Original from
UNIVERSITY OF MICHIGAN

Digitized by Google

916006-sn-pdgasn ssadoe/biorisniiTyiey -mmm//:dizy / pazriThIp-216009 ‘ss1elS paiTun 9yl UT uTewoq dT1qnd

¥BOEEBIOOSTOGE " dpuw/Lz0Z/I3u a1puey 1py//:sdiy

/ LW 6Z:8T 07-60-£Z0Z U0 sesuey Jo AITSISATUN 1e Ppaledausn



STATE OF KANSAS
ANDREW F, SCHOEPPEL, Governor

STATE BOARD OF REGENTS
Lester McCoy, Chairman

Jergy E. DRISCOLL

Frep M. HARRIS

Mgs. ELrzABETR HAUGHEY
Wiris N. KeLLy

Drew McLAUGHLIN
GROVER PooLE

LA VERNE B. Spaxr
OSCAR STAUFFER

MINERAL INDUSTRIES COUNCIL

JOHN ALLISON, Chairman
M. L. BREIDENTHAL
HOWARD CAREY
ANTHONY FOLGER
LESTER McCOY

J. E. MISSIMER

BRIAN O'BRIAN, Vice-Chairman
J. A. SCHOWALTER

CHESTER SCOTT

K. A. SPENCER

W. L. STRYKER

B. 0. WEAVER

STATE GEOLOGICAL SURVEY OF KANSAS
Drane W. Mavorr, M.B.A., LL.D., Chancellor of the University of Kansas, and
ex officio Director of the Survey.
Raymonp C. Moozre, Ph.D., Sc.D., Director and State Geologistf
Jonx C. Fryx, Ph.D., Asst. Director and Asst. State Geologist, in charge
Eorre Hicks Lxwis, Secretary

STRATIGRAPHY, PALEONTOLOGY, AND
AREAL GEOLOGY:

Raymond C. Moore, Ph.D,, Sc¢.D., Geol-

ogistt
Johg;l M. Jewett, Ph.D., Geologist .
Walter H. Schoewe, Ph.D., Geologist
Arthur L. Bowsher, B.S., Geologist}

SUBSURFACE GEOLOGY:

M. L. Thompson, Fh.D., Geologist
da Swineford, M.S., Geologist
ilip Kaiser, A.B., Geologist
Eileen Martin, B.M., Stenographer

Ethelyn B. McDonald, M.A., Well
Sample Curator, Wichita Branch

Arden D. Brown, Assistant

Carrie Thurber, Assistant

MINERAL RESOURCES:

George E. Abernathy, EM,, Ph.D.,
Geologist

Robert M. Dreyer, Ph.D., Geologistt

Walter A. Ver Wiebe, Ph.D., Geologist

Norman Plummer, A.B,, Ceramist

John I. Moore, M.S., Petroleum Engr.}

Frances L. Schloesser, Assistant Chemist

W. P. Ames, A.B., Laboratory Assistant

Ethel Owen, Assistant

PUBLICATIONS AND RECORDS .
Donald E. Dowers, Draftsmani
Robyn Ashby, Draftsman
Betty J. Hagerman, Bookkeeper

COOPERATIVE PROJECTS WITH UNITED STATES GEOLOGICAL SURVEY

GROUND-WATER RESOURCES:

Stanley W. Lohman, M.S., Geologist in
charge

John C. Frye, PL.D., Geologist

Thad G. McLaughlin, Ph.D., Geologist

Bruce Latta, A.B., Geologist

Charles C. Williams, M.A., Geologist

V. C. Fishel, B.S., Physicist

James B. Cooper, A.B., Well Drillert

Oscar S. Fent, B.S., Well Driller

Charles K. Bayne, A.B., Instrumentman

Spreciar CONSULTANTS: Ray

Fern H. Ashby, Stenographer
Betty Ann Ball, Stenographer
W. W. Wilson, Well Observert

MiINERAL FUELS RESOURCES:

Wallace Lee, E.M., Geologist in charge
Constance Leatherock, B.S., Geologist

TOPOGRAPHIC SURVEYS:
C. L. Sadler, Division Engineer
Max J. Gleissner. Section Chief
J. P. Rydeen, Topographer

Q. Brewster, Ph.D., Chemistry; Claude W. Hibbard, Ph.D.,

Vertebrate Paleontology: Eugene A. Stephenson, Ph.D., Petroleum Engineering.

CoOPERATING STATE Acencres: State Board of Agriculture, Division of Water Resources,
George S. Knnglp, Chief Engineer; Robert Smrha, Assistant ef Engineer; State
Boar o& Health, Division of Sanitation, Paul D. Haney, Chief Engineer and Di-
rector; Ogden S. Jones, Geologist.

1 Absent on leave for military service.

Go 3lc



STATE GEOLOGICAL SURVEY OF KANSAs, BULLETIN 52
1944 REPORTS OF STUDIES, PART 4, PaGEs 137-212, Fics. 1-9
OcToBER 25, 1944

'TABULAR DESCRIPTION OF OUTCROPPING
ROCKS IN KANSAS

By

Raymonp C. Moorg, JoHN C. FRYE, AND
JoHN MARK JEWETT

UNIVERSITY OF KANSAs PUBLICATIONS
StaTE GEOLOGICAL SURVEY OF Kansas, BULLETIN 52, PArT 4
LAwRENCE, KANSAS

Go 8[0



CONTENTS

IBNEOUS TOCKS ... 144
CENOZOIC ROCKS ................... e e e e 145
. Quaternary SyStem ... 145
Recent series ... 145
Pleistocene Series ... ... 146
Tertiary system ... 148
Pliocene series ... e s 148
MESOZOIC ROCKS ..o oot et 151
Cretaceous System ... 151
Gulfian Series ... 151
Comanchean series ...t 154
(?)Triassic system........ . .. 154
PALEOZOIC ROCKS ..o 156
Permian system ... 156
Guadalupian Series ... 156
Leonardian Series ... ... 157
Wolfcampian Series ..o 160
Pennsylvanian system ... 170
Virgilian Series ..o 170
Missourian series ... 184
Desmoinesian Series ... 194
Mississippian system ... L 200
Meramecian series 200
Osagian Series ... 200
IGNEOUS ROCKS ..ot et 200
BIBLIOGRAPHY OF OUTCROPPING ROCKS ........ooooioiiioiiiiiiceei et 202
INDEX OF STRATIGRAPHIC NAMES ... i oo 209

Go 3lc



ILLUSTRATIONS

FIGURE PAGE

1. Map showing distribution of main divisions of outcropping rocks
of Kansas

. Generalized sections of Cenozoic rocks in Kansas

. Generalized section of Cretaceous rocks in Kansas

Generalized section of upper Permian rocks in Kansas .................c........
Generalized section of middle Permian rocks in Kansas .......c...ccoococceeuac
. Generalized section of lower Permian rocks in Kansas ..o
. Generalized section of upper Pennsylvanian rocks in Kansas ..................

. Generalized section of middle Pennsylvanian rocks in Kansas ................

© ® N o Yo W

Generalized section of lower Pennsylvanian rocks in Kansas ....................

Go 3lc



Original from
UNIVERSITY OF MICHIGAN

Digitized by G()Ogle

916006-sn-pdgasn ssadoe/buoisniityrey mmm//:dily / pazT1ThIp-916009 ‘S91e1S PalTUN BY} UT uTewoq 2T1qnd
780€E€8900ST06€E "dpw/LZ0Z/3du"d1puey 1py//:sd11y / LWO 67:8T OZ-60-£Z0T UO sesuey Jo AITSISATUN 1€ paledaudy



TABULAR DESCRIPTION OF OUTCROPPING
ROCKS IN KANSAS

By Raymonp C. Moorg, JoEN C. FrYE, and JoEN MARK JEWETT

ABSTRACT

This paper summarizes knowledge of the outcropping rocks of Kansas,
indicating in tabular form their present classification and nomenclature.
Range in thickness and average thickness of each described unit, based on
observation of outerops but not on subsurface data, are indicated. It is
the purpose of the contribution to make available a compact outline of the
stratigraphy of the Kansas region, as represented by exposed formations.
References to important publications that offer detailed treatment of vari-
ous rock divisions in Kansas are arranged by main parts of the geologic
column.

INTRODUCTION

At the suggestion of geologists in Wichita who were charged
with responsibility of arrangements for the annual meeting of the
American Association of Petroleum Geologists in Wichita, in
March 1935, the State Geologist prepared a tabular description
of the rocks of Kansas. This chart was printed on large sheets
and was distributed to geologists attending the convention. Ad-
ditional copies were made available to most geologists and oil
companies in Kansas through the agency of the Kansas Geologi-
cal Society. Eventually the supply was exhausted, and copies
were made by photostat or other means of reproduction. The
usefulness of this tabulation, as indicated by the demand for it,
has been called to our attention on numerous occasions, and the
desirability of a revision or new summary on similar lines has
been emphasized.

The present contribution differs from the earlier publication
in treating only the rocks that are exposed at the surface in differ-
ent parts of Kansas and in being arranged to go on successive
pages rather than on a single large sheet. The omission of de-
scriptions of subsurface rock units—that is, those which are not
represented by outcrops anywhere in Kansas — may be con-
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142 Geological Survey of Kansas—1944 Reports of Studies

sidered to be a serious deficiency, especially from the standpoint
of petroleum geologists who are concerned with exploration for
oil and gas in Ordovician or other pre-Mississippian rocks of the
state. Reason for this omission is the complexity of features be-
longing to these subsurface rocks, as now known in various parts
of Kansas, and the present unreadiness of the authors to deal
with these unexposed rocks satisfactorily. It may be possible to
summarize subsurface stratigraphy of the Kansas region in a
useful manner at a later time. The differentiation of outcropping
rocks from those that are not exposed in the state is a convenient,
if somewhat arbitrary, basis for limiting the scope of descriptions.
The arrangement of material on pages, rather than in chart form,
has the advantage of permitting flexible variation in space allotted
to items, and the unwieldiness of a large chart is avoided. Effort
has been made to preserve tabular features and conciseness,
which are attributes of a stratigraphic chart.

MaiN Rock Di1visions ANp THEIR DISTRIBUTION

Outcropping rocks of Kansas are of Cenozoic, Mesozoic, and
Paleozoic age. They are assigned to seven (or, according to alter-
native classification, six) geologic systems that embrace a time
span of approximately 300 million years. They record the suc-
cessive invasions of shallow seas that covered much or all of the
state during many thousands of years. Some rock layers are of
nonmarine origin, having been deposited by streams, air currents,
. or the still water of lakes. Such formations lack fossilized marine
organisms, like those which are so abundant in many sea-laid
strata of Kansas; they may contain leaves of land plants or traces
of fresh-water life, or air-breathing animals. Also, there are
numerous records of more or less widespread and prolonged
erosion, when varying quantities of previously formed rocks were
removed. These times of denudation indicate an emergent condi-
tion of the earth’s surface in Kansas. They are defined by the local
or regional absence of strata that are recognized elsewhere, and
commonly there are irregularities along the contact of the sedi-
mentary units that are separated by a hiatus in deposition. The
hiatus is termed a disconformity if adjoining strata lie parallel,
and it may be called an unconformity if locally or regionally the
rocks on opposite sides of the break show some divergence in
structure or if there is evidence that interruption of deposition
was very widespread and prolonged. Strictly speaking, however,
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Outcropping Rocks of Kansas 143

the term unconformity embraces disconformity and gentle to
strong angular discordance of beds separated by an erosional
break.

The distribution of outcrops belonging to all main divisions
and representing many subdivisions of the rock column of Kansas
is adequately shown on the half-million scale geologic map of the
state, on which 1 inch equals approximately 8 miles (Moore
and Landes, 1937). A generalized map showing rock outcrops is
given in figure 1.

Distribution and structure of Cenozoic rocks.—Deposits of
Cenozoic age occurring in Kansas constitute a discontinuous thin
veneer that broadly conforms to the east-sloping land surface.
Excepting the widespread Tertiary deposits of western Kansas,
the Cenozoic sedimentary units are so patchy and irregular that
they may hardly be said to exhibit regional structure.

Distribution and structure of Mesozoic rocks.—The outcrops
of Mesozoic strata in Kansas are confined to the western two
thirds of the state. They extend much farther easfward along the
north border of Kansas (Marshall county) than in the south
(Barber county); in central Kansas exposures are found eastward
as far as Dickinson and Marion counties. Mesozoic rocks under-
lie thousands of square miles in western Kansas where Cenozoic
formations cover the surface. In general, the Mesozoic strata are
gently inclined toward the northwestern corner of Kansas, dip-
ping westward, northwestward, or northward.

Distribution and structure of Paleozoic rocks.—The eastern
and south-central parts of Kansas contain extensive outcrops of
Upper Paleozoic rocks, chiefly Permian and Pennsylvanian. This
is a region of roughly parallel belts of plains that are developed
at the outcrop of weak rocks and on the upper surface of some
gently inclined hard formations. The plains are separated by hilly
country that terminates eastward in a more or less prominent
escarpment. The general trend of these escarpments is south-
southwest across eastern Kansas. The Flint Hills, which are
formed by Lower Permian strata, are an example.

At the outcrop, Paleozoic strata in Kansas show a very gentle
west or west-northwest dip that ranges mostly from 15 to 35 feet
to the mile. Locally, there are dips in other directions or the lay-
ers may be quite horizontal; nowhere are the strata steeply in-
clined. A noteworthy belt of distinct although gentle easterly
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144 Geological Survey of Kansas—1944 Reports of Studies

dips may be traced across the state from the vicinity of Arkansas
City in the south to the neighborhood of Seneca in the north; this
defines the east limb of the anticlinal structure that overlies the
buried Nemaha Ridge. Drilling along this anticline in south-cen-
tral Kansas has led to the discovery of important oil and gas fields.
Faults having small displacement have been observed in a few
places, but nowhere in Kansas is faulting a very noticeable fea-
ture of the rock structure.

Igneous rocks.—Although outcropping rocks of Kansas are
almost exclusively of sedimentary nature, rocks of igneous origin
occur in at least two areas. It is not possible to determine the age
of these rocks with any exactness, and consequently they cannot
be fitted satisfactorily into a tabular description. In Woodson
county boulders of granite-like rock are found in association with
partly metamorphosed Pennsylvanian sedimentary rocks. The
igneous rock is evidently a dike-like intrusion that invaded the
strata some time after Late Pennsylvanian time. In Riley county
there are at least three small outcrops, each less than an acre in
extent, that furnish record of intrusion of dark-colored igneous
rock into Lower Permian strata. The known exposures of this
igneous rock are several miles distant from one another. Based
on very insecure considerations, it is supposed that the igneous
rocks of Kansas just noted may be of Cretaceous age.
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Outcropping Rocks of Kansas 145

CENOZOIC ROCKS.—Formations belonging to the Cenozoic era, last of first rank geo-
logic time divisions, are widespread in Kansas. They comprise Quaternary sediments,
which include glacial deposits of northeastern Kansas and nonglacial deposits of Pleisto-
cene and Recent time in all parts of the state, and Tertiary deposits, which cover most
of western Kansas.

CENOZOoIC
QUATERNARY

Recent and Pleistocene

QUATERNARY SYSTEM.—Deposits of Quaternary age occur widely over Kansas.
These are all nonmarine in origin and include glacial, fluvial, and eolian deposits.
Glacial sediments occur only in northeastern Kansas, whereas stream-laid deposits
occur generally in the western half of the state and along the valleys in the eastern
half, The maximum aggregate thickness of these deposits is nearly 700 feet, but in-
asmuch as the maximum thickness of several units is never found in the same area
the greatest thickness of Quaternary depdsits known at any locality is 275 feet.

RECENT SERIES (including some undifferentiated Pleistocene deposits).—Sedi-
mentary deposits formed since the time of disappearance of the last glacial ice
sheet from North America are classed as belonging to the Recent series. They are
chiefly stream-laid deposits in continental areas such as Kansas, but on borders
of continents they include marine sediments. Inasmuch as the last ice sheet did
not reach Kansas and conditions that are typical of Recent time began in this
region approximately in mid-Pleistocene time, the Pleistocene-Recent boundary
in Kansas is not clearly recognizable at some places.

[]1 Alluvium.—Gravel, sand, silt, and loam; gray to tan; underlying the
valley flat of most stream valleys throughout the state. In western Kan-
sas and along the through valleys of central and eastern Kansas the
alluvium consists of sediments derived from the Rocky Mountain region
mixed with local materials. In northeastern Kansas the alluvium is
largely derived from glacial deposits; in southeastern Kansas it consists
predominantly of chert gravel and sand and other material derived from
the Paleozoic rocks of the region. Alluvium is generally thicker under
major valleys and ranges in thickness from a few feet to more than 80
feet. Between Hutchinson and Wichita the alluvium of the Arkansas
river valley attains a known thickness of 275 feet

O Dune sand.—Eolian sand, well-sorted, predominantly quartz; gray to
tan; mantling the surface of much of central and southwestern Kansas,
especially in the Great Bend area, south of Arkansas river. The dune
sand in many areas represents several cycles of dune development. The
younger cycles are Recent in age and consist of loose sand, whereas the
older cycles are Pleistocene in age and in some places are red-brown and
are partly indurated. Maximum thickness, about .........cccocororcee. 50 feet

[J Loess—Eolian silt, well-sorted; gray, tan, buff, and red-brown. Wide-
spread in western and central Kansas. Surficial loess is still in the pro-
cess of deposition in some areas of the state, and in some places a thin
mantle of Recent material overlies more widespread deposits of Pleisto-
cene loess. Includes the upper part of the Kingsdown silt and the San-
born formation. Maximum known thickness, about ........................ 25 feet

? Unconformity ?
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CENOZoIC
QUATERNARY
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PLEISTOCENE SERIES.—The distinctive sedimentary deposits formed in Pleisto-
cene time, which comprises the older and longer part of the Quaternary system,
are glacial materials. Some glacial deposits, both those formed directly by ice
work and those resulting from action of melt-water derived from ice sheets,

Pleistocene

EASTERN KANSAS .
[] Loess.—Eolian silt, massive, tan.
Caps the uplands of northeastern
Kansas, especially along the Mis-
souri river valley. Maximum thick-
ness, about ... 35 feet

[J Terrace deposits.—Sand, gravel,
boulders, and silt; forming terraces
along major stream valleys. In
northeastern Kansas the terrace de-
posits are derived principally from
glacial sediments and contain ice-
carried pebbles and boulders of ig-
neous rocks and quartzite. In south-
eastern Kansas these deposits con-
sist of silt, clay, sand, and chert peb-
bles derived mainly from near-by
Paleozoic rocks and high-level Ter-
tiary deposits. Maximum thickness,
about ... 80 feet

W Kansan till.—Glacial till in north-
eastern Kansas, coarse-textured,
brown and tan; containing boulders
of rocks foreign to Kansas, espe-
cially pink quartzite. Thickness, a
featheredge to ...occcocoovveeee.. 75 feet

I Aftonian interglacial deposits.—
Sand and silt in Atchison and ad-
jacent counties; thin-bedded and
thinly cross-bedded; tan and gray.
Maximum thickness, in eastern
Atchison county, ... 70 feet

M Nebraskan till. — Glacial till in
northeastern Kansas, fine-textured,
blue-gray, contains few pebbles or
boulders. Thickness, a featheredge
to a maximum, near the Missouri
valley, of ... 80 feet

A~~~ Major unconformity ~~~~~-
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CENTRAL KANSAS
[0 Loess.—Eolian silt, well-sorted;
tan, brown, and gray; locally, vol-
canic ash at base. Widespread in
McPherson and Republic counties
and mantles the uplands at scattered
localities. Maximum thickness, in
McPherson county, ... 110 feet

B Gerlane formation. — Clay, silt,
sand, and gravel in south-central
Kansas. Maximum thickness, in
Barber county, 104 fcet; thickness
commonly ... 60 feet

[0 Terrace deposits. — Sand, gravel,
silt, clay, and volcanic ash; tan and
gray. Mantles terraces of different
ages which occur at heights of 10 to
100 feet above the flood plains of
valleys of central Kansas, and un-
derlies the floors of several aban-
doned high-level valleys. Some local
terrace deposits have been called
“Salt Creek gravel beds,” and some
deposits called “Abilene conglom-
erate” may be terrace deposits.
Snails locally abundant. Represen-
tative mammals from terraces of
three ages include: (1) Cynomys;
(2) Castoroides, Neofiber, Blarina;
(3) Sorex, Microtus, Pitymys. Thick-
ness, thin veneer to ............ 80 feet

B McPherson formation.—Sand,
gravel, and silt; gray and tan. Con-
tains bones of mammals: Megalonyx,
Paramylodon, Smilodon, Mastodon,
Elephas, Parelephas, Equus, and
Camelops. Thickness, a featheredge
B0 e 150 feet

B Belleville formation.—Sand,
gravel, silt, and clay, in Republic
county. Contains Equus and Stego-
mastodon. Maximum thickness more
than 150 feet

Unconformity
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[PLEISTOCENE SERIES, Continued] occur in Kansas, but they belong to the early
and middle part of the Pleistocene epoch. Outside the glaciated area in early Pleistocene
time and throughout the state during the latter part of the Pleistocene epoch, conditions

resembled those of Recent time.

SOUTHWESTERN KANSAS
B Kingsdown silt.—Silt and fine sand,
containing nodules and bands of caliche;
tan to gray. Thin-bedded fine sand at base
grading upward into loess (Recent in up-
per part). Mantles uplands and covers
floor of the Meade basin. Mammal remains
include Paramylodon and Equus in lower
part and Cynomys in upper part. Thick-
ness, typically 10 to 45 feet, but attaining
a maximum of more than 90 feet in south-
ern Ford county; commonly ... 40 feet

O Terrace deposits.— Gravel, sand, silt,
and clay; mantling terrace surfaces at sev-
eral levels along the Cimarron, Arkansas,
and adjacent valleys. The deposits consist
largely of pebbles and grains of Rocky
Mountain rocks and abraded caliche and
“mortar bed” pebbles. Contain bones of
Parelephas and Equus. Thickness .............
....... 5 to 65 feet

R Meade formation. — Gravel, sand, silt,
clay, voleanic ash, and caliche; gray, tan,
red, pink, and buff; selenite crystals prom-
inent in redbeds. Gravel and sand con-
tain pebbles derived from the Rocky
Mountain region and from near-by Plio-
cene and older rocks. Channel deposits
rest unconformably on the lower, more
widespread, part. Well exposed in the
Meade basin. Snails locally abundant. Five
distinet vertebrate zones have been rec-
ognized. The most typical mammals from
these zones, in descending order, are: (1)
Ambystoma, Sorex, Microtus; (2) Para-
mylodon, Equus, Camelops; (3) Sigmodon,
Onychomys, Perognathus; (4) Sorex, Mic-
rotus, Pitymys; (5) Equus, Camelops.
Thickness, commonly ............ 10 to 150 feet

~~n~~~sLocal unconformity

Google

NORTHWESTERN KANSAS
B Sanborn formation. — Consists mainly
of loess; sand and, locally, gravel occur
commonly at the base; generally well-
sorted, tan to gray-buff. Mantles the up-
lands and highest terrace levels. Snails
are abundant locally. From Jewell county
westward to Decatur county a prominent
soil zone that has yielded remains of Citel-
lus and Cynomys occurs at the base of the
gray-tan loess. Below the soil zone are
heterogeneous deposits of clay, silt, sand,
and gravel, usually red to red-brown in
color. These deposits have yielded re-
mains of the fossil vertebrates Citellus and
Cynomys. Thickness ............. 5 to 100 feet

Unconformity
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TERTIARY SYSTEM.—Deposits of Tertiary age occur widely in central and western
Kansas, and locally in eastern Kansas. These deposits are all continental in origin
.and were deposited mostly by streams and in lakes. The source area of most of
these deposits was to the west, principally the area of igneous rocks in the Rocky

PLIOCENE SERIES.—The Tertiary rocks of Kansas, so far as is known, are all
included within the Pliocene series.

Pliocene

EASTERN KANSAS
O Chert gravels.—Gravel and sand;
consist predominantly of poorly
sorted chert gravels, brown to gray-
tan, derived principally from the
Flint Hills region of east-central
Kansas. Underlie the surface of
abandoned high-level valleys and
high terraces. In northeastern Kan-
sas these chert gravel deposits un-
derlie the Nebraskan and Kansan
tills. Pliocene or older in age. Thick-
ness, thin veneer to ............. 30 feet

o~~~ Major unconformity ...
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CENTRAL KANSAS
B Emma Creek formation. — Sand,
gravel, sandy silt, and clay; brown,
buff, and gray. Consists largely of
pebbles and grains derived from ad-
jacent Cretaceous rocks. Widespread
in McPherson and adjacent counties.
These deposits were probably de-
posited by streams flowing toward
the south and southwest at a time
prior to the establishment of east
drainage across the Flint Hills re-
gion. A prominent disconformity
occurs within the formation and the
lower (older) part is probably equiv-
alent in part to the Ogallala forma-
tion of western Kansas. The age of
the beds above this disconformity is
in doubt. They may prove in part
to be of Pleistocene age. Mammal re-
mains from the beds below the dis-
conformity include Amebelodon, Tet-
ralophodon, Neohipparion, Pliohip-
pus, Nannippus, and Teleoceras.
Thickness, less than 10 to 180 feet;
commonly ' 40 feet

~~~~~~ Major unconformity ~ .
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[TERTIARY SYSTEM, Continued] Mountain region and the area of sedimentary rocks
in eastern Colorado and western Kansas. The thickness of these deposits ranges from
a thin veneer to about 350 feet, but the maximum thickness has nowhere been observed

at the surface.

SOUTHWESTERN KANSAS
B Ogallala formation.—Gravel, sand, silt,
clay, and caliche; pink, gray, and tan.
Widespread over western Kansas. Thick-
ness, maximum, 350 feet, commonly ..........
125 feet

® Rexroad member.— Sand, silt, clay,
caliche, and locally peat; gray, tan, and
pink. Occurs in the Meade basin and
vicinity. Contains mammals: Parahodo-
mys, Sigmodon, Ogmodontomys, Plesip-
pus, and Nannippus. The exact age of
these beds within the standard time
scale is in doubt. Snails locally abun-
dant. Thickness (maximum thickness
known only from well samples), less
than 50 to 250 feet
O Unnamed middle Pliocene member.—
Gravel, sand, sandy silt, and caliche;
massive to cross-bedded; pink, tan, and
gray. Contains fossil mammals Ame-
belodon, Pliohippus, and Aphelops, and
fruits of the herb Biorbia fossilia.
Thickness, 10 to 150 feet, commonly
. 100 feet

In Meade and Seward counties an
angular unconformity at base.

Local unconformity

B Laverne formation.—Shale, sandstone,
and limestone; buff, blue-gray, and gray.
Silty chalky limestone contains ostracodes
and diatoms. Snails locally abundant in
shales, Mammal remains include Nannip-
pus, Calippus, and Eucastor. Occurs in
Meade and Seward counties, locally trun-
cated by overlying Ogallala. Lower Plio-
cene and possibly upper Miocene in age.
Exposed thickness 60+ feet; from well
logs believed to attain a maximum thick-
ness of more than ........cccooeeeneeeeeee. 60 feet

o ~~~ns Major unconformity
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NORTHWESTERN KANSAS
Il Ozgallala formation.—Gravel, sand, silt,
and caliche; massive and cross-bedded;
contains pebbles of igneous rocks (derived
from the west), limestone, and sandstone;
pink, gray, and tan. Gravel and sand
locally cemented to form “mortar beds.”
Widespread under the High Plains of
western Kansas. Locally capped by hard
limestone or caliche bed containing algal-
like structures. Contains Edson Quarry
fauna and Biorbia fossilia fruits. Middle
Pliocene in age. Green and red-brown
bentonitic clay beds locally occur in the
base of the Ogallala, and in Wallace county
this zone has been called the Woodhouse
clay. Locally this formation unconform-
ably overlies undifferentiated lower Plio-
cene deposits (Norton, Rawlins, Phillips,
and Trego counties) that have yielded
bones of the fossil beaver, Eucastor. Thick-
ness, 10 to 200 feet, commonly ........ 150 feet

~~~r~~~~~ Major unconformity
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MESOZOIC ROCKS.—Deposits of Mesozoic age comprising part of the geologic section
of Kansas belong mostly to the Cretaceous system. These rocks cover many thousand
square miles in the western part of the state. Older Mesozoic rocks, probably represent-
ing both the Jurassic and Triassic systems, are identified in well borings but are absent
or, in the case of Triassic, somewhat doubtfully recognized very locally in surface ex-
posures,

MESOZoIC

CRETACEOUS SYSTEM.—Rocks of Cretaceous age crop out at the surface or under-
lie much of central and western Kansas. These rocks are mostly marine, but deposits
of supposed continental origin are found in the Cheyenne sandstone and Dakota
formation. Clayey and calcareous shale is the dominant constituent, but fine-grained
platy and chalky limestone comprises most of the Greenhorn and Niobrara, and sand-
stones occur in the Cheyenne, Kiowa, Dakota, Graneros, and Carlile. In general,
these rocks dip very gently westward, but locally dips may occur in any direction.
Small outcrops of dark-colored igneous rocks that penetrate Permian strata in Riley
county are possibly Cretaceous in age. The thickness of the Cretaceous system in
Kansas is about 2,750 feet.

GULFIAN SERIES.—The upper part of the Cretaceous system is defined as the
Gulfian series. At the beginning of Gulfian time, continental and littoral deposits
accumulated in Kansas, but these conditions rapidly gave way to marine condi-
tions and the shales and limestones constituting the Colorado and Montana groups
were deposited. Thickness about 2,500 feet.

Montana group.—Dark-colored marine shales that crop out and underlie the
surface of northwestern Kansas. Thickness, 1,000 to 1,400 feet; average 1,235
feet.

W Pierre shale—Shale, thin-bedded, black to dark gray, a few beds lighter
in color, weathers to coffee-brown and gray; marine; contains concre-
tions, selenite crystals, thin beds of bentonite, and locally chalky beds. Oc-
curs in northwestern Kansas. Thickness, 1,000 to 1,400 feet; average ............
1,235 feet

@ Beecher Island shale member.—Shale, gray. Irregular concretion-
ary limestone near top, limonite concretions throughout, thin beds of
bentonite and limestone concretions in lower part. Characterized by
the marine clams Tardinacara (Pseudoptera) fibrosa and Inoceramus
sagensis, and the cephalopods Baculites grandis and Discoscaphites
abyssinus. Thickness 100 feet
O Unnamed shale member.—Shale, black to gray. Thickness, 500 to
600 feet, average 550 feet

@ Salt Grass shale member..—Shale, clayey, gray, containing numer-
ous thin bentonite beds, limestone concretions, and concretionary
limonite zones distributed throughout. Contains Baculites pseudo-
vatus and Acanthoscaphites nodosus. Thickness .........ccccco.c....... 60 feet
@ Lake Creek shale member.—Shale, thin-bedded, flaky, dark gray
and black; limestone concretions, zones of concretionary limonite,
and locally gypsum are present. Contains Baculites compressus, Ser-
pula wallacensis, and Acanthoscaphites nodosus. Thickness .... 200 feet

CRETACEOUS

Gulfiam

Montana
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@ Weskan shale member.—Shale, clayey, gray. Bentonite beds more
abundant in lower part, large limestone concretions and some limo-
nite. Contains Serpula wallacensis, Acanthoscaphites nodosus, Ano-
mia subtrigonalis, Ostrea, and Crassatella evansi. Thickness ...170 feet
@ Sharon Springs shale member.—Shale, flaky, black, somewhat bi-
tumihous, large septarian and ordinary limestone concretions abun-
dant in upper part; a few beds of light-gray shale. Thickness, 155 feet

— Montana

Colorado group.—Shales, calcareous and noncalcareous, that crop out and
underlie the surface of north-central, northwestern, and west-central Kansas.
Limestone beds occur interbedded with the calcareous shales. These rocks
are all of marine origin. Thickness, about 1,050 feet.

B Niobrara chalk.—Calcareous shale and chalk, soft, interbedded, light
gray. Crops out in a belt trending generally northeast-southwest and ex-
tending from north-central to western Kansas. Thickness, 500 to 750 feet
in Logan and Wallace counties; average 605 feet

@ Smoky Hill chalk member.—Shale, chalky, interbedded, gray,
weathers white, yellow, and orange; contains limonitic concretions.
Forms badland topography. Characterized by the marine clams
Inoceramus (Haploscapha) grandis and Ostrea congesta. Thickness,
450 feet, to 700 feet in Logan county; average ........ccooemneece. 550 feet

@ Fort Hays limestone member—Chalk or chalky limestone, gray to
cream-colored, massively bedded; thin beds of light to dark-gray
chalky clay shale separate the massive chalky limestone beds. Ex-
tensively used for building stone. Contains Inoceramus deformis.
Thickness, 50 feet in Phillips county, to 65 feet near the Colorado
line; average 55 feet

B Carlile shale—Shale, chalky in lower part and containing thin chalk beds
near the base, black fissile shale and large septarian concretions in upper
part, fine-grained sandstone at top; marine. Occurs in northwestern and
western Kansas. Thickness about 300 feet

@ Codell sandstone member—Sandstone, fine-grained, and siltstone,
somewhat calcareous, gray and tan; sharply defined at top but grad-
ing downward into dark-gray shale. Thickness, 3 feet in Ness county,
22 feet in northern Ellis county, to 25 feet in Hamilton county; aver-
age 15 feet

@ Blue Hill shale member.—Shale, clayey, gray-black to dark gray,
noncalcareous; abundant ordinary and septarian concretions and
selenite crystals. Thickness, 75 feet in Hamilton county to 200 feet
in Russell county; average 160 feet

@ Fairport chalky shale member.—Shale, calcareous, and thin chalk
beds, blue-gray to gray, weathers to light orange-tan; chalky lime-
stones more abundant near base. Contains Ostrea congesta. Thick-
ness, 85 feet in Russell county to 147 feet in Hamilton county; aver-
age 125 feet

Colorado

Bl Greenhorn limestone—Chalky limestone and calcareous shale, inter-
bedded, thin-bedded, light gray to dark gray, weathers yellow-gray to light
gray; marine. Occurs in northwestern and western Kansas. Thickness, 85
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feet in northern Barton county, 95 feet in Ellis county, to 132 feet in Hamil-
ton county; average 100 feet

@ Pfeifer shale member—Chalky shale and chalky limestone in al-
ternating layers, “Fencepost limestone bed” at top, blue-gray, weath-
ers to light-tan. In Hamilton county the Pfeifer shale member and
the underlying Jetmore chalk member are thicker than farther east.
They cannot be distinguished and have been together designated the
Bridge Creek limestone member, having a total thickness of 74 feet.
Thickness of Pfeifer shale is typically 19 to 21 feet in Ellis and Russell
counties; average 20 feet

@ Jetmore chalk member.—Chalky shale and chalky limestone, in-
terbedded, gray, weathers to light gray. Contains Inoceramus labia-
tus. Thickness, 20 feet (Russell and Ellis counties) to 25 feet; aver-
age 22 feet

@ Hartland shale member.—Chalky shale, a few thin beds of chalky
limestone and bentonite, gray. Thickness, 23 feet in Kearny county
to 35 feet in Ellis county; average 30 feet

@ Lincoln limestone member—Chalky shale and chalky limestone,
interbedded, light gray; beds of dark-gray hard crystalline limestone
at base and top; shale contains thin beds of bentonitic clay. Member
weathers to yellow-gray or yellow-tan. Thickness, 20 feet (Ellis
county) to 35 feet; average ....... 28 feet

Il Graneros shale.—Shale and clay shale, fissile, noncalcareous, blue-black,
weathers to dark gray and coffee-brown; largely or entirely marine but
mostly unfossiliferous; locally contains sandstone beds and beds of “clay
ironstone”; selenite crystals abundant.: Thickens southward across western
Kansas. Thickness, 30 to 35 feet in Russell county to 65 feet near the Colo-
rado line; average 45 feet

The rocks which comprise the Dakota formation, Kiowa shale, and Cheyenne
sandstone formerly were classed as the Dakota group. The use of this grouping
has been discontinued.

W Dakota formation.—Clay, shale, siltstone, and sandstone, interbedded and
lenticular; contains carbonaceous material, lignite, concretions of hematite
and limonite, and locally quartzitic sandstone; white, gray, red, brown, and
tan. Occurs in north-central and western Kansas. The Cockrum sandstone
of southwestern Kansas is equivalent in age to part of the Dakota formation.
Contains stratigraphic units formerly called “Rocktown channel sandstone,”
“Ellsworth formation,” “Solomon formation,” “Reeder sandstone,” “Mar-
quette sandstone,” “Spring Creek clay,” and others. Contains plant fossils

- and land vertebrates. Thickness, 100 to 300 feet; average ......ccocou...... 215 feet

@ Janssen clay member—Clay, silt, and fissile shale, with lenticular
sandstone, lignite, and lignitic clay common; gray to dark gray, con-
tains concretionary hematite and limonite and beds of “ironstone.”
Central and north-central Kansas. Thickness, 30 to 80 feet; aver-
age ...... 55 feet

@ Terra Cotta clay member—Clay, shale, sandstone, and quartzitic
sandstone, interbedded, red, gray, brown, and tan. Central and north-
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MESOZOIC

central Kansas. Sandstones are lenticular and weather brown, coarse-
grained to fine-grained, abundant hematite and limonite concretions
throughout. Quartzitic sandstone near top. Thickness, 70 to 220 feet;
average 160 feet

[ Gulfian —

COMANCHEAN SERIES.—The lower part of the Cretaceous system is defined
as the Comanchean series. At the beginning of Comanchean time the Kansas area
was being eroded and only upper Comanchean deposits occur in the state. The
oldest Comanchean deposits in Kansas represent continental and littoral deposits
laid down as the sea advanced northward. These nonmarine conditions rapidly
gave way to marine conditions, and marine shales overlie the nonmarine and
littoral deposits. These rocks crop out in a belt extending diagonally north to
south across central Kansas, and at a few places in southwestern Kansas. Thlck—
ness, featheredge to 400 feet; average about 250 feet. !

W Kiowa shale.—Shale, fissile, light gray, dark gray, and black, contains
thin limestone beds throughout, with the Champion shell bed at the base
" in the type area. Locally, lenticular sandstones occur at any position within
the shale; selenite crystals common. Abundant marine molluscan fauna in
the thin limestones, shale, and sandstone. Probably contains stratigraphic
units formerly called “Greenleaf sandstone,” “Mentor beds,” and others, and
is in part equivalent to the “Belvidere formation,” “Medicine bed,” “Elk
River beds,” and others. Thickens across central and western Kansas toward
the south and southwest. Typical thickness, 60 to 150 feet; average .. 100 feet

B Cheyenne sandstone.—Sandstone, white, buff, gray, tan, red, yellow, and
purple, with white, light gray, and buff dominant; and shale, light gray to
dark gray. Sandstone, very fine-grained to coarse-grained, dominantly
quartz, cross-bedded; shale, sandy and silty, cross-bedded, dark gray, con-
tains plant remains. Cobble zone at base, locally conglomeratic; locally a
zone of redeposited red Permian sand at base. Contains stratigraphic units
formerly called “Stokes sandstone,” “Lanphier beds,” and “Natural Corral
sandstone.” Thickens westward in the subsurface. Maximum thickness ex-
posed, more than 75 feet; maximum thickness in the subsurface, 300 feet;
AVeTage ....ocoocveccreennne .. 150 feet

CRETACEOUS
Comanchean

A major unconformity marks the base of the Cretaceous rocks. The Cretaceous rocks
overlap northward on the pre-Cretaceous erosion surface, successively younger beds
lying above the contact northward across the state, ranging from the Cheyenne sand-
stone in Comanche and Kiowa counties to the Dakota formation in Washington county.
Rocks underlying the unconformable contact range in age from the Herington lime-
stone in Washington county to beds believed to be of Jurassic age in northwestern
Kansas.

s s s ooms ommmome Major unconformity - o i

(?)TRIASSIC SYSTEM.—Continental deposits of early Mesozoic age, identified as
Triassic on the basis of vertebrate and plant remains, are widespread in western
Texas and New Mexico. Mainly on lithologic grounds, certain outcrops in the
panhandle of Oklahoma and southwestern Kansas are believed to be equivalent
to the undoubted Triassic of areas farther south. Thickness in Kansas about 20 feet.
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(?)Dockum group.—Inasmuch as the Triassic rocks above mentioned, belong-
ing to the late part of the period, are called Dockum group in Texas, this name
is tentatively employed for the supposed Triassic of southwestern Kansas.
Thickness, 20 feet.

0 Unnamed formation.—Red siltstone, buff and white sandstone, and a
small amount of gypsum, exposed at two places in the Cimarron valley in
Morton county, are differentiated from other rocks of the region. They are
believed to correspond to deposits in Texas county, Oklahoma, that are
identified as Triassic. The maximum exposed thickness of these rocks in
Kansas is about 40 feet but locally beneath the surface their thickness seem-
I__ ingly is greater; average 20 feet

Dockum (?)—

l— TRIASSIC (?) —
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Regional unconformities and overlaps bring Cenozoic and Mesozoic rocks into contact
with various Paleozoic formations.

o~ Unconformity ~~~—~

PALEOZOIC ROCKS.—Sedimentary, igneous, and metamorphic rocks of all sorts
formed during the great span of geologic time called the Paleozoic era have no classi-
ficatory designation that is generally used to refer to them collectively. Somewhat
loosely, therefore, we term them Paleozoic rocks. The outcropping rocks throughout
most of eastern and central Kansas are all sedimentary strata of Late Paleozoic age.
They include shale, sandstone, limestone, and conglomerate having widely varied char-
acteristics, as well as coal beds, dolomite, and some other rock types. Paleozoic rocks
underlie all of western Kansas. Locally exposed igneous rocks in Woodson county
may be Paleozoic but they are probably much younger. The total thickness of exposed
Paleozoic rocks in Kansas, derived by compiling average measurements of recognized
subdivisions, may be given as approximately 6,000 feet.

PERMIAN SYSTEM.—Rocks of Permian age crop out in eastern Kansas in a belt
extending from Washington, Marshall, Nemaha, and Brown counties, on the northern
boundary, to Meade, Clark, Comanche, Barber, Harper, Sumner, and Cowley coun-
ties, on the Kansas-Oklahoma line. The total outcrop thickness is about 3,000 feet.

GUADALUPIAN SERIES.—This division of the Permian system, which is defined
from fossiliferous marine rocks in western Texas and southeastern New Mexico,
crops out in southern Kansas. In this region, it comprises unfossiliferous deposits
that seem to have been laid partly on land by sluggish streams and action of winds
and partly in shallow basins occupied by strongly saline waters. Bedding is
mostly irregular. Reddish color, which signifies abundance of ferric oxide, pre-
vails. Thickness of outcropping rocks belonging to this series in Kansas is about
290 feet.

PALEOZOIC

PERMIAN

Quartermaster group.—Permian beds above the Day Creek dolomite have been
classified as belonging in the Quartermaster group. They seem to be equivalent
to the lower part of the Quartermaster formation of western Oklahoma and the
panhandle region of Texas. The maximum outcrop thickness of these rocks
in Kansas is about 45 feet.

Guadalupian
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B Taloga formation.—Redbeds of silty and sandy shale and sandstone,
called “Big Basin” in some reports, belong to the Taloga formation. The
lower 25 feet is chiefly silty shale. Outcrops are in western Clark and east-
ern Meade counties. The strata are seemingly equivalent, all or in part, to
the Quartermaster formation in Oklahoma. Thickness, maximum about 45
feet; average 20 feet

I—Quartemaster

Beds below the Taloga formation and above the Dog Creek shale are not as-
signed to a group.

W Day Creek dolomite.—Fine-grained dense dolomite cropping out in west-
ern Clark county. It is seemingly absent between the northern part of T.
33 S.,, R. 24 W. and a point in Oklahoma near the center of T. 25 N, R. 25 W.
(Indian meridian). Thickness in Kansas is about 2 feet

B Whitehorse sandstone.—Redbeds of sandstone, siltstone, and shale, and
a minor amount of dolomite. Cross bedding is common and the formation
is characterized by “sand balls,” which are water-worn small “sand crystals”
consisting of sand pseudomorphs after calcite, and by crystals of barite, an-
hydrite, calcite, and gypsum. The outcrops are in southeastern Meade, Clark, .
and southwestern Kiowa counties. Thickness is about ... 270 feet
O Upper shale member—Redbeds of shale and a minor amount of
sandstone, with a zone of dolomitic beds in the basal part and a zone
of gray-green sandy shale in the upper part, mostly brick-red or ma-
roon. Thickness is about . ~ 38 feet
O Even-bedded member. — Sandstone and shaly siltstone, mostly
even-bedded but locally cross-bedded in the upper part; containing
“sand balls” and “sand crystals”; maroon. Thickness is about, 100 feet

@ Relay Creek? dolomite and sandstone member.—Two beds of dol-
omite separated by red and white sandstone of variable texture. The
dolomite beds range in thickness from a few inches to about 1 foot.
Locally the dolomite beds are altered to anhydrite or gypsum. Indi-
vidual layers in the sandstone are identified with difficulty; locally
the rock is cross-bedded. Thickness is about ......cooeeercecercenee 22 feet
@ Marlow sandstone member.—Redbeds of sandstone, fine-grained,
locally shaly or silty, cross-bedded. “Sand balls” locally prominent.
R L Thickness about 110 feet

Conformity

Guadalupian

LEONARDIAN SERIES.—This major division of the Permian, named from strata
in the Glass Mountains region of western Texas, is judged to be represented in
Kansas by about 1,900 feet of rocks that are chiefly unfossiliferous clastics (sand-
stone, shale) and evaporites (anhydrite, gypsum, salt). Red shale, siltstone, and
sandstone predominate in the upper part. Gray shale is the most common rock
type in the lower part, although red and other bright colors are present.

ian

Nippewalla group.—The upper part of strata assigned to the Leonardian series,
§ named from Nippewalla river in Kingman county, is most widely exposed in
§ south-central Kansas west of Arkansas river. This group consists mostly of
= redbeds that form a plain. In Barber county and adjacent areas the topography

)
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of the Nippewalla outcrop area locally has considerable relief and is “badland”
in type. Gypsum beds make prominent escarpments. The total thickness of the
group is approximately 930 feet.

B Dog Creck shale.—Maroon shale, sandstone, thin layers of dolomite,
dolomitic sandstone, and gvpsum. The top generally is marked by about 3
feet of maroon shale, but lncally a gypsum bed about 1 foot thick and having
red stripes occurs at the top. The most persistent part is a bed of white and
red sandstone, ahout 6 feet thick, that locally is capped by dolomitic sand-
stone, which occurs next below the upper maroon shale portion. The out-
crops are in southern Kiowa, eastern Comanche, and western Barber coun-
ties. In Kiowa county the formation is overlapped by Cretaceous sand-
stone (Cheyenne). The reported thickness ranges from 14 to 53 feet: aver-
age aboUl o e 35 feet

B Blaine formation.—Gypsum beds separated by dolomite and red shale.
The formation is divided into four members. Outcrops are in Clark, Co-
manche, Barber, and Pratt counties. The thickness is about ... 50 feet

@ Haskew gypsum member.—One foot or less of gypsum underlain
by about 5 feet of red shale. The gvpsum bed has been removed by
solution at many places. The thickness of the gypsum and underly-
ing shale beds is about ... 6 feet

@® Shimer gypsum member.— A thick bed of gypsum overlying a
bed of dolomite that ranges in thickness from about 6 inches to 11%
fect. Excessive solution and erosion of the gvpsum bed have greatly
reduced its thickness in many places. Measured sections believed to
show the original thickness range from 14 to 24 feet; average ... 19 feet

Nippewalla

@ Nescatunga gypsum member—A bed of gypsum with overlying
and underlying red shale. The gypsum hed varies in thickness within
short distances and is known to range from about 2 to 8 feet. Locally
as much as 8 feet of red shale separates the gypsum from the next
higher and lower gypsum beds. Average ...........ccoocoiieene. 5 feet
@ Medicine Lodge gupsum.—The thickest bed of gypsum in Kansas.
Ordinarily there is a hed of dolnmite at the base which ranges from
6 inches to 1 foot in thickness. Exposures are in Barber, Clark, and
Comanche counties. This gypsum bed forms a conspicuous rim rock
at the top of steep slopes of the Flowerpot shale. The maximum
thickness is 30 feet or more; average ... 20 feet

M Flowerpot shale—Shale, red. soft. gypsiferous. A thin lenticular bed of
dolomite has been observed in the middle part, and the formation is cut by
intersecting veins of satin spar gvpsum. Outerons are in Barber. south-
eastern Kiowa, and Comanche counties. Commonly stands in steep slopes,
eroded into innumerable gullies, and strewn with clear, white, pink, and red
satin spar and clear crystals of selenite. Measured thicknesses range from
170 to 190 feet, aVerage ..ot 180 feet

M Cedar IHills sandstone.—Sandstone and siltstone, chiefly red, containing
beds of white sandstone in the upper and lower parts; the upper one con-
tains “snow balls” of white gvpsum. Shaly siltstone separates the more re-
sistant and more massive sandstones. The upver part below the “snow ball”-
Eearing sandstone commonly is eroded into a badland platcau. The more
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massive sandstones are generally weathered into rounded hills and the shaly
portions are weathered into canyon-dissected slopes. Outcrops are in Barber
and Harper counties. Thickness is about 180 feet

I Salt Plain formation.—Chiefly red, flaky, silty shale and some siltstone
and sandstone. There are two prominent sandstone beds, the upper, about
25 feet thick, occurring about 42 feet below the top of the formation and the
lower (Crisfield), about 29 feet thick, occurring about 115 feet below the top
of the formation. The sandstones are partly cross-bedded. Outcrops are in
southeastern Barber, Harper, and southern Kingman counties where the
formation has weathered into a nearly featureless plain. In Kingman county
the formation is overlapped by Cenozoic deposits. The thickness is reported
by George H. Norton to be ..., .. 265 feet

B Harper sandstone.—Chiefly red, divided into two members. The outcrops
are in Harper, Kingman, Reno, and Rice counties. Northward the formation
is overlapped by Cenozoic rocks. Thickness is about ........ccccocoevreeeeneee. 220 feet

@ Kingman sandstone member—Red sandstone and a few beds of
red shale and white sandstone. A prominent bed of white sandstone,
3 feet thick, occurs at the base. Thickness is about ................... 80 feet

@ Chikaskia member.—Sandstone and shale, mostly red but some
gray; fissile, fine-grained, ripple-marked and locally cross-bedded
sandstone in the lower part. Some white sandstone and dolomite
lenses and concretions occur in the upper part. Along the outcrop in
Kansas the formation thins northward, and the thickness ranges from
about 100 to 160 feet; average 140 feet

Sumner group.—This division comprises about 1,000 feet of strata at the out-
crop, chiefly shale. Thick beds of salt occur in the subsurface. Gray shale
predominates but there are also beds of red and green shale and deposits of
dolomite, limestone, gypsum, and anhydrite.

Sumner

B Stone Corral dolomite.—Dolomite, anhydrite, and gypsum. The anhy-
drite and gypsum portions are lost in exposed sections and the remaining
dolomite ledge is cellular or contains numerous calcite-filled vugs. The
color is chiefly gray but locally there are red and pink streaks. At some ex-
posures the formation is chiefly red shale, bounded above and below by thin

~ dolomite beds. Ripple marks on dolomite slabs are more or less character-

istic. The outcrop belt is interrupted in eastern Rice, western McPherson,
and other counties to the south by eastward overlap of Cenozoic deposits.
This is one of the most readily recognized “key beds” in the Kansas redbed
section. It is reported to produce well-marked reflections in seismograph
surveys. Maximum measured thickness at the outcrop is about ............ 6 feet

M Ninnescah shale.—Predominantly shale, mostly red, but containing some
gray shale, impure limestone, and calcareous sandstone. The Runnymede
sandstone, 7 to 8 feet thick, forms the upper part of the formation. G. H.
Norton has found that seven other distinctive beds of sandy or calcareous
material can be traced for long distances. Estheria shells are rather common.
Some of the beds show ripple marks. Rosette-shaped calcareous concretions
occur in the middle part. Weathering and erosion in this part have pro-
duced the “Red Jaw” country in Reno county. The formation thins north-
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ward. In the subsurface near the Nebraska line it is about 50 feet thick.
The maximum outcrop thickness is about 450 feet; average thickness at out-
crop, about . 300 feet

Il Wellington formation.—Chiefly shale, with a few hundred feet of salt in
the middle part in the subsurface. Outcrops contain several more or less
lenticular beds of gypsum and impure limestone. The Milan limestone
member, consisting of 1 foot of greenish-gray shaly limestone that on the -
outcrop is characterized by bright-green copper carbonate, occurs at the
top and thus marks the top of the Wellington formation in a comparatively
large area. Elsewhere change in color from gray to red may be regarded
as the upper boundary, which may be at different horizons in different
places. The upper 300 feet of the Wellington is largely gray shale with thin
interbedded deposits of calcareous material. The Hutchinson salt member
occurs in the middle part but is not exposed. The fossil insect-bearing Carl-
ton limestone member occurs a short distance below the Hutchinson salt.
Bright red and green shale is conspicuous in the lower part, which contains
more or less discontinuous beds of impure limestone and gypsum. A bed
of impure dolomitic limestone, not definitely known to be of widespread
occurrence, has been named the Hollenberg limestone. In general, outcrops
of the Wellington formation are poor and discontinuous. The total thickness
L_ L_ of the formation is about 700 feet

Conformity

Leonardian
Sumner

WOLFCAMPIAN SERIES.—This division, formerly called the Big Blue series,
contains the older Permian rocks of Kansas. Shales and limestones predominate,
subdivisions being remarkably persistent. The thicker shales are bright colored
and the limestones are mostly light gray bleached-bone color. The outcrop thick-
ness in Kansas is about 835 feet.

PALEOZOIC
PERMIAN

Chase group.—The topmost group of Wolfcampian beds is made up of about
370 feet of prominent escarpment-making limestones and shales. The shale
units are characterized by bright reds and greens. Flint-bearing limestone
forms an important part of this division, which largely comprises the rocks in
which the Flint Hills are developed from Washington, Marshall, and Nemaha
counties on the northern boundary of Kansas to Cowley county on the Kansas-
Oklahoma line.

B Nolans limestone.—This formation consists of upper and lower limestone
members separated by shale. The thickness ranges from about 22 to 40
feet; average 34 feet

Wolfcampian

@ Herington limestone member—Limestone and dolomite, yellow-
ish-tan, soft and dense. more dolomitic in southern Kansas than in
the northern and central parts of the state. Outcrops are character-
ized by siliceous and calcareous geodes and concretions and cauli-
flower-like masses of drusy flint weathered from the matrix. Fossil
mollusks are locally abundant. Thickness ranges from about 7 to 10
feet in the northern part and about 30 feet in the southern part of
Kansas; average 20 feet

Chase
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@ Paddock shale member—Shale, gray, in northern Kansas contain-
ing stringers and vein fillings of calcite; in southern Kansas buff, cal-
careous, and containing limestone in the lower part. Fossil pelecy-
pods are locally abundant in northern outcrops. The thickness is
about 9 feet in Cowley county and ranges between 11 and 13 feet
farther north; average . 11 feet
@ Krider limestone member—Commonly two beds of limestone sep-
arated by a bed of shale, each about 1 foot thick. In southern Kansas
the separating shale is somewhat thicker. In most exposures the
color is yellowish-bréwn. Characteristic thickness is about ...... 3 feet

@ Odell shale—Shale, gray, yellow, and red chiefly, but with some blue
shale in the southern part of Kansas. Along most of the outcrop, red is pre-
dominant in the upper and middle parts; gray or yellow is characteristic of
the lower part. Thicknesses range from about 20 to 40 feet; average .... 30 feet

Winfield limestone.—A thick upper limestone underlain by about 10 feet
of fossiliferous gray shale, which is underlain in turn by a thin bed of flinty
limestone. The members are not definitely identified in southern Kansas.
The combined thickness is about 28 feet
@ Cresswell limestone member.—This member consists of limestone
and locally shale in the upper and middle part, and of massive fossil-
iferous limestone in the lower part. The upper part, which has been
called “Luta limestone,” is thinner bedded and more shaly. The shaly
middle part commonly contains calcareous concretions and geodes.
Echinoid spines and other fossils are plentiful in the lower massive
limestone. Throughout a considerable distance the lower massive
ledge is almost constantly 3 feet thick. Total thickness of the mem-
ber is commonly about 17 feet

@ Grant shale member.—Shale, gray, calcareous and fossiliferous.
This is a distinct unit except in southern Kansas, where it probably
has been included in the lower part of the Cresswell limestone. Thick~
ness is about 10 feet

@ Stovall limestone member.— Limestone, gray, dense, with an
abundance of steel-gray flint. Fossils are rare. The thickness is com-
monly about ‘ 1 foot

M Doyle shale.—Two shale members and a separating limestorle member.
The thickness is about 80 feet

@ Gage shale member.—This part of the Doyle consists mostly of
clayey shale, but calcareous shale and a minor amount of limestone
occur in the upper part. The lower and middle parts are chiefly
varicolored noncalcareous shale consisting of red, green, purple, and
chocolate-colored zones interbedded with gray and yellow layers.
Locally, a limestone lentil occurs not far from the top and is sepa-
rated from the overlying Winfield limestone by the more calcareous
fossiliferous part of the member. The characteristic thickness is ap-
proximately 48 feet

@ Towanda limestone member.—Limestone, light bluish-gray to yel-
low, slabby and platy. Fossils are generally absent or rare. About
15 feet has been measured in Geary county but the common thick-
ness ranges from about 5 to 9 feet; average ..............coooeeieieee 7 feet
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@ Holmesville shale member.—Shale, gray, yellow, red, green, un-
fossiliferous. The thickness ranges from about 20 to 30 feet; average
25 feet

B Barneston limestone.—This formation comprises two limestone members
separated by a thin shale member. The upper limestone makes an exten-
sive dip slope and crops out as a steep escarpment that extends from north
to south across Kansas. The west portion of the Flint Hills is capped chiefly
by the Barneston limestone. The thickness of the formation ranges from
about 80 to 90 feet; average 84 feet

@ Fort Riley limestone member.—Limestone, light gray and tan,
massive and thin-bedded, and a minor amount of gray shale. This
limestone is naturally divided into four parts, the thicknesses of
which vary from place to place. In the basal part there are thin, more
or less shaly beds that are overlain by a massive “rim rock,” which
is a conspicuous outcrop maker. Thin shaly beds and locally clay
shale deposits occur in the middle part. The upper strata are rather
massive but less so than the “rim rock.” The youngest fusulines
known in Kansas occur in the Fort Riley limestone. The thickness
ranges from about 30 to 45 feet; average 40 feet
@ Oketo shale member.—Shale, gray, calcareous. Generally absent
in southern Kansas and locally absent elsewhere. The thickness, ac-
cording to measured sections, ranges from a featheredge to 17 feet,
but where present this shale parting between flinty limestone below
and nonflinty limestone above is generally less than 6 feet; average
5 feet

@ Florence limestone member—Limestone, an abundance of flint,
and a minor amount of shale. The limestone is commonly lighter in
color than the included nodules and layers of steel-gray flint. Shale
partings are rather common locally. Fossils, including fusulines,
bryozoans, corals, pelecypods, and brachiopods, are somewhat sparse.
In most places along the outcrop the thickness is between 35 and 45
feet; average . 40 feet

W Matfield shale.—Two units of varicolored shale separated by a limestone
member. The thickness ranges from about 60 to 90 feet; average ........ 78 feet

@ Blue Springs shale member.—Shale, chiefly red and gray, and a
relatively minor amount of limestone except in southern Kansas
where several limestone beds occur in the upper part of the member.
Farther north the member is less calcareous and limestone is absent.
Fossils occur in thin limestones and in gray shale beds in the south-
ern part of the outcrop area. The thickness is about .................... 40 feet

@ Kinney limestone member.—Limestone and shale. Locally there
is a single bed of gray, massive or thin-bedded limestone but else-
where two or more limestone beds are separated by shale. The lime-
stone is sparsely fossiliferous and the associated shale is commonly
abundantly fossiliferous. The thickness ranges from a few feet to
about 20 feet; average 8 feet
@® Wymore shale member—Shale, chiefly gray and yellow but in-
cluding red, green, and purple bands. Locally most of the unit is
composed of bright-colored clay shale. Limestone beds and fossilifer-
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ous shale beds are included in the lower part in the southern part of
the state. The thickness is about 30 feet

B Wreford limestone.—Two limestones and a shale member. The limestone
members are characterized by an abundance of flint in some of the beds.
The thickness ranges between about 30 and 40 feet; average ................ 35 feet

@ Schroyer limestone member. — Limestone, light gray to nearly
white, mostly flint-bearing, but commonly containing a nonflinty bed
(about 3 feet thick) in the upper part. The thickness is about 18 feet

@ Havensville shale member.—Shale, gray and calcareous, and thin
limestone beds. This unit cannot be easily identified in parts of
southern Kansas where the Wreford limestone comprises a continu-
ous limestone section. Thickness in northern Kansas is about 10
feet; average 7 feet
@ Threemile limestone member. — Limestone, light gray to nearly
white, flinty in part, but containing more massive and more resistant
nonflinty beds. The thickness is about 10 feet

Council Grove group.—This division of the Permian rocks comprises about
320 feet of limestone and shale. Throughout most of the outcrop area little or
no flint occurs in these rocks. In general, they include less massive and thinner
limestone units than occur in the overlying group. The group includes strata
that, according to older classification, were divided (in descending order) into
“Garrison shale,” Cottonwood limestone, Eskridge shale, Neva limestone,
“Elmdale shale,” and Americus limestone.

Council Grove

W Speiser shale—Shale and limestone, formerly classed in the upper Gar-
rison shale, make up the Speiser shale. The upper part consists of gray fos-
siliferous shale underlain by a remarkably persistent limestone bed, which
is commonly less than 1 foot thick and occurs about 3 feet below the Three-
mile limestone. The remainder of the formation consists of beds of vari-
colored shale, red shale being predominant. The thickness of the formation
is about 18 feet in northern Kansas and about 35 feet in the southern part of
the state where a lenticular bed of sandstone occurs in the middle part;
average 25 feet

Il Funston limestone.—Light-gray to bluish-gray limestone and gray to
yellow shale are contained in the Funston limestone.” The limestone occurs
in rather massive, sparsely fossiliferous layers, and commonly the beds are
separated by shale. In southern Kansas, bluish to nearly black shale occurs
in the lower. part, and locally the lower limestone beds contain flint. The
Funston limestone, Blue Rapids shale, and Crouse limestone were formerly
classified as comprising the Bigelow formation. The thickness of the Funs-
ton ranges from about 5 to 11 feet; average ...... 8 feet

Bl Blue Rapids shale.—Shale, gray, containing local limestones. The thick-
ness ranges from about 16 feet in southern Kansas to 25 feet in northern
Kansas; average 20 feet

B Crouse limestone.—Limestone and shale. Generally the formation com-
prises an upper and lower limestone separated by a few feet of shale. The
upper part generally displays platy structure and weathers brown. In gen-
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eral the limestone beds are light gray and locally are flinty. The thickness
ranges from about 10 to 13 feet; average 12 feet

Bl Easly Creek shale.—Shale, red and gray, partly calcareous and contain-
ing local limestone beds. The upper part is light-colored and calcareous;
the lower part is largely red shale. In Marshall county a bed of gypsum oc-
curs near the base. The thickness is approximately ........cccccooeeeen... 15 feet

H Bader limestone.—Two limestones and a shale member. The thickness
range is between approximately 18 and 25 feet; typically about ............ 23 feet

@ Middleburg limestone member. —Limestone and shale, gray,
sparsely fossiliferous. Generally there are two limestone beds sepa-
rated by shale. Productids and Composita are somewhat plentiful in
the lower limestone. The thickness ranges from about 4 feet near the
Nebraska line to about 8 feet in southern Kansas; average ........ 6 feet

@ Hooser shale member.—Shale and impure limestones. The shale is
gray and fossiliferous, pelecypods predominating. The thickness along
the outcrop line across the state is remarkably constant, about 10 feet

@ Eiss limestone member.—Limestone and shale. Two beds of lime-
stone separated by shale are remarkably persistent across Kansas
from Marshall and Nemaha counties to Cowley county. The upper
limestone bed, 2 to 3 feet thick, is siliceous and locally contains some
flint. The middle part (2 to 7% feet locally) consists of gray fossil-
iferous shale in which ramose bryozoans, chonetid brachiopods, and
the brachiopod Meekella are plentiful. The lower limestone, 114 to
2% feet thick, is shaly, thin-bedded, and fossiliferous. The massive
upper part of the Eiss limestone is a prominent bench maker in the
eastern part of the Flint Hills. The characteristic thickness of the
member is about .......... 7 feet

B Stearns shale.—This shale contains a minor amount of impure limestone.
The color is mostly gray to olive but red shale occurs in the middle and
lower parts. In southern Kansas the upper part contains fossil pelecypods
and chonetid brachiopods. Thickness is 8 to 10 feet in southern Kansas and
about 17 to 20 feet in the northern part of the state; average ................ 14 feet

W Beattie limestone.—Two limestones and a shale member. The thickness
ranges from about 15 to 20 feet; average 18 feet

@ Morrill limestone member.—This unit consists of brown to gray
impure cellular limestone that in the northern part of the outcrop
area contains a thin shale parting. In southern Kansas the Morrill
thickens, mainly as a result of algal accumulations in the upper part.
The thickness ranges from about 2 to about 8 feet; average ........ 5 feet

@ Florena shale member.— A highly fossiliferous gray shale, in
southern Kansas containing thin limestone beds, is called Florena. It
is the lowermost part of strata formerly classed under the name Gar-
rison formation. The brachiopod Chonetes granulifer is abundant in
this shale throughout its line of outcrop. In southern Kansas the va-
riety of fossils is greater than in the north; the fauna contains num-
erous species of pelecypods and brachiopods and well-preserved speci-
mens of a small trilobite are locally common. The thickness ranges
from about 5 to 10 feet; average 7 feet
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@ Cottonwood limestone member—Limestone, massive, light buff,
weathering nearly white, containing abundant slender fusulines in
the upper part. Except in the southern part of the state, this is the
most prominent limestone of the Council Grove group. In southern
Kansas it is thin-bedded and shaly. Throughout most of its line of
outcrop it is marked by a fringe of shrubs along the grass-covered
Flint Hills slopes. Except for thinning toward the south, the thickness
of the Cottonwood limestone is remarkably constant, amounting to
BDOUL et e e e 6 feet

W Eskridge shale.—Shale and a minor amount of impure limestone. The
upper and middle parts are more calcareous and fossiliferous. Pelecypods
and ostracodes are fairly abundant in thin limestone beds. The lower part
is varicolored, consisting of red, chocolate-colored, and green clay shale
interbedded with gray shale. The thickness is constantly about .......... 37 feet

W Grenola limestone.—As defined by the Kansas Geological Survey, this
formation comprises two limestones and a shale member. The Nebraska
Geological Survey includes in the Grenola a few feet of strata that are
here classified as belonging in the upper part of the Roca shale. The thick-
ness of the Grenola formation is about 38 feet

@ Neva limestone member.—This member consists mainly of light-
gray massive to flaggy limestone, but includes some gray fossiliferous
shale. In general, weathered outcrops of the limestone are brown and
pitted, and they display marly facies and breccias of limestone frag-
ments in a ¢alcareous matrix. Fossils include fusulines, corals, and
brachiopods. The shale partings are rather non-persistent. The com-
mon thickness is about 20 feet

@ Salem Point shale member.—Shale, gray, calcareous, without fos-
sils or very sparingly fossiliferous. The thickness is about ........ 8 feet

@ Burr limestone member.—Limestone, light gray, and shale, gray to
olive and locally nearly black in the lower part. Ostracodes are plen-
tiful in upper layers and mollusks are rather abundant in the lime-
stone beds. The thickness ranges from about 8 to 14 feet; average
10 feet

B Roca shale—Shale and limestone; chiefly gray and olive clay shale but
containing a large amount of red and locally some green shale. Subdivisions
called Legion shale and Sallyards limestone at the top of the Roca are in-
cluded in the Grenola formation by the Nebraska Geological Survey. The
Sallyards limestone is a thin rather persistent bed but is not present in all
exposures. The thickness of the Roca shale is about ......ccccoooovoooeo.. 20 feet

W Red Eagle limestone.—Two limestones and a shale member. In southern
Kansas, the Red Eagle limestone is a single ledge about 20 feet thick, but the
two limestone members that are differentiated in central and northern Kan-
sas can be identified also in southern Kansas. The thickness across the state
is rather constant, ranging from about 18 to 20 feet; average ............... 19 feet

@ Howe limestone member.—Limestone, gray to brown, rather im-
pure. Thickness in northern Kansas is commonly between 2 and 4
feet; average 3 feet
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@ Bennett shale member.—Shale and locally some impure limestone.
The shale is characteristically dark gray to black but locally the up-
per part is light gray or green. At some exposures, white fossil
brachiopods are abundant in the black shale, forming coquinas com-
posed largely of specimens of Crurithyris sp. The Bennett shale is ab-
sent in southern Kansas where the two bounding limestones are in
contact. The thickness ranges from a featheredge to about 14 feet;
average approximately 7 feet

@ Glenrock limestone member.—Limestone, gray and brown, impure
in the northern part of the outcrop area, purer limestone in the south-
ern part. In southern Kansas this member is believed to comprise the
greater part of the conspicuous cliff-making Red Eagle limestone. In
northern Kansas it is variable in lithology, changing from dense gray
limestone to a mass of loosely cemented fusulines or to thin-bedded,
slabby limestone. The thickness in the northern part of the state
ranges from 1 to 2 feet but in southern Kansas it is about 17 feet;
average 9 feet

B Johnson shale—Shale, gray, locally in northern Kansas containing thin
beds of argillaceous limestone. Dark carbonaceous material occurs in the
upper part of the shale in the north. The lower and middle parts are com-
monly somewhat sandy. The thickness ranges from about 16 feet in the
northern part of the state to about 25 feet in the southern part; average

S 20 feet
(<]

&~

O @ Foraker limestone.—Two limestones and a shale member. The thickness
g is about 50 feet
§ @ Long Creek limestone member.—Alternating beds of yellow lime-

stone and shale, or thin-bedded limestone, locally containing an abun-
dance of fusulines in the northern part of the outcrop area. In south-
ern Kansas light-gray limestone, more or less massive in the upper
and lower parts, sparsely fossiliferous. Thickness is 5 to 8 feet; aver-
age 7 feet

@ Hughes Creek shale member.—In northern Kansas this part of the
Foraker comprises light-gray to nearly black shale and thin lime-
stone beds containing abundant fusulines and, in the lower part, a
brachiopod fauna. In southern Kansas the member is a nearly con-
_ tinuous limestone section, massive in the lower part and containing
much light-blue flint. Fusulines are plentiful in the flint and lime-
stone. Thickness is about 40 feet

@ Americus limestone member.—Limestone, commonly in two beds
separated by a thin shale, the upper bed locally containing flint nod-
ules. The limestone is commonly bluish-gray and the shale is dark
gray. Fusulines are abundant; pelecypods and brachiopods are plen-
tiful. The thickness is about 4 feet throughout most of the line of out-
crop but is somewhat less in the southern part of Kansas; average
3 feet

Admire group.—This division, formerly classed as Upper Pennsylvanian, com-
prises the lowermost 125 to 225 feet of the rocks in Kansas that now are con-
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sidered assignable to the Permian system. The strata are chiefly clastic de-
posits, but they contain thin beds of limestone and some coal. Shale is the
predominant rock type.

M Hamlin shale—Two shales and a limestone member. Thickness about
50 feet

@ Oaks shale member.—Shale, mostly gray. Crystals of pink celes-
tite occur as vein fillings in Brown county. The thickness ranges
from about 10 feet in southern Kansas to perhaps as much as 20 feet
in the northern part of the state; average 12 feet

@ Houchen Creek limestone member.—Limestone and shale, gray
and porous, an algal deposit in part. This limestone zone seems to be
lenticular, but is recognized north of Kansas river and has been iden-
tified in Chase and Elk counties. Measured thicknesses range from 1
foot in northern Kansas to 4 feet in the southern part of the state;
average 2 feet

@ Stine shale member.—Shale, sandstone, and thin limestone beds.
In northern Kansas the upper part is sandy shale, the middle part
contains limestone beds, and the lower part contains some red shale
below gray beds. In southern Kansas it is chiefly gray shale contain-
ing some limestone in the middle part. The thickness ranges from
about 30 to 40 feet; average 36 feet

W Five Point limestone.—Limestone, light to brownish-gray, slabby to nod-
ular, containing fusulines, bryozoans, brachiopods, and algal remains. Thick-
ness is 1 to 5 feet; average 3 feet

Admire

W West Branch shale—Shale, gray, green, and red, upper part sandy in
southern Kansas. Limestone lenses occur in the West Branch shale in north-
ern Kansas. Thickness ranges from about 10 feet in southern Kansas to
about 30 feet in the northern part of the state; average ......................... 20 feet

B Falls City limestone.—Two thin limestone beds separated by about 8 feet
of fossiliferous shale in northern Kansas; in central and southern Kansas
a single limestone bed, or locally absent. The fossils include algal remains,
fusulines, bryozoans, mollusks, and brachiopods. Locally pelecypods are
abundant in the upper part. This limestone is classed as the upper member
of the Chicago Mound formation by the Nebraska Geological Survey. The
thickness ranges from about 2% to 10 feet; average .........occoreeeeeeceecan. 7 feet

Il Hawxby shale.—Shale deposits containing thin, lenticular, mollusk-
‘bearing limestones and, more locally, coal beds; sandy in the middle and
lower parts. Thickness ranges from about 12 feet in northern Kansas to
about 40 feet in the southern part of the state; average ......................... 30 feet

B Aspinwall limestone.—Limestone or two thin limestones separated by
shale. Unfossiliferous limestone, 1 to 3 feet thick, in the northern part of
the outcrop area, but in southern Kansas, where it comprises two lime-
stone beds (3 feet) and as much as 5 feet of shale, the lower limestone bears
thick-shelled pelecypods and the upper limestone contains pelecypods and
brachiopods. It is classed as the lower member of the Chicago Mound
formation by the Nebraska Geological Survey. Average thickness ...... 5 feet
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B Towle shale——Clayey and sandy shale, siltstone, and sandstone. The up-
per part is chiefly gray slightly sandy clay shale, but in northern Kansas
it contains some red and green clay. The Indian Cave sandstone occurs in
the lower part and is only locally present, filling channels as deep as 120
feet. The thickness of the Towle formation ranges from about 15 to 135 feet;
average 30 feet

@ Indian Cave sandstone member.—Sandstone, siltstone, and locally
conglomerate in the lower part. Local channel fillings that grade up-
ward into the basal part of the unnamed upper member of the Towle
shale. Thickness ranges from a featheredge to about .......... 120 feet

S Admire

[——PERMIAN
[ Wolfcampian

This seemingly important, although obscure, unconformity is marked mainly by large
channel sand fillings. It is traceable from Nebraska into Oklahoma. Erosion channels
below the Indian Cave sandstone bring deposits classified as lowermost Wolfcampian
into contact with rocks ranging downward from the Brownville limestone, or possibly
slightly younger beds, to the Dover formation or lower. This evidence of widespread
erosion, accompanied by rather moteworthy change in the lithologic characters of
limestones, and paleontologic change, which is accentuated by the disappearance of
old species and the appearance of some new genera and species, warrant the place-
ment of the Wolfcampian-Virgilian boundary at this position.

S oo o URCONEOTIMtY ~ - o o s s

PENNSYLVANIAN SYSTEM.—This division of Late Paleozoic rocks is widely rep-
resented throughout the world, being distinguished by importance of its coal de-
posits and by characters of its large assemblage of marine invertebrates and varied
land plants. It is one of the most important among outcropping strata of Kansas,
both on account of the economic value of its contained materials and the scientific
value of its rock succession as a standard of reference in studies of equivalent-aged
deposits in other parts of the continent. The Pennsylvanian rocks comprise the upper
part of a large division that has long been known as the Carboniferous system. The
term Carboniferous is almost universally used by geologists outside of North Amer-
ica and has been employed by the State Geological Survey of Kansas in designating
outcrops shown on the large geological map of the State (1937) and described in num-
erous reports. Pennsylvanian rocks. have been classified in these publications as a
subsystem. Here, we recognize the validity of considerations that have led a great
majority of American geologists to treat the Pennsylvanian as an independent geo-
logic system. The aggregate thickness of exposed formations belonging to this
system in Kansas is about 3,100 feet. Outcrops occur throughout the eastern one
fourth of the State.

VIRGILIAN SERIES.—The Virgilian series comprises the youngest Pennsylvanian
rocks of the midcontinent region. They are separated from rocks above and be-
low by unconformities. In Kansas this series is divided into three groups on the
basis of general differences in lithology and the nature of cyclic deposits. The
thickness is commonly about 1,200 feet.

Wabaunsee group.—The uppermost major division of Virgilian strata includes
beds below the unconformity that separates Permian and Pennsylvanian rocks

PENNSYLVANIAN
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and above the top of the Topeka limestone. Limestones in this group are uni-
formly thin but persistent. Sandstone is plentiful, but shale is the chief rock.
The thickness of the Wabaunsee group is about 500 feet, excepting in places
where the overlying unconformity cuts out the upper beds.

Bl Brownville limestone.—Bluish-gray limestone that weathers yellowish
or brown, occurring in one bed or in two beds separated by a thin layer of
shale. Varying texture from impure sandy appearing rock to fairly pure
dense limestone. Characteristic fossils include large fusulines, brachiopods
Meekopora and Chonetes granulifer, crinoid fragments, and bryozoans. The
thickness ranges from about 2 to 8 feet; average 5 feet

M Pony Creek shale—Bluish-gray shale chiefly, some red clay shale or
sandy shale locally, and sandstone in the middle part in some places. A thin
coal bed occurs in the upper middle part in southern Kansas. Brachiopods
and bryozoans more or less common in upper layers. The Pony Creek shale
is classified as the upper part of the Woods Siding formation in Nebraska.
Thickness ranges from about 5 to 20 feet; average .......ccoooorerrreennne. 14 feet

B Caneyville limestone.—Three limestones and separating shales in the
southern part of the outcrop area; two limestones and a shale elsewhere.
In northern Kansas, where no discernible boundary between Caneyville and
Pony Creek is found, strata from the base of the Nebraska City limestone
to the base of the Brownville limestone are designated Caneyville-Pony
Creek, or they may be called the Woods Siding formation, which is defined
by the Nebraska Geological Survey to have limits that correspond exactly
to Caneyville-Pony Creek. Thickness about 21 feet

@ Grayhorse limestone member.—Gray, medium- to coarse-grained
limestone, fragmental or coquinoid, ferruginous, broken surfaces
showing curved cleavage surfaces of iron- or magnesium-bearing
carbonate crystals. Large specimens of Myalina are rather common.
This member is well developed in southern Kansas and northern
Oklahoma but is not known to extend north of Greenwood county.
The thickness ranges from about 0.5 to 6 feet; average ................ 1 foot

O Shale ranging in thickness from about 5 to 15 feet lies between the
Grayhorse limestone and the limestone described below; average
10 feet

O Limestone, bluish-gray, slightly arenaceous, massive, fusuline-
bearing, occurs in the middle part of the Caneyville in southern Kan-
sas. Thickness is commonly about 1 foot

O Shale, gray, sandy, 5 to 10 feet thick, occurs in southern Kansas be-
tween the fusuline-bearing limestone of the Caneyville limestone and
the Nebraska City limestone. Average thickness ..........c...c.......... 7 feet

@ Nebraske City limestone member—Bluish to greenish-gray, im-
pure, soft limestone that weathers light yellowish-brown; contains
bryozoans, brachiopods, and sparse mollusks. This member, which is
well developed in northern Kansas, is traced to Oklahoma. It is
classed as the lower unit of the Woods Siding formation by the Ne-
braska Geological Survey. Thickness ranges from about 1 foot to 5
feet; average 2 feet
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H French Creek shale—Bluish-gray to yellowish-brown clayey and sandy
shale commonly containing light-brown or tan sandstone and one or more
coal beds in the upper part. The average thickness is about ............... 30 feet

W Jim Creek limestone.—A persistent bluish-gray, fine-grained, hard lime-
stone, containing in many places slender fusulines and, more locally, a large
variety of other marine fossils, It is traced across Kansas. The thickness
ranges from a few inches to nearly 2 feet; average ........ocoooreeeeeenne. 1 foot

M Friedrich shale.—Bluish-gray shale that weathers yellowish and brown.
Sandstone is more or less common and in Greenwood county a thin coal
bed occurs in the upper part. Pelecypods and sparse bryozoans and brachi-
opods are found near the top. Average thickness is about ................... 15 feet

Bl Grandhaven limestone.—Commonly two limestones separated by a few
feet of shale. The upper limestone is light-gray and weathers almost white,
algal deposits forming a prominent part of the rock. The shale is mostly
bluish-gray and locally calcareous. The lower limestone is gray to bluish-
gray and weathers brown. In exposures along Cottonwood river, it is cross-
bedded and carries abundant brachiopods and bryozoans and some mollusks.
Large fusulines are present at some outcrops and algae (“cryptozoans”)
are common. The formation is traced from Shawnee county southward to
Oklahoma and may be recognized north of Kansas river. The thickness
averages about 10 feet

N Dry shale.—Bluish-gray, generally clayey, but locally somewhat sandy
shale containing a thin coal bed near the top in southern Kansas. Marine
fossils are abundant locally above the coal bed. The thickness ranges from
about 5 to 20 feet; average 15 feet

B Dover limestone.—Light-gray and blue limestone, most of which weath-
ers almost white. Algae (“cryptozoans”) and fusulines are characteristic.
Southward from Greenwood county, a fine-grained blue limestone carrying
a mixed fauna of mollusks and brachiopods occurs a few feet below the
more persistent fusuline- and algal-bearing part. In northern Kansas the
thickness is 2 to 4 feet but in southern counties the formation thickens to
about 15 or 20 feet; average 10 feet

W Langdon shale.—Bluish-gray clayey to sandy shale, containing the per-
sistent thin Nyman coal and locally platy to massive sandstone in the upper
part. Marine invertebrates are abundant at places in northern Kansas below
the upper sandy facies. Langdon is a term recently proposed by the Ne-
braska Geological Survey. It here replaces the previously used name “Table
Creek shale,” because study of the Table Creek type locality has shown that
this name is unsuitable for beds between the Dover and Maple Hill lime-
stones. Thickness ranges from about 5 to 50 feet; average .................. 30 feet

Il Maple Hill limestone.—Gray, medium hard, more or less sandy limestone,
weathering reddish-brown; generally bearing crinoid remains, bryozoans,
brachiopods, and sparse mollusks. Small slender fusulines are common in
the vicinity of Emporia. The Maple Hill limestone is not definitely recog-
nized south of Emporia but is believed to be represented in southern Kansas
by thinner bedded limestone. Thickness about 1 to 5 feet; average ........ 3 feet
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B Wamego shale.—Bluish-gray clay shale and yellowish-brown micaceous
sandy shale; nearly black shale locally in the upper part. Between Kansas
and Cottonwood rivers a more or less persistent coal bed occurs in the up-
per-middle part. A mixed marine fauna is found in beds above the coal.
The formation is not differentiated from the Willard shale south of Lyon
county. The term Wamego, recently introduced by the Nebraska Geological
Survey, has not been used previously by the Kansas Geological Survey; it
replaces “Pierson Point shale,” which is judged to be an inappropriate name.
Thickness of the Wamego ranges from about 6 to 25 feet; average ...... 17 feet

B Tarkio limestone.—This formation, consisting of gray limestone that.
weathers deep yellowish-brown, is one of the most easily recognized units
in the Wabaunsee group. It is characterized by the brown color of weathered
outerops and the abundance of large fusulines (Triticites sp.). Locally algal
remains occur in the upper part. The formation is present from a point
in northern Lyon county northward across the state, and seemingly occurs
at some places in southern Kansas. The thickness ranges from a feather-
edge to about 10 feet; average 6 feet

B Willard shale.—Dark bluish-gray and brown shale, and sandstone. Sand-
stone is prominent in many places in northern Kansas but thin or absent
farther south. Inasmuch as the Maple Hill and Tarkio limestones are not
recognized in southern Kansas, the shale and sandstone section extending
from the base of the Willard to the top of the Langdon shale is designated
as the Willard-Langdon shale; its thickness ranges from about 5 to 15 feet.
The thickness of the Willard in northern and central Kansas ranges from
about 30 to 66 feet, the maximum being near Kansas river; average about
40 feet

W Elmont limestone.—Dark-blue massive limestone, weathering bluish-
gray and displaying closely spaced vertical joints; locally conglomeratic in
the basal part. Fusulines are plentiful in parts of the limestone along most
of the outcrop area; brachiopods and mollusks are present locally in the
lower part. The upper part commonly contains algal remains and mollusks.
Locally near Topeka, the upper algal-molluscan facies consists of 8 feet of
coquinoid cross-bedded limestone. The Elmont limestone was classed for-
merly as the upper part of the “Emporia limestone.” In northern Oklahoma
the Elmont is included in the upper part of the Stonebreaker limestone. The
thickness along the Kansas outcrop line ranges from about 1 to 15 feet; aver-
age about : 5 feet

B Harveyville shale—Bluish and greenish-brown clayey shale, locally
sandy shale and thin platy sandstone. In places a coal bed occurs above the
sandstone and marine invertebrate fossils are found above the coal horizon.
The formation is continuous across Kansas, having a thickness range from
less than 1 to 25 feet; average about 10 feet

M Reading limestone.—The most persistent part consists of dark-blue,
dense, hard limestone showing vertical jointing, and weathering light bluish-
gray mottled with light brown or yellow. The formation comprises one to
three beds of limestone and blue-gray shale beds between the limestone
layers. Fusulines are characteristic of the persistent dense blue limestone.
Locally an upper algal phase is present as a single distinct limestone above
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the more persistent part, and a brachiopod- and pelecypod-bearing lime-
stone may be present below the persistent bed. The Reading constitutes the
lower part of the “Emporia limestone” as previously recognized. Thickness
of the formation is about 1.5 to 15 feet; average 6 feet

B Auburn shale.—A somewhat complex unit composed chiefly of gray
shale, containing minor amounts of sandstone and limestone. Persistent
platy sandstone occurs in the upper part in southern Kansas, and locally
limestone is prominent in the upper middle part. Near Kansas river, this
limestone is a cross-bedded 5-foot layer consisting partly of conglomerate
and partly of a coquinoid mass of molluscan and algal remains. Dark shale
containing numerous ostracodes and pelecypods occurs just below the cross-
bedded limestone. A persistent impure limestone about 0.5 foot thick is
found near the middle of the Auburn shale, and at a little lower position
there is red shale and coal locally. The lower Auburn generally consists of
yellowish-gray sandy shale. The thickness of the formation in Kansas
ranges from about 20 to 70 feet; average 50 feet

B Wakarusa limestone.—Dark bluish hard limestone that becomes light
brown when weathered. Locally, an algal-molluscan or fine-grained sandy
limestone occurs in the upper part and a mollusk- or brachiopod-bearing
limestone may be present below the more persistent part. Shale separates
the limestones where more than one is present. Fusulines, massive bryo-
zoans, large brachiopods (Dictyoclostus), algal remains, and other fossils
are characteristic of the persistent ledge. The Wakarusa is traced across
Kansas into northern Oklahoma where the fusuline-bearing phase is repre-
sented by the so-called “Cryptozoan limestone.” The thickness of the for-
mation ranges from about 2 to 18 feet; average 8 feet

W Soldier Creek shale—Bluish-gray clayey to sandy shale; locally a thin
coal bed in the upper part. Marine invertebrates occur in the upper part in
places. Thickness ranges from about 12 to 18 feet; average ................... 15 feet

W Burlingame limestone. — Limestone, brown, fine-grained, hard, thick-
bedded, appearing mottled and brecciated in some exposures. Shale com-
monly separates the limestone beds. Fusulines are fairly common in the
more persistent part, and algal remains are conspicuous near the top. Sponge-
like algal deposits, composed of Spongiastroma are numerous in a few ex-
posures in northern Kansas. The thickness of the formation ranges from
about 4 to 16 feet; average 9 feet

W Silver Lake shale—Gray and yellow clay shale, variably associated with
platy impure limestone, sandy shale, or shaly sandstone. One or more coal
beds occur in the upper part. Marine invertebrates and land plant fossils
may be present. This shale comprises the topmost strata of the formerly
recognized “Scranton shale” which includes all beds between the Burlin-
game and Howard limestones. The average thickness of the Silver Lake
shale is about 25 feet

B Rulo limestone.—Bluish-gray limestone that locally is mottled with light
brown when weathered.” Locally a molluscan phase occurs in the lower part
and a thin algal zone in the upper part. Brachiopods and bryozoans are more
or less common in the more persistent part. The thickness averages about
2 feet
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B Cedar Vale shale—Bluish to yellowish-brown clayey and sandy shale
and sandstone with a persistent coal bed (Elmo) near the top. Marine in-
vertebrate fossils occur above the coal. The average thickness is about
25 feet

B Happy Hollow limestone.—Generally a single, very persistent massive
bed of pinkish-brown limestone characterized by large fusulines. In some
places there is an upper algal bed in contact with the more persistent part or
separated from it by a thin shale bed, and locally a dark bluish-gray lime-
stone occurs 1 or 2 feet below the fusuline-bearing bed. Thickness ranges
from about 1 to 8 feet; average 4 feet

W White Cloud shale.—Bluish-gray to yellowish-brown clayey and sandy
shale and sandstone that locally fills channels and contains conglomerate
at the base. Sparse marine and land plant fossils are present. The thickness
ranges from about 30 to 80 feet; average 50 feet

Ml Howard limestone.—Three limestone members and two shale members,
of which the middle limestone is the most persistent. The thickness of the
formation ranges from about 8 to 30 feet; average .......ccooerererreiconnnee 13 feet

@ Utopia limestone member.—Dark bluish-gray dense limestone that
weathers light brownish-gray, resembling a coquina in many out-
crops. Fossils include algal remains, bryozoans, brachiopods, and
mollusks. The thickness ranges commonly from less than 1 foot to
about 4 feet. Consists of two or more limestones and an ostracode-
bearing shale in northern Kansas. Average thickness ............. 2 feet

@ Winzeler shale member. —Bluish-gray to yellowish-gray clay
shale. Marine fossils occur in the lower part. Thickness is about 3 to
8 feet; average 4 feet

@ Church limestone member.—Commonly one massive bed of blue
to bluish-gray limestone that weathers to a deep rich brown. Crinoid
remains, productid brachiopods, and “eryptozoan” algae are more or
less characteristic. A thin zone at the top contains abundant bryo-
zoans, and fusulines occur sparingly in the upper part in southern
Kansas. The thickness ranges from about 1.5 to 6 feet; average 2 feet
@ Aarde shale member—Bluish-gray to yellowish-gray clayey and
sandy shale containing a very persistent coal bed (Nodaway), rang-
ing from about 1 inch to 2 feet in thickness, and persistent black fis-
sile shale. A hard dense vertical-jointed limestone, 3 to 10 inches
thick, occurs next below the black fissile shale in southern Kansas.
Thickness ranges from about 3 to 7 feet; average .....cc.cccocoveeeen. 4 feet

@ Bachelor Creek limestone member—Commonly sparsely fossil-
iferous, bluish-gray, impure limestone which is present from a point
in Greenwood county southward. Also well developed, perhaps lo-
cally, in southern Osage county. Thickness is commonly about 1 foot.

Il Severy shale—Yellowish-brown and bluish-gray clay shale and a minor
amount of platy to massive sandstone in the upper part. Sparse marine
fossils occur in the uppermost part and in shales below some thin limestone
beds which occur in southern Kansas. A disconformity in the lower part of
the Severy is indicated by various outerops in northern Kansas. The thick-
ness is commonly about 75 feet
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Shawnee group.—The Shawnee group comprises four limestone formations and
three shale formations. Thick limestones and a distinctive type of cyclic sedi-
mentation are characteristics that distinguish these rocks from those of neigh-
boring groups. The average thickness is about 325 feet.

Shawnee

B Topeka limestone.—Limestones and shales having a wide range of lith-
ology. The two upper limestone members seem to be absent between Kan-
sas river and Greenwood county, but are recognized in the north and ten-
tatively identified in the south. In Oklahoma the upper part of the Paw-
huska formation is correlated with the Topeka limestone. The thickness of
the Topeka ranges from a nearly constant measurement of 33 feet in north-
ern Kansas to 55 feet near the Oklahoma boundary. The average thickness
iS . 35 feet

@ Coal Creek limestone member.—Light bluish-gray limestone and
nodular shale or dark-blue more massive limestone that weathers
light bluish-gray or brown. The member is not positively identified
south of Kansas river, but the “red limestone” in southern Kansas is
probably its equivalent. Fusulines are locally abundant, and at many
places numerous brachiopods, bryozoans, and other well-preserved
invertebrate fossils are found. The thickness of the Coal Creek lime-
stone ranges from 2 to 5 feet; average 3 feet

@ Holt shale member.—Bluish-gray shale in the upper part and
black shale in the lower part. This member is not recognized with
certainty south of Topeka because the limestone beds above and be-
low it disappear, at least for.many miles, and because the distinctive
black slaty beds do not persist southward. Shale beneath the upper-
most Topeka limestone in southern Kansas probably represents the
Holt member, however. Corneous brachiopods and conodonts occur
in the black shale. The thickness ranges from 1.5 to 3 feet; average
2 feet

@ Du Bois limestone member.—One or more dark-blue or greenish-
blue fine-grained, somewhat earthy limestone beds with prominent
vertical jointing. Mollusks and brachiopods are common. The thick-
ness commonly ranges from about 0.5 to 2 feet, but the member is not
definitely recognized south of Topeka; average ........cccccocommernne..... 1 foot

@ Turner Creek shale member.—Bluish or greenish-gray clayey and
calcareous shale, bearing few invertebrate fossils. The thickness
ranges from 1 to 5 feet in northern Kansas; shale in southern Kansas
that is correlated with the Turner Creek measures 12 to 15 feet; aver-
age ..o 5 feet

@ Sheldon limestone member.—A massive light-gray to nearly white,
very fine-grained, dense limestone that commonly contains numerous
small algal growths of the type known as Osagia. The rock weathers
light yellowish-gray and makes smooth rounded surfaces at the out-
crop. The member is a persistent layer that is identified northward
from Kansas river but it is absent to the south as far as Greenwood
county; in southern Kansas there is an algal limestone at the Sheldon
horizon. Thickness, 0.7 to 2 feet; average 1 foot

+ @ Jones Point shale member.—Clayey, calcareous, and silty gray
shale, locally containing nodular or platy limestone beds. The mem-
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ber contains fairly numerous brachiopods and mollusks at some out-
crops but is poor in fossils at many exposures. The thickness in
northern Kansas ranges from 1 to 10 feet, but beds in Elk and Chau-
tauqua counties that are correlated with the Jones Point shale are
10 to 15 feet. The average thickness is about ........cccococeieeeeeeeee. 6 feet

@ Curzon limestone member—This is a persistent prominent sub-
division of the Topeka formation that is readily and positively iden-
tifiable throughout northern Kansas. It consists of two or more beds
of massive bluish-gray, brown-weathering limestone that is mostly
hard and resistant, forming a well-marked escarpment. Nodules of
chert are common. Fusulines occur sparingly to very abundantly in
the lower and middle parts of the member, together with some bra-
chiopods and other invertebrates; bryozoans and echinoid remains
are common in upper layers. This limestone, which erroneously has
been called Hartford in some earlier Kansas reports, is undoubtedly
the same as that termed the Curzon limestone in publications of the
Nebraska Geological Survey and, in spite of some objections to the
origin of this term, it is employed here for rocks in Kansas. The
thickness of the Curzon ranges from 5 to 12 feet; average about 8 feet

@ Ilowa Point shale member.—Yellowish-gray to bluish-gray, clayey
to calcareous shale that locally contains sandstone layers and a thin
coal bed. This shale is typically developed and thickest in northern
Kansas near the Nebraska boundary; in sections near Topeka it is
only 2 feet thick, and farther south it disappears, as indicated by fus-
uline-bearing lower layers of the Curzon resting directly on the algal
upper part of the Hartford limestone. Thickness, a featheredge to 14
feet; average about 4 feet

@ Hartford limestone member.—Massive, light bluish-gray limestone
that weathers brownish. This member commonly bears numerous
fusulines except in the upper part, which contains numerous Osagia
and is of algal origin. The lower beds are characterized by presence
of the chambered sponge, Amblysiphonella, specimens of which can
be found at almost every outcrop from Nebraska to Oklahoma. The
upper algal limestone is highly variable in thickness, ranging from al-
most nothing to 12 feet. This member, named many years ago from
outcrops near Hartford in Neosho county, is the same as rocks re-
cently called Wolf River limestone in Nebraska reports. The thick-
ness of the Hartford limestone ranges from 3 to 13 feet; average 5 feet

B Calhoun shale.—Clayey and sandy shale, a minor amount of limestone,
and one or more coal beds. In northern Kansas a thin coal bed and much
sandstone, a part of which fills channels, occur near the top of the forma-
tion. In southern Kansas the shale progressively diminishes in thickness
until near the Oklahoma boundary it is locally absent. In northern Kansas,

" near the Nebraska line, the Calhoun is only 10 feet thick. Maximum thick-

ness of this shale, about 60 feet, is developed near Kansas river; average
30 feet

B Deer Creek limestone.—This persistent, escarpment-making formation
comprises three limestone members and two shale members. The outcrop
belt crosses Kansas from Doniphan county in the northeast to Chautauqua
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county in the south. Lithologic characters are fairly constant. The thickness
ranges from about 20 to a local abnormal maximum in Osage county of 80
feet; average 40 feet

@® Ervine Creek limestone member—This member is mainly com-
posed of light-gray to nearly white or bluish-gray fine-grained lime-
stone characterized by thin, wavy bedding that locally contains chert
nodules. It bears a large assemblage of invertebrate fossils, includ-
ing fusulines, corals, echinoid and crinoid fragments, bryozoans, bra-
chiopods, and mollusks. The thickness, which ranges from 5 to 32
feet, averages about 14 feet. Above the wavy-bedded limestone is a
less persistent limestone, generally massive, that is variable in lith-
ology. Locally it is odlitic; elsewhere it is coquinoid, nodular, very
fine-grained or sandy; the alga called Osagia is common. This lime-
stone, which ranges from a featheredge to about 6 feet, is generally
separated from the underlying limestone by 1 to 2 feet of yellowish
clayey to sandy shale but the shale is absent in many places. Aver-
age thickness of the Ervine Creek limestone member is .......... 18 feet

@ Larsh-Burroak shale member—Gray or yellow clayey shale in
the upper part and black, more or less fissile shale in the lower part.
Fossils are rare in the upper part but conodonts occur in the black
portion. Thickness ranges from 2 to 8 feet; average .................. 3.5 feet

@ Rock Bluff limestone member—This is a distinctive, massive, ver-
tical-jointed bed of dark-blue limestone that develops a bluish-gray
or creamy surface film on weathering. Fusulines are common; a few
brachiopods and other marine invertebrates are present. The thick-
< ness ranges from about 1 to 2.5 feet: average ............oocoooeeeenen.. 1.5 feet

@ Oskaloosa shale member. —Bluish or yellowish-gray shale in
northern Kansas and sandy micaceous shale containing a red zone
and some nodular limestone in the southern part of the state. The
thickness ranges from an observed minimum of 3 feet to a maximum
of 50 feet locally in Osage county; average about ...............cc........ 12 feet

@ Ozawkie limestone member.—Brownish-gray, brown-weathering,
massive limestone. Fossils are somewhat sparse, but fusulines and
other marine fossils are abundant in some outcrops. The thickness
ranges from 1 to 22 feet (maximum in Osage county); average 5 feet

Wl Tecumseh shale.—Chiefly clayey and sandy shale, locally having a more
Or less discontinuous limestone (Ost) in the upper part. This limestone is
Not persistent enough to call for subdivision of the formation as in Nebraska.
Sandstone is locally present not far below the Deer Creek limestone. The
thickness of the Tecumseh ranges from an observed minimum of 12 feet in
Southern Kansas to a maximum of 65 feet near Kansas river; average 35 feet

Wy Lecompton limestone.—Four limestone members and three shale mem-
bers, all of which can be traced across Kansas, make up this formation.
"Xhe thickness ranges from about 30 to about 50 feet; average ............. 34 feet

@ Avoca limestone member.—Dark bluish-gray somewhat earthy
limestone occurring in one or two beds. Large fusulines are the most
common fossils. In southern Kansas a “cryptozoan”-bearing lime-
stone is a characteristic element of the member. Algal-molluscan
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limestone beds occur at the top of the Avoca in some outcrops. Lo-
cally the thickness ranges to 15 feet but the average is about .... 4 feet

@® King Hill shale member—Bluish-green to reddish-gray shale,
calcareous in northern Kansas. Brachiopods occur in the upper part.
The thickness range is from 4 to 24 feet. Average ........cc............ 8 feet
@ Beil limestone member. — Alternating beds of hard bluish-gray
limestone, weathering yellowish, and calcareous shale, or light-gray,
nearly white, wavy-bedded limestone in southern Kansas. Algal
limestone resembling an odlite comprises the upper part in northern
Kansas. Corals and fusulines are abundant and characteristic. The
thickness ranges from 4 to 15 feet; average 7 feet
@ Queen Hill shale member.—Bluish-gray or yellow shale in the
upper part; hard black fissile shale, bearing conodonts, in the lower
part. The thickness ranges from about 3 to 6 feet; average ...... 4 feet

@ Big Springs limestone member—Dark bluish-gray dense lime-
stone, commonly occurring as a single bed with prominent vertical
jointing. Weathering produces a yellowish-brown film. Fusulines
are extremely abundant. The thickness ranges from 1 to 5 feet; aver-
age 2 feet
@ Doniphan shale member. — Chiefly bluish and yellowish-brown
clay shale and in the southern part of the state some red shale. Sandy
shale, an underclay-like deposit, and coaly zones occur locally in
Shawnee county. The thickness ranges from about 5 to 10 feet; aver-
age 7 feet

@ Spring Branch limestone member.—Gray, somewhat sandy lime-
stone that weathers deep brown and occurs in massive slightly un-
even beds. Fusulines are abundant in most outcrops. In northern
Kansas the thickness is commonly 5 feet; in southern Kansas this
member is a very sandy impure limestone 2 to 3 feet thick; average
4 feet

B Kanwaka shale—This formation is divisible in northern Kansas into two
shale members and a limestone member. It consists chiefly of gray, yellow,
and brown clayey to sandy shale containing much sandstone, one or more
thin coal beds, and in southern Kansas red shale. The thickness ranges from
about 40 feet in northern Kansas to 150 feet in Chautauqua county; average
80 feet

@ Stull shale member—Yellowish-brown sandy shale, sandstone,
and locally a thin coal bed. Sandstone, partly of channel-filling type,
occurs in the upper part. Sandstone deposits thicken southward and
in southern Kansas are represented by the Elgin sandstone. Land
plant fossils are more or less abundant in the sandy facies. The thick-
ness of the member ranges from 22 feet to at least 45 feet; average ....
35 feet

@ Clay Creek limestone member—Dark-blue to bluish-gray dense
or granular limestone showing distinct vertical jointing. Persistent
northward from Osage county, and probably represented in southern
Kansas by calcareous fossiliferous sandstone and shale. Fusulines
and other marine invertebrates are present. Thickness ranges from
a featheredge to 5 feet or slightly more; average ..........c...co.e..... 2 feet
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@ Jackson Park shale member.—Bluish-gray and yellowish-brown
sandy shale and sandstone. Land plant fossils are more or less
abundant. This and higher subdivisions of the Kanwaka here named
are not differentiated in southern Kansas. The observed thickness
ranges from 16 to 52 feet; average 43 feet

Il Oread limestone.—The basal formation of the Shawnee group comprises
four limestone members and three shale members, the outcrop of which is
marked by a prominent escarpment across the state from Doniphan county
in the north to Chautauqua county in the south. The average thickness in
northern and central Kansas is 52 feet; in southern Kansas the thickness in-
creases to about 100 feet, owing to expansion of the interval between the
lower two limestone members; average 70 feet

@ Kereford limestone member.—This member is variable in lith-
ology, commonly more or less odlitic or fine-grained and flaggy. In
northern Kansas, upper slabby cross-bedded layers, containing algal
and locally land plant remains, overlie more massive rock that con-
tains fusulines and other marine invertebrates. At some outcrops the
member consists of a single bed of dark bluish-gray dense limestone;
elsewhere, especially in Osage county, it is made up of dense bluish
flaggy limestone partly interbedded with shale. The Kereford is not
recognized in southern Kansas. Thickness ranges from a feather-
edge to more than 40 feet; average about 6 feet

@ Heumader shale member.—Commonly dark-gray shale, locally
bluish or greenish, clayey to silty, and in southern Kansas sandy.
Well-preserved mollusks and other fossils occur commonly. Thick-
ness in northern Kansas ranges from 2 to 5 feet; average ............ 4 feet

@ Plattsmouth limestone member. —The Plattsmouth is the main
limestone member of the Oread formation. Commonly it is light blu-
ish-gray, light-weathering, dense limestone that occurs in wavy beds.
Flint is more or less abundant in the northern part of the outcrop.
Fossils include fusulines, corals, bryozoans, brachiopods, sparse mol-
lusks, and other invertebrates. Algal remains occur locally at the top.
The thickness ranges from 2 feet in southern Greenwood county to
23 feet in Atchison county; in southern Kansas the member is com-
monly 15 to 20 feet thick; average 16 feet

@ Heebner shale member—In many outcrops this member consists
of four distinct shale units which are, in descending order: calcareous
clay shale, dark bluish-gray shale, black platy shale, and a thin bed
of gray or yellow clay shale. The black platy shale is almost every-
where the thickest part, but is commonly less than 3 feet. Small bra-
chiopods occur in the upper part, conodonts are found in the black
shale, and locally there are numerous gastropods in the thin film of
clay at the base of the member. The thickness of the Heebner shale
across Kansas is very constant, ranging from 5 to 7 feet; average 6 feet

@ Leavenworth limestone member.— A dark bluish-gray, dense,
massive limestone occurring in a single bed having prominent verti-
cal joints. Fusulines and brachiopods are the most common fossils.
Almost everywhere across Kansas the thickness is more than 1 and
less than 2 feet; average 1.5 feet
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Douglas group.—The Douglas group underlies the Shawnee group conform-
ably, except possibly in southern Douglas county. It comprises chiefly clastic
rocks, shale, and sandstone. Limestone, coal, and conglomerates are guanti-
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@ Snyderville shale member—Gray and bluish-gray clay and in
part red shale. In northern Kansas it is largely a structureless under-
clay-like deposit; in southern Kansas it is partly red and sandy and
locally contains sandstone and impure nodular limestone. Marine
fossils, especially Chonetes, occur in the uppermost part, and in
southern Kansas there are other fossiliferous zones. The thickness in
the northern part of the state averages about 12 feet, but it increases
to about 75 feet in southern Kansas; average .......coooueememeene.. 30 feet

@ Toronto limestone member. — Brownish-gray massive limestone
that weathers deep brown. Locally flinty or algal limestone occurs
in the upper part. The Toronto is typically developed from Woodson
county northward but is thinner and sandy or locally absent in
southern Kansas. The member is absent also in part of southern
Douglas county where a limestone conglomerate occupies its approxi-
mate stratigraphic position. Fusulines, corals, and small brachiopods
are the most common fossils. The thickness of the Toronto in north-
ern Kansas ranges from 8 to 12 feet; in southern Kansas it is gener-
ally less than 4 feet; average ......... 6 feet

tatively of minor importance. The thickness is approximate}y 250 feet.

Douglas

B Lawrence shale—Blue-gray and yellowish shale, tan-colored sandstone,
and a minor amount of coal, limestone, and conglomerate comprise the Law-
rence shale. The formation extends from the base of the Toronto limestone
to the disconformity below the Ireland sandstone or, in places where the
disconformity is undeterminable, to the top of the Haskell limestone. Ex-
cept for members known as the Amazonia limestone and Ireland sandstone,
which are somewhat impersistent, the Lawrence shale is not subdivided.
The thickness ranges from about 40 to 175 feet; average .......ceo.ccc..... 100 feet

@ Amazonia limestone member. — This is typically a light-gray,
dense, hard limestone occurring about 25 or 30 feet below the top of
the Lawrence shale. Locally it is partly coquinoid or brecciated in
appearance. Outcrops are found in Doniphan, Atchison, Franklin,
Coffey, and Woodson counties and possibly farther south. In Frank-
lin county and vicinity, the Amazonia occurs a few feet below the
Williamsburg coal, which is mined at several places. Sponges are
locally common in the member (Atchison county) and fusulines oc-
cur in limestone that may be Amazonia in southern Kansas. Fossils
are not abundant generally. Thickness ranges from a featheredge
to about 13 feet. In the southern outcrop area it averages about ........
: 15 feet

@ Ireland sandstone member.—Light-buff or tan thin-bedded and
massive sandstone, in part cross-bedded. Where thickest, the sand-
stone lies above a disconformity, which is identified in many places
but seemingly is not continuous. In some places, especially where the
Ireland cuts out the Haskell limestone and still lower beds, a lime-
stone conglomerate is found at the base of the sandstone. The upper
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boundary is somewhat indefinite because much sandy shale and thin-
bedded sandstone occur in the upper part of the Lawrence shale.
Local coal beds are associated with these sandy sediments. In Wood-
son county the top of the Ireland sandstone is only a few feet below
the Amazonia limestone. The thickness of the Ireland sandstone
ranges from a featheredge to about 100 feet.

Disconformity

I Stranger formation.—Light-tan to yellowish-gray sandstone and shale
and a minor amount of limestone, coal, and conglomerate. Thickness ranges
from 40 to 220 feet; average 155 feet

@ Robbins shale member—Gray and yellowish-gray marine shale,
locally cut out and overlapped by the Ireland sandstone in Franklin
county and the southern part of Douglas county. This member is es-
sentially restricted to areas southward from Woodson county. Phos-
phatic concretions occur in a zone at the base in the northern part of
the outcrop area. Thickness ranges from a featheredge to 110 feet;
average about 70 feet

@ Haskell limestone member.—Bluish-gray fine-grained limestone,
locally having oélitic layers at the top and base. Pelecypods and gas-
tropods occur in the oélitic facies. The main part bears algal remains,
fusulines, and brachiopods. In parts of Douglas and Franklin coun-
ties, the Haskell limestone is cut out and overlapped by the Ireland
sandstone. The thickness, which ranges from a featheredge to about
10 feet, averages 3 feet

@ Vinland shale member.—Gray, clayey, calcareous, and sandy shale
and locally some sandstone underlying the Haskell is named the Vin-
land shale. Locally in Woodson county, a dark-green layer occurs in
the middle part. North of Anderson and Coffey counties, where the
Westphalia limestone is absent, the top of the upper Sibley coal is re-
garded as marking the base of the Vinland shale. A disconformity
beneath a sandstone at the base of the Vinland cuts out the West-
phalia limestone locally in Coffey county. The thickness of the Vin-
land member ranges from about 9 to 50 feet; average ............... 20 feet

Local unconformity

@ Waestphalia limestone member.— A limestone characterized by
abundant fusulines; not definitely recognized north of T. 19 S., but
fairly persistent in southern Kansas. A limestone slightly above the
Sibley coal in southern Douglas county possibly represents this lime-
stone. The thickness of the member ranges from a featheredge to
about 5 feet; average 2 feet
@ Tonganoxie sandstone member.—Massive cross-bedded sandstone
and sandy shale, containing several discontinuous coal beds, form the
lower part of the Stranger formation in most places. The upper and
lower Sibley coals, in the northern part of the outcrop area, are the
most important coal beds of the unit. The top of the Tonganoxie
member is rather indefinite, but in general the base of the Westphalia
limestone or the top of the upper Sibley coal bed is defined as the
boundary. Locally limestone conglomerate occurs at the base. Like
the Ireland sandstone, the Tonganoxie is more massive and is thicker
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in southern Kansas, where the two sandstones form the Chautauqua

8 ®
§ '§> Hills escarpment. The thickness ranges from a featheredge to 90 feet;
§ q° average about 60 feet

An unconformity below the Tonganoxie sandstone brings deposits classified as
lowermost Virgilian into contact with rocks ranging downward from the Iatan
limestone, or perhaps a little higher, at least to the lower part of the Stanton lime-
stone. Paleontological evidence indicating a significant hiatus in sedimentation
and evidence of widespread, though not great, erosion support placement of the
Missourian-Virgilian boundary in this position. The unconformity is obscure in
the northern midcontinent area but it corresponds to the prominent unconformity
in southern Oklahoma that records erosion of mountains formed by the Arbuckle
orogeny.

Unconformity

MISSOURIAN SERIES.—Middle Pennsylvanian rocks of Kansas, classed as be-
longing to the Missourian series, lie between two regional disconformities that
form boundaries between this division and adjoining strata. The Missourian de-
posits are essentially distinguished by paleontologic characters and to some extent
by peculiarities of cyclic sedimentation. The outcrop area of this series in Kansas
is a 20- to 40-mile wide belt, marked by fairly strong east-facing escarpments,
extending from Doniphan county in the northeast to Montgomery county in the
south. The thickness is about 700 feet.

Pedee group.—This topmost division of the Missourian rocks includes the
Weston shale below, the Iatan limestone above, and possibly a few feet of sandy
and clayey shale above the Iatan limestone. These beds, occurring between
the Stanton limestone and the disconformity that defines the top of the Mis-
sourian series, are classified as a separate group, because the conformably un-
derlying Lansing group is a compact unit consisting mainly of limestone.
Average thickness is 90 feet.

Bl Iatan limestone.—Light bluish-gray or nearly white limestone. The tex-
ture is very fine and dense, but there are numerous thin, irregular plates
of clear calcite. Fossil remains are not abundant, but fusulines, brachiopods,
bryozoans, crinoid fragments, and small corals are somewhat common lo-
cally; algal remains are abundant in the upper part at many places. The
formation is extensive in northeastern Kansas but is cut out by the post-
Missourian disconformity near Leavenworth and southward at least to the
vicinity of southern Douglas county. The thickness ranges from about 4 to
22 feet; average 10 feet

Missourian
Pedee

Bl Weston shale—Dark bluish to bluish-gray clay shale, generally unfos-
siliferous but containing thin, fossiliferous limestone beds locally. There
are some beds of shaly and even-bedded sandstone toward the south. In
many places the formation is characterized by flattish, elliptical concretions
of ironstone. At many places the post-Missourian disconformity has cut out
most or all of the Weston shale. The thickness ranges from a featheredge
|_to 200 feet; average about 80 feet
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Lansing group.—This part of the Missourian includes a rather compact as-
semblage of two limestones and a thin shale formation. It makes an escarp-
ment that is traced across Kansas readily. The group is recognizable in the
subsurface of the eastern and central parts of the state, but in western Kansas
it is not clearly separable from underlying Kansas City beds. The thickness
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averages about 85 feet.

Lansing

B Stanton limestone.—Three limestone and two shale members. In north-
eastern Kansas the formation is rather uniform in character and thickness,
but in east-central and southern Kansas there are great local variations.
Near the Oklahoma-Kansas boundary the Stanton is difficult to trace. The
thickness of the formation ranges from about 10 to 90 feet. The character-
istic thickness is about

@ South Bend limestone member.—The topmost division of the Stan-
ton, called “Little Kaw” in some Kansas reports, is composed of dark-
gray fine-grained limestone. The lower part is sandy and locally con-
tains some sandy shale. Fusulines and the brachiopod Meekella are
the most common fossils. The thickness is rather constantly about
5 feet

@ Rock Lake shale member.—Chiefly sandy shale and soft buff sand-
stone, and commonly a thin layer of greenish or gray clay shale in
the lower part. In Anderson county the Rock Lake member locally
contains an assemblage of well-preserved land plants, including Wal-
chia, mixed with remains of amphibians, fishes, a scorpion, and ma-
rine invertebrates. The sandstone is generally even-bedded or mas-
sive, and contains marine fossils, mostly mollusks. This member has
been designated as “Victory Junction shale” in some reports. The
thickness ranges from about 1 to 15 feet; average .......ccoocooeveeee . 6 feet

Local disconformity?

@ Stoner limestone member.—-Light bluish-gray to nearly white,
mostly thin wavy-bedded limestone having thin shale partings be-
tween the layers. The rock is fine-grained, but locally there is much
crystalline calcite. It is generally sparingly fossiliferous, but to the
north it contains abundant Triticites. This limestone, called “Olathe”
in some reports, makes a rather prominent escarpment in Kansas. It
ranges in thickness from 11 to 40 feet; average .........ccccocvemreue.e.... 20 feet

@ Eudora shale member.—Dark-gray and black fissile shale in the
lower part and greenish-gray to bluish-gray clay shale in the upper
part. Abundantly fossiliferous in northern Kansas but barren of
megascopic fossils in northeastern Kansas. Thickness is locally 1 or 2
feet in some northern exposures and as much as 50 feet in part of
Montgomery county; average 5 feet

@ Captain Creek limestone member.—Dark to bluish-gray, granular
or dense, brittle limestone. It is massive or even-bedded and in most
places shows vertical joints. The upper few inches in some exposures
is a brecciated silicified mottled pink and gray bed. The brachiopod
Enteletes pugnoides is abundant and the fusuline Triticites neglectus
occurs commonly on bedding planes. Characteristic thicknesses along
Kansas river range from 4.5 to 5.5 feet. Locally in Miami county it is
a little more than 10 feet thick, and near Independence, in Montgom-
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ery county, limestone 55 feet thick has been assigned to this member;
average 6 feet

H Vilas shale—Gray to buff clayey and sandy shale, sparsely fossiliferous.
Locally along Kansas river, hard gray ripple-marked sandstone occurs in
the upper part, and farther south a considerable thickness of reddish-brown
soft sandstone is found in some exposures. The thickness in the Kansas river
valley and northward is about 15 feet, but to the south the thickness locally
increases to 90 feet; average 20 feet

Bl Plattsburg limestone.—Two limestone members separated by a shale
member. The upper limestone is the most prominent, except locally in east-
ern Franklin county. The thickness of the formation ranges from a feather-
edge to more than 100 feet at a few places in southern Kansas. The forma-
tion disappears near the Oklahoma line, but seemingly reappears farther
south and is represented in the upper part of the Ochelata group. Average
thickness of the Plattsburg limestone in Kansas is about ........................ 23 feet
@ Spring Hill limestone member.—Bluish-gray, fine-grained, brittle,
thin-bedded limestone in the lower part and light-gray algal (oélitic)
or granular limestone in the upper part. Characteristic fossils include
algal remains, several species of sponges, echinoid spines, and the
brachiopods Marginifera, Enteletes, a robust Composita, Neospirifer,
and Isogramma. The thickness ranges from 8 to 50 feet or more but
is commonly about 15 feet

Lansing

@ Hickory Creek shale member. — Gray, green, and black shale.
Where thin (0.5 to 2 feet), this member contains a black carbonaceous
zone, and where thick (to 15 feet), it is mostly gray or yellowish in
color and is clayey. Fossils are rare or lacking in this shale. The
thickness in many places is less than 1 foot but averages ............ 5 feet

@ Merriam limestone member—Commonly the lower part of this
member is drab or light-gray limestone and the upper part is bluish-
gray fine-grained limestone. Locally, because of accumulation of
algal and granular limestone in the uppermost part, the Merriam is
thicker than the overlying Spring Hill limestone. Numerous produc-
tids and a few other brachiopods are characteristic. Several species
of nautiloid cephalopods are found locally where the member con-
tains much algal (o6litic) limestone. The thickness ranges from less
than 1 foot to about 10 feet (eastern Franklin county); average 3 feet

Kansas City group.—As defined in Kansas, this division of the Missourian
series includes strata from the top of the Winterset limestone to the base of the
Plattsburg limestone. These beds are classified as a separate group, chiefly
because both the underlying Bronson deposits and the overlying Lansing
strata are each lithologically distinct elements that are well differentiated along
the outcrop. Average thickness of the Kansas City group is 275 feet. The Mis-
souri Geological Survey classifies strata from the top of the Argentine lime-
stone to the base of the Hertha limestone in the Kansas City formation.

B Bonner Springs shale—This formation consists of gray to buff shale,
sandy shale, and sandstone. The upper part of the shale consists of olive-
green clay shale containing a maroon band near the top in the northern
part of the outcrop area. Soft, nodular, cavernous limestone commonly
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overlies the maroon shale. Sandstone is rather prevalent in the lower part
of the Bonner Springs shale, and in some exposures it occupies definite
channels cut in clay shale. South of the point in southeastern Franklin
county where the underlying Wyandotte limestone disappears, the Bonner
Springs shale rests directly on the Lane shale, and the part of the section
between the Iola and Plattsburg limestones is designated as Lane-Bonner
Springs shale. The thickness of the Lane-Bonner Springs ranges from 55
to 170 feet, averaging about 90 feet. Locally along Kansas river the Bonner
Springs shale is absent; the maximum observed thickness is 60 feet in T.
17 S, R. 20 E.; average about 20 feet

Il Wyandotte limestone.—Three limestone and two shale members. The
lewer two limestones and their separating shale are more constant in litho-
logic character and thickness, but the entire formation, which is prominent
in northeastern Kansas and especially along Kansas river, disappears at a
point a short distance southwest of Lane in southeastern Franklin county.
It reappears as thin limestone and sandstone beds a few miles north of
Garnett in Anderson county, but can be identified for only a few miles. The
thickness ranges from a featheredge to 75 feet; omitting consideration of at-
tenuated southern outcrops, the average thickness is about ... 50 feet

@ Farley limestone member.—This member comprises an extreme-
ly variable assemblage of limestone and shale beds that is recog-
nized only north of T. 14 S. Many types of limestone are represented,
but odlitic-appearing algal limestone, limestone breccia or conglom-
erate, and dense mottled pinkish-gray limestone are characteristic.
A thin bed of dark greenish-gray sandy shale containing a mollus-
can fauna occurs rather persistently in the middle part. Cross bed-
ding is common, both in algal limestone and in breccia. The algal
and odélitic facies commonly occur in massive beds; the breccias and
conglomerates are slabby. Wavy and thin-bedded, mottled, dense
limestone, chiefly in the lower part, is somewhat similar to the main
body of the underlying Argentine limestone. The Farley limestone
is abundantly fossiliferous, mollusks predominating. The relative
quantitative importance of limestone and shale in this member var-
ies from place to place. Thickness ranges from a featheredge to
about 35 feet; average 16 feet

@ Island Creek shale member.—A gray, yellow, and bluish clay
shale of highly variable thickness. Locally in Wyandotte county,
several feet of sandstone, seemingly a channel filling, occupies this
position. The thickness ranges from a featheredge to about 40 feet;
average 10 feet

@ Argentine limestone member.—This is a prominent escarpment-
making light bluish-gray limestone, much of which weathers
creamy-white. Wavy bedding is common; clay partings are numer-
ous in some outcrops. Marine fossils are plentiful. The thickness
ranges from a featheredge to 35 feet; average ... 20 feet

@ Quindaro shale member.—Black fissile yellowish-gray calcare-
ous shale, or soft shaly limestone, 1 to 4 feet thick; average .... 2 feet
@ Frisbie limestone member.—Bluish-gray to dark-blue massive
limestone, locally bearing numerous marine fossils. The thickness
commonly ranges from 1 to 3 feet; average ........oooincnennc 2 feet
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W Lane shale—Dark bluish-gray clay shale, gray and yellowish-brown un-
fossiliferous sandy shale, and thin-bedded sandstone. The thickness ranges
from about 15 to 105 feet. Southward from the point where the Wyandotte
limestone pinches out, the Lane and Bonner Springs shales merge. The
thickness of the combined units (Lane-Bonner Springs shale) ranges from
about 55 feet to 170 feet locally in Allen county. Average thickness of the
Lane shale is about 50 feet

W Iola limestone.—Two limestone members and a shale member. The up-
per limestone is the most conspicuous part of the formation. The thickness
ranges from a featheredge along the Kansas-Oklahoma line and locally else-
where in southern Kansas to about 30 feet in Allen county. In northeastern
Kansas the thickness commonly is about 7.5 feet. Average for the formation
in Kansas is about 12 feet

@® Raytown limestone member.~Light-gray wavy-bedded limestone
throughout much of the outcrop area; dark-gray to buff more mas-
sively bedded limestone in the Kansas river valley, where abundant
light-colored large fossil shells give the rock a mottled appearance.
The thickness in the Kansas City area is about 5 feet, in Miami county
6 feet, and in the vicinity of Iola 28 feet. It thins southward from
Allen county and is absent locally in southern Kansas, but reappears
in northern Oklahoma where it is named the Avant limestone. Aver-
age in Kansas, about 9 feet

@ Muncie Creek shale member.—Black fissile shale overlain by gray
or buff shale containing abundant phosphatic nodules. The thickness
commonly ranges from about 1 to 3 feet; average ........cocooecreeencee 2 feet

@ Paola limestone member. —Dark bluish-gray, massive-bedded,
brittle, vertical-jointed limestone that weathers bluish-gray. “Worm
borings,” which are irregular subcylindrical bodies that differ slightly
in color and texture from surrounding rock matrix, are more or less
characteristic. The thickness ranges from a featheredge to about 2
feet; AVETAZE ..o et e eeeenen e 1 foot

B Chanute shale—Yellowish-brown sandy shale and dark-gray to green-
ish shale, sandstone, and one coal bed. The sandy shale and sandstone oc-

‘cur chiefly in the upper part, above the coal bed. Members have been dif-

ferentiated in southern Kansas but are not distinguished north of Allen
county. The thickness of the Chanute shale ranges from 12 feet near Kansas
City to 165 feet in southern Kansas; average about ................. 75 feet

@ Cottage Grove sandstone member.—Yellowish-brown or tan thin-
bedded to massive sandstone makes up the upper one third to one
half of the Chanute shale in southeastern Kansas, but this sandstone
occurs only locally in northeastern Kansas. Thickness ranges from a
featheredge to 60 feet; average 25 feet

O Unnamed clay shale, locally calcareous and nodular or sandy, oc-
curs in the lower middle part of the Chanute shale. The persistent
Thayer coal, or a thin bed of underclay, is commonly found at the top
of this shale, next below the Cottage Grove sandstone. The Thayer
coal ranges in thickness from less than an inch to 2.5 feet. The un-
named shale is 10 to 75 feet thick, the maximum being observed in
places where the Noxie sandstone is absent; average thickness 10 feet
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@ Noxie sandstone member —Sandstone at the base of the Chanute
shale, commonly filling channels that extend as low as the Stark shale
or perhaps lower, is known as the Noxie sandstone member. Locally
a limestone conglomerate occurs at the base. This member of the
Chanute is recognized only in south-central and southern Kansas
where the thickness ranges locally to 100 feet; average ............. 40 feet

The disconformity at the base of the Noxie sandstone is recognized at many
places in southern Kansas, especially from T. 28 S. southward.

Local disconformity

Bl Drum limestone.—Two limestone members locally separated by a thin
shale. The thickness ranges from a featheredge to about 60 feet. The aver-
age thickness is about 9 feet

@ Corbin City limestone member.—Chiefly light-gray odlitic cross-
bedded limestone that is highly fossiliferous. This member is best de-
veloped in the vicinity of Independence where it is 50 feet or more
thick. It is represented by a few feet of limestone conglomerate in
southern Kansas near Coffeyville and by 1 foot or less of chiefly algal
limestone in the Kansas City area. Fossils are abundant in the thick
odlitic facies. The Corbin City limestone is identified at many out-
crops in east-central Kansas where the Cement City member of the
Drum is not present. A few inches of shale that lies between these
two limestones at some exposures is included with the Corbin City
member. Average thickness 5 feet

In southern Kansas the Corbin City limestone rests disconformably on
the Cement City limestone. In the vicinity of Cherryvale in Montgomery
county the oélitic limestone of the upper member fills hollows nearly 5
feet deep in the lower limestone.

Local disconformity

@ Cement City limestone member.—Bluish-gray limestone, mottled
with brown on weathering, commonly fine-grained or dense, and
more or less massive, comprises the Cement City limestone. Marine
fossils are generally abundant. A horn coral identified as Caninia
torquia is characteristic of the upper part of this limestone in north-
eastern Kansas. The thickness ranges from about 2 to 10 feet; aver-
age 4 feet

B Quivira shale.—This unit consists chiefly of olive-green clay shale having
generally about 1 foot of black or maroon shale in the basal or middle part.
Small brachiopods occur in the black facies. The thickness ranges from 3
to 11 feet. The Quivira shale is differentiated only in northeastern Kansas,
from Miami county northward. The average thickness is about ............ 7 feet

Il Westerville limestone.—A persistent unit northward from Miami county,
but variable in lithology. Cross-bedded oélite is characteristic in the Kan-
sas City area and accordingly this limestone has been designated frequently
as the “Kansas City oélite.” Flint or chert, which is light pink and hence
differs from other Pennsylvanian cherts, comprises 50 percent or more of the
rock in some outcrops. The thickness ranges from less than a foot to 16
feet; average about 8 feet
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Hl Wea shale—Chiefly olive-green clay shale containing a persistent thin
zone of maroon silty shale in the upper part. For about 50 miles south of
the place in Miami county where the Westerville limestone pinches out, it
is feasible to designate the interval between the Block limestone and the
Drum limestone as the Wea-Quivira shale. This combined unit is 30 to 85
feet thick. The thickness of the Wea, where it can be differentiated, ranges
from about 15 to 35 feet; average 25 feet

W Block limestone.—Bluish-gray, fine-grained, hard limestone. The rock
is commonly massive and displays vertical jointing, but locally it is thin-
bedded. In the Kansas City area the unit is represented by thin blue lime-
stone beds separated by shale. Fusulines are generally common, and lo-
cally Marginifera wabashensis is abundant. The Block limestone has not
been identified south of Linn county. Observed thicknesses range from
about 3 to 8 feet: the common thickness is about 4 feet

Kansas City

H Fontana shale.—Greenish-gray to buff shale bearing scattered calcar-
eous nodules is defined under the name Fontana northward from Linn
county. South of Linn county, where the Westerville and Block limestones
have not been identified, the interval between the Drum and Winterset lime-
stones is known as the Fontana-Quivira or Cherryvale shale. Near Cherry-
vale this unit comprises about 60 feet of bluish-gray silty shale containing
layers of blue dense limestone near the top. In the vicinity of Coffeyville,
similar limestone occurs only a few feet above the Winterset limestone. The
Fontana shale ranges in thickness from about 5 to 25 feet; average about
........... 15 feet

Bronson group.—Predominantly an assemblage of limestones, this group com-
prises beds from the top of the Dennis limestone to the base of the Hertha
limestone. These limestones, together with the Swope limestone and separat-
ing shale formations, form a compact natural grouping of lower Missourian
strata throughout most of the Kansas outcrop area. The Missouri Geological
Survey, however, includes the Bronson rocks as a part of the Kansas City
formation. The Bronson group ranges in thickness from about 85 feet in the
Kansas City area to 175 feet in southern Kansas; shale predominates in the
latter area. Average thickness is about 135 feet.

I Dennis limestone.—The uppermost formation of the Bronson group con-
tains two limestone members and a shale member. The capping limestone
forms a long dip slope that terminates eastward at the prominent Bronson
escarpment. In Oklahoma this formation is known as the Hogshooter lime-
stone. The thickness of the Dennis ranges from 2 feet (in parts of Neosho
county) to 60 feet (in northeastern Labette county); average about .... 40 feet

@ Winterset limestone member.—Light bluish-gray and light-gray
limestone characterized by abundant flint. In the Kansas river area
the flint is almost black but elsewhere it is light gray. Along much
of the outcrop belt cross-bedded oélite occurs in the upper part of the
Winterset and there is much light-gray thin-bedded limestone having
a brecciated appearance. Black platy shale containing land plant re-
mains occurs in the middle part of the member in northern outcrops
and calcareous gray shale occupies the same position in southern
Kansas. Marine invertebrates are more or less abundant in various

—_——
Bronson
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zones; in places there are well-preserved molluscan faunas. Locally
in Neosho county the Winterset limestone and possibly lower beds
are cut out by the disconformity at the base of the Chanute shale. The
thickness ranges from a featheredge to about 50 feet; average .. 36 feet

@ Stark shale member—Chiefly black shale but containing some
gray and yellow shale in the upper part. The member is recognized
only locally in Montgomery county and neighboring parts of Okla-
homa but becomes persistent northward from northwestern Labette
county. The common thickness is about 3 feet

@ Canville limestone member.—Medium dark-gray dense to granu-
lar limestone, commonly massive but locally platy or slabby. This
limestone is persistent from northwestern Labette county to Linn
county. It is represented in parts of Montgomery county by about
1 foot of dark bluish-gray vertical-jointed limestone, and it reappears
locally in Oklahoma. Thickness ranges from a featheredge to about
2 feet; average 1 foot

Bl Galesburg shale.—Gray and yellow marine shale, sandy nonmarine shale,
sandstone, and a little coal. Probably some of the sandy shale and sand-
stone is marine. In the Kansas river valley, the unit is about 3 feet thick
and comprises calcareous nodular shale that is clearly distinguished by its
light color and other lithologic features from the overlying black Stark
shale. The thickness increases rather abruptly southward from Bourbon
county and much sandstone is present in Neosho, Labette, and Montgomery
counties, Plant fossils are fairly common in the sandy facies. A coal bed
in the upper part of the Galesburg in southern Kansas is called the Cedar
Bluff coal. Southward from the point where the Swope limestone disappears,
a few miles north of the Oklahoma line, the Galesburg is not separable as a
unit and it forms the upper part of the Coffeyville formation. The thick-
ness of the Galesburg shale ranges from 3 to 75 feet; average about .... 35 feet

@ Dodds Creek sandstone member.—Massive to thin-bedded sand-
stone, seemingly of deltaic origin, which occurs in the Galesburg shale
in southern Kansas, is named the Dodds Creek sandstone member.
The thickness of this subdivision ranges upward to about ........ 40 feet

B Swope limestone.—Two limestone members and a shale member. The
upper limestone is the most persistent, but it is not recognized south of a
point in eastern Montgomery county (northern part of T. 34 S.). The thick-
ness ranges from a featheredge to about 35 feet; average ........ccccc.e.... 23 feet

@ Bethany Falls limestone member.—Light-gray, dense, thin-bedded
limestone overlain by mottled gray, massive, algal limestone or by
nearly white oélitic limestone that is commonly cross-bedded. Fos-
sils are more or less common in the lower thin-bedded part. The
thickness of the thin-bedded division ranges from 1 to 20 feet and
that of the massive division from 7 to 15 feet. The total thickness
ranges from about 12 to 30 feet; average about .. .....cocooreecveceees 18 feet

@ Hushpuckney shale member—Bluish-gray clay shale in the up-
per part, black fissile shale in the lower part. This unit and the un-
derlying Middle Creek limestone are persistent northward from Ne-
osho county. The thickness ranges from a featheredge to about 6
feet; average 3 feet
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@ Middle Creek limestone member. — Dark bluish-gray limestone,
commonly dense and brittle, vertical-jointed. The maximum ob-
served thickness is in southern Linn county where it is about 8 feet;
the common thickness is about 2 feet

B Ladore shale—Gray and brownish-yellow shale, sandstone, and some
coal. Like the Galesburg shale, the formation thickens southward. The
Ladore is a thin marine shale in the Kansas City area and east-central Kan-
sas, but it expands into a sandy deltaic deposit in southern Kansas. In
Montgomery and southern Labette counties it is not separated from the
overlying Galesburg shale and the two form the upper more sandy part of
the Coffeyville formation. Thin coal beds are present in Labette county, and
plant fossils are plentiful there. The thickness ranges from 2 to 50 feet;
average about 20 feet

Il Hertha limestone.—Two limestone members and a shale member. The
two limestones are persistent and distinet throughout much of the Kansas
outcrop area, especially in Miami, Linn, and northern Bourbon counties. In
southern outcrops the shale member is thin or absent. The formation is
recognized northward from a point in T. 33 S., Labette county. The thick-
ness ranges from a featheredge to about 30 feet; average .................. 16 feet

@ Sniabar limestone member.—Gray and brown limestone, varying
from more or less massive to thin-bedded. Marine fossils are moder-
ately common and locally the coral “Aulopora” is abundant. The
thickness ranges from a featheredge to about 10 feet; average .... 5 feet
@® Mound City shale member.—Gray and yellow clayey to calcareous
shale, containing a persistent 2-inch bed of crinoidal limestone in Linn
and Bourbon counties. Marine fossils are locally plentiful. The thick-
ness ranges from a featheredge to about 14 feet; average about.....6 feet

Bronson

@ Critzer limestone member.—Massive, brownish-gray, granular,
partly algal limestone, and thin wavy-bedded gray limestone. In a part
of the outcrop area this member is the most conspicuous part of the
Hertha limestone, commonly forming a rim rock cliff along the Hertha
escarpment. Much of the rock weathers deep brown. Bellerophontid
gastropods are characteristic of the massive facies; brachiopods and
corals are plentiful locally in the thin-bedded facies. The thickness
| ranges from a featheredge to about 11 feet; average about.............. 5 feet

(?) Local disconformity

Bourbon shale.—Rocks lying between the base of the Hertha limestone and the
disconformity that separates Missourian from Desmoinesian beds are mainly
clastic sediments that for the most part represent mechanically weathered detritus
derived from land and deposited in shallow seas which advanced over Kansas
after a time of more or less prolonged emergence. Gray, yellow, and dark-gray
to black clay shale predominates, but there is much sandstone and some limestone
and coal. The thickness ranges from about 70 feet to 130 feet; average........ 100 feet

[ Sandstone and interbedded black shale and flaggy limestone.—In Linn and
Miami counties the upper part of this division is partly occupied by massive
sandstone (Knobtown) which is locally as much as 25 feet thick. In southern

2
8
.§
A Linn and northern Bourbon counties, thin beds of dense blue limestone alter-
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nating with thin beds of nearly black shale occupy the same position and attain
a thickness of 45 feet. These deposits are absent for a short distance farther
south, but black shale occurs in this position in Neosho and Labette counties.
Near the point in Labette county where the Hertha limestone disappears,
about 40 feet of black shale forms the top of the Bourbon section. Average
thickness of this division is about 30 feet

[J Light-colored shale—Gray to yellowish shale that locally contains a few
thin limestone beds comprises most of the middle and lower parts of the Bour-
bon. This facies commonly extends downward to the Hepler sandstone. Fine-
grained sandstone or siltstone forms the middle part of the Bourbon in some
places. In southern Bourbon and northern Labette counties, light-colored
shale extends to the base of the Hertha limestone. The thickness of this shale
unit ranges from about 20 to 100 feet; average about .........cc.cc..ooeoeeeee..e. ... 60 feet

Missourian
Bourbon

Bl Checkerboard limestone.—Gray limestone, locally a coquina of gastropods
or crinoid fragments; where more fully developed this formation comprises
two thin limestones separated by dark shale. The Checkerboard limestone is an
important marker in the Pennsylvanian strata of eastern Oklahoma and is
recognized in southern Kansas as far north as T. 31 S. The thickness ranges
from a featheredge to about 6 feet; average 2 feet

Il Hepler sandstone.—Brown and gray sandstone named Hepler is a remark-
ably persistent sheetlike deposit overlying the regional disconformity at the
base of the Missourian series. A calcareous facies of the Hepler sandstone is
seen locally in southern Kansas. The thickness ranges from about 2 to 20 feet;
| L average 10 feet

The unconformity below the Hepler sandstone brings deposits classified as lower-
most Missourian into contact with rocks ranging from the Memorial shale downward
to the upper part of the Bandera shale. Paleontological evidence and indication of
widespread interruption in sedimentation, accompanied by some erosion, support
placement of the Desmoinesian-Missourian boundary at this position.

Unconformity

Desmoinesian series.—The lowermost major division of the Pennsylvanian rocks in
Kansas, now recognized, is named the Desmoinesian series. It is based on outcrops
in Towa. The series occupies the stratigraphic interval between important regional
disconformities. The Desmoinesian deposits are set off from the overlying Missourian
rocks by pronounced paleontologic and lithologic differences.

Marmaton group—The upper 250 feet, approximately, of the Desmoinesian beds
in Kansas is assigned to the Marmaton group. These strata are more calcareous
and more dominantly marine than those of the underlying Cherokee shale. The
Missouri Geological Survey now employs the term “Henrietta group” in a sense
that makes it synonymous with Marmaton, which is the older, more widely used
name,

B Memorial shale—Gray and yellowish clay shale, generally unfossiliferous.
§ In Labette county it comprises dark-gray shale that bears marine fossils and
g contains two or more coal beds. The unit locally is absent owing to pre-Mis-
]
=

Desmoinesian

sourian erosion. The maximum known thickness is 30 feet, but the average
is about . 10 feet
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H Lenapah limestone.—Two limestone members separated by a shale mem-
ber. The formation is locally reduced in thickness or absent as a result of pre-
Missourian erosion. The lower two members are absent in some places owing
to nondeposition. The Lenapah is well marked in southeastern Kansas but in-
conspicuous in east-central Kansas. Thickness ranges from 1 to 18 feet;
average . ... 12 feet

@ Idenbro limestone member.—Chiefly light-gray crystalline and
pseudobrecciated limestone; in Linn and Bourbon counties represented
by brownish-gray to dark-gray limestone containing limonitic inclu-
sions, mostly crystalline, but dense and earthy locally. This member
forms low escarpments and broad dip slopes in the southern part of the
outcrop area. Characteristic thickness in the northern part is 1 to 2
feet; in the southern part it is 6 to 9 feet; average ..........ccc............ 4 feet

@ Perry Farm shale member.—Light- to dark-gray clay shale con-
taining nodules of limestone; grades laterally into nodular limestone
south of the Kansas-Oklahoma line. The shale is abundantly fossil-
iferous locally, brachiopods occurring in the upper part and a molluscan
fauna in the middle and lower parts. The member is locally absent in
the northern part of the outcrop area. The thickness ranges from a
featheredge to about 20 feet; average ..........cocooormrerciccrcncrecccieececne 7 feet

@ Norfleet limestone member—Dark brownish-gray massive to
bluish-gray slabby limestone. The Norfleet resembles local facies of
the Idenbro limestone in some northern outcrops. South of the Kansas-
Oklahoma line, this member grades into massive dense limestone that
is continuous with overlying nodular limestone facies of the Perry
Farm shale, but distinction of the two members is clear. The thickness
ranges from a few inches to about 3 feet; average ...........cccooeeeeeee. 1.5 feet

B Nowata shale—Gray to yellow clay shale, sandy shale, and sandstone;
marine and nonmarine. The formation is locally absent in Linn county and
in the subsurface of Miami county, owing to pre-Missourian erosion. Measured
thicknesses in Kansas, 3 to 30 feet; average 18 feet

@ Walter Johnson sandstone member—Thin-bedded to massive
sandstone in the lower and middle Nowata shale, observed in parts of
southern Kansas, has been named the Walter Johnson sandstone. It
is equivalent to the “Wayside sand” of the subsurface. Outcrop thick-
NESSES are COMMONLY ..o e e ceasnencsseenseans 4 to 10 feet

@ Altamont limestone.—Two limestone members separated by a shale mem-
ber. The lower limestone is most prominent in the southern part of the out-
crop area, and the upper limestone is most prominent in northern outcrops.
The formation is locally absent in the subsurface of Miami county owing to
pre-Missourian erosion. The thickness is about 6 to 25 feet; average...... 19 feet

@ Worland limestone member.—Light-gray limestone, dense, semi-
lithographic in upper part, remainder mostly crystalline, pseudo-
brecciated and wavy-bedded. Marine fossils characteristically are few
but there are prominent brachiopods and fusulines, the latter locally
abundant. Thickness, commonly about 8 feet

@® Lake Neosho shale member.—Light- and dark-gray and black
shale; generally black in middle part, locally all black; containing
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abundant phosphatic concretions. The thickness ranges from 2 to 8
feet; average 5 feet

@ Tina limestone member.—Light-gray, massive, coralline (Chaete-
tes) and dense limestone, associated with two shale beds in the south-
ern part of the outcrop area. The limestone is darker, more granular
and locally cross-bedded in the northern part. The thickness is 1 to 2
feet in northern part; about 10 feet in southern part; average........ 6 feet

B Bandera shale—Mainly nonmarine gray, yellow, and maroon clay shale,
mostly blocky, well-bedded; massive to thin-bedded sandstone; and the Mul-
berry coal bed near the base. Maroon bands occur in the upper part. The for-
mation contains limonitic concretions and veins and locally septarian lime-
stone concretions. Plant fossils are found in the sandy facies, generally in the
lower part. The Mulberry coal is a persistent bed in the lower part of the
Bandera north of Crawford county. Shale below the coal is light to dark gray
and carbonaceous. The thickness ranges from about 20 to 50 feet; average
. 35 feet

@ Bandera Quarry sandstone member.—Gray and brown sandstone,
generally thin-bedded, locally “flagstones,” lenticular. The thickness
ranges from a featheredge to 30 feet; average about ..................... 15 feet

Hl Pawnee limestone.—The upper main part of the Pawnee formation com-
prises two persistent limestone members separated by a shale member; the
lower part consists of shale and a thin nonpersistent basal limestone. Thick-
ness ranges from about 15 to 60 feet; average about 30 feet

@ Laberdie limestone member.—Light-gray, crystalline, and coralline
(Chaetetes) limestone in thin wavy to massive beds that form exten-
sive dip slopes and cap prominent escarpments. Fusulines and other
marine fossils are locally plentiful. The thickness is about 10 to 20 feet;
average 15 feet

@ Mine Creek shale member.—Light- and dark-gray to black shale,
flaky, platy and fissile, containing one or more thin limestone beds in
the middle part locally. Generally brachiopods are abundant, corals
fewer. This member is reduced to very slight thickness or is absent
in the southern part of the outcrop area. The thickness ranges from a
featheredge to 15 feet; average 8 feet

@ Muyrick Station limestone member—Dark-gray, brown, and light-
gray limestone. The lower part, comprising about 2 feet of massive
dark-gray brown-weathering limestone, is most persistent, and this is
overlain locally by lighter colored coralline (Chaetetes) limestone.
The thickness ranges from 2 to about 8.5 feet; average .................... 5 feet
@ Anna shale member.—Black, platy, locally fissile shale, contain-
ing a few inches of gray shale near the top in some places; small smooth
phosphatic concretions are common. A thin bed or lenses of dark,
slabby, crystalline, locally crinoidal limestone occur in the basal part.
Thickness commonly ranges from 2 to 5 feet; average .................... 3 feet

W Labette shale—Gray and yellow clay shale, sandy shale, sandstone, and
thin coal and limestone beds; a rather persistent black shale occurs in the
basal part. Black shale occurs locally in the upper part. Some sections show
several thin limestone and coal beds. A persistent limestone, 1 to 2 feet thick,
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occurs in the middle lower part. Thickness ranges from about 30 to about 100
feet; average 50 feet

@ Englevale sandstone member.—This is one of several bodies of
sandstone, collectively referred to as Warrensburg sandstone, lying in
the middle and lower parts of the Labette shale. This is the “Peru
sand” of the subsurface. Average thickness, about ....................... 30 feet

B Fort Scott limestone.—Comprises two limestones and an intervening shale
member, the latter containing a persistent coal and a limestone bed in the
northern part of the outcrop area. Characteristic thickness .........cccccocecc. 33 feet

@ Higginsville limestone member.—Chiefly light-gray thin-bedded to
massive limestone characterized by the scattered occurrence of un-
usually large crinoid stems, irregular distribution of minute, medium,
and large fusulines, and colonies of Chaetetes that generally are iso-
lated but locally form the entire upper part. Characteristic thickness
15 feet

@ Little Osage shale member.—Black platy shale containing small
smooth phosphatic concretions, and gray clayey calcareous shale, coal,
and limestone. Upper part generally light gray and calcareous, lower
part commonly black and platy. The Houx limestone is a persistent
thin bed of granular limestone that occurs a few inches to 2 or more
feet below the Higginsville limestone. The Summit coal, which is per-
sistent from northern Crawford county northeastward into Missouri,
occurs in the upper middle part of the Little Osage shale. Thickness of
the member ranges from about 4 to 12 feet; average .........cceooo........ 8 feet

Marmaton

@ Blackjack Creek limestone member—Brownish-gray, granular, and
massive to light-gray, crystalline, pseudobrecciated, thinner bedded,
and locally Chaetetes-bearing. The lower part, the only persistent part
of the member, is approximately 2 feet thick and consists of brownish-
gray, brown-weathering “cement rock.” Thickness ranges from about
4 to 17.5 feet; average 10 feet

Cherokee shale.—Pennsylvanian rocks below the Fort Scott limestone in Kansas,
which consist mainly of clastic rocks with light- and dark-colored shale pre-
dominating, have been classed as a formation in some reports and as a group in
others. There is much sandstone and sandy shale, and the most important coal
beds of the state belong to the Cherokee. The amount of limestone is small. The
unit is not readily divisible into formations unless cyclic units (cyclothems) are
so defined. Following are the more generally recognized stratigraphic units.
The outcrop area of Cherokee beds in Kansas is confined to counties in the
southeastern corner of the state. The thickness at the outcrop ranges from
about 400 to 600 feet; average ... 450 feet

Mulky coal.—The upper few feet of the Cherokee shale consists of black
platy shale underlain by a persistent coal bed, the Mulky. The black shale
is characterized by small phosphatic concretions, and locally it contains large
black limestone concretions. The coal is underlain by gray shale. It ranges
in thickness from a featheredge to about 2 feet; average.........cc............... 1 foot

Breezy Hill limestone.—Lenticular sandy limestone occurring a few feet
below the Mulky coal. Thickness ranges from a featheredge to about.... 2.5 feet

~———Cherokee——
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Unnamed sandstone.—Lenticular sandstone bodies in the upper part of the
Cherokee shale are designated as the “Squirrel sand.”

Bevier coal.—A coal bed a short distance above the Ardmore limestone.
Thickness averages about 2 feet

Ardmore limestone.—Persistent bed of dark-gray granular limestone 65
to 135 feet below the Fort Scott limestone. This unit is called Verdigris lime-
stone in Oklahoma. The common thickness is about 2 feet

Croweburg coal.—Coal bed a few feet below the Ardmore limestone;
. | characterized by overlying and underlying “fire clay.” Average thickness
about 1 foot

Fleming coal—Second coal bed below the Ardmore limestone; average
thickness about 1 foot

Mineral coal.—This coal, which is extensively mined by stripping, is over-
lain by a thin limestone bed. It occurs about 30 feet below the Ardmore lime-
stone. The average thickness of the coal is about 1.8 feet

“Pilot” coal.—Thin coal bed about 27 feet above the Weir-Pittsburg bed.
Thickness about 0.75 feet

Desmoinesian
Che'rolw e

Weir-Pittsburg coal.—The most important commercial coal bed in Kansas,
which occurs about 115 feet below the Ardmore limestone, ranges in thickness
from a featheredge to about 3.5 feet; average about 3 feet

PENNSYLVANIAN

Bluejacket sandstone.—Sandstone lenses in the lower middle part of the
Cherokee section in Kansas and northern Oklahoma are named the Blue-
jacket sandstone at the outcrop and are known as “Bartlesville sand” in the
subsurface. Thickness ranges to at least 50 feet

Columbus coal—Coal bed a few feet below the Bluejacket sandstone;
common thickness about 1 foot

Little Cabin sandstone.—Sandstone lenses at or near the base of the Kan-
sas Cherokee section, which are correlated with the Warner sandstone in the
' McAlester formation of eastern Oklahoma. The sandstone commonly occurs
in two or more beds separated by shale. Thickness is commonly 25 to 30 feet.

Riverton coal.—Coal bed at the base of the Little Cabin sandstone, in part
of southeastern Kansas. It occurs a few feet above the base of the Cherokee
B section. Average thickness, about . 2 feet

A regional unconformity of much importance defines the base of Pennsylvanian deposits
in the northern midcontinent. At the outcrop, lowermost Pennsylvanian deposits of this
region (but belonging stratigraphically far above the lowermost Pennsylvanian of some
other regions) commonly lie parallel on older rocks, but the unconformable contact
locally has topographic irregularity amounting to 100 feet. In Kansas, outcropping
rocks next below the Pennsylvanian belong to the lower part of the Mississippian
system, but in Missouri and other near-by states, the Pennsylvanian is found resting on
Devonian, Silurian, Ordovician, Cambrian, or pre-Cambrian rocks. Beneath the sur-
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face in Kansas, the basal Pennsylvanian unconformity is locally angular and pre-
Cambrian or lower Paleozoic rocks occur in places next below the Pennsylvanian.

Regional unconformity

MISSISSIPPIAN SYSTEM.—Rocks of Mississippian age consisting of light-gray
cherty limestone, medium to coarse crystalline in texture, crop out in the extreme
southeastern corner of Kansas. The area of exposure is about 100 square miles, but in
adjoining parts of Missouri and Oklahoma the outcrop area is very broad. These rocks
contain the rich lead and zinc ores of the Tri-State district, and they contain commercial
oil and gas accumulations in several Kansas fields. Late Mississippian rocks belonging
to the Chesterian series occur a short distance south of the Kansas-Oklahoma line and
probably extend a short distance into Kansas at the outcrop. They are important be-
neath the surface in much of Kansas. Total thickness of outcropping formations of the
Mississippian in Kansas is about 50 feet.

MERAMECIAN SERIES.—The Mississippian limestones exposed in southeastern
Kansas include some beds of Warsaw age that are classed as belonging to the Mer-
amecian series.

l Warsaw limestone.—These limestones consist of bluish-gray cherty lime-

stone containing glauconite near the base. They have been included in the so-
called “Boone formation.” The thickness of these rocks is about ............ 15 feet

A break in sedimentation that has considerable stratigraphic importance separates
rocks of Meramecian age from older deposits. ‘
Disconformity ~~ s

MISSISSIPPIAN

OSAGIAN SERIES.—This division of the Mississippian system is mainly charac-
terized by abundance of crinoidal remains and common occurrence of chert in the
limestone beds. These limestones have an average thickness of 200 feet in Missour.

B Keokuk limestone (?).—Light bluish-gray, fine- to medium-grained,
cherty limestone, commonly in beds 0.5 to 2 feet thick, characterized by the
common occurrence of fossil bryozoans along with other marine organisms.
It has been included in the “Boone formation.” Thickness about ............ 35 feet

| No rocks older than Keokuk are known to be exposed at the surface in Kansas.

IGNEOUS ROCKS.—Outcrops of igneous rocks of unknown age occur in two Kansas
counties. In Riley county three small pluglike masses of dark basic rock are exposed, and
in Woodson county a granite dike is exposed. The Riley county igneous rocks are intruded
in sedimentary rocks of Wolfcampian age, and the Woodson county granite cuts rocks of
Missourian age.

[0 Granite.—A dike of coarse-grained granite occurs in Woodson county.
The outcrop extends from near the center of sec. 13, T. 26 S., R. 16 E. eastward
to a point slightly beyond the township line.

[J Basic volcanic rock.—Three outcrops of basic volcanic rock oceur in Riley
county. The locations of the three small outcrops are: (1) sec. 22, T. 8 S, R.
SE; (2)sec.23, T.8S,R.6E.; (3) sec.6,T.9S,R.5E.
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Legion shale, 167

Lenapah limestone, 195
Leonardian series, 157
Lincoln limestone, 153
Little Cabin sandstone, 199
Little Kaw limestone, 186
Little Osage shale, 197
Loess, 145, 146

Long Creek limestone, 168
Luta limestone, 163

McAlester formation, 199
McPherson formation, 146
Maple Hill limestone, 173
Marlow sandstone, 157
Marmaton group, 194
Marquette sandstone, 153
Matfield shale, 164

Meade formation, 147
Medicine bed, 154

Medicine Lodge gypsum, 158
Memorial shale, 194

Mentor beds, 154
Meramecian series, 200
Merriam limestone, 187
Mesozoic rocks, 143, 151, 156
Middleburg limestone, 166
Middle Creek limestone, 193
Milan limestone, 160

Mine Creek shale, 196
Mineral coal, 199
Mississippian system, 200
Missourian series, 184, 200
Montana group, 151

Morrill limestone, 166
Mound City shale, 193
Mulberry coal, 196

Mulky coal, 197

Muncie Creek shale, 189
Myrick Station limestone, 196

Natural Corral sandstone, 154
Nebraska City limestone, 172
Nebraskan till, 146, 148
Nescatunga gypsum, 158
Neva limestone, 165, 167
Ninnescah shale, 159
Niobrara chalk, 152
Nippewalla group, 157
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Nodaway coal, 176
Nolans limestone, 160
Norfleet limestone, 195
Nowata shale, 195
Noxie sandstone, 190
Nyman coal, 173

Oaks shale, 169
Ochelata group, 187
Odell shale, 163
Ogallala formation, 149
Oketo shale, 164
Olathe limestone, 186
Oread limestone, 181
Osagian series, 200
Oskaloosa shale, 179
Ost limestone, 179
Ozawkie limestone, 179

Paddock shale, 163

Paleozoic rocks, 143, 156

Paola limestone, 189

Pawhuska formation, 177

Pawnee limestone, 196

Pedee group, 184

Pennsylvanian system, 170, 185, 198, 201
Permian system, 143, 156, 161, 162, 171
Perry Farm shale, 195

‘“Peru sand,” 197

Pfeifer shale, 153

Pierre shale, 151

Pierson Point shale, 174

“Pilot” coal, 199

Plattsburg limestone, 187

Plattsmouth limestone, 181

Pleistocene series, 145, 146, 148
Pliocene series, 148

Pony Creek shale, 172

Quartermaster formation, 156, 157
Quartermaster group, 156
Quaternary system, 145

Queen Hill shale, 180

Quindaro shale, 188

Quivira shale, 190

Raytown limestone, 189

Reading limestone, 174

Recent series, 145

Red Eagle limestone, 167

Reeder sandstone, 153

Relay Creek? dolomite and sandstone, 157
Rexroad member, 149

Riverton coal, 199

Robbins shale, 183

Roca shale, 167

Rock Bluff limestone, 179

Rock Lake shale, 186

Rocktown channel sandstone, 153
Rulo limestone, 175

Runnymede sandstone, 159
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Salem Point shale, 167
Sallyards limestone, 167
Salt Creek gravel beds, 146
Salt Grass shale, 151

Salt Plain formation, 159
Sanborn formation, 147
Schroyer limestone, 165
Scranton shale, 175

Severy shale, 176

Sharon Springs shale, 152
Shawnee group, 177
Sheldon limestone, 177
Shimer gypsum, 158

Sibley coal, 183

Silver Lake shale, 175
Smoky Hill chalk, 152
Sniabar limestone, 193
Snyderville shale, 182
Soldier Creek shale, 175
Solomon formation, 153
South Bend limestone, 186
Speiser shale, 165

Spring Branch limestone, 180
Spring Creek clay, 153
Spring Hill limestone, 187
“Squirrel sand,” 199
Stanton limestone, 184, 186
Stark shale, 192

Stearns shale, 166

Stine shale, 169

Stokes sandstone, 154
Stonebreaker limestone, 174
Stone Corral dolomite, 159
Stoner limestone, 186
Stlovall limestone, 163
Stranger formation, 183
Stull shale, 180

Summit coal, 197

Sumner group, 159

Swope limestone, 192

Table Creek shale, 173
Taloga formation, 157
Tarkio limestone, 174
Tecumseh shale, 179
Terrace deposits, 146, 147
Terra Cotta clay, 153
Tertiary system, 143, 148
Thayer coal, 189
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Threemile limestone, 165
Tina limestone, 196
Tonganoxie sandstone, 183
Topeka limestone, 177
Toronto limestone, 182
Towanda limestone, 163
Towle shale, 170

Triassic system, 151, 154
Turner Creek shale, 177

Utopia limestone, 176

Verdigris limestone, 199
Victory Junction shale, 186
Vilas shale, 187

Vinland shale, 183
Virgilian series, 170

Wabaunsee group, 170
Wakarusa limestone, 175
Walter Johnson sandstone, 195
Wamego shale, 174

Warner sandstone, 199
Warrensburg sandstone, 197
Warsaw limestone, 200
“Wayside sand,” 195

Wea shale, 191

Wea-Quivira shale, 191
Weir-Pittsburg coal, 199
Wellington formation, 160
Weskran shale, 152

West Branch shale, 169
Westerville limestone, 190
Weston shale, 184
Westphalia limestone, 183
White Cloud shale, 176
Whitehorse sandstone, 157
Willard shale, 174
Williamsburg coal, 182
Winfield limestone, 163
Winterset limestone, 187, 191
Winzeler shale, 176
Wolfcampian series, 160, 200
Wolf River limestone, 178
Woodhouse clay, 149

Woods Siding formation, 172
Worland limestone, 195
Wreford limestone, 165
Wyandotte limestone, 188
Wymore shale, 164
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