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ABSTRACT

Rocks of Mesozoic age in Kansas are recognized as be-
longing to the Triassic, Jurassic, and Cretaceous Systems.
Mesozoic rocks unconformably overlie Permian strata and
are in turn unconformably overlain by Tertiary and Pleis-
tocene deposits; and they are mostly marine deposits,
consisting of shale, sandstone, limestone, and chalk, but
considerable amounts of nonmarine sandstone and clay are
present. There is no commercial producticn of petroleum
from beds of Mesozoic age in Kansas although other min-
erals, both fuel and nonfuel, have been and are being
economically exploited at present.

To show the correlations and stratigraphic relations
of Mesozoic rocks in the subsurface in Kansas, three cross
sections are presented: one section, east-west, from Wash-
ington County to Cheyenne County; another, southeast-
northwest, from Kiowa County to Cheyenne County; and
the third, north-south, from Cheyenne County to Morten
County. Correlation of beds is based mainly on a study of
electric logs supplemented by sample study.

Rocks in Kansas between Permian Taloga formation
and Jurassic Morrison formation are recognized as be-
longing to the Triassic Dockum (?) group. These beds,
nonmarine in origin, have been identified only in the ex-
treme southwestern part of the state and consist mostly of
siltstone and sandstone. Maximum thickness of the group
is about 320 feet. Rocks of Jurassic age have been assigned
to the Morrison formation, which is present in about the
western fifth of the state and only in the subsurface. These
beds, probably fluvial in origin, consist of shale, sandstone,
limestone, and some chert and anhydrite. The top of the
chert beds in the Morrison forms an excellent marker
horizon that can be traced over a large part of the Mid-
continent region. Maximum thickness of the formation in
the state is about 350 feet. The Cretaceous System, in the
western two-thirds of the state, is divided into the Co-
manchean (lower) and Gulfian (upper) Series. Coman-

chean rocks are subdivided into the Cheyenne sandstone
and Kiowa shale. The Cheyenne, predominantly sandstone,
is probably nonmarine and unconformably overlies older
strata. It attains a thickness of at least 260 feet. The over-
lying Kiowa shale, which is marine, has a maximum thick-
ness of about 380 feet. The Gulfian Series is divided into
six formations, lowest of which is the Omadi formation
(Dakota formation in official State Geological Survey of
Kansas nomenclature). Omadi is a new formational name
for Kansas and is used here in the subsurface in place of
the term Dakota. The formation contains three recogniz-
able members (names also new to Kansas nomenclature),
Cruise sandstone, Huntsman shale, and Gurley sandstone.
Sandstone, shale, and clay are the predominating litho-
logic types. Omadi is in part marine and in part nonmarine
and has a thickness of as much as 400 feet. Overlying the
Omadi formation is Graneros shale, which is marine and
attains a maximum thickness of about 100 feet. Greenhorn
limestone, also marine, overlies Graneros shale and has a
maximum thickness of about 100 feet. Carlile shale, about
300 feet of mostly marine strata, has three members, Fair-
port chalky shale, Blue Hill shale, and Codell sandstone.
Next formation above the Carlile is the Niobrara, which
is divided into Fort Hays limestone and Smoky Hill chalk.
The Niobrara consists of chalk, limestone, and chaiky
shale and attains a maximum thickness of about 700 feet.
Uppermost formation of the Cretaceous in Kansas is the
Pierre shale. It may reach thicknesses of as much as 1,600
feet and, like the Niobrara, is marine. Cretaceous strata
are unconformably overlain by nonmarine late Tertiary
and Pleistocene deposits.

Sedimentary history as interpreted from Mesozoic recks
is closely related to the structural evolution of western
Kansas and surrounding regions. Present structure of
Mesozoic beds is the result of both Mesozoic and Cenozoic
structural movements.

INTRODUCTION

Recently there has been some interest in rocks
of Mesozoic age in western and northwestern Kan-
sas for the possibility of their producing commer-
cial quantities of oil and gas. Because of economic
potentialities of mineral wealth from rocks of this
age, it seems necessary to have an understanding
of their relationship to each other as well as to the
younger and older strata. It is also desirable to
have some knowledge of their age and correlation
with similar rocks in adjacent areas.

Several publications of the State Geological
Survey of Kansas have called attention to possible

economically exploitable minerals, both fuel and
nonfuel, in rocks of Mesozoic age. These materials
are confined to rocks that are Cretaceous in age.
At the present time, however, this mineral wealth,
with the exception of clay, is not being used ex-
tensively. In addition to this clay at the surface in
the Dakota formation (Plummer and Romary,
1947; Plummer and others, 1954), such materials
as lignitic coal in the Janssen member of the Da-
kota (Schoewe, 1952), oil shale of low quality in
the Dakota and Pierre formations (Runnels and
others, 1952), glass sand in the Cheyenne forma-
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tion (Nixon and others, 1950; Rose, 1950), ce-
mented sandstone used for concrete aggregate,
riprap, building stone, etc., in the Kiowa and Da-
kota formations (Swineford, 1947), and chalk in
the Fort Hays member of the Niobrara formation
(Runnels and Dubins, 1949) merit mention.

Rocks of Mesozoic age have, in effect,
served as a hindrance or nuisance in drilling for
oil and gas in deeper and older Paleozoic beds of
central and western Kansas, and little attention
has been paid to their possibilities as petroleum
producers. Recent discoveries of commercial
quantities of oil and gas in rocks of Cretacecus
age in adjacent states of Nebraska and Colorado
have increased interest in the possibilities of pro-
duction from rocks of the same age in Kansas. The
Denver basin in Nebraska and Colorado, of course,
has been a center of major interest since about
1949. Because of the intensive search for petro-
leum in the Denver basin and because rocks of
similar age occur in a similar geologic setting in
Kansas, it seems logical to conclude that possibly
there are petroleum accumulations in these rocks
in Kansas.

At present there is no commercial production
of petroleum from beds of Mesozoic age in Kansas.
Although many wells have had shows of oil or
gas, the only production recorded in Kansas from
beds of Mesozoic age was gas from the Goodland
field, in Sherman County. Gas was produced for
a short time from the basal part of the Pierre shale
and upper part of the Niobrara formation of Cre-
taceous age at a depth of about 1,000 feet.

Rocks of Mesozoic age in Kansas are recog-
nized as belonging to the Triassic, Jurassic, and
Cretaceous Systems. Triassic rocks are confined
to the extreme southwestern part of the state in
Morton, Stanton, and Hamilton Counties. Redbeds
40 feet thick, exposed in a small outcrop in Morton
County, have been correlated (Moore and others,
1951) with the Dockum (?) group of Triassic
age, which crops out in parts of Texas and Okla-
homa. Jurassic rocks have been assigned to the
Morrison formation and are distributed in the
northwestern part of the state west of a line drawn
from Smith County to Morton County. These
Jurassic rocks occur only in the subsurface and

only in the western fifth of the state. Cretaceous
rocks cover considerably more area than either
the Triassic or Jurassic rocks. Rocks of Cretaceous
age occur over about the western half of the state.
In Kansas rocks of Comanchean (Lower Cre-
taceous) and Gulfian (Upper Cretaceous) age are
recognized. The main outcrop area of Ccman-
chean rocks is south-central Kansas in Clark, Co-
manche, and Barber Counties, whereas Gulfian
rocks are exposed mainly in the northern half of
the state. Comanchean rocks of the state have been
divided into two formations, Gulfian rocks into
six.

Mesozoic rocks unconformably overlie older
Paleozoic rocks and, for the most part, mask the
structure of older beds. At different places in the
state, Triassic, Jurassic, or Cretaceous rocks over-
lie Permian strata. Locally, a conglomerate is de-
veloped at the base of the Cretaceous System. In
turn, rocks of Mesozoic age are unconformably
overlain by the Ogallala formation of Pliocene
(Tertiary) age or by Pleistocene deposits. Ceno-
zoic rocks mantle the Mesozoic rocks and also
serve to mask the structure and stratigraphy of
the older beds. Along the valleys of major streams
in western Kansas, however, Mesozoic rocks crop
out.

Mesozoic rocks in Kansas are mostly marine
deposits consisting of shale, sandstone, limestone,
and chalk, but considerable amounts of nonmarine
sandstone and clay also are present. Minor
amounts of lignitic coal, bentonite, chert, and an-
hydrite occur, and several of these thin beds are
important marker horizons. Both megafossils and
microfossils are abundant in the marine beds.

To show correlation and stratigraphic relation
of Mesozoic rocks in Kansas, three cross sections
are presented. One section extends in an east-west
line from Washington County to Cheyenne County
(Plate 1); another in a southeast-northwest line
from Kiowa County to Cheyenne County (Plate
2); and the third in a north-south line from Chey-
enne County to Morton County (Plate 3). All
cross sections include the Ohio No. 1 Rose well
(sec. 35, T. 1 S.,, R. 40 W.), which is located in
Cheyenne County. Location of these cross sec-
tions is shown in Figure 1.
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Correlation of beds is based on a study of elec-
tric log and laterolog surveys supplemented,
where possible, by sample study. From several
wells no samples were saved, and samples from
several other wells were not available to the State
Geological Survey. Where possible, sample logs of
the Kansas Sample Log Service were used, but
many of these samples were re-examined and
checked by the author. By necessity, several wells
were used that had not been surveyed either by
electrical or radioactivity processes.

Datum for the three cross sections is top of
the Greenhorn limestone. This particular datum
was used because of ease in its identification on
most logs and because of its wide geographic ex-
tent. Vertical scale of the sections 100 feet to the
inch is standard for small-scale logs. Horizontal
scale is 6 miles to the inch. This ratio, of course,
gives a highly exaggerated picture rather than real
relationships; however, this is not of such im-
portance in consideration of stratigraphic cross
sections as it is for structural cross sections.

Previous Work.—A considerable number of
studies of Mesozoic rocks in Kansas have been
published, but these works dealt mainly with sur-
face exposures and stratigraphic relation of beds

. 1.—Index map of Kansas showing the location of the cross sections.

on the outcrop. Listed here are some of the more
important works: Early works on the Cretaceous
by Prosser (1896), Logan (1896), and Williston
(1896) were mainly stratigraphical. These papers
were followed shortly by paleontological work by
Williston (1898) and Logan (1898). In 1920, Dar-
ton published a report on the geology of the Syra-
cuse and Lakin quadrangles. In 1924 Twenhofel
published a work on geology and invertebrate pal-
eontology of Comanchean and “Dakota” forma-
tions in Kansas. Then, in succeeding years papers
dealing with the geology of different western Kan-
sas counties were published by Rubey and Bass
(1925) , Bass (1926), Wing (1930), Landes (1930),
Elias (1931), Moss (1932), Elias (1937), and Lan-
des and Keroher (1939). In the early 1940’s the
State Geological Survey of Kansas began issuing
a series of reports on geology and ground-water
resources of western Kansas counties. These re-
ports, which discuss about 35 counties, have added
much to the knowledge of surface geology in the
western part of the state.

Although a great amount of detailed work on
stratigraphy of Mesozoic beds has been published,
only a few of these studies are mentioned here.
Elias (1931) differentiated members within the
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Pierre shale by detailed stratigraphic work; Loet-
terle (1937) published a work on the Niobrara
formation, but this was mainly micropaleonto-
logical; Hattin (1952) was able to zone the Carlile
shale; Bergman (1949) traced the Greenhorn
limestone across the state; preliminary work on
the Dakota in Nebraska and adjoining states was
published by Tester (1929); Plummer and Reo-
mary (1942) described the stratigraphy of pre-
Greenhorn beds in Kansas and followed this by a
detailed study (1947) of the Dakota formation;
Loeblich and Tappan (1950) made a micropaleon-
tological study of the Kiowa shale; Latta (1946)
published a work on the Kiowa shale and Chey-
enne sandstone of south-central Kansas; Swine-
ford and Williams (1945) described the Cheyenne
sandstone in central Kansas; Merriam (1955)
wrote a report on the Jurassic Morrison forma-
tion; and McLaughlin (1942) described the Tri-
assic Dockum (?) group in Morton County. Lee
(1953) shows correlation of Mesozoic beds along
the line of a cross section from Meade County to
Smith County.

Structure of western Kansas and development
during Mesozoic time are discussed in papers by
Darton (1905, 1918), Bass (1926), Lee and Mer-
riam (1954), Merriam and Atkinson (1955), and
Merriam (1955a).

General information on Mesozoic rocks in Kan-
sas can be obtained from Moore and Landes
(1937), Moore, Frye, and Jewett (1944), Jewett
(1951), Moore and others (1951), and Merriam
and Frye (1954).

Acknowledgments.—I acknowledge the helpful
suggestions and criticisms of the cross sections by
N. Wood Bass, Thad G. McLaughlin, Stanley W.
Lohman, and William A. Cobban, all of whom are
with the U. S. Geological Survey, and Eugene C.
Reed, State Geologist of Nebraska. Wallace Lee,
consulting geologist, kindly read the manuscript
critically. I would also like to acknowledge many
other benefits that I derived from private discus-
sions with oil company geologists in Kansas, Ne-
braska, and Colorado.

STRATIGRAPHY

TRIASSIC SYSTEM
Dockum (?) Group

The Dockum group was named by W. F. Cum-
mins in 1890 (p. 189) for exposures near Dockum,
Dickens County, Texas. In Texas the group is
divided into the Trujillo formation (above) and
Tecovas shale (below). The Dockum overlies
Permian rocks unconformably and is overlain un-
conformably by the Blanco formation of Pliocene
age (Wilmarth, 1938, p. 616).

Rocks in Kansas between top of the Permian
Taloga formation and base of the Jurassic Mor-
rison formation have been assigned by Moore and
others (1951, p. 29) to the Dockum (?) group.
These rocks, which consist of redbeds and are re-
garded as continental in origin, have been traced
from COklahoma and Texas into Kansas. The
Dockum (?) group is Triassic in age. No attempt
has been made to subdivide this group in the state.
Distribution of the Dockum (?) group in Kansas
is shown in Figure 2. It is present only in the ex-
treme southwestern part of the state, mainly in

' !
Triassic -4
|

” -
[ oider rocks 1
; "

F16. 2—Map showing geographic distribution of rocks
of Triassic age in Kansas.
Morton and Stanton Counties and also in part of
Hamilton County. Both surface and subsurface
occurrences of the group are known in Kansas.

These Triassic redbeds are made up of red
siltstone, buff, red, and white sandstone, and some
gypsum. McLaughlin (1942, p. 70) describes one
of two outcrops (sec. 5and 7, T. 34 S, R. 42 W.,
and sec. 12, T. 34 S., R. 43 W.) in the state. The
section at Point Rock includes 39 feet of sand-
stone, which is buff, red, gray, brown, orange,
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yellow, and white, massive, and fine grained, and
3 feet of siltstone. The base of the group is not
exposed.

Numerous ground-water test wells have pen-
etrated rocks that have been tentatively assigned
to the Triassic. McLaughlin (1942, p. 71) has as-
signed 320 feet of redbeds in Hamilton County to
the Triassic. He states that the contact between
Triassic and Permian redbeds is indefinite be-
cause rocks of the two systems are similar.

Only one well (well 9, Plate 3) along these
three cross sections penetrated Triassic Dockum
(?) group. In this well, R. A. Carmody (on a log
of the Kansas Sample Log Service) assigned to
the Triassic 77 feet of orange-red, very fine-
grained, friable sandstone at a depth of 300 to 377
feet. Total thickness of such beds could not be de-
termined in this well because samples started in
the Triassic. This sandstone overlies and sharply
contrasts with red-brown, micaceous, silty shale
of the Permian Taloga formation.

JURASSIC SYSTEM
MORRISON FORMATION

Eldridge in 1896 first named the Morrison for-
mation although the term Morrison was used for
equivalent beds in the Pikes Peak area, Colorado,
by Cross in 1894 (Wilmarth, 1938, p. 1423). The
type section was redefined by Waldschmidt and
LeRoy (1944), who recommended that it be an
exposure 2 miles north of Morrison, Jefferson
County, Colorado. At this type section the Mor-
rison is underlain by the Ralston formation and
overlain by the Dakota formation.

Rocks of Jurassic age in Kansas are repre-
sented by the Morrison formation (Merriam,
1955). Imlay (1952) places the Morrison forma-
tion in the Upper Jurassic. The formation is
present only in the subsurface in about the west-
ern fifth of the state (Figure 3). It, consists of
shale, sand, limestone, and minor amounts of
chert and anhydrite. Shale is the predominant
lithologic type.

Two distinctive lithologic units of the forma-
tion are recognizable. The upper one consists of
sandy shale, which in some places contains
stringers of limestone. The lower unit is composed
of cherty shale and shale containing anhydrite.

F1e. 3.—Map showing geographic distribution of rocks
of Jurassic age in Kansas.

Because all of the shale is lithologically similar,
these units are recognizable primarily by the as-
sociated limestone, chert, and anhydrite.

The Morrison chert is an excellent marker in
the Mesozoic rock section. It also has been de-
scribed in Jurassic rocks in Colorado, Utah, Wyo-
ming, and New Mexico. Ogden (1954) suggests
that it may be an altered volcanic ash represent-
ing a time-surface marker. If this is true, an ex-
cellent correlation tool is available over a wide
area in the western Midcontinent region, but no
evidence of these chert beds having been altered
from volcanic ash in place was found by Ada
Swineford (personal communication) in a study
of several thin sections. Frederickson, DeLay,
and Saylor (1956) suggest the chert beds are
zones of secondary concentration of chalcedony
by ground water.

Shales are characteristically greenish gray and
also have pastel tints of buff, brown, red, and
purple. Many beds are silty or sandy, calcareous,
and soft. Sand grains are disseminated randomly
throughout the shale. Grains are very fine to fine,
subrounded to rounded, clear quartz fragments.
Small flakes of mica and pyrite are also present,
as well as small rounded pellets which resemble
siderite pellets that occur in the Dakota. Sand-
stone is composed of white, fine, subrounded,
frosted, loosely cemented quartz grains. The bulk
of the sandstone occurs in the basal part of the
formation. Limestone is white or light gray, shaly
or crystalline, soft to hard, and in places contains
small cubes of pyrite. There are all gradations be-
tween limy shale and shaly limestone. The lime-
stone seemingly occurs as thin stringers in the
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shale and is found interstratified in all parts of
the formation. Commonly, however, the limestone
occurs above the chert. Residues of limestone (af-
ter digestion in hydrochloric acid) consist of a
very fine, disseminated, matted siliceous material.
The chert is pink to white (some has a bluish
tint) , is generally translucent, and shows a con-
choidal fracture. Some of the chert is chalcedonic.
The anhydrite is white to pink and crystalline or
sugary.

Thickness of the Morrison formation ranges
from a featheredge, along a line extending from
Smith County to Morton County, to 350 feet in
the northwestern corner of the state. Thus, the
formation increases in thickness northwestward
forming a wedge-shaped mass between the Permo-
Triassic and Cretaceous strata. In northwestern
Gove County, the Morrison has been completely
removed; consequently, Cretaceous beds lie on the
Permian. There are two areas of semi-isolated
Morrison, one in northwestern Morton County and
the other in southeastern Phillips County (Figure
3).

These rocks are probably nonmarine, although
their origin is not definitely determined. At the
nearest outcrops of the Morrison formation in
Oklahoma and southeastern Colorado, the rocks
are believed to be fluvial in origin, and inasmuch
as the formation in Kansas is similar in lithology
and geologic setting, it is assumed to have the
same origin.

The chert beds in the Morrison can be traced
over a large area, even into Wyoming where they
occur in marine upper Sundance. The lower unit
of the Morrison in Kansas, therefore, is believed
to be equivalent to upper Sundance of Wyoming
and possibly Ralston formation of Colorado (Le-
Roy, 1946). The upper unit of the Morrison in
Kansas is probably equivalent to the revised Mor-
rison of the type section as described by Wald-
schmidt and LeRoy (1944).

CRETACEOUS SYSTEM

The Cretaceous System in Kansas is divided
into the Comanchean (lower) and Gulfian (up-
per) Series. The two series are in turn subdivided
into groups, formations, and members. The divid-
ing line between the two series is placed at base of

the Omadi formation and top of the Kiowa shale
(Cobban and Reeside, 1952). Distribution of Cre-
taceous rocks in the state is shown in Figure 4.
Because of absence of traceable beds and
paucity of fossils in some Cretaceous units, corre-
lation from the surface into the subsurface is ex-
tremely difficult. This is especially true for beds
between the Kiowa shale and the Graneros shale.

|
[j Older rocks ——»l

! : ..l__.._l..__.-:t

F1c. 4—Map showing geographic distribution of rocks
of Cretaceous age in Kansas.
However, tentative correlations have been made.
It has been necessary to use an unofficial terminol-
ogy for some units in the subsurface until more
positive correlations can be made. Figure 5 shows
present Kansas Survey classification of Mesozoic
rocks and their correlation, or tentative correla-
tion, with subsurface units and terminology. The
most obvious difference is in use of the term
Dakota, which is used as a formational term on
the surface but is tentatively used as a group
name for Cheyenne sandstone, Kiowa shale, and
Omadi formation in the subsurface. Another
minor difference is that the Codell sandstone is
treated as a member in the Carlile shale rather
than a zone in the Carlile as it has been used in
the past.

Dakota Group

Dakota was a term proposed by Meek and
Hayden in 1862 for rock exposures along Missouri
River in Dakota County, Nebraska. Subsequently
the term has been used in such a manner in re-
cent years that almost complete confusion has re-
sulted. Dakota has been used variously as a for-
mational or group name, expanded or restricted
to include more or fewer units than originally de-
fined, miscorrelated, and geographically extended
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to rock units where correlation has not been pos-
sible.

Similarly, in Kansas the term Dakota has been
used in various ways by different authors. For
example, in the late 1800’s Dakota sandstone was
classed as a formation with equivalent rank to
Cheyenne sandstone and Kiowa shale. In the
1920’s, Dakota was used to include strata between
Graneros shale and Permian rocks. Thus, the term
included not only Dakota sandstone as it had
been previously defined, but also Cheyenne and
Kiowa formations. The term Dakota group was
being used in this sense when the geologic map of
Kansas was prepared by Moore and Landes in
1937. According to Waite (1942) a conference of
Kansas Survey geologists was held in January
1941, and it was decided that the term Dakota
group should include all strata from base of the
Cheyenne sandstone to base of the Graneros shale.
About this time, Latta (1941) introduced the
term Cockrum in southwestern Kansas for beds
formerly called Dakota. This classification of the
Dakota group proposed by Latta, which included
Cheyenne sandstone, Kiowa shale, and Cockrum
sandstone, was later used by McLaughlin (1942).
However, in February 1942 another conference
was held by Kansas Survey geologists, and as a
result the term Dakota was restricted to beds be-
tween the Kiowa shale and Graneros shale. Since
that time, Dakota has held the rank of formation
on an equal status with Cheyenne sandstone and
Kiowa shale in Kansas Survey usage.

At this second conference several reasons were
given for restricting the term Dakota to forma-
tional rank. According to Waite (1942, p. 137):

... The group as previously defined, trans-
gressed the Upper Cretaceous-Lower Cre-
taceous boundary line; a multiplicity of
names has existed for the various units in-
volved, many of them having been applied
to such nonpersistent units as channel sand-
stone that cannot be correlated with cer-
tainty beyond the confines of their type lo-
calities; many of the stratigraphic units
were never adequately described. More-
over, the Dakota group, as used previously
in Kansas, could not be correlated with the
Dakota sandstone at the type locality; it
was not acceptable to the Committee on

Geologic Names of the U. S. Geological

Survey; it did not constitute a satisfactory

genetic grouping of strata; and the term Da-

kota group was confused with other usages

of Dakota and almost universally implied

a sandstone.

CHEYENNE SANDSTONE

The Cheyenne sandstone was named by F. W.
Cragin in 1889 for exposures of sandstone in
south-central Kansas. The formation as originally
defined included beds between Kiowa shale and
strata then called Triassic but now known to be
Permian. Later, Cragin divided the formation into
several members; however, the proposed names
were later discarded by the U. S. Geological Sur-
vey as being applied to facies of the Cheyenne.

The formation is the basal unit of the Creta-
ceous System in Kansas. It is the lower of two
formations that in Kansas constitute the Co-
manchean, or Lower Cretaceous. Cheyenne sand-
stone, Kiowa shale (Comanchean), and Omadi
formation (Gulfian) are included in the Dakota
group (Figure 5). Areal distribution of Coman-
chean rocks is more restricted than that of Gulfian
rocks. Best exposed outcrops of Comanchean
rocks occur in the Belvidere area and adjoining
areas in Barber, Kiowa, Comanche, and Clark
Counties in south-central Kansas.

Cheyenne is mainly a light colored, fine- to
medium-grained, friable, cross-bedded sandstone
containing lenses of sandy shale and conglomerate.
Minor amounts of clay, selenite, ferruginous
nodules, and pyrite are present in the formation.
Sandstone is the dominant rock type. Subsurface
samples of the formation consist almost entirely of
white, fine to medium, subrounded, frosted, loose
or slightly cemented quartz grains. In most
samples cement is pyrite or calcium carbonate.
At the Champion Draw section (sec. 9, T. 30 S,
R. 16 W.) in Kiowa County pebbles and cobbles
of quartzite, quartz, and chert are present at base
of the Cheyenne sandstone. Thickness of this con-
glomerate ranges up to 45 feet, according to
Latta (1946, p. 237).

Total thickness of Cheyenne sandstone on the
outcrop ranges from 33 to 94 feet. In the subsur-
face, the formation reaches a thickness of at least
260 feet. Abrupt changes in thickness in short
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lateral distances result from the fact that the for-
mation was deposited on an uneven eroded pre-
Cretaceous surface of considerable local relief. In
general, the formation thins to the east and south.

Fossil land plants and absence of marine fossils
indicate a nonmarine origin for the Cheyenne. The
formation supposedly was deposited on or near
the strand line of a northward-advancing Creta-
ceous sea. On basis of the flora (Latta, 1946, p.
241) and other evidence, Cheyenne is correlated
with the Fredericksburg or Washita beds of
Texas. The Cheyenne sandstone is correlated with
the lower member of the Purgatoire formation in
the Oklahoma Panhandle by Stovall (1943, p.
74) and in southeastern Colorado by McLaugh-
lin (1954).

KIOWA SHALE

Kiowa shale was named by Cragin in 1894 for
rock exposures in south-central Kansas. Cragin
later redefined Kiowa to exclude the “Champion
shell bed” and still later changed the boundary to
include the shell bed as the lower part of the for-
mation. This usage of the term has been followed
since.

The formation is underlain by Cheyenne sand-
stone and overlain by the Omadi formation. In
some areas where the Cheyenne is missing, Kiowa
lies directly on Permian rocks. This shale is the
uppermost formation of the Comanchean Series.
Best exposed outcrops of the beds are in south-
central Kansas in the same vicinity of the Chey-
enne sandstone outcrops. The formation is dis-
tributed over a slightly larger area than the
Cheyenne sandstone.

The formation is predominantly shale. A gen-
eral description of the shale is medium to dark
gray, micaceous, silty, carbonaceous, and soft to
hard. Minor amounts of limestone, sandstone, and
bentonite also are present. Limestone, which oc-
curs as thin stringers in the shale, is primarily
composed of shell fragments. On the outcrop,
light-gray limestones containing gypsum or pyrite
are commonly less than 18 inches thick (Latta,
1948, p. 87). The “Champion shell bed” (Latta,
1946) occurs at the base of the formation; how-
ever, seemingly it is not possible to recognize this
bed from well samples. Lenticular light-gray sand-

stone is composed of fine- to medium-grained
quartz fragments. Latta (1948) describes several
of these sandstone lenses that occur at different
stratigraphic horizons in the formation. Bentonite
is white or bluish gray and occurs as thin bands
in the shale.

Maximum thickness of the Kiowa along the
lines of cross sections is in the vicinity of well 10
on Plate 2. In this well, Kiowa shale is about 380
feet thick. Average thickness is probably about
100 feet. Some of the seeming variation in thick-
ness of the formation is the result of difficulty in
determining the upper boundary of the unit. In
some areas, it appears as if sandstone in the lower
part of the Omadi formation and shale in the
upper part of the Kiowa shale interfinger; conse-
quently, an arbitrary limit between the two units
is used. Locally an unconformity separates the two
formations (Latta, 1948, p. 86).

Kiowa shale is marine as evidenced by marine
fossils, both macro- and micro-, found in the for-
mation. Because of abundance of fossils, the unit
is easily correlated with equivalent beds in neigh-
boring states. Cobban and Reeside (1952) show
Kiowa shale to be equivalent to Glencairn shale
member of the Purgatoire formation of eastern
Colorado, to Skull Creek shale of Wyoming and
Nebraska, and to either Fredericksburg or Wash-
ita beds of Texas. The Kiowa is also correlated
with a shale member of the Purgatoire formation
in the Panhandle of Oklahoma (Stovall, 1942)

and in southeastern Colorado (McLaughlin,
1954).

OMADI FORMATION

The term Omadi here is used in place of the
term Dakota formation. Omadi was proposed by
Condra and Reed in 1943 as an appropriate substi-
tute for Dakota sandstone. It was to include sec-
tion between Fuson shale and Graneros shale.
The type section is in Omadi township, Dakota
County, Nebraska, along the Missouri River
bluffs. The term was not generally accepted until
recently, when Sternberg and Crowley applied
the name in the Denver basin to those beds be-
tween Graneros shale and Skull Creek shale
(Boreing, 1953). In Kansas, Omadi formation in-
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cludes those beds between top of Kiowa (Skull
Creek) shale and base of Graneros shale.

Norman Plummer (written communication,
September, 1956) has contributed a summary of
the formation as exposed on the outcrops as fol-
lows:

The Dakota formation as defined by
Plummer and Romary (1942), and adopted
for usage by the Geological Survey of Kan-
sas at that time, included the rocks above
the Kiowa shale and below the Graneros
shale. The formation was divided into the
Terra Cotta member below and the Janssen
member above. The Janssen member is
more regularly bedded than the Terra
Cotta and contains fairly persistent beds of
silt, lignite, and clay. The clays and sand-
stones of the Terra Cotta member for the
most part occur in lenses and elongated ir-
regular masses, although the clays and silts
in the lower part of the Terra Cotta member
occur in fairly regular and persistent beds,
especially in Ellsworth, Lincoln, and Ot-
tawa Counties. This fact was not discussed
by Plummer and Romary (1942), but was
mentioned later by Plummer and others
(1954) . These beds in the lower part of the
Terra Cotta are similar in appearance to
those in the Janssen member and probably
could be classed as a separate member in
the area designated.

The upper two-thirds to three-fourths of
the Terra Cotta member is an extremely
complex unit as observed on the outcrop in
Kansas. The most conspicuous rock is the
massive gray and red mottled clay which in
some places comprise over a hundred feet
of the member. Relatively pure clays, lack-
ing the red mottling from ferric oxide, also
occur in long narrow masses which are
paralleled by similar masses of sandstone.
Most of the sandstones appear to be chan-
nel, beach, or bar deposits, which if viewed
in three dimensions would consist of a com-
plex network of elongated bodies. In one
horizontal plane the directional trend is
northeast-southwest and in an adjacent
plane the directional trend is northwest-

. southeast. The evidence obtained from test
holes along the outcrops of the Dakota for-
mation in Kansas is extremely confusing.
One test hole may penetrate more than 100
feet of sandstone, but another drilled at the
same elevation and a few hundred yards
from the first may penetrate only clay.

Viewed on a larger horizontal scale the sur-
face exposures of the Dakota are not sus-
ceptible of easy interpretation. The general
appearance of supposedly equivalent beds
varies greatly from west to east. The clay
mineral content of the clay beds also varies.
In general the proportion of kaolinite to il-
lite is greater in eastern Ellswerth County,
for example, than it is in southwestern
Dickinson County. Similar variations have
also been found from southwest to north-
east. Clays in the Janssen member in Ells-
worth and Washington Counties are com-
monly more refractory than equivalent beds
in Ford, Hodgeman, Barton, Lincoln, and
Ottawa Counties. Also the ferric iron con-
tent is higher in these same clays in Wash-
ington County than it is in their equivalents
in Ellsworth County.

The upper and lower limits of the Da-
kota formation were primarily defined by
Plummer and Romary on the basis of lith-
ology. The clays of the Dakota, including
those occurring in the sandstones, are pre-
dominantly composed of the clay mineral
kaolinite and fire to light colors unless con-
taminated by ferric oxide. The Graneros
and Kiowa shale, on the contrary, are pre-
dominantly composed of illite and mont-
morillonite. Experts on the genesis of clays
are agreed that kaolinite is most likely to
occur in a nonmarine environment where
oxidizing, nonalkaline conditions prevail
and where leaching is possible. Illite is more
likely to be formed (or preserved) under
marine conditions. Therefore, the litho-
logical basis of classification is in reality
based on the environments of sedimenta-
tion, and the clay mineral of the respective
members are diagnostic of marine and
nonmarine sediments. Plummer and Ro-
mary were of the opinion that the Kiowa
and Graneros shale formations are marine
in origin and that the Dakota formation is
predominantly nonmarine.

Omadi formation in the subsurface can be di-
vided into three members that are correlated
with divisions recognized in the Nebraska por-
tion of the Denver basin. In ascending order they
are: Cruise sandstone, Huntsman shale, and
Gurley sandstone.

Although the terms Omadi, Cruise, Huntsman,

and Gurley have not been widely used by pe-
troleum geologists, this terminology based on geo-
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graphic nomenclature has a sounder basis for
permanency than that which is based on the al-
phabet and used by many geologists.

Cruise sandstone—Cruise sandstone is the
lowest member of the Omadi formation. It over-
lies Lower Cretaceous Kiowa formation or Per-
mian beds where the Comanchean is absent.
Cruise probably has the largest areal distribution
of any of the Cretaceous deposits in Kansas.

The Cruise is mainly a light-gray, gray, or
light-brown sandstone consisting of fine- to me-
dium-grained, subrounded, friable, quartz frag-
ments and minor amounts of mica, glauconite, and
carbonaceous material. Also there are some silt-
stone and interbedded shale beds. Shale is me-
dium gray, noncalcareous, soft, and in part clayey.
Siderite pellets are present locally. Eastward the
member becomes more and more shaly and
clayey, and sandstones become finer grained and
grade into siltstones. The amount of sand also de-
creases eastward to such an extent that on the out-
crop about three-fourths of the member is clay or
shale. Sandstones on the outcrop show evidence
of having been deposited as channel-fills.

Thickness of the member is between 100 and
200 feet. It is thickest along the lines of cross
sections in the vicinity of well 3 on Plate 1, where
it is 400 feet thick. This seemingly abnormal thick-
ness, however, is due in part to the increased
amount of sand in the upper part of Kiowa shale;
consequently, the boundary between the two units
is placed too low.

Fossils indicate that the member is at least in
part marine. Correlation of the Cruise sandstone
seems to be with the Terra Cotta member of the
Dakota formation (described by Plummer and
Romary, 1942) in outcrops in north-central Kan-
sas.! Some or all of these beds may be equivalent
to the Cockrum sandstone of southwestern Kan-
sas. Some geologists use the term “J” sandstone
for beds that are called Cruise. In this report the
Cruise is placed entirely in the Gulfian Series,
although the exact position of the boundary be-
tween the Lower and Upper Cretaceous along the

1 Norman Plummer (personal communication) believes from
preliminary studies of the clay materials in the Cruise sandstone
that possibly they are not .equivalent to the Terra Cotta member.

Studies indicate that clays in the Cruise are marine whereas
clays of the Terra Cotta are nonmarine.

lines of cross sections is not known. Cobban and
Reeside (1952) assign the Omadi (Dakota forma-
tion) to Upper Cretaceous.

Huntsman shale—Huntsman shale is the
middle member of the Omadi formation. It over-
lies Cruise sandstone and in turn is overlain by
Gurley sandstone. Areal distribution of the Hunts-
man in Kansas is probably about the same as or
slightly less than the Cruise sandstone.

The Huntsman is predominantly shale. It is
greenish gray to gray, noncalcareous, micaceous,
clayey, or silty. Interbedded with shale are beds
of light-gray and micaceous siltstone. Siderite
pellets are common and in many places abundant,
especially in the clay. The member ranges in
thickness along lines of cross section from less
than 20 feet to about 90 feet. It is probably non-
marine, for no marine fossils have been reported
from it.

The Huntsman is tentatively correlated with
the Janssen clay member of the Dakota formation
as described by Plummer and Romary (1942).2

Gurley sandstone—Gurley sandstone is the
upper member of the Omadi formation and the
upper unit of the Dakota group as used herein.
Distribution of the Gurley in Kansas is slightly
less in area than that of the Cruise and Huntsman
members. Generally speaking, the member be-
comes more shaly both to the east and south.

In extreme northwestern Kansas, the Gurley
consists of two sandstones separated by a thin
shale unit; however, in other places the member
is a series of alternating thin sandstones and
shales. Sandstone is composed of light-gray, fine-
to medium-grained, subrounded quartz fragments
with minor amounts of mica, glauconite, and py-
rite. Sand is locally carbonaceous; it may contain
streaks of dark-gray to black shale, and in some
places the sand is coarse grained and even con-
glomeratic.

Along the lines of cross section, thickness of
Gurley sandstone ranges from a featheredge to
about 120 feet. In general, the member thins to
the east and south, but over a large area in Kan-
sas it is surprisingly constant in thickness. Near

2 Additional studies by Plummer (personal communication)
on clay material of the Huntsman shale indicate they are iden-

tical to the clay material that composes the Janssen member as
both are apparently nonmarine.
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the extremity of the eastern limit of the Omadi in
Kansas, Graneros shale seemingly truncates and
oversteps the Gurley; consequently, in all prob-
ability the member does not crop out in the state.

Because a few marine fossils have been re-
ported from the Gurley, it is believed to be at
least in part marine.

The Gurley corresponds to the “D” and “G”
sands of the Denver basin. Both Gurley and
Huntsman are Gulfian in age (Cobban and Ree-
side, 1952).

Colorado Group
GRANEROS SHALE

Graneros shale is the basal formation of the
Colorado group. It overlies the Dakota group and
is, in turn, overlain by Greenhorn limestone. Dis-
tribution of this formation is slightly less than
that of units of the Dakota group, but at that, it
covers about the western two-fifths of the state.
The formation contains a bentonite bed that is an
excellent marker, traceable over large areas, both
in the state and in surrounding regions. The for-
mation is composed primarily of shale.

Graneros is a medium-gray to black, noncal-
careous or slightly calcareous silty shale. Locally,
it is abundantly fossiliferous containing both ver-
tebrates and invertebrates. Many thin streaks of
bentonite are present in the shale, and one in par-
ticular, the “Bentonite marker bed”, is traceable
over large areas and serves to subdivide the for-
mation. In Kansas this marker bed, a bluish-gray
bentonite, is 1 to 2 feet thick. It causes an easily
identifiable kick on electric logs, west of well 7
on Plate 1. Some lenses of sandstone are present
in the Graneros shale.

Along the lines of cross section thickness of
the formation ranges from about 40 feet to 100
feet. Generally the formation thickens southward.
In the northwestern part of the state, the Graneros
has an almost constant thickness of about 40 feet.
Outcrops of the formation are found in the north-
central part of the state, mainly north of Ford
County. .

Graneros shale is marine. Numerous marine
fossils, both vertebrate and invertebrate, are
found in the formation. Oysters and sharks’ teeth
are the most common forms.

The Graneros or equivalents can be traced
into adjacent states of Oklahoma, New Mexico,
Nebraska, Colorado, and Wyoming. With detailed
work, the “Bentonite marker bed” might be used
to indicate exact equivalent beds in the western
Midcontinent region. Cobban and Reeside (1952)
assign the Graneros to the Gulfian and show
graphically correlation and terminology of beds
of Graneros age.

GREENHORN LIMESTONE

On the outcrop, Greenhorn limestone is di-
vided into four members, but they are not recog-
nized in the subsurface in this report. Distribu-
tion of the formation is slightly less in area than
the Graneros shale. The Greenhorn overlies the
Graneros and is overlain by Carlile shale.

The formation consists mostly of limestone and
chalky shale. Limestone is gray to light brown,
chalky or crystalline, and fossiliferous. Shale is
gray to brownish, calcareous, and fossiliferous. In
the uppermost part of the formation is a persistent
bed known as the “Fencepost limestone”. This
bed causes an easily identifiable double-pronged
kick on electric logs that is traced as far as Wyo-
ming. Because of the easy recognition of this bed,
it was used as the datum for all cross sections.
Several bentonite beds are present in the forma-
tion, and some are traceable over large areas
(Bergman, 1949).

Thickness in Kansas is rather constant ranging
from about 90 to 100 feet. There is an abundance
of marine fossils.

The Greenhorn is identifiable in adjacent states
of Oklahoma, Colorado, and Nebraska.

CARLILE SHALE -

Carlile shale is distributed over about the
western third of Kansas. The formation extends
east to a line extending from Republic County on
the north to Hamilton County on the south. The
Carlile is divisible into three members (in ascend-
ing order) : Fairport chalky shale, Blue Hill shale,
and Codell sandstone. Over-all thickness of the
formation, about 300 feet, is surprisingly constant
in the state, but there is a slight thickening to the
east. Carlile is traceable into adjacent states of
Colorado and Nebraska.

Fairport chalky shale—The Fairport member
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is mainly chalky shale containing stringers of
limestone. Thin bands of bentonite are present
near the base of the member. The Fairport ranges
in thickness along lines of cross section from about
80 to 150 feet. Hattin (1952, p. 10) states that on
the outcrop the member ranges in thickness from
about 85 to 115 feet. Maximum thickness that he
cites for the unit is 147 feet in Hamilton County
determined from a water well log. The beds con-
tain abundant marine invertebrate fossils.

Blue Hill shale—Blue Hill shale is gray to
blue gray, clayey, and noncalcareous. It contains
several zones of calcareous concretions that have
diameters up to 8 or more feet. These concretion-
ary zones are not recognizable in the subsurface.
Thickness of the member ranges from about 50 to
160 feet. A marine fauna is found in the shale.

The two shale members of the Carlile are easily
differentiated, both on electric logs and in well
samples, because Fairport is very calcareous and
Blue Hill is slightly caleareous.

Codell sandstone—Codell sandstone is the
upper member of the Carlile shale. Sandstone is
brown to gray, fine to medium grained, subangu-
lar, and silty. Locally it is a siltstone. Also in
places the Codell is represented only by a silty or
gritty zone. Normally the Codell is about 25 feet
in thickness, but ranges from about 2 to 40 feet.

NIOBRARA FORMATION

Niobrara formation overlies Carlile shale and
represents the uppermost unit of the Colorado
group. The Niobrara underlies about the western
fifth of the state west of a line extended from
Jewell County to Hamilton County. The Niobrara
has two members (in ascending order): Fort
Hays limestone and Smoky Hill chalk. The forma-
tion consists of chalky shale, chalk, and limestone
with some bentonite. In Kansas average thickness
is about 600 feet, and it ranges from less than 500
to more than 750 feet. The unit is recognized in
adjacent parts of Colorado and Nebraska.

Fort Hays limestone—Fort Hays member is a
white to light-gray, chalky, porous, soft, limestone
with interbedded calcareous, soft, chalky shale.
Some finely crystalline limestone is present. The
member is abundantly fossiliferous with micro-
forms. Thickness of the Fort Hays along lines of

cross section ranges from about 40 to 90 feet, and
its average is probably about 50 feet. The unit
seems to thicken slightly east and southeast.

From meager evidence available to the author
at this time, it seems that the Fort Hays is slightly
older than the Timpas limestone of eastern Colo-
rado. Preliminary correlations using electric logs
suggest that the Timpas limestone is equivalent
to a portion of the lower part of the Smoky Hill
chalk. This tentative conclusion is sustained by
Eugene C. Reed (personal communication, De-
cember 9, 1955).

Smoky Hill chalk—Smoky Hill chalk is the
upper member of the Niobrara formation. The
Smoky Hill is not made up entirely of chalk, but
consists mostly of a chalky or calcareous shale.
This shale is light, medium, or dark gray, mottled,
soft, calcareous, and fossiliferous. The member
contains many thin seams of bentonite. Frag-
ments of the large clam Inoceramus are abundant
in this member.

Along lines of cross section, the member
ranges from about 400 to more than 650 feet in
thickness. According to Moore and others (1951,
p. 24) the member may attain a thickness of 700
feet in Logan County; the average is probably
about 550 feet.

Fauna and character of beds of the Smoky
Hill member indicate they were deposited in a
marine environment.

The Smoky Hill member of the Niobrara for-
mation is correlated in part with the Apishapa
shale member of the Niobrara formation of east-
ern Colorado and part of the Niobrara formation
of Wyoming and Nebraska (Cobban and Reeside,
1952).

Montana Group
PIERRE SHALE

Pierre shale is the only formation of the Mon-
tana group present in Kansas. The formation is
restricted to about the northwestern tenth of the
state. Pierre shale has been subdivided into six
members, but with exception of the basal mem-
ber, Sharon Springs shale, they are not recognized
in the subsurface.

The Pierre is predominantly shale. This shale
is light to dark gray, soft, slightly calcareous, mi-
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caceous, fissile, and fossiliferous. Sharon Springs
member, which is identified on many logs, is dark-
gray to black, micaceous, clayey shale. The for-
mation also contains numerous concretionary
zones, but they are difficult to recognize in the
subsurface. Thin streaks of bentonite are com-
mon. Inoceramus fragments are
present.

The formation, along lines of cross section, at-
tains a thickness of over 1,100 feet. Pierre shale

commonly
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may exceed 1,600 feet in thickness in the extreme
northwestern corner of Kansas; however, thick-
ness of the strata, which range from a featheredge
to 1,600 feet, probably averages about 1,200 feet.

Pierre shale is marine in origin as evidenced by
marine fossils.

Pierre shale is present in adjacent parts of
Nebraska and Colorado (Cobban and Reeside,
1952).

SEDIMENTARY HISTORY

Triassic Dockum (?) group unconformably
overlies the Permian Taloga formation. The in-
terval of time represented by this hiatus is be-
lieved to be of considerable length. It is not known
whether or not the present limits of the Dockum
(?) group are depositional or erosional; however,
part of the deposits probably were eroded prior to
the deposition of the Jurassic Morrison formation.
Inferred pre-Dockum areal geology is shown in
Figure 6. Outcrop pattern of the Permian forma-
tions is controlled by configuration of the Hugo-
ton embayment of the Anadarko basin. The sur-
face on which the Triassic was deposited was
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Fic. 7.—Map of western Kansas showing the inferred
pre-Jurassic areal geology.

probably beveled and had a low topographic re-
lief. There is no knowledge of a conglomerate oc-
curring at the Permo-Triassic boundary that
would indicate relatively high land in the imme-
diate vicinity of southwestern Kansas. Marine
conditions, which had prevailed in the Permian,
were no longer present and Triassic beds were de-
posited in a nonmarine environment. Erosion of
the Permo-Triassic surface developed a certain
degree of relief by time of deposition of the Juras-
sic Morrison formation. Inferred pre-Morrison
areal geology is shown in Figure 7.

Jurassic Morrison formation was deposited un-
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conformably on the Permo-Triassic surface.
Topographic relief of this surface was at least
110 feet (Lee and Merriam, 1954, p. 14). Distri-
bution of clastic material in the formation indi-
cates that the source of sediments was to the
southeast. Hence, direction of stream flow must
have been northwesterly. Because these streams
flowed on a surface of low relief, they were
sluggish and carried only fine-grained sediments.
Small lakes and backwater areas must have de-
veloped on low, flat, marginal areas. Deltaic con-
ditions existed near the southeastern margin of
the depositional area.

A study of distribution of units of the Mor-
rison formation reveals that each successively
younger rock type extends farther east, forming
an overlap relationship on the Permo-Triassic sur-
face. Present erosional limits of the formation are
probably fairly close to original depositional
limits. This overlap relation is indicated plainly
between wells 4 and 7 on Plate 1. Farther south,
as shown by Plates 2 and 3, the Morrison was
eroded enough to destroy all evidence of over-
lapping relationships. After deposition of the Mor-
rison, a hiatus of considerable length followed.
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Fic. 8—Map of western Kansas showing the inferred
pre-Cretaceous areal geology.

Inferred pre-Cretaceous areal geology is shown
in Figure 8.

Initial Cretaceous deposition was on the ir-
regularly eroded Permo-Trias-Jurassic surface.
Merriam (1955, p. 40) shows configuration of this
surface as consisting primarily of two major
north-south trending valleys with numerous
minor tributaries. One of these valleys extended
from eastern Rawlins County through eastern
Thomas, western Gove, and Lane to eastern Fin-
ney County. The easternmost valley extended
from western Phillips County through western
Rooks, Trego, and part of Ellis to Rush County.
Locally, there was more than 400 feet of topo-
graphic relief on this surface. These large topo-
graphic features, until they were filled, must have
exerted considerable influence on deposition of
lower Cretaceous sediments.

A conglomerate at the base of the Cretaceous
beds consists of pebbles and cobbles just above
the unconformity. It is considered to be part of
the Cheyenne, Kiowa, or Omadi formations de-
pending on which is the lowest Cretaceous strati-
graphic unit present. Pebbles consist of igneous
and metamorphic rocks and chert, with quartzite
and chert predominating. On the basis of fossils in
the chert, the conglomerate is presumed to have
come from the northeast (Moore and others, 1951,
p. 28).

Cheyenne sandstone (Lower Cretaceous) was
deposited on the eroded pre-Cretaceous surface.
It is natural to assume that the first deposition
took place in topographically low areas and that
as sedimentation continued valleys were filled
and sedimentation eventually extended over the
divides. One of these large filled valleys is shown
on Plate 1, wells 6 to 8. As the Cretaceous sea ad-
vanced from the south, the strand line probably
oscillated. Gradually, these conditions gave way
to a completely marine environment in Kiowa
time. To the east, land was still high enough to
prevent accumulation of early Cretaceous de-
posits. As the sea swept in from the south and
the basin became deeper, deposition extended
farther north and east. Thus, sediments were in an
overlapping relation on the pre-Cretaceous sur-
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face, each younger deposit extending farther to
the north and east.

By beginning of deposition in Omadi time,
most irregularities of the pre-Cretaceous surface
had been filled and the sea floor had become
relatively smooth; however, there were minor ir-
regularities (Plummer and Romary, 1942, p. 325).
Conditions slowly changed and deposition of sand
began. Locally, as marine and nonmarine condi-
tions shifted, the upper part of the Kiowa shale
and the lower part of the Omadi formation be-
came interbedded. Locally, conditions must have
changed from marine to near marine to nonmarine
many times during deposition of the Omadi. End
of Omadi time was marked by readvance of the
Cretaceous sea over the area. It is especially evi-
dent along the marginal areas that marine plana-
tion truncated part of the Omadi sediments. This
is indicated on the cross sections between well 10
and section 11, Plate 1; wells 8 and 9, Plate 2; and
wells 6 and 7, Plate 3.

The Graneros shale was deposited with return
of marine conditions. Volcanic eruptions added
layers of ash, now altered to bentonite. As the
basin subsided (or the water deepened), Green-
horn limestones and limy shales were laid down.
Volcanoes were still active and contributed to the
sediments. Conditions again changed with depo-
sition of the Fairport shale. Hattin (1952, p. 20)
believes that this shale was deposited during a
period of areally restricted sedimentation and that
silt present in this member was wind transported.
Deposition of the Blue Hill occurred at a time of
shallower water and probably far from high lands
as evidenced by absence of coarse clastic particles

such as those present in the Fairport member.
Volcanoes were still active during time of deposi-
tion of the Carlile shale and supplied quantities of
material to the sediments. Deposition of the Co-
dell sandstone followed.

Deposition of the Fort Hays limestone indicates
a marine environment. A change of conditions re-
sulted in deposition of the Smoky Hill chalk. Vol-
canic activity must have been at a maximum at
this time as revealed by the many bentonite beds
that occur in the Niobrara. Following Niobrara
time, the Pierre was deposited and evidence of
many ash falls recorded. Sometime after close of
deposition of Pierre shale in Kansas, the area was
tilted into the Denver basin, and Cretaceous beds
were elevated, eroded, and beveled. It is impos-
sible to ascertain the eastern limit of Cretaceous
deposition because all evidence of marginal areas
of the Cretaceous seaway in the state since has
been removed by erosion. In post-Pierre time
amount of material removed by erosion from
Kansas must have been considerable and prob-
ably supplied material for sediments elsewhere.
A considerable interval elapsed from the end of
Pierre time until deposition of the upper Tertiary
Ogallala formation.

The Ogallala formation was deposited on the
unevenly eroded pre-Pliocene surface by easterly
flowing streams from the re-elevated Rocky
Mountains. Volcanic activity was still being re-
corded in the Pliocene and continued until recent
time. The bulk of volcanic material in Mesozoic
rocks of western Kansas probably was derived
from the Rocky Mountain and Cordilleran regions
west of the state.

STRUCTURE

Because of limited areal extent of Triassic
Dockum (?) group in Kansas, it is not possible to
construct a regional structure map on a datum in
that group of beds.

Present structure on a datum in the Morrison
formation is shown in Figure 9. Structural con-
tours, at 250-foot intervals above sea level, were
drawn on top of the chert beds to show regional
structure. Top of the chert was used as a datum
for the structural map because it is the only per-

sistent recognizable horizon in the Morrison and
because both lower and upper boundaries are ero-
sional. Structure on the Morrison formation cor-
responds, in general, with present structure on
top of the Omadi, Carlile, and Niobrara forma-
tions. Regional dip of the Morrison is toward the
north where the chert horizon drops about 2,500
feet between central Hamilton County and north-
ern Cheyenne County along the Kansas—Colo-
rado state line. A large syncline, plunging north-
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Fic. 9—Map of western Kansas depicting the regional
ilt(l)“:llcture on top of the chert beds in the Morrison forma-
west, is present in Sheridan, Decatur, and Raw-
lins Counties. A large prominent structural nose
is located in Wallace, Logan, Sherman, and
Thomas Counties and plunges northeast.

' Structure on top of the Omadi formation
(Figure 10) is representative of structure of Cre-
taceous beds in western Kansas. Structural con-
tours are drawn at 250-foot intervals, and datum
is sea level. Although top of the Omadi may be
truncated in certain areas, it was probably nearly
level before deposition of the Graneros shale and
thus should reveal regional structure. Several
major structures are evident on the map: Cam-
bridge arch, possibly the Salina basin, eastern edge
of the Las Animas arch, and adjacent marginal

STRUCTURAL

Evidence for structural movement during the
Triassic is meager. It is, however, possible that
there was some structural adjustment along the
Oakley anticline at this time. During Jurassic
time, the area was tilted northwest into the Den-
ver basin. The Cambridge arch, topographically
high at beginning of Jurassic deposition, was over-

— JWM
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Fic. 10.—Map of western Kansas depicting the regional
structure on top of the Omadi formation.
syncline. The southerly plunging Cambridge arch
and Jennings anticline, a subsidiary feature, are
revealed by the 1,500-foot contour in Decatur and
Norton Counties. The structurally low area in
Phillips and Smith Counties is possibly a reflec-
tion of the earlier-formed Salina basin. The mar-
ginal syncline, developed in Thomas, Gove, Scott,
and Finney Counties, corresponds partly in area
to the older Oakley anticline. West of this syncline
contours outline the eastern side of the Las Ani-
mas arch. The Central Kansas uplift and Hugoton
embayment, both structures long dominant, are
not revealed by structure on this horizon. Over-all
regional dip on top of the Omadi formation is
northward.

Structure on datum horizons in Mesozoic beds
reveals only structural movements that occurred
after their deposition. Because these movements
were of a different nature from previous older
ones, major Paleozoic post-Mississippian struc-
tural provinces of Kansas are not revealed by
structure on Mesozoic beds.

DEVELOPMENT

lapped and finally buried by sediments of the
Morrison formation. Before deposition of lower
Cretaceous sediments, the area was tilted slightly
southward.

Little structural movement actually took place
during the Cretaceous Period, with exception of
formation of the marginal syncline in western
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Gove and eastern Thomas Counties. This syncline
developed on the earlier Oakley anticline and
almost completely destroyed it (Lee and Mer-
riam, 1954). Slight movement occurred on the
Cambridge arch. Differential movement contin-
ued until some time after deposition of the Nio-
brara, possibly at the end of the Cretaceous when

sediments of the area were tilted northwestward
into the Denver basin and folded.

After deposition of the “Algal limestone”,
which occurs at the top of the Ogallala formation,
the area was tilted to the east (Merriam and
Frye, 1954). This movement concluded structural
development of western Kansas to the present
and brought beds into their present position.
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ANNOTATIONS

It is believed by the author that the value of
the cross sections is increased if some explanation
is offered in regard to placement of formational
boundaries in different wells in addition to point-
ing out some of the irregularities as well as con-
sistencies of rock units. These comments should
help the reader better evaluate correlation of dif-
ferent units as presented on the cross sections.

Prate 1

Well 1 (Ohio No. 1 Rose)—A log from the
Kansas Sample Log Service was available for this
well, and samples were re-examined by the au-
thor. First samples are at a depth of 343 feet, and
they are Pierre shale. Rock section directly over-

lying the Fort Hays limestone, in the lower part
of the Smoky Hill shale, seems to be short by
about 30 feet. Over-all thickness of the Niobrara
formation in well 1 also is less than in well 2. It
is possible that this shortening is caused by a
normal fault with small displacement located just
above the top of the Fort Hays. The “Bentonite
marker bed” is evident on the electric log, and
below this bed Graneros shale seemingly is more
limy than usual. The Graneros-Omadi contact is
sharp. The “D” and “G” sands of the Denver
basin terminology are both present in the Gurley
between base of Graneros shale and top of Hunts-
man shale. Cruise sandstone (“J” sand) consists
of alternating beds of sandstone and shale. Base
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of the Cruise is clearcut as is the top of the Chey-
enne sandstone. The Cheyenne-Morrison contact
also is easy to pick on basis of the electric log
alone; however, it is not possible to determine top
of the Morrison chert beds without aid of samples.

Limestone is present in the Morrison formation
above the chert beds.

Well 2 (Ashland No. 1 Kacirek)—A log frcm
the Kansas Sample Log Service was available for
this well, but samples were not examined by the
author as rock sections are similar in both wells.
Samples, at a depth of 90 feet, start in alluvial
material; Pierre shale was encountered at a depth
of 350 feet.

Well 3 (Natural and Ashland No. 1 Lewis)—
A log from the Kansas Sample Log Service was
available for this well, and samples were re-exam-
ined by the author. Samples at 1,820 feet start in
the Omadi formation. Graneros shale is thinner
than in wells 1 and 2, but the “Bentonite marker
bed” is still discernible. Base of the Cruise sand-
stone would be difficult to determine from an
electric log alone; however, a study of samples
reveals a black, micaceous shale about 30 feet
thick in the interval shown as Kiowa. It is mainly
on this basis that the Cruise-Kiowa contact is
placed so low. One explanation for this abnormal
thickness of Cruise could be that the upper part
of the Kiowa shale has become more sandy.
Nearby wells on either side of well 3 seemingly
confirm this because sand is present in the Kiowa
shale. If this is the case, then possibly the contact
should be about 80 feet higher in a position so
indicated. The anomalous kick on the resistivity
scale just below the Kiowa-Cheyenne contact
seems to be caused by a lime-cemented sandstone
in the Cheyenne. Base of the Morrison formation
would be difficult to locate exactly without sample
study. The reason this contact may be difficult to
determine is that Permian redbeds just below the
contact with Mesozoic beds commonly have been
leached.

Well 4 (Musgrove No. 1 Mines)—A log from
the Kansas Sample Log Service was available for
this well, and samples were re-examined by the
author. Samples at a depth of 1,200 feet start in
Carlile shale. First evidence of a limestone near

top of the Fairport chalky shale is observable. The
“Bentonite marker bed” is still present in this
well. Kiowa shale has distinct boundaries, al-
though three sands are present in the formation.
The Cheyenne is considerably thinner and the
Morrison thicker in this well than in well 3.

Well 5 (Strain and Hall No. 1 Odle)—A log
from the Kansas Sample Log Service was avail-
able for this well, and samples, which at 160 feet
start in the Niobrara formation, were re-examined
by the author. The sample log does not match the
electric log, and it appears that unfortunately the
samples were mixed up. Top of the Niobrara is
not evident on the electric log. Character of the
electric log is different from that of previously
mentioned electric logs for the Fort Hays lime-
stone and Codell sandstone interval. Limestone
near the top of the Fairport chalky shale is evident
on the electric log. The “Bentonite marker bed”
in the Graneros shale is present. The top sand-
stone bed, which is observable in well 4 just be-
low the Graneros-Omadi contact, seemingly is
absent in this well and farther east in other wells
along the cross section. Thus, Gurley sandstone is
thinner in this well than in other wells to the
west. The Kiowa shale is thin. Position of the top
of the chert beds in the Morrison is inferred be-
cause of condition of the samples, although chert
is present. The Morrison-Permian contact is also
inferred, but believed to be nearly correct.

Well 6 (Empire No. 1 Atens Estate)—A log
from the Kansas Sample Log Service was avail-
able for this well, and the author re-examined the
samples, which start in Niobrara formation. First
samples come from a depth of 344 feet. Unfor-
tunately, samples were taken at 30-foot intervals,
and there were several hundred feet of missing
samples, which seemingly had been lost after the
well was logged by the Kansas Sample Log Ser-
vice. Both lower and upper parts of the Fairport
chalky shale are more limy. Graneros shale is
thinner than in well 5, and this is the farthest log
east on which the “Bentonite marker bed” is
discernible on electric logs along this cross section
line. Huntsman shale appears to be thicker and
Kiowa shale thinner. The Morrison has thinned
considerably and the chert beds are not present.
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The lower part of the Morrison formation is over-
stepped between wells 5 and 6, and only the
upper part of the Morrison is present in well 6.
The interval between top of Permian redbeds and
Stone Corral formation (mainly anhydrite) is
large in this well.

Well 7 (Texas No. 1 Baynes)—A log from the
Kansas Sample Log Service was available, and
the author re-examined the samples, which start
at 700 feet. First samples are Carlile shale. The
“Bentonite marker bed” is no longer distinguish-
able in Graneros shale. It is possible that either
this is the easternmost extent of the bed or it has
become too thin to be picked up with electrode
spacing of the electric logger. Huntsman shale
seemingly is thickening, although boundaries are
difficult to determine. In the Huntsman interval
in this well, samples consist mostly of siderite
pellets. Cruise sandstone rests on Permian red-

beds.

Well 8 (Flynn No. 1 Willis) —Samples starting
at a depth of 200 feet were examined by the
author. They were Carlile shale. The Niobrara
was not observed in this well. The Huntsman in-
terval was again determined mostly on the siderite
pellet zone. In general, the whole of Omadi forma-
tion seemingly consists mostly of clay this far
east. However, this is difficult to determine, be-
cause clay is taken up in the drilling mud and
seldom is observed in samples. Kiowa shale is ex-
tremely thin, but dark-gray shale was observed in
samples in the interval shown. This well pene-
trated an outlier of Morrison rocks; samples in-
clude grayish-green and maroon sandy shale,
characteristic of the formation. The Morrison-
Permian contact was picked on basis of samples.

Well 9 (Snowden No. 1 Lull) —A log from the
Kansas Sample Log Service was available for this
well, and samples were re-examined by the
author. They start at a depth of 250 feet, and the
first samples are Carlile shale. Blue Hill shale has
increased considerably in thickness in this well,
whereas Fairport chalky shale is thinner than in
well 8. The Graneros-Greenhorn and Graneros-
Omadi contacts are difficult to determine on basis
of the electric log alone. Gurley sandstone is
thinner, whereas Huntsman shale is thickening.

Once again presence of siderite pellets helped
place the Huntsman contacts. Because samples
were missing below 900 feet, the Mesozoic-Paleo-
zoic boundary was picked after a study of sur-
rounding wells. Kiowa shale, Cheyenne sand-
stone, and Morrison formation are not present in
this well, and Cruise sandstone overlies Permian
redbeds. The interval from the Stone Corral to
top of Permian redbeds has decreased consider-
ably.

Well 10 (National Associated No. 1 Roe) —No
samples were available for this well, and the elec-
tric log starts in Carlile shale. Electric logs for
wells 9 and 10 are similar. No Stone Corral is
present in well 10 and seems to have been trun-
cated and overstepped by Mesozoic beds.

Surface Section 11—This is a generalized sec-
tion of the surface Dakota formation prepared by
Plummer and Romary (1942). Because the sec-
tion is generalized and because there is a distance
of about 50 miles between the nearest logged well,
correlations are, of necessity, tentative. However,
from descriptions of different units, Huntsman
shale seems to be equivalent to Janssen clay, and
Cruise sandstone equivalent to Terra Cotta clay.
Gurley sandstone, then seemingly, is truncated
and overstepped by Graneros shale. This relation-
ship is shown on the cross section.

PraTE 2

Well 1 (Ohio No. 1 Rose)—This is the same
well as well 1 on Plate 1.

Well 2 (Service No. 1 Beeson)—A log from
the Kansas Sample Log Service was available, but
the author did not re-examine the samples, which
start at 220 feet. First samples are alluvium, and
Pierre shale was reached at a depth of 340 feet.
Some samples were missing in the Cheyenne sand-
stone. Morrison formation contains limestone,
mainly above the chert beds. The section of Mor-
rison, about 350 feet thick, is about maximum
thickness for the formation in Kansas.

Well 3 (Sinclair-Prairie No. 1 Robbins)—
Samples for this well were examined by the
author and start at a depth of 410 feet. First
samples are Pierre shale. Carlile shale is slightly
thicker in this well than in well 2. The “Bentonite
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marker bed” is present. The Morrison is thinner
than in well 2.

Well 4 (Kelly and Weissbeck No. 1 Thomas) —
No samples were available for this well. Although
over-all thickness of the Niobrara is greater than
in well 3, there is an interval just above top of the
Fort Hays, as in well 1, that seems to be missing.
The Carlile shale is thicker than in well 3. The
“Bentonite marker bed” seemingly is closer to
top of the Omadi formation because of an addi-
tional sand in the top of the Gurley. The Kiowa
is thicker than in well 3 and increases in thickness
southeast. Top of the Morrison chert beds is in-
ferred, but chert is probably present. The Mor-
rison-Permian contact is difficult to determine
where no samples are available.

Well 5 (Anschutz No. 1 Gassmas)—No
samples were available for this well. Top of the
Niobrara is not present in this well log. Fort Hays
limestone seems to have increased in thickness as
has Blue Hill shale. Top of the Morrison chert
beds is inferred, and the Morrison-Permian con-
tact is difficult to place where no samples are
available.

Well 6 (Lario et al. No. 1 Snyder)—Samples
were studied by the author. They start at 910 feet,
and the first ones are in the Omadi formation. Fort
Hays limestone is slightly thicker than in well 5.
The “Bentonite marker bed” is almost on top of
the Gurley sandstone. Siderite pellets are present
in the interval of Huntsman shale, which is be-
coming more difficult to determine with electric
log information alone. Because the upper part of
the Morrison formation is missing, Cheyenne
sandstone is almost on the chert beds. The Mor-
rison-Permian contact was determined by sample
study.

Well 7 (Cooperative No. 1 “A” McKinley) —
Samples were examined by the author and start
at 120 feet. First ones are Carlile shale. Fairport
chalky shale is very calcareous. The Greenhorn
limestone-Graneros shale contact is sharp. This
is farthest southeast that the “Bentonite marker
bed” can certainly be traced. Huntsman shale has
increased in thickness. Kiowa shale contacts are
difficult to place in this well, but seemingly Chey-
enne sandstone is thinner. Morrison formation is

absent, and the Cheyenne rests on Permian red-

beds.

Well 8 (Chamette No. 2 Bowman)—No
samples were available for this well, and the elec-
tric log starts just above the Greenhorn limestone.
The Gurley seems to be very thin, and Huntsman
shale is only about 20 feet below the Graneros
shale. Becguse Kiowa shale is thicker and Chey-
enne sandstone thinner, the Kiowa-Cheyenne
contact is almost impossible to pick with certainty.
This is true also with the Cheyenne-Permian con-
tact. The interval between Stone Corral forma-
tion and top of the Permian redbeds is about as
great in this well as anywhere along the cross
sections on Plates 1 and 2.

Well 9 (Phillips No. 1 Houseman) —Samples
for this well were examined by the author.
Samples start in Greenhorn limestone, and the
first ones are at a depth of 20 feet. Gurley sand-
stone and Huntsman shale seemingly are missing
in this well, and Graneros shale overlies Cruise
sandstone. One reason for believing the upper
part of the Omadi is missing rather than the
lower part is the occurrence of siderite pellets in
this sandy section. Most generally, siderite pellets
are found in Huntsman shale and Cruise sand-
stone, but not to any extent in Gurley sandstone.
The Kiowa increases considerably in thickness
and contains much sandstone. Fragments of shell
beds also are present in samples. Cheyenne sand-
stone is thin and rests on Permian redbeds. In
this well, at the contact of the Cheyenne and
Permian, a greenish shale was found that re-
sembles Morrison shale. It is possible that this
shale is the result of weathering processes on
Permian redbeds and that it developed prior to
deposition of the Cheyenne.

Well 10 (Northern Natural No. 1 Bierwagon)
—A log from the Kansas Sample Log Service was
available for this well, but samples were not
examined by the author. Samples start at a depth
of 80 feet, and the first ones are alluvium; the
Omadi is encountered at 120 feet. Top of the
Greenhorn was estimated so that the log could be
placed in the proper position. This part of the
Omadi in the well also contains siderite pellets.
Kiowa shale is thick and contains beds of sand-
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stone and shell. Cheyenne sandstone is thin and
overlies Permian redbeds.

Surface Section 11—This section was measured
by Bruce F. Latta at Champion Draw in Kiowa
County. Only the lower part of Kiowa shale is
present. The Cheyenne is thin and rests on Per-
mian Whitehorse formation. A conglomerate of
quartzite, quartz, and chert pebbles and cobbles
is present on the contact. This section is graph-
ically presented in the Kansas Geological Society’s
18th Field Conference Guidebook, page 32.

Prate 3

Well 1 (Ohio No. 1 Rose)—This is the same
well as well 1 on Plates 1 and 2.

Well 2 (Falcon-Seaboard No. 1 Zweygardt) —
A log from the Kansas Sample Log Service was
available, but the author did not examine the
samples, which start at 1,000 feet. The first
samples are Pierre shale. Upper part of the Gur-
ley seems to be missing. Cruise sandstone is thin-
ner than in well 1, and Kiowa shale thicker. Upper
part of the Morrison formation is limy. The chert
beds are present.

Well 3 (Texas No. 1 Walz)—A log from the
Kansas Sample Log Service was available, and
the author examined samples, which start at 310
feet. The first samples are Pierre shale. The Nio-
brara-Pierre contact on the electric log and
sample log do not match. The Sharon Springs
shale of the Pierre is identifiable from samples,
but it is not evident on the electric log. Smoky
Hill chalk just above the Fort Hays limestone ap-
pears to be faulted as in well 1. The contact be-
tween Blue Hill shale and Fairport chalky shale
is sharp. Graneros shale below the ‘“Bentonite
marker bed” is thicker than in wells 1 and 2.
Seemingly the upper part of the Gurley sandstone
is gone. Because Cruise is also thinner, over-all
thickness of the Omadi is less.

Well 4 (Bigsby and McKubbin No. 1 Hill)—No
log from Kansas Sample Log Service was avail-
able, and samples were not available to the author.
The Niobrara formation is thick, although the
Fort Hays member is thin. Over-all thickness of
the Carlile is less, and Blue Hill shale is very thin.
The “Bentonite marker bed” is present in the
Graneros shale. The Graneros-Omadi contact is

sharp. Huntsman shale is slightly thicker. Chey-
enne sandstone is thinner, although position of
the Cheyenne-Morrison contact is somewhat
doubtful. Top of the chert beds also is inferred as
is the Morrison-Permian contact. Without: sam-
ples, these contacts are difficult to determine,
and it is possible that they should be about 90 feet
lower than shown on the cross section.

Well 5 (United Producing No. 1 Hiebert)—Be-
cause samples were available only below 2,700
feet for this well, they were of no value to this
cross section. The log is a laterolog. The Pierre-
Niobrara contact is not evident on the laterolog.
Fort Hays limestone appears to have thickened.
The “Bentonite marker bed” is present. The Gur-
ley is thinner, and seemingly the upper part is
missing. The Huntsman contacts are difficult to
pick. Although it is not certain, it seems that the
upper part of the Morrison is missing. Cheyenne
sandstone rests on the lower part of the Morrison
below top of the chert beds. The Morrison-Per-
mian contact also is inferred.

Well 6 (B & R No. 1 Darbro)—A Kansas
Sample Service log was available, and the author
re-examined the samples, which start at 210 feet.
First samples are Smoky Hill chalk. A laterolog
was used. Blue Hill shale is thicker than that in
well 5. The “Bentonite marker bed” is present
less than 20 feet below the Greenhorn-Graneros
contact. Gurley sandstone is thinner than in well
5, but the Cruise is slightly thicker. Cheyenne
sandstone is very thin and rests on the lower part
of the Morrison formation. The interval from the
Stone Corral to top of Permian redbeds has in-
creased to such an extent that it is not feasible to
show Stone Corral on the cross section.

Well 7 (Woodward No. 1 Buck)—A Kansas
Sample Service log was available, and the author
re-examined the samples, which start at a depth
of 390 feet. First samples are Graneros shale. A
laterolog was used. The Gurley is only a little
more than 10 feet thick as interpreted from sam-
ples. Other contacts are getting more difficult to
determine even with the help of the sample log.

Well 8 (Superior No. 1 Tucker)—Only a log
from the Kansas Sample Log Service was avail-
able for this well, and samples were not examined
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by the author. Samples start at 30 feet, and the
first ones are alluvium; the Omadi formation was
encountered at 150 feet. From lithologic descrip-
tions, it would seem that this was the Cruise sand-
stone. Kiowa shale is 90 feet thick, and Cheyenne
sandstone 20 feet thick. The Cheyenne rests on
Permian redbeds. Morrison formation has been
truncated and overstepped by the Cheyenne be-
tween wells 7 and 8. Because top of the Green-

horn is absent in this area, an estimation of the
interval was made so that the well could be placed
in proper position.

Well 9 (Cities Service No. 1 “A” Boehm)—
Only a log from the Kansas Sample Log Service
was available for this well, and samples were re-
examined by the author. Samples start in the Tri-
assic Dockum (?) group, and the first ones are at
a depth of 300 feet.



ParT 1.

ParT 2.

ParT 3.

Parr 4.

ParT 5.

ParT 6.

Parr 7.

Part 8.

Part 1.

ParT 2.

STATE GEOLOGICAL SURVEY OF KANSAS

BULLETIN 119
1956 REPORTS OF STUDIES

PROGRESS REPORT ON THE GROUND-WATER HYDROLOGY OF THE EQUUS
fnns é\m:A, Kansas, by G. J. Stramel, p. 1-59, fig. 1-31, pl. 1. March
, 1956.

SivpsoN FILrep SINkHOLES IN EASTERN KANnsas, by Daniel F. Merriam
and William R. Atkinson, p. 61-80, fig. 1-6, pl. 1, April 15, 1956.

CHEMICAL COMPOSITION OF EASTERN KANsas LIMESTONES, by Russell
T. Runnels and John A. Schleicher, p. 81-103, fig. 1, June 1, 1956.

THE MINERAL InNpUSTRY IN Kansas, 1950 To 1954, by Walter H.
Schoewe, p. 105-174, fig. 1-2, July 15, 1956.

Tue BArBER COUNTY EARTHQUAKE OF JANUARY 6, 1956, by Louis F.
Dellwig, p. 175-185, fig. 1, August 1, 1956.

PETROLOGY OF THE NODAWAY UNDERCLAY (PENNSYLVANIAN), KANSAs,
by N. J. McMillan, p. 187-249, fig. 1-10, pl. 1-4, November 15, 1956.

RELATION OF AN AIRBORNE MAGNETIC PROFILE TO THE GEOLOGY ALONG
THE KANSAS—NEBRASKA BORDER, by Daniel F. Merriam and William
W. Hambleton, p. 251-266, fig. 1-2, pl. 1, December 31, 1956.

THE MINERAL INpUSTRY IN KANsAs IN 1955, by Walter H. Schoewe, p.
267-320, fig 1-3, December 31, 1956.

BULLETIN 127
1957 REPORTS OF STUDIES

REVIEW OF GEOPHYSICAL ACTIVITY IN KANsAs THROUGH 1956, by Wil-
lian]lsW. Hambleton and Daniel F. Merriam, p. 1-24, fig. 1-2, August
15, 1957.

EVALUATION OF A CONDUCTING-PAPER ANALOG FIELD PLOTTER AS AN A
IN SOLVING GROUND-WATER PROBLEMS, by Leslie E. Mack, p. 25-47, fig.
1-9, pl. 1, August 30, 1957.



SYSTEM
SERIES

GROUP

EAST X Subsurface Correlation and Stratigraphic Relation of Rocks of Mesozoic Age in Kansas Oil and Gas Investigations No. 14

FORMATION,  MEMBER
' by Daniel F. Merriam PLATE 1

Montana

Gultian

T\

. 1956 State Geological Survey of Kansas

=l
xr T
x
x
po =d
T ‘ a s
T
-
I
T

List of Wells and Sections
z 3

Ohio #1 Rose _________________ . 35,
Ashland #1 Kacirek __________._ ._sec. 8§,
Natural and Ashland #1 Lewis ___sec. 21
Musgrove #1 Mines ____________ sec. 11,
Strain and Hall #1 Odle _________ sec. 14,
Empire #1 Atens Estate _________ sec. 6,

1S,
2 S,
35S,
2 S,
25S,
1S,

40 W.
36 W.
32 W.
30 W.
26 W.
22 W.
25, 19 W.

H
H
73
[0}
0

500 -

H

’

400 -

I YU H
1l Iwm
H
H

[

(|
H

'H
H

Texas #1 Baynes - ______________ sec. 8§,
Flynn #1 Willis - _______________ sec. 8§, 45, 16 W.
Snowden #1 Lull ______________ sec. 5, 3S, R.11 W.
National Associated #1 Roe ______ sec. 19, T. 1S, R. 7 W.
Surface measured section by Plummer and Romary (1942, p. 331)

PAAOAAOBAOAAODAODAOA

300 -+

H

HHA A A A A A A

Pierre

| HI H |

— OV O®J4O0WV A WN =

IV H
H

|
H

200 -

TN
Vertical scale in feet

Q
o
1

. | ! ! l : A xl i MARSHALL I ! 'J"S
5 i l 7 : 10 i . I i i i | DONIPHAN 2
[ i
|

; [ i : i i i i ;
e~ O | A SRS N

ATCHISON

U
(@)

\" CHEYENNE | 3 __jl ! onTo

e e N N ! o

,_SHERMAN T = === — = —. ll' ................................. cm e e b |

] O ] S 20 25 H . THOMAS I SHERIDAN . GRAHAM [ROOKS TOSBORNE | MITCHELL | !—CLAV _I RILEY POTTAWATOMIE : JACKSON - &_‘
' h : c—

|
11 1 1 1 1 1 1 ] , l

| | JEWELL I eLoud i wasminTon |
: -

L1111
i

! ————
[ ! i i ¢ | i JEFFERSONT LEAVEN;
| | '

|

! : i hY i i
| | = | | \ ! '
i | oTTAWA

o

» |
=3 WY sHawneE |
WALLACE : : !

i =

I

|

!
I

| L
|
! |
- — —— '-—. .
— o o e e+ — - —— — ——

hn:em ,r_v:mmu Tscon runs I\ - T
i
|
|

' JOWNSON

1 1
I |

Horizontal scale in miles P S Lme. 4
|

|

|

H
H
|

cmtT T e o —d

....... | ANDERSON

— — e —

|
s i
| HODGEMAN | | STAFFORD 1
! joTATORY

[

! : ' RENO " HARVEY i v L I
— i | Y G, T

Colorado

CRETACEOUS

e —

|
|
|
!
i
. A |
—_———] | | B : ! | BUTLER ! GREENWOOD F';},?o's&'—‘.'man Tooomeon |
i |

|
! |
! | I ! !
e P R JT Coawnee 1 arTon
' |
!
|
]

. —— e b —— . —

'T_ _______ _

. COMANCHKE H

e e —— s —— e L

Map of Kansas showing location of cross section X—X’
Smoky Hill chalk

= {/ 10
Datum:  Top Greenhorn limestone 3

Niobrara

Fort Hays limestone

-

[

" [ Il | ||' i'ﬁ'.':

Bah

Codell sandstone

HEH: ]
H RN

|H
1!

Blue Hill shale

| AR N

Carlile

Hl v
]

Fairport chalky shale

TiT 7T, T
u'.“l' | ﬂ'|'l"t\|."u I

T
HHHl 1 H

UL WHHHY
Hﬂuu'u'um

Greenhorn

H H 4 1l M H ', ! S AT
{14t T -Irl-l.ﬂ“uﬂ-q“mﬂHH"ﬂHu'l“urHu R ALL | ST
vM_/WWWNN-W
. M i H h o, A H W AR He W R H, H[T
i T u"HHHHHHHHHHH R L L T T
@)
H, 4, H HH
HH «"w"" u“uku L “uH @)
\’\'\/
N
NN—_/
Co
- TR
IR 5
] I -
lg""'--;—r————r—~
!
s
g z
2 r
L %F_J,_
.‘—-———'—? f;
l 5 | I
5 ! |
N I i i
S _J___1_,_15_
l 3i %
: »l §
O | i
RSN PR J
| g 2
. B "!
l !
' [_1__._’_1___
f“— . z
2
| 3
I
L_—'—"—";‘[—_-{L
2 al
| 3 2i
! 5!
| ! !
[ F R
i
| 4
i
l i
i
.
[ ‘,z:. "'!
S i
‘ g I
r__ c;7_‘____1.;.!__
i =1 P
g 2|
N [
I N
i 2 2
I T |
I [

(TP A P

1V

I
nl!

; w T |
-':'.IIII‘HHHHHH HI‘H|H|I‘I Il

Gra NeroOS,-Bentonite marker bed'—— — ——

N

L]

R HM‘I I d l|H'rl|“H'.1.| H_|{5|H|H|l| H|'H

. 1
L W 1 " ”:
M\"\,\/ml\—_——\\

N .“.:3..: IH HHH“J‘t

] o ﬂ»m R
TR (7

Gurley sandstone

V\_WNMM

Huntsman shale

Omadi

Cruise sandstone

(

L{
i prar
—— -
e

]
YW\
H
H HH Hj;
N T\

omanchean
Dakota

NN VANV WA o fM»/J\\,\,\,\__\\/,/N\J
AW

Kiowa

Cheyenne

AAN
WV

C
C

h(
. e B
N

i - o WEST

Morrison

)

\
\
oo 2]
|
|
|
|
|
\
\
\
\
>

~"Top chert beds’’ -

e .': ::: l. . .'.: . 5
j DC . i/-—————/ 1 MEMBER | FORMATION
Vo773 77 . Vs
X e | ' Greenhorn
o ' i ‘ ; A Graneros
Undivided i " (7 = : .

— Janssen clay

Dakota

Terra Cotta clay

L eonardian

Sumner| Nippewalla
%

PERMIAN JURASSI

N

Stone Corral /
2




NORTHWEST 4 2

SYSTEM
SERIES
GROUP

o e |y I Subsurface Correlation and Stratigraphic Relation of Rocks of Mesozoic Age in Kansas Oil and Gas Investigations No. 14

Montana

by Daniel F. Merriam PLATE 2

I ‘ 1956
- State Geological Survey of Kansas
; - 3 List of Wells and Sections

= ) Ohio #1 ROS€ - - - oo sec. 35, 1S, R 40 W.
= Service #1 Beeson ______________ sec. 8, 35S, 38 W.
gl ™ 4 Sinclair-Prairie #1 Robbins ______. sec. 32, 45, 35 W.

32 W.
29 W.
29 W.
24 W.
25 W.

Kelly and Weissbeck #1 Thomas __sec. 30,
Anschutz #1 Gassman _________._ sec. 28,
Globe #1 Snyder _______________ sec. 8§,
Cooperative #1 A’ McKinley ____sec. 19,
Chalmette #2 Bowman __________ sec. 30,

7S,
10 S,
14 S,
17 S,
19 S,

- |
. - : \
Pierre -—I

"
H

al
H

HA A A A A A A
PRAPRARARRR

l
H
—~ O VoK oWV WN =

Gultian

CRETACEOUS

Greenhorn

10

Gra NETIOS |'Bentonite marker bed’

= Phillips #1 Houseman __________ sec. 30, 22'S., R. 22 W.
-F 10. Northern Natural #1 Bierwagen __sec. 10, 26 S, R. 21 W.
* 11. Surface measured section by Bruce F. Latta
p
o o
e ——— e e e |
Ix | _jm N Toecaron Tnorton  Lemnues  Vewrn ! ewew T RepueLic [ WASHINGTON —{_M-ARSNN.L —‘.I—NEMANA isaowu i\“-f‘\
. ' ! I | ! | ! I i i | DoniPHAN ,/_S
: | ! ! ! ! ! ! l i i [ i -
el k | ' i | e i i = oo
ERSEER S U | ! | cLou e e e g
x F»snm sneroan lr':; ———— [Fooxs Tossorne I mroneie | {"cw ‘{mv /Tmmwnows IIJAcxsou L’___ &_
i : : : i | {\ |‘ |' JEFFERSON-{- ;%%E"Ni‘
. i i [P ! ! : T i ! >
500 - H L l l_‘_m—c'o:;" ?ornvu i r_] “h'h’vwi{_‘;"“”"“ —1 i }ggﬁd\;\“,
o | waciace ] ‘1;55? L“'“1 II ocTuN;EJN i L—~\_._‘_J'WAeAu~SEEW_ \/'7'\_,__.: JN—
., ' i i ! : l’—- —: S I !l !oouGLA;\'{:‘OHNSON '
| ! TSALINE 1 : i I — !
* , : ‘ i ' i prvaratts R e [osace | T
B 5 ;— ------- R ' | : : ! ' - T .r:,;:,.;:.;‘{ waw |
400 I anecrey iwml T ' R z At l‘]:;;&: X - Surface section ‘: l‘ : i ‘.I
E 3 i ' ! i . . | i l
=z : T ] | ! o - Subsurface section i et S SRS
= = H | . ! i ! "C°"E | ANDERSON | LINN l
== =l 2 S e o LN e T } : : i - | t (
= z . r— o T o W —'E};;o—aﬁr_"fi‘ ..... jroenson | manon Ec S SO -: ! '. I
— T ’;:: 463 | : l j RENe [ anvey !—'_'_;_.—'T.c;;lmwooo 1[_ ————— "|l —————— Toourson |
= I I - o , S R W S N i i | BUTLER i | WOODSON  { ALLEN j 80 I
T T = 300 —— ' I j  jomar | noDGEMAN ] - i i : i l
‘:-- I_I‘ rX - c L § S— __‘ isancmcx | i' N i ‘._-_v—-. l
e x x o -— 's;;‘};"—-.‘rék:.;_._i ______ - P N — PRATT r__ _________ _r__,' || | 1&.36:'—1-7«_605"0 !____f_O_R.D_‘
123 b T 2 H ' N iNASKELL | ' i iKlNGMAN l I Lo - 1 |icaAw ]
. H . H . | . |
- ) 2E O ‘ ! i i ) | ! I N 4% | i i
T = " [ . P [weaoe Veirme = ’ AP ! | SUMNER | cowLeY i L y—e——e —
= = = - T e B R o D s R N et i
b oS T I S ! I ! | | | I i | j owauTavaua i |
- x x 200 -4 = | | | i I i i : : ! i ‘
— r e | . 1 - ! . : . | ! ! .
l— I x | . . | | | l I | i ‘ | i S GRp—
= P . ;’ i TS S S A S SRS S S SRS e b bt
-— e o -
r :: . . .
= =< e Map of Kansas showing location of cross section X—Y
= z
Smoky Hill chalk S Te T,
- = = 100 -
-~ x =
;I r T
Niob = . :
lobrara : . = 50 -
= 7 = .
== | == = 5 10 15 20 25
:z = = J RN U S W | 2 1 1 4
=< x
1’1_ hd T x O . . .
O x T = = Horizontal scale in miles
b A T x
x
B, 3 - -
=
(O = t = <
— = - T
O - = = = C s /A 7 7
Fort Hays limestone i - g 3
O L - T |
= 3 - -
U Codell sandstone { k3 5 SZ { —
o -
: ——
Blue Hill shale j { _—I - 7
= = _
' Z = SOUTHEAST
Carlile B -
P 4 T -
. v 3 -
Fairport chalky shale x - = g Y
) = » 9
= = Datum:  Top Greenhorn limestone
- r— == > L —
= X
x
x
=
r
i \ =

ANV VY

: H L] ! H
L 1w [P B e

S TR L L

S| Mg e e

Xé“ } “.ll H'"IH nh HHH

ENEE

Gurley sandstone

Huntsman shale

Omadi

Cruise sandstone

[+ ‘ll

I3

omanchean

T
A v T
VAN
MMWW“\MA‘W\MWM\/\MM\M
/\/\fﬂw\mdw\/hw\\/\fm

— . AT
T
TR
Hn

1T

C

= okt R
e e =7
O — | =i =
= : o £
(O = = ot 11
() |Kiowa Sre—— = = =
.,:..- = == JUUPUURIUNPRIIE =
e = 7
Cheyenne e = .
Y i = e = N
- L _ oo ce ot / ——
VYV VETYT TR ETY o3 / — Lt ".
. :.'.'-; e / .//';':
S s K = Y.
o e 4 /// )
' = - Z ’
| is . & Z
Morrison = o é
e 7
~'‘Top chert beds" ‘k
%\ 5

7,

Undivided

Y.

| eonardian
Sumner| Nippewalla

PERMIAN JURASSIC

"
Stone Corral i

N N
\ Vﬁa 3
Y
\
|
| _
N
] —~~— e~
\
Hl i
MW 3 N N




NORTH X

SYSTEM
GROUP

SERIES

| 1 2 Subsurface Correlation and Stratigraphic  Relation of Rocks of Mesozoic Age in Kansas Oil and Gas Investigations No. 14
FORMATION  MEMBER ‘
)

by Daniel F. Merriam PLATE 3

Gulfian

) = 1956
i} =
) - ! State Geological Survey ot Kansas
X \ _*
p =2 -
r |) —
3
x
= o
—_ — |
. —— — 200 - List of Wells and Sections
o |Plerre = =
- = = 1. Ohio #1 ROSE - - - - - oo e sec. 35, T. 1S, R 40 W.
_;_(D = — 400" 2. Falcon-Seaboard #1 Zweygardt ___sec. 1, T. 35S, R. 4] W.
o —_— ]
5 = = 3. Texas #1 Walz - oo sec. 3, T. 55, R 42 W.
r : . .
© - = iy 5 T 4. Bigsby and McKubbin #1 Hill ____sec. 36, T. 11 S, R 42 W.
= = — o . . .
2 - —— - ‘E 5. United Producing #1 Hiebert _____ sec. 5, T. 17S., R 42 W.
o = — 3004 3 6. B. & R. Drilling #1 Darbro _______ sec. 32, T. 20 S, R 38 W.
— = O 7. Woodward #1 Buck .- __-___ sec. 15, T. 23 S,, R. 39 W.
— — (2]
— T = 8. Superior #1 “"A'" Tucker - sec. 4, T. 29S., R. 42 W.
I U . . .
— — £ 9. Cities Service #1 A" Boehm _____ sec. 11, T. 33S, R. 42 W.
L — (]
— O ? 2004 S
— _ ?
— e
= - 50 4
— [ — . —e—- ST il o Tanown |
—_— — = 5 ]O ]5 20 25 I‘ x i jmws.ms T_D—;C_A;L;R—"--.T-r;o-ﬂ-ux.‘j_P;n-LE-__T-S_MT:--_—T.JE—E.C-——T‘RT;UBUC ,r;;\-smnctou TZARSMLL ——E_NEMAHA -r;ﬂown i\"‘J‘-
T — jn I I O ] 1 1 ) - l ! ! I ' ! ! ! i i i j ONiPHAN p)
=T = | e | 2 i | i i [ ! i ; ~ ; i i ~
== x — 0 , . : 3 ' i i i | l i - i I T remson
== T - Horizontal scale in miles H ________ L i ' i i i e R DU SR
x _ B e 'SNERMM TmoMAs ’ !;EETDLT—'L!—&R_ALT“'—IRE ..... T&;c;;r:é—‘—‘!—m}aéxh_.dl ?"ém -{R\LEY /' POTTAWATOMIE -l“‘c"s'oN i [
= = X —: : ! | | l ! ! | ' i { | r:errsnsmT LEAVEN?:
= = = , I [ | i ' ! L. ; PN | i N,
= * = ' ' | i ! ! Tormawa | L™ N e — : =\~
L £~ x ,' | | o= | '— | \\IT\,¢ < SHAWNEE ' .JWY‘N ’
= = =Y T T e TS S S _ Mo ™ . S S S .
k- - T . LOGAN / GOVE | TREGO Tzws T aussece ! i j DicriNsoN ioem;\_‘—F-JMBU . YT 1
-"; =2 - ! ! ' ! : i ‘ ! ' | bovoLas raomsore .
T : = e oy l i i ) e—-d ‘l . I i |
=_ = | | o - Subsurface section ! porrae ot | i
= = = ——. ___,' i | . : | Tu_c;u_—: T ERANKUIN {Mw l
= = = wemin Tscorr Towe " Taeas — 77 T T oamman T wowe |l A } |
x T re E | | | | | v ELLSWORTH _impn:nson | marion ‘_ ______ _! i i | \
- =T = | i | | | l woe i | Tonase | e etoutius IS demm—1
= b =4 k ‘ i i | | i ' i rI i . COFFEY iAnoE“5°“ | LINN l
:__; s = g ------------- e I I —11-—--—--._._5‘:"-"-‘-‘_.—.-1— _____ i ! i : { : : '
= . 1:: = EARN Iruue' | ODGEMAN : [sTarForo .R_EN_O _____ '1"_'!_“;;;;:[—'—"_ _{_-—‘. ___l- ..... -ll . l ‘_-_'—!
_‘I t: > { | e | Tl N i ! is-“—;‘:“ TGREEWOOD ‘r\-n-c;)—o.s‘o-u"-}.;a.sn 1l_ao RBO l
T =T T = | fomar | . deowsnos i e 1 l : u |
. B WICK
. Smoky Hill chalk - = T ? i ______ | ) )7 [1 Py _,’m R : — i—-—“-o—'—' _____ |
N I O b ra ra Trx tII B - 6 GRANT '—A-S_;(—E.L:“j | Moowa | [_K"E,;;; ''''' T : i ’1| WILSON i . | CRAWFORD
x i | | | | i— _______ ‘ l
= = Tx = <’ : l I i ! | S N 4% 'l | |
: {ueace Vecrmn ! | | | cowLEY | I f—e—rm -
S = = =__ | v Tamam 1 v DR vt R I e |
Tz II 'E_-: —_T [ I I i p | i i j cwauTavoua ¢ || i ‘
= =) - 2 = I i i | i i | i R
= T= = e < Q= == e | | | | ! i | i S
T: I._: :I > — T S IR U S
T = -
L = = .
=z Tx Tx L Map of Kansas showing location of cross section X—Z
xj:; “[l :I:_I 1 . !
N .
1

Fort Hays limestone '}

Colorado

CRETACEOUS

-
M
™

Codell sandstone é

mf

Blue Hill shale

n_{M

SOUTH

Carlile

VY

\/\/\\},/\/‘V
I A

I ! W
H IHI|HIH|“|H”HII
/‘w’\——/\

VD

== = . = Z
Fairport chalky shale T = |
o x E; Datum:  Top Greenhorn limestone
o= T
LT
‘-; % I é — ina 7
Greenhorn = = ol _ =
= Fx ;:r = ‘--—:
| | = ) f_; ' ;-_f L . = \__J; — - J
GranerOS - /Bentonite marker bed”’ — } % :: } ::—__} } } } ‘% f <:-:_—___ - — ;:
o = = _ e = %
Gurley sandstone 2 _ % e 8
Huntsman shale 2 - < J_— = X — i :'j::':;::j:.
—= =
Omadi = 1 TRIASSIC
+ —= > / = )
- - = 5 =1 Dockum group (?)
e i = = o =
2 - - =
O | Kiows % = = - o

2
<
>
>

-~ N = B
— e ~
— A = <A
— 7 = ~ o ES =
Cheyenne - _ — ~ = s i
V4

Comanchean

A A TR
\
\
\
\
\
\
\
\
\

/o
4 Z
V/ 2Ll
// V4
///,, — | | — =
v § . 3 -

Morrison

|

|

\
\
\
\
\

|

—''Top chert beds”’

i H
\
j T
\
\
\
\
\
\
\
\
\
\
AM\A[W\W\

\

AN
N
Y

P P::D'n
N

:

§;

N

Wl
K

k]

V/4
s,
Za

RS
/774
el ol ////
‘ % 7
P
S ,77
i oy, :

......

Undividec

PERMIAN JURASSIC

| eonardian
Sumner| Nippewalla

Stone Corral

Y

Y 48 NYMDoY Y Y. 0 30N
JooXp ¥ Y Ya 3o Y e NN
\ wv VV
N /\ ,\
NI
AN
N

AM

vy

M~
N Sl
EN R
V\\/ ﬂvm
ﬁ\\\v w\
\




	OGI14
	img000a
	img000b
	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img099

	plate1
	plate2
	plate3

