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GEOLOGY OF KANSAS.

INTRODUCTION.

N ITS broad features the geology of Kansas is almost ideally
simple. The state is a very typical part of the Great Plains
region, which extends from the Dakotas to Texas and from the
Rocky Mountains eastward to the Mississippi, and it has the
uniformly gentle slope and simplicity of geologic structure
which characterize the plains. The surface of Kansas has a
general inclination from west to east, amounting to about ten
feet per mile, the elevation of the western state boundary being
about 3,500 to 4,000 feet, that of the eastern boundary from
750 to 1,000 feet (fig. 1). The rock formations of which
this sloping plan is built lie almost flat, and are exposed in
broad north-south bands across the state. In reality they sag
slightly in central Kansas, the rock slope or dip being toward

FIGURE 1.—Sketch diagram showing the east sloping plain east of
the Rocky Mountains in Kansas and eastern Colorado.

the west-in the eastern counties and to the east in the western
part of the state. The oldest beds appear at the surface in the
east and dip beneath the younger overlying formations which
appear in succession as the state is crossed to the west (fig. 2).

Formation of the Rocks of Kansas. The rocks of Kansas, as
classified on the basis of origin, belong to the sedimentary
group. Rocks of igneous origin have been found-in deep wells,
but do not come to the surface within the borders of the state.*

* A surface exposure of igneous rock has recently heen discovered in west central Riley

county, one mile east of Bala. It is a dark-colored basic rock and outerops only in a very

- small area. (Moore, Raymond C., and Haynes, Winthrop P., Outcrop of basic igneous
rock in north central Kansas, Bull. Am. Assn. Petr. Geol, vol. 4, pt. 2, 1920.)

(7
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The formation of the sedimentary rocks may be discussed
briefly as an introduction to the summary of the stratigraphy
~ of Kansas which follows. .

_Sedimentary rocks are those composed of the transported
fragments or particles of older rocks that have undergone dis-
integration. The chief agencies of transportation are water—

- including rain, streams, lakes and the sea—wind, and glaciers.
-~ Deposition of the rock particles may take place along streams,
* at the bottom of lakes or the sea, where the wind drops its load,
or beneath glaciers. Materials such as gravel, sand and clay
are carried as solid particles, and after deposition may be con-
solidated to form conglomerate, sandstone or shale. Other ma-
terials are carried in solution and may be deposited chemically,
as in the formation of salt or gypsum, or by the action of plants
or animals, as in the formation of limestone or coal. Sedi-
mentary rocks are usually made up of layers or beds, called
strata, which can easily be separated.

By far the most important area of deposition in which sedl-
mentary rocks are being formed is the bottom of the ocean.
The bottom of the sea is covered with gravel, sand and mud,
which are sorted and spread by the waves and currents. As
these sediments gather they bury others -already deposited. -
When compressed by the weight of overlying materials, and
bound together by cement deposited between the grains, the
originally unconsolidated sediments are hardened into firm
rock.

The oil and gas deposits of the Midcontinent field are con-
fined almost wholly to rocks of the Pennsylvanian system,
which outcrop in a broad belt across eastern Kansas and Okla-
‘homa (plate I). In other districts oil and gas in commercial
quantities occur in strata of geologic divisions as old as the
Cambrian, but they have not yet been found generally in the
older rocks of the Midcontinent field.! It is known that in a
number of localities, chiefly in Oklahoma, there are important
011 and gas pools within the Mississippian; and at least from
one locality in the Healdton field, possibly also in the Osage,
commercially valuable oil has been found in Ordovician rocks.
Oil and gas have been found also in the Permian and in the
Cretaceous, although it is possible that locally, as in Kansas,
the oil and gas in these strata have migrated upward from un-

1. Powers, Sidney. Age of oil in southern Oklahoma fields; Am. Inst. Min. Eng.,
Bull. No. 131, pp. 1971-1982; 1917
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Oil and Gas Resources of Kansas. 9

derlying Pennsylvanian formations. On account of the broader
distribution of oil and gas which is thus indicated, and because
exploration for these hydrocarbons is being carried much be-.
yond the limits of the Pennsylvanian outcrops, it is desirable to
consider briefly the general stratigraphy and the oil and gas
prospects of the whole state so far as they are known.

OLDER ROCKS OF THE MIDCONTINENT REGION.

Pre-Cambrian. The rocks in the general region of the Mid-
continent field range in geologic age from almost the oldest
known to the youngest. The oldest rocks are granites and
other crystalline rocks of probable Archeozoic age which are
exposed in the southeastern part of Missouri, in the Arbuckle
and Wichita mountains of Oklahoma, in the Rocky Mountains
of Colorado, and at points farther distant, north of Kansas.
Since the exact age of these isolated patches of very ancient
rocks.is difficult or impossible to determine, it is most conven-
ient to speak of them simply as Pre-Cambrian, for in all cases
they are known to be older than the first sedimentary rocks of
the Paleozoic. It is known that the Pre-Cambrian rocks extend
everywhere beneath the later sedimentary formations, since
they have been encountered in deep wells at many points out-
side the area of their outcrop. Geologic study indicates that
any well drilled to a sufficient depth should strike the Pre-
Cambrian; that is, that these crystalline rocks represent a
“fundamental basement” or floor on which all the succeeding
stratified rocks of the continent are laid down. According
to abundant observation in all parts of the world, the Pre-
Cambrian marks the lower limit of possible oil and gas deposits.

The Pre-Cambrian nowhere appears at the surface in Kan-
sas, but drilling in the central part of the state has shown that
it approaches the surface much more closely than was sup-
posed. Sufficient tests have been made to indicate clearly the
presence of a buried ridge or mountain range of granite which
appears to trend in a direction slightly east of north from east
Sumner county to the northern limits of the state.? No evi-
. dence of metamorphism of the sedimentary rocks immediately
overlying the granite has been found, and it is probable that
- the ridge represents a part of the Pre-Cambrian floor.

Cambrian and Ordovician. The sedimentary formations
which rest upon the Pre-Cambrian floor conform essentially

2. A detailed discussion of this granite is contained in another part of this report. -
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Oil and Gas Resources of Kansas. 11

to its surface. They are nearly horizontal over wide areas
where the underlying crystalline rocks have not been deformed,
but are upturned where the granite has been pushed more or
less sharply upward by deep-seated mountain-making forces.
Thus where the granites appear at the surface in Missouri,
Oklahoma, Colorado or South Dakota, the oldest sedimentary
rocks are upturned around them, the younger formations ap-
pearing, in the order of their age, farther away. (Plate I1.)
The exposure of these lower Paleozoic formations, even at a
distance from Kansas, makes possible a more accurate concep-
tion of their character within the state than would be obtained
from the record of deep borings alone.

As studied in the Ozark region of Missouri, the rocks be-
neath the Mississippian and overlying the Pre-Cambrian in-
clude representatives of each of the geologic time divisions of
the Paleozoic. The Cambrian and Ordovician systems of this
region, consisting of dolomites, limestones, shales and sand-
stones, aggregate 2,000 to 2,500 feet in thickness. The suc-
ceeding Silurian and Devonian, however, are very thin and ir-
regular in distribution and are practically confined to the
northern, eastern and southern flanks of the Ozark uplift. The
Silurian has been recognized in northeastern Oklahoma® and
northern Arkansas,* but beds of this period and of the De-
vpnian are wanting throughout most of the region of the Great
Plains.? : ) '

West of Kansas, in the upturned strata of the Front Range
of the Rocky Mountains (plate II), the strata of the Great
Plains are well exposed and may be studied in some detail.
Here the Cambrian is observed in certain localities, but it has
‘a thickness of not more than fifty or sixty feet and for long
distances it is absent altogether.: The Ordovician, similarly,
while recognized here and there, has - a maximum thickness of
only 250 feet, and disappears north of Denver.

Cambrian and Ordovician strata are present in the Wichita
and Arbuckle mountains and surrounding the Black Hills of
South Dakota. Since these old formations come to the sur-

8. Taff, J. A., Tahlequah folio, Oklahoma: U. 8. Geol. Survey, Geol. Atlas, folio 122,
1905. The Silurian is represented by the St. Clair limestone about 100 feet in thickness.

4. Williams, H. S.; The Paleozoic Faunas of Northern Arkansas: Ann. Rept.,, Ark.
Geol. Survey, 1892, vol. 5, pp. 277-284, 1900,

5. Shepard, E. M., Formations in Southwestern Missouri (Geology of Green county,
Missouri, Mo. Geol. Survey, vol. 12, pp. 65-82, 1892), Northern Arkansas and Oklahoma
(Chattanooga shale and Sylamore sandstone), referred to the Devonian by various writers,
are probably referable to the basal Mississippian.
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‘face at various points on almost all sides of Kansas, it may be
supposed that they underlie most of the state, but it should be
noted that their thickness decreases very greatly from east to
west, as shown by observations in Missouri and Colorado.
Deep borings in southeastern Kansas indicate the thickness of
sedimentary rocks beneath the Mississippian in parts of the
state to be more than 2,200 feet (Iola),® although granite has
been reported only 1,000 feet below the Mississippian at Paola’
and Neodesha® (?). If the granite of central Kansas already
mentioned is Pre-Cambrian, the older Paleozoic rocks are ab-
sent in this region, for the beds which immediately overlie the
granite are apparently Pennsylvanian in age.

In summary, it appears that a series of dolomite, shale and
sandstone ‘formations belonging to the Cambrian and Ordo-
vician systems, possibly with thin local deposits of Silurian or
Devonian age, underlie most of Kansas. These beds are more
than 2,000 feet thick in the eastern part of the state, but prob-
ably become very much thinner or locally absent to the west.:

MISSISSIPPIAN SYSTEM.

. Upon the eroded surface of the rocks of the older Paleozoic
in the Great Plains country is found the Mississippian sys-
tem, or, as it is called by drillers, the “Mississippi lime.” The’
Mississippian is a clearly defined, readily traceable strati-
graphic unit, consisting chiefly of crystalline limestones con-
taining a rather unusual amount of hard, flinty chert. In
Oklahoma and northern Arkansas it includes important beds of
shale and some sandstone, but where encountered by the drill in
Kansas and throughout most of Missouri it is essentially a lime-
stone series. An exception apparently is found locally in cen-
tral Kansas, according to recent information from well records,
which indicates a disappearance locally of the limestone and a
partial replacement by clastic materials. The thicknesg of the
system in the south central part of the Mississippi basin is
more than 2,000 feet, but in Kansas it is not more than 300 or
350 feet.

As shown on the accompanying sketch map (plate I), the
Mississippian appears at the surface in a band of varying
width almost surrounding the area of older Paleozoic rocks in

6. Haworth, Erasmus, and Bennett, John, General Stratlgraphv Special Report on Oil
and Gas: Kan. Univ. Geol, Survey, vol 9, p. 66%,

7. TIbid.
8. Idem.



0il and Gas Resources of Kamnsas. 13

the Ozark highland.- This band of outcrop extends across
- Missouri in an east-west direction just north of Missouri river,
and swings to the south from Sedalia into the Joplin and
Springfield region, where a considerable area in southwest
Missouri, northeastern Oklahoma and northwestern Arkansas
is covered by Mississippian rocks. The only portion of Kansas
in which the Mississippian beds occur at the surface is a very
limited area in the southeastern portion of Cherokee county
in the extreme southeastern corner of the state. The boundary
between the Mississippian and the succeeding Pennsylvanian
crosses the state line from Missouri about fifteen miles north
of the southern border of the state and passes into Oklahoma
about nine miles from the east Kansas state line.

The rocks of the Mississippian area in Kansas have been
referred to the Burlington and Keokuk formations, but ac-
cording to recent investigation by the writer there seems little

West

Crefaceous East

ALY

FI1GURE 2.—Geologic section across Kansas showing the slight sag in
the beds in central Kansas.

doubt but that this area belongs in the Warsaw division. This
is in accordance with the determination by Weller® of a part
of the Mississippian of the adjoining southwestern Missouri
district. - The subdivisions of the Mississippian have not been
recognized in other portions of the state, although it seems
probable that the limestone encountered in deep wells belongs
chiefly to the Osage group. It is possible that the oil-bearing
sandstones and shales of Chester age in Oklahoma extend north-
ward a short distance into Chautauqua county, Kansas, since
wells near Sedan have reported oil within the ‘“Mississippi
lime.” Deep wells at various points in Kansas northwest of the
Mississippian outcrops above mentioned have encountered the
limestone beds of the system. They show that the beds are
gradually inclined in a west or northwest direction at a rate
varying from eight to fifteen or twenty feet per mile.

The Mississippian has been recognized at points as far west
as Douglas (3,110 feet depth), but to what distance farther )

9. Weller, Stuart, personal communication.
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~ west the limestones of this-age extend cannot be stated on evi-
dence at hand. It is apparently absent along most of the line
in which the wells have encountered the granite ridge in the
east central portion of the state. The Migsissippian appears at
the surface locally where the rocks of the Paleozoic are up-
turned along the flanks of the Front Range in Colorado.

The upper surface of the Mississippian limestone is very
uneven, having been greatly eroded during pre-Pennsylvanian
- and early Pennsylvanian time. As indicated by well drillings
and observations in southeastern Kansas, the top of the Mis-
sissippian has a variation in elevation of as much as 75 to 90
feet in distances of less than one-half mile. This evidence of
erosion has been observed throughout the Mississippi basin,
and has been described by many geologists. It should be noted,
however, that although there is considerable irregularity in
the surface of the Mississippian limestone within a limited dis-
trict, observations over a wider area show a general con-
formity between the bedding of the Mississippian and that of
the overlying Pennsylvanian. This indicates that notwith-
standing the widespread and possibly long-continued erosion
after the Mississippian, there was riocsimportant dlsturbance of
the older beds before Pennsylvanian deposition.

PENNSYLVANIAN SYSTEM.
General Description.

The Pennsylvanian system as observed in Kansas consists of
a thick series of alternating shale and limestone formations,
with irregular beds of sandstone and some beds of coal.
, Distribution. Pennsylvania strata appear at the surface in
" a broad belt extending from northern Iowa to Texas, all. of
northwestern Missouri, southeastern Nebraska, the eastern
one-fourth of Kansas and a large portion of Oklahoma and
-Arkansas being composed of these rocks (plate I). The Penn-
sylvanian of the mid-continent region was at one time without
doubt continuous with the beds of the same age in Illinois and
states farther east, and it is possibly directly continuous with
the Pennsylvanian formations which come to the surface in the °
Front Range of the Rocky Mountains in Colorado. The system
is of greatest economic importance because of the oil and gas’
contained in many of its more porous formations, and because
of its deposits of coal, shale, clay and limestone.
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Thickness. The Pennsylvanian rocks of Kansas have a thick-
ness, according to Haworth,' of nearly 3,500 feet in the south-
ern part of the state and a slightly smaller amount to the
north. A total thickness of about 3,000 feet has been measured
along Kansas river. As the Pennsylvanian rocks have a general
dip to the west they are consequently much thinner along the
eastern border of their outcrop, where only the older forma-
tions have been spared by erosion, and thickest in the counties
adjoining the belt of Permian outcrop. Since the dip of the
beds is low and the relief of the surface slight, outcrops of
the lower formations are separated by a distance of more than
100 miles from those of the upper. Accordingly, measurement
of the thickness of the lower formations at their outcrop does
‘not indicate precisely their thickness at points a considerable
distance to the west and compilation of surface measurements
does not show accurately the total thickness of .the system.
However, the record of deep wells indicates that the figures
given are approximately correct.

Lithologic Character. The Pennsylvanian system is composed
of a number of varieties of shale, sandstone, limestone, clay
and coal, which, though rather thin in a vertical direction, are
unusually persistent horizontally. Many of the limestones have
been traced from the north to the south border of the state
and in some cases a considerable distance into adjoining states.
This persistence of the Pennsylvanian beds has made the de-
‘tailed studies of Haworth, Bennett, Adams, Beede and others
of great value and wide application, and we now have an
excellent general knowledge of the stratigraphy of eastern
Kansas.

From a quantitative standpoint, the shales are the most im-
portant of the rocks of the Pennsylvanian, constituting a con-
siderable proportion of almost every formation. The shales
are in general rather argillaceous. In many cases, however,
they are quite sandy, and at many horizons grade both laterally
and vertically into sandstone. Some of the shales are highly
calcareous, in places containing so much lime that they might
‘rather be called shaly limestones. The general color of the
Pennsylvanian shale is gray or yellowish brown, but variegated
tints of other-colors are not uncommon. Dark or black slaty
shales with abundant carbonaceous or bituminous matter also
occur.

10. Haworth, Erasmus, and Bennett, John, loc. cit., p. 73.
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The limestones are probably next in importance in the Penn-.
sylvanian of the region. They are, for the greater part, light-
colored fossiliferous, fine-grained, compact rocks, many of the
beds, especially the thicker ones, being also quite cherty. Some
are odlitic and thick-bedded. The fragments of fossils of va-
rious sorts are extremely abundant in many formations, and in
certain cases make up almost the entire body of the rocks.
These include the more or less recognizable fragments of
bryozoans, corals, shells of brachlopods and other inverte-
brates.

Sandstone is abundant at certain horizons, but, quantita-
tively considered, it is less important than the foregoing rock
types. As a rule, the sandstones are of medium grain and con-
tain a great deal of mica. In afew instances they are coarse
grained and nonmicaceous. In color they vary from white to
blue gray or yellow, but in almost all cases they weather to a
yellowish brown. The sandstone formations are not very per-
sistent horizontally, grading laterally as well as vertically into
shales of more or less impervious character. The sandstones
have a very great economic importance because of thelr con-
tent of oil and gas at very many places.

Coal is important in the lower divisions of the Pennsylvanian
in Kansas, especially in the southeastern portion of the state.
The coal beds of the Cherokee shale and of the overlying Mar-
maton formation are the most valuable. Clays are common in
certain areas. They occur especially near the base of the
Pennsylvanian associated with beds of coal.

Effect on Topography. The lithologic character and the
structure of the Pennsylvanian rocks of eastern Kansas are
very closely reflected in the topography and physiography of
the region. The limestone formations characteristically form
more or less well-defined escarpments with steep eastern slopes,
and very long, gentle dip slopes to the west, which are traceable
in some instances for miles. The escarpments made by the
outcrops of these resistant formations may be followed with
the greatest ease from one border of the state to the other, and
have been mapped in some detail by Haworth and Bennett.!!
The outcropping lines of the different formations are shown
in the geologic map (plate I). Geologic cross sections drawn
in various directions across the state have been prepared with

11, Haworth, Erasmus, and Bennett, John, loc. cit. plates VIIb, VII¢, 1908.
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considerable care, 1> a study of which shows the general rela-,
tion of the formations to each other and to the surface outcrops
(see plates XV-XVII)

Structure. In common with the MISSISSIpplan and other
systems outcropping in eastern Kansas and the adjoining re-
gion, the Pennsylvanian strata have a gentle inclination out-
ward from the Ozark highlands. In northeé,stern Kansas they
dip toward the northwest, in central eastern Kansas almost
due west, and in the southern counties of the state slightly
southwest. If the Pennsylvanian is continuous beneath the
thick overlying formations of Permian, Cretaceous and Ter-
tiary age in the western part of Kansas, the system is a part
of the shallow sag or syncline which characterizes the broader
structure of the state. However, when examined in detail it is

- seen that there are many irregularities in the structure of the
Pennsylvanian rocks. For example, at many points in eastern
Kansas the rock strata are absolutely horizontal, or are even
inclined to the east.’® These irregularities are minor waves
on the major structure of the Pennsylvanian, and though not
prominent, they are of the very greatest importance to- the oil
producer, for they control in a very essential way the distribu-
tion of the oil and gas in the rocks. They are the anticlines
sought for by the geologist.

Subdivisions. On the basis of difference in lithologic chaz-
acter and fossils, and to a certain extent on the evidence of
“erosion breaks at places in the series, the rock strata of the
Pennsylvanian have been divided into a number of formations
and members. The names used in this report are those which
appear to accord most closely with the established rules of pri-
ority in the nomenclature of geologic formations, and are, with
very few exceptions, the names which have been recommended
by the Committee on Geologic Names of the United States Geo-
logical Survey.* A considerable amount of geologic work has
been done in the region where the Pennsylvanian outcrops, and
the subdivisions which have been recognized have been traced

12, Haworth, Erasmus, Stratigraphy of the Coal Measures of Eastern Kansas: Kan.
Univ. Geol. Survey, vol. 8, plates I-IV, 1908; Special report on oil and gas; Kan. Univ.
Geol. Survey, vol. 9, plates VIII-XIII, 1908.

18. A typxca'l anticline may be cited in ‘the vicinity of Alma, Wabaunsee¢ county, in
which there is an east dip of 160 feet in mx miles. In the Cushing district, the most
important of all the Oklahoma pools, there is a vertical distance of only 160 feet fromr
the top of the dome to the bottom of the adjacent syncline.

14. Hinds, Henry, and Greene, F. C., Stratigraphy of the Pennsylvanian series in
Missouri; Mo. Bur. of Geology and Mines, vol. 13, p. 16, 1915.
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across most of the state. They may be accepted, therefore, as
well-defined stratigraphic units.

DlVISION'S OF THE PENNSYLVANIAN ROCKS OF KANSAS.

Group. Formation. Member.

Eskridge shale.

Neva limestone.
Elmdale shale.
Americus limestone.
Admire shale.
Emporia limestone.
Willard shale.
Burlingame limestone.

Wabaunsee formation.

Scranton shale.
Howard limestone.
Severy shale.

Topeka limestone.
Shawnee formation. Calhoun shale.

Deer Creek limestone.
Tecumseh shale.
Lecompton limestone.
Kanwaka shale.

MISSOURI.
Oread limestone.
Lawrence shale.

Iatan limestone.
‘Weston shale.

Douglas formation.

Stanton limestone.
Vilas shale.
Plattsburg limestone.
Lane shale.

Lansing formation.

Iola limestone.

Chanute shale.

Drum limestone.
Cherryvale shale.
Kanusas City formation. Winterset limestone.
Galesburg shale.
Bethany Falls limestone.
Ladore shale.

Hertha limestone.

La Cygne shale.
Lenapah limestone.
Nowata shale.
Marmaton formation. Altamont limestone.
Bandera shale.

Des MoINEs. Pawnee limestone.
Labette shale.

Fort Scott limestone.

Cherokee shale. Undifferentiated.

In the development of our present knowledge of Pennsyl-
vanian stratigraphy in Kansas, these beds have been subdivided
into various groups and formations which do not accord with
present classification. Many geologic names have been used,
and a good deal of confusion has followed the different defini-
tions and use of geologic names by various workers. The de-
velopment of the stratigraphic classification adopted in this
report, and its relation to the names which have previously
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been used, is shown in detail in a previous publication.’> Ref-
erence to this summary of classification will obviate the neces-
sity of recounting the usage of various authors in the definition
‘and description of the stratigraphic units.

The general stratigraphy of the subdivisions of the Pennsyl-
vanian will be discussed briefly. The descriptions must, how-
ever, be regarded as a mere summary of Kansas geology,
adapted to the use of those especially interested in the develop-
ment of oil and gas. The discussion of stratigraphic problems
. of purely scientific interest, and matters not germane to the
subject of this report, are purposely omitted.

‘ DES MOINES GROUP.!6

The Pennsylvanian system of the western Mississippi valley
has been divided into two main groups, the lower termed the
Des Moines group and the upper the Missouri group. These
divisions, which are identical with the “Lower” and ‘“Upper
Coal Measures,” respectively, of earlier geologists, were origi-

.nally made in the belief that the higher, younger portion of the
. Pennsylvanian was differentiated from the lower part by a
much greater proportion of calcareous matter. This is in truth
a generally distinguishing feature, but detailed studies over a
wide area have shown that limestones are more abundant in
the Des Moines group than first supposed, and that shale and
sandstone are almost if not quite as important in the Missouri
group as in the Des Moines. Lithologic differences are there-
fore not so sharply defined. However, a well-marked faunal
change occurs at the line of division between the two groups,
and in Missouri there is evidence of an erosion break of wide
extent at about the same horizon. The major classification of
the Pennsylvanian indicated may be accepted, therefore, in this
report. It is to be hoped that additional paleontologic study
will make possible a subdivision of the -Pennsylvanian of the
western Mississippi basin into groups which are at least ap-
proximately correlative with those defined in the Appalachian
region. .

The Des Moines group includes approximately 500 to 800 feet
of the lower strata of the Pennsylvanian of Kansas. It con-
sists chiefly of clastic materials such as shale and sand-

15. Moore, Raymond O., and Haynes, Winthrop P.; Oil and Gas Resources of Kansas:
Kan. Geol. Survey, Bull. 3, 1918.

16. Keyes, O. R.; The Geological Formations of Iowa: Iowa Geol. Survey, vol. 1,7 pp.
85-114, 1893. Named from Des Moines, Towa. .
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stone, but contains an important minor content of limestone
-(fig. 83). Deposits of coal and clay of great economic value
also occur. The porous sandstones of the Des Moines are the
chief containers of the oil and gas dep051ts of Kansas and Okla-
homa.

Rocks of the Des Moines group outerop in an 1rregular band
surrounding the older beds. They occupy the southeastern
portion of Kansas, extending from Miami county on the north-
east to Montgomery county on the southwest, including all or
portions of Linn, Bourbon, Crawford, Neosho, Cherokee and
Labette counties. The beds of the Des Moines dip to the west
and northwest and are continued from the zone of their out-
crop an unknown distance. It appears from a study of well
records in Butler county and adjacent counties that the Des
Moines group extends at least at far west as this part of the
state, but it is thinner than at the outcrop.

Variations in the thickness of the Des Moines group are
largely dependent upon changes in the character of the Chero-
" kee shale. The total thickness of the group may be obtained by
measuring its various units in the area of their outcrop. These
may be supplemented by the records of deep wells, and indicate
a varying thickness in different localities: at Atchison, 813
feet ; Kansas City, 669 feet, ete.

The Des Moines group has been divided into two formations
of approximately equal thickness, the Cherokee shale below and
the Marmaton formation above. This appears to be very de-
sirable both on lithologic and faunal grounds.. The Cherokee
is essentially a shale and sandstone formation, almost lacking
in limestone; but beginning with the persistent limestone of
the Fort Scott horizon, the Marmaton contains a number of
well-defined limestone members. Distinct differences in the
faunas of the two formations have been recognized by Beede
and Rogers.!”

Cherokee Shale.!8

The Cherokee shale, at the base of the Pennsylvanian sys-
tem in Kansas, is especially important because it containg the
more or less irregular beds of-sandstone which are the chief
oil and gas producers of the state (fig. 3). The formation is

. 17.. Beede, J. W. and Robert, A. F.; Coal Measures Faunal Studies: Kan. Univ.
Geol. Survey, vol. 9, pp. 318-385, 1908.
18. Haworth, Erasmus, and Kirk, M. Z.; The Neosho River Section: Kan, Univ.
Geol. Survey, vol. 2, p. 105, 1894, Named from Cherokee county, Kansas.
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Old Red sand

LaCygne shale

Lenapah limestone

Nowata shale

Altamont limestone

Marmaton formation

Bandera shale
Peru sand

Pawnee limestone

Labette shale

Fort Scott limestone
Oswego sand

Undifferentiated

Cherokee shale

Bartlesville sand

Burgess sand

sandstone ETT limestone B3 shale
B coal

FIGURE 3.—Generalized section of the Des Moines group of the
Pennsylvanian in Kansas.
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exposed at the surface over most of Cherokee county, from
which it takes its name, and in the eastern portions of Craw-
ford and Bourbon counties. - The belt of Cherokee extends
northeastward across most of Missouri and has been traced
- southwest through Oklahoma as far as Arkansas river. It is
possible that it extends eastward into Arkansas.

The Cherokee shale has an average thickness of 400 to 500
feet in southeastern Kansas, but there is considerable varia-
tion. At Topeka deep drilling indicates a thickness of 704
feet, at Atchison 598 feet, at Emporia 351 feet. It appears
from this that the Cherokee shale is thicker to the north and
northwest, but not so thick to the west. In Oklahoma the
Cherokee shale is very much thicker, aggregating more than
1,000 feet in the vicinity of Pryor creek,’® and if correlated
with the Winslow and Boggy formations farther south, a total
thickness of more than 1,500 feet is attained. The lower part
of the Pennsylvanian in eastern Oklahoma is certainly older
than the Cherokee shale in Kansas.

The lithologic character of the Cherokee shale is indicated
in the generalized section (fig. 3), which shows a succession of-
shales and sandstones, with beds of coal and discontinuous
limestone layers at certain horizons. Shale constitutes by far
the greatest part of the formation, although the proportion of
sandstone is not negligible in quantity. There is considerable
lithologic variation, both vertically and laterally, in the Chero-
kee shale. The color ranges from light ash gray to yellowish
brown and. jet black, and there are changes in the material
from finest-grained clay shale to very sandy shale and sand-
.stone. Sandstone beds are very abundant throughout the
Cherokee, but are not of sufficient persistency to be of value in
stratigraphic study. They are the source of most of the pro-
duction of southeastern Kansas and the adjacent portion of
Oklahoma, and possibly also in the Butler county field. The
Bartlesville sand is the most important of the oil and gas hori-
zons of the Cherokee. It has been encountered throughout
most of the producing field. At the base of the formation in
many places is the Burgess sand. Other oil and gas sands of
the Cherokee are recognized in the description of individual
districts which follow. ’

19. Shannon, C. W. and Trout L. E.; Petroleum and Natural Gas in Oklahoma:
Okla. Geol. Sune) Bull, 19, pt. 1, p. 84, 1915,
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The Cherokee shale is not as abundantly fossiliferous as
some of the divisions of the Kansas Pennsylvanian, but it is
fairly well defined faunally. The most abundant and charac-
teristic fossil is the small productid Marginifera muricata
(see plate ITI). The little shells of Chonetes mesolobus, which
is characterized by the sharply defined double furrow on the
convex valve, is also very common. It occurs also in the Mar-
maton formation but is not known to be present above this
horizon. The remainder of the fauna consists of large cephalo-
pods and other mollusks, a few corals and bryozoans, and some
long-ranging brachiopods.

Marmaton Formation.2°

The Marmaton formation, in striking contrast to the under-
lying Cherokee shale, contains a number of well-defined mem-
bers which have been traced the entire length of the forma-
tion outcrop across the state. Between the limestones are
persistent shale members. Although differentiated almost en-
tirely on a physiographic basis,?! the Marmaton formation is a
natural lithologic unit and has a fauna which is sharply dis-
tinct, both from that of the underlying Cherokee and from
that of the beds of the succeeding Missouri group. Since no
break in sedimentation or marked change in lithologic char-
acter occurs within the formation as here defined, and since the
fossils of the Marmaton are a unit, there seems to be little
or no basis, so far as Kansas is concerned at least, for dividing
the Marmaton into two formations as has been done in Mis-
souri.>? ‘ _

The outcrop of the Marmaton formation appears as a broad
band twenty to thirty miles wide, trending in a direction from
northeast to southwest across southeastern Kansas. It is the
most important surface formation in Labette, Crawford and
Bourbon counties. In this district the Cherokee is buried a
relatively slight depth, so that drilling operations are inex-
pensive. :

The average thickness of the Marmaton is about 300 feet to

20. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 3, pp. 92, 94, 1908. Named from Marmaton river, eastern Kansas.
21. Haworth, Erasmus, and Bennett, John; General Stratigraphy, Special report on
. oil and gas: Kan. Univ. Geol. Survey, vol. 9, pp. 74-75, 1908.
22. Hinds, Henry, and Greene, F. C., loc. sit., The formations in the Missouri report
corresponding to the Marmaton formation are the Henrietta formation below, and the
Pleasanton formation above.
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Prate IT1.—Typical fossils of the Cherokee and Marmaton formations.
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400 feet.  The entire thickness is present, of course, only
toward the west border of the belt outerop,-where the upper
members of the formation have not been removed by erosion.

The Marmaton is characterized by an abundance of inverte-
brate fossils, at least sixty new species being introduced at the
very base of the formation. On account of its extraordinary

-abundance in some of the limestones of the Marmaton and its
‘relative absence from the higher beds of the Pennsylvanian in
Kansas, the coral Chaetetes milleporaceus (plate III) may be
regarded as one of the most striking paleontologic features of
the formation. This species which is marked by the almost
microscopic' size of the individual corallites forms colonial
growths of remarkable size, some of them three or four feet in
diameter. Other common fossils in the Marmaton are Squa-
mularia. perplexa, Marginifera muricata, Axophyllum rude,
Fistulipora nodulifera, and Griffithides scitula.

The Marmaton formation includes eight members of alter-
nating limestone and shale.

Fort Scott limestone member.>® At the base of the Mar-
maton is the Fort Scott limestone, comprising a lower lime-
stone bed, 5 to 18 feet thick, a thin but persistent intermediate
shale bed 7 to 8 feet thick, and an upper limestone bed 10 to
12 feet thick. ' The total average thickness of the member is
thus about 30 feet. The Fort Scott limestone appears at the
surface in a narrow band at the east edge of the Marmaton
belt of outcrop, and extends from the south border of the
state near Chetopa and Oswego to the east state boundary in
the vicinity of Fort Scott. It forms a prominent escarpment
“almost the entire distance. In places the top of the limestone
is marked by a long dip slope which extends miles to the west.
It has been determined that?* the Wheeler sand in the Cushing

EXPLANATION OF PrLATE III. Corals: Chetetes milleporaceus, part of a colonial
growth broken to show the slender, closely packed corallites, (12); Awophyllum rude, a
small, straight horn coral, viewed from the side, (14). Bryozoans: . Fistulipora nodulifera,
a. massive. growth composed of very minute cells which open outward in tiny apertures
(11). Brachiopods: Ohonetes mesolobus, a small concavo-convex shell the middle por-
tion of which is marked off in a small, distinet lobe, (1) view of concave brachial valve,
(2) view of convex ventral valve; Marginifera muricata, a shell of the Productus type
with rather coarse ribs and small spines, (8) Squamularia perplexza, a rounded shell with
prominent beaks, the surface marked by fine radiating spines and concentric growth lines,
(5) brachial view, (6) side view; Oomposita subtilita, one of the commonest Pennsyl-
vanian_ fossils, side view, (7); Pustula punctata, a large Productus type shell with very
numerous small spines arranged in distinet concentric bands, (15) side view showing
convexity of ventral valve, (16) ventral view. Pelecypods: Nuculopsis ventricosa, small,
smooth-shelled, with very convex valves, (10); Awiculopecten interlineatus, a small scallop
with prominent concentric ridges (13). Trilobites: Grifithides scitulus, a rolled up speci-
men (8) showing head shield, (9) side view.

23. Swallow, G. O.; Preliminary Report of the Geol. Survey of Kansas, p. 25, 1866.
Named for Fort Scott, Bourbon county, Kansas.

24, Shannon, C. W. and Trout, L. E.; loc. cit., p. 86.
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district, the Oswego sand in the Bartlesville pool, and possibly
certain sands in the Glenn pool, are at the horizon of the Fort
Scott limestone member.

Labette shale member.2> The Labette shale lies between the.
Fort Scott limestone and the succeeding Pawnee limestone, its -
thickness ranging from 20 to 60 feet in Kansas and to more
than 120 feet in northern Oklahoma. The formation consists of
clayey and sandy shales, which grade locally into somewha’r
shaly sandstone.

Pawnee limestone member.2® The Pawnee limestone is a
massive, rather fine-grained limestone having an average thick-
ness of about 45 feet where completely developed A maximum
thickness of 52 feet has been observed in Kansas.?” It is ex-
posed in a narrow zone from a point west of Chetopa to the
east Kansas border in the vicinity of Fulton. The Pawnee
limestone may be distinguished readily from the underlying
Fort Scott limestone by its massive bedding and its large con-
tent of iron. The Pawnee limestone is distinctly less fossﬂlfer-
ous than the Fort Scott.

Bandera shale member.2®6 The Bandera shale is ‘a rather
thick, somewhat lenticular member, blue to black in color. It
measures from 60 to 120 feet in Kansas, but according to ob-
servations in northern Oklahoma it is much thinner there.
Near ‘Oolagah the Bandera disappears and the Pawnee and
Altamont limestones come together, forming the Oolagah lime-
stone of Oklahoma geologists, or the “big lime” of drillers.
The Bandera shale outcrops in a zone three to eight miles in
width, which reaches from the south part of the state in the
vicinity of Altamont northeastward to the vicinity of Prescott.
As a whole the shale is rather argillaceous, but there are grada-
tions to sandy shale, shaly sandstone or pure sandstone.
Quarries for flagstone are operated at various points along the
outcrop. Some of the oil and gas sands of Kansas are at this
horizon, and the Peru sands of the Dewey-Bartlesville field in
Oklahoma have been referred to this member.2® Coal is locally
important in the Bandera shales, being mined near Hammond.

25. Haworth, E.; loc. cit.- Named from Labette county, Kansas.
26. Swallow, G. C.; loc. cit., p. 9.
27. Haworth, E., and Bennett, John; loc. cit.,, pp. 83-84.

28. Adams, Geo. I.; Stratigraphy and Paleontology of the Upper Carboniferous
Rocks of the Kansas Sectwn U. S. Geol. Survey, Bull. 211, p. 32, 1903. - Namad from
Bandera, Bourbon county, Kansas.

29. Shannon, C. W., and Trout, L. E.; loc. cit.
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Altamont limestone member.3® The Altamont limestone is a
fairly well-defined horizon extending from the western counties
of Missouri across Kansas and a considerable distance into
Oklahoms. According to Haworth and Bennett?! it has a maxi-
mum thickness of 10 feet, decreasing in places to no more than
3 or 4 feet. In northern Oklahoma it is described as having
an average thickness of about 80 feet.’> The Altamont lime-
stone is a rather hard, massive, highly siliceous limestone,
blue to bluish gray in color. It is especially characterized by
the abundance of the fossil Squamularia perplexa. The Alta-
mont forms a prominent escarpment throughout the greater
extent of its outcrop.

Nowata shale member. Above the Altamont limestone is a
thick, persistent shale member which outcrops in a narrow
strip from Pleasanton southward to Parsons and Edna and into
Oklahoma. It appears that the correct name for this member
is the Nowata shale from the name given by Ohern?®? in Okla-
homa. The name Walnut shale given by Haworth and Ben-
nett?* is not available for this division, as it had previously
been employed to designate a formation in the Cretaceous of
Texas. The average thickness of the shale is about 70 feet.
The width of the outcrop zone varies from one mile to six or
eight miles. The physical properties of the Nowata shale are
essentially the same as those of associated shale members.
Production of oil or gas is not reported from this horizon.

‘Lenapah limestone membeér?® A thin but persistent lime-
stone bed which has been called the Lenapah member, succeeds
the Nowata shale. It has an average thickness of 8 to 10 feet
in Kansas and is prominently exposed on both sides of Verdi-
gris river at the south line of the state at Coffeyville. Accord-
ing to Haworth and Bennett,* it occupies a zone 7 to 8 miles
wide along Pumpkin creek and its tributaries in northeast
Labette county. To the north it is much thinner. The name
Coﬁ'eyvﬂle limestone is 1napp11cable to this horizon inasmuch

30. Adams, Geo. I.; A Geologic Section from Galena to Wellington: Kan. Univ. Geol.
Survey, vol. 1, p. 22, 1896. Named from Altamont, Labette county, Kansas.

31. Haworth, Erasmus, and Bennett, John; loc. cit., p. 85.
32, Shannon, C. W., and Trout, L. E.; loc. cit. p. 8’7

33. Ohern, D. W.; The Stratigraphy of the Older Pennsylvanian Rocks of Northeast-
ern Oklahoma Univ. of Okla., Bull. 4, p. 23, 1910.

34. Haworth, E., and Bennett, John; idem, p. 86.
35. Ohern, loc. cit., p. 25.
36. Haworth, E., and Bennett, John; idem, p. 87.
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as the name had earlier been used for a very different strati-
graphic division.

La Cygne shale member. A thick, persistent member at the
top of the Marmaton formation, consisting of a variety of
shales and intercalated sandstones, with some thin, discon-
tinuous beds of limestone is here termed the La Cygne shale.
The average thickness of the shale is about 125 feet, but in
the vicinity of Blue Mound, Boicourt and La Cygne a thick-
ness of 150 feet has been observed. The La Cygne shales are
valuable on account of their content of heavy beds of sand-
stone and limestone at different places. The oil-producing

sands of the Rantoul, Paola and other districts in eastern Kan-
~ sas belong in part at least to this horizon. The name Pleasan-
ton shale, which has previously been used for this member in
. Kansas reports, is not correctly applied. This name was given
to a larger division. The new term here employed is taken
from the town of La Cygne in Linn county.

MISSOURI GROUP.37

The Missouri group, comprising the upper or barren por-
tion of the “Coal Measures,” resembles the upper half of the
Des Moines group lithologically, but differs from that group
as a whole in the greater persistency of its individual mem-
bers and in containing more limestone, less sandstone, and
much less coal. It is sharply distinguished from the Des
Moines by faunal characters and at least in certain areas is
limited below by an unconformity. From an economic stand-
point the Missouri group is much less important than that
underlymg it, since it contains but little coal, or, so far as
known, oil or gas.

The formations of Missouri age comprise much the larger
portion of the Pennsylvanian in Kansas. Their outcrops form
a broad band in a north-south direction across the state im-
mediately west of the Des Moines beds. The west boundary
of the group is an irregular line trending almost due south
from Marshall county to Cowley county.

The total estimated thickness of the Missouri group in cen- .
tral Kansas, based on observations of the surface outcrops, is -
more than 2,000 feet. However, the formations become some-
what thinner toward the northwest and west, as indicated by

37. Keyes, C. R.; The Geological Formation of Iowa: Iowa Geol. Survey, vol. 1,
p. 85, 1893, Named from northwestern Missouri, -
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deep drilling. The Missouri group in southeastern Kansas
has a thickness of approximately 1,500 feet.

"~ The lithologic character of the Missouri group is mdlcated
by the géneralized columnar sections, figures 4 and 5. Here,
as well as in the lower part of the Pennsylvanian in Kansas,
shale is quantitatively much the most important rock type,
but limestone forms a very essential and prominent part of
the group because of the persistency of the limestone mem-
bers and their pronounced effect on topography. In the lower
portion of the Missouri group limestone comprises approxi-
mately one-half the section. Sandstones are locally very thick
and massive, but in general their lateral extent is not great.

On the basis of lithologic character and the contained fos-
sils, the Missouri group has been divided into five formations.
These, in their order from bottom to top, have been given
‘the following names: Kansas City, Lansing, Douglas, Shaw-
nee, Wabaunsee. Each of these formations will be described
briefly.

‘Kansas City Formation.38

At the base of the Missouri group is the Kansas City for-
mation, which may be differentiated readily as a lithologic and
faunal unit from other parts of the Pennsylvanian system in
Kansas. Its outcrop forms a somewhat irregular but clearly
defined belt trending slightly west of south from the vicinity
of Kansas City to Montgomery county. It has been traced also
a considerable distance beyond the borders of the state into
Missouri and Oklahoma. The total thickness of the Kansas
City formation varies from 200 to more than 300 feet, the
thickness at Kansas City being about 225 feet (see fig. 4).
As observed at its type locality, more than half of the forma-
tion consists of limestone, contrasting sharply with most of
the associated formations. Shale members of the Kansas City
are argillaceous or calcareous, but in some cases are black and
slaty. There is very little sandstone in the formation, al-
though thin beds occur locally. The Kansas City formation
is one of the best-defined stratigraphic horizons in the east-
ern part of Kansas. As indicated in the table of formations,
nine members of alternating limestone and shale are included
in the Kansas City formation.

38. Hinds, Henry, and” Greene, F. C.; loc. cit.,, p. 28. Named from Kansas City, Mo.
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From the standpoint of the fossils which are contained in
the Kansas City formation there appear to be. three subdi-
visions, the first including the beds below the Drum limestone,
the second composed of the Drum, and the third including the
members above the Drum limestone. The lower part of the
Kansas City formation is chieﬁy_(}istinguished faunally from
the subjacent Marmaton beds by the appearance of a consider-
able number of new species which become common. Among
these may be mentioned Chonetes verneuilionus, Spiriferina
kentuckiensis, Conocardium parrishi, Schizodus wheeleri,
Pharkidonotus percarinatus and Lophophyllum distortum
(see plate IV). The Drum limestone, which is more or less
oolitic, contains, a fauna which is very different from those of
other parts of the Pennsylvanian in Kansas. It is dominantly
composed of mollusks which occur both in great variety and
extraordinary numbers. - Among the most common and in-
teresting of these are representatives of the genus Pseudomo-
notis, which is commeonly an element only of the Permian
faunas. The upper part of the Kansas City formation con-
tains a very interesting crinoid fauna, which has been studied
especially in the vicinity of Kansas City. The large coral
*Campophyllum torquium and many of the common brachio-
pods of the Pennsylvanian are numerically very abundant in
this part of the formation.

Hertha limestone member.?® The Hertha limestone, erro-
neously called Bethany Falls limestone in earlier Kansas re-
ports,®® is a resistant, heavy-bedded, gray, crystalline lime-
stone, varying in thickness from a maximum of 22 feet, meas-

EXPLANATION OF PLATE IV. Corals: Lophophyllum distortum, a slender, straight horn
coral with thin walls and a small central axis or pseudocolumella, 19; Campophyllum tor-
quium, a robust coral which in some instances grows more than a foot in length, ex-
tremely abundant in some Kansas limestones, 2. Crinoids: COromyocrinus kansasensis, 11;
Eupachycrinus verrucosus, 12, calyces of robust species. Bryozoans: Septopora biserialis,
one of the lace pattern type, 18. Brachiopods: Orbiculoidea convera, a primitive but un-
usually large round shell with a conical point, 1; Derbya crassa, a flat shell with radiat-
ing ribs which is very common in some beds, 3; Hustedia mormoni, a small form with
coarse ribs and prominent beaks, 4 ventral valve, 5 dorsal valve; Spiriferina kentucki-
ensis, distinguished by its coarse ribs, fine concentric surface lines and shape, view of
hinge line 6, ventral valve 7; Ohonetes verneuilianus, marked by a deep, angular depres-
sion on the ventral valve, 10. Pelecypods: Pseudomonotis hawni, a somewhat irregular
shell with ribs of unequal size, 13; Schizodus wheeleri, nearly smooth but with a promineng
ridge extending from the beak, 14; Myalina swallovi, a small, very oblique shell with the
beaks at the sharp point, 16 view along hinge line, 17 side view. Gastropods: Pharki-
donotus percarinatus, a roughly knobbed shell coiled in a single plane, side view 15.

39, Adams, G. I.; Stratigraphy and Paleontology of the Upper Carboniferous Rocks
of the Kansas Section: U. 8. Geol. Survey, Bull. 211, p. 35, 1903. Named from Hertha,
Neosho county, Kansas.

40. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 8, pp. 45-46, and 100-103, 1898. Also, Haworth, Erasmus, and Bennett,
John; General Stratigraphy, special report on oil and gas: Kan: Univ. Geol. Survey,
vol. 9, pp. 89-91, 1908:
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FIGURE 4.—Generalized section of the Kansas City, Lansing and Douglas
formations of the Missouri group of the Pennsylvanian in Kansas.
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ured at Uniontown,*' to nothing where it disappears to the
south in the vicinity of Mound Valley. In Missouri the Hertha
limestone has a thickness ranging from 4 to 18 feet.#2 In
some places the limestone is quite ferruginous but elsewhere
it bleaches to a nearly pure white. Because of its resistence
to erosion it-forms a well-marked escarpment above the soft
La Cygne shale of the Marmaton formation.

Ladore shale member.®s The Ladore shale, is a clayey or
sandy shale which grades locally into shale, limestone or sand-
stone. It immediately overlies the Hertha limestone and ap-
pears at the surface.to the west of the Hertha escarpment. The
thickness of the Ladore ranges from less than 3 feet near
Kansas City to a maximum of more than 40° feet near the
southern border of the state. Towards the extreme south
where the Hertha limestone is absent the Ladore shale rests
directly upon the La Cygne. - .

_Bethany Falls limestone member.** Qverlying the Ladore
shale is the persistent Bethany Falls limestone, which has been
traced from the southern part of Kansas across Missouri and
into Iowa. As observed in the north part of its outerop, this
member consists of two main beds—the lower, a thick, mas--
sive, somewhat loosely cemented, unfossiliferous limestone,
which locally has a somewhat odlitic texture; and the upper, a
rather thin-bedded, fossiliferous limestone. The formation is
light or dark gray in color. Its thickness is about 22 or 23 feet
at Kansas City, but farther south it is gradually smaller, until
in the vicinity of Mound Valley it is less than 4 feet, and far-
ther south it disappears.

Galesburg shale member.*> The Galesburg shale, overlying
the Bethany Falls limestone, is a clay shale formation which
changes locally to sandy or bituminous shale. The thickness-of
the member ranges from 5 to 6 feet, as observed in the vicinity
of Kansas City, to 60 feet in northwestern Labette county.

41, Haworth, Erasmus, and Bennett, John; loc. cit.,, p. 90.
42. Hinds, Henry, and Green, F. C.; loc. cit., p. 116.

43. Adams, G. I.; Economic Geology of the Iola Quadrangle, Kansas: U. S. Geol.
Survey, Bull. 238, pl. 1, 1914. Named from Ladore, Neosho county, Kansas.

44, Broadhead, G. C.; Coal Measures in Missouri: St. Louis Acad. Sci., Trans., vol.
2, p. 820, 1868, Named from Bethany Falls, Harrison county, Missouri. This member
has been called Mound Valley limestone in earlier Kansas reports.

45. Adams, G. I.; loc. cit, p. 18. Named from Galesburg, Neosho county, Kansas.

3—0il and Gas Bul.—38820
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Winterset limestone member.*s This member is a blue, thin-
bedded limestone with buff shaly partings. Locally it is dis-
tinctly cross-bedded, and in its upper portion is characterized
by an abundance of chert. The large amount of chert is per-
haps the-most prominent feature of the member, distinguishing
it from other limestones of the formation. The main chert
beds at Kansas City belong to the Winterset member. In the
southern portion of the Winterset outcrop in Kansas the chert
is so abundant that the cherty debris from the weathering of
the member covers considerable areas. The chert is dark
blue or nearly black and contains an abundant molluscan
fauna. The thickness of the Winterset is nearly 30 feet at
Kansas City and farther to the northwest in Missouri it reaches
a maximum of 40 feet. Toward the southwest in Kansas, how-
ever, the formation becomes thinner, decreasing to less than 5
or 6 feet in the vicinity of Cherryvale. The member forms a
prominent escarpment between Erie and Shaw.

Cherryvale shale member.t™ Above the Winterset limestone
is a rather thick argillaceous or calcareous shale, called the

[10’ limestone (Plattsburg) }
—==———=—— 6" shale,sandy(Lane)

Lansing
formation

I I 30'limestone (lola)

—=——=—————"15"shale,dark
5’ limestone
Chanute
e

20" shale and
thin limeston

9’ limestone
[ 7' shale

21" limestone,
oolitic

Drum

23’ shale (Cherryvale)
Y

Kansas City formation

12’ limestone,cherty (Winterset)
4' shale (Galesburg)
=113’ limestone(Bethahy Falls)

117 shale (Ladore)

20’ limestone (Hertha)
{ Shale

FIGURE 5.—Section of bluff at Kansas City, showing succession of
limestones and shales. (U. S. Geol. Survey.)

46. Tilton, J. L., and Bain, H. F.; Geology of Madison county: Iowa Geol. Survey,
vol. 7, pp. 517-519, 1897. Named from Winterset, Madison county, Iowa. This member
was called Dennis limestone in an earlier report (Haworth, Erasmus, and Bennett, John,
Special report on oil and gas: Kan. Univ. Geol. Survey, vol. 9, p. 93, 1908).

47. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 3, p. 483, 1896. Named from Cherryvale, Montgomery county, Kansas.
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Cherryvale shale. Locally, as in the vicinity of Coffeyville, the
Cherryvale shale is very sandy, but at Cherryvale it is a good
clay shale and is extensively used in the manufacture of brick.
- Thin lenticular limestones occur in the shale toward the north.
The maximum thickness of the Cherryvale, as recorded in the
vicinity of its type locality, is about 125 feet, from which the
thickness decreases northward to about 25 feet.

Drum limestone member.*® Succeeding the Cherryvale shale
is the easily recognized Drum limestone, which is characterized
by a rather persistent oélitic texture and by a distinctive fauna.
Locally the Drum limestone is variable hoth in composition and
texture. Notwithstanding its individual peculiarities which
make it a desirable key horizon, the member does not have a
great stratigraphic value on account of its extreme variability
in thickness and its local discontinuity. The Drum limestone B
is recognized in the bluffs at Kansas City, where it is known
familiarly as “the odlite,” and is very prominent in south-
eastern Kansas in the vicinity of Coffeyville and Independence,
but it has not been traced throughout its entire outcrop. The
Drum ranges in thickness from a very few feet, or nothing at
all, to as much as 80 feet, measured in Montgomery county.

Chanute shale member.® Overlying the Drum limestone is
a rather variable composite member which has been given the
name Chanute shale. In the vicinity of its type locality at
Chanute it is a fine clay shale excellently adapted for brick
manufacture, but at Independence and other points the shale
is very sandy. East of Neosho river the Chanute is repre-
sented by a sandstone which constitutes the main mass of the
hills, and is exactly equivalent to the clay shales but a few
miles distant. Locally the Chanute shale contains much bitu-
minous matter and thin coal beds. In the vicinity of Thayer
the coal is sufficiently important to be worked. The outerop of
the Chanute member is wide at the south and narrow at the
north. Its thickness, as observed in Kansas, varies from 25
to 100 feet, the maximum occurring toward the south, where
this member apparently coalesces with the shale member over-
lying the Iola. In the vicinity of Kansas City, Mo., the Cha-
nute is represented by a succession of alternating shale and
thin limestone beds which are rather persistent locally.

48. Adams, G. L; loc. cit, p. 87. Named from Drum Creek, Montgomery county,
Kansas.

49. Haworth, Erasmus, and Kirk, M. Z.; The Neosho River Section: Kan. Uniy.
Quart., vol. 2, p. 109, 1894. Named from Chanute, Neosho county, Kansas,
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PLATE V.—Typical fossils of the Lansing, Douglas, Shawnee and
Wabaunsee formations.



Oil and Gas Resources of Kansas. 37

Iola limestone member.®® The top member of the Kansas
City formation is the Iola limestone, a light gray, somewhat
crystalline, massive member which is very easily identified.
It is, in general, rather free from joints; making it possible
to obtain large blocks in quarrying. The Iola limestone is very
resistant to weathering agencies and forms a well-defined es-
carpment along the line of its outcrop from Chanute and Iola
northeastward to Kansas City. The escarpment crosses into
Missouri at the southeast corner of Johnson county, but turns
westward up Kansas river to De Soto, and toward Leaven-
worth on Missouri river as far as Walcott. Between Iola and
Kansas City the member has a rather uniform thickness of
30 to 40 feet, but to the southwest and the northeast it becomes
very much thinner or disappears. At Neodesha it is only one
foot six inches® thick. The Iola limestone is one of the best-
marked stratigraphic horizons in Kansas. '

- Lansing Formation.

A very important faunal-break, clearly defined by Beede and
‘Rogers® and Girty,** occurs at the top of the Kansas City
formation. Accordingly the beds above the Iola limestone
which were formerly included in the Pottawatomie formation®

EXPLANATION OF PLATE V. Protozoans: Fusulina sp., examples of the small spindle-
shaped fossils which are so common in many of the Pennsylvanian and Permian limestones
of Kansas, 5, 6. Corals: Lophophyllum profundum, a small horn coral with very
prominent central axis or pseudocolumella which in broken or weathered specimens may
project from the calyx, 4. Echinoids: Archeocidaris aculeata, example of a sea-urchin
spine which is common in some beds. Bryozoans: Fenestella shumardi, a delicate colony
of the lace pattern type, natural size 17, enlarged fragment showing the apertures. of the
individual zodids, 17a; Rhombopora lemdodendrotdea, a slender branching growth with
the almost microscopic apertures of the individual animals on all s1des, each aperture rhom-
bic in shape, 15. Brachiopods: Productus cora, a very common species with fine, somewhat
flexuoug ribs, ventral valve 2, dorsal valve 8; Chonetes granulfier, a gently concavo-con-
vex shell with very fine radlatmg ribs and short diverging spines along the hinge-line,
found in extraordinary numbers in some formations in Kansas, ventral valve 1; Meek-
ella striatocostata, a shell of somewhat peculiar outline with large, rounded ribs ‘marked
by a pattern of finer ones, dorsal view 7; Spirifer cameratus, one of the most widely
distributed and easily recognizable ghells in the Pennsylvanian, its plications or ribs
grouped into little bundles, dorsal view 9; Enteletes hemiplicata, a globose shell with small
rounded beaks, coarse ribs which unite at the edges of the shell in a very jagged, zxgzag
line, and the surface marked by fine striations which radiate from ‘the beaks, dorsal view
10, front view 11, side view 12; Hustedia mormoni, side view 16. Pe]ecypods Limop-
teria longispina, a peculiar bivalte with a very long anterior wing and forward pro-
jection of the shell, side view 13; Edmondia aspenwallensis, a rather evenly convex shell
with concentric ridges, side view 14.

50. 'Haworth, Erasmus, and Kirk, M. Z.; loc. cit,, p. 109. Named from Iola, Allen
county, Kansas.

51. Haworth, Erasmus, and Bennett, John: loc. ¢it., p. 99.

52. Hinds, Henry, and Greene, F. C.; loc. cit., p. 28. Named from Lansing, Leaven-
worth county, Kansas.

53. Beede, J. W., and Rogers, A. F.; Coal Measures Faunal Studies, special report on
*il and gas: Kan. Univ, Geol. Survey, vol. 9, p. 318, 1908.

54. Girty, George H., cited by Hinds, Henry, and Greene, F. O.; loc. cit., p. 155.

55. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 3, p. 94, 1898. Also, Haworth, Erasmus, and Bennett, John; loc. cit., p. 75.
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have been separated from the underlying beds and named from
typical outcrops in the vicinity of Lansing, near Leavenworth,
the Lansing formation. Faunally, the Lansing formation ap-
pears to be continuous with the succeeding Douglas formation,
but as the latter differs lithologically from the Lansing, and
has been defined in the literature for some time, it seems de-
sirable to recognize both formations. v

The Lansing formation has an approximate thickness of 140
feet in the north, but is somewhat less thick toward the south,
where the shale is less important. The formation appears at
the surface in a rather narrow band, which crosses the state in
a direction slightly west of south from Leavenworth to the
vicinity of Sedan, in Chautauqua county. Four subdivisions,
two prominent limestone members and two shale members, are
recognized.

The fossils of the Lansing are particularly noteworthy on
account of the appearance of a number of new species which
are very abundant in the upper Pennsylvanian of Kansas and
the adjoining region. Among these may be mentioned es-
pecially Chonetes granulifer, Enteletes hemiplicata and the
abundant Fusulina group (see plate V). Many of the common
Pennsylvanian fossils may be found in the rocks of this
formation. : _

-Lane shale member.5t At the base of the Lansing forma-
tion is the Lane shale, having an average thickness of 50 to 60
feet, but reaching a maximum of about 150 feet towards the
south. The lower part of the member is clayey and the upper
part somewhat sandy, but there are local variations. As a
whole the member is rather free from sand.

" Plattsburg limestone member.5? This important limestone
in the lower portion of the Lansing formation was defined by
Broadhead, as early as 1862, from exposures at Plattsburg,
Mo., and although the name “Allen” limestone has been used by
this survey in its early reports, it seems that there is no ques-
tion of the priority of the term here employed. The Plattsburg
is a fairly persistent horizon, but locally variable in its fea-

66. Haworth, Erasmus, and Kirk, M. Z.; The Stratigraphy of the Kansas Coal
Measures: Kan. Univ. Quart., vol. 3, p. 277, 1895. Named from Lane, Franklin county, «
Kansas. !

57. Broadhead, G. C.; Coal Measures in Missouri: 8t. Louis Acad. 8ci. Trans., vol.
2, pp. 817-327, 1868 (read May 5, 1862; first issued July 27, 1865). Named f.rom Plattg-
burg, Clinton county, Missouri. The name Allen limestone has been applied to this
member in earlier Kansas reports.
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tures. It is rather highly crystalline and massive and contains
many fossils, the fauna being particularly interesting on ac-
count of its many fossil sponges. It differs from ordinary
limestone in that it breaks very readily into small angular frag-
ments. It is cherty in the upper part. The Plattsburg varies
notably in thickness, ranging from 4 or 5 feet in some areas to
75 or 80 in others. To the northwest in Missouri and to the .
southwest in Oklahoma it gradually thins and disappears.

Vilas shale member.5® Separating the two limestone mem-
bers of the Lansing is the lenticular Vilas shale, which ranges
in thickness from 125 feet at a point south of Vilas to little
more than 5 feet in the bluffs of Fall river at Neodesha, and to
almost nothing farther south. It is notably thin also to the
northeast, being only 5 feet at Kansas river and 3 or 4 feet in
parts of northwestern Missouri. Where the Vilas shale is very
thin, a single escarpment is made by the overlying Stanton
limestone and the underlying Plattsburg, but where the shale
is very thick the Stanton is weathered back four or five miles
from the outcrop of the Plattsburg. The Vilas shale is both
sandy and clayey, and in places includes black slaty shale, with
thin coal seams.

Stanton limestone member.® The uppermost member of the
Lansing formation is the Stanton limestone, composed of mas-
sive limestone beds separated by thin slaty beds. The lime-
stone beds vary in thickness from 6 or 8 feet to-20 feet, and
the persistent shale partings, which are rather rich in bi-
tuminous matter, from 4 to 8 feet. The total thickness of the
Stanton varies from 20 to 40 feet, but it maintains a rather
uniform development from point to point. With the under-
lying Plattsburg member, the Stanton limestone forms one of
the most prominent escarpments in eastern Kansas. It is
traced with readiness from the southern border of the state,
near Caney, to Neodesha, Altoona, and Benedict on Kansas
" river, and from Kansas City northeastward across Missouri.
West of the escarpment there is an extensive dip slope, form-
ing a zone from five to twenty miles in width. The dip slope
of the Stanton west of Olathe, covered by a thin mantle of
shale, extends all the way to Lawrence, a distance of nearly
thirty miles.

58. Haworth, Erasmus, and Adams, G. Q.; Stratigraphy of the Kansas Oeal Measures:
Kan. Univ. Geol. Survey, vol. 3, p. 51, 1898. Named from Vilas, Wilson county, Kansas.
59. Swallow, G. C.; Geological Report of Miami County, Kansas: Preliminary report
of the Geol. Survey of Kansas, p. 75, 1866. Named from Stanton, Miami county, Kansas.
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‘Douglas Formation.s® . .

The Douglas formation is essentially a body of shale and
_sandstone with an important capping limestone member and
a very thin, nonpersistent limestone in its middle portion.
The outcrop of the formation is a northeast-southwest zone
from 5 to 30 miles in width, limited by the escarpments of the
Stanton and Oread.limestone members. The limestone at the -
top of the formation, though one.of the thickest and most
persistent limestones in the Kansas Pennsylvanian, comprises
but a small portion of the entire formation. The shale mem-
bers of the Douglas are variable in composition and texture,
changing markedly from point to point. In the north there is
a predommance of clay shale, which is sufficiently pure locally
for use.in brick manufacture? but toward the south the pro-
portion of sand is notably inéreased. In places here the shale
is replaced by thick, massive sandstone. Coal occurs at one
or two horizons in the formation, ‘but is not of great thick-
ness and has been worked only:locally.

The thickness of the Douglas formation ranges from about
350 feet to 550 feet, 425 feet being an average. Like the
subjacent formation, the Douglas mcludes four members of
alternating shale and limestone.

The fossils of the Douglas formation are not very unlike
those of the Lansing formation, although a number of species
have been found in the Iatan limestone which are not re-
ported from the lower beds.  Limopteria longispina, a com-
mon form in the Douglas, does not occur above the Oread lime-
stone. - Productus cora, a Iong—rangmg Pennsylvanian species,
is very abundant in the Oread as are also species of Fusuling.
A very interesting slender Fusiiling resembling F. longzsszma
is abundant in the lower Oread.

Weston shale member.! The lowest member of the Douglas
“formation is the Weston shale, named from typical outcrops
on Missouri river above Leavenworth. It consists of clayey
and sandy shale and ranges in thickness from 60 to 100 feet.
The shale is soft and weathers readily, a noticeable escarp-
.ment being formred where the overlying Iatan limestone mem-
ber is well developed. :

60. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ.
Geol. Survey, vol. 3, p. 93, 1898. Named from:Douglas county, Kansas.

61. Keyes, 0. R.; The Missouriah Series of the Carboniferous: Am. Gebologist, vol. 23,
pp.. 298-316, 1899. Named from Weston, Platte:.county, Missouri. The name Le Roy
shale has been used by Haworth for this member, .
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Iatan limestone member.$> Overlying the Weston shale is
the thin Iatan limestone, called by Haworth and Bennett*® the
Kickapoo limestone. In the north the Iatan is a dark to light
gray limestone, thin and irregularly bedded or massive in char-
acter, weathering in large blocks. In Doniphan county, where
it is persistent and well developed, it has a thickness of.-15
feet. At Lawrence and Ottawa it is but 3 or 4 feet thick and
at points to the south is searcely recognizable. However, it
has been identified in southern Kansas in the vicinity of In-
dependence and elsewhere, where it forms a rather persistent
horizon. :

Lawrence shale member.5* The Lawrence shale consists of
150 to 300 feet of argillaceous shale and sandstone, containing
in places coal seams and thin but rather persistent beds of
limestone. The member is thinnest in the north and thickest
‘in the south, where it is very sandy. Coal in the Lawrence
shale is of commercial importance in Franklin and Atchison
counties. In Platte county, Missouri, there are interesting de-
posits of sandstone of Lawrence age®> which lie unconformably -
upon the lower members of the Douglas and the upper mem-
bers of the Lansing formations. These sandstones with the
underlying basal conglomerates apparently represent deposits
in ancient river channels, and indicate that the region in which
they occur was lifted above sea level during Lawrence time.
That the emergence was local and temporary is shown by the
limited distribution of the sandstones and by the presence of
the Oread limestone above them.

Oread limestone member.®® The Oread limestone, consist-
ing of three distinct limestone beds separated by shale beds, is
one of the most important divisions of the Upper Pennsyl-
vanian in Kansas. The lower limestone bed is buff brown or
gray in color, massively bedded, and 8 to 12 feet in thickness.
Upon it rests 20 to 60 feet of blue or drab shale. The middle
limestone of the Oread, which succeeds, has a uniform thick-
ness of less than 3 feet, but is traced from the north to the

62, Keyes, C. R.; ibid. Named from Iatan, Platte county, Missouri.

63. Haworth, Erasmus, and Bennett, John; loc. cit., p. 106.

64. Haworth; Erasmus, and Kirk, M. Z.; The Neosho River Sectmn Kan. Univ.
Quart., vol. 2, p. 110, 1894. Named from Lawrence, Douglas county, Kansas.

65. Hinds, Henry, and Greene, F. C.; loc. cit.,, p. 170..

66. Haworth, Erasmus; Stratlgraphy of the Kansas Coal Measures: Kan., Univ.
Quart., vol. 2, pp. 123, 1"4 1894. Named from Mount Oread, Lawrence, Knnsas The
btute Umversxty is located on Mount Oread.
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south limits of the state. The overlying shale is in part blue-
gray and in part black, bituminous, and thinly bedded. It has
a total thickness of 6 to 15 feet. The upper division of the
Oread is a thin-bedded, cherty, buff limestone, 10 to 25 feet
thick. It hasuneven, wavy shale partings and is readily dis-
tinguished from the thick-bedded, essentially non-cherty lower
Oread limestone. The average thickness of the entire member
is 50 to 70 feet. It is resistant to erosion and forms a promi-
nent escarpment extending entirely across Kansas.

Lecompton limestone..

Kanwaka shale........

Buff Is.,cherty 20
Oread {S‘fwales' iy e

. Limestone 2
limestone] shaje ’
Buff limestone 15 F—r o1 1T

Lawrence shale...... 200

latan limestone........ 10

Weston shale........ 100" = \
Stanton limestone. 30 P T T T T - T T T T T T T\
N~

FIGURE 6.—Section of rocks exposed near Eudora and Lawrence, Kan.
(U. S. Geol. Survey.)

Shawnee Formation.

Immediately overlying the Douglas formation is the Shawnee
formation, consisting of alternating limestone and shale mem-
bers, most of which are traceable entirely across the state.’
Quantitatively the shales are much the most important, consti-
tuting more than three-fourths of the entire formation. The
thin shale members are predominantly argillaceous or calcare-
ous, the thick members arenaceous and micaceous. Black slaty
shale and thin coal seams are found at a number of horizons
in the formation. The Shawnee formation crops out in a broad
belt extending from Doniphan and Atchison counties on the
northeast to central Chautauqua county on the southwest.
Subdivisions of the formation are well developed and persistent
throughout the area of the Shawnee outcrop, but may be
studied to best advantage where exposed in their type locali-
ties along Kansas river. The maximum thickness of the

67. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 3, pp. 93, 94, 1898. Named from Shawnee county, Kansas.
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Shawnee is slightly more than 500 feet, but at certain localities
it is possibly not more than 375 or 400 feet. It has been sug-
gested by the paleontologic study of Beede and Rogers® that
the upper boundary of the Shawnee formation should be drawn
at the base of the Scranton shale instead of at the base of the
succeeding Burlingame limestone ; but such a change in classi-
fication has not been adopted formally. Nine subdivisions of
alternating. shale and limestone are recognized m the Shawnee
formation.

The fossils of the Shawnee,- while including many of the
common Pennsylvanian forms of the lower formations, are dif-
ferentiated by the appearance of more than a dozen new species
and the disappearance-of nearly forty species which are found
in the Douglas and lower formations. Fusulina secalica is very
abundant in the Lecompton limestone. Chonetes granulifer
and spines of Archeocidaris are very common in some of the
limestones. An interesting crinoid fauna, in many respects
resembling that found in the Chanute shale of the Kansas City
formation, is present in the Howard limestone. Some of the
common fossils of the Shawnee formation are among those
illustrated in plate V.

Kanwaka shale member.® The basal member of the Shaw-
nee formation is the Kanwaka shale, which consists of 50 to 100
feet of clayey shale and sandstone. Thin seams of coal have
been observed, but they have no commercial value. In northern
Kansas the shale is calcareous and locally includes thin beds of
impure limestone, but toward the south' it is very sandy and
may well be termed sandstone. The name Elgin sandstone has
been suggested™ for this phase of the member on -account of
exposures near Elgin in southern Chautauqua county. Here
the sandstone is nearly 140 feet thick, but toward the south in
Oklahoma it becomes thinner. The Elgin sandstone is probably
the “1,000-foot” sand of the Ponca City field and the “970-
foot” sand of the Newkirk pool, 1n both of which areas it con-
tains oil.™

68. Beede, J. W., and Rogers, A. F.; Coal Measures Faunal Studies: Kan. Univ. Geol.
Survey, vol. 9, pp. 345 846, 1908.

69. Adams, G. I.; Stratigraphy and Paleontology of the Upper Carboniferous Rocks
of Eastern Kansas: U S. Geol. Survey, Bull. 211, p. 45, 1903, Named from Kanwaka
township, Douglas county, Kansa.s

71. Shannon, 0. W., and Trout, L. E.; loc. cit,, p. 90. :

70. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures: Kan. Univ. Geol.
Survey, vol. 8, p. 64, 1898
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Lecompton limestone member.”> The Lecompton member
consists of limestone and thin shale beds having a total thick-
ness of 15 to 30 feet. The interbedded shales of the Lecompton
increase in thickness toward the south. The limestone is yel-
lowish gray in color and weathers to yellowish brown. It is
fossiliferous, containing especially large numbers of Fusulindg
and sea-urchin spines. The beds are somewhat soft, and are
sometimes reported by drillers as chalk rock.

Tecumseh shale member.” Arenaceous shales, or shaly sand-
stone ranging in thickness from 40 to 70 feet, overlie the Le-
compton and are traced from Kansas river to the southern
border of the state. This member, called the Tecumseh shale,.
weathers readily and a prominent escarpment is produced by
the succeeding limestone.

Admire shale..........
Emporia limestone..... 9’

Willard shale....... 150"

Burlingame Iimest%pelz,

Scranton shale.....

Howard limestone....

oa
Severy shale........
Topeka limestone 20 25 =
Calhoun shale........ =
DeerCreeklimestone. ‘25
Tecumseh shale........

FIGURE 7.—Section showing the succession of rocks in the plateau south
of Topeka, Kan. (U. S. Geol. Survey.)

Deer Creek limestone member.”* Succeeding the Tecumseh
shale are three limestone beds with thin intervening shale beds,
which are grouped to form the Deer Creek limestone. The
average thicknesses of the limestones from bottom to top, as
measured along Kansas river are, respectively, 6, 2, and 5 feet,
while that of the shales is 10 and 4 feet, making a total thick-
ness of 20 to 30 feet for the member. The limestones of the
Deer creek are buff or gray-in color and rather thin-bedded.
The upper bed is cherty and locally has an oélitic texture. - In
southern Kansas the Deer Creek limestone has a bluish color
and is much ]omted and broken

72. .Bennett, John; A Geologic Section from Baxter Springs to the Nebraska State
Line: Kan. Univ. Geol. Survey, vol. 1, p. 116, 1896, Named from Lecompton, Douglas
county, Kansas.

73. Beede, J. W.; The Stratigraphy of Shawnee County, Kansas: Kan. Acad. Sci.,
Trans., vol. 15, pp. 27-34, 1898. Named from Tecumseh, Shawnee county, Kansas.

74. Bennett, John; A Geologic Section from Baxter Springs to the Nebraska State
Line: XKan. Univ. Geol. Survey, vol. 1, p. 117, 1896. Named from Deer creek, Shaw
nee county, Kansas.
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Calhoun shale member.”> The Calhoun shale overlying the
Deer Creek limestone is a rather argillaceous shale, 50 feet
thick near its type locality on Kansas river, but thinner both
to the north and south. It contains thin beds of bluish lime-
stone in some localities. ’

Topeka limestone member.”™ The Topeka limestone com-
prises 20 to 25 feet of blue and buff limestone with interbedded
shales, all of which, with the exception of a rather persistent
layer of black slaty shale, weathers to a deep buff color. The
Topeka limestone does not form a prominent escarpment, but
takes part in the dip of the Deer Creek limestone.

~ Severy shale member.”” The Severy shale, overlying the To-
peka limestone, varies in thickness from 40 to 60 feet. It is
mainly an argillaceous shale, but is locally quite sandy and the
upper part is in places very rich in bituminous matter. The
Severy shale member contains coal beds of good grade from
8 to 20 inches in thickness in the vicinity of Osage county,
Kansas, and in parts of northwestern Missouri.
- Howard limestone member.™ Lying a few feet above the
top coal of the Severy shale at Scranton, Carbondale, Osage
City and Topeka is the Howard limestone member, consisting
of two main limestone beds separated by 1 or 2 feet of shale.
The thickhess of the whole member is but 8 to 7 feet, and its
persistency is remarkable. The Howard is'often reported in
drilling as solid limestone.

Scranton shale member.™ At the top-of the Shawnee forma-
tion is the Scranton shale member, 160 to 200 feet in thickness.
The lower part of the Scranton is prevailingly clay and sandy
shale or sandstone ; the upper part contains a number of shales.
The Scranton shale is easily eroded, making prominent the suc-
ceeding escarpment of the Burlingame limestone.

75. Beede, J. W.; loc. cit., p. 29. Named from Calhoun, Shawnée county, Kansas.

76. Bennett, John; loc. cit., pp. 116, 117. Named from Topeka, Shawnee county,
Kansas.

77. Haworth, Erasmus; Stratigraphy of the Kansas Coal Measures (G. I. Adams’
field work): Kan. Univ. Geol. Survey, vol. 8, p. 67, 1898. Named from Severy, Green-
wood county, Kansas.

78. Adams, G. I., quoted by Haworth, Erasmus; Stratigraphy of the Kansas Coal
Measures : Kan. Umv Geol. Survey, vol. 3, p. 67, 1898. Named from Howard, Elk
county, Kansas.

79. Haworth, Erasmus, and Bennett, John; loc. cit., p. 112. Named from Scranton,
Osage county, Kansas.
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Eskridge shale
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FIGURE 8.—Generalized section of the Shawnee and Wabaunsee forma-
tions of the Missouri group of the Pennsylvanian in Kansas.
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Wabaunsee Formation.s®

‘The Wabaunsee formation, comprising the upper portion of
the Pennsylvanian system in Kansas, has been defined to in-
clude the limestones and shales above the Howard limestone
and underlying the well-defined horizon of the Cottonwood
limestone. It is recognized that this grouping traverses a
marked faunal change at the base of the Elmdale member,*
and that the lower limit of the formation does not coincide with
the faunal transition indicated by Beede and Rogers at the base
of the Scranton shale. It will doubtless be.necessary to re-
classify the stratigraphic divisions near the top of the Pennsyl-
vanian and the base of the Permian. However, in this report,
which is not primafily concerned with problems of stratig-
raphy, it does not seem wise to depart from the grouping pre-
viously employed by this survey and the United States Geo-
logical Survey.

The outcrop of the Wabaunsee, limited on the west by the
prominent “Flint Hills” escarpment of the Cottonwood and
Wreford limestones, appears as a north-south band across the
state, wide at the north, but narrowing markedly toward the
south. Important westward extensions occur up the valleys of
Kansas and Cottonwood rivers. The thickness of the Wabaun-
see is about 500 feet. Eight members, consisting of rather
thin limestones and thick shales, are recognized as distinct
stratigraphic units in Kansas.

The fauna. of the Wabaunsee formation is distinguished by
the introduction of fossils which are closely related to the suc-
ceeding Permian period. Indeed, the transition from the upper
beds here included in the Wabaunsee into the lower part of the
Permian is so gradual that there is lack of agreement as to the
precise line of division. Edmondia aspenwallensis, Hustedia
mormoni, Derbya crassa, Chonetes granulifer, Fusulina and a
number of other fossils are extremely common in parts of the
formation. Some of the limestones and shales contain a very
interesting and abundant molluscan fauna. Certain beds are
almost wholly made up of Fusulina. One of them, the Ameri-
cus limestone, weathers readily and the loose shells. of this little
~ form may be scooped up in almost any quantity.

80 Prosser, Chas, 8.; The Classification of the Upper Paleozoic Rocks of Central
Kansas: Jour. Geology, vol. 8, pp. 682-705 and 764-800, 1895. Named from Wabaunsee °
county, Kansas.

81. Beede, J. W., and Rogers, A. F.; Coal Measures Faunal Studies: Kan. Univ.
Geol. Survey, vol. 9, pp. 849, 432, 1908
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Builingame limestone member.82 At the base of the Wa-
baunsee is the persistent Burlingame limestone, 7 to 12 feet
in thickness, composed of two main limestone layers, yellow
or brown in color, separated by shale. It is a massive ledge
which forms a prominent escarpment -readily traced across
the state.

Willard shale member.8® The Willard shale is a rather thin.
member immediately above the Burlingame limestone, com-
posed of blue and yellow shale, with a small amount of friable
limestone. Its thickness in Lyon county, where it is typically
developed, is about 45 or 55 feet.

Emporia limestone member.®* Above the shale thus de-.

fined is about 9 feet of hard blue limestone of sufficient strati-
graphic importance to receive recognition as a distinet member
“under the name Emporia limestone. The Emporia consists of
two limestone beds, the lower 3 feet in thickness and the upper
2 feet, separated by about 4 feet of shale. It has been traced
from Greenwood county across Lyon and Wabaunsee counties
into Shawnee county. On account of its characteristic blue
color it was called._the “Emporia blue limestone” by Smith in
his account of the geology of Lyon county.s® :

Admire shale member.8® A thick succession-of shale and
sandstone with thin beds of limestone and coal is included in
the Admire shale member. The total thickness of the mem-
ber in Lyon county is approximately 300 feet. About 70 feet
above the base of the Admire are five thin limestone beds
‘called by Smith®” “the Emporia system,” and mapped by
Adams®® as the Emporia limestone. Some confusion has there-
fore arisen with regard to the true character of the Emporia
member. It appears that the higher limestones are non-
persistent, not even extending across Lyon county, and are

82. Haworth, Erasmus; Strt;,tigmphy of the Kansas Coal Measures: - Kan. Univ. Geol.
Survey, vol. 3, p. 72, 1898. (Extract from Hall's Osage River section, vol. 1,) Named
from Burlingame, Osage county, Kansas.

83. Beede, J. W.; The Stratigraphy of Shawnee County, Kansas: Kan. Acad. Sci.,
Trans., vol. 15, p. 81, 1898. Named from Willard, Shawnee county, Kansas. -

84, Kirk, M. Z.; A Geologic Section Along the Neosho and Cottonwood Rivers: Kan.
Univ. Geol. Survey, vol. 1, p. 80, 1896. Named from Emporia, Lyon county, Kansas.

85. Smith, Alva J.; Bulletin on' Lyon County Geology, pp. 2-10. 1902. Also, Kan.
Acad. Sci., Trans., vol. 17, p. 190, 1901, _

86. Adams, George I.; Stratigraphy and Paleontology of the Upper Carboniferous
Rocks of the Kansas Section: U. S. Geol. Survey, Bull. 211, p. 53, 1903. Named from
Admire, Lyon county, Kansas. .

87, Smith, Alva J.; loc. cit.

88. Adams, Geo. I.; loc. cit., p. 52.
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hardly entitled to rank as a distinct sypdivision. The upper
portion of the Admire consists of sandy shale and soft, massive
sandstone.

Americus limestone member.8® Overlying the Admire shale
is a thin, rather persistent limestone 8 feet in thickness.
Along its outcrop, at the edge of the escarpment which it -
forms over the Admire, it is characteristically broken into
large blocks which are strewn down the slope beneath.

Elmdale shale member.”® The Elmdale shale consists of ap-
proximately 130 feet of variegated shale and thin interbedded
limestone, the shale predominantly yellow to bluish in color,
the limestone gray. About 30 feet above the base of the mem-
ber is a very friable limestone bed composed almost entirely
of the wheat-grain-like shells of the minute protozoan Fusu-
lina, and about 30 feet higher there is a conspicuous yellow
limestone. The Elmdale shale has been studied especially in
the region west of Cottonwood Falls, but has been recognized
to a considerable distance north and south.

Neva limestone member.”* Succeeding the Elmdale shale are
two beds of massive bluish-gray limestone, each a little more
than 4 feet in thickness, separated by about 2 feet of shale,
which form together the Neva limestone member. The lime-
stone makes a prominent bench and breaks off at the out-
crop in large rectangular blocks with rough, jagged surfaces.
They weather to a very light color, which has been well likened
to the color of bleached bones. The Neva limestone becomes
thinner to the north, but has been traced into Oklahoma far
south of the Kansas line.” The southern portion of the Neva
member in Oklahoma.is, however, represented by sandstone.’:
The Neva limestone, or perhaps the Elindale shale, should be
regarded as the base of the Permian, according to Beede.?

Eskridge shale member.”* Between the Neva and the suc-

89. Kirk, M. Z, ‘ibid. Named from Americus, Lyon county, Kansas.

90. Prosser, Chas. 8. (and .Beede, J. W.); Revised Classification of the Upper
Paleozoic Formations of Kansas: Jour. Geology, vol. 10, p. 718, diagram, 1902. Named
from Elmdale, Chase county, Kansas.

91, Prosser, Chas. 8., and Beedef J. W.; loc. cit., p. 718. Named from Neva, Chase
county, Kansas.

92. Beede, J. W.; The Neva Limestone in Northern Oklahoma, with remarks upon the
correlation of the vertebrate fossil beds of the state: Okla. Geol. Survey, Bull. 21, pp.
7-21, 1914. :

93. Beede,1J. W.; loc. cit., p. 21, .

94, Prosser, Chas. S., and Beede, J. W.; loc. cit, p. 718, Named from Eskridge,
Wabaunsee county, Kansas.
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ceeding prominent lirpestone at the base of the Permian is ’
the Eskridge shale member, 30 to 40 feet in thickness. The
shale is green, brown or yellow in color, and being easily
weathered like other shale members, is represented at its out-
crop by a gentle, grass-covered slope. (Fig. 10.)

PERMIAN SYSTEM.
General Description.

Distribution. Adjacent to the Pennsylvanian outcrops on
-the west, and occupying an important zone in a north-south

direction across central Kansas, is a group of rocks which are
referred to the highest division of the Paleozoic era, the Per-
mian period. This zone, narrow at the north where it is en-
croached from the west by the much younger beds of the Cre-
taceous, reaches its maximum width near the south border of
the state, the Permian outcrop here extending from central
Cowley county on the east to the west line of Clark county on
the west. Thus the Permian of Kansas comprises a roughly
triangular area with its apex at the north and its base on the
south state line (see geologic map, plate I). In Oklahoma the
Permian covers most of the western part.of the state.

A knowledge of the Permian rocks is of vital importance to -
the oil producer because of their relation to the very valuable,
recently discovered pools in Butler and Marion counties, and
other districts within the area of the Permian outerop. While
large quantities of oil and gas have not thus far been discov-
ered in the Permian itself in Kansas—although there is no in-
herent reason which precludes such discovery—rocks of the
Permian must be drilled in any search for these fuels in central
Kansas, and Permian rocks will probably be encountered in
most tests of sufficient dépth throughout the western part of
the state.

Thickness. - It is difficult to make any definite or general
statement with regard to the thickness of the Permian in Kan-
sas. Of course, the cover of Permian rocks is thinnest near the
eastern border of the Permian outcrop, where only the lowest
divisions are present, and thickest fear the Cretaceous bound-
ary. It appears also that the Permian is very thin in the north
and reaches a maximum thickness in Kansas toward the south,
in Sumner and Harper counties. A well drilled at Anthony, in
Harper county, encountered 1,100 feet of .red beds, salt and
' gypsum, and is the greatest single measurement of these rocks



Oil and.Gas Resources of Kansas. 51 .

which has- been reported. Observation of surface outcrops in-

“dicates an average total thickness of 1,100 feet for the lower
non-red Permian and about 1,200 feet for the ‘upper red-beds
Permian.

Lithologic Character. The Permian of Kansas includes two
very distinct lithologic and-stratigraphic divisions, a lower
portion consisting of marine shales, limestones and sandstones,
lithologically almost exactly like the underlying Pennsylvanian,
and an upper portion essentially composed of nonmarine red
shales and sandstone. There are thick salt beds and some gyp-
sum deposits in the upper part of the lower division (fig. 9),
and extensive gypsum beds in the upper division. The marine
limestones and shales are chiefly developed in the northern and
eastern part of the Permian outcrop, while the “red beds” are
restricted to the southwestern part of the Permian area in the °
state. A short distance south of Kansas the non-red Permian
limestones and shales disappear, being replaced by beds of red
shale and sandstone. It appears that the red Permian rocks
are not entirely different in age from the non-red beds, though
for the most part they are distinctly younger. Indeed, there
are red beds of Pennsylvanian age in central Oklahoma which-
“show the coming of the conditions of red-bed sedlmentatlon in
this region even before Permlan time.%

The Permian limestones are essentially like those of the
Pennsylvanian, with the exception that they are in general
much more filled with chert. The chert is so abundant in some
divisions that they might well be called chert members rather
than limestone members. - The limestones are in most cases
fine grained and noncrystalline. They are, like the limestone
members of the Pennsylvanian, rather thin but strikingly per-
sistent. In color they range from light gray or yellow to deep
brown, and some of them are remarkably fossiliferous. The
shale beds are quantitatively much the most important part of
the lower Permian, comprising practically the whole of the
formations where the limestones thin out. They are argil-
laceous rather than sandy, but grade locally into soft shaly
sandstones. They vary in color from light gray, green or yel-
low to brown, and in a few cases reddish purple. The shales
are not very fosgiliferous, as a rule, but some of the shale mem- -
bers are literally crowded with excellently preserved fossil

95. Snider. L. C.; The Gypsum and Salt of Oklahoma: Okla. Geol. Survey, Bull: 11,
p. 113, 1913,
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PLATE VI.—Typical fossils of the Permian in Kansas.
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shells. Sandstones are relatively unimportant and nonper-
sistent. The salt beds are remarkably thick and pure in the
upper part of the lower Permian, measuring about 400 feet in
total thickness between Hutchinson and Kingman. The salt is
in part interbedded with shale, but with little associated gyp-
sum or limestone. The salt beds do not outcrop in any part of
the state, but have been recognized throughout a considerable
area in deep drilling. Gypsum beds are of local occurrence and
relatively slight thickness in the lower Permian. They are re-
. ported from horizons underlying the salt beds in north central
Kansas. / .

The “red beds” division of the Permian, as indicated by the
name generally applied, is chielly characterized by the red
color of the formations, both shale and sandstone. Limestone
is conspicuously lacking. The shales are slaty or sandy and ‘
grade laterally in many places into sandstone. The sandstones,
which are most commonly cross-bedded, are irregular in thick-
ness and nonpersistent. Gypsum beds appear to be the only
fairly reliable stratigraphic makers, and where chiefly de-
veloped—in southern Kansas and Oklahoma—they have been
used in the subdivision and mapping of the group. The red-
beds gypsum of Kansas is best exposed in Clark, Comanche,
and Barber counties. A thin member of dolomite is reported
in the southwest part of the Permian outcrop in Kansas.

Faunal character. The fauna of the lower Permian is a de-
rivative of that of the uppermost Pennsylvanian of the region,
and is only distinguished from it by the presence of certain
younger types which belong to the new period. So gradual is
the faunal transition from one system to the other in Kansas,
and so unmarked by evidence of physical change, that the line
of division has long been unsettled. Final classification must
rest on extensive, careful and detailed paleontologic studies.
 Few fossils have been found in the red beds of Kansas, but nu-

merous discoveries in the similar beds of Oklahoma and Texas
indicate without question the Permian age of this division.
The fauna consists chiefly of vertebrates. Recently a good

EXPLANATION OF PLATE VI. Brachiopods: Pustula nebrascensis, one of the most
abundant and widespread productids, the surface of which is covered with the bases of
innumerable spines, dorsal view 1, ventral view 2, side view 3; Chonetes granulifer,
interior of dorsal valve 4 (see pl. V for exterior); Oomposita subtilita with two attached
shells of Crania modesta, one of the most ubiquitous brachiopods of the Pennsylvanian 10;
Meekella striatocostata, side view 11 (see pl. V). Pelecypods: Pleurophorus - ob-
longus, 5; Aviculopecten occidentalis, 6 Bakewellia parva, T; Myalina kansasensis, 8;
Myalina permiana. 9; Pseudomonotis hawni, 12; Myalina recurvirostris, 13.
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specimen of the well-known Permian reptile Dimetrodon has
been found near Winfield, Cowley county, in the Winfield lime-
stone.? ,
Subdivisions. The lower nonred division of the Permian is
called the Big Blue group®” from typical development along the
river of that name between Pottawatomie and Riley counties,
Kansas. The red beds division is included in the Cimarron
group,®® the name being taken from Cimarron river, which
crosses the outcrop of the beds in southwestern Kansas and
northwestern Oklahoma. The following table indicates the
subdivisions of the Permian in-Kansas as now defined.

SUBDIVISION OF THE PERMIAN SYSTEM IN KANSAS.

|
Group. Formation. Member.

Greer. Big Basin sandstone shale.

Day Creek dolomite.
Woodward. ‘White Horse sandstone.
Dog Creek shale.

CIMARRON. Shimer gypsum.

Cave Creek. Jenkins shale.
Medicine Lodge gypsum.

Flowerpot shale.

Enid Cedar Hills sandstone.
i Salt Plain shale.

Harper sandstone.

Wellington. Undifferentiated.

gearl shalei

g erington limestone.
Marion. Enterprise shale.
Luta limestone.

‘Winfield limestone.
B1G BLUE. ?oyl% s}lalfi.
ort Riley limestone.
Chase. Florence flint.
Matfield shale.
‘Wreford limestone.

Garrison shale and limestone.

Council Grove. Cottonwood limestone.

BIG BLUE GROUP.
The general stratigraphic relations and lithologic character:
of the Big Blue group of the Permian has been sufficiently
given in the foregoing general description. A more detailed

96. Dunlevy, R. B.; personal communication.

97. Cragin, F. W.; The Permian System in Kansas: Colo. Coll. Studies, vol. 6, pp.
3, 5, 1896.

98. Cragin, ¥. W.; loc. cit., pp. 3, 18-48.
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account of the subdivisions of the group, under appropriate
headings, follows. The formations recognized in Kansas are
four in number, named in order from below: Council Grove,
‘Chase, Marion and Wellington.

Council Grove Formation.®

At the base of the Permian, as here defined, and resting con-
formably on the subjacent Pennsylvanian, is the Council Grove
formation, consisting of a very prominent, resistant and easily
recognized limestone member and a succeeding member of in-
terbedded shale and limestone. The lower is termed the Cot-
tonwood limestone member and the upper the Garrison shale .
and limestone member. The formation is most typically de-
veloped in the central portion of the state, but has been traced
without change a considerable distance to the north and south.
Tts thickness is about 150 feet. Its outcrop, which is very nar-
row on account of the very resistant character of the succeeding
Wreford cherty limestone, forms a band bordering the east line
of the Permian, and coincides approximately with the east face
of the so-called Flint Hills. The Council Grove formation
marks the transition in lithologic and faunal characters from
the Pennsylvanian to the Permian. )

Cottonwood limestone member.1® The Cottonwood limestone
is one of the most persistent and easily recognized horizons in
Kansas, its outcrop extending without break from Nebraska
into Oklahoma. The limestone is light gray or buff in color,
‘massively bedded, and has an average thickness of about six
feet. The upper part of the member is almost entirely made up

-of the small wheat- or rice-shaped protozoans, Fusulina, but
there are few other animal remains. - The line of outcrop of the
Cottonwood is generally marked by a row of massive rectangu-
lar blocks of light gray or bleached, bone-colored limestone.
Because of its resistance to weathering, it forms a prominent
escarpment. The persistence of the lithologic character of the
Cottonwood limestone is noteworthy. .

Garrison limestone and shale member.1*t Overlying the Cot-
tonwood are yellowish shales with thin intercalated limestone

99. Prosser, Chas. S.; Revised Classification of the Upper Paleozoic Formations of
Kansas: Jour. Geology, vol. 10, p. 718, 1902. Named from Council Grove, Morris
county, Kansas.

100. Prosser, Chas. S.; loc. cit., pp. 711, 712. Named from Cottonwood river, Chase
county, Kansas. ) .

101. Prosser, Chas. S.; loc. cit, p. T12. Named from Garrison, Pottawatomie
county, Kansas.
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beds, which are included in the Garrison shale and limestone -
member. This division constitutes by far the greatest portion
of the Council Grove formation, having a thickness of 135 to
150 feet. As recognized in the type area of the member, there
are two main divisions in the Garrison—a lower shale, called
the Florena shale bed, which is characterized by the abundance
and fine preservation of its fossils, mostly belonging to a single
brachiopod species, Chonetes granulifer; and an. upper divi-
sion, called the Neosho bed, consisting of green, chocolate or
yellow shales alternating with thin béds of grayish limestone.
Near the base of the Neosho bed in the Big Blue valley a bed of
gypsum is found. The shales of the Garrison member weather
readily and form the slope of the escarpment made by the over-
lying Wreford limestone.

Chase Formation.102

The Chase formation consists of a well-defined lithologic and
faunal division of the Permian in Kansas. Lithologically, the
abundance of limestone and hard, resistant chert is most note-
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F1GURE 10.—Section across Cottonwood valley southwest of Elmdale,
Kan., showing rock terraces or steps formed by resident limestone beds,
and gentle slopes composed of shales. Cm, Matfield shale; Cwf, Wre-
ford limestone; Cg, Garrison shale; Ce¢, Cottonwood limestone; Ce,
Eskridge shale; Cn, Neva limestone; Ced. Elmdale shale. (U. S. Geol.
Survey.)

worthy, the outcrop of this formation forming the most promi-
nent topographic feature of central Kansas, the Flint Hills,
which extend northward from Oklahoma almost to Nebraska.
The eastern boundary of the formation approaches closely that
of the Cottonwood limestone at the base of the Permian, and the
outcrop ds a whole is rather-narrow on account of the resistant
character of the upper members. In the north, where covered
by glacial drift, the outcrop is somewhat obscured, but to the
south the various members are clearly defined. The Chase for-
mation has a thickness of about 230 to 270 feet.

Wreford limestone member.2®® The lowest subdivision of the

102. Prosser, Chas. S.; loc. cit., pp. 713, 714. Named from Chase county, Kansas.

103. Hay, Robert; Geology and Mineral Resources of Kansas: Kan. State Board of
Agric., 8th Biennial Report, 1891-'92, 1893. Named from Wreford, Geary county, Kansas.
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Chase formation is the Wreford limestone consisting of 35 to
50 feet of massive limestone and chert, or flint. As observed
in most places, it is composed of three main beds, a cherty
limestone below and above separated by a heavy limestone
nearly free from chert. Locally the middle non-cherty bed is
replaced by a layer of shale. The rock is gray to buff in color,
massive and very resistant to weathering agencies. It forms
the first prominent escarpment above the Cottonwood lime-
stone. Towards the south the Wreford is imperfectly solidi-
fied and weathers to a reddish brown, very porous rock.

Matfield shale member 104 Overlying the Wreford limestone
is the Matfield shale member, which includes 60"to 70 feet of
variously colored shale and thin interbedded shaly and occa-
sionally cherty limestones. This shale member forms the slope
- between the Wreford and the succeeding Florence flint, and
does not have a wide outcrop at the surface.

Florence flint member.1®% This subdivision of the Chase
formation consists of about 20 feet of very flinty limestone, a
number of layers being composed wholly of flint. Near the
center of the member is a band of shaly, white, cellular lime-
stone. Good exposures of the Florence flint occur at Oketo,
Grant, Valencia and Florence. The member is very resist-
ant to erosion and forms a distinct escarpment with a well-
defined dip slope, which extends for some distance to the west..
Its outcrop closely parallels that of the Wreford limestone.

Fort Riley limestone member.1®® Massive buff limestone
with thin interbedded shaly strata in the upper part is included
in the Fort Riley limestone, measuring 40 to 45 feet in thick-
ness. Near the center of the member are one or two very
massive layers’ which form a conspicuous bench at the out-
crop, which is thus readily traceable for miles. The basal por-
tion of the Fort Riley is either shaly or marly and is repre-
sented at Oketo, Marysville and Junction City by 6 to 9 feet of
fossiliferous, calcareous shale.

Doyle shale member.2%" OQOverlying the Florencé and the Fort

104. Prosser, Chas 8. (and Beede J. W.); loc. cit, p. 718, d:agram Named from
Matfield, Chase county, Kansas. .

105. Prosser, Chas, 8.; The Classification of the Upper Paleozoic Rocks of Central
Kansas: - Jour. Geology. vol 8, p. 773, 1895. Named from Florence, Marion Bounty,
Kansas.

106. Swallow, G. C.; loc. cit., p. 14, Named from Fort R:ley Geary county, Kansas.

107. Prosser, Chas. 8. (and Beede, J. W) loc. cit., p. 718. Named from Doyle
creek, Marion county, Kansas.



Oil and Gas Resources of Kansas. 61

Riley members is about 60 feet of variously colored shale, called
the Doyle shale member. Grayish limestone beds appear in
the shale, but the member weathers rapidly and the outcrop
appears as gently undulating prairie, in sharp contrast to the
rough topography produced by the massive limestone and flint
beds below. The outcrop of the Doyle shale is also distinctly
wider than those of the immediately subjacent divisions. Lo-
cally there are prominent and fairly persistent limestone beds
in the Doyle shale. One such bed, well exposed in the west
part of the El Dorado field near Towanda, which was of great

assistance in mapping the structure of the ﬁeld has been desig-
nated as the Towanda bed..

Winfield limestone member.1% At the top of the Chase for-
mation is the highest chert horizon in the Kansas Permian,
the Winfield limestone, which consists of two main cherty
limestones separated by thin yellowish shale. North of Kansas
river, the Winfield limestone is not conspicuous and is ap-
parently much thinner than in the southern portion of the
state, where it forms a very conspicuous escarpment, well
shown in the vicinity of its type locality at Winfield in Cowley
county. The outcrop of the Winfield covers a much wider zone
to the south, also, than to the north. The chert of the Winfield
is not so uniform in character or so widely distributed as that
of the Wreford or Florence members, and in some localities
the horizon is represented simply by a prominent gray lime-
stone. It may be traced across country either by the escarp-
ment which it forms or from the zone of loose reddish-brown
concretions which in places stretch across the prairie. The
thickness of the Winfield limestone is about 20 to 25 feet.

Marion Formation.10?

The Marion formation comprises the uppermost fossilifer-
ous portion of the marine Permian of Kansas. It is a well-
marked stratigraphic unit, clearly defined from the beds above
and below it. It lacks the very cherty character of the Chase
formation, from which it is also clearly distinguished by its
fauna, and is separated from the overlying Wellington forma-
tion by its lack of salt beds, its light color and its content of

108. Prosser, Chas. S.; The Upper Permian: Kan. Univ. Geol. Survey, vol. 2, p. 64,
1897. Named from Winfield, Cowley county, Kansas.

109. Prosser, Chas. S.; The Classifieation of the Upper Paleozoic Rocks of Central
Kansas: Jour. Geology, vol. 3, p. 786, 1895. Named from Marion county, Kansas.
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limestone, which is practically absent in the Wellington. Ma-
rine invertebrate fossils are common in the Marion formation,
but are very rare or lacking altogether in the Wellington.
Buff, thin-bedded limestone and thick shale beds compose the
Marion formation, well-developed beds of gypsum being pres-
ent also in certain localities. A peculiar, somewhat variable
conglomeratic limestone occurs at its top. The outcrop of
the Marion is characterized by broad, rather gentle slopes, in
decided contrast to that of the Chase formation in the Flint
hills farther east. The formation has a total thickness of about
150 feet. .The Marion has been divided into five stratigraphic
subdivisions, a portion of which have been mapped.11©

Luta limestone member.*'* Over a very considerable portion
of central Kansas the Luta limestone forms the basal member
of the Marion formation. It is a more or less cellular, soft,
gray limestone, 30 feet in thickness, and contains siliceous
geodes and layers of more or less abundant chert. The Luta
limestone is well exposed in and about the town of Marion and
is seen at Herington, from which point it may be traced north
to Smoky Hill river. Southward it appears to become much
thinner, being barely recognizable at Arkansas City and ap-
parently disappearing in the section east of Newkirk, Okla 112
The member is thickest at Marion.

Enterprise shale member1® Overlying the Luta limestone
is the Enterprise shale, typically exposed in the vicinity of the
town of Enterprise, Dickinson county, on Smoky Hill river.
The member consists of variegated shale, green, yellow and
maroon in color, and has an average thickness in the central
portion of the state of 35 feet. It has been recognized as far
south as Kay county, Oklahoma.l'* At Arkansas City the
‘Enterprise shale is 44 feet thick.115

Herington limestone member.!'® Succeeding the Enterprige
shale is a buff, massive, very fossiliferous limestone, which

110. Beede, -J. W.; Formations of the Marion Stage of the Kansas Permian: Kan.
Acad. Sci., Trans., vol. 22, pp. 248-256, 1908.

111. Beede, J. W.; loc. cit., p. 251. Named “from Luta brook, which enters Antelope
creek just north of’ Mar)on, Marlon county, Kansas. .

112. Beede, J. W.; ibid.

113. Beede, J. W.; loc. cit,, p. 253. Named from Enterprise, Dickinson coﬁnty,
Kansas. " -

114. Beede, J. W.; ibid.

115. Beede, J. W.; Stratlgraphy of the Eastern Outcrop of the Kansas Permian:
Am. Geologist, vol. 36, p 108, 1905

116. Beede, J. W.; ibid. Named from Herington, Dickinson cou.nty, Kansas
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from typical outcrops in the vicinity of Herington, north of
Marion, has been called the Herington limestone. The member
is quite persistent and has been mapped from Smoky Hill river
to a point south of Marion. It outcrops in the vicinity of Ar-
kansas City, where-it is about 15 feet thick. The average
thickness of the formation is 12 to 15 feet. ,

Pearl shale member. '™ A succession of green, blue and red-
dish shale, termed the Pearl shale member, overlies the Her-
ington limestone. On account of lack of resistance of the over-
lying beds, outcrops of the Pearl shale are very uncommon.
The thickness of the member is estimated to be 70 feet. In the
upper portion of the Pearl shale there are more or less per-
sistent beds of limestone. These are the uppermost calcareous
deposits of importance in the Permian of Kansas and mark the
line of division between the Marion and the succeeding Welling-
ton formation.11® ,

Wellington ’ Formation.1®

The upper division of the Big Blue group is “a thick body of
blue-gray slate-colored shales” and important salt beds, to
which the name Wellington formation is given on account of
its typical development in the vicinity of the county seat of
Sumner county (fig. 10). By Haworth?° and Kirk'*' the name
Wellington shale was restricted to the upper part of the forma-
tions as here defined, and the lower strata were designated
“galt beds.” Inasmuch as the salt deposits are very closely
associated with the shales, it is regarded most desirable to
group all the beds above the Marion and beneath the “red beds”
as a unit which may be called the Wellington formation. The
salt strata do not appear at the surface, and therefore cannot
be mapped, but may be considered as a subdivision of the
Wellington.

The outcrop of the Wellington formation occupies almost the
whole western half of the Permian area in central Kansas
where the “red beds” Permian does not appear; but in the

117. Beede, J. W.; loc. cit., p. 225. Named from Pearl, Dickinson county, Kansas.

118, It appears that the so-called Abilene conglomerate, which has previously been
referred to the uppermost part of the Marion formation, is in reality a Tertiary deposit.
It contains fragments of rock which apparently belong to the Dakota sandstone and at no
point has it been observed in a stratigraphic position beneath the Wellington shale.

119. Cragin, F. W.; The Permian System in Kansas: Colo. College Studies, vol. 6,
p. 17, 1896. Named irom ‘Wellington, Sumner county, Kansas.

120. Haworth, Erasmus; Geology of Kansas Salts, Mineral Resources of Kansas,
1898, p. 89: Kan. Univ. Geol. Survey, 1899.

121. Kirk, M. Z.; Kansas Salt, Mineral Resources of Kansas, 1898, pls. 5 and 6:
Kan. Univ. Geol, Survey, 1899. )
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southwest the Wellington is overlain by the Cimarron group,
west of Kingman and Harper counties. -The formation has
not been mapped in the field and the precise limits of its out-
crops cannot be given, but it is known to be restricted essen-
tially to the country south of Abilene—the outcrop extending
only a short distance north of Smoky Hill river—and west of a
line passing between Marion and Newton and east of Wichita
and Wellington. It is relatively a thick formation, amounting
in most places to more than 500 feet. The thickness of the
Wellington, as it appears, is much less in the north than in the
south, a condition which is probably due both to an original
difference in thickness and to the covering of the uppermost
beds of the formation in the north by the eastward overlap of
the Cretaceous strata. As indicated by well records,'2? the
thickness of the Wellington at Anthony is 799 feet, at Kingman
630 feet, at Hutchinson 578 feet, and at Kanopolis 485 feet.
Prosser!? estimates the thickness of the part of the Welling-
ton shale overlying the salt member in Saline county at about
200 feet. As already indicated, the Wellington is chiefly a
shale formation with thick salt beds in its lower portion. Lime-
stone, though found in occasional thin layers, is not persistent
or abundant and in general is conspicuously lacking. The shale
is prevailingly blue, gray and yellow in color, with greenish and
reddish bands of various-thicknesses. The gray or blue tone
of the Wellington is in strong contrast to the prevailing red
eolor of the succeeding Cimarron beds: The shales are as a
whole decidedly argillaceous in character.

CIMARRON GROUP.12¢

The upper or “red-beds” division of the Permian in Kansas,
termed the Cimarron group, includes the surface rocks of a
considerable area in southwestern Kansas. However, the out-
crop of the group in Kansas represents only the northern end
of a wide belt of red beds, which covers almost the entire west-
ern half of Oklahoma and reaches nearly to Pecos river in
southwestern Texas. '

So far as determined, the Cimarron rests conformably on the
subjacent Wellington formation, the line of contact crossing
the western part of Sumner and Sedgwick counties and the

122. Kirk, M. Z.; loc. cit.

128. Prosser, Chas. 8.; The Upper Permian: Kan. Univ. Geol. Survey, vol. 2, p. 67,
1897.

124. Cragin, F. W.; loc. cit.,, p. 3.
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eastern part of Reno and Kingman counties to Arkansas river.
The group has not been recognized definitely north of Reno
county. On the west the Cimarron disappears beneath
younger formations belonging to the Comanchean, Cretaceous
or Tertiary, which unconformably. overlie it. This western
boundary ‘traverses Kingman, Barber, Comanche, Clark and
Meade counties. Since red beds of probably Upper Permian
age outcrop east of the Rocky Mountains in New Mexico and
Colorado, it is possible that the Cimarron group of Kansas is
continuous beneath the overlying beds with these red strata to
the west. )

The total thickness of the Cimarron group cannot be ascer--
tained accurately by observation of the outcrops because of the
irregularity of the stratification and lack of persistent: trace-
able horizons. The cross-bedded and lenticular character of
many of the beds makes it very difficult also to determine the
dip. In general the upper portion of the group is more regular
than the lower, and the individual thicknesses of the various
-subdivisions in this part may be approximated rather closely.
However, Cragin!?® studied carefully the various units of the
red beds in southwestern Kansas, and estimated the total thick-
ness of the group at 1,280 to 1,330 feet.” Well records at An-
thony, in Harper county, and Pratt, in Pratt county, appear to
accord with Cragin’s estimate.?6 Investigations by Prosser'?’
indicate that the total thickness of the Cimarron group in Kan-
sas is more than 1,200 feet. In Oklahoma the Cimarron di-
vision is probably much thicker, as indicated by the work of
Gould!?® and Snider.1?® The total thickness of the Permian red
beds described by Gould is 2,250 feet, and Snider estimates the
maximum in central Oklahoma as at least 2,750 feet.

The Cimarron group is composed chiefly of red sandstones,
‘interbedded at certain horizons with fine elastic sediments.
The sandstone ranges in color from vermillion to maroon, and
deep red-brown color is often observed in many exposures.
The red shales are fine-grained, plastic and rather slightly con-
solidated, though in some places they contain large quantities

125. . Cragin, F. W.; loc. cit., p. 23,

126. Prosser, Chas. 8.; loc. cit., p. 88.
127. Ibid., pp. 88, 89.

128. Gould, O. N.; Geology and Water Resources of Oklahoma: U. S. Geol. Survey,
Water Supply Pnper 148 pp. 34-88, 1904.

129. Snider, L. C.; The Gypsum and Salt of Oklahoma: Okla. Geol. Survey, Bull. 11,
pp. 106, 107, 1913.
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of soluble salts. . The color of the shales is lighter and in gen-
eral more brllhant than that of the sandstones.

. Most of the sandstone beds of the Cimarron are composed
of fine, well-rounded grains and are very commonly cross-
bedded, but locally they are coarse-grained or even conglomer-
atic. The lenticular character of the sandstone beds is pro-
nounced and the irregularity of the bedding is such that it is
almost impossible to trace a given horizon more than a short
distance.

Beds of gypsum cover cons1derable areas in the red-beds
country, but though they reach a thickness of as much as 60
feet at some places in Oklahoma,’® gypsum is a relatively un-
important part of the red beds as a whole. Beds of white or
greenish sandstone and shale are associated commonly with
the beds of gypsum. Dolomite members in the Cimarron of
"~ Kansas are thin and unimportant, but in Oklahoma they are
more prominent. The dolomite is reportedi®! to have a thick-
ness of more than 100 feet in central Oklahoma.

Owing to the absence of well-defined and persistent strati-
graphic horizons in the red beds of the Permian, it is difficult,
to obtain a satisfactory classification of the group. The sub-
divisions recognized in this report are based on the studies of
Cragin and Gould in southern Kansas, and are those which it
is thought will be most easily recognized and most useful in
exploration for oil and gas in the region.

Enid Formation.32
The lower portion of the Cimarron group from the Welling-
ton shale to the lowest heavy gypsum bed is included in the
Enid formation. Thus defined, the formation has a much
greater thickness than any other division of the red beds in
Kansas and covers a much larger area. It comprises essentially.

the nongypsiferous portion of the group..
The outcrop of the Enid formation in Kansas covers all or
- portions of Sumner, Kingman, Rene, Harper, Barber and
Comanche counties, but the line of division separating it from
" the succeeding formations has not been mapped in detail. It
covers a very large area in northwestern and western Okla-
homa. The formation is largely composed of red shales, but

130. Snider, L. C.; loc. cit., p. 105. -

131. Cra.gm F. W.; Observations on the Cimarron Series: Am. Geologist, vol. 19,
p. 358, 1897.
132. Gould, C. N loe. cit., p. 39. Named from Enid, Garfield county, Oklahoma. *
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lenticular beds of soft, red sandstones occur, especially in the
lower part. The thickness of the Enid formation in Kansas is
about 650 feet,!38 but measurements in Oklahoma by Gould'*
indicate a thickness of 1,500 feet in that state. The following
members are distinguished.

Harper sandstone member.'3® The basal part of the Enid
formation, comprising almost its entire lower half, is termed
the Harper sandstone member on account of exposures about
- Harper, Harper county, Kansas. The member is by no means .
wholly composed of sandstone, being largely made up of argil-
laceous and arenaceous shale. Both sandstone and shale are
prevailingly mottled dull red or reddish brown. The sandstone
beds, although soft, are §uﬁiciently massive and firm to serve as
building stone and have been quarried at Harper, Anthony and
many towns in the region. In some portions of its outcrops
the beds of the Harper member are reported to be distinctly
saliferous like the succeeding shale.136

Salt Plain shale member.’3™ Red shale, largely 1mpregnated
with salt, overlies the Harper sandstone and has been called
the Salt Plain shale member. According to Cragin,?® the
stratigraphic horizon of the shale and its outcrops at the sur-
face are recognized by its large content of salt, which is suffi-
ciently important to deserve the name “upper salt measures,”
the salt deposits of the Wellington shale being the “lower salt
measures.” The Salt Plain member outcrops on the east side
of the Cedar Hills, Harper county, on the Salt Fork of the
Arkansas river, south of Aetna, and at various points in north-
ern Oklahoma. Beds of rock salt encountered at a depth of
about 700 feet in borings at Pratt probably belong to the Salt
Plain of the Enid formation. The thickness of the member
is estimated by Cragin'®® as 1,555 feet, but it is probable that
the division cannot be differentiated ‘clearly at all points from
adjoining parts of Enid.

133. Cragm F. W.; The Permian System in Kansas Colo. Coll, Studies, vol, 6,
p. 20, 1896

184. Gou]d Q. N.; loc. cit., p. 40.

135. Cragin, F. W loc. cit., p. 18. Named from Harper Harper county, Kansas.

136. Cragin, F. W.; Observations on the Cimarron Series: Am. Geologist, vol. 19,
p. 352, 1897.

137. Oragin, F. W.; The Permxan System in Kansas: Colo. Coll. Studiesy vol. 6,
pp. 20, 28, 1896, Named from the Salt Plain of Cimarron river, Woodward county,
Oklahoma. ’

138, Cragin, F. W.; loc. clt p. 22.

189. Cragin, F. W.; loc. cit., p. 23.
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Cedar Hills sandstone member.*® Above the saliferous-
shales of the Salt Plain member is a zone of hard, bright-red,
fine-grained sandstone, which has been given the name Cedar:
Hills sandstone by Cragin. The member is rather massively
bedded, and, according to Cragin, has locally a marked con-
cretionary structure. Excellent exposures occur northwest of
Hazelton, Kan., in the upper part of the Cedar hills, in the
Gypsum hills southwest of Medicine Lodge and southeast of
Aetna. The thickness of the member is about 50 to 60 feet.

Flowerpot shale member.14t At the summit of the Enid for-
mation occur gypsiferous clay beds, named by Cragin the
Flowerpot shales, from exposures at the mound of that name
in the Gypsum hills southwest of Medicine Lodge. The clay
shales show variegated tints ranging from light gray to dark
brown, but red is very much in predominance. Thin beds and
obliquely intersecting veins of gypsum occur throughout the
member. The clays yield very readily to weathering agencies,
forming many peculiar and striking erosion features. The
Flowerpot shalé outcrops in the escarpment of the Gypsum
hills and northwestward in the bluffs of Medicine Lodge river
and its tributaries to a point a few miles south of Belvidere.
It is well exposed along the Salt Fork, at Cimarron and its
tributaries; and extends south into Oklahoma. The thickness
of the shale is about 150 feet.!42.

Cave Creek Formation 43

The Cave Creek formation is the chief gypsum-bearing divi-
sion of the Permian red beds in Kansas. As defined by
Cragin,#* it consists typically of red shale with gypsum beds
and some thin ledges of dolomite. On account of the compara-
tive registance of the gypsum beds to weathering agencies, the
formation forms a pronounced escarpment throughout almost
the entire extent of its outcrop, and is therefore easily dif-
ferentiated from associated beds of the Cimarron group. In
Kansas and northern Oklahoma, the Gypsum hills and Glass
mountains mark this outcrop, which varies in width-from one

140. Cragin, F. W.; loc. ¢it.,, p. 24. Named from Cedar Hills, Harper county, Kansas

141, Cragin, F. W.; loc. cit., p. 24-27. Named from Flowerpot Mound, between East
and West Cedar creeks, Barber county, Kansas.

142, Cragin, F. W.; loc. cit., p. 27. .

143, Cragin, F. W.; loc. cit, p. 27. Named from Cave creek, Comanche county,
Kansas. .

144. Oragin, F. W.; loc. cit., pp. 27, 28. Also, Observations on the Cimarron series:
Am, Geologist, vol. 19, pp. 356, 358, 1897.
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to eight miles. Excellent exposures occur on the south side of -
the Salt Fork of Arkansas river and Cimarron river near the
state line. The outcrop of the gypsum beds trends north and
northwest from southeastern Barber county to a point about
30 miles northwest of Medicine Lodge, where the Permian beds
disappear beneath the Comanchean and Tertiary deposits. The
thickness of the Cave Creek formation ranges from 50 to 100
feet, the average being about 70 feet. Three gypsum members,
separated by red shale beds, have been distinguished in Okla-
homa,*s but in Kansas only two gypsums, the Medicine Lodge
bed below and the Shimer bed above, are recognized.

Medicine Lodge gypsum member*® The lower massive
gypsum bed of the Cave Creek formation in Kansas is the most
conspicuous gypsum deposit in the Permian. It is pure white
to gray in color, locally with mottlings of dark reddish brown,
and is very hard and fine-grained. Because of its resistance to
erosion, the gypsum forms the cap rock of hills and high buttes.
In many places, however, there are large solution caverns
which dre comparable in size and complexity to caves in lime-
stone formations. The Medicine Lodge gypsum extends unin-
terruptedly from near the head of Medicine Lodge river, in
Kansas, to Canadian county, southern Oklahoma, and is there-
fore one of the most persistent and well-defined stratigraphic
horizons in the “red beds.” The thickness of the Medicine
Lodge gypsum ranges from 2 to 30 feet.147 )

Jenkins shale member.'*® Red clay shale, having a thick-
ness ranging from 4 to 5 feet to more than 50 feet, separates
the persistent gypsum members of the Cave Creek formation.
It is termed the Jenkins shale member.

Shimer gypsum member.’*® The upper gypsum of the Cave
Creek formation is essentially the same in physical and chemi-

145. The equivalent of the Cave Creek formation in Oklahoma has been called the
Blaine formation by Gould (Oklahoma gypsum: Second Bien. Rept., Okla. Dept. Geol.
and Nat. Hist., 1902). A thin gypsum bed, the stratigraphic equivalent of the upper
Enid formation in the south, but to the north the Blaine is identical with Cragin’s Cave
Oreek formation. (Gould, C. N., Geology and Water Resources of Oklahoma: U. 8. Geol.
Survey, Water Supply Paper 148, p. 44, 1905). The latter name, having priority, is the
one here used.

146. Cragin, F. W.; The Permian System in Kansas: Colo. Coll, Studies, vol. 6,
pp. 28-39, 1896. Named from exposures on Medicine Lodge river in the vicinity of
Medicine Lodge, Barber county, Kansas. -

147. Cragin, F. W.; loc. cit., p. 27.

148. Cragin, F. W.; loc. cit., p. 28.° Named from the former Jenkins post office, near
Cave creek, Barber county, Kansas.

K 149. Cragin, F. W.; loc. cit., p. 27. Named from Shimer township, Barber county,
ansas.
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cal characters as the Medicine Lodge member. Its thickness,
ranging from 4 to 25 feet, is, however, not so great, but it is
almost as widely distributed. A thin dolomite bed is found at
the base of the gypsum in many exposures. In general the
Shimer gypsum outcrops somewhat back from the brow of
the hills.

Woodward Formation.t5® -

-Above the Cave Creek gypsums are found red shale, sand-
stone and dolomite, which have been called the Woodward for-
mation. The formation contains no, gypsum beds, its upper
limit being defined by the lowest gypsum bed of the succeed-
ing Greer formation. In Oklahoma the Woodward is charac-
terized by the prominence of dolomites as well as the absence
of gypsum beds. The sandstones are fine-grained and, like
the shales, brilliant red in color. Where uncovered by pro- -
tecting layers of harder strata the beds are carved into very
irregular and in many cases grotesque forms. The outcrop
of the formation in Kansas is found in northwestern Barber
county along the upper course of Medicine Lodge river, across
central Comanche county, and in southeastern Clark county in
the valley of Cimarroen river. The general dip of the strata in
this region is to the south. The thickness of the Woodward
formation is about 200 to 250 feet in Kansas, but in Oklahoma
it is in.excess of 300 feet 151

Three members are, under the present classification of the
strata referred to the Woodward, the Dog Creek shale below,
the Whitehorse sandstone in the middle portion, and the Day
Creek dolomite above. ZRecent studies, chiefly by Beede,'s* of
the horizon of the Woodward, indicate that a very important
unconformity exists at the base of the Whitehorse sandstone.
This member, therefore, should doubtless not be included with
the Dog Creek shale beneath, which should probably be con-
sidered the upper part of the Cave Creek division. Further
study of the Permian “red beds” area in southwestern Kansas,
which is planned at this time, will doubtless give additional
data on this problem. In the absence of definite information,
the beds may be classified at least for the present as they have
previously been reported.

* 150. Gould, C. N.; Oklahoma Gypsum: Sec. Bien. Rept., Dept of Geol. and Nat.
Hist., 1902. Named from Woodward county, Oklahoma.

151, Gould, C. N.; Geology and Water Resources of Oklahoma: U. 8. Geol. Survey,
Water Supply Paper 148, p. 52, 1905.

152. Beede, J. W.; unpublished manuscript and personal communication.
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Dog Creek shale member.3®® The basal portion of the Wood-
ward formation consists of dull-red argillaceous shale with one
or two thin, discontinuous ledges of dolomitic limestone. This
member, the Dog Creek shale, has an average thickness of
about 30 feet!®* in southern Kansas, but in central Oklahoma
there is a notable increase in the proportion and thickness of
the dolomite,!®> and measurements by Gould'®® indicate a total
thickness for the member of 175 to 225.feet.

Wkitehorse sandstone member.t” The middle division of the
Woodward, originally known as the Red Bluff sandstone,!>
comprises the largest portion of the formation. It consists of
175 to 200 feet of very fine-grained, light-red sandstone and
sandy shale, irregularly stratified and cross-bedded. The
‘Whitehorse member exhibits the most intense vivid coloration
of any division of the series. Locally the sandstone is suffi-
ciently strong for building stone. In general it is readily
eroded and forms conspicuous buttes and mesas. On Medicine
Lodge river and as far west as Belvidere, the Whitehorse sand-
stone immediately underlies the Comanchean, but its thick-
ness has been reduced by pre-Comanchean erosion. OQutcrops
are numerous_along Mule creek and on Salt Fork and tribu-
taries, in Barber and Comanche counties, north of Cimarron
river, across central Clark county, and reachmg to " lower
Crooked creek in Meade county.%®

Day Creek dolomite member.1® The upper part of the Wood-
ward formation in Kansas and Oklahoma is a conspicuous and
persistent ledge of hard, white dolomite. Weathered ex-
posures are gray,-and in many cases have a somewhat pinkish
or reddish tinge. It is very compact and breaks with a con-
choidal fracture like flinty chert. The thickness of the Day
Creek dolomite is only 1 to 5 feet, but on account of its peculiar
lithologic characters and persistence it is a valuable horizon
marker. The outcrop extends westward across north central
Clark county to southeastern -Meade county.

153, dragin, I" W.; loc. cit., p. 39. Named from Dog creek, Barber county, Kansas.
154, Oragin, F. W.; loc. cit., p. 39.

155. Cragin, F, W.; Observations on the Cimarron Series: Am. Geologist, vol. 19,
p. 358, 1897, T

156. Gould, O. N.; loc. cit., pp. 54, 55.

157. Gould, O.'N.; loc. cit., p. 52. Named from Whitehorse Springs, Woods county, -
+ Oklahoma.

158. Cragin, F, W.; The Permian System in Kansas: Colo Coll. Studies, vol. 6,
p. 40, 1896, The name Red Bluff has previously been used for another formation.
159. Cragin, F. W.; loc. cit., p. 43.

160. Cragin, F. W.; loc. cit., p. 44. Named from Day creek, Olark county, Kansas.
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Greer Formation.t® ,

Above the Day Creek dolomite, in southwest Kansas, are 25
to 40 feet of red shale and sandstone which are with little doubt
the stratigraphic equivalent of the Greer formation of Okla-
homa, the upper gypsum series of that state. The exposed
rocks of the uppermost Permian in Kansas do not contain
gypsum. The outcrop of the formation is found in Clark
county, exposures specially noted by Cragin'¢? occurring near
the junction of Buff and Hackberry creeks, Kiger creek and
Bear creek. Rocks observed on Crooked creek, in southeastern
Meade county, may belong to this horizon.'s® It is to be noted
that a considerable thickness of Permian red beds, younger
than the probable representative of the Greer formation in
Kansas, is exposed in western Oklahoma.’®* An unknown
thickness of Permian strata has been removed by the erosion
whieh preceded the Comanchean depositions in Kansas. It is
possible that a greater amount of the upper red beds are pres-
ent beneath the covering of younger sediments in the western
part of the state than are exposed in the area of Permian out-
crop. The Greer formation in Kansas includes two members,
as distinguished by Cragin.

Unnamed shale member.1® The lower member of the Greer
consists of maroon-colored shale, which characteristically
weathers into small crumbling fragments. . Its exposed thick-
ness is not more than 20 feet.

Big Basin sandstone member.’®® Above the shale is a rather
massive sandstone, red or grayish white in color. It is ex-
posed at a number of localities in Clark county, where on the
west it underlies the sandstone of the Comanchean. Its maxi-
mum measured thickness is 12 feet.’ '

COMANCHEAN SYSTEM.

Appearing at the surface in Barber, Comanche, Kiowa, Clark
and Meade counties, Kansas, and continuing thence in a south-
westerly direction into Oklahoma, is a not very thick succession

161. Gould, C. N.; Oklahoma Gypsum: Sec. Bien. Rept., Okla. Dept. Geol. and Nat.
Hist., 1902. Named from Greer county, Oklahoma. :

162. Cragin, F. W.; loc. cit.,, pp. 46-48.

163. Cragin, F. W.; loc. cit., p. 47.
 164. The gypsum-bearing Greer formation and the succeeding Quartermaster forma-
tion in Oklahoma, both of Permian age, have a combined thickness of 500 to 600 feet.
(Gould, O. N.; Geology and Water Resources of Oklahoma: U. 8. Geol. Survey, Water
supply paper 148, pp. 59, 1905.)

165. This shale has previously been called the Hackberry shale, a name which is
inapplicable on account of its prior use for an Upper Devonian division of Iowa.

166. Oragin, F. W., loc. cit., p. 46. Named_ from Big Basin, Clark county, Kansas.
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of sandstone and shale beds which by their contained fossils
appear to represent some portion of the well-developed Co-
manchean system of the Texas region. The belt of outcrop of
these beds pursues an irregular westward course on the north
side of Medicine Lodge river from a point a few miles north-
east of the town of Medicine Lodge into southeastern Kiowa
county, southeastward a considerable distance on the south side
of Medicine Lodge river, then turns west. An outlier covering
some square miles is found in southern Comanche county. The
northward extent of the Comanchean beds is undetermined sn
account of the widespread cover of younger strata. Scientific
interest attaches to the discovery of fossiliferous beds resem-
bling the Comanchean in northern McPherson and Saline coun-
ties along Smoky Hill river. The age and the general character
of these, the so-called Mentor beds,? are not satisfactorily de-
termined. ’

"The Comanchean of southwestern Kansas is composed of two
formations, which may be distinguished readily both by litho-
logic and paleontologic characters. At the base, resting with
distinctly marked unconformity on the eroded surface of the
subjacent Permian red beds, is a sandstone- which varies in
thickness from 40 to 70 feet. This division has been called the
Cheyenne sandstone.’®® The upper division consists of calea-
reous shale 125 to 140 feet in thickness, which in the eastern
portion of the Comanchean area, in Kansas especially, passes at
its base into a shelly, fossiliferous limestone. The formation is
termed the Kiowa shale.’® In the eastern portion of its out-
crop it rests on the Cheyenne sandstone. Farther west it im-
mediately overlies red beds of the Permian Cimarron group.:
Above the Kiowa shale is found brown sandstone of Dakoifa
age, or Tertiary and Pleistocene sand, gravel and other deposits.

The total thickness of the Comanchean beds as observed in
southwestern Kansas is not, then, more than 300 feet, and
throughout the greater portion of its extent the division has an
average thickness of less than 200 feet. It is probable that
within a few miles to the north these beds pinch out entirely.

167. Cragin, F. W.; The Mentor Beds—a Central Kansas Terrane of the Comanche
Series: Am. Geologist, vol, 16, p. 162, 1895.

168. Cragin, F. W.; Contributions to the Paleontology of the Plaing, No. 1: Wash-
burn Coll. Lab. Nat. Hist., Bull,, vol. 2, pp. 65-68, 1889. Named from the Cheyenne rock
at Belvidere, Kiowa county, Kansas. .

169. Cragin, F. W.; Descriptions of the Invertebrate Fossils From the Comanche

Series in Texas, Kansas and Indian Territory: Colo. Coll. Studies, vol. 5, p. 49, 1894.
Named from*Kiowa county, Kansas.
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FI1GURE 12.—Generalized section of the Comanchean and Cretaceous
systems in Kansas.
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Careful studies made by Cragin,'™ Hill'"* and Prosser!” in-
dicate that the Comanchean beds of Kansas should be regarded
as the attenuated equivalent .of the uppermost or Washita divi-
sion of the Texas Comanchean. -

Cheyenne Sandstone.

The Cheyenne sandstone is the lower, sandy division of the
Comanchean rocks in southwestern Kansas (fig. 12). It is
found chiefly in the eastern part of the Comanchean area, being
undeveloped for the greater part, in Clark and Meade counties,
where the Kiowa shale rests directly on the Permian red beds.
The Cheyenne formation is in the main a rather coarse-
grained, friable sandstone, yellowish gray to whitish in color,
but in many exposures spotted and striped with colors such as
purple, crimson or brown. In places it is conspicuously cross-
bedded. Some layers in the formation are more firmly cemented
than associated ones and stand out prominently on weathered
exposures. The outerop is characteristically rugged and carved
by erosion into various forms. Fossil wood and imprints of
leaves resembling leaves from the Dakota sandstone are found
at different localities in the Cheyenne. The maximum observed
thickness of the formation is about 70 feet,™® but 1ts average
ranges from 40 to 55 feet.

Kiowa Shale.

The upper portion of the Kansas Comanchean consists of
shaly material. The rocks composing this, the Kiowa shale, are
as widely distributed in the state as the Comanchean, and are

-found in-places overlying the Cheyenne sandstone, elsewhere
resting directly on the Permian red beds. Over a large area
there is found at the base of the formation a very calcareous
zone filled with invertebrate fossils. This, called by Cragin™
the Champion shell bed, is essentially a limestone member and

170. Oragin, F. W.; On the Cheyenne Sandstone and the Neocomian Shales of Kansas:
Am. Geologist, vol. 6, pp. 233-288, vol. 7, pp. 23-33, 1890. Further Notes on the
Cheyenne andstone and Neocomian Shales, Am. GeOlO"lSt vol. 7, pp. 179-181, 1891.
Descriptions of the Invertebrate Fossils from the Comanche Senes in Texas, Kansss and
Indian Territory: Colo. Coll. Studies, vol. 5, pp. 49-68, 1894, A Study of the Belvidere
Beds (Kansas): Am. Geologist, vol. 16, pp. 357-385, 1895.

171. Hill, Robert T.; On the Outlymg Areas of the Comanche Series in Kansas, Okla-
homa and New Mexico:  Am. Jour. Sci., 4, vol. 1, pp. 205-234, 1895,

172. Prosser, Chas. S.; Comanche Series of Kansas: Kan. Univ. Geol. Survey, vol. 2,
pp. 96-181, 1897.

173. Prosser, Chas. 8.; loc. cit., p. 112.

3634 ls(gragm, F.W.; A Study of the Belvidere Beds (Kansas): Am. Geologist, vol. 16,
p. A
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is regarded as the probable equivalent of the Comanche Peak
limestone of Texas.l?™
Above the fossiliferous calcareous zone is black, laminated,

argillaceous shale, which gradually changes upward to bluish
and grayish, slightly arenaceous shale. The upper part of the
formation consists of fossiliferous yellowish-gray shale with
thin layers of yellowish or pinkish limestone. The maximum
thickness of the Kiowa shale is 150 feet, measured on Bluff
creek, in Clark county,”® the average being about 125 or 130
feet.

CRETACEOUS SYSTEM.

General Description.

Distribution. Occupying an area of mnearly 25,000 square
miles in north central Kansas, and appearing at the surface in
smaller tracts at various places in the western part of the
state, are strata belonging to the Cretaceous system. The
eastern boundary of the Cretaceous outcrop is a very irregular
line trending southwest from Washington county to Reno
county. Important outliers occur in Saline, Dickinson, Marion
and McPherson counties. To the south and west the Cre-
taceous is concealed by a widespread mantle of Tertiary sands,
gravels and other deposits. Along many of the streams, how-
ever, especially the main lines 6f drainage, the Tertiary cover
has been removed by erosion, exposing the Cretaceous in long,
narrow arms. Along Smoky Hill river, for example, Cre-
taceous strata are exposed to the west beyond the Colorado
state line. The small areas of Cretaceous outcrops surrounded
by Tertiary, which occur both to the north and south of the
Smoky Hill, are found mainly where streams have cut through
the overlying Tertiary. »

Thickness. The maximum thickness of the Cretaceous rocks
in Kansas is probably not more than 1,300 feet, but since the
uppermost formation, the Pierre shale, is restricted to the
northwestern portion of the state, it is certain that the thick-
ness of the Cretaceous in the main area of its outcrop is very
much less. In general, greater thicknesses are to be measured
proceeding to the west, where successively higher divisions of
the system are encountered. The thickness of the individual
formations appears to remain fairly constant, S0 that measure-

175. Oragin, F W.: letter to Prosser, Chas. S.; Comanche Series of Kansas Univ.
Geol. Survey, vol. 2, p. 114 1897

176. Cragin, F. W.; ibd., p. 115
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ments made at the outcrop closely approximate the record of
thickness obtained from well-logs a hundred or more miles
distant. The average thickness of the Cretaceous formations
in Kansas is shown on the accompanying generalized section
(fig. 12). :

Lithologic character. - The Cretaceous system is composed
of clayey and sandy shale, chalky limestone and sandstone,
named in the order of their quantitative importance in the
section.

The shales are, for the most part, rather dark in color, rang-
ing from dark blue-gray or brown to black. The “somber”
color of some of the Cretaceous shale divisions is a character-
istic feature throughout the entire Northwest. Some of the
shale beds are bituminous and -contain thin beds of lignite.
Light-gray to almost white shales are well developed locally.

The limestone strata of the Cretaceous are in most cases
characterized by their peculiar chalky texture. In some locali-
ties the rock is a pure chalk, white to light gray in color, and
composed almost wholly of the microscopic remains of lime-
shelled Foraminifera. From the purer varieties there is every
gradation to chalky shale or calcareous sandstone. Some of the
limestone is hard and resistant, but in general it is much teo
soft for use in building. Colors observed include light blue,.
lavender, yellow, buff and light red. In a few places the chalky
limestone beds contain concretions of flinty chert.. A variety
of other concretions are also observed.

The sandstone of the Cretaceous in Kansas belongs chiefly to
the basal division, the Dakota. The Dakota sandstone is a
coarse-grained, rather loosely cemented, massively bedded
formation, gray to light or dark brown in color. As observed
in many exposures it is very much cross-bedded. The chief
cementing material is calcium carbonate, but iron oxide is also
abundant, the content of iron being so great at some weathered
exposures that the color is changed to a very dark brown and
the weight of the rock is perceptibly increased. Where the
rock is firmly cemented, it is very hard and resistant, but other
~ portions of the formation are soft and crumbling. As a rule,
the rock is very porous and presents most favorable conditions
for the storage of underground water. Sandy beds, which
occur higher in the system, as in the Carlile shale, are finer in
their average texture and lighter colored than the Dakota.
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Effect of topography. The topography of the Cretaceous
area is essentially similar in many respects to that of the
Pennsylvanian and Permian area farther east. The most prom-
inent topographic features of eastern Kansas are the series of
north-south escarpments formed by hard limestone members
which alternate with soft, easily eroded shale members. In the
area of Cretaceous outcrop there are also horizons which offer
relatively great resistance to agencies of erosion and, as in the
Pennsylvanian area, more or less prominent escarpments are
formed. However, the Cretaceous escarpments are in general
less persistent and clearly defined. The divides befween
streams are rather characteristically broken up into buttes and
- isolated hills. The east margin of the Dakota sandstone is es-
pecially marked by rough craggy buttes. Shales areas in the
Cretaceous belt, especially that of the Pierre shale, are marked
in some districts by more or less numerous symmetrical “tepee
buttes,” hill of shale capped by large concretions or other re-
sistant portions of the rocks.

Structure. As shown by Logan 177 and as indicated in the
structure-contour map (part IV), the general dip of the Creta-
ceous formations in Kansas is to the northeast. The dip is
very gentle, amounting to an average of about 5 to 7 feet per
mile, and appears to be constant for considerable distances. As
determined by Darton,'™® chiefly from well records, the Creta-
ceous of northwestern Kansas dips to the north and northwest,
a broad, gentle anticline with a north-and-south-trending crest
being found close to the line between Decatur and Norton
counties. Similarly a slight anticlinal bulge is indicated in

Ford and Hodgeman counties. A more clearly defined struc-
tural feature is found near the western border of the state,
south and southwest of Coolidge, Hamilton county.

Faunal character. The fossils of the Cretaceous are so very
different from those of other parts of the state that they may
be distinguished with the greatest ease. Mollusks make up
more than nmety per cent of all the faunas, large and small
pelecypods being the most abundant, and the coiled, rather
highly ornamented cephalopods being the next most common.
Oysters are extremely common in some beds, locally making
deposits which are composed almost wholly of their shells. A

177. Logan, W. N.; The Upper Cretaceaus of Kansas: Kan. Univ. -Geol. Survey,
vol. 2, pp. 206 215 1897.

178. Darton, N. H.; Geology and Underground Water Resdurces of the Central
‘Great Plains: U. S. Geol. Survey, Prof. Paper 32, Pl 58, p. 191, 1905.
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PLATE IX.—Typical fossils from the Cretaceous.
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number of varieties of Inoceramus are found, and as a whole
they are probably more widespread and more abundant in the
Cretaceous rocks of Kansas than any other fossil. Examples
‘of cdmmon invertebrate fossils from the Cretaceous of Kansas
are illustrated in plate VIII. .
The Cretaceous rocks of Kansas. are famous all over th

world on account of the remarkable vertebrate fossils which
have been found in them, and which, largely through the studies
of Dr. S. W. Williston, while a member of the State Geological
Survey, have been made known. Among the most noteworthy
of these are the large marine reptiles, the mosasaurs, plesio-
saurs, and ichthyosaurs; the flying reptiles or pterosaurs; and
some extremely interesting primitive toothed birds. Many of
these fossils, both vertebrate and invertebrate, are at present
at the State University of Kansas at Lawrence.

Subdivisions. On the basis of lithologic character and fos-
sils, the strata of the Cretaceous have been divided into a num-
ber of formations and members. The classification of the
system as developed in Kansas agrees closely with that gen-
erally adopted in the Great Plains province. The names used
in this report are those which appear to belong most appro-
priately with the subdivisions in Kansas and which accord most
closely with established rules of priority.

SUBDIVISION OF THE CRETACEQUS SYSTEM IN KANSAS.

Formation. Member.

Pierre shale. Undifferentiated.

Smoky Hill chalk.

Niobrara. Fort Hays limestone.

Carlile shale.
Benton. Greenhorn limestone.
Graneros shale.

Dakota sandstone. Undifferentiated.

EXPLANATION OF PrATE IX. Pelecypods: Inoceramus gilberti, a robust, coarsely
‘concentric wrinkled shell, 1; Inoceramus labiatus, onc of the commonest fossils in the
Cretaceous of Kansas, 8; Ostrea congesta, an early oyster which lived in very large num-
‘bers in the Cretaceous seas of Kansas, view of interior of shell, 2. Cephalopods: Belem-
nitellea baculus, a small, straight shell representing an early squid, broken part of a
specimen, 6; Scaphites vermiformis, a_closely coiled, ribbed ammonite of the Benton, 4;
Prionotropis woolgari, T; Prionotropis hyatti, side view. 9, front view 5; Scaphites
larveformis, 8.

- 6~—0il and Gas Bul.—3820
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Dakota Sandstone.™

The Dakota sandstone appears at the surface in a rather
narrgw but extremely irregular zone, which extends from
Washington county south and southwest to Arkansas river.in
" Rice and Barton counties, and up the Arkansas to Ford county,
where it disappears beneath the Tertiary deposits. The for-
mation reappears in a number of places along Cimarron river
and its tributaries in the extreme southwestern corner of the
state. To the northwest the Dakota sandstone passes beneath
the higher formations of the Cretaceous, extending, deeply
buried, far beyond the state boundaries. It is sharply up-
turned with other sedimentary beds on the east flank of the
Rocky Mountains in Colorado. (Plates IT and XI.) In north-
western Kansas it probably lies more than 2,000 feet below
the surface. In the northern counties the Dakota rests on
the dark shales of the Wellington formation, to the south on
red strata of the Cimarron group. The equivalent of the
Dakota in southwestern Kansas is found overlying the eroded
Comanchean deposits. :

While the Dakota is chiefly a sandstone formation, there
are important associated shale deposits at this horizon in
Kansas. The shale, although considerable in extent, is so
variable in its relation to the sandstone that stratigraphic
division is not possible. As defined by Logan'® from ex-
tensive observations along the outerop of the Dakota, there are
two main divisions of the formation in central Kansas—a
lower portion, 150 feet or more thick, consisting of massive
sandstone alternating with variously colored shale; and an
upper portion, 35 to 50 feet thick, containing lignite and more
or less abundant salt and gypsum. The total thickness of the
Dakota ranges from 200 to more than 300 feet.1st

Benton Formation. 182

The Benton formation consists of shale with intercalated
limestones and sandstones. Its outcrop is a wide belt of rather
gently undulating country extending diagonally across the

179. Meek, F. B., and Hayden, F. V.; Descriptions of New Lower Silurian (Primor-
diai), Jurassic, Cretaceous and Tertiary Fossils, collected in Nebraska, by the exploring
expedition under the command of Lieut. G. K. Warren, with some remarks on the rocks
“from which they were obtained: Phila. Acad. Sci, Proc,, vol. 13, pp. 410, 420, 1862.
Named from Dakota City, Neb. ) - '

180. Logan, W. N.; loc. cit., pp. 207-209.

181. Darton, N. H.; loc. cit.,, p. 152,

182. Meek, F. B., and Hayden, F. V.; loc. cit., pp. 419, 421, 1862. Named from
Fort Benton, Mont.
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PLATE XI.—Wall of Dakota sandstone west of Trinidad, Colo. Out-
crcipfping edge of sandstone upturned on east side of Rocky Mountain
uplift.
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state from Republic and Washington counties at the northeast
to Ford, Hodgeman and Finney counties in the southwest.
Here the Benton disappears beneath the Tertiary, but it re-
appears along the valley of Arkansas river in Kearny and
Hamilton counties. The thickness of the formation is some-
what variable, but if averages about 400 feet.

Three main stratigraphic subdivisions are included in the
Benton formation of Kansas—from the base upward, respec-
tlvely, the Graneros shale member the Greenhorn hmestone :
member, and the Carlile shale member.

- Generos shale member.18® The basal portion of the Benton
is a dark clay shale varying in thickness from 20 to 80 feet84 to
nearly 200 feet.18® - In central Kansas this member, which from
exposures in Colorado has been called the Graneros shale, is
rather bituminous, hard and slaty, and on weathering breaks
into thin flakes. Here it is not very thick, but in the valley
of Arkansas river toward the western border of the state it
is a very important division.

Greenhorn limestone member.’®® The middle portion of the

" Benton formation, throughout Kansas and eastern Colorado, is
composed of calcareous beds, including limy shale, soft, chalky
limestone, and thin beds of hard, resistant limestone. This
division, 40 to 60 feet in thickness, is termed the Greenhorn
limestone. The basal part of the member, about 15 feet thick
(“Lincoln marble™ of Logan),'®” is made up .of bluish-gray,
hard, flinty but easily weathering limestone, in beds less than
6 inches thick, alternating with shale. About 16 feet of white
or light-cream colored, fine-grained, thin-bedded limestone
(“Flagstone” horizon) 137 follows, and is overlain in turn by 40
feet of limy shales and thin beds of limestone filled with im-
pressions of the fossil shell Inoceramus labiatus (“Inoceramus”
horizon) 1" The top of the Greenhorn member is marked by a
stratum of limestone about 9 inches thick which breaks charac-
teristically into long, angular pieces somewhat like fence posts

" (“Fence post” horizon).187

183. Gilbert, G. K.; The Underground Waters of the Arkansas Valley in Eastern
Colorado: U. 8. Geol. Survey 17th Ann. Rept., pt. II, p. 564, 1896. Named from
Graneros, Pueblo county; Colorado.

184. Logan, W. N.; loc. cit., p. 216,

185. Darton, N. H.; Guidebook of the Western United States, Part C, The. Santa Fe
Route: . U. 8. Geol. Survey, Bull, 613, p. 44, 1915,

186. Gilbert, G. K.; loc. cit.,-p. 564. Named from Greenhorn, Pueblo county, Colorado.
187. Logan, W. N.; loc. cit., p. 216.
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Carlile shale member.88 The uppermost portion of the Ben-
ton formation in Kansas consists almost entirely of shale,
which from Colorado exposures has been called the Carlile
shale member. The lower portion of the shale, about 100 to
150 feet in thickness, is a soft clay shale, dark bluish gray in
color. It contains occasional thin beds of Jjmestone and is very
fossiliferous, containing especially enormous numbers of fossil
oysters (“Ostrea shales’).®® The upper part of the Carlile
member is an unfossiliferous, loose-textured blue-gray shale,
characterized by the occurrence in its upper portion of nu-
merous concretions. The concretions are lens-shaped, and vary
in size up to 4 or 5 feet in diameter. They are dark colored,
and are solid carbonate of lime or hollow geodes lined with
calcite crystals.

Niobrara Formation.1%

The Niobrara formation, comprising the main calcareous
portion of the Cretaceous system in Kansas, underlies the en-
tire northwestern part of the state. Its outcrop is a wide area
trending southwest from Jewell county to Finney county,
marked at its eastern margin by a series of slopes which rise
above the rolling topography of the Benton formation. To the
‘west the Niobrara is thickly covered by deposits of Tertiary
age, but along the larger streams, notably Smoky Hill river,
the Tertiary has been cut away, making extensive exposures
of the subjacent Niobrara. The thickness of the Niobrara
formation ranges from about 350 feet®! to 650 feet,%? the
average being somewhat nearer the lower figure. On lithologic
as well as faunal grounds, a division of the Niobrara forma-
tion is made in Kansas.

Fort Hays limestone member.'®® The lower portion of the
Niobrara, having an average thickness of 50 feet, is the Fort
Hays limestone member. The limestone is a soft, massive,
light-colored rock, sufficiently resistant to erosion to weather
out in bluffs of some prominence. In well borings, it is dis-

188. Gilbert, G. K.; loc. cit., p. 565. Named from Carlile, Pueblo county, Colorado.

189. Logan, W. N.; The Upper Cretaceous of Kansas Kan. Univ. Geol. Survey,
vol. 2, pp. 220, 221, pl. 27, 1897.

190. Meek, F. B., and Hayden, F. V.; loc. cit., pp. 419, 422. Named from Niobrara
rxver, Nebraska.

191. Logan, W. N.; ibid.

192. Darton, N. H., The Geology and Underground Water Resources of the Central
Great Plains: U. S. Geo] Survey, Prof. Paper 32, p. 155, 1905.

193. Mudge, B. F.; Notes on the Tertiary and Cretaceous Periods of Kansas: U. S.
Geol. and Geog. Survey of Terr., Bull, vol. 2, pp. 218-221, 1876.° Named from the
former Fort Hays, Ellis county, Kansas.
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tinguished in most cases from associated members by its
greater hardness. The outcrop of the Fort Hays limestone
member extends along the margin of the Niobrara area from
Jewell county to Finney county and up Smoky Hill river into
Gove county. It is also observed in central Hamilton county
north of Coolidge and at other points north of Arkansas river.

Smoky Hill chalk member.® The upper division of the Nio-
brara, termed the Smoky Hill chalk member, comprises much
the thicker portion of the formation, having a total thickness
ranging from 300 to 350 feet. In an unweathered condition
the chalk is a massive, light bluish-gray, clayey rock, but on
weathering the color changes to yellow or buff, or in some
cases light red on account of the oxidation of iron contained in
the deposit. Surface waters serve to leach out the oxidized
iron and other coloring matter in many places, leaving the
chalk rock bleached and white. In well borings the member ap-
pears in most cases as a pale:blue chalky clay, which is only
slightly sticky when wet. Some rather pure chalk is found
locally in the Smoky Hill member, as near Norton. The best
exposures of the chalk are found in the valley of Smoky Hill
river, where prominent buttes and castellated cliffs mark the
outcrop.

' Pierre Shale.1%

The northwest counties of Kansas are underlain by the
Pierre shale, the uppermost division of the Cretaceous in this
region. The Pierre is covered by deposits of Tertiary for the
greatest part, but outcrops appear in Cheyenne county, along
Beaver-and Sappa creeks in Rawlins and Decatur counties; on
Prairie Dog creek, southwest of Norton county, and over a large
area on Smoky Hill river and tributaries in Wallace and Logan
counties. The shale is somber, dark bluish-gray in color, but
weathers to a brownish tint. . The formation is soft and clayey,
yielding readily to agencies of erosion. Some beds contain
rather numerous lens-shaped concretions which contain dis-
tinetive marine fossils. The maximum thickness of the Pierre
shale in Kansas is not more than 200 feet.1%

194. COragin, F. W.; On the Stratigraphy of the Platte Series, or Upper Cretaceous
of the Plains: Colo. Coll. Studies, vol. 6, p. 51, 1896. Named from Smoky Hill river,
Kansas. .

' 195. Meek, F. B., and Hayden, F. V.; loc. cit.,, pp. 419, 424, - Named from Fort
Pierre, Now Pierre, S. Dak. R
©196. TLogan, W. N.; loc. cit., p. 221.
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PLATE XII.—The Great Plains of western Kansas, smooth and almost
level, sloping gently upward toward the west. In country like this
there is no surface evidence whatever of underground structure.

TERTIARY AND LATER DEPOSITS.

The greatest part of western Kansas, comprising an area
thousands of square miles in extent, is covered by a mantle of
sand, gravel and limy clay which appears to have been de-
posited in late Tertiary time. This widespread. Tertiary de-
posit forms the capping of the so-called high plains, and ex-
tends for great distances over eastern Colorado and western
Kansas and Nebraska. The name Ogalalla formation, from a
locality in southwestern Nebraska, has been adopted for this
portion of the Tertiary.197

Ogalalla Formation.

The Ogalalla formation, as indicated by present field in-
vestigations, occupies all of the high plains (plate XII) of
western Kansas. Its eastern boundary is a very irregular line

197. Darton, N. H.; Preliminary Report on the Geology and Water Resources of
Nebraska West of the One Hundred and Third Meridian: U. 8. Geol. Survey, 19th Ann.
Rept., pt. IV, p. 734, 1898, Named from Ogalalla, Keith county, Nebraska.
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trending southwestward from Jewell county to Finney county,
thence eastward to Reno county, where it turns again to the
southwest into Clark and Meade counties. The formation ex-
tends farthest east along the divides between the main streams.
The larger rivers have cut through the Tertiary and carried
away the sand and gravel from large areas. In some instances,
notably the valley of Smoky Hill river, the Ogalalla has been -
removed for long distances; but in others, as along Cimarron
river and tributaries in southwestern Kansas, it has been cut
away only locally (plate XXII).
The materials of the Ogalalla formation are mamly sands,
gravelly sands and gravels more or less cemented by carbonate .
. of lime into a grit rock which in many cases has the appear-
ance of rough mortar. On account of this resemblance, the
name “mortar beds” has been rather widely applied to por-
tions of the Kansas Tertiary.1®8 The deposits are in general
calcareous, in some cases consisting mainly of lime carbonate
and containing but little sand. In places, the formation is a
light colored sandy clay containing much carbonate of lime i in
streaks or nodules. The gravels found in the Ogalalla forma-
tion and derived by its weathering contain pebbles varying in
-size from 4 to 5 inches in diameter to coarse sand. They are
composed of granite, syenite, porphyry, basalt and other ig-
neous rocks and are evidently derived from areas of crystalline
rocks to the west. Quartz pebbles are common. The sand
is merely the finer material derived from the weathering of
" igneous rocks, but is largely a pure quartz sand. It exhibits
various degrees of fineness, but when examined closely the
grains are in almost all cases well-rounded. Accumulations of
small pockets of black magnetite sand are not uncommon in
many parts of the Ogalalla.’®® Clay beds are commonly white
or pinkish and in some places form low steep banks or cliffs
along the headwaters of streams. In a few localities, especially
Norton and Phillips counties, beds of volcanic ash a number of
feet in thickness occur. They are evidently related to similar-
~ deposits which have been found over a considerable area in
Nebragka2® and Oklahoma.?®! Volcanic ash does not consti-
tute an important part of the Kansas Tertiary deposits.

198. Haworth, Erasmus; Physiography of Western Kansas: Kan Univ. Geol.
Survey, vol. 2, pp. 22, 25, 32, etc., 1897. Physical Properties of the Tertiary: loc. cit.,
pp. 258,260.

199. Haworth, Erasmus; Physical Propertxes of the Tertiary: Kan. Univ. Geol.
Survey, vol. 2, p. 255, 1897.

. 200. Darton, N. H.; loc. cit., pp. 760, 761.

201. Buttram, Frank Volcanic Dust in Oklahoma: Okla. Geol. Survey, Bull. 13,

49 pp., 1914,
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The thickness of the Ogalalla formation in Kansas varies
from practically nothing to more than 800 feet. Throughout
- the largest part of western Kansas it averages from 150 to
200 feet. In general the records of wells which have been
drilled through the formation indicate that the greatest thick-
nesses are found on broad flat divides which have been little
affected by erosion.

There are no well-defined stratigraphic horizons in the
‘Kansas Tertiary which can be traced over considerable areas
in an investigation of the structure of these beds. Prominent
“mortar beds,” which are well developed in some regions, can-
not be traced with sufficient accuracy or to a sufficient dis-
tance to be of great service. Also, these distinctive portions
of the Tertiary are found at the base, in the middle or at the
summit of the formations in different localities. Since, how-
ever, a very large portion of the area underlain by the Ogalalla
is an almost featureless plain, it is in general very difficult to
determine in any satisfactory way the structural relations of
the Tertiary.

Numerous remains which have been found in the Ogalalla
formation in Kansas, indicate that it should be referred to the
Pliocene epoch of Tertiary time, and the deposits are so cor-
related by Darton,2 but it is possible that at least in part the
beds are upper Miocene in age.

Quaternary Deposits.

Deposits made during the Glacial epoch and in recent geo-
logic time are found in various parts of the state.. They are
of importance to the petroleum geologist and producer because
of their relations to the underlying consolidated strata, which
must be studied carefully in any scientific exploration for oil
or gas. In some cases these deposits only partially obscure
the structure of the subjacent rocks, but in others they con-
ceal it entirely. The deposits in Kansas which are referred to
the Quaternary (plate XIII) include (a) glacial deposits, (b)
Pleistocene river deposits;, (¢) loess, (d) alluvium, and (e)
sand hills. '

(a) Glacial deposits. The former existence of a large gla-
cier which advanced from the north and covered a large area:

202. Darton, N. H.; Geology and Underground Water Resurces of the Central Great
Plains: U. S. Geol Survey, Prof. Paper 82, p. 150, 1905.
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in the northeastern portion of the state is evidenced by wide-
spread deposits of glacial drift, bowlders and other glacial
materials which entirely cover the region north of Kansas
river and east of Washington and Riley counties (plate XIII).
The glacial drift is a heterogeneous mixture of clay, sand,
pebbles and bowlders which is found on the hilltops as well as
in the valleys. The drift was depos1ted beneath and at the
margin of the “Kansas ice sheet,” one of the earhest of the
continental glaciers which during the Pleistotene covered
enormous areas in the United States. The drift is very much
weathered and thoroughly oxidized, so that the color due to
the iron oxide content is in most cases a rich brown or red
and the pebbles and bowlders are decayed and soft. Sufficient
time has elapsed since the glaciation of northeastern Kansas
to permit considerable stream erosion. Lakes and swamps
which are so numerous in recently glaciated districts are there-
fore absent, and the general appearance of the country re-
sembles somewhat non-glaciated portions of the state. In
some places, the drift and other deposits made by the glacier
have been removed by erosion, exposing the underlying hard
“rock strata, but for the greater part, the mantle .of glacial
material effectually covers the underlying bed rock and ob-
scures its structure. Lake deposits of glacial origin have been
identified by Professor Todd at various points along the mar-
gin of the Kansas glacier. The thickness of the glacial drift
is on the average not greater than 6 to 10 feet, and in many
places it is practically absent, but locally, as shown by well-
borings, there are accumulations of more than 60 feet.2

(b) Pleistocene river deposits. During the Pleistocene,
or Glacial period, considerable deposits of sand, sandy clay
and alluvium were made in various stream valleys of the state.
In some cases the material deposited may have been derived
from the continental glacier to the north, but in large part
the deposits were evidently obtained by normal erosion
processes from the drainage basins of the streams themselves.
Extensive deposits of this sort are found along the course of
Arkansas river, Kansas river and tributaries.

One of the most interesting of the river deposits of Pleisto-
cene time in Kansas is found in McPherson, Marion, Harvey
and Reno counties (plate XIII). This deposit, which has been

203. Personal communication from Prof. J. E. Todd.
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called the McPherson formation,2* is found in a broad channel,
earved in the upper Permian shales and the Dakota sandstone,
and extending from Smoky Hill river at the north to Arkansas’
river in Sedgwick county. . The area covered comprises prac-
tically the entire eastern half of McPherson county south of
a line drawn from Lindsborg to Canton, all of Harvey county
- west of Newton and most of eastern Reno county. The ma-
terial composing the deposit consists of irregular layers of
sand, clay and gravel, cemented loosely by carbonate of lime.
The sand and gravel contain an abundance of water, and sup-.
ply the water plants of neighboring cities. The thickness of
the formation varies from a few feet to more than 100 feet.
(c) Loess. Covering a wide area of the High Plains be-
tween the valleys of northern and northwestern Kansas is a
smooth-surfaced, thick mantle of loess (plate XIII). Accord-
ing to Darton,2%® the border of the loess-covered area trends -
eastward from Greeley county to Ellis county, thence north-
ward to Osborne county and northeastward to Republic and
Washington counties. There are also thick deposits of loess
throughout northeastern Kansas in the district covered by the
glacial drift. There are no sharp boundaries to the region of
loess deposits because of the presence of the loess only on the
uneroded uplands. In the west in few cases does it exceed a
thickness of 30 to 40 feet, and on the average it is very much
less, but in the northeastern counties,of the state the thickness
is in general much greater and in some places near Missouri
river the loess is more than 100 feet thick.

(d) Alluvium. There are many wide valleys in Kansas
- which are filled to various depths with deposits of alluvial mate-
rial brought down by the streams. The largest and most ex-
tensive of these river deposits is that along the Arkansas river
- valley, which has a width of 6 to 10 miles and crosses a con-
siderable part of the state. Other large streams, such as Kan- -
~sas river and its tributaries to the west, Republican, Solomon,
Saline and Smoky Hill rivers, have wide flood-plains composed
of river-made alluvium. All the river and creek valleys contain

more or less alluvial material of relatively recent origin, and -
- most of the lower slopes of hills are covered by talus and slope-

i 204. Haworth, Erasmus, and Beede, J. W.; The McPhefson Equus Beds: Kan.
Univ., Geol. Survey, vol. 2, pp. 287-296, 1897. Named from McPherson, McPherson
county, Kansas.

205.. Darton, N. H.; The Geology and Underground Water Resources of the Central
Great Plains: U. 8. Geol. Survey, Prof. Paper 32, pl. 44, 1905, _
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wash derived from recent weathering. The deposits, which are
malnly sands and loams intermixed locally with gravel, are im-
portant to the petroleum producer because of their widespread
covering of rock outcrops. An excellent example is found in
the Walnut river valley in southern Butler county. Some of the
most productive wells and valuable leases in this district are
located on the wide river bottom where there are no rock ex-
posures and practically no indication from surface evidence of
the anticlinal structure of the rocks underground wh1ch con-
trols the accumulation of the oil.

(e) Sand dunes. A wide area in central Kansas, chiefly on
the south side of Arkansas river, from Ford to Reno counties, is
occupied by wind-blown sand. ' The sand constitutes hills and
ridges of moderate height, with iregular basins and flats inter-
vening. The sand has been derived chiefly from the alluvial
flats along Arkansas river, being blown out by the winds, which
are prevailingly from thé northwest. Indirectly, much of the
sand comes from the weathering of the Dakota sandstone and
Tertiary deposits in the region. The dune sand effectually,
covers the bed rock and makes impossible any determination of
the rock structure from surface evidence. The area occupied
by the sand, therefore, can be prospected only by “wild-cat”
methods.
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