinarump Formation proved a useful tool
in locating drill holes in uranium exploration on the
Colorado Platcau (Finncll and others, 1963). Cross-
stratification studies such as those described above
conceivably could be equally useful in establishing
locations for water wells in the Kiowa and Dakota
Formations in central Kansas. For example, vector
resultants of cross-stratification dip bearings are mainly
westward and southwestward in the Dakota Formation
in Ellsworth County and average S.71°W. (fig. 12b).
Thus, one might infer that the most likely locations
for a sccond productive well tapping a given aquifer
in the Dakota Formation would be to the west or south-
west of the first well. If the direction of dip of cross-
stratification can be determined from outcrop studies
of an aquifer, it might be possible to determine more
accuratcly the direction in which the location of a well
should le. However, the length of sandstone-filled
channels in both the Kiowa and Dakota Formations
would be an important consideration in deciding on
exact locations for water wells, and data on the overall
dimensions of the sandstone deposits are scarce. Field
studics indicate that the dimensions of many thick
deposits of sandstone in the Dakota Formation can
be measured in miles (fig. 15), and the same appears
to be true for thick lenticular deposits of sandstone
in the Kiowa Formation. It seems likely, however, that
the direction of elongation of deposits of Kiowa sand-
stone commonly is southward and southwestward in
Ellsworth County (fig. 12).

GRANEROS SHALE

The Graneros Shale is generally not an aquifer in
Ellsworth County. However, in a few locations wells
obtain small yields of water from a sandy zone within
the unit.

GREENHORN LIMESTONE

The Greenhorn is not an important aquifer. How-
ever, a small amount of ground water moves through
the unit and upon encountering one of the several
bentonite layers within the unit is discharged through

seeps at the downdip exposure of the bentonite. Only
a few wells are known which obtain water from the
Greenhorn, and the yield from these wells is generally
only a few gallons an hour.

CARLILE SHALE
This unit does not yie
County.
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Recent and occur as Rc 1t alluvium in the major
valleys and as terrace dep s adjacent to these valleys.
These deposits are comprised of a heterogeneous mix-
ture of silt, clay, sand, and gravel. The fluvial deposits
of Nebraskan and Kansan age occur in a high terrace
position adjacent to the Smoky Hill River and as the
lower part of the valley fill in Wilson valley. In much
of the area underlain by Nebraskan age deposits, these
fluvial deposits are near the dissected valley wall and
are drained; however, in local arcas small quantities
of water, probably less than 10 gpm, are available to
wells. The Grand Island and Sappa Formations of Kan-
san age in the Smoky Hill River valley and Wilson
valley yield small to moderate quantities of water to
wells in the arca. Locally thesc deposits lic above the
water table and yield no water. Where the deposits
are saturated, yiclds are commonly less than 50 gpm,
but in areas where the Grand Island is thick and is
composed predominantly of sand and gravel, yields
of more than 100 gpm could be obtained, although no
wells having this large a yicld were visited during the
investigation. In the tributary streams the Kansan
age deposits lie above the water table and do not yield
water to wells. In southern and southwestern Ells-
worth County the channel deposits of Kansan age are
lithologically similar to the Kansan age deposits in the
streams tributary to the Smoky Hill River, but they
arc somewhat thicker and lie below the water table.
Wells in these deposits generally yield only a few
gallons per minute; however, yields up to 50 gpm
probably could be developed in local areas.

Pleistocene fluvial deposits of Illinoisan, Wiscon-
sinan, and Recent age occur in the valleys of the major
streams and are the principal alluvial aquifers in the
county.
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treated by chlorinators on each well and is stored in
a 50,000-gallon steel standpipe near the center of town.
About 120 acre-feet of water is pumped annually by
the city.

INDUSTRIAL SUPPLIES

The principal industrial user of water in Ellsworth
County is the Northern Natural Gas Co., operator of
a hydrocarbon-extraction plant in the southwestern
part of the county. In 1960, six wells were drilled into
the Dakota Formation to obtain water for injection
into the Wellington salt to dissolve the salt, creating
cavitics for storage of propane. These wells were
tested at about 250 gpm. The production rate ranges
from 150 gpm to 250 gpm. Water from this well field
is now used for cooling purposes only.

IRRIGATION SUPPLIES

One well (17-9W-19aaa) was used for irrigation
during this investigation. This well yields about 100
gpm and obtains water from gravel deposits in a
buried Pleistocene channel in southwestern Ellsworth
County. The gravel deposits are not continuous in the
buried channel, and development of additional irriga-
tion in the area is dependent on the location of addi-
tional gravel in the basal part of the channel deposits.

Water in sufficient amounts for large-scale irriga-
tion is not available in the county. Maximum known
yields are about 250 gpm from alluvial deposits ad-
jacent to the Smoky Hill River and from the Dakota
Formation, and yields this large can be obtained only
in local areas.

MINERAL RESOURCES

The known mineral resources of Ellsworth County
include petroleum, salt, ceramic material (clay and
shale), sand and gravel, natural gas, lignite, limestone,
sandstone, volcanic ash, and raw materials for produc-
tion of cement; however, only petroleum, salt, ceramic
material, and sand and gravel are produced commer-
cially at the present time. Mineral production is an
important contribution to the economy of Ellsworth
County. The value of minerals produced annually
amounts to about $8 million as compared with the $16
million value of livestock and crops produced annually.

Oil and Gas

Petroleum is the principal mineral resource of Ells-
worth County. The first oil production was in October
1930. The 1964 production was 1,470,103 barrels, and
the cumulative production at the end of 1964 was
101,724,299 barrels (Beene and Oros, 1965). Produc-

tion was from 564 wells in 17 fields. Oil is produced
from rocks of the Shawnee Group, Lansing-Kansas City
Group, Pennsylvanian basal conglomerate, Simpson
Group, Arbuckle Group, and the Reagan Sandstonc.

Natural gas is not produced commercially in the
county.

Salt

Ellsworth County is one of five Kansas counties
that produces salt. Salt is extracted from the Hutchin-
son Salt Member of the Wellington Formation of Early
Permian age. The Hutchinson salt underlies nearly
all central Kansas (Bass, 1926¢).

Salt was first discovered in Ellsworth County in
1887 (Hay, 1889, p. 199). A shaft was started to mine
the salt at Ellsworth but was abandoned before reach-
ing the salt. At Kanopolis the Royal Salt Mining Co.
started producing salt in 1891. The Ellsworth Salt Co.
started producing salt from a plant which evaporated
brine from wells in 1903. Operation of this plant
stopped in 1913. The Independent Salt Co. sank a
shaft at the cen. SEX NWE NW¥ sec. 29, T.15 S., R.7
W.,in 1914 (Vincent, 1918). This mine is in operation
at present and is the oldest continuously operated salt
mine in Kansas. Salt is mined from a 10-foot face at a
depth of 850 feet. Production figures for recent years
are not available.

Ceramic Materials

A mineral resource of Ellsworth County, which cur-
rently is being exploited and which has a great poten-
tial for additional development, is ceramic materials.
Two types, clay and shale, are known, but only the
clays are being utilized. The Kanopolis plant of the
Acme Brick Co. uses clay from the lower part of the
Terra Cotta Member of the Dakota Formation to man-
ufacture face brick. The Terra Cotta Member contains
the largest reserves of light-burning or buff-firing clay
in Kansas.

Clay suitable for manufacture of structural clay
products is found in the Dakota Formation. It occurs
in irregular elongate lenses and generally proves dif-
ficult to prospect. As a part of their field exploration
program, the Ceramics Division of the State Geological
Survey of Kansas has dug test pits at 105 locations in
Ellsworth County (Norman Plummer, oral commun.,
1961). Samples taken from these test pits have been
fired to determine suitability of the clay for manufac-
ture of structural clay products. Table 5 lists properties
of selected clay samples from Ellsworth County.

Dakota clay was used for several years by Dryden
Potteries, Ellsworth. In addition to pottery bodies
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nite mining will be revived. Schoewe (1952) estimated
8,800,000 tons of marginal reserves of lignite in Ells-
worth County.

Limestone

The only limestones in Ellsworth Countv are the
thin laycrs occurring within the Greenhorn. ¢y are
unique in that most layers on fresh exposure are soft
enough to be sawed or chiseled readily into long
rectangular blocks, which have served admirably as
fence posts and building stone. Upon prolonged ex-
posure to air, this stone “case-hardens” and resists
weathering. The early farmers and ranchers guarried
thousands of these stone fence posts, a fact obvious to
anyone driving through the county.

The stratigraphic classification of the State Geologi-
cal Survey (Jewett, 1959) recognizes the Fence-post
limestone as the uppermost bed of the Greenhorn, and
somec persons presume that it is the source of all the
stone posts. Actually at least three different limestone
beds of the upper Greenhorn have been quarried for
posts in Ellsworth County. Limestone fence posts have
not been quarricd in Ellsworth County for many years
as increasing costs of production and handling have
made them non-competitive with other types of posts.
Some old buildings remain which are built of Fence-
post limestone. As the limestones are single beds
separated by chalk intervals, the cost of producing
them as building stone is prohibitive. Parts of the
Greenhorn Limestone are suitable for agricultural
limestone and for cement raw material. There is no
production of limestone for commercial purposes in
Ellsworth County at the present time.

Sandstone

The sandstone bodies within the Dakota Formation
differ greatly in degree of cementation, even within
the individual body. The color is generally some dull
shade of brown. At the present time, the sandstone has
little appeal as a building stonc. Weathering and ero-
sion of the sandstone removes the poorly cemented
parts and leaves behind a jumbled mass of loose slabs,
each one well cemented within itself. The early settlers
used Dakota sandstone slabs to construct houses, barns,
corrals, fenccs, and other structures, probably as a
means of getting these slabs out of their cultivated
fields and also for want of better material. Today the
only feasible use apparently is quarrying of some of
the sandstone bodies to produce a combination of sand
and aggregate suitable for subbase for highway and
other construction.

Volcanic Ash

Volcanic ash has many uses. It is used as an abra-
sive in cleansers and rubber crasers. Some very fine
ash is uscd in toothpastes and powders, and extremely
fine ash has been used for polishing plate glass. It is
used in ceramic bt s b
“popped” to produce lightweight aggregate. Ash when
mixed with portland cement will produce a concrete
resistant to disintegration by sea water. The State
Highway Commission of Kansas has used volcanic ash
extensively as a top dressing on newly constructed
bituminous mat (black top) roads.

Six deposits of voleanic ash, which are assigned to
the Pearlette ash bed of the Sappa Formation of the
Kansan Stage of the Pleistocene Series, are known to
be present in Ellsworth County. Three of these de-
posits have been previously reported by Carey and
others (1952). These include an impure deposit near
the cen. S¥% sec. 29, T.15 S, R9 W., a deposit 9 feet
thick exposed in a cut on the Union Pacific Railroad
at the cen. NWk 4 sec. 22, T15 S, R7T W, and a
third deposit exposced near the top of a vertical bank
on the south side of Thompson Creek in the cen. SEX
NWi sec. 28, T.16 S., R.7 W.

Three deposits of ash not previously reported were
found during this investigation. A thin ash deposit in
the spillway of a farm pond is located in the SWi SEY
SEX sec. 7, T.17 S, R7 W. A deposit observed in a
road ditch on the east side of Elkhorn Creek in the
SEX SWih SEX sec. 28, T.14 8., R7 W, is about 5 feet
thick, and across the creek valley in the south road
ditch in the NWY4 NWi NEX sec. 33, T.14 S,, R7 W,,
1 foot of ash is exposed.

Volcanic ash has not been produced commercially
in Ellsworth County, but in Lincoln County in Wilson
valley about 1 mile north of Ellsworth County several
pits have been opened in the ash, and it is possible
that deposits found in Ellsworth County may be de-
veloped.

RECORDS OF WELLS AND SPRINGS

Information pertaining to 311 wells and springs
is given in table 6. The number of wells and springs
listed according to use is as follows:

Domestic and stock wells and springs ... 181
Public supply wells . 24
Industrial wells ... 4
Observation wells 1
Irrigation wells . 1
Unused wells . . 100







16- 6W- 2abce
5dch
10cch
12bhd
Tdabd
18cdd
19aad
25adc
28abb
16- TW- laad
dacd
5ada
10cdd
12dce
I4aac
15¢cad
18aaa
20caa
22abb
24dde
25ac¢
28dbe
30abc
33aca
35ddc
16- 8W- 1bceh
4daa
Ghed
Thba
10daa*
12bba
13caa
16Gedb
17cde
19bca
23ada
26aacl
27cab
30che
34dde
36dce
16- 9W- 1bed
Geea
7hde
10aac
11ded
18cce
19ced®
22aca
24cbd
27cde
30bce
31ced
16-10W- 3bbbh2
8aac
10cdd
12baa
Tdded
18bac

I°. Sabesta
M. Webster
T. Welley
S. Anderson
E. Tetshgraeber
C. Ogden

do
Evancel. Mission Church
N. llackley
P. Aylward
I. Faris

do
. Gilkison
P. Aylward

do
T. Kanack
R. B. Reed
1. P. Reed
k. Cipra
I, Bettenbrock
[. Lapham
[.. D. McLaughlin
I°. Nienke
Cen. Nat. Bank, Ellsworth
I1. Lapham
T. T. Dolechek
5. Westermeier
Anna Vance
S. Malaby
C. Prochaska
G. Andrews
J. E. Palmquist
J. Krupp
Alice Wright
A. I7. Becker
T. Balin
V. Slechta
G. Soukup
G. Freshe
L. [ysell
A. Vopat
M. I°. Harts
J. Kraft
¥. Jirik
L. Katzemeier
A. Mache
T. R. Kihn
Steinberg
A. D. Morrison
Prudential Insurance Co.
H. Kruse
Ben Gust
T. Stratmann
E. Borecky
J. Talsky
W. Skalicky
Frank Adamek
M. Mechl
E. Kolouch

97.0
I35 R
116 R

72.0

55.0

23.0

13.0

23.0

65 R

88 R

56.0

18.0

48.0
100 R

42.0

21.0
106 R

37.0
Spring

62.0

55.0
143 R

42.0

56.0

53.0

145

52.0

88.0

33.0

90.0

69.0
200 R

91.0

36.0

79.0

65 R

99 R
101 R
100 R

38.0

85.0
114.0
174.0
194 R

43.0

40.0
165 R

57.0

53.0

94.0
106 R

91.0

75.0
100 R
110.0
262 R
212 R
154 R
297 R
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B EFR | N

13abb® | John Dressler 112.0 6 1|Ss do Cy, W S 60.6 9-61| 1,795
16cda K. Mohlmann 51.0 6 G| Ss do Cy, W S 42 .4 9-61| 1,790
16dab® | City of Lorraine 210 R 12 SiSs do E PS . 1,792 100 R
16dca do 210 R 12 S|Ss do T,E PS e 1,792 100 R
18cbb 0. Wilkins 63.0 7 G| Ss do Cy, H N 454 9-61| 1,801
19aaa G. E. Mehl 84 R 12 S|Ss, Gr Pleistocene Dep T, T 1 35.0 4-66! 1,781 100 R
20cch H. Schroeder 25.0 36 R|Sd, St Pleistocene Ser Cy, W N 14.6 9-61| 1,762
22aba | A. Kreasch 70 R 6 G|Ss Dakota Fm Cy,W N 58.0 9-61| 1,778
27abd A. Groth 39.0 6 G| 8d, St Pleistoccne Ser Cy, W S 29.2 9-61| 1,761
30daa | H. Mollhage 79.0 8 1/ sd do Cy, W N 10.7 9-61| 1,752
32add | Northern Nat. Gas Co. 197.0 10 I|Ss Dakota Fm T,E 1D 48R 12-60| 1,765 250 R, 50
32bdd do 240.0 10 I|Ss do T, E 1D 56 R 11-60, 1,765 250 R, 35
32dce L. Alden 34.0 7 1|8d, St Pleistocene Ser N N 33.1 9-61] 1752
34cbe C. Ogden 22.0 6 G| Sd, St do Cy, W N 18.2 9-61| 1,748
17-10W- 2cdd P. Phelan 9.0 36 R| Sd, St do Cy, W N 3.9 9-61| 1,808
8aad L. Alden 111 R 6 G| Ss Dakota Fm Cy, W S 62.7 9-61| 1,835
9ddd2 | L. G. Roth 90 R 8 G| Sd, St Pleistocene Ser Cy, W S 14.0 9-61| 1,828
10aca City of Holyrood 105 R 12 | Ss Dakota Fm T, E PsS 50 R
10abd do 165 R 12 | Ss do T, E PS 60 R
10cab do 175 R 12 | Ss do T, E Ps 50 R
10dbd1 do 110R 12 .| Ss do T, E PS . 85 R
10dbda® do 190R 12 __|Ss do T,E PS | 185 R
11ddd F. Petermann 74.0 6 G| Sd, St do Cy, W S 44.8 9-61| 1,805
14cac H. Shepmann 61.0 6 G| Ss do Cy, W N 497 9-61| 1,802
16baa C. Frevert 159 R 6 G| Ss do Cy, W D 96.2 9-61| 1,858
17dda W. Voss 123 R 6 G| Ss do Cy, W N 70.3 9-61| 1,836
19c¢cc E. Mathews 142 R 6 G| - do Cy, W N 48.4 9-61 1,827
24ddd E. Bunce 43.5 6 G Sd, St Pleistocene Ser N N 26.7 9-61] 1,771
26daa Bill Becker 61.0 6 G| Ss Dakota Fm Cy, W N 35.8 9-611 1,772
27aac® L. Nagle 84.0 6 G| Ss do Cy, W S 35.6 9-6 1,808
30caa C. Stumps 64.0 6 G| Ss do Cy, W N 34.3 9-6: 1,812
31cbe M. Moran 73.0 6 G| do Cy, W S 24.2 9-6° 1,802
33ced® | W. Stumps 36.0 6 G| Sd, St Pleistocene Ser Cy, W S 17.7 9-6. 1,778
36¢hb T. Kumt» 52.0 6 G| Ss Dakota Fm Cy, W S 444 9-6° 1,776
1 Asterisk following well number indicates analysis of water is given in table 3. 5 Dep, deposits; Fm, Formation; Ls, Limestone; Ser, Series; Sys, S n.
2 E, estimated; R, reported. 6 C, centrifugal; Cy, cylinder; J, jet; N, none; T, turbine.
3 B, brick; C, concrete; E, contact spring; G, galvanized; H, fracture spring; I, black iron; 7 E, electric; G, gasoline; H, band; LPG, liquefied petroleum gas; T *ractor; W, wind.
R, rock; S, steel. 8D, domestic; I, irrigation; ID, industrial; N, none; O, observat ; PS, public supply; S,
1 Cl, clay; Gr, gravel; Ls, limestone; Sd, sand; Sh, shale; Ss, sandstone; St, silt, stock.

spsupy (o4ua) ‘Aunop yYuomsy 0 $a21n0saYy 121p-punors) pup Afojoan—saay ‘syupi ‘aufivg

45351



Bayne, Franks, Ives—Geology and Ground-Water Resources of Ellsworth County, Central Kansas 57
Thickness, Depth, Thickness, Depth,
feet feet feet feet
KANSAN STAGE QUATERNARY SYSTEM
Sappa and Grand Island Formations PLEISTOCENE SERIES
Silt, medium-light-brown _ 40 45 Nebraskan Stage
Sand, fine to coarse; contains fine Fullerton and Holdrege Formations
gravel in middle part 21 66 Silt, claye){, dark-grayish-brown ____..__.. 5 5
CRETACEOUS SYSTEM Sand, medium 4 9

LowER CRETACEOUS SERIES
Dakota Formation
Clay, light-gray, some brown mottling 4 70

14-9W-18bbb.—Sample log of test hole in the NW cor. sec. 18,
T.14 S.. R.9 W._ east side of road. 105 feet south of intersection:
augered August 29, 1961. Altitude of land surface, 1,671 feet.

Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, dark-grayish-brown ... .. 4 4
KANSAN STAGE
Sappa and Grand Island Formations
Silt, light-brown; contains some fine

sand 36 40
Silt, light-brown, grading downward
to silty sand 10 50

Sand, fine to medium in upper part,

grading downward to coarse sand

and some fine gravel 10 60
Gravel, fine, and coarse sand in upper

part, grading downward to coarse

gravel, cemented in lower part 9 69

CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Dakota Formation
Clay, medium- to light-gray . 7 76

14-9W.23bbb.—Sample log of test hole in the NW cor. sec. 23,
T.14 S., R.9 W., cast side of road, 50 fect south of intersection;
augered June 16, 1961. Altitude of land surface, 1,704 fect;
dry hole.
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, dark-grayish-brown ____._ . 2 2
Silt, brown; contains caliche nodules . 4 6

CRETACEOQOUS SYSTEM
UprpPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Chalk, yellowish-orange _._.___.____._ 3 9

14-9W-23hce.—Sample log of test hole in the SWi SWY4 NWY
sec. 23, T.14 S., R.9 W., east side of road at ¥-mile line; augered
June 16, 1961. Altitude of land surface, 1,685 feet. .

Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
Nebraskan Stage
Fullerton and Holdrege Formations

Silt, dark-grayish-brown 5 5

Silt, medium-brown 5 10

Silt, light-brown; contains some caliche 10 20

Silt, light-brown 21 41

Silt, yellowish-brown; contains some

fine to coarse gravel . 3 44

CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES

Dakota Formation

Clay, yellowish-orange ... 4 48

Clay, medium-light-gray 5 53

14-9W-26bcc.—Sample log of test hole in the SWH SWii NWii
sec. 26, T.14 S., R.9 W, east side of road at %-mile line; augered
Tune 16, 1961. Altitude of land surface, 1,668 feet; dry hole.

Sand, coarse to very coarse; contains
much caliche
Sand, ¢ e . 3
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES

Dakota Formation

Clay, light-gray . 4 19

Clay, medium-gray 5 24

14-9W-31bab.——Sample log of test hole in the NWi NE4 NW
sec. 31, T.14 S., R.9 W, edge of field, 0.35 mile cast of section
(f:orner; augered June 22, 1961. Altitude of land surface, 1,660
eet.

Thickness, Depth,
feet feet

CRETACEOUS SYSTEM
UprpER CRETACEOUS SERIES
COLORADO GROUP
Graneros Shale
Shale, weathered, clayey and silty,
light-gray to grayish-brown, some
yellowish-orange mottling 15 15
Lower CRETACEOUS SERIES
Dakota Formation
Siltstone, light-gray and dark-yellow-
ish-orange; contains some fine sand 4 19

14-9W.-31bbb.—Sample log of test hole in the NW cor. sec. 31,
T.14 S, R.9 W., cast side of road, 100 feet south of intersection;
augered June 14, 1961. Altitude of land surface, 1,684 feet,

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, clayey, dark-grayish-brown ... _ 4 4
CRETACEOUS SYSTEM
UrPER CRETACEOUS SERIES
COLORADO GROUP
Graneros Shale

Shale, weathered, clayey, dark-gray .. 2 6
Shale, weathered, clayey, light-brown

and medium-gray; some reddish-

brown staining 4 10
Shale, medium-gray, and some yellow

streaks 7 17

14-9W-32baa.—Sample log of test hole in the NE!X NE% NW
sec. 32, T.14 S., R.9 W, center of road at ¥-mile line; augered
June 22, 1961. Altitude of land surface, 1,646 feet.

Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, clayey, dark-grayish-brown ... 4 4
KANSAN STAGE
Sappa and Grand Island Formations
Silt, light-brown; contains some fine

sand in lower part ... . 20 24
Sand, fine to coarse; contains silt in
lower part 17 41

CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, yellowish-gray 2 43

14-9W-32bbb.—Sample log of test hole in the NW cor. sec. 32,
T.14 S., R9 W., cast side of road at fence corner; augered
June 14, 1961. Altitude of land surface, 1,618 feet; depth to
water, 12.0 feet.
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Thickness, Depth,
eet feet
CRETACEOUS SYSTEM
UppER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Chalk, yellowish-orange; thin bentonite
seams 3 6
Graneros Shale
Shale, yellowish-orange in upper part,
dark-gray in lower part; contains
bentonite at 23 feet and thin sand-
stone beds below 25 feet .. ___ 24 30

14-10W-8ddd.-—Sample log of test hole in the SE cor. sec. 8,
T.14 S., R.10 W., west side of road, 30 feet north of intersection;
augered June 22, 1961. Altitude of land surface, 1,744 feet;
depth to water, 5.4 feet.

Thickness, Depth,

eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES

Eolian deposits

Soil, silty, dark-grayish-brown _________ 2 2

Silt, olive-gray 2 4

Silt, light-brown; contains residual
limestone gravel in lower part ______ 7 11

CRETACEOUS SYSTEM
UprPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Shale, clayey, calcareous, light-gray
and light-brown . 8 19

14-10W-13abb.—Sample log of test hole in the NW% NW! NEX
sec. 13, T.14 S., R.10 W, south side of road, 14 feet east of
%-mile line; augered August 28, 1961. Alitude of land surface,

1,662 feet.
Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits

Silt, clayey, dark-grayish-brown ________ 5 3
KANSAN STAGE
Sappa and Grand Island Formations
Silt, light-brown and light-pinkish-
gray 15 20
Clay, very silty, light-brown . 8 28
Sand, medium to coarse in upper part
grading downward to fine to coarse
gravel in lower part . 25 53
Gravel, medium to coarse __________ .. 7 60
CRETACEOUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Sandstone, fine-grained ... 10 70
Sandstone and interbedded brown
clay 10 80

14-10W-13bbb.—Sample log of test hole in the NW cor. sec. 13,
T.14 S., R.10 W., east side of road, 116 feet south of intersec-
tion; augered August 28, 1961, Altitude of land surface, 1,679

feet; depth to water, 56.0 feet.
Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT STAGE
Soil 6 6
KANSAN STAGE
Sappa and Grand Island Formations
Silt, clayey, grayish-brown .. . 7 13
Silt ~eddish-brown .o 17 30
Sar  very fine to medium; contains
acerial derived from rocks of Cre-
taceous age 40 70
CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Dakota Formation
Shale, clayey, dark-gray ... 1 71

14-10W-14baa.—Sample log of test hole in the NEY NE% NWY4
sec. 14, T.14 S., R.10 W., south side of road at ¥-mile line;
angered June 13, 1961. Altitude of land surface, 1,697 feet
dry hole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
€~i], da rown -
t, Brccinsu-giay .
Silt, light-brown; contains caliche peb-
bles near base 13 23
NEBRASKAN STAGE
Fullerton and Holdrege Formations
Silt, dark-gray; contains much fine to
coarse sand and fine to medium

gravel; gravel increases downward . 11 34
Sand, fine to coarse, and fine silty
gray gravel 4 38

CRETACEOUS SYSTEM
UprPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Shale, medium-dark-gray and yellow-
ish-orange 2 40

14-10W-15aaa.—Sample log of test hole in the NE cor. sec. 15,
T.14 §., R.10 W, south side of road at west fence line; augere »d
June 13 1961. Altitude of land surface, 1,726 feet; dry hole.

Thickness, Depth,

feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Soil, dark-grayish-brown ______________ 5 5
Silt, light-brown 10 15

Silt, yellowish-gray, some caliche nod-
ules and gravel derived from the
Greenhorn Limestone in lower part 20 35
CRETACEOQOUS SYSTEM
UppPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Limestone, chalky, light-yellowish-
orange 2 37

14-10W-15baa.—Sample log of test hole in the NE% NE4

sec. 15, T.14 S., R.10 W., south side of road at Y%-mnile ]me
augered June 13, 1961. Altitude of land surface, 1,763 feet
dry hole.

Thickness, Depth,
eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt,  dark-grayish-brown,  grading
downward to brown - ... 6 6
CRETACEOUS SYSTEM
UprPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Limestone, chalky, yellowish-orange .. 9 15

14-10W-15bbb.—Sample log of test hole in the NW cor. sec. 15,
T.14 S., R.10 W, south side of road, 35 feet east of intersection;
augued June 13 1961. Altitude of land surface, 1,773 feet;
dry hole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, clayey, brown; contains a few
caliche nodules in lower part ________ 5 5
CRETACEOUS SYSTEM
UprPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Limestone, chalky, yellowish-orange .. 1 6
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14-10W-32aaa.—Sample log of test hole in the NE cor. sec. 32,
T.14S.. R.10 W., west side of road, 35 feet south of section line;
augered June 21, 1961. Altitude of land surface, 1,622 feet.

Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT STAGE
Silt, sandy, dark-grayish-brown __.___ 1 1
KANSAN STAGE
Sappa and Grand Island Formations
Sand, coarse to very coarse; contains
some fine to coarse gravel ... 8 9
CRETACEOUS SYSTEM
LowgR CRETACEOUS SERIES
Dakota Formation
Clay, yellowish-orange and medium-
to light-gray 2 11

14-10W-32daa.—Sample log of test hole in the NEX NEX SEX
sec. 32, T.14 S., R.10 W, center of road, 130 feet south of
%-mile line; augered June 21, 1961. Altitude of land surface,
1,568 feet; depth to water, 7.0 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN STAGE
Fluvial deposits (terrace)

Silt, dark-grayish-brown .. ... 4 4
Sand, fine; contains much silt 5 ¢]
Silt, clayey, dark-brown ... . 5 14
Sand, fine to medium, silty .. ... 5 19

Sand, coarse to very coarse, and fine
to medium gravel 13 32
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, light-gray 1 33

14-10W-32ddd.—Sample log of test hole in the SE cor. sec. 32,
T.14 S., R.10 W., west side of road, 30 feet north of intersec-
tion; augered June 21, 1961. Altitude of land surface, 1,628
feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, clayey, dark-grayish-brown . 6 6
KANSAN STAGE
Sappa and Grand Island Formations
Sand, coarse to very coarse, and fine
to very coarse gravel . .. 9 15
CRETACEOUS SYSTEM
LoweRr CRETACEOUS SERIES
Dakota Formation
Sandstone, fine-grained, and inter-
bedded grayish-yellow shale ... 3 18

15-7W-35bbb.—Sample log of test hole in the NW cor. sec. 35,
T.15 S., R.7 W, south side of road, 40 feet east of intersection;
augered June 22, 1961. Altitude of land surface, 1,574 feet;

dry hole.
Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, dark-grayish-brown .. . 4 4
Silt,  light-grayish-brown;  contains
some fine locally derived gravel in
lower part . 2 6
CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Dakota Formation
Siltstone, light-gray 3 9

15-TW-35bce.—Sample log of test hole in the SW SWi NW3
sec. 35, T.15 S., R.7 W., east side of road at %-mile line; augered

June 22, 1961. Altitude of land surface, 1,507 feet; depth to
water, 5.6 feet.
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Colluvium
Sand, medium, and brown silt _..______ 4 4
C V!
LOW a0 wuswaacnuud DERIES
Kiowa Formation
Sandstone, light-yellowish-orange . 5 9

15-TW-35ccel,—Sample log of test hole in the SW cor. sec. 35,

T.15 S., R7 W., in triangle at road intersection; augered June

3%,01?61. Altitude of land surface, 1,518 feet; depth to water,
.0 teet.

Thickness, Depth,

feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
KANSAN STAGE
Sappa and Grand Island Formations
Sand, fine to medium, very silty ______ 4 4
Sand, medium; contains some fine
gravel ___ 5 9
Sand, medium to coarse; contains some
fine gravel and much silt 19 28
Sand, medium 23 51
CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Kiowa Formation
Clay, medium-light-gray . 4 55

15-8W-19cce.—Sample log of test hole in the SW cor. sec. 19,
T.15 S., R.8 W, north edge of road, at east end of bridge;
drilled by O. S. Fent, December 1, 1947. Altitude of land sur-
face, 1,535 feet.

Thickness, Depth,

feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Fluvial deposits
Silt, brown (road fill and soil) ... 8 8
Silt, sandy, grayish-tan _____________. 2 10
Silt, sand, and gravel, fine to medium 5 15
Silt, sandy, tan; contains pebbles of
red and brown sandstone __________ 1 16
CRETACEOUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Sandstone, white and ved . 1 17
Clay, sandy, white and red, inter-
bedded with white sandstone ... 3 20

15-9W-2bbb.—Sample log of test hole in the NW cor. sec. 2,
T.15 S., R.9 W, east side of road, 30 feet south of intersection;
drilled August 29, 1961. Altitude of land surface, 1,640 feet.

Thickness, Depth,

feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
KANSAN STAGE
Sappa and Grand Island Formations

Silt, clayey, dark-brown _____ . _ 5 5
Silt, brown; contains caliche _______
Sand, very fine, silty, light-brown
Clay, dark-grayish-brown; contains

much fine sand . 1 20
Silt, dark-brown 5 25
Sand, very fine, silty, Hght-brown _____ 4 29
Silt, grayish-brown; contains some

caliche 7 36
Sand, medium 14 50
Sand, coarse, and fine gravel ... _._.__. 22 72

CRETACEQUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Sandstone, hard, dark-reddish-brown .. 8 80
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Thickness, Depth,
feet feet
Sand, fine, tan; contains some silt ... 4 25
CRETACEOUS SYSTEM
Lowrr CRETACEOUS SERIES
Dakota Formation
Sandstone, fine-grained, yellowish-
orange 5 30
15-9W-27aaa.—Sample log of test hole in the NE cor. sec. 27,

T.15 S., R.9 W, west side of road at section corner; a1 red
June 20, 1961. ‘Altitude of land surface, 1,639 feet; dr) wole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
NEBRASKAN STAGE
Fullerton and Holdrege Formations
Silt, clayey, dark-grayish-brown (fill) 3 3
Silt, clayey, medium-brown; contains
some coarse sand and caliche .. 19 22
Silt, clayey, medium-dark-gray _________ 1 23

Gravel, fine to coarse; contains lime-
stone and sandstone pebbles, very
sandy (arkosic) in lower part ____. 6 29
CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Dakota Formation
Sandstone, very hard _ 1 30

15-9W-34aaa.—Sample log of test hole in the NE cor. sec. 34,
T.15 S., R.9 W., south side of road, 50 feet west of section
corner; augered June 20, 1961, Altitude of land surface, 1,659
feet; dry hole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, clayey, light-brown . 9 9
NEBRASKAN STAGE
Fullerton and Holdrege Formations
Gravel, very fine to coarse, silty; con-

tains much gravel derived from

local rocks 7 16
Silt, brown; contains pebbles of locally

derived gravel and caliche ... 6 292

CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Sandstone, fine-grained, very hard .. 1 23

15-10W-5add.—Sample log of test hole in the SEX SEY4X NEY4
sec, 5, T.15 S., R.10 W, west side of road at }%-mile line; au-
gered ]une 21, "1961. Altitude of land surface, 1,637 feet.

Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, dark-grayish-brown . 4 4
KANSAN STAGE
Sappa and Grand Island Formations
Silt, clayey, medium-dark-brown; con-

tains caliche nodules in lower part .. 12 16
Sand, coarse to very coarse; contains
much silt in lower 2 feet . 5 21
Gravel, fine to coarse, and fine to
coarse sand; contains much silt in
lower part 9 30
CRETACEOUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Siltstone, light-gray . 0.5 30.5

15-10W-9bbb.—Sample log of test hole in the NW cor. sec. 9,
T.15S., R.10 W., east side of road, 50 feet south of intersection;
mgeled June 21 1961. Altitude of land surface, 1,660 feet;
depth to water, 43 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
RECENT AND WISCONSINAN STAGES
Eolian deposits
Silt, dark-grayish-brown . . 4 4
KANSAN STAGE
Sappa and Grand Island Formations

Silt, medium-light-brown .. 7 11
Silt, \
Meliui: w wwatou oaldd 8 19
Silt, medium-dark- brown; grades into
sandy silt in middle part and sandy
and fine gravel in lower part .. 15 34
Sand, coarse to very coarse ... 10 44
Sand coarse to very coarse, and fine
gravel 5 49
, coarse to very coarse _______.._______ 17 66

CRETACMUUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Siltstone, fine, gray . ... 1 67

16-6W-25bbb.—Sample log of test hole in the NW cor. sec. 25,
T.16 S., R.6 W., at section line on east road shoulder; augered
June 27 1961. Altitude of land surface, 1,545 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
KANSAN STAGE
Sappa and Grand Island Formations
Silt, dark-grayish-brown ... 4 4
Silt, light-brown 18 22
Sand, medium, silty, tan 2 24
Sand, fine, silty, brown . 4 28
CRETACEOQOUS SYSTEM
LowEer CRETACEOUS SERIES
Kiowa Formation
Shale, clayey, fissile, dark-gray _________ 6 34

16-6W-25bce.—Sample log of test hole in the SW4 SW% NWY
sec. 25, T.16 S, R.6 W., in east road ditch at %-mile line;
augered June 27 1961. Altitude of land surface, 1,503 feet
depth to water, 0. 9 foot.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
KANSAN STAGE
Sappa and Grand Island Formations
Sand, medium to very coarse, and fine
silty gravel 8 8
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Kiowa Formation
Shale, clayey, dark-gray; fissile streaks 1 9

16-6W-25cce.—Sample Jog of test hole in the SW cor. sec. 25,
T.16 S., R.6 W, in road ditch, 45 feet east of center of inter-
;ection; augered June 27, 1961, Altitude of land surface, 1,452
eet.
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN STAGE
Fluvial deposits (low terrace)
Silt, dark-grayish-brown; contains fine

sand 13 13
Gravel, fine, and medium to coarse
sand 1 14

Silt, light-brown; contains much coarse
to very coarse sand ... 25 39
Sand, fine to coarse; contains much
silt 20 59
PERMIAN SYSTEM
LowEer PERMIAN SERIES
CIMARRONIAN STAGE
Sumner Group
Ninnescah Shale
Shale, dark-grayish-red ... 1 60
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16-9W-17bce.—Sample log of test hole in the SWH SWi NWY
sec. 17. T.16 S.. R.9 W., east side of road at %-mile line; drilled
August 31, 1961. Altitude of land surface, 1,827 fect.
Thickness, Depth,
feet feet
CRETACEOUS SYSTEM
UprpPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone

Limestone, chalky, pale-yellowish-
orange; contains some Dbentonite
SeAMS - o e 20 20
Limestone, dark-gray; contains some
bentonite seams .. ... 20 40
Graneros Shale
Shale, dark-gray, slightly calcareous = 10 50

16-10W-2bbbl.—Sample log of test hole in the NW cor. sec. 3,
T.16 S., R.10 W., east side of road, 115 feet south of section
corner; augered July 7, 1961. Altitude of land surface, 1,755
feet; dry hole.,
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, dark-grayish-brown ... ____ 5 5
Silt, brown; contains some smnall
caliche nodules
Silt, tan; contains some fine locally
derived gravel in lower part 4 12
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, light-gray and yellow ____._____ 3 15

16-10W-9aaa.—Sample log of test hole in the NE cor. sec. 9,
T.16 S., R.10 W., west side of road, 50 feet south of intersec-
tion: augered July 7, 1961. Altitude of land surface, 1,824 feet;
dry hole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, brown; contains some coarse sand
and caliche nodules .. 5 5
CRETACEOUS SYSTEM
UppER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Chalk, light-yellowish-orange ... 2 7

16-10W-15cce.—Sample log of test hole in the SW cor. sec. 15,
T.16 S., R.10 W., north side of road, 20 feet e»<t of intersection;
augered July 7, 1961. Altitude of land su ce, 1,884 feet;

dry hole.
Thickness, Depth,
feet feet
Soil 1

CRETACEOUS SYSTEM
UppPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone

Chalk, dark-grayish-yellow . 7 8

16-10W-16aaa.—Sample log of test hole in the NE cor. sec. 16,
T.16 S., R10 W, west side of road, 75 feet south of section
corner; 'mgered ]uly 7, 1961, Altitude of land surface, 1,857
feet; dry hole.

Thickness, Depth,
eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations

Silt, clayey, dark-grayish-brown .. 5 5
Silt, brown __ 7 12

CRETACEOUS SYSTEM
UpPER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone

Chalk, dark-grayish-yellow ... 3 15

16-10W-21ddd.
T.16 S., R.10 W,
July 7, 1961.

Sample log of test hole in the SE cor. sec. 21,
west side of road at section corner; augered
Altitude of land surface, 1,845 fect: dry hole.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND TLLINOISAN STAGES
Peoria and Loveland Formations
Silt, dark  yish-brown -
Silt, mediconcbrown 4
CRETACEOUS SYSTEM
UrreEr CRETACEOUS SERIES
COLORADO GROUP
Graneros Shale
Shale, clayey, light-tan and yellowish-
orange - 2 11

16-10W-26ccc2.—Sample log of test hole in the SW cor. sec. 26,
T.16 S., R.10 W., 35 feet north and 10 feet east of center of
mtnsectlon augeud July 11, 1964. Altitude of land surface,
1,818 feet.

Thickness, Depth,
fect feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, dark-grayish-brown ... 15 15
Silt, tannish-brown; contains much
caliche ... -5 20
KANSAN STAGE
Sappa and Grand Island Formations
Silt, fine, sandy, tan ... 7 27

CRETACEOUS SYSTEM
UprPER CRETACEOUS SERIES
COLORADO GROUP
Graneros Shale
Shale, yellowish-brown ... 5 32

16-10W-26ddd. —Sample log of test hole in the SE cor. sec. 26,
T.16 S., R.10 W., in north road ditch, 200 feet west of inter-
section; augered ]u]y 11, 1964. Altitude of land surface, 1,855
feet; dry hole.
Thickness, Depth,
eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, dark-gray ... .. 15 15
CRETACEOUS SYSTEM
UppPeER CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Shale, limy, very dark gray ... __ 5 20

16-10W-28baa.—Sample log of test hole in the NE4 NE% NWY4
sec. 28, T.16 S., R.10 W, on west edge of oil service road, 63
feet south of county road; drilled August 31, 1961. Altitude of
land surface, 1,855 feet.

Thickness, Depth,
eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, grayish-brown 10 10

Silt, light-brown; contains some caliche 17 27
CRETACEQOUS SYSTEM
UrreEr CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Limestone, chalky, yellowish-orange,
some light-gray 3 30
Graneros Shale
Shale, clayey, yellowish-orange, non-
calcareous, contains some bentonite
seams 28 58
Clay, dark-gray 2 60

16-10W-28ddd.—Sample log of test hole in the SE cor. sec. 28,
T.16 S., R.10 W., west side of road, 60 feet north of intersec-
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Thickness, Depth, Thickness, Depth,
feet feet feet fect

Silt,  dark-grayish-brown;  contains

sand e 4 4 Silt, brown 8 13
Silif)rggr]:lr)lg)wn ,,,,,,,,,,,,,,,,,,,,,,,, .5 9 Clay, silty; contains much caliche ... 2 15
Silt, dark-brown, and fine sand .. 5 14 gllftly, éeltlog\\lsb gray . N % ég
Silt, brown; contains much coarse to ilt, li TAY e N
very coarse sand .. 46 60 CRETACEOUS SYSTEM
PERMIAN SYSTEM LowEr CHETACEOUS. SEHIES

Dakota Formation

LOWER PERMIAN SERIES .
Siltstone, pale-yellow )

CIMARRONIAN STAGE

Sun?per Group 17-8W-31laaa.—Sample log of test hole in the NE cor. sec. 31,
Ninnescah Shale ;
Siltstone, clayey, reddish-gray 5 65 T.17 S., R.8 W., south side of road, 40 feet west of intersection;
> Y & “mge!ed June 29, 1961. Altitude of land surface, 1,768 feet;
17-7W-31aaa.—Sample log of test hole in the NE cor. sec. 31, depth to water, 37.2 feet.
T.17 S.. R.7 W.. south side of road. 40 fect west of intersection; Thickness, Depth,
augered June 28, 1961. Altitude of land surface, 1,730 feet. QUATERNARY SYSTEM feet feet
Thickness, Depth, PLEISTOCENI: SERIES
feet feet WISCONSINAN AXND ILLINOISAN STAGES
QUATERNARY SYSTEM Peoria and Loveland Formations
PLEISTOCENE SERIES Silt, clavey, dark-grayish-brown 3 3
WISCONSINAN AND ILLINOISAN STAGES Silt, medium-brown ... 2 5
Peoria and Loveland Formations Silt, grayish-brown; contains caliche
Silt, clayey, medium-dark-brown _ ... 7 7 nodules 5 10
Silt, reddish-brown; contains some Silt, light-grayish-brown . 4 14
caliche 8 15 Silt, dark-brown, sandy in lower part 22 36
Silt, light-brown; contains much ca- KANSAN STAGE
liche in lower half . 15 30 Sappa and Grand Island Formations
CRETACEOUS SYSTEM Silt, light-greenish-gray ... . 14 50
LowER CRETACEOUS SERIES Silt, tan ... 12 62
Dakota Formation Sand, fine to medium ... ____ 5 67
Siltstone, grayish-yellow 9 39 Gravel, fine to coarse; derived from
Sandstone, yellowish-orange . ... 9 48 local rocks _ 5 72
CRETACEOUS SYSTEM
>e, 32, LOWER CRETACEOUS SERIES
T.17 S.. R.7 W.. south side of road. 80 feet west of intersection; Dakota Formation
augered June 28, 1961. Altitude of land surface, 1,736 fect. Clay, light-yellowish-orange and hght-
Thifck"ess, Dfapth, gray, some red mottling 3 75
. eet cet 17-8W-32aaa.—Sample log of test hole in the NE cor. sec. 32,
O%ATE%EQ\iYsi};SEEEM T.17 S., R.8 W., south side of road, 60 feet west of intersection;
L?\rllb;:oxs:mxx AND ILLINOISAN STAGES augered June 29, 1961. Altitude of land surface, 1,783 feet.
Peoria aéldkLovelax}]ldeormations < < Thifckness, Dfepth,
Silt, dark-grayish-brown . ect eet
Silt, brown; contains caliche nodules . 4 9 QUATERNARY SYSTEM
Silt, light-brown; contains soine ca- PLEISTOCENE SERIES
liche o 5 14 WISCONSINAN AND ILLINOISAN STAGES
Silt, yellowish-orange; contains some Peoria and Loveland Formations
locally derived gravel in lower part 1 15 Silt, clayey, dark-grayish-brown ... 4 4
CRETACEOUS SYSTEM Silt, dark-brown 6 10
Lower CRETACEOUS SERIES S,l‘]t’ medlum-b}*own - e e 9 19
Dakota Formation ) Silt, tan; contains much caliche _________ 9 28
Sandstone, yellowish-orange ... ___ 2 17 CRETACEOUS SYSTEM
LowEer ]((:RETI?CEOUS SERIES
Dakota Formation
17-7W-33aaa.—Sample log of test hole in the NE cor. sec. 33, Sandstone. fine-grained. gray . 5 13

T.17 S., R.7 W., south side of road at corner; augered June 28,

1961. Altitude of land surface, 1,710 feet. 17-8W-33aaa.

Thickness, Depth, Sample log of test hole in the NE cor. sec. 33,

fect feet T.17 S., R.8 W, south side of road, 90 feet west of intersection;
QUATERNARY SYSTEM augered June 29, 1961, Altitude of land surface, 1,770 feet.
PLEISTOCENE SERIES Thickness, Depth
WISCONSINAN AND ILLINOISAN STAGES feot " Ui
Peoria and Loveland Formations QUATERNARY SYSTEM
Silt, dark-grayish-brown 5 5 PLEISTOCENE SERIES
Silt, light-olive-gray .. 4 9 WISCONSINAN AND ILLINOISAN STAGES
CRETACEOUS SYSTEM Peoria and Loveland Formations
Lower CRETACEOUS SERIES Silt, clayey, dark-grayish-brown ... 10 10
Dakota Formation Silt, brown; contains caliche ____._________ 10 20
Siltstone, reddish-brown .. 3 12 CRETACEOUS SYSTEM
Sandstone, light-gray and ved ... 3 15 LoweRr CRETACEOUS SERIES
Dakota Formation
17-8W-27ddd. dmple ]og of test hole in the SE cor. sec. 27, Sandstone ye]lo\vish-()range ________________ 1 21
T.17 S., R.8 W., north side of roadf ;15 feet vglest of %rétgrfsechon —— o st hol e NI 3.
- C tude of land surface, 1 eet - -35aaa.—Sample log of test hole in the NE cor. sec.
ause re(] June 29 1961 Alti T.17 S., R.8 W, south side of road, 60 feet west of intersection;
Th’fcggess’ D;JZ,’th’ augered June 28, 1961. Altitude of land surface, 1,758 feet.
QUATERNARY SYSTEM Thickness, Depth,
PLEISTOCENE SERIES feet feet
WISCONSINAN AND ILLINOISAN STAGES QUATERNARY SYSTEM
Peoria and Loveland Formations PLEISTOCENE SERIES

Silt, clayey, dark-grayish-brown ... 5 5 WISCONSINAN AND ILLINOISAN STAGES
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Thickness, Depth,
feet feet

Silt, medium-brown; contains caliche
nodules 12 21
CRETACEOUS SYSTEM
LoweRr CRETACEOUS SERIES
Dakota Formation
Sandstone, medium-tannish-brown .. 3 24

17-9W-35aaa.—Sample log of test hole in the NE cor. sec. 35,

T.17 S., R.9 W,, south side of road, 65 feet west of intersection;
augexed June 29 1961. Altitude of land surface, 1,773 feet.
Thickness, Depth,
eet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, dark-grayish-brown ... 5 5
Silt, tannish-gray 6 11
Silt, light-brown; contains caliche ... 10 21
CRETACEOUS SYSTEM
LoweRr CRETACEOUS SERIES
Dakota Formation
Siltstone, light-gray; contains some

red spots 2 23
17-9W-36aaa.—Sample log of test hole in the NE cor. sec. 36,

T.17 S.. R.9 W, south side of road, 35 feet west of intersection;
ﬁll},(](d June 29, 1961. Altitude of land surface, 1,787 feet.
Thickness, Depth,
feet feet

QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, black 4 4
Silt, dark-brown 4
Silt, light-brown; contains caliche
nodules 10 18
CRETACEOUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Siltstone, light-grayish-yellow ... . 7 25

17-10W-4aaa.—Sample log of test hole in the NE cor. sec. 4,
T.17 S., R.10 W., west side of road, 131 feet south of intersec-
tion; augered June 30, 1961. Altitude of land surface, 1,823
feet; depth to water, 33.3 fcet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations

Silt, dark-grayish-brown ... 6 6
Silt, light-brown 19 25
Silt, brown; contains much caliche ... 13 38

KANSAN STAGE
Sappa and Grand Island Formations
Silt, fine sandy, tan . 20 58
Gravel, fine to coarse, and sand; com-
posed of Dakota sandstone and silt-
stone, and caliche
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, light-yellowish-orange, some red
mottling 6 77

17-10W-6bbb.—Sample log of test hole in the NW cor. sec. 6,
T.17 S., R.10 W, in ficld 20 feet south of center of road and
144 feet cast of section corner; drilled August 31, 1961. Alti-
tude of land surface, 1,907 feet.

13 71

Thickness, Depth,
feet feet
Soil 2 2

CRETACEOUS SYSTEM
UrPer CRETACEOUS SERIES
COLORADO GROUP
Greenhorn Limestone
Limestone, chalky, and shale, vyel-
lowish-orange 18 20

Thickness, Depth,
eet feet
Limestone, chalky, and shale, dark-
gray; contains some bentonite seams 59 79
Graneros Shale
Shale, clayey, dark-gray ... 21 100

17-10W-9aaa.—Sample log of test hole in the NE cor. sec. 9,
T.17S., R.10 W, west side of road, 80 feet south of intersection;
augered Tulv 7. 1961. Altitude of land surface, 1,809 feet

d ow
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, dark-grayish-brown 5 5
Silt, brown; contains caliche in lower
part 15 20
KANSAN STAGE
Sappa and Grand Island Formations
Silt, fine sandy, tan .. 17 37
Silt, tannish-brown; contains much
sand and some locally derived
gravel in lower part . 11 48

CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, dark-gray, some red mottling ... 7 55

17-10W-9ddd1.—Sample log of test hole in the SE cor. sec. 9,
T.17 S., R.10 W, west side of road, 80 feet north of intersec-
tion; augcred ]u]y 7, 1961. Altitude of land surface, 1,824 feet;
depth to water, 10 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, black = 7 7
Silt, dark-yellowish-orange; contains

some caliche 2 9
CRETACEOUS SYSTEM
UpPER CRETACEOUS SERIES
COLORADO GROUP
Graneros Shale
Shale, clayey, medium-gray ... 1 10

17-10W-11ded.—Sample log of test hole in the SE% SWY SEY
sec. 11, T.17 S., R.10 W., north side of road, 200 feet east of
bridge; augered July 12, 1964. Altitude of land surface, 1,780
feet; depth to water, 22. 0 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, brown 7 7

Silt, tannish-brown; contains caliche
nodules 13 20
KANSAN STAGE
Sappa and Grand Island Formations
Silt, tan 25 45
Silt, tan, and fine sand .. 12 57
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Shale, clayey, dark-gray ... 1 58

17-10W-13aaa.
T.17 S.,, R.10 W,

Sample log of test hole in the NE cor. sec. 13,
west side of road, 50 feet south of intersec-

tion; lugtre(l July 12, 1964. Altitude of land surface, 1,777
feet; depth to water, 20.8 feet.
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, dark-grayish-brown ________________ 5 5
Silt, brown 5 10
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Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, light-grayish-brown ... 5 5
Silt, clayey, medium-brown; contains
caliche nodules in upper half ... 21 26
CRETACEOUS SYSTEM
LowkRr CRETACEOUS SERIES
Dakota Formation
Clay, light-red and yellowish-orange . 9 35

17-10W-34aaa.—Sample log of test hole in the NE cor. sec. 34,
T.17 S., R.10 W., south side of road, 75 feet west of intersce-
tion: augered July 6, 1961, Altitude of land surface, 1,806 feet,

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, dark-grayish-brown . 4 4
Silt, reddish-brown . 2 6
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, light-gray with much red
mottling 4 10

17-10W-34bbb.—Sample log of test hole in the NW cor. sec. 34,
T.17 S.. R.10 W., south side of road, 70 feet cast of intersection;
angered July 6, 1961. Altitude of land surface, 1,811 feet; dry
hole.
Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, dark-grayish-brown ... 5
Silt, dark-brown 4 9

Silt, medium-brown; contains small
caliche nodules .. 23
Silt, grayish-yellow; contains much

caliche _. 7 30
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Siltstone, light-grayish-yellow and tan 10 40

17-10W-352aa.—Sample log of test hole in the NE cor. sec. 33,
T.17 S., R.10 W., south side of road, 85 feet west of intersec-
tion: augered July 6, 1961, Altitude of land surface, 1,794 feet.

Thickness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt,  light-grayish-brown;  contains
caliche in lower part 5 5
Silt, brown ... 15 20
Silt, light-brown; contains caliche _..... 6 26
CRETACEOUS SYSTEM
LoweR CRETACEOUS SERIES
Dakota Formation
Clay, gray, mottled red; contains
hematite pebbles ... 11 37

17-10W-36aaa.—Sample log of test hole in the NE cor. sec. 36,
T.17 S., R.10 W., south side of road, 45 feet west of intersec-
tion; augered July 6, 1961, Altitude of land surface, 1,744 feet;
depth to water, 4.4 feet.

Thickness, Depth,
feet eet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN STAGE

Fluvial deposits

Silt, clayey, grayish-brown 3 3

Silt, grayish-brown .. 8 11

Thickness, Depth,
feet feet
CRETACEOUS SYSTEM
Lower CRETACEOUS SERIES
Dakota Formation
Clay, dark-gray ... 14 25

17-11W-36aaa.— Sample log of test hole in the NE cor. sec. 36,
T.17 S., R.11 W., south side of road, 50 feet west of intersec-
tion: augered July 7, 1961. Altitude of land surface, 1,818 feet;
dry hole.

ckness, Depth,
feet feet
QUATERNARY SYSTEM
PLEISTOCENE SERIES
WISCONSINAN AND ILLINOISAN STAGES
Peoria and Loveland Formations
Silt, clayey, dark-grayish-brown .. 5 5
Silt, medium-brown; contains very fine
sand and some caliche . 29 34
Silt, medium-brown; contains caliche
nodules . 8 42
CRETACEOUS SYSTEM
LowER CRETACEOUS SERIES
Dakota Formation
Sandstone, very fine grained, brown .. 15 57

STRATIGRAPHIC SECTIONS

The following measured sections represent typical
exposures of outcropping rocks in Ellsworth County.

1. Section across Kiowa Formation-Ninnescah Shale contact
in cutbank in the NEXNW4LSWY sec. 1, T.17 S., R6 W.,
Ellsworth County, Kans. Measured by Paul C. Franks.

Thi;kness,
eet
Kiowa Formation:

Covered.

4. Shale, medium-gray with olive-gray to reddish-
brown overtones and jarosite stain, weathers
moderate olive gray; clay fraction composed
mainly of illite and montmorillonite but con-
tains appreciable kaolin; thin-laminated; fis-
sile. Top marked by weathered zone of cone-
in-cone concretions as much as 1 foot thick;
upper parts of sequence contain scattered
gypsum crystals. Base marked by silty lime-
stone or coquina bed about 0.1 foot thick;
dusky-red to blackish-red; contains Turritella,
Ostrea, and other pelecypods. Sparse dis-
coidal impure siderite concretions ... __

3. Shale, medium-gray with olive-gray to reddish-
brown stain, weathers moderate olive gray;
clay fraction composed largely of illite and
montmorillonite but contains appreciable
kaolin; very sparse chlorite near base; thin-
laminated; fissile; plastic. Wavy contact with
next below. Base Kiowa Formation ...

Thickness of exposed Kiowa Formation ..
Unconformity.

Ninnescah Shale:

2. Siltstone, moderate-light-green to light-green-
ish-gray, thin-laminated but poor (fissility,
blocky fracture; illitic and chloritic; sparse ex-
pansible mixed-layer clay. Top 0.1 to 0.4 foot
stained moderate reddish brown to dark vel-
lowish orange by iron oxide; dolomitic cement
near top forms thin resistant ledge. Grades
irregularly into next below 2.9

1. Siltstone, moderate-reddish-brown to grayish-
red, blocky to conchoidal fracture, locally in-
distinctly laminated; illitic, chloritic, and con-
tains sparse vermiculitic or chloritic mixed-
layer clay; contains sparse irregular seams of
pale-green to light-greenish-gray dolomitic
siltstone as much as 1 foot thick. Sparse
beds less than 0.1 foot thick of silty micaceous
white to light-greenish-gray dolomite; scat-

22.0
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22.

19.

18.

17.

Thickness,

Siltstone, medium-light-gray, sparse lenticular
siltstone laminae, blocky fracture; clay frac-
tion largely composed of kaolin. Grades sharp-
Iy into next below .

. Siltstone or sandstone, vellowish-gray with

“limonite” stain, silt-sized to very fine grained;
sparse films and laminae of gray shale carry-
iug carbon flecks; ripple-laminated; micaceous;
sparse carbonized wood fr ats

. Siltstone, medium-light-gray with brown over-

tones, thin-Jaminated, non-fissile, blocky frac-
ture; abundant carbon as flecks and woody
fragments; most argillaccous near base.
Grades sharply into next below ____.

Siltstone and clay. Largely light-gray and
very light gray to light-greenish-gray silt-
stone with abundant moderate-red mottles as
much as 0.15 foot in long dimension . Mottles
form aggregates or nearly vertical streaks as
nmuch as 1 foot in long dimension . Top 1 foot
is light gray with sparse mottling. Encloses
lenses of plastic medium-gray to medium-
dark-gray clay as much as 3 feet thick and
about 5 feet above base ~f unit; clay fraction
composed largely of ka 1 _

Covered interval. Scattered exposures of gray
to greenish-gray kaolinitic siltstone and clay
with red mottles i

Clay grading down to shale and siltstone.
Clay, light-gray with dark-reddish-brown mot-
tles; mottling less apparent downward. Basal
1 to 2 feet of sequence is shale containing
siltstone laminae. Shale, light-gray to very
light gray. Siltstone laminae concentrated in
basal 0.5 foot, dusky-yellow to moderate-red;
abundant iron-oxide stain in basal silty inter-
val. Clay fraction composed mainly of kaolin.
Laterally becomes medium-light-gray and
light-gray siltstone and clay with moderate-
red mottling; dark yellowish-orange “limonite”
stain common; blocky fracture; sparse gypsum
crystals on fracture surfaces; contains sparse
subspherical clay-siderite(?) concretions as
much as 1 foot in diameter near base. Base
Dakota Formation

Thickness of exposed Terra Cotta
Clay Member _ -

Kiowa Formation:

16.

14.

. Intercalated siltstone and sandstone.

Zone of iron-oxide concentration, moderate-
reddish-brown to dark-yellowish-orange, abun-
dant gypsiferous coatings along subhorizontal
wavy hematitic veinlets, silty, argillaceous;
clay fraction composed mainly of kaolin and
“degraded” illite. Grades irregularly into next
below and next above. Laterally becomes
ripple-laminated and horizontally laminated
sandstone containing shaley laminae, U-
shaped Arenicolites burrows, and abundant
iron-oxide stain and cement in top 2.5 feet

Siltstone
is very light gray to medium-gray; sandstone
is vellowish-gray, very fine grained, friable
except where locally cemented by calcite; clay
fraction composed mainly of kaolin and “de-
graded” illite; micaccous; contains sparse car-
bon flecks along bedding surfaces; laminated
to thin-bedded; interfingers laterally with
sandstone next below and with sandstone like
that described above. Thickness variable but
approximates .. ... ..

Sandstone, yellowish-gray, stained pink and
red by clay wash from basal Dakota, very
fine to fine-grained; sparse clay pellets in basal
2 feet; small- and medium-scale wedge-planar
to tabular high-angle cross-lamination; cross-
stratification dip bearings highly varied but
mainly to southwest; set boundaries about

horizontal or inclined a few degrees in direc-

feet

1.7

1.0

14.0

0.5

1.3

13.

12.

11.

10.

73

Thickness,

tion of dip of cross-strata; sparse microeross-
beds. Symmetrical transverse cord interfer-
enee ripple marks common on set houndaries;
wave lengths less than 0.3 foot. Ripple and
even lamination more eommon than cross-
stratification in upper 2 to 3 feet. Calcite
cement locally forms calcareous concretions as
much as 6 feet long and 3 feet thick near top
of me. Friable,

shaiey partings, grains of piun cuciy; spaiov
U-shaped Arenicolites burrows in upper 2 to
3 feet. Sharp contact with siltstone next
below. Thickness variable; thickens south-
ward to interfinger with and to replace most
of the section deseribed below. Measured

Siltstone, light-gray grading down to medium-
light-gray; kaolinitic and illitic; indistinct
Jamination; sparse carbon flecks: jarosite stain
near base; silty near middle of unit. Sharp
contact with next below. Pinches out to south

Sandstone and siltstone grading down to argil-
laceous siltstone, very light gray grading to
medimm-light-gray in basal 1 foot; sparse
vellowish-orange “limonite” stain; very fine
grained to silt-sized; ripple-laminated in up-
per parts; sparse clay films in upper parts;
bedding indistinct in lower parts. Undulose
contact with next below; seems to grade lat-
crally into sandstone

Siltstone, brownish-gray, indistinetly lami-
nated, plastic; contains abundant dissiminated
carbon flecks; clay fraction largely kaolinitic,
Grades sharply into next helow; pinches out
to south N

Siltstone and sandstone interlaminated with
shale, very light gray with medium-gray shale
laminae, weathers dark yellowish-orange, rip-
ple-laminated.  Sandstone, very fine-grained,
most abundant at top and bottom of sequence.
Sequence contains sparse U-shaped Arenico-
lites burrows; micaceous; carbon as flecks and
woody fragments; sparse marcasite and sider-
ite nodules. Grades laterally into sandstone;
sharp contact with next below

. Siltstone_and shale, interlaminated, very light

gray and medium-gray, weathers dark-yellow-
orange; clay fraction largely kaolinitic but
with appreciable “degraded” illite; ripple-
laminated; proportions of shale increase down-
ward. Where shale is more abundant than
siltstone, siltstone forms bands and contorted
laminae less than 1 cm thick. Jarosite stain in
basal 2 feet; scattered marcasite nodules;
micaceous; sparse carbon flecks on bedding
surfaces. Grades laterally into sandstone and
siltstone like next above; grades sharply into
next below

. Clay grading down to siltstone, dark-gray

grading down to light-gray with brown over-
tones; poor fissility in upper 0.5 foot; clay
fraction largely kaolinitic; yellowish-gray to
brownish-gray argillaccous  veins penetrate
into siltstone {rom upper clay; sparse car-
bonaceous flecks and fragments, mainly in
lower 5.5 feet . . B

. Clay, grayish-black grading down to brown-

ish-gray; clay fraction composed mainly of
kaolin and “degraded” illite and montmoril-
lonite. Upper 2 feet very carbonaceous or
lignitic and transected by vyellowish-gray to
brownish-gray veinlets less than 4 mm thick;
veinlets decrease in abundance downward.
Blocky fracture, indistinct lamination in up-
per 1.5 feet. Scattered carbonaceous flecks,
carbonized wood fragments, and leaf imprints
below upper lignitic clay = .. . B

. Clay, as above, with carbonaceous or lignitic

top; medium-light-gray at base and carrying

feet

7.5

1.5

3.0

1.0

3.1

3.7

7.0

4.3
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Thickness, Thickness,
feet feet

15. Siltstone, light-gray with Dbrown overtones, 7. Siltstone grading down into shale, medium-
argillaceous; clay fraction kaolinitic hut con- light-gray to medium-gray, weathers light
tains appreciable illite and “degraded” illite; gray; upper parts stained dark vellowish
plastic; bedding indistinct; micaceous. Gen- orange by wash from mnext above; laminated
erally stained by wash from next above. toward base; clay fraction composed largely
Grades into next below . . . .15 of kaolin, illite, and “degraded” illite; silt

14. Siltstone and sandstone. Siltstone grades content decreases dmvanrd; _sparse jarosite
down into interlaminated siltstone and sand- stain. Basal 0.5 foot contains siltstone or very
stone in ba<al 3 fect. Siltstone, medium-light- fm@ 1ed san  ne .
grav, weathers very light gray; clay fraction ly i wext below py n 2|
kaolinitic, but contains appreciable illite; i. Sandstone, siltstone, and shale. interbedded.
plastie; micaceous; contains carbon flecks and Shale laminac increase in abundance down-
fragments; laminated where intercalated with ward. Siltstone and sandstone, very light gray
sandstone. Sandstone, grayvish-orange, weath- to light-gray; shale, medium-gray; sequence
ers very light gray, very fine grained. mica- weathers very pale orange to dark yellowish
ceous. Sequence thickens to south and inter- orange. Thin-bedded and ripple- and even-
fingers with sandstone next below . . .. 57 laminated.  Prominent close-spaced vertical

13. Sandstone, very pale orange, weathers white joints in sandy and silty parts. Contains
to light-grayish-orange and very light gray, sparse marcasite or pyrite nodules; nodular
very fine- to fine-grained, crossbedded; sparse concentrations of cg]c1te cement; disseminated
horizontal Jaminae; cross-strata nainly in iron-oxide cement in upper foot; micaceous;
tabular sets as much as 2.5 fect thick, sparse small, nearly vertical burro.\\'s about 2 mm in
wedge-planar sets; set boundaries locally dip dlametm: in sandy and silty parts. Qra{les
as much as 5 degrees in reverse direction sharply into next below by loss of lamination
from cross-strata; vector resultant of cross- and decrease in abundance of silt _ ... 75
stratification dip bearings is N. 55° W.; hori- . Siltstone and shale, medium-gray, weathers
zontal laminae in sets as much as 1.5 feet light gray to light olive gray; composed
thick; sparse gray shaly partings; micaceous; largely of kaolin, illite, and “degraded” illite;
sparse grains of pink chert and black opaques. non-fissile in upper 1 foot; otherwise thin-
Forms pron]inent bench and thins southward. luminatcd‘ Abundant discoidal concretions of
Scour-fill contact with next below . . .. 120 impure siderite as much as 0.3 foot thick and

12, Siltstone grading down into clay, very light 3.5 feet long along bedding planes 13.8
gray grading down to light-gray and light- . Shale, medium-gray, weathers light gray to
greenish-gray with pale-red to dark-reddish- light olive gray; composed mainly of illite and
brown mottles, weathers white to very pale mon'tmon]](.)nlte, but  contains appreciable
orange with moderate-reddish-orange to dark- kao]m;. thin-laminated; abundant ~ discoidal
grayish-pink stain in mottled parts; clay frac- concretions of impure siderite as much as 0.1
tion contains kaolin and some illite and “de- foot thick and 2 feet in long diameter below
graded” illite; blocky to conchoidal fracture; zone of cone-in-cone. Top marked by sand-
waxy luster in basal 2 feet. Grades into next stone bed about 0.2 foot thick, medium-gray
below . 3.9 to pale-yellowish-orange, calcarcous cement,

11. Clay, light gray, weathers very light gray, gllau.conitic; numerous marcasite nodules. Con-
non-fissile but laminated to thin-laminated; metmnsf Of co‘n?-m-ﬁone.\\'qth radial arrange-
composed largely of kaolin but contains ap- menf 0 (g)vnes ocally project downward into

Tk A o : b = the shale from the base of the sandstone bed;
preciable illite and “degraded” illite; hard; vetions as b oas 05 f bhick ;
waxy luster; contains carbon flecks and frag- E(xmu.e 1(1115 ya.sd_r}mc 1 as 0.5 foot thick and 2
ments. Grades sharply into next below ________ 1.2 eet in on;,. lameter - 58

10. Siltstone, very light gray with moderate- - Shale, medlum—dark-gray, weathers medium
reddish-brown mottles in lower half, weathers light-gray; Clay fract’l,m_] composed largc]y: of
white or very pale orange with moderate- illite and “degraded” illite; laminated, silty;
reddish-orange to pale-reddish-brown stain; a])und.ant gypsum erystals on weathered slope.
clay fraction composed largely of kaolin, illite, C(inta{n_s beds of very fine grained dark-
and “degraded” illite; hard; blocky fracture: vel lo\\lsh—(_)range sandstone as much as 1 foot
indistinetly laminated in basal and top 0.5 thick; laminated, calcareous, glauconitic, mar-
foot; contains sparse grains or pellets of hema- casite “1(’(1‘1165- Sequenee grades sharply into
tite probably derived from siderite ........ .. . 3.9 next below . .47

9. Clay, grayish-black grading down to mod- . Si_]tstone, brownish-gray, weathers light gray
erate-olive-gray, weathers medium light gray with Dbrown overtones; abundant carbon as
to very light gray with olive to brown over- fragments, ﬂecksZ and film; micaceous. Basal
tones; composed largely of kaolin, illite, and 0.5 foot has ]annr.me of .dark—yel]0\\'isll—0range
“degraded” illite; plastic; weathers to puffy siltstone or very fine grained sandstone; sandy
slope littered with sparse gypsum crystals. base grades ]zltera]l}' into ripple-laminated and
Indistinctly laminated but nonfissile; contains (‘T_OSS‘I’(‘ddCd very fine grained sandstone; bed-
carbon as flecks, fragments, and films; thin- ding surfaces of sandstones show nearly sym-
laminated and lignitic in upper 0.5 foot. metrical transverse ripple marks striking N.
Grades sharply into sandstone next below by 40° W, _ 4.9
increasing silt and sand content. Base Dakota . Shale, medium-dark-gray, light-brown to
Formation 2.4 dark-reddish-brown  stain  along  sandstone

Thickness of exposed Terra Cotta seams, dominantly illitic; thin-laminated; gyp-
Clay Member 110.3 sum crystals on weathered slopes.  Sandstone
Kiowa Formation: seams as much as 0.1 foot thick; very fine .

8. Sandstone, moderate-red to dark-yellowish- grained, micaceous, caleareous ... . . . 33
orange, fine-grained, very argillaceous; bed- Thickness of exposed Kiowa Formation 13.4
ding indistinct; abundant iron-oxide cement;
weathers to concretionary masses, lumps, and 6. Section across Dakota Formation-Kiowa Formation con-
aggregates less than 1 foot thick and 2 feet in tact at Buzzard’s Roost (Needle’s Eye) in the SELNEYL sce.
long diameter cemented by iron oxide. 15, T.15 S., R.6 W., Ellsworth County, Kans. Measured
Grades irregularly into next below ____ 1.0 by William Ites, Jr.
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Thickness,
eet

carhonaceous, kaolinitic, laminated in upper
part but with poor fissility, blocky to platy
fracture. Scattered argillaceous  “limonite”
concretions as much as 0.5 foot in diameter.
Grades into next below _ .. . 4.7
. Siltstone and sandstone, medium-dark-gray to
dark-gray, weathers medium light gray. Very
fine grained sandstone at base, siltier in upper
parts; indistinct wavy and contorted thin-
bedding or thin-laminae. Abundant interstitial
kaolin; abundant carbon as fragments, flecks,
and films; sparsc jarosite and “lilnonite” stain.
Forms crumbly ledge. Wavy contact with
next below 2.1
4. Siltstone, very light gray with abundant mod-
erate-red mottles, weathers to pufty very pale
orange to dark-grayish-pink slope, abundant
vellowish-orange iron-oxide stain in top 2 feet,
kaolinitic, plastic near top, non-plastic below;
very silty near base. Abundant siderite
spherules disseminated in gray parts; much of
the siderite largely oxidized to hematite.
Grades sharply into next below ... 7.7
3. Siltstone, very light gray but much weathered
and stained dark yellowish orange by iron
oxide, moderate-red mottles where fresh; con-
tains abundant limonite speckles relict from
siderite(?) spherules; thin- to medium-bedded;
sparse gray shaly laminae . ... 4.5
2. Clay, medium-light-gray grading down to
medium-dark-gray  with sparse  dusky-red
mottles, weathers to puffy light gray slope
stained pale grayish orange by wash from next
above, dominantly kaolinitic, plastic; laminated
and fissile in upper parts; no obvious bedding
in lower parts. Grades sharply into next below 5.6
1. Siltstone, medium-light-gray with sparse
moderate-red mottles, weathers to puffy light-
gray and yellowish-gray slope, abundant yel-
lowish-orange iron-oxide stain in top 0.1 foot,
dominantly kaolinitic, hard, blocky to con-
choidal fracture; contains abundant siderite
spherules as much as 1 mm in diameter in

[o1}

gray siltstonc between mottles ... 1.7
Thickness of exposed
Janssen Clay Member . . 35.8

8. Section across Graneros Shale-Dakota Formation contact
0.1 mile northwest of the cen. Ni scc. 6, T.15 S., R.10 W.,
Ellsworth County, Kans., on the west side of the road. Sec-
tion starts at base of Dakota silistone and clay exposed in

road ditch. Measured by Paul C. Franks,
Thifkness,
eet

Graneros Shale:
Covered.
15. Shale, medium-dark-gray, weathers medium

light gray with brown overtones and to puffy
light-olive-gray slope, kaolinitic but contains
appreciable illite and illite-montmorillonite
mixed-laver clay, thin-laminated, fissile; sparse
verv light gray to dark-yellowish-orange silt-
stone laminae; sparse white kaolin seams con-
taining appreciable montmorillonite as much
as 0.1 foot thick; abundant jarosite stain;
sparse imprints of pelecypods. Sharp contact
with next below _

Thickness of exposed Graneros Shale ...

Dakota Formation:
Janssen C'~- Member:

14. Sar tone, grayish-orange, weathers pale
grayish orange to dark yellowish orange, very
fine grained, laminated to thin-bedded; lami-
nae commonly wavy; bedding commonly
masked by calcite cement; sparsc dark-gray
shaly partings. Abundant limonitic speckles
and stain; sparse gypsum as crystals and ce-

“ment; Jocally may contain siderite cement.
Grades into next below 1.5

@
=}

|

@
o

13.

12.

11.

10.

. Lignite, as above, but with dark-vellowish-

. Lignite, as above

77

Thickness,

Shale, medium-dark-gray with brown over-
tones, weathers medium light gray to light
brownish gray, dominantly kaolinitic but con-
tains appreciable illite and mixed layer clay,
nonsilty, thin-laminated; contains intercalated
sandstone laminae near top and siltstone lami-
nac near base; scattered lenses as much as
0.5 foot thick of interlaminated siltstone and
o Al oniz - ‘

non ﬂecka, LIdBUICLILS, and 5

Grades into next below by alternation ot lith-
ology o
Siltstone, very light gray to very light brown-
ish gray, weathers very light gray to yellow-
ish orange dcpending on abundance of
“limonite” and jarosite stain, thin even lami-
nac¢ in upper parts, wavy laminae at base,
carbon as flecks and fragments, micaceous.
Nearly vertical tubes about 1 c¢m in diameter
and up to 10 cm long may bhe either root im-
pressions or burrows. Contact with next be-
low is hoth scour-fill and gradational by alter-
nation of lithology. Thickness somewhat vari-
able, but approximates .
Shale,  dark-brownish-gray to  dark-gray,
weathers medium gray with blue to brown
overtones, thin-laminated, fissile, papery to
platy, dominantly kaolinitic but contains ap-
preciable illite and chloritic and vermiculitic
mixed-layer clay; abundant carbon as flakes,
films, and fragments; sparse jarosite stains.
Grades into next helow -
Lignite, brownish-black, thin wavy laminae,
papery, argillaceous; contains abundant frag-
ments of carbonized wood, imprints of stems
and leaves; sparse jarosite stain. Grades
sharply into next below ...

. Shale, mcdium-dark-gray with brown over-

tones, weathers medium light gray, domi-
nantly kaolinitic, thin-laminated to indistinct-
ly laminated; sparse very light gray siltstone
laminae with faint jarosite stain. Silt content
increases downward. Grades sharply into
next below

orange limonitic stain .

. Shale, medium-dark-gray grading down to

dark-gray, fissile, carbonaceous towards base,
kaolinitic but contains sparse montmorillonite
and vermiculitic mixed-layer clay; contains
laminae and beds of very light gray siltstone
as much as 0.1 foot thick in upper half; silt-
stone shows wavy thin laminae and plant im-
prints. Gypsum crystals on weathered slopes.
Grades into next below .

. Siltstone grading down to sandstone, medium-

light-gray with Drown overtones grading down
to very pale orange, weathers pinkish gray
grading down to light gray or moderate yel-
lowish brown. Contains abundant medium-
gray siltstone laminae in lower parts. Sand-
stone, very fine grained and silty. Upper parts
of sequence show no obvious bedding; be-
comes progressively thin-laminated and ripple-
laminated downward. Micaceous; abundant
carbon as flecks, fragments, and films; limo-
nitic stain in basal sandstone. Grades sharply
into next below __

. Lignite, as above. Grades sharply into next

below

. Shale grading down into siltstone, brownish-

black grading down to medium-dark-gray,
weathers medium gray grading down to light
gray, dominantly kaolinitic but contains sparse
illite and vermiculitic mixed-layer clay, fissile,
thin-laminated and papery becoming blocky

feet

2.1

0.9

0.6

1.6

0.4

2.6
0.8

54

0.3
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OTANEE e 1.0
25. Chalky shale, dark-grayish-orange, poorly
laminated e 2
24, Limestone, nhght-pinkish-gray .
23, Chalky shale, dark-grayish-orange __...._______
22. Limestone, light-pinkish-gray
21. Chalky shale, dark-grayish-orange ... ...
20. Limestone, light-pinkish-gray .. ____
19. Chalky shale, grayish-orange _.__
contains nodules of limestone
16. Limestone, pale-orange ...
15. Chalky shale, light-grayish-orange
14. Limestone, light-grayish-orange ... ...
13. Chalky shale, pinkish-gray to grayish-orange,
fossils, poorly Taminated 2.2
12. Limestone, light-grayish-orange . 4
11. Chalky shale, pinkish-gray and grayish-
orange

Thickness,
ect
feet below top is a thin bed of bentonite;
lines of concretionary or nodular limestone
beds occur at about 1-foot intervals separated
by vellowish-orange chalky shale; contains
clams and other fossils . .. 8.9
28. Limestone, pale-orange, fossiliferous .. 3
97. Chalky shale, dark-grayish-orange, poorly
laminated, fossiliferous . .. 54
Thickness of exposed Carlile Shale ... 14
Greenhorn Limestone:
Pfeifer Shale Member:
26. Limestone (Fence-post bed), light-grayish-
18. Limestone, pale-orange ________._
I 10. Limestone, light-gravish-orange

. o
[Pl

orange with a middle band of dark-grayish-
17. Chalky shale, gravish-orange and light-gray;
9. Chalky shale, pinkish-gray to grayish-orange . 1.3
Thickness of Pfeifer Shale Member ... 17.8
Tetmore Chalk Member and
Hartland Shale Member, undifferentiated:
8. Limestone, light-grayish-orange; contains nu-
merous clams 04
7. Cha'ky shale, very pale orange with darker
bands 4.2 feet and 8.2 feet below top; con-
tains a 0.4-foot-thick Dentonite bed 5 feet

above base, and another 0.5-foot-thick bed at
the base; fossiliferous ... ... 16.6

6. Limestone, brownish-gray, finely crystalline 2

5. Chalky shale, yellowish-orange with some
lighter and darker bands throughout ... . 12.5

4. Limestone, brownish-gray, finely crystalline 1

3. Chalky shale, vellowish-orange with lighter
and darker bands throughout 15.6

Total thickness of exposcd Jetmore Chalk
and Hartland Shale Members,
undifferentiated . 454
Lincoln Limestone Member:

2. Limestone, brownish-gray with some light-

gray, thin-bedded; separated by thin chalky

shale beds; petroleum odor on fresh break;

- contains fossil fragments. Thin bentonite bed
1.6 feet below top oo 2.6

Thickness of Lincoln Limestone Member 2.6
Graneros Shale:
1. Shale, dark-yellowish-brown in upper part
grading to light-gray in lower part, Jaminated
in upper 15 feet; contains small selenite
crystals; unfossiliferous ... ... 248

Thickness of exposed Graneros Shale ... 24.2

12. Section from Fairport Chalk Member of Carlile Shale down
into Graneros Shale in the NE4 sec. 11, T.14 S., R8 W.,
Ellsworth County, Kans. Secction measured in east and
west road ditches along Kansas Highway 14. Measured
by William Ives, Jr.

79
Thickness,
feet
Carlile Shale:
Fairport Chalk Member:

34. Chalky shale, light-grayish-orange mottled
both lighter and darker, poorly laminated,
weathers platy or flaky:; contains several lines
of nodular pale-orange limestone. Bentonite
6.5 fect above base S 9.4

Thinlmnne af ~omoced
1
Greenhorn Limestone:
Pfeifer Shale Member:

33. Limestone (Fence-post bed), very light gray,
weathers light grayish orange; contains darker
streak in middle part; fossiliferous . 1.1

32. Chalky shale, palc-orange containing darker
zones, poorly laminated, weathers platy; con-
tains nodular limestone in middle part .. 2.7

31. Limestone, light-grayish-orange; speckled ap-
pearance; very fine sand-sized grains; contains
much crystalline caleite .~ I 3

30. Chalky shale, very pale orange, poorly lami-
nated, weathers platy, fossiliferous .~ . 1.1

29. Limestone, very light gray, mottled yellow,
fossiliferous . 4

28. Chalky shale, very pale orange, poorly lami-
nated 7

27. Limestone, light-gray . 4

26. Chalky shale, pale-orange, poorly laminated . 1.0

25. Limestone, light-gray 2

24. Chalky shale, grayish-orange ... . . 1.0

23. Limestone, light-gray 2

22. Chalky shale, very pale orange .. e 1.0

21. Limestone, very light gray, mottled yellow ___ 4

20. Cha'ky shale, very pale orange; contains
darker bands ________ 2.4

19. Limestone, light-grayish-orange, mottled
dark-yellowish-orange, weathers into irregular
slabs 5

18. Chalky shale, pale-orange, poorly laminated . 1.4

17. Limcstone, very light gray, mottled yellow __._ 3

16. Chalky shale, pale-orange grading to pinkish-
gray in lower part . B 2.5

15. Limestone, light-gray; contains few clam
molds and isolated sharks® teeth ... 3

14. Chalky shale, pinkish-gray, poorly laminated . 1.3

13. Limestone, light-gray, few fossils .. N 3

12. Chalky shale, dark-pinkish-gray, poorly lami-
nated _. 14

Thickness of Pfeifer Shale Member ... 20.9
Jetmore Chalk Member and
Hartland Shale Member, undifferentiated:

11. Limestone, light-pinkish-grav, many clam
molds and a few isolated cephalopod molds .. 0.6

10. Chalky shale, light-gray to grayish-orange;
contains two darker bands near middle;
poorly laminated .. 9.7

9. Shale, olive-gray, poorly laminated, weathers
platy, very calcareous, unfossiliferous . 1.8

8. Bentonite, yellowish-orange ... ... 5

7. Covered interval __ 11.0

6. Limestone, light-olive-gray, weathers light
grayish orange, fossiliferous . 3
5. Clay shale, light-brown, very calcareous, un-
fossiliferous FE 8
4. Bentonite, light-yellowish-orange, calcareous
in lower part . .. 5
3. Chalky shale, pale-orange, poorly laminated,
weathers crumbly or blocky; contains thin
laminae of limestone in lower part. Bentonite
beds 3.0 feet above base and 5.0 feet above
base; limestone bed 3.2 feet above base ... . 155
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Plate

of Kansas

EXPLANATION

Recent alluvium and Wisconsinan fluvial deposits

Stream-laid depesits of clay, silt, sand, and gravel along principal streams. Wisconsinan
age deposits occur in a terrace position to the present stream . Yields moderate quantities
of water to wells in principal stream valleys and smaller quantities in tributary valleys.

Loess

ies —mM8Mm ——————

Silt, mostly eolian. Principally Loveland loess of lllinoisan age and Peoria loess of Wiscon-
sinan age but may contain some Bignell loess of Wisconsinan age. Locally present in thin
deposits in upland areas and overlies fluvial deposits in abandoned channel areas. Yields
no water to wells.

Pleistocene Ser

Loveland and Crete Formations

Alluvial deposits of lllinoisan age in terrace position to younger deposits in principal valleys.
Composed of clay, silt, sand, and gravel. Yields small to moderate quantities of water fo
wells in the major valleys.

Sappa and Grand lIsland Formations

Stream-laid deposits of Kansan age consisting of clay, silt, sand, and gravel, and minor
amounts of volcanic ash. In terrace position to younger deposits in Smoky Hill River valley
and present in lower part of Wilson valley and abandoned channels in southwestern
part of county. Locally includes the Fullerfon and Holdrege Formations of Nebraskan age.
Yields small fo moderate quantities of water to wells locally.

e e C@UATERNARY SYSTEM —————eniimmeiaiad

4“

I3 I T Serigy | |

7Ogalia[a Form‘ar’r‘ionr

Plioc
ERTIARY
SYSTEM

Soil caliche with distinctive pink banding occurring as thin deposits marking topography at
end of Pliocene. Yields no water to wells.

T

s

Carlile Shale

Chalky shale, yellowish-gray to dark-gray, containing persistent beds of chalky limestone
and nodular chalky limestone in the lower part. Thin but persistent nearly white, weather-
ing to yellowish orange, bentonite seams are present in the formation. Only the lower
part of the Carlile is present in the county. Yields no water to wells.

Greenhorn Limestone

Limestone, chalky shale, and chalk, thin-bedded, yellowish-gray to gray, and yellowish-
orange bentonite. Yields small quantities of wafer from upper weathered part in local areas.

Graneros Shale

Shale and clay shale, fissile,largely noncalcareous, dark-gray to bluish-black on fresh sur-
face, weathering to yellowish brown. Contains thin sandstone beds throughout and locally
thin fossiliferous limestone beds. Contains a thin but persistent bentonite bed near the top.
Yields small quantities of water locally from sandstone beds.

Dakota Formation

Clay, silt, shale, sandstone, and siltstone, locally cemented with hemafite and limonite. Con-
tains lignite and locally beds of quartzitic sandstone. Colors are white, red, gray, brown,
andtan. Yields small to moderate quantities of water to wells from sandstone beds.

Kiowa Formation

Shale, fissile, light-gray, dark-gray, and black. Confains thin sandstone bodies throughout
and a persistent thick light-colored sandstone at top. Beds of cone-in-cone, quartzitic sand-
stone, siltstone, and thin limestone are common. A marine molluscan fauna occurs in the
limestone. Yields small to moderate quantities of water to wells from the sandstone.

_38°40°

—, —Lower Crefaceous Series— —————————Upper Cretaceous Ser

Ninnescah Shale

Series
SYSTEM

Shale and siltstone, reddish-gray and gray. Poorly exposed in the county. Yields no wafer
fo wells.

ERERANY o . CPETACEOIS BSTRM————

Lower
—Permian

Contact

Dashed where approximately located

U
D

Fault

U; upthrown side
D; downthrown side

500~ —

Woater-table contour

Skews altitude of water table, 1964. Contour interval 20 feet. Datum is mean sea level

1796P
)

Upper number is depth to water, in feet below land surface. Lower number is altitude of
water table, in feet above mean sea level. P indicates perched water table

(o}

Domestic or stock well

2
Spring

©)
Municipal supply well

(¢]
Industrial supply well

@
Irrigation well

Test hole

Scale 1:62 500

1 0 1 2 MILES

e e e e e
APPROXIMITE MEAN Contour inferval 50 feet

DECLINATON, 1961 Datum is mean sea level

True North

! , 1 . - Geologic mapping
| ; ) A L : | Prepared by the United Stafes Geological Survey and the State Geological Survey of Kansas, Tertiary and Quaternary — C. K. Bayne, 1964
with cooperation of the Environmenial Health Services of the Kansas State Department of Permian and Crefaceous — W. lves, 1960; C. K. Bayne, 1964

Health and the Division of Water Resources of the Kansas State Board of Agriculture. Kiowa — Dakota confact — P. C. Franks, 1964
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