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GFS-6.

GFS-7.

Generallzed llthologlc descrlpttOn of upper boundary

of nnterval Cin Kansas

Area A Chlefly buff to gray or whute, aphanitic

or flnely crystallnne llmestone overlynng

gray to black locally carbonlferous or

Area B‘ Gray, buff or locally white, aphanitic

‘e -
o . -

to flnely crystalllne, locally chert bearlng

Ccriz” z < o e T

llmestone overlylng red and gray, locally

varnegated locally graylsh green. clayey or

&I . - -

sandy, clayey}mudstone

o

_ Area C: Gray to buff malnly chert- bearlng,

aphanltnc to fcnely crystalllne limestone

overlylng gray, dark gray, black, or, rarely,
varlegated clayey mudstone |
Area D: Buff to gray, locally cnert-bearlng l imestone
overlylng gray mudstone. -----f--f;-—--—------fe--
(a) Approx:mate number of dlst»nct lnmestone~un|ts in
|nterval>C. Forest Cuty, Cherokee, Sallna and Sedgwick
basins contain large numbers of limestone units, and
accordingly, large numbers of detrital units, whereas
a lesser number of units lap onto the Cambridge/A?ch~

Central Kansas yfllft PrattlAhtlcllne and Nemaha anti-

cllnorla



(b) Aproximate average thickness of limestone
~units in intervél C, showing slight incréase in
'évérage thickness of units into basinal areas.

Changes of facies of interval C westward from
¥ f' ’ : dominantl? clayey mudstone to dominantly clayey
| limestone (pl. 7B) is due, in general, to

moderate thickening of large numbers of limestone

units relative to detrital units, rather than

GFS-8. Generalized section of the Cherokee Group of
southeastern Kansas, Each coal-bearing unit

constitutes a cyclothem. (Adapted from Howe, ,

—

1956, pl. 2,and Zeller and others, 1968)-=--cemecemauan
© G6FS-9. Generalized lithologic descriptipn of upper
| boundary of interval D in Kansas. ‘Throughout all

of Kansas but area A, as described below, uppermost

rocks of interval D are buff, gray or locally white
‘limestones. They are aphanitic to finely crystalline,
locally cherﬁ;beéfjng, oolitic or dolomitic.

Lowermost rocks of iﬁtérval E include:

Area A: Gray to buff sandstone overlying red
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and gray sandy or clayey mudstone of interval

0
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Area B: Gray éandy mudstone or locally, gray
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sandstone
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Area C: Gray, red or variegated sandy,

- R Tt e e o

" clayey mudstone
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Area D: Red and gray or variegated clayey
-‘Area E: Réd ana gray or vériegated sandy clgyey
~ mudstone, or locally, sandstone- ‘>Jw' .”f  -
Area F: Gray clayey mudstone------ L L e
! - _' GFS-10. Generaiized section of interval D in eéstern Kansas.
| The interval is composed basically of formations
that include thiﬁk 1 imestone members iniérbedded
with thin_mudstoné members, alternating with
formatfohﬁ that include thick mudstone members,
sandstone, coal, and thin limestone units.
(After Zeller and others, 1968, pl. 1.)==--ceecmceenaax
GFS-fl. Diaérammatic and representative section of interval D
rocks, eastern Kansas, showing a megacyclothem that
{ - ' contains three cyclothems (A,B,C). (Adapted from
| " Moore, 1949b, p. 78y) - -mmmmmmmmmne e

GFS-12, Generalized section of uppermost Pennsylvanian and

lowermost Perhféﬁ rbcks in the outcrop of interval
% , | ' . E in Kansas (after Zeller and others, 1968, pl. 1,

~and Johnson and Wagner, i967, pl. 3)-------mmmmmme




GFS-13. Genéralized descr}ption of upper boundary of interval
| E in Kansas. |
Area A: Gray to buff, aphanitic to finely
crystallinevlimestone overlain by gray or
greénish gray clayey.mudstone, ;andy
clayey,mudstone, or in some places, sandstone
Area B: Gray to buff,'aphanitic to finely
crystalline, locally oolitic limestone
overlain by gray, clayey mudstone or sandy
cléyey mudstone
Area C: Gray to buff,’aphani?ic to finely
crystalline, locally chert-bearing, dolomitic_
or sandy limestone overlain by red and gray
_orAvariegated clayey mudstone, sandy clayey
mudstone, or in some places sandstone or
clayey mudstone containing thin beds of
1 imeStone === oo o e e e
GFS-I&.. Generalized section of Douglas Group in outcrop
area‘of eastergiKgnsas. (After Zeller and others,
1968; pl. 1; Mooré; 19h9b, p. 144-145.) —cmmcana- mm——-
GFS-15. Megacyclofhems of the Shawnee Group (1-k, righticolumn),
each contéining five completely or partly developed .
cyclothems (A-E, left column). Megacyclothems | and
L includé uppermost part of Douélas Grbup and lowermost
part of wabaunsee Gf§up, reSpectivelyﬂ_ (After Moore,
1922, ﬁ. 26-3L; 1949b, p. 144-145; Zeller and others,

1968,‘bl.'l.) ------------------- B GE T L ORI




GFS-16. Generalized section of Wabaunsee Group in outcrop
area of eastern Kansas. Stratigraphic positionzof
about 12 cyclothems are shown (right column). The
IO units thaf compose a Wabaunsee-type cyclothem
‘afé (leftrcolumn): » »
. .8;.9>Atlayey“hudstone. .Marfne or nonmarine,
F _;}”>Ai§éi—ifmésf65é;‘loééily oolitic or coquinoidal.
Contaihs'hollu;ks, b}échiapods, bryozoans,
crinoids. Marine. : p
.6 Sandy, éiayéy mudstghé. Marine.
o5 ?usul}B}a—beafinévlimégtbhe;eréy contain
bfach}obods, bryozoaas, crinoids. Marine.
.4 Mollusk-bearing clayey mudstone. Marine.
.3 Pelecypod-bearing limestone. Also contains
'b;aéhiopddg and ;rinoids. Marine.
.2 Clayey mudstone bearing pelecypods, brachiopods,
bryozoans. Marine.
.1 Coal{ underlain by sandy, clayey mudstone,
Nonmarine.
.0 Sandstone. May contain plant fossils. Nonmarine.
(Adapted from Moore, 1936, p. 23, 25, 26; 1949b,
p. 181; Zeller and others, 1967, pl. 1;

Johnson and Wagner, 1957, pl. 3)-------===-~-
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‘ ABéTRACT
Pennsylvanian sfrata of Kansas lié on eroded rocks ranging in.
age from Precambrian to Mississippian. Precambrian and early Paleozoic
rocks underlie the Pennsylvanian on the Central Kansas uplift and Nemaha
anticline. Mississippian rocks underlie the Pennsleanian in the Forest
City, Cherokee, Salina, and Sedgwiﬁk basins and in the Hugoton embayment
of>the,Ana&arko basin., These structural elements existed in Mississippian
time; they Qére rejuvenated during Pennsylvanian time. They influenced
kinds and thicknesses of Pennsy}vanian sgdiment.
Pennsylvanian seas éncroa;hed mainly from the south., Sedimentation
Segan in the Hugoton embayment during time of interval A (Morrow).
Most of the Hugoton embayment and the Cherokee and Forest City basins
weré submergent during time of interval B (Atoka - lowermost Des Moines).
" All of Kansas except crests of the Nemaha anticline and Central Kansas
uplift was covered by beds of interval C (Des Moines-lowermost Missouri).
Strata of intervals D (Missouri) and E (Virgil) extended thfoughout the
State. Pennsylvanian rocks ére slighfly thicker than 3,000 feet in the
" deepest part bf the Hugoton embayment; they are thinner than 700 feet

on crests of the Nemaha anticline and Cambridge arch.




- The Pennsylvaﬁian consists of thin but extensive limestbnes;
;. marine ané nonmarine'mudstones and sandstones, and terrestrially
< _ deposited qoals;- The strata compose many cyclothems, especially
;< in intervals C, D and E. Sediments were deposited almost entifely

Tn"shallow marine, paralic and terrestrial environments. Seas were

B - -

;Hé{nly clear, warm, and moderately quiescent. Coastal regions were

‘“‘TbWT?“émérﬁéht, swampy, thickly vegetated, and crossed by sluggish

- Py s
S

';ikééﬁsf Sdufbé-é}eé of terrigenous sediment during time of intervals
A and B was mainly the terrane of early Paleozoic rocks in Kansas.
Source areas of terrigehous sediment during times of intervals C, D
and E were mainly the emergent Arbuckle Mountain region in Okléhoma
and the Ozarks in Missouri.
Pennsylvanian strata were overlapped by Permian beds that
probabl& extended entirely throughout Kansas. Permian beds were
eroded from above the Pennsylvanian in eastern Kansas, perhaps mostly
~during the Triassic and Jurassic geriods. This terrane may have been
overstepped by Cretaceous strata. Fennsylvanian strata of eastern
Kansas were eroded to peneplain-like fopography during the Tertiary
Epoch. Rivers of eastern Kansas have been superimpoﬁed into Pennsylvanian

strata during post-Pliocene time.
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REGION DEFINED
The regfon discu#sed-in this chapter consists of the State of Kansas.
Pennsylvanian rocks are exposed fn the eastern part and occur in the sub-
surface throughout the State except in the extreme southeastern area

(fig. GFS=1). Beds dip gently westward and the system attains a maximum

Figure GFS-1. =-- NEAR HERE.

thickness of more than 3,000 feet in southwestern Kansas.
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PALEOGEOLOGY
Units underlying Pehnsylvanian ‘
Pennsylvanian rocks overlie Mississippian rocks throughout
most of Kansas (pl. 2). In some areas on the Central Kansas uplift

and Nemaha anticline (fig. GFS-2; pl. 2) rocks of Pennsylvanian

Figure GFS-2.--NEAR HERE

intervals C and D lie unconformably upon Paleozoic rocks older than
Mississippian, and on soée eroded anticlines they overlie rocks as
.old as Precambrian.

Rocks underlying the Pennsylvanian were not studied in detail
during this investigation and they are differentiated only in a
general manner on the paleogeologic map (pl. 2; table GFS-1). The
Chattanooga Shale is mapped as a unit with rocks of the Hunton Group,
in spite of the fact that the Chattanooga is of both Mississippian
and Devonian age. The Hunton Group has been differentiated into
‘Silurian and Devonian rocks only in a few places in.Kansas. Similarly,
the Arbuckle Group comprises rocks of Late Cambrian and Early
Ordovician ages and these rocks have been differentiated only in
eastern Kansas. The Reagan Sandstone is Late Cambrian in age but
is mapped with Precambrian rocks because of the limited areal extent

of the Reagan on higher parts of the Central Kansas uplift and

Cambridge arch.




&F% 7
Table 1.--Major stratigraphic units underlying the Pennsylvanian in Kansas.
Units shown only those included on paleogeologic map (FFiz+ 3).

SYSTEM  SERIES GROUP  FORMATION
o i _ — Chester
B & opmnnee T ey s g =
Meramec
TEE rEfag g ErmaT =
Mississippian
CeoeeT, TE TTLEgEE
e T i P
procis Kinder-
hook
;5 T TR, T R Y - bt L
- . - Mississippian
or ' Chattanooga Shale
r.Devonian .
: N -
e .. .. Middle
‘- ~- Devonian- -
Devonian
_ Hunton
R Sl - . SR A A .
Silurian I.Jow?r kb 4
- Silurian
: Upper :
E Odavisian Maquoketa Shale
Middle Viola Limestone
Ordovician Ordovician Simpson
' Group
Lower
< . : : Ordovmlm}’Arhucldc" .
o Group
. Cambrian  Upper ,
_; Cambrian Reagan Sandstone

" Precambrian Rocks
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Lower boundary of Pennsylvanian

Throughout Kansas, lowermost Pennsylyanian rocks generally
gre-cqarse]y clastic and they;lie unconformably upon‘dee?lj
weathergdrand eroded ro;ks that are dominantly !imes;pne and )

g?]omixg. In general?,théﬁterrane_of older_rocksnis_goveygd :
'Py a veneer of resjdual material and the reworked upper part of.
the resﬁdUum is accepted in Kansas as Péing the Jowermost Pennsylvanian
ge?psjt.; The boundary between reworked and_residual material
ppmonly. Ve, diFficult to recognize. In oil-vel] bk cottingt, .
écgordingly? thg !owgrfbounqary of;the Pepnsylvapi39 is not -
prgcise}y knpwp ip all par;s:pf,Kansas,,jp‘spitg_of the fac}l - -
;h;tfanfpnconformjty_sgparates PennsylyanianAand older»rpckg |
ghyoughout tthstate?_ V

_Bgsiduum developedvbp Mississippian cgrbonatg rocks common]y
J; c0mpp;ed.of tripolitigrchert tbat ranges }n thi;kngss»from a
few inche;,in sogtheas;ern Kansas (Howef 1956, p. 31).to>more than
!OO,feet fur;her»west in Sumngr;Coupty_(Lee, 19&0, p.776) (see fig.
gfsfl)._ |n‘cen;ral Kansas residual‘materi;l developed upon weathered

dolomite of the Arbuckle Formation consists mostly of chert, clay,

§ilt and sand (Walters, 1946, p. 228),
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In the part of Kansas generally east of the Nemaha anticline
(fig. GFS-2) lowermost Pennsylvanian rocks dominantly are clayey
mudstone, but sandstone that contain; fragments of Mississippian
cﬁert is present in some places; in the Forest Cfty basin (fig. GFS-2)
basal Pennsylvanian rocks contain a small amount of arké:}e (Lee, 1943,
p. 82). In a few places in Kansas, rocks representing the lowermost
Pennsylvanian occur gome tens of feet belpw the surface of the
Mississippian or other Paleozoic carbonate rocks. In Jefferson
and Leavenworth counties in northeastern Kansas (fig. GFS-1), black
clayey mudstones that seem to be younger than Mississippian are
fillings in pockets in Mississippian limestone (Lee, 1943, p. 78-79).
These rocks were considered by Lee as being deposits in solution
openings and caves; some of the constitutents of the mudstone were
not Eecognized by him in other Mississippian or Pennsylvanian rocks.
Lowermost Pennsylvanian rocks in the Joplin district of extreme
southeastern Kansas and southwestern Missouri are described by
Smith and Siebenthal (1907, p. 8) as having been deposited in
caves in karst terrane.

In much of western Kansas, rock identified as lowermost Pennsylvanian
co;monly is a conglomerate or coarse sandstone and is called the
Pennsylvanian basal conglome}ate. It comprises variegated and
locally oxidized mudstbne; sandstone, and chert and ranges in
thickness from a featheredge to more than 150 feet in some places
(ver Wiebe, 1941, p. 27). Pennsylvanian sandstone, limestone and
mudstone overlie similar rocks of Chester age in southwestern Kansas

(pl. 2) and in some places the unconformity at the base of the

Pennsylvanian is obscure (McManus, 1959, p. 19).

~




Lowermost Pennsylvanian rocks are as old as Morrow in western
Kansas and as young as Missouri in some parts of the Central Kansas

uplift and Nemaha anticline (figs. GFS-1 and GFS-2).

Pre-Pennsylvanian topography

The paleogeomorphology of the surface beneath Pennsylvanian
rocks is well known in only a few places in Kansas. Mississippian
rocks are. covered by a mantle of residual chert thfoughout much of
the state. Features interpreted as caves in Mississippian rocks of
northeastern Kansas that are filled with Pennsylvanian sediments
are described by Lee (1943, p. 78-79). Sinkholes in exéosed
Mississippian rocks of southeastern Kansas were studied by Pierce
and Courtier (1937), énd by Saueracker (1965). The CHerokee Group
in southeastern Kansas is considered to have been deposited upon a
surface that was not replete with sinkholes and subterranean streams
(Pierce and Courtier, 1937, p. 37; Saueracker, 1965, p. 26-27).
However, the surface beneath this group in the Joplin district of
extreme soﬁtheastern Kansas and southwestern Missouri is described

as "karst topography of great detail'' by Smith and Siebenthal (1907,

p. 11).
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Topographic features in Mississippian rocks that seem to be
i nkholes have been dlscovered in Dickinson and Wabaunsee counties
jp east-central Kansas (fig. GFS-1) (Shenkel, 1955, p. 1; Smith and

Anders, 1951, p. 29) and fn Sumner County in south-central Kansas
(Le

e, 139540, P 76-77) . lsolated sinkholes that are less than 20 acres

‘ngaree and solution_valleys_ ranging from 20_t0»80 feet deep, devzloped
Véniropgs of the Arbuckle Group in oil fields in northeastern Barton

~ founty, Were studied-by Walters (1946); also, depressions believed

to be sinkholes in karst terrane located in rocks of the Arbuckle
Group, in.oil fields of Barton and Russell counties were described

by. ver w;ebe~(19kl! p:‘26~??, 82). - -

| p;g;:The widespread development. and variable thickness of residual

SP?fF:?n the upper part of the Mississippien, according to Goebel
{1966, p. 132), are evidence of karst topography throughout western

Kansas. - Thus, buried, moderately-developed karst topography is

..presgnt_in‘several places in Kansas and may be present in 2ll areas

rbere_carbonate rocks ynder}ie the Pennsylvanian, as indicated by

‘:_the.evidence compiled_by'autﬁors cited abbve; )

The amount of erosnonal relief on the surface beneath Pennsylvanian

,Jadv Mx'mala,

,rocks is not well documented, but in some areas |L may have hed=a

a

- Pennsylvanian surface is described as peneplain-like topography with

broad, shallow valleys (Lee and Payne, 1944, p. 60- 6I) In southeastess

' Kansas relief on the surface of Mississippian rocks locally may have been

as !ittle as 20 feet (Pierce and Courtier, 1937, p. 37-38) and in

Greenwood County (fig, GFS-1) it rarely exceeds 100 feet within a

 township (Bass, 1936, p. 21).
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A pre-Pennsylvanian "mésa" in rocks of the Arbuckle Group i;
mapped by Ver Wiebe (1940, p. 82-84, pl1. 1) in Barton and Russell
 counties (fig. GFS;I). This feature includes about 12 square miles
of karst terrane, and in some areas slope of the'surfa;e is less
than iO feet per mile. Two pinnacles of Precambrian rocks that
stand above the Arbuckle terrane are 30 and 60 feet high and less
than 160'$€ies in area, Slope of the eroded suriace of pre-Pennsyivanian
rocks on the crest of the Cambridge arch (fig. GFS-2) locally was
only about 20 feet per mile (Merriam and Atkinson, 1955, p. 20-21),

Initial folding of the Nemaha anticline (fig. GFS-2) began
during Mississippian time according to Lee (1943, p. 115) and
bronounced development of this feature occurred at the end of
Mississippian sedimentation. Thé Central Kansas uplift was partly
develoﬁed before deposition of Pennsylvanian rocks (Lee, 1953, p. 20).
Erosional relief in parts of these two structural provinces probably
was more than that in the other areas of Kansas; before deposition of
Pennsylvanian sediments the Nemaha anticline and the Central Kansas
uplift may have been ranges of low hills within vast plains of

exceedingly low relief,



i
i

Paleotectonic implications

rc-..Most of the structural features that influenced deposition of
Pennsflvanian sediments were preéent in part during Late Mississippian
time, - lﬁi;ial movément of the Nemaha anticline may have taken place
as:early as Kinderhook time (Lee, 1943, p. 115), and minor anticlinal
folding in.thé areas of the Central Kansas uplift and Cambridge arch
‘took place before and during the Mississippian per?od O.ge, 1953,

P. 203:Goebel,.1966, p. 46), Areas now ingluded in the Forest City
basin, Cherokee basin, Salina basin and the Hugoton embayment of the
Aﬁadafko-basin (fig. GFS-2) were synclfnal structures in Mississippian
time (Lee, 1943, p. 120; Goebel, 1966, p. 142). These structures were
.?ejuvenated;and strongly folded during Late Mississippian time, and
many smaller anticlines and synclines'were formed. The present
structural framework of Kansas was established before transgression

of . Pennsylvanian seas,’

&



INTERVAL A
Formations included
| interval A is present in‘western Kansas oﬁly in the subsurface
(pf. 3A)qwhere it is comprises of the Kearny Formation. The Kearny
occurs between the Mississippién System and the Atoka Series (table
GFS-2). It is assigned a Morrow age on the basis of several species
of Millerella (Thompson, 194k4), |
The type section of the Kearny Formation is in the Stanolind
0il and Gas Company Number 1 Patterson Well, in Kearpy COuntY, Kansas
(ffg.'GFS-3).f This formation consists chiefly of clayey mudstone,
Figure GFS-3,--NEAR HERE
: sandy mudstone and calcareous mudstone in most places, but limestone
and sandstone are~locally predominant in parts of Kansas. The formation
includes two unnamed members; the lower is the thiﬁner and is overlapped

toward the eastern margin of the Hugoton embayment (fig. GFS-2).
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Figure GFSTBﬁf-Type’sqction of Kearny Formation, Stanolind 0il and Gas

Company No. 1 Patterson well, Sec. 23, T. 22 S., R. 38 W., Kearny
-y e 5 g 3 -
County, Kansas (after J. D. Davies, Kansas Sample Log Service Log.

No. 9219).
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_Upper boundary of interval A

In the deepest part of the Hugoton embayment, from Hamilton
éhd—Kééfhy Cdunties southwérd (fig. GFS-1), the boundary between
intervals A and B generally is placed at the contact of'cla9e9
mudstone ané:séndstone of the Kéa}ny Fo?hatibn with the limestone
égaaéiijtiéyeyTﬁuasioﬁe of the dpﬁér%&st ba}ié of interval A is

Tre-

at or a short distance below the boundary. ~Near the eastern margin

of the }niérvéi the cléyey mudstone COmmohiy is variegated:and
Contains Bfiéléfivéiyiiéfgé'p?bpbkt}oh of sandstone.

1o - Thfpughput southwestern Kansas, the lowermost |imestone of
i"ter¥§!15‘§5 gray or brown;“dense, finely crystalline and chert-

?ggripg; locally it is clayey or sandy. At some places the basal

rocks of interval B consist of sandstone, as, for example, where

R ~

the Patterson sand lies above the type section of the Kearny

Formation in the Stanolind Number 1 Patterson well, Kearny County

{fig. GFS-3)..
i EFrom Hamilton and Kearﬁy Counties northward,.rocks of the
uppermost p;rt_of ipterv;I A are composed chiefly of clayey mudstone,
but }n some places sandstone is present below the boundary. |In deep
parfs of the Hugoton embaymeﬁt mudstone, below the boundary, generally
is dark gray, greenishrgray or black, and locally is either sandy or

calcareous, whereas near the eastern limit of interval A it is variegated

and contains considerable amounts of sandstone.

~Z



In central western Kansas and in northwestern Kansas iowermost
rocks of interval B consist mostly of limestone, but locally sandstone
or mudstone is dominant. The Ifmestone is gray to brown, finely
crystalline, dense, chert-bearing, and is interbedded with clayey
mudstone. Sandstone is white to gray, slightly glauconitic and is
interbedded with clayey mudstone at some places.

Throughéut western Kansas the upper part of interval A grades
from dominantly grayish, coal-bearing, clayey mudstone in the
deeper parts of the Hugoton embayment to variegated sandy or clayey

mudstone near the eastern limit of the interval,

Thickness trends
Interval A thickens irregularly westward and southwestward
from a beveled edge (pl. 3A) to at least 630 feet in eastern
Morton County, Kansas (fig. GFS-1). It is less than 200 feet
thick throughout most of its extent in Kansas, and is more than
500 feet thick only in.a small part of southwesternmost Kansas.
The interval thickens near the Anad#rko basin of Oklahoma and Texas,

but shows marked thinning across the Keyes dome (fig. GFS-2; pl. 3A).

: " lIrregularity in thickness in western Finney County and eastern central

" Kearny County probably is the result of both depositional thinning

and erosion.

Al




Lithofacies trends

' Interval A, which includes only the Kearny Formation; is
composed mainly of sandy mudstone, calcareous mudstone and clayey
mudstone (pl. 3B). Sandstone and clayéy sandstone are dominant in
a éew areas near the eastefn limit of the interval, and these coarse-
grained clastic rocks grade generally wéstward and southward into
clayey and calcareous mudstone. The interval is cbmposed predominantiy
of limestone in only a small area in Steveﬁs and Seward Counties.
Sandy mudstone is abundant in western Morton County.(fig. GFS-1;
pl. 3B).

Clayey mudstone of the lower member of thé Kearny Formation is
dark gray to black, thinly laminated or fissile. Sandstone ranges
from white to light gray and is fine- to medium-grained, mostly
lenticular, and contains granular glauconite in many places.
Limestone is tan to light brown, arenaceous, and crinoidal. Fauna
of the lower member includes crinoids, brachiopods and bryozoans.

Clayey mudstone of the upper member typically is dark gray or
black. Locally some of it is variegated and in the upper part of
the formation it is greenish to light gray in places. Sandstone
of the upper member is mainly fine-grained; limestone is crystalline
and arenaceous in the lower part but dense and argillaceous in the
uppermost parts. The fauna includes brachiopods, horn éorals,
bryozoans, gastropods, crinoids, pelecypods, foraminifers and
some ostracodes., Numerous thin coal beds are in the uppermost parts

of the Kearny.
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. Sources and environments of deposition

During the time of interval A, the Hugoton embayment of Kansas
was an open shelf bordering the Anadarko basin. Transgression of
the sea across the shelf was not continuous, as shown by limestone,
sandstone, and coal interbedded within interval A, Extensive units
of silt- and sand-sized rock and of clastic carbonate rocks (McManus,
1959, p. 60-77) indicate that from time to time the sea maintained
moderatel} high levels of energy.

Variegated clayey mudstone along the eastern margin of the
interval, a local preponderance of sandstone and the abundance of
frosted sand grains suggest that shorelines were not far removed
from the present eastern boundary of interval A. Large amounts of
sandy, clayey mudstone in northwestern Kansas indicate that the
embayment may have extended only a short distance beyond into
Nebraska and northeastern Colorado. Sandy clayey mudstone in
western Morton County (pl. 3B), and minor amounts of arkosic
sandstone in the interval in Morton, Hamilton, Stanton and Seward
Counties (fig. GFS-1) imply that coarse detritus was brought. into
the Hugoton embayment of Kansas from areas of exposed basement rock

in Colorado.
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In western Kansas the sea in which interval A was deposited
was bounded on the east by the western flanks of the Pratt anticline,
the Central Kansas uplift, and the Cambridge arch (fig. GFS-2).

During early stages of transgression, detrital materials were supplied
from the western flank of this anticlinorium and from the Keyes dome
(McManus, 1959, p. 134); also, residual materials on the pre-Pennsylvanian
surface were reworked. Depositional landforms during early stages of
accumulat}on of interval A, according to McManus (1959, p. 134-135),
included alluvial channels, deltas, offshore bars, and mud-floored
lagoons. These environments were succeeded gradually and with

alternation by generally open-marine conditions, as shown by an

increased percentage of limestone (McManus, 1959, p. 132) in the

ﬁpper part of the Io&er member of the Kearny.

The fauna of the interval, although not abundant, includes
brachiopods, horn corals, bryozoans, gastropods, crinoids, pelecypods,
foraminifers and ostracodes (McManus, 1959). These forms are mainly
indicative of littoral and shallow-water environments. During about
medial time of interval A accumulation, shorelines and depositional
landforms associated with them extended the maximal distance eastward.

" These shorelines 6ay have reacﬁed lower parts of the western flanks

of the Cambridge arch, the Central Kansas uplift and the Pratt anticline.
The Keyes dome was buried by sediment and the western shoreline extended
into Colorado. During latter stages of deposition of interval A the

sea regressed into deeper parts of the Anadarko basin. The terrane

of the Hugoton embayment probably consisted mostly of mudflats and

extensive coal basins.
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Paleotectonic implications
‘During the early part of Pennsylvanian time, the Hugoton

embayment in southwestern Kansas was a broad, southward-plunging

.synclinal flexure that became slowly emergent. This syncline of

regional extent was bounded on the east by the slightly uplifted,

-gentle anticlinorium comprising the Pratt anticline, Central Kansas

uplift and Cembridge arch. The embayment extended northwestward
into Colorado and was bounded on the southwest by the Keyes d0m3.>
The pre-intizval A terrane consisted of exposed Meramec and Chester
rocks (plz/3€;?¥s

" Subsidence of the Anadarko basin in Oklahoma during Spriﬁger
and Morrow time may have been accompanfed by brogressiye developmegi
of all the major flexures that'WBre present in Kansas during the
latter part of the Mississippian Period (fig. GF§-2). The Hugoton
éﬁbaymcnt probably subsided slowly and the regional anticlinal l
vstruttures that bounded it presumably rose slightiy. Subsidence of

most of the embayment'was less than 500 feet; maximum subsidence in

Morton, Sténton, and Stevens Counties, probably did not exceed 750 feet.

Moderate erosion took place throughout the Kansas region after

the accumulation of interval A, The easternmost boundary of the

interval was eroded a shoft distance westward and small amounts of

material probably were eroded from the top of the interval, locally

" even in central parts of the Hugoton embayment., Absence of the

interval in western Finney County and eastern Kearny County is

considered to be evidence that an anticlinal fold was present in

that area during accumulation of interval A. Rocks of the interval
probably were removed from the fold during the post-interval A

emergence of the Hugoton embayment.
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INTERVAL B

Formations included

Interval B is present in the subsurface of both western Kansas

and eastern Kansas (fig. GFS-4). In western Kansas interval B

Figure GFS-4.--NEAR HERE

includes rocks that probably are of Atoka age. Accordingly, interval B
occupies the stratigraphic position between the Kearny Formation and >
rocks of the Des Moines Series (interval C). Only a limited amount

of research has been done on the paleontology of this interval in

western Kansas, and therefore its age is not well established.
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Figure GFS-L.--Generalized lithologic description of upper boundary of

interval B in Kansas.
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In eastern Kansas interval B lies upon the Mississippian and
includes rocks thaf have been classified in Kansas as Des Moines.
These rocks are older than the Warner gandstone Member of the Krebs
Formation, Cherokee Group, throughout most of eastern Kansas. However,
the top of interval B in southeasternmost Kansas is placed within the

sequence below the Riverton coal (fig. GFS-5). Most of interval B of

Figure GFS-5.--NEAR HERE

.éastern Kansas may be considerably older than the Krebs Formation of
northeastern Oklahoma (H. R. Wanless, 1967, personal cdmmun,)

and accordingly most of interval B probably is of Atoka age. The
paleontology of Pennsylvanian rocks in deeper parts of the Forest

City basin and of the Cherokee basin of Kansas (fig. GFS-2) has not

been studied in detail, but regional stratigraphic relations between

'this part of the section and the Burgner, Riverton, and McLouth formations
Pf Migsoufi_(Searight and Howe, 1961, p. 79-81) support a tentative

assighment to the Atoka and the lowermost part of the Des Moines.

6



Figure GFS-5.--Graphic description of the lower part of inéerval C in Kansas,
showing relative position of upper boundary of interval B in south-
eastern Kansas. Base of Warner Sandstone Member (A) is contact of
intervals B and C throughout most of Eastern Kansas. |n parts of

southeastern Kansas, contact is located approximately at posifion (8).
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Upper boﬁndary of interval B
.Aifl-'Near‘the eastern margin of interval B in western Kansas (fig. GFS-4),
- the ‘boundary between intervals B and C generally.is placed at the
upperfsﬁrface of “cTayey mudstone that underlies limestone. ‘In the
région from Scott and Wichita Counties southeastward the‘clayey
£ '-VQ( Ey madstone forming the uppermost part of interval §j¢c0mm0nly is medium
v : gray to-dack-gray or bTack But'lccaily is brown or red brown. At
¢ome ‘placés the mudstone is limy; elsewhere ii_contains'cqhsiderable
&nounts of glaOCOniti; sandstone; Northward from Scott and Wichita :
§ountiesf(fig. GFS-U4) the clayey mudstones of uppermost interval B
ke .a?e mostly variegated or are b}dwn and are sandy. $ g ol 5, JEE e S
Ti-. Limestones of lowermost interval C are chiefly gray to browq,,

&phanitic to finely crystalline, sandy-and interbedded with dark-gray,

e R clayey mudstone. :Locally they are chert-bearing. In parts of Thomas

- and Rawlins counties and locally elsewhere along the margins of interval

".T'B! thé"éontact of intervals B and C lies within the complex of detritus
known as the Pennsylvanian basal conglomerate. This unit probably
Lot v:>;   includés.focks ranging in age from post-Meramec to early Des Moineg.'
ih €his terrane the boundary is difficult to determine because rocks

égoye and belo@ generally include variegated and greenish-gray, clayey

| mudstone and white towyariegated, fine-grained sandstone. Conglomerate

. #& present at some localities in uppermost interval B, i Tt
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in the dcep°st part of the Hugoton—enmaymem.T the boundary of

of

intervals B and C can be traced into a succe55|on brown to gray,

cherty. aphanltlc to flnu]) crystalline limestone units interbedded
’_"7""

with dark gray, clayey mudstone (fig. GFS-4). The contact seemingly
/

is conformable, and beds above and below it are not markedly different

_in lithology.

_Throughout most of eastern Kansas the boundary of intervals B

and C is placed at the base of a'sandstone unit that occupies the

general stratlgraphuc pos:tuon of the Warner Sandstone Member of

6’/'5‘
‘ . Y
the Krebs Formation (fig. GFS-4; table GFS-2). Where sandstons is

o5

- not present in the lower pert of the Cherokee Group, as in parts of

Elk, Wilson, Woodson, Greenwood and Butlar Counties, and in Wabaunsee,

northwestern Lyon, and eastern Morris Counties, the boundary generally

A is placed at the contact of dark gray, clayey mudstone with overlying

varicolored, sandy, clayey mudstone or gray limestone.

—_'Throughout eastern Kansas, clayey mudstones near the upper

boundary of interval B are gray toiblack, and.locally are green, brown,

or variegated. Minor amounts of sandstone are included in interval C

in Cha;e and Lyon Counties, aﬁd traces of hematite, siderite, coal

- and clay occur in the mudstone. Sandstone near the base of interval C

is predominantly white to gray and is fine~ to medium-grained.

Conglomeratic sandstone is present in a few places, as in parts of

Morris and Jackson Counties, Near the base of interval C siderite

V‘ is relétively common in the clayey mudstone.

-



Thickness trends

ok Interval B in the Hugoton embayment thickens |rtegularly viestward

- <6/_, - from a beveled edge to at Ieast 375 feet in northhcstern Stanton C0untxi(
A o eAg
iR fi}iaanses-(fng. GFS- K) The nnterval i's less than 150 feet thick throughout
: , : - s ;7. = i T S =
i A \“/" oee i ogmzomzencizoionoaz

Figure GFS- 5.--NEAR HERE ALY ;
P st <‘/j- BEHE = &, = ¢ ; -l

/

.'gqq§t_qf;i;s ;ktent fn wesécrn Kensas and is more than 300 feet thick
only;iq.q:§ma}l‘qrea in Stanton, Gfantuand Hemilton Counties. It
Xhickens southward |nto the Anadarko basin of northwestern Oklahoma

:__5gy¢‘t¢xa§, but marked thinning -occurs in a large area in the deeper
Epaﬂ:_.o_f the ﬂugqtbn embayment in Morton, Stevens and Grant Qountieé
:‘ﬂég, GFS-;). Small areas of prﬁnoun;eq thinning near the featheredge
of the interval are present in Clark County and southern Finne& County.

;ﬁo(goveq,;thé interval is less than 100 feet thick throughout most of

" rthe northwestern six counties of Kansas.

o ‘.‘ ~ £'7.. In eastern Kansas, interval B is thickest in the deep parts of the.

-gﬁqqestICitx_basjn.~~lt is 450 feet thick in Jackson County, Kaqsas

- (fig. GFS-;). The western limit of the interval is locSted élong.a
_liné_ggnerally parallél to the eastern flank of the Nemaha anticlipe.
Labés of interval B_exte;d southward from the Forest City basin and

: fhin'to extfnction iniéhaée, Butler, Greenwood and Elk Couﬁtfes on

the‘west and Cherokee and Crawford Counties on the east.
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The intérval is uncommonly thick in a moderately large area
of northern Greenwood County, northeastern Butler County and
southeastern Chase County and in a small area’ in Anderson County
if%é. GF§1§). The eastern featheredge of interval B is.lbcatéd
iﬁ'éésterh Jbﬁhsén.sﬂiamf aéd Lfnn'ééuniie;; fhe-fntefval éxtends

southward into southwestern Missouri and northward through Missouri

¥

into southwestern lowa.

el kgt e T - Ty ~ O P - -
=

Lithofacies trends

-1-. -The stratigraphic units within interval B_of western Kansas

are m§iply thick limestone beds alternating with.relatively thin .
di;_gf,dark_clayéy mudstone.. The limestone is gray or brown and
chert-bearing; locally it is sandy. Variegated to greenish-gray

glayey mudstone is;pfedomingnt near the eastern margin of the

gngérval, but locally the interval is comprised chiefly of white

or gray glauconitic sandstone interbedded with variegated clayey
mudstone. At some places, the dominantly detrital rocks of interval

B lie upon a "basal conglomeraté” of probable post-Meramec, pre-interval

B age. and the contact is difficult to establish.
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Facies of the entire interval B of western Kansas are mainly
clayey limestone and limy, clayey mudstone. Limestone with only

minor amounts of detrital material is present in a few small areas,

chiefly in western Sherman and Wallace Counties and in wastern

-

Cheyenne County. Detrital rocks are abundant near the featheredge

of interval B throughout western Kansas. Clayey sandstone is

predominant locally in Che&enne County and northeastern Sherman

‘ %
County (fig. GFS-5). Large amounts of claycy mudstone and sandy

clayey mudstone are’present near the featheredge of the interval
A

from Thomas County southward to Finney County., From Haskell County

' southeastward through Clark County to Oklahoma, interval B is mainly

clayey limestone. In this region limy, sandy mudstone is dominant
only in two small areas of Gray County and in northwestern Clark

and ﬁortheastern Meade Counties.



)

Interval B of eastern Kansas (fig. GFS-4) is composed mostly

of beds of elayey mudstone that locally are sandy or limy; it also

<-

contafnsinunerous thin Beds of coal The mudstone is chiefly dark
gray to black but in western Elk and Greenwood Counties, in Butler,
zhaae and parts of Morrns and Wabaunsee Counties and northward in
theyregnon of the eastern flank of the Nemaha anticline, varlegated
io éreen or gray, sandy, clayey mudstone is ancluded locally; also
;nete'are snderlte concret;ons and a seemlngly greater amount of

coal The lowermost part of interval B lies upon eroded Mississippian

Sez vizto - ~ - -

rocks and contalns relatlvely large amounts of sandstone, cherty
;;ndatenehor‘conglenetate at many places. In the basal part of the
?52&&@51, th;se nnitaA;ange ftdm oniy'a few feet thick to 30 feet
or mo;e. At a few places in the Forest City basin, near the flank
;f the Nemaha antlcllne, interval B contains beds of conglomerate

o

and of sllghtly arkosic sandstone.

~
< -

North'of Wabaunsee, Osage, southern Douglas and southern

Johnson Counties, the entire interval is mostly sandy, clayey mudstone.
South of this region and eastward into Missouri the interval is

e : : : :

composed chiefly of clayey mudstone, although a small area in

 northwestern Lyon County and southeastern Morris County includes

mostly sandy mudstone and limy sandy mudst one. Elsewhere in the
southern part of eastern Kansas sandy mudstone is abundant in small,

widely separated places.
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dnasmuch_as coarse-grained clastic - and carbonate- rocks. are not

A

Sources and environments of deposition
- .- The Hugoton embayment of western Kansas was a relatively

shallow, open shelf of the Anadarko basin during accumu}ation of

B jhtgfvgl_B. After post-interval A emergence, subsidence of the

embayments and transgression of the sea, was effectively continuous,

fggggrrupted.only_by epicodes of minor restriction to deeper parts

of . the.Anadarko Basin. Periodic-retreat of the sea is indicated by

v -
- :

detrital units, including sparse amounts of sandstone, within the

interval .in what must_have been deeper parts of the embayment.

Sea water probably maintained only moderate to_ low levels of energy;

widespread, and oolitic. limestone is present. sparingly.

i: From Finney Cpuntyﬁthe farthest. extent_f shorelines

|

m

.gufjﬁg deposition of interval B probably was only a short distance

beyond the present limits of the interval. The preponderance of
dg;rftal rocks in this region, the variegated coloring of mudstones,
and the local. occurrence pf_ffosted;s;ﬁd grains and of conglomeratic
;anﬁstpnes.supﬁortlthis conclusion...The northern: limit of the
ﬁpg@ton embayment, therefore, probably extended oniy 2 sh;}t distance

into southwestern Nebraska. = . -

oot A e e S : ST ok
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Small amounts of arkosic sandstone in the interval at a few
places in the westernmost counties of Kansas indicate that moderately
coarse detrital material wasltransported from exposed basement rock
in Colorado. A carbonate-and-clayey-mudstone composition of the
interval is dominant in westernmost Kansas. From Finney County
soﬁthward to Oklahoma, clayey limestone is the principal lithology,
even as far as the featheredge of the interval at most places. In
this region shorelines probably extended a few tens of miles eastward
from the present limits of interval B.

Al though rocks included in interval B of eastern Kansas have
been studied closely only in a few places (Lee, 1943; Lee and Payne,
1944; and others) and are generally little known and poorly understood,
a few salient facts lead to general and reasonably defensible
conclusions. These facts include: (1) basal sand and conglomeratic

‘sandstone are widespread on top of eroded Mississippian rocks; (2)

interval B comprises mainly thick and extensive units of clayey mudstone;
(3) lenticular bodies of sandstone are numerous; (L4) the relatively
minor amounts of marine limestone contain crinoid and brachiopod
remains; linguloid brachiopod shells. are included in black shale at
some places (Lee and Payne, 1944, p. 120-121); (5) coal beds are
comparatively common, and bofh these and coaly mudstones are interbedded
within thin units of séndétone and fossiliferous limestone as well as
mudstone (Lee, 1943, p. 84 and Lee and Payne, 194k, p. 101); and (6)
clay ironstone is relatively abundant in the interval, and sideritic

limestone is present in small amounts (Lee and Payne, 1944, p. 101).

Yo g



On the basis of information in the preceding paragraph, it

s evident that environments of deposition in the Forest City basin

1 ==e iy

durlng accumulation of interval B ranged from terrestrial and

margunal marine to shallow-water marine. Terrestrial conditions

prevauled around “the southern and western margins of the basin, but

il T E
the rather large proportnon of carbonate rocks in northwestern

Lyon County and southeastern Morris County suggests that shallow

t T =

marine condltlons persnsted in that area. Shorelines probably

extended only a few mlles beyond present limits of the interval,
even durlng perlods of maximum inundation. Subsidence of the basin

wéé progressuve, on the whole, but interbedding of sandstone,

mudstone, llmestone and coal is evidence of variations in depth of

water that were frequent and widespread, so that depositional

environments in the interior of the basin ranged repeatedly from
shallow marine to swamp or other terrestrial types.
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Although total accumulation of sediment exceeded 300 feet
~ at some places, sea water in the basin probably never was as deep
as 300 feet. Marine water appafently circulated freely, was of
normal salinity, but mostly was turbid Qith clay-sized detritus.
Basin margins probably bordered lagoonal bodies of brackish water,
deltas and alluvial plains, lakes, and swamps with dense vegetation.
Within theée.environments water circulation probably ranged from
low energy, as indicated by abundant thick units of clayey mudstone,
to moderate energy, as suggested by the comparatively small amounts
. of coarse-grained sandstone within the interval and by the local
occurrence of such features as intraformational breccia (Lee and
Payne, 1944, p..IOZ). In general, however, energy levels were low,
@ contention supported by the predominance of clayey mudstone.
Landforms in the hinterlands of the basin probably were low-1lying,
except on the northern part of the Nemaha anticline where basement
rocks were exposed and where some emergent surfaces may have been
elevated as much as a few hundreds of feet. The prevailing climate
probably was warm and humid, as shown by coal deposits.

Hﬁch clay and minor amounts of sand were transported eastward
~ to the Forest City and Cherokéé basins from the Nemaha anticline,
soufh of Geary and Wabaunsee Counties. Erosion of a moderately
large area of positive, but low-lying Mississippian carbonate-rock
terrane in southeastern Kansas and the exposed Mississippian and
Arbuckle carbonate rocks of the Ozark uplift apparently provided
large amounts of clay. Most Qf the sand of the sandy clayey mudstone
facies of interval B'in eastern Kansas probably came from early
Paleozoic rocks and Precambrian rocks that were exposed on the

northern part of the Nemaha anticline of Kansas and Nebraska (pl. 2).
Lu




Paleotectonic implications

The Hugoton embayment was slightly emergent after accumulation
of interval A but gradually subsided during deposition of interval B,
and deposits of interval A were overlapped. Subsidence probably was
accompanied by recurrent movement along the major flexures that
.bounded the embayment in Kansas, including the Pratf anticline,.
Central Kansas uplift and Cambridge arch (fig. GFS-2). Thinning of
interval B in Morton, Hamilton, Stevens, Grant and Haskell Counties
indicates that a small arch extended no}theastward from the Keyes
dome of the Oklahoma Panhandle at least to Finney County. Total
subsidence of the embayment was about 400 feet.

 Following éccumulation of interval B, moderate erosion probably
occurred near the eastern margin of the embayment. Sedimentation
in the interior of the embayment was continuous from interval B
into interval C,

Durimg the time between deposition of Hississippian rocks and
the beginning of deposition of interval B, the region that includes
the Forest City basin, the northern part of the Cherokee basin and
the Nehaha anticline was emergent and was eroded to very low relief;
it then began to undergo slowﬁ;tructural deformation. The Foregt City
and.Cherokee basins were formed in conjunction with elevation of the

Nemaha anticline.

b




~ into central Oklahoma.'

The most pronounced deformation of rocks in Kansas took place

@s_faulting and monoclinal folding along the casterin flank of the

| Nemaha anticline (Lee, 1943, p. 116). The Forest City and Cherokee

basins seem to have subéided differentially, producing the Bourbon

rch, e broad structure with little closure and low topographic relief

L)

t. probably formed an indfs;jnct and ;empokary barrier between

‘

e
Loy

[
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~basins. This poorly défined arch trended northwestward from

ne M

ourbon County.through Allen, Anderson, Coffey, and Lyon Counties
to Chase County (fig. GFS-1, GFS-2). Its presence is indicated
by an area of thinning of interval B (pl. 6A). Northward the

interval thickens to more than 450 feet in Jackson County and

" southward it thickens to more than 200 feet in northern Butler,

southern Chase, and northern Greenwood Counties.

. The absence of interval B in the scutheasternmost counties
PL. (SA

- of Kansas (figi—GF5~5) and in parts of northeastern Oklzhoma, the

presence of very thick Atoka rdcks in eastern Oklahoma and the

presence of rocks of Atoka age in southwestern Missouri (Searight

- and Palmer, 1957) indicate that when marine sediments were deposited

in interval B, the waters transgressed northward from Oklahoma

.through southwestern Missouéf'io the Forest City basin, thence

southward across the Bourbon arch to the CherokgeAbasin of Kansas.
The emergent terrane of southeastern Kansas probably was a low

R
platform that extended westward to the Ngmaha anticline and southward

A ..



Little definitive evidence exists to show that interval E
rocks of eastern Kansas were long emergent or markedly eroded
before deposition of interval C. Rather, the regional stratigraphy
indicates continued sedimentation with alternation between marine
and nonmarine deposition. The Nemaha anticline, Forest City basin,
~and Cherokee Sasin developed progressively, but by the end of
-accumulétibn of interval B the Bourbon arch ceased to have

conspicuous influence on regional sedimentation.
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INTERVAL C

?ormations:lncluded

Interval C is exposed at the surface in eastern Kansas, and is

present throughout the State except in the southeasternmost part of

- - -
Eod i s i

Cherokee Coﬁhty,'and in two general areas in the subsurface. The

—

lnterval was never deposnted on high-standang parts of the Nemaha

“ o - -

- -3 - -

anticline in nerthern Nemaha and northeastern Marshall Countles,
;QQ-Qas it depeSIted on higher parts of the Central Kansas uplift,
;s;fe;kush and Barton Counties (pt. 7A). ‘ -

e In ascending order, interval c lecledes thercﬁerokee Group of .
Sesgﬂeines aée, e;eept tﬁé iowermest units of the Krebs Formation

(fig. GFS-S), the Marmaton Group of Des Moines age; and the Pleasanton

Group of Missourn age (table GFS 2)

borcrotass
Upper boundary of interval C - gaebom i 3 E il e
¢ - . The upper boundary of interval C is placed at tﬁe base of the
Hertha Limestone ot the Kansas City Group (table GFS-2), a stratigraphic
marker that can be traced throughout Kansas. The Pleasanton Group
might have been placed in interval D rather than C, but its correlation
throughout Kansas involves considerable difficulty and a great risk

of inaccuracy. For these reasons it is included in interval C with

the underlying Des Moines rocks.
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Throughout Kansas the boundary between intervals C and D is
placed at. the contact of clayey mudstone below with limestone above
(fig. GFS-6). The mudstone is mostly gray, red, or variegated and

W

Figure GFS-6.-~NEAR HERE

is carbonlferous at some places. On the higher parts of the Central

'Kansas upllft the clayey mudstone locally contains much chert and is

lncluded in the unlt discussed previously as the "Pennsylvanlan basal

conglomerate." leestone overlylng |nterval C lS aphanttlc to finely

crystalllne and locally contains chert.
S SR T

Thickness trends

In eastern Kansas, interval C thickens westward from an erosional

edge in Cherokee County to more than 800 feet (p1. 7A) in the deepest

part of the Cherokee bas:n in Labette, southern Montgomery, and

southeastern Chautauqua Counties, where the section is complete. The

T

interval is 615 or more feet thick in the deepest parts of the Forest

Clty basnn |nr§roun, Atchlson, northwestern Jefferson and eastern’
Jackson Countles. 4

A short distance westward from the Forest City basin, interval C

thins markedly, forming a feather edge on the crest of the‘Nemaha
anticline in northern Nemaha and northeastern Marshall Counties. The
interval thins westward from more than 800 feet in the Cherokee basin
.to less than 100 feet above local anticlines in the southern part of

the Nemaha anticline (pl. 7A). |Interval C thickens to as much as

320 feet along the strike of the plunging Nemaha anticline from

Nemaha County southwestward to Sumner County.

la
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Figure GFS-6.--Generalized lithologic description of upper boundary of

interval C in Kansas.

Area A’

Area B:

Area C:

Area D:

Chiefly buff to gray or white, aphanitic or finely crystalline
limestone overlying gray to black, locally carboniferous
or sandy, clayey mudstone.

Gray, bgff, or locally white, aphanitic to finely crystal-
line, locally chert-bearing 1imestone overlying red and
gray, locally variegated, locally grayish green, clayey
or sandnérclayei}mudstone.

Gray to buff, mainly chert-bearing, aphanitic to finely
crystalline limestone overlying gray, dark gray, black,
or, rarely, variegated clayey mudstone.

Buff to gray, locali§‘chert-bearing limestone overlying

gray mudstone.
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Westward from the Nemaha anticline, interval C thins into the- :
Salina basin to the northwest and into the Sedgwick basin to the
southwest. Rocks of this interval are slightly thicker than 400
~feet in northwestern Jewell and northeastern Smith Counties, where
is lécéted the deepest part of the Salina basin of Kansas. The

interval thickens to as much as 460 feet in souihwestérn Suﬁner
County, site of the deépest part of the Sedgwick basin. Small areas
in which the iﬁterval is very thin are in soutﬁern McPherson County
and northern Saline County, between the Saiina and Sedgwick basins.

Rbcks of interval C are absent from the crest of the Central .
Kansas uplift in Rush and Barton Counties. They are less than 100
feet thick throughdut a large area of central Kansas and northwestwara
along the crest of the Cambridge arch into Nebraska. The interval
also is thinner than 100 feet over much of the Pratt anticline
(fig. GFS-2; pl. 7A).in southern Stafford County, eastern Pratt County
and in northern and southwestern Barber County.

lnterVal»C thickens gradually westward and Southwéstward into
the Hugoton embayment from the anticlinorium of the Cambridge arch,
'Centra1~Kénsas uplift, and Prattfanticline, and has a maximum thickness
of 770 feet on the axis of the e&géyment, in southwestern Stevens County.
Pronouﬁced local fhinning is present above the Keyes dome in southwestern
Morton County, and marked regional thinning takes place northward from
Keyes dome through Stanton and Hamilton Counties, eastern Greeley and
western Wichita Counties to eastern Wallace aﬁd western Logan Counties.
Throughout an uncommonly large, ffve-county area of central western
Kansas, centering upon ‘s.c:uthwestern Ness County, interval C is in

general uniformly thick.

~ 2




Lithofacies trends

Interval C is composed mainly of interbedded clayey mudétong,
sandstone, limestong}and coal. Thg Cherokee Group, for instance,
contains much clayey mudstone, appreciable amounts of sandstone and
at least 13 thin coal beds ofllarge areal extent. Limestone beds
are thin, some are |gnticﬁlar and, on the whole, they are sparse
in the Cherokge_Groﬁp. The Marmaton Group, in contrast, includes
four widespread liméstone and three mudstone formations. In addition,
it includes relatively minor amounts of sandstone and coal. The
Pleasanton Group is chiefly clayey mudstone but contains sandstone, |
one widespread limestone unit, and small amounts of coal.

Several limestpﬁe units, some coal beds, and a few sandstone beds
of interval C are widely distributed at the surface in eastern Kansas.
Facies changes occurring westward in the §ubsurface, however, involve

: the adaifion of Iimestoné and mudstone units in basinal areas. Farther
west, a decrease in the number of these units across the Nemaha anticline,
fhe Cambridé% arch, the Central Kansas uplift)and the Pratt anticline
(fig. GFS-?), results in difficulties in recégnizing more than a few of

Tidare GF5-1, NEAR WHERE :
‘them. The recognizable units are predominantly limestones, and
correlation of all but the mostiii;tinct and persistent is tenuous in
western Kansas. =
‘ In the Fbrest City and Cherokee basins, interval C consists mainly
of clayey mudstone. This rock makes up the interval in southern Shawnee
County, northern and western Osage County and eastern Lyon County, and it
Is abundant locally elsewhere in eastern Kansas; In this region, the
clayey mudstone dominaﬁ;ly is gray, black, green, red or variegated.
It contains buff to red sandstone lenses and minor amounts of buff to
gray, den;erto finely trystalline limestone. A few coal beds are present

and siderite concretions are in the lower beds at some places. sV



>

Figure GFS-7.-;(a) Approximate numbef of distinct limestone units in
interval C. Forest City, Cherokee, Salina and Sedgwick basins
contain large numbers of limestone units, and accordingly, large
numbers of detrital units, whereas a lesser number of units lap
onto the Cambridge Archfpentral Kangas Uplift-PrattiAnticline and

Nemaha anticlinoria.

(b) Approximate average thickness of limestone units in interval Cs
showing slight Incfease in average thickness of units into basinal
areas. Changes of facues of interval C westward from dominantly
clayey limestone (slgf—+h) is due, in general to moderate

: thickening of large numbers of limestone units relative to detrital

units, rather than great thickening of only a few limestone units.
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Thfoughout central southern Kansas and most of northern'kansas,
interval C is chiefly limy mudstone (pl. 7B). Large amounts of this
rock:are on the Central Kansas uplfft in northern Barton County, western
Ellsworth Coun;y, southern Russell County'and southeastern Ellis County.
It also forms most of the interval on the Cambridge arch in northern
Rawl ins County and ih Decatur County. Both mudstone Qnd muddy |imestone
constitute infefval C on the Cambridge arch in parts of Norton, Phillips
and Graham Counties, Small, widely scattered areas in which the interval.
is composed mostly of various types of mudstone and of clayey limestone
occur throughout this region,

The detrital»rocks, chiefly the clayey mudstones, are predominantly
var}egated, red an& gray, or black but, locally, they are green. Clayey
mudstone in the lowermost parts of the ihtérval includes beds of basal
conglomerate at some-plaCes on the Central Kansas uplift, Cambridge
archland Nemaha anticline. Limestone units mostly arevgray to buff,
aphanitic to finely crystalline and locally are cﬁert-bearing or oolitic.

V In most of the southwestern quarter of Kansas, interval C is clayey
b‘llmestone:(fig. GFS-7). The limestone is buff or gray, and oolitic or
-chert-beéring at some places. Elayey mudstone is red and gray and locally
sandy. -

fn southwestern Morton County, on the Keyes dome, mudstone is the
dominant rock in interval C (pl. 7B). Mudstone extends along the
{Eordeféathe Keyes dome on the north and east and continues northeastward
into the Hugdton embayment, westward into Colorado, and southward into
the Oklahoma panhandle. Most of the clayey mudstone is red and gray
and locally contains m&derate amounts of sand. Limestone units in

this region are buff to gray, aphanitic to fiﬁely crystalline and

locallyvare oolitic. 4;61
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Souarces and environments of deposition
Lack of evidence of erosion between intervals B and C in the deep.

oarts'ofhthe Hugoton embayment and- in the Forest City and Cherokee

< i

baslns suggests that subsidence was continuous in these regions from

Atoka into Desfﬂoines time. Marine deposition and transgression
lv-: < =
through |nterval c tlme were interrupted only by brief episodes of

partlal regression. Foldlng of anticlinal structures continued

durfng deposltlon of |nterval C. All of Kansas became a region of

p(-,- s AR S v

comparatlvely shallow basnns and open shelves, separated by regional

antlclinal folds.

The Nﬁmaha antlcllne was upllfted and the basins flanking it
sz ta B recurrently during deposition of interval C.
to the east “and west subsideq,\'The Nemaha was faulted at several

places along its eastern flank and both normal and reverse faults
Facioh conp oo
seém to be present. Precambrian igneous rocks were exposed in northern

-

Kansas and locally elsewhere along the crest of the anticline; they

were surrounded'mostly by Paleozoic carbonate rocks but in some small

/ ’

areas by clayey mudstone and sandstone. The dominantly elayey rock
of |nterval Cin the Forest City and Cherokee basins was derived from
-thelorogreSSIvely less emergent terraln of the Nemaha antccllne and
from emergent regions to the northeast and east of Kansas.

Progressive encroachment of the seas is indicated'by overlaoping
of units from the Forest ﬁit9 and Cherokee basins onto the Nemaha
anticline. Likewise, deposits of the Sedgwick basin and the Hugoton
embayment transgressed onto the Pratt anticline, Central Kansas uplift
and Cambridge arch, and those from the Salina basin onto the Nemaha
anticline, Central Kansas uplift)and Cambridge arch (pl. 7B). Periodic

retreat of these seas is indicated rocks of terrestrial and marginal-marine

environments interbedded with rocks of marine environments.

cr




The shallow interior seaways probably maintained only low to
moderate feQels of energy and were prevailingly turbid, for interval C
is composed predominantly of clayey mudstone; the few sandstones are
mosfly fine; to medium-grained and clayey (Lee, 1943, p. 81-84; Howe,
1956). Along the eastern flank of the northern part of the Nemaha
aﬁticline, however, interval C locally contains small amounts of
conglomeraiefand-arkosic sandstone, suggesting occaslodal strong
currents in that area. Also, some |imestones are iocally conglomeratic
or brecciated, indicating wave or currenf action (Howe, 1956, p. 24),

In the outcrop region of the Cherokee basin, the Cherokee Group

contains about 13 cyclothems (GFS-8) that show alternation of marine

Figure GFS-8.--NEAR HERE

L

and non-marine conditions near the eastern margin of the Cherokee basin
(Abernathy, 1937, p. 18-23;'Hoore, 1950; Howe, 1956). The cyclothems
comprise five units, including dark mudstone ané irregularly bedded
limestone at the base, overlain in turﬁ by gray mudstone, a unit of

sandstone or limestone facies, an underclay, and a coal.




Figufe GFS-8.--Generalized section of the Cherokee Group of southeastern
* Kansas. Each coal-bearing unit constitutes a cyclothem. (Adapted

- -from Howe, 1956, pl. 2, and Zeller and others, 1968).
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The basal dark mudstone aﬁd irregularly bedded limestone.contain
a variety of marine fossils including mostly brachiopods, corals,
conodonts, scattered fish remains énd macerated plant material
'(HoWe, 1956; Moore, 1950, p. 8; Williams, 1938). They overlie coal
beds. The mudstone and limestone are interpreted as representing
marginal-marine to shallow marine conditions, and the beginning
Stages of transgression of the sea. Gray, evenly bedded, clayey,
sparsely fossiliferous mudstone units overlie fhe basal dark mudstone
and are the thickest units within each cyclothem (Howe, 1956, p. 24).
Probably they were deposited under conditions of continued subsidence
and transgression, and the establishment of a shallow marine environment.
Sandstone or limestone, or a mixture of thése facies, lies above
the gray mudstone and beneath underclay. The sandstone normally ranges
from massive to thin bedded and is fine grained. .Both sandstone and
limestone contain mariﬁe fossils. Good sorting of the'sandstone and
;he local conglomeratic and Srecciated facies of the limestone are
consideredvevidence of shallow marine to lagoonal conditions (Howe,
1956, p.'Zh). These rocks seem to represent conditions of general
regression of thé seas. Undergiqys contain parts of fossil root systems,
stigmgrian remains, and carboni;;d‘plént material (Howe, 1956), and
together with the overlying coal beds are evidence of non-marine

_ depositional environments.
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The preceding description of cyclothems in the Cherokee Group is
simplified. The position of the sandstone and clayey mudstone beds in
@ sequence differs somewhat from place to place, and the environments

of deposition were not everywhere the same. Not all sandstone beds

in the Cherokee outcrop area are of marine origin; some locally

contain stigmarian roots and root casts, other plant material, and

' the trécks'of 1and animals.(Howe, 1956, p. 33, 57; Mcore, 1950, p. 8).

The evidence indicates {thatalternation from terrestrial to
shallow marine depositional environments for the lower part of interval

C In southeastern Kansas. Fusulinids, which are sparingly present in

: Mt
outcropping Cherokee rocks, peebably indicate the deepest marine

' conditions during depositfon of Pennsylvanian cyclbthemé_(see McCrone,

discussio L
196h p. 275 for a summary cf this Sroolem) 1 f so, maximum water

depths recorded by the outcropping Cherokec rocks of Kansas were
about 50 to 75 feet. ' _-
Rocks of the Cherokee Group are more clayey and contain lesser
amounts of limestone in the interior of the Forest City and Cherokee
basins than nn the mnrgin;. Numerons Sandstone bodies are present;

some are extensive, but most are lenticular and local. Some of these

éandstones in Greenwood, Butler, and neighboring counties of the =

' Cherokee basin probably were offshore bars depoéited on the northern

- and western margins of shallow bays in the Cherokee sea (Bass, 1936).

=9



Numerous thin coal beds are included in Cherokee rocks in tﬁe
interior and western parts of the Forest City and Cherokee bésins
(Johnson and Adkison, 1967, p. 9; Johnson and Wagner, 1967, p. 132;
Bass, 1936; Mudge and Burton, 1959, p. 122), These interbedded coal
beds as well as the shoestring sands, limestones containing marine
foﬁsils. and the fossil plan;s (Bass, 1936, p. 26) are evidence that

: . alternatiné shallow marine and non-marine conditipns prevailed
across the éorest City and Cherokee basins and onto the flanks of
the low-standing Nemaha anticline during deposition of the Cherokee
lGroup.

Rocks of the overlying Marmaton Group east of the Nemaha anticline
con;ist of clayey mudstone beds, interlayered with 1imestone beds,
channel sandstones, and thin beds of coal (Jewett, 1945; Lee, 1943).
Corals and algae are contained in somerlimestoné beds, and fusulinés
are present sparingly. The coral genus Chaetetes is especially abundant,
locally producing great increases in thickness of the Fort Scott Limestone
(tabléigi-(noore. 194§§. Clayey mudstone beds, some of which are black
and carbonaceous, contain mainly marine fossils including brachiopods,
bryozoeans, crinoids, mollusks and corals (Jewett, 1945, p. 13).

In the subsurface of the Forest City basin,.limestone beds are thin
and indistinct,and the Marmaton comprises progressively greater
proportions of detrital rocks as it overlaps the Cherokee Group westward
onto the Nemaha anticline. Coal beds are present in the Marmaton at

Ieast as far west as Shawnee County on the eastern flank of the Nemaha

anticline (Johnson and Adkison, 1967, p. 10; Johnson and Wagner, 1967, p. T33)




In most places, the Marmaton overlies the Cherokee Group
conformably, but a regional disconformify is present between the
Marmaton and the Pleasanton Group above. In many outcrops of
interval C in eastern Kansas, a sand;tone unit is present at the
bage of the Seminole_Forﬁation (table GFS-2), and the contact of
this sandstong with Marmaton beds beneath is regarded as the
boundary between the Missouri and Des Moines Series (Jewett,

Emery, ;nd Hatcher, 1965). This disconformity extends a short
distance westward intq the subsurface of the Forest City and Cherokee
basins. No conclusive evidence is known of a widespread disconformity
at the top of the Qeé Moines stage west of the Nemaha anticline
(Jewett, Emery, and Hatcher, 1965, p. 5; McMurray, 1962, p. 23).

In the area of outcrop, clayey mudstone of the Pleasanton Group
cbntaihs a variety of fossils (Jewett, Emery, aﬁd Hatcher, 1965)
including land plants, brachiopods, crinoids, bryozoa, and pelecypods.
The Checkerboard Formation (table GFS-2), which consists of fine-grained
nodular or cross-bedded, coquinoid limestone, contains arenaceous

?

foraminifers and other marine fossils. Associated sandstones may

contain marine fossils, land pl;ytslbf a mixture of both. In the
interior of the Forest City basin and-westward onto the Nemaha anticline,
the'Pleasantoh consistgiéifLYayey mudstone, siltstone, and fine-grained
sandstone, with minor amounts of limestone (Johnson and Adkison, 1967,

p. 10; Johnson and Wagner, 1967, p. 133; Lee, 1956, p. 91, 92).




From the Némaha anticline eastward, the general pattern of
al;ernatfng marine and non-marine conditions established during
deposition of the.Cherokee Group continued into Marmaton and Pleasanton
times. Throughout deposition of interval C, the depth of marine water
probably did not greatly exceed- 100 feet in this area.- During perfods
vhen the region was emergent, the coastal relief may have ranged from
a. few feet to only a-few tens-of feet, _Maximal relief on the surface
at the Missauri-Des Moines contact, yhere,topggraphic‘rglief probably
was_at?;}eatest for interval C, is about 50 feet (Lee,.19h3, p. 88).
¢ - - Westward from_the_Nemaha_antiglipe, the Cherokee, Marmaton and
Pleasanton groups are increasingly difficult_ to differentiate.
€yclothems ;s developed in the Cherokee Group of eastern Kansas.are -
mot ‘in this region,_qoaf beds are few and seemingly are &iscontinuous
laterally, and sandstone is-present only in minor amounts (Adkison,
1963). -Clayey mudstone beds in-the-Salina and Sedgwick basins and
on the Central Kansas uplift are predominantly red aﬁd gray.: The?,
are ﬁresent where the Cherokee Group overlaps onto the Central Kansas
uplift (Lee, 1956, p. 87).
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.
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Westward from the Cambridge arch-Central Kansas uplift and the

~Pratt antlclnne, lcmestone beds are chert-bearing and abundantly

s
oolitic; they are fossiliferous, containing fusulines, brachnopods,

corals, crinoids and algae. Eeds of arkosuc sandvtone, some of which

-are 15 to 20 feet thtck occur at several places in Hamilton, Stanton,

and Morton Counties. Arkosic sandstone and coarse-grained quartz

-sandstone with well-rounded, frosted grains are present in Cheyenne
and Rawlins Counties. Frosted sand grains also are .in parts of

; Interval C elsewhere in western Kansas. especually where the interval

overlaps:the '"Pennsylvanian basal conglomerate." '

Rocks of interval C west of the Nemzha anticline areibelievejto have
accumnléted under generally transgressive marine conditions, including
shallow sheff to littoral and,locally, subaériai environmen;s; where

beds of interval C overjgp onto the western flank of the Nemaha anticline,

and onto the Cambridge aich, Pratt anticline)and Central Kansas uplift.

At times moderately high energy prevailed in the sea, as is shown by the

‘abundance of oolitic limestone in the interval. The water was turbid

periodically, but seemingly was clear enough at other times to allow

" corals and algae to flourish. The gently emergent regional anticlinoria

of Kansas were ‘the sources of much fine detritus, but arkosic sandstones

of southwestern and northwestern Kansas suggest the proximity of exposed

 Sittia Grande = Lpisidpn “fd‘/i‘
basement rocks on the ha&—AﬁtmaSaafch and assocuated structural features

in eastern Colorado.
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Paleotectonic implications

In the interior of the Forest City and Cherokee basins and the

Hugoton embayment, sedimentation continued without significant

|nterrupt|on from the tlme of lnterval B into the time of interval C.

Deepening of basuns and moderate upliftung of anticlines accompanied

Yo 2 =

transgress:on of seas from the south The Sedgwnck and Salina basins

g - : - - i e

were lnundated and all rocks of lnterval B were overlapped northward.

Trzz: - - 2oz o = soe

All of Kansas except crests of the Central Kansas upllft and Nemaha
e o S e 2

ant:cllne were covered by marane waters at one time or another during
P! ; o

accumulation of cnterval C Transgressnon caused by progressive

go . m mwm e =T o -~ -

subsndence of the entire reglon was |nterrupted periodically by minor

eplsodes of regression, caused by upllft of the antlcllnorla and the
o B T 2 : = £
region east of the Nemaha anticline. By the end of interval C time

e a

on|y small areas in Rush Barton, northern Nemaha and northeastern
L 3 =
Marshall COuntles were emergent.

LY




Structural deformation of.ali major folds in Kansas probably
Eontinued intermittently throughout deposition of interval C. In
the deeper parts of the Hugoton embayment, where interval C overlies
interval B, thinning of interval C occurred across and northeastward
¢rom the Keyes dome in Morton County, and thickening took place toward
the?éxis‘of'the’embéymént.in'SteVenS'and‘Sténton’couniieé (pl. 7A).
3 Ihese events are evudence of continued movement of folds active

during and sunce the time of lnterval A (pl 3A) Thlckenung of

l-._ B - -~

interval C rocks in the Forest Clty and Cherokee basnns shows that

Qs i *
downwarplng contlnued durlng accumulation of the Cherokee, Marmaton,
Foriom, = <

‘and Pleasanton Groups' total subsidence probably was on the order

L

of 800 feet (pl 7A) Foldlng of local antlcllnes and syncllnes
e 5

‘V accompanied upluft of the Nemaha antucllne and the Central Kansas
{Fic. s

upllft (Lee, 1956, p. 149-150). Although rocks of interval C are
more than 400 feet thick in the Salina and Sedgwick basins, these
reéions had.been downwarped to some extent before interval C time.

Accordingly, total subsidence of these basins during accumulation of

interval C probably was somewhat less than 400 feet.




INTERVAL D
Formations included »
Interval D is exposed at the surface in eastern Kansas and is
:presént'thFobghout the State éxcept in the southeasternmost few
counties (pl. 8A). The interval includes the Kansas City Group

in:fﬁé-ldwernpart and the Lansing Group in the upper part (table GFS-2).

Vo - s g » 3 » 4 -
LI

Upper boundary of interval D i _

3TiThe_upper boundary of interval D is placed at the contact of the

Stanton Limestone of the Lansing Group (below) with the Stranger

Formation of the Douglas Group above; this is the Missouri-Virgil

boundary in Kansas. Throughout most of Kansas uppermost rocks of

interval D are limestone and lowermost rocks of interval E are mudstone

(fig. 6Fs-9).

Figure GFS-9.--NEAR HERE
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Fig;}e GFS-9.--Generalized lithologic description of upper boun&ary of
c""In:i:'erval D in Kansas. Throughout all of Kansas but area A, as
1;described below, uppermost rocks of interval D are buff, gray or
'lecally white limestones. They are aphanitic to finely crystalline,
i:ibéélly chert~bearing, oolitic or dolomitic. Lowermost rocks of

:;iﬁte}val E include:
tﬁ

‘r;a A: Gray to buff sandstone overlying red and gray sandy or
I, clayey mudstone of interval D.

B: Gray sandy muds tone or.locally, gray sandstone.

C: Gray, red or variegated sandy, clayey mudstone.

D: Red and gray or variegated clayey mudstone.

E: Red and gray or variegated sandy clayey mudstone or,

locally, sandstone.

F: Gray clayey mudstone.

(4]




WASHINGTON

e
i

[}
.

SHAWNEE

O s

.T\:\Pw‘di
_‘_1 WABAUNSEE 1

.

!
=
|
|

| marion

.
- —- - S ¢ e © T ¢ — —-

DECATUA

+ SHERIDAN

> w— b e o

4

oo ca s ¢ o
RawrLing
s ecame

!
ir

- — - —-

[r— 0 & e 00
! CEvENng ]
weRa

— .o

. —emm e e o

[
|
g

e e

scorr

T

LOGAN
CHITA

Tw

ALLACEK

|
2
|
|
.
|

i
: _ ! T L
| i i ! £ £ s
: _ 2 T G
'3 le ls b g I L
13 13 £ 13 g |
L MRS L LN L IR N |_ WO ‘
i | i |

_u 3 iz iE i A _
|& I8 g 19 fg. - 18 IEe Pl j
S I _:u..1ii.._.”..!4...L.m|.l..ﬂ 1= ;
| . k |
’ - H < z | % H
F 3 g S AN i
«m hFl...‘ ! ® a

Bk L R bl Ulub - J-
mﬁ | m ‘ _
s m o _
5 ! i .
8 id if . _
L . . S B PO N H

A
F

Base wterval D

Zo EF - F

Tep nterval D

]



Thickness trends

In much of Kansas east of the Nemaha anticline (fig. GFS-2)

S&ws =
*
I

interval D thickens westward from an erosional edge to more than

800 feet in-the deeper part of ihe Cherokee basin in Chautauqua

and Cowley Counties (pl. 8A). An elongate area of thickening extends

c - -

southwestward from Douglas County to Chautauqua County, wherein the

-

Interval increases from about 400 to more than 800 feet. Rocks of

ép?erya] D a;e almost 500 feet thick in the Sedgwick basin in

gartgvof Harvey, Sedgwick, Reno, and Kingman éounties, and more than
féo_f;e; %n fhe}Cherokee basin, but they are relatively thin in most ' ‘
'g?age;‘;crés;>t;eiﬂemaha anticline.

‘;_‘_Iéferval_b_thins m;rkedly across the northern part of the Nemaha
anficli;e;i; Ao;tﬁeast;rn'Kaﬁsas and is less than 150 feet thick in
northwestern Nemaha County. A large region in which the interval

ranges from 300 to 400 feet thick extends from the area of the Forest
€ity basin, across the central part of the Nemsha anticline and northward
into the Salina basin‘(pl.'BA). Rocks of intervalf%’are less than

300 feet thick’throuéhout the region of the Cambridge arch-Central °
Kansas uplift. They are less than 200 feet thick on the crest of

the anticline in parts of Norton, Phillipﬁ, Graham, and Rook§ Countiés

(fig. GFS-1), from where they thicken gradually eastward into the Salina

basin and southwestward into the axis of the Hugoton embayment.
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Rocks of interval D show marked local thickening and thinning at
several places in Kansas, notably in the Hugoton embayment.- The
1hterval.ihins across the Keyes dome in southwestern Morton County,
thickens abruptly in northern and eastern Morton County, and thins
across much of western Stanton'County and Hamilton County. Pronounced
thinning of the interval occurs southwestward from southern Finney
tbdunty through’ horthwestern Haskell'Couhty,AsoutheaStern Graut County
‘and” into central Seward County.~ Rocks of interval D are less than
hOO.fEEi'thfck'southeastwara from the crest of the Central Kansas
up]ifcithrouéh'eastern Pratt County and southwestern Kingman County
to northeastern Harper: County, sy northeastwa il Bad soothwastiard

?or'a:1ong:dfstance'iutoTSedgwick'ahd Barber Counties.

t

thofacues trends

'
o= m
! '-—n

‘!pterva] D is composed mainly of limestone, cltayey mudstone,

comparatively minor amounts of sandstone, and, in the Kansas City
Group, small amounts of coal. Fifteen formations are included in
- the interval, most of which are contihuous laterally, traceable at

_the;surface, and,recoénizable in the subsurface; some units can be
fdentnfned in the subsurface as far as _westernmost Kansas (Merriam,
1963, Parkhurst, 1959) Limestone unlts thlcken generally westward
and southward in the subsurface; at some places.on the surface fhey
th}cken abruptly lnto algal-mound complexes and in the subsurface,

Iocally are as much as four t:mes the normal thnckness (Merrlam, 1963;

Heckel and Cocke, 1969).

(‘9
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Interval D consists mostly of limy, clayey mudstone in southeastern
and eastérnmost Kansas (pl. 8B), but is largely clayey limestone in
sai thern Greenwood and northern Elk Counties, and both clayey mudstone
and sandy clayey mudstone in pa}ts of Chautauqua, Cowley, and Sumner
Counties. Most of the clayey mudstone is gray and red, but locally
contains thin beds that are black and carbonaceous. Beds of buff or
tan sandstone at some places are more than 10 feet thick. Limestone
units are mostly buff to gray, chert-bearing, and oolftic.

Rock of interval D is chiefly clayey limestone from the Forest
City basin across the Nemaha anticline into the Salina‘basin, thence
southward into the Sedgwick basin, and westward across the Cambridge
arch into Colorado (pl. 8B). Limestone and sandy clayey limestone
are abundant at several.scattered localities. Limestone-makes up
the interval across the Cambridge arch, mostly in Decatur, Sheridan
and Graham Counties. In extreme northwestern Kansas, interval D consists
of 1imy mudstone. |

Limestone beds of interval D are buff to gray or locally white,
some are chert-bearing, oolitic, or doloﬁitic, and most are aphanitic
to finely crystalline. In the clayey limestone facies, clayey mudstone
is interbedded with the limestone and is red, gray, grayish-green, or
black in the area of theiNemaha anticline and Forest City basin and
locally contains beds of carbonaceous clayey mudstone. In the Salina
basin and westward to Colorado, the clayey mudstone is red and gray
or variegated, and includes black clayey mudstone at several places.
Beds of sandstone are present in-the clayey mudstone across some parts
of the Cambridge arch.and in Cheyenne, Sherman, Wallace and Greeley

Counties in northwesternmost Kansas.
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Interval D is predominantly limestone in southwestern and central
Kansas, in the region of the eastern flank of the Hugoton embayment
and the Central Kansas uplift and Pratt anticline. Facies of sandy,
clayey limestone, limy mudstone, and clayey limestone overlie the
Keyes dome and border it to the northeast. Large isolated areas of
clayey limestone compose the interval in southern Finney County and
vicinity and in a large, irregularly shaped area extending from Kiowa
County southward to Barber County and eastward to Harper County.

.Clayey limestone makes up interval D in sodthern Clark County and
southward into Oklahoma.

Limestone beds of southwesterﬁ and central Kansas are aphanitic
to finely crystalline, dbmlnantly buff or gray, locally white, and
dolomitic at many places. The interval contains chert-bearing or
oolitic limestone almost throughout the region. C(Clayey mudstone
beds are mostly'gray‘or red, but are black at several places. They
are sandy or. silty locally and contain beds of white to gray, fine-

gfained. limy sandstone on the Keyes dome.

~



Sources and environments of deposftion
Sedimentafion apparently was uninterrupted from interval C into
interval D time in Kansas. Soo,&a.fter the onset of interval D
sedimentation, the crests‘of th7hemaha anticline and Central Kansas
uplift were submerged, and shallow marine to paralic conditions prevailed
across the state, Subsidence of basinal areas continﬁed throughout the
N ' interval, iﬁtérfupted by periods of relative standstill when regression
of the sea took place and a terrestrial environment developed locally.
The major énticlinal structures ‘continued to be folded, but less fntensively
than during interval C time, 7 .
Terrigenous detritus in rocks of interval D came from outside
Kansas, probably ffom the Arbuckle Mountains region to the south, the
Ozarks to the east, and to some extent, from the north and northeast
(Heckel and Cocke, |969;'Crowley, 1969; Walton, 1960; Ball, 1964).
Coarse clastic carbonate rock and an abundance of oolific l imestone
in parts of the interval indicate some moderate to high energy in marine
Qaters of Kansas; these waters ranged from turbid, as shown by the
presencé of clayey mudstone bedé, to clear, as shown, for example; by
-beds rich.in algae, whose habitst_presumably was well-lighted and

reasonably free of fine suspended hud;,
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In the outcrop region, interval D consists of formations made up
chiefly of (2) limestone members interbedded with relatively thin clayey

mudstone members, alternating with (b) thick formations of clayey

.mudstone (fig. GFS-10). Several cyclothems are recognized within the

Figure GFS-10.--NEAR HERE
. \_‘*_ﬁw
interval. Neither the ordar of occurrence fner=the faunal content
' - N
is the same among different cyclothems. This complexity seems to be
due to partial development of simple cyclothems, each of which is
developed differently from the others, and all of which are contained

in a single large, complex cyclothem,‘termed a megacyclothem (fig. GFS-11)

Figure GFS-11.--NEAR HERE

(Moore, 1936, p.- 29; 1950, p. ll).



" Figure GFS-10.--Generalized section of interval D in eastern Kansas. Thé
interval is composed basically of formations that include thick lime-
stone members interbedded with thin mudstone members, alternating with
formations that include thick mudstone members, sandstone, coal,

and thin 1imestone units. (After Zeller and others, 1968, pl. 1).
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Figure GFS=11.~-Diagrammatic and representative section of interval D rocks,
‘eastern Kansas, showing a megacyclothem that contains three cyclothems

(A,B,C). (Adapted from Moore, 1949b, p. 78).
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Three basic types of partially developed cyclothems can be
distinguished; they are included repeatedly in megacyclothems of
Interval.D (fig. GFs-11). Cyclofhems shown by the letter "A' generally
include sanésténe overlain by beds of shaley, clayey mudstone or locally
by coal and |imestone--the latter'containing mol lusks, fusulinids, or
brachiopods. Cyclothems designated by the letter ''B'' comprise (1)

a dark, carbonaceous, fissile, clayey mudstone, overlgin by light-
colored clayey mudstone, both of which contain thinly scattered conodonts,
brachiopods, pele;ypods, or phosphatic concretions with marine fossils;
(2) thick units of thin- to medium-bedded limestone containing in its
upper part fusulinids and ooliteé; nodular chert, abundant algae, and

some mollusks and brachiopods; and (3) sandy, clayey, shaley mudstone
that generally is unfossiliferous. A cyclothem shown by the letter ''C"
may include in its lower part a sandy unit bearing plant fossils,

overléin by sandy, shaley, clayey mudstone with mollusks, and |limestone
that includes in its upper part.fusulinids, mollusks, and algae

(Moore, 1949; 1950).

>/




In eastern Kansas all of the limestone formations of interval D
locally contain thick and.exfensive algal mounds. .These reef-like
masses have been subjects of much study in recent years (Wilson, 1957;
Davis, 1959; Harbaugh, 1959, 1960, 1962, 196L4; Wray, 1964, 1965;
Marbaugh and others, 1965; Crow]ef,“1966; Frost, 1968; Heckel and Cocke,
1969). -In the central parts of the mounds_leafiike algae are esPécially
abundant. - The mounds-are chiefly maséive to: thick-bedded calcilutite
and.carbonate spar: (Heckel and Cocke, 1969, p. 1061); in some of them
the core areas contain invertebrate fossils, including brachiopods,
bryozoans, crinoid remains, horn.corals, fusulinids, encrusting algae,
gastropods, tﬂbiform,foréminifers;’or sponges (Crowley, 1966; Wray,
1964; Davis, 1959; Harbaugh, 1962, < . . . == i == . =
{{-2 Cross-bedded calcarenitic limestone, including both fragmental"
skeletal material and thick oolitic deposits, commonly overlies the
central parts as‘weli as the flanks of the mounds. Some of these
mounds  are exceedingly thick in comparison with the thickness of the
units within which they are developed; also fhey cbver large areas.

For example, a large algal mound in the Spring Hill Limestone Member
‘of the Pléttsburg Formation (table GFS-2) in Wilson County is 88 feet
thick, whereas the Spring Hill normally is aboutt;“;:et thick. This

bank.complex covers an area of about 140 square miles (Harbaugh, 1962,

p. 43).




Algal mounds within interval D mostly occur near the southern
extremities of limestone units, at relatively short distances frbm
places where carbonate beds of interval D grade into terrigenous rocks.
Moreover, in some areas, the mounds occur in several different units
of interval D. For example, algal mounds are in the Hertha Limestone
Formation (table GFS-2) in southeastern Kansas, and also in the
Bethany Falls Member of the Swope Limestone and the WFnterset Member
of the Dennis Limestone in the same area (Heckél and Cocke, 1969, p.
1063).

Algal mounds seem to have formed mostly on high areas on the
floors of shallow seas, ihcluding mud bars (Harbaugh, 1964) or, as
in the Wyandotte Limestone Formation, on submerged deltaic platforms ‘
(Crowley, 1966, p. 47). Their growth probably kept pace.with subsidence
(Heckel and Cocke, 1969, p. 1067). At times the upper parts of the
mounds were barely awgsh, perhaps even slightly emergent (Harbaugh,
1960, p. 233), and strong currents deposited calcarenites as spits
and bars; the calcilutites probably formed in quiet lagoons.

The facies of algal-mound limestones and associatéd_rocks of
interval D, as represented in the outcrop area of eastern Kansas,
graded northward and westwérd into open~-marine facies and southward
and southwestward into the terrigenous facies of south-central Kansas
and Oklahoma. The basic kinds of environments described above were
represented repeatedly in interval D but were displaced laterally by

other facies as a result of periodic advances and retreats of the sea.




Allvenvironmental implications of cyclothems in interval D are
eot yet clear, and considerable work remains to be done before _the
algal-mound complexes are understood thoroughly. Nonetheless, during
the time of interval D, the depositional environment intermittently
ranged- from shallow marine to terrestrial in eastern Kansas.

t. i_Most-beds of interval D contain abundant_marine fossils,_but_
& ; at - a locality in Anderson County a mixed assemblage of marine
invertebrates, land.plants, coelacanth fishes, terrestrial arthropods,
and reptiles has been recovered from the Rock Lake Shale Member of the
Stanton Limestone (fig. GFS-10) {Moore and others, 1936; Peabody, 1952, ‘
4957, 1958; Eaton-and Stewart, 1960; Cridland and others, 1963).
ihese:fossils‘are,judged,to have been buried in a lagoonal environment
{Peabody, 1952; Eaton and Stewart, 1960; Cridland and others, 1963;
Moore, 1964), and the member containing them probably was deposited
dn an area that was gradational northwestward, through east-central
Kansas, from terrestrial to marine (pall; i96h,_p. 231-232)..

- Tracks probably of amphibians have been reported from the Kansas
City Group at Kansas City, Missouri_(aranson and Hehl,.|932, p. 391-393).
In addition, a few coal beds, sandstone beds and clayey mudstone beds
thatbcontain plant fossils, as well as other features indicative of a
littoral environment, (Gentiie, 1969; Ball, 1964) suggest that periodically
during the time of’interval D, eastern Kansas was a slightly emergent

region of low-lying, swampy, coastal plains crossed by sluggish streams

and bordering a shallow, clear and warm sea.
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in the subsurface of Kansas, cyclothems of interval D, including
algal mounds and terrestrial deposits in some beds, extend an unknown
but considerable distance westward. Algal mounds may be as far‘west
‘as Butler and Cowley Counties (Merriam, 1963, p. 124; Ball, 1964,

p. 196-197); one coal bed occurs in Butler County (Adkison, 1963,
p. 10), and coaly, clayey mudstone occurs in Shawnee County (Johnson
and Wagner, 1967, p. 133-134).

Other salient evidence from subsurface fgcords of depositional
environments includes the almost ubiquitous occurrence of oolitic
limestone in some of the beds. This.rock is considered indicative
of shallow water and moderately strong currents. Secondly, the
persistence of black, fissile; carbonaceous and clayey mudstone beds
and some limestones that extend far westward in Kansas suggest areas
of quiet water accumulation. Finally, the presence of small amounts
of algal-encrusted shell fragments, crinoid stem fragments, and
fusulinids in Rawlins County (Harbaugh and Davie, 1964) indicate
places of shallow water deposition.

Distribution of distinctive fossils believed to be environmental
indicators has been recorded as follows: gastropods, corals, brydzoans.
fusulinids, crinoid stem fragments, and'small amounts of algal-encrusted
shell fragments in Stafford County (Harbaugh and Davie, l96h); crinoids,
fusulinids, brachiopods, bryozoans, ostracodes, gastropods, and pelecypods
in the Sedgwick basin {Adkison, 1963); fusulinids in many other places
and algal and crinoidal limestone in parts of Morton, Seward, and Stanton

Counties.
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Distinctive rock types, other than those cited above, useful in

environmental interpretation of interval D strata include red, gray,

or varlegated clayey mudstone at many places, and sandy, clayey

mudstones in Morton County, near the Keyes dome and in Cheyenne

County in northwesternmost Kansas.
S -

These data are considered representative of the evidence bearing

npon depositional conditions of interval D in Kansas. On the whole,
they suggest that a cyclic, shallow-marine tb!locally terrestrial
environment'prevailed throughout most of the region during the time
of this interval.

The limestone and clayey limestone that are dominant in interval D
of central Kansas grade southward into limy mudstone, clayey mudstone;
.and sandy mudstone of south-central Kansas, in the general'area of-
Wilson, Montgomery, Chautauqua, Elk, Cowley, and Sumner Counties.
Comparable changes take place in beds exposed at the surface in
southern Kansas. The change in lithology of the interval in this
region is probably more the result of contemporaneous changes of
facies than of erosion of limestone followed by deposition of sandstone
and mudstone. Evidence exists both for facies changes and disconformities,
however, and the relative importance of'the two is still open to
question (Lukert, 1949, p. 145-151; Pate, 1959, p. 44-U48; Rascoe, 1962;
Merriam, 1963; p. 125; and especially Winchell, 1957; Schulte, 1958;

and Ball, 1964, p. 196-200),
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In general, carbonate units of the Kansas City Group pefsist
farther southward than do those of the Lansing Group (Lukert, 1949,
P. 146, cross-section A-B; Merriam, 1963, p. 124), indicating a
progressive northward influx of terrigenous detritus into south-central

Kansas through interval D time.




Paleotectonic implications

Sedimentation was continuous from interval C into interval D time
throughout alllof Kansas except on the highest parts of the Central
Kansas uplift in Barton and Rush Count}es and the Nemaha anticline
(fig. GFS-2) in Marshall and Nemaﬁa Counties (fig. GFS-1). These
positive areas were inundated shortly after oﬁset of interval D
sedimentation and were covered by rocks representing most of the
lower part of the interval.

The central portions of the Cherokee basin and the Hugoton
embayment continued to subside during interval D. Total subsidence
exceeded 700 feet in the deepest ﬁart of the Hugoton embayment in
southwestern Comanche County, and 900 feet in the Cherokee basin

in southern Chautauqua County. However, during periodé of maximal
submergénce, marine waters probably were only a few tens of feet deep.

Regressions of fhe sea produced several episodes in which
terrestrial .conditions prevailed ‘in parts of eastern Kansas, and
paralic depositional environments may at times have existed as far
westwafd as tﬁe Nemaha anticline and the Sedgwick and Salina basins.

Rocks of interval D are no- thicker in the central part§ of the
Forest City and Salina basins tﬁah dn the flanks of these basins,
sﬁowiﬁg that no djfferential_sussidence occurred within them during
interval D time., The Forest City and Salina basins were filled by
sediment of interval C and, during the deposition of interval D, they

 subsided as shelves that.extended northward from the Cherokee and
Sedgwick basins. Large stfuctural embayments extended froﬁ the deep
part of the Cherokee basin northéastward into the southern part of
the Forest City basin énd northwestward across the southern part of

the Nemaha anticline into the Sedgwick basin.
SR
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The northern part of the Neﬁaha anticline was uplifted moderately
AGrlng interval D time, but only slight uplift took place within the
southé;6~;wo-téi;dévof;the anticlinorium. The Cambridge arch and’
E;niral;kan;as dplift éontfﬁuéd to be elevated and together cbmposed
3 A;ri;fgé ant 1ol Fnorl i that: ext#nded throughout most of northwestern
R;;Sqf.“;The'cresi of'the'structure was located on the Cambridge arch
;.{-@‘;Jﬂ in No;ton, Graham, and western Phillips and Rooks Counties, where
interval D is thinner than 200 feet. Thinning of intérval D iﬁ
Barber, Harber and Sedgwick Counties indicates that a large northeast-
frending anticline extended from the northeastern flank of the Hugoton ‘
embaymgnt to the Sedgwick basin, and lay directly across the southeastward-
plunging part of the Central Kansas uplift.

The Keyes dome was actively folded and there?ﬁre influenced
sedimentation during interval D time. The intérvai thins across the
dome's northern and eastern flanks and its strata include considerable
amounts of sandstone and mudstone in proximity to the dome, Several
large anticlinal flextures in the Hugoton embayment were uplifted
slightly during the time of this interval; most of them plunged southward

- and soutﬁwestward from the northgastern shelf toward fhe axis of the
embayment and the Keyes dome. » .
. By the end of interval D tfme, ali of Kansas was submergenf
except perhaps a part of south-central Kansas including Montgomery,

Wilson, Cowley and Sumner Counties where uppermost rocks of interval D

- may have undergone intermittent subaerial erosion.
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INTERVAL E
Formations included .
lnter;al E crops out in eastern Kansas and is present in all
of the State except a few counties near the eastern border. ‘The
interval includes ﬁhe Douglas, Shawnee and Wabaunsee groups, in

ascending order (table GFS-2).

<
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Upper boundary of interval E
No widespread, clear-cut physical difference exists between

the uppermost beds of the Pennsylvanian and the lowermost beds of

- the Permian in Kansas. Pennsylvanian rocks are conformably overlain

by Permian rocks at most places both at the surface and in the

subsurface. In the outcrop belt in Kansas, the upper boundary of

. the interval .is placed arbitrarily at the contact of the Brownville

Limestone Member of the Wood Siding Formation, Pennsylvanian, below,

. %
with the Towle Shale Member of the Oniﬁa Shale, Permian, above

(fig. GFS-12). Several clayey mudstone units in the upper part of

Figure GFS-12.--NEAR HERE-

.5:;he Wabaunsee Group, Pennsylvanidn, and lower part of
the Admire Group, Permian, contain channel or sheet sandstones,

~hwwever (for :urther discussion see Mudge, 1956; Mudge and Yochelson,
1962, p. 19-21, and 119-120). Some of the channel sandstones cut

deeply into underlying beds; for example, sandstone-filled channels

of the Towle Shale Member have cut into Pennsylvanian-rocks as deeply

as to the Zeandale Limestone (table GFS-2) (Johnson and Wagner, 1967,

p; 175-180, pl. 3). Althoﬁgh channel sandstones are numerous in this
part of the S(m".&'mpluo

e S ﬂ:ﬁﬁapb+e section and are important to interpretation

uf'enVI?onménts of deposition, no single rock unit that contains
channel sandstone beds is taken to be evidence of an extensive

stconformfv that separates the Pennsylvaman and Permian systems,
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Figure GFS-12.--Generalized section of uppermost Pennsylvanian and lowermost
Permian rocks in the outcrop of interval E in Kansas (after Zeller and

others, 1968, pl. 1, and Johnson and Wagner, 1967, pl. 3).
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'Because of the lithic similarity of uppermost Pennsylvanian
and lowermost Permian rocks, the lack of an exhaustive study of
fossils éontained in them, and the absence of a definite and
extensiQe unconfd}ﬁity in the stratigraphic section, the boundary
between the systems in Kansas was piaced at several different positions
within the section during the period from_1859 to 1936 (Moore, 1340,
P. 300; Mudge and Yochelson, 1962, p. 118). All positions weré higher
stratigraphically than the present still-arbitrary bo;ndary, the top
of the Brownville Limestone Member, first estéblished by Moore (1936,
p. 14), ' E
Difficulty in exact placement of the boundary on the'basis of
stratigraphic paleontology is caused by (a) limited confusion as to
the exact base of the Permian throughout the North American standard
Qequence of western Texas (Douglas, 1962, p. 120-122; Oriel, Meyers
and Crosby, 1967, p. 26-27), which of course makes precise definition

of the Pennsylvanian-Permian boundary in Kansas a somewhat subjective

matter; (b) uncertainty concerning validity of defining the base of

the Pseudoschwagerina zone as the base of the Permian System (Douglas,

1962, p. 121); (c) the fact that the lowermost occurrence of Pseudofusulina,

taken to be diagnostic of the Pseudoschwagerina zone, is in the Five

Point Limestone Member of the Janesville Shale (fig. GFS-12), about 60
feet above the bése of the Permian in Kansas, as defined since 1936;
and (d) lack of distinct breaks in the evolutionary sequence of the
closely studied fossils from the uppermost Pennsylvanian and lowermost

Permian rocks of Kansas.




The fauna of the Pennsylvanian-Permian boundary section includes

--;W&uLVZ;A ‘fusulinids, coral., echinoids, crinoids, brachiopods, pelecypods,
/“f““‘jf% gastropods, both nautiloid and ammonoid cephalopods, and ostraccdes
.?a.»,agm‘y
Olapin (bouglas, 1962, p. 120-122; Duncan, 1962, p. 122-123; and Gordon, 1962,

T~ :
" | P. 123 and 126). _Aceordingly; arbitrary assignment of the top of

the Brownville Limestone Member as the top of the Pennsylvanian System

© messa e wes aqmmat ben W

in Kansas is as logical on- the basis of present knowledge as assignment
; of any other horizon in this part of the section. It is perhaps as

well justffied by practicality and long-time usage as by stratigraphjc
;l evidenﬁe. (See Mudge and Yochelson, 1962, p. 116-127 for a thorough

discussion of this matter).
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The Wood Siding Formation can be traced into the subsurface
west of thé outcrop area (Merriam, 1963, fig. 43); but is not
sufficiently lithologically distinctive and persistent to be easily
recognizable throughout central and western Kansas. In shallow

subsurface sections near the outcrop (area A, fig. GFS-13), the

Figure GFS-13.--NEAR HERE

uppermost beds of interval E are chiefly gray to buff, aphanitic

to finely crystalline,limestone, overlain by gray or greenish-gray
clayey mudstone, sandy clayey mudstone or, locally, sandstone. |In
southwestern Kansas (area B, fig. GFS-13) rocks below the boundary
are gray to buff, aphanitic to finely crystalline, locally oolitic
limestone overlain by gray, clayey mudstone or sandy clayey mudstone.
Throughoht the remainder of Kansas (area C, fig. GFS-13) the youngest
Pennsylvanian rocks are mainly gray to buff, aphanitic to finely
crystalline, locally chert-bearing, dolomitic or sandy limestone
overlain by red and gray or variegated clayey mudstone, sandy clayey
mudstone or, at a few places, sandstone or clayey mudstone containing
thin beds of limestone. At several places, uppermost rocks of

interval E are sandy clayey mudstone or sandstone,

90
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Figure GFS-‘B.--Generalized description of upper béundary of interval E
in Kansas. |
Area A: Gray to buff, aphanitic to finely crystalline limestone
overlain by gray or greenish gray clayey mudstone,
sandy clayey mudstone, or in some places, sandstone.

3 Area B: Gray to buff, aphanitic to finely crystalline, locally
oolitic limestone overlain by gray, clayey mudstone or
sandy clayey mudstone.

Area C: Gray to buff, aphanitic to finely crystalline, locally

e %4y chert-bearing, dolomitic or sandy limestone overlain
by red and gray or variegated clayey mudstone, sandy
clayey mudstone, or in some places sandstone or clayey

mudstone containing thin beds of limestone.
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Thickness trends

“In eastern Kansas, interval E thickens westward from an erosional

- thin edge into a trough that flanks the Nemaha anticline on the east,

plunées southward, and extends from soutﬁeasternmost Nebraska to
(ﬁ@.?ﬁ) ) <

Oklahomi. The interval thins markedly across the southern and

central parts of the Nemaha anticline. A slight amount of thinning

occurs over the northern end of the anticline in Nemaha, Marshall,

‘Pottawatcmie, Riley and Geary Counties (fig. G6FS-1). Rocks of

interval E are more than 700 feet thick in the central part of the

Salina basin and thicken southward along the western flank of the

Nemaha anticline to more than 1500 feet in southeastern Harper County

and southwestern Sumner County. The interval thins northwestward

from this locality across a broad region underlain by the Pratt

- anticline-Central Kansas uplift-Cambridge arch anticlinorium;

‘and is less than 400 feet thick in the northwesternmost counties of

.

Kansas. Rocks of interval E are thinner than 600 feet in the vicinity

of the Keyes dome in Morton County, thicken generally eastward to

more than 1100 feet in Clark County, and thence are progressiveiy

: thicker southward into Oklzhoma.

924



_ Lithofacies trends
At the surface in Kansas, interval E is made up chiefly of

beds of clayey mudstone, limestone, sandstone, and minor amounts
of coal (pl. 98). The Douglas Group includes two formations made
up predominantly of thick units of mudstone with sandstone and a
few beds of coal, limestone, and conglomerate. The Shawnee Group
comprises four |imestone and three shale formations, yithin which
members are arranged in distinctive cyclic sequences. The Wabaunsee
Group consists chiefly of mudstone, sandstone, thin limestone units,
and a few thin beds of coal. Channel sandstones are common in the
upper part of the Wabaunsee Group. All three group§ of interval E
definitely can be recognized in shallow subsurface sections ;nd a
few of the marker beds can be traced for long distances into
central and western Kansas.

Interval E includes mostly clayey mudstone and sandy clayey
mudstone in the part of Kansas eastward from the Nemaha anticline.
The interval is composed mostly of limy, sandy, and clayey mudstone
at localities in_proximity to the Nemaha anticline, especially in
parts'of Nemaha and Pottawatomie Counties, Jackson County, Wabaunsee,
'Geary and Morris Counties and in south-ﬁentral Cowley County (fig. GFS-1).
Clayey mudstone is mostly red and gray or greenish gray; beds of black,
fissile élayey mudstone are well developed and widespread, especially
in formations of the Shawnee Group. At some places clayey mudstone
units contain sandstone that is several tens of feet thick. Limestone
beds in the interval are buff to gray, apHanitic to finely crystalline;

locally some of them are dolomitic or chert-bearing.




e

—

B e

S e T
e Oe:e ‘Z) 4 ® i :
(-] L3N o | ©

\r-\ R AV
-ez'.v‘-i.l// fado

o o ! <7
;‘r 2,9345 &5 &

'}3—3 5”_ *ar0 Q i 730 780 ' ity
i T 950 o7
wr | s’ TS Vel 0 o
s o ! A R A0 o rrs
i A 700. o o | 2l / 7 785 o
(- %57 G530 O 5.7 ss8 W0 85
57 2y < #5No (, y
J &6 L ;

- 1040 R - O y
e X vo5 o B R LT A c A G PN
: \ . ! e o™
= o.zs : w29 /000 O 1R an wwszee  ME D\
T N i b} b = 0- ‘/J/a
iy, U - 500/ RIS W4
40— O s - e 00 Nz % AR
5‘; N i OIS k',/looa ro/2} 4 /5,353 /337 7325 s )
ISy 1Y, 0" o M w8 O, s /s&o O O rmso 7 om0 - //o/a
. B = 1337 7287 5 739 -
0 l020 30 rocs L /_;{5 i _'. 1 ,330 //76‘ .//3{ S 015
O s sosc 1353 X8 M2r T "’~"§\.,‘. ; !
; 1079 (s, : 1335 . y ,”5 s s285 0 N
i 4/}{& 7390 A /4./; W , 7375
20 b5 &0 = \ o } Cf::\ "“’ (228 ars. g” < ok Q
Tt T 2 O g, wssl /330, 0370 ”’5 ﬂ&? iy B it

3 /zyo Y rse /ﬂs /_,;5 Vel

; { {
i i & ‘I‘ i i ),
Lotz e /(g/«i/// Lechen it M/ f /f/z vzt {z’;/r;{lg"/f/fé"‘ {ﬁ[/(%{\\( ‘-‘}.

T

— G oo
T i




42}}#': &
/?}h

V2

1\4{/“ -

7

ot

',

]
7

2., ttee

A

el 2 /5

\
A T
\

iyl

K7

>, '/(’7&,..'
" , f‘é Rim
et

<

2 544?‘{4

pa

Loz

g o2
&

.{i‘

e

Py

<4

i
|
Y
)
'
1
)

LTS purT

CHiek Soms pe rhssE

W AR,

NMESD Cotsrmos

L7

’
7 2

[ tr T Y\« crefer v

G

>
-
4

’0 IS

i

b

BLnvnadl

:

LT marcHs
/

i

47

zww P
>
.u.mf v
%
3
3

-~

Delefed
Correct o $hanli wa vob

Add th




13

Throughout most of north-central, east-central and south?centraL
Kansas, éncluding the Salina and Sedgwick basins, interval E is
c0mposgd priparily of limy, clayey mudstone. .Furthermore, limy,
sandy and clayey mudstone is predominaﬁt in a few scattered
localities, notably in western Sumner, southern Harper, and.southeastern

§y o) _
Barber Countiei( Mudstone beds are red and gray, locally greenish gray,
variegated, and a few are thin, black and carbonaceous. Limestone
is gray or buff, aphanitic to finely crystalline, and some chert-bearing
or do]omitic beds are present throughout the region,

Clayey limestone or limestone constitutes interval E throughout
almost all of western Kansas. Liﬁy, clayey mudstone is the dominant
facies in parts of'Cheyénne and Rawlins Counties in northwesternmost
Kansas and in parts of Seward, Meade and Clark Counties in southwestern
Kansas. Limestone beds are generally gray to buff and aphanitic to
finely crystalline, ;nd some of the units are both dolomitic and
chert-bearing in all parts of the region. Oolitic limestone is
hresent in some parts of the interval in most parts of western Kansas.
Clayey mudsfone is mainly red and gray and is silty or sandy at
some placés. A few thin beds, ]ocally s single bed, of dark gray

or black, clayey mudstone is present within most of western Kansas.

e
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Sources and environments of deposition

Sedimeﬁtgtion apparently was continuous from interval D time into
interval E time throughout all of Kansas except perhaps the south-central
part (area A, figifg;. Depositional environments were controlled, in part,
by continued subsidence of basinal areas and moderate uplift of anticlinoria
throughout the time of interval E. &egression of the sea occurred periodically
and,in eastern Kansas, terrestrial environmenfs developed at many placeS.

Source areas of terrigenous detritus deposited in eéstefn and southern
Kansas were mainly the Arbuckle and 0zark mountains; the Quachita Mountains
probably contributed a limited amount. In youngest beds part of the detritus .
probably came from the north and northwest (Mudge, 1956, p. 676), and thin
. beds of arkosic sandstone in southwestern Kansas suggest the proximfty of
exposed basement rocks on fhe—kas:Animas:a;eﬁ and assopiated structural features
in eastern Colorado. o o s i

Comparisons of lithofacies and faunas suggest remarkably little variation
in depositionalvenvironments of interval E throughout Kansas. The general
similarity of faunas in subsurface limestones to those in correlative beds
on the outcrop suggest:that all the limestones were deposited on shallow,
open-marine shelves. The seas probably persisted longer in central and western
Kansas than in the east, but coal beds in south-central Kansas, and the plant
fossils and lignitic beds of southwestern Kansas indicate that the strand line
fluctuated widely. Probably even short-lived emergences of most of Kansas

occurred during parts of interval E. Thus, Kansas seems to have been a

region of gentle relief, periodically exposed as broad coastal plains.

&
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Certajn fossil groups and rock types have provep especna]ly useful in

chOSx%rw»(,ﬁ 0FL“°"’[“¢¢— reks eof interval €, ) .

Interpretlnglenvuronment Limestone beds of interval E contain crinoids,
A

ostraaodes, bryozoans, brachiopods, algae and abundant fusulinids (Adkison,
1963; p- 8-9; Colliﬁs, 1947, ﬁ. L; Maher, 1947, p. 6). Some of the fusulinids
are weathered (Collins, 1947, p. 8). fhfn discontinuous coal beds are in
interwal E in Butler, Seﬁgwick, and Reno counties (Adkison, 1963, pl. 1);
plént Fossils and lignitic beds are present in the southernmost townships

=

of Seward and Meade counties. Beds of oolitic limestone are numerous.throughout

‘the swbsurface. Thin beds of arkosic sandstone are in the subsurface in

Hami¥zon and Clark Counties.
Thyee

Because interval E in Kansas is composed of 3 distinct groups of strata --
G\'ou..?'

" the Bouglas, Shawnee and Wabaunseen-- that are exposed in the eastern part of

the State and are clearly traceable in the subsurface of central Kansas; the
-envfncnments of deposition as interpfcted for each of these groups will be
discussed separately in the following paragraphé. In western Kénsas where intervi
E is predominantly clayey. limestone and normal limestone, mudstone marker beds

are Fargely lacking. The groups‘inlthis area can not be accurately distingus hed

© Taeaefena

se onlly generalazed conclusions concerning environments are proposed.
- _ erg'
' loug]as Group:--In the area of outcrop the Douglas Group (table 2)

mostly a thick sectlon of clayey mudstone and sandstone contalnlng a few thin
GFS-
limestones and small amounts of conglomerate and coal (fig.,14). It thickens

southaard and grades almost entirely into mudstones and sandstones in northern

Oklabmma (Ball, 1964).

Figure GFS-14.--NEAR HERE




Figure GFS~14.=-Generalized section of Douglas Group in outcrop area of
eastern Kansas. (After Zeller and others, 1968, pl. 1; Moore, 1949b,
p. 14k4=-145),
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Hudstone; of/fhe Douglas Group are predominantly clayey. They are
mostly gray or é;;enish gray; a few beds are reddish brown, Fauna of.the
mudstone beds includes gastropods, arenaceous foraminifers, ostracodes,
nautiloid and ammonoid cephalopods, conodonts,_bfyozoans, worm tracks and
abundant pelecypods (Ball, 1954; wWagner, 195k). Silty and sandy mudstones
locally contain remains of land.plants. )

In general, the pelecypod-bearing sandy; clayey mudstone beds of this
group grade northward into brachiobod-bearing clayey mud;tones in Nebraska.
This change in lithology and fauna is evidence t%at near-shore depositional
environments of the Douglas Group of eastern Kansas graded northward into
deeper marine waters (Ball, 1964, p. 278).

Lenﬁes of fine-grained tan to brown quartzose sandstone and siltstone

occur within mudstones of the Douglas Group at many places in the outcrop

area. Some units of sandstone are as thick as 65 feet (Lins, 1950, p. IZE).

~

. Channel sandstones of the Douglas Group extend through parts of several counties

in eastern Kansas and thicken generally southward. The sandstone commonly is
thin-bedded or cross-bedded and locally contains ripple marks, contorted
bedding, flow casts and'related sedimentary structures (Lins, 1950; 0'Connor,
1360; Ball, 1964, p. 90-91). Some of the sandstone beds include flakes of

muscovite mica, a few percent of feldspar érains, and plant fossils. Sand-

B
le

stones of'theIGkaup probably were deposited in mixed terrestrial and marine

environments, mostly near the shores of the sea (Ball, 1964, p. 306-311).
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All limestones in the Douglas Group apparently are marine. They are

;nly a few feét thick and wedge out southward in southern Kansas and northern
Oklahoma. Fossils contained in the limestone commonly include algae, brachiopods,
corals, bryozoans, crinoids, gastropods, fusulinids, and pelecypods (Ball, 1964).
Remains‘?f fish occur locally in the lower part of the.Lawrence Formation
(tabl:T;; (Miller and Swineford, 1957; Twenhofel and Dunbar, 1914). One
limestone member in nortﬁZ}astern Kansas contains streaks and disseminated bits

J - of coal. Some of the limestones afe cross-bedded locally (Ball, 196h, pP. Id5-
109; p. 262).

All limestone beds in this group probably were deposited in shallow .
marine waters, perhaps Ies§ than abowt 100 feet deep. Some of them originated
as calcareous sands or lime muds in near-shore environments (Ball, 1964,

p. 272-273).

Conglomerates are common in the Douglas Proup, occurring ch@mfly in the
lower part§ of thick sandstone units (figf:;L). Pebbles in the conglomerates
are mostly limestone and mudstone derived from beds of the Lansing and Douglas
groups (Ball, 1964, p. 283-28#;l0'cOnnor, 1960, p. 29; Lins, 1950, p. 119~120).
The matrixes include quartz sand and silt. These beds contain invertebrate
fossils, mostly reworked, and plant fossils (Ball, 1964, p. 293; Lins, 1950,

p. 120-121).

Coal beds of the Douglas Group generally are thin and lenticular. Many

coal lenses occur within mudstoneé or limestones bearing marine fossils. Plant

material probably was transportéd to the sites of deposition and accumulated
in littoral environments (Bowshér‘and Jewett, 1943, p. 38; Ball, 1964, p. 304);
_however, at least one coal lens contains stumps and trunks of trees in growth
positionsy and twigs that cut across bedding planes of the overlying mudstone
and sandstone (Bowsher and Jewett, 1943, p. 28; Ball and others, 1963, p. 25).

This coal bed obviausly is autochthonous.

29
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Numerous disconformities are recorded from the outcrop area of this Group,

especially in the southern part of eastern Kansas. None of them extends- through-

out the entire eastern Kansas region. They probably are evidence of erosion
by currents near the shores of the sea and by sub?\evation in shallow marine
water (Ball, 1964, p. 41-L2; 255-263).

ThejDouglas Group thins no}thward'and northwestward in the subsurface.
it persists throughout much of the State as é dominantly mudstone unit at
the base of interval E, but it grades westward from chief]y clayey mudstone
and sandstone to limestone and clayey mudstone (gee also Ball, 1964, p.'72;

Rascoe, 1962, p. 1363). Coal beds of the Douglas Group extend only a short -

distance into the subsurface of eastern Kansas (Ball, 1964, p. 235).

In summary, the Douglas Group thins ‘northward and northwestward in eastern

Kansas. The outcropping part# of the Douglas includes mostly terrigenous

detrital rocks deposited in marine environments, but some of the sediments

- were accumulated in marine-border and swampy terrestrial environments.

Topography of the sea bottom and the coastal region was gentle, and during
times of maximal submergence, marine waters probably were less than about 100
feet deep. The prevailing climate is believed to have been warm and humid

(Miller and Swinefsrd, 1957).
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Shawnee Group:--The Shawnee Group includes two complete megacyclothems
&FS
and parts of two others (fig.AIS) (Moore, 1949b, p. 143-145; 1950, p: 10-11).
5
- The megacyclothems are ''cycles of cyclothems'' each including four or five

completely or partly developed cyclothems (Moore, 1936, p. 29). The
sequence of cyclothems,»the lithologies of beds that compose them, and
: the faunas that they contain are generally repeated from megacyclothem
"x «F* ™~
to megacyclothem (fig.A}B; tablep?). |
% -The Shawnee Group thickens southward. Limestone beds grade into
mudstones and sandstones in southern Kansas and ﬁorthern Oklahoma.

In the subsurface the Shawnee, like the Douglas Group, thins northward
and northwestward and grades into gray and tan limestones interbedded with

. red and gray clayey mudstones (Rascoe, 1962, p. 1364-1365). In northwestern
Cheyenne and Rawlins counties the interval is chiefly red and gray sandy;
clayey mudstone. .

Some formations can be correlatéd for long distances in the subsurface
(Adkison, 1963, pl: 1). A few rock units of some cyclothems, especially
the single-bedded limeséenes and overlying black fissile mudstonés (units
MBIt 2 and ''C" 1, fig.ifS) are traceable throuigfft vast areas. The black
fissile mudstone of the Oread formation (figf;IS), for example, extends

throughout 150,000 square miles with consistent lithology (Evans, 1966,

fig. 3, p. 60-61),

\

Figure GFS-15.--NEAR HERE




Figure GFS-15.-~Megacyclothems of the Shawnee Group (1-4, right column),
each containing five completely or partly developed cyclothems 4
(A-E, left column). Megacyclothems 1 and 4 include uppe;—most part
of' Douglas Group and lowermost part of Wabaunsee Group, respectively.
(Affer Moore, 1922, p. 26-34;- 1949b, p. 144-145; Zeller and others,
1968, pl. 1). SN |
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CYCLOTHEM INERAL LITHOLOGY AND FAUNA
E . 3. Clayey mudstone co.ba’n_“g marine invertebrates in 1ower
part and plant fossils in upper part. ~

2. Limestone, partly oolitic, containing Lusullnlds,
mollusks, algae and crinoid fragments.

1. Sandstone containing mollusks.

D -~ 4, 'Clayey muds tone coﬁtéinlng mollusks in lower oart
land plants in upper part. £

3. Fusulinid-bearing limestone, locally oolitic or cross-
bedded, containing bryozoans, mollusks, brachiopods,
fusulinids, crinoid fragmen;s, and locally sponges.

. . ?: v B - "/"

2. Clayey mudstone containing mollusks. : E .
l. Sandstone and clayey mudstone locally contalnlng land

plants.

C it dy Clavey mudstone c0ﬁt:1n1ng marine mollusks.

3. Wavy-bedded, chert-bearing limestone containing fusu- “

linids, brachiopods, bryozoans, alqae, corals, crinoid

. .&nd echinoid fragments, and other marine fossils.

2. Gray, calcareous clavey mudstone containing brach 1onuds,
cr1p01d columnals, bryozoans, mollusks, and foraminifera.

1. Th;r, black, fissile, carbonaceous clayry nudstone con-
taining phosphatic concretions, conoconts, orbiculeoid
brachiopods, scoleccdonts, vectinoid mollusks, and fish
spines.

B 2. A single thin, but very extensive bed of uni
grained limesto“e containing abundant foramini
ing arenaccous forms and fusulinids, and other
fossils, mainly brachiopods, gastropods, and p

S
udstone local

1. Thick clayey nu ly cont
X brachiopods, bryozoans, pelecynods, and a in coaly bed
in the lower part.
A 4, Thick limestone, locally colitiec, containing fusulinids,

mollusks, brachiopods. crinoids, echinoids, brvozoans,
&lgze, corals, and foraminif era.

3. " Clayey mudstone containing near-shore invertebrate £fossils,
especially pelecypods and brachiopods.

2. Clayey mudstone containin 1q Dlanu fossils and locally, a
thin coal bed.

1. Sandstone, locally conglor:ratlc and locally containing
.+ plant fossils.
&FS ~ !

Tabl bAE. -General rock types and fazuna of cvclothems in a mega-
cyclothem of the Shawnee Group. , (After Moore, 1936,
1949b., 1964; Troell, 1969; Toomey, 1956; Evans, 1966. ;

. e/ 5 i 4// e e
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Rocks of the Shawnee Group were deposited in alternating marine

and nonmarine environments. Limestones and most of the mudstones

accumulated in marine waters; thin coal beds and some of the sandstones

accumulated in terrestrial and marine-border environments. The remarkable

uniformity of some units across wide areas suggests little variation in

-relief of the emergent coastal regionsy and the sea bottomsy and in other

factors that controlled sedimentation.
A summary description of depositional environments, based on
similarity of the five megacyclothems of the Shawnee Group, follows.

Members of a few cyclothems have been studied closely, and conditions

of their deposition are reasonably well known. This knowledge has been

_extended to make general statements about corresponding beds in other

cyclothems.

The geneSIS of sandstones that form the basal unlts of megacyc]othems
6F?7
(type '"A'* cyclothem, unit 1, fig. IS) is daffucult to interpret. These

sandstones generally contain plant fossils but no marine fossils (Johnson
and Adkison, 1967, p. 83; 0'Connor, 1960, p. L2, L45-47). They.are judged
to be non-marine and are, perheps, accumulated as detritus on.the flood
plains of coastal rieers. Clayey mndseone an?’coal thet overlie the
sandstone (type "A"'cyclnthem; unit 2, fig. éTS) represent deposition in’
swamps, probably located near the marglns of the seas (Troell, 1969, p. 21).
e LF5”

Clayey mudstones that overlte the coal beds {unit “A" 3, f|97\15) were

deposnted near shore ||nes of transgressing seas. Thick limestones of type
G*?”

Cmpn cyclothems (unlt HpM h fcg. IS) probably were laid down'during episodes

~,

of rapsd marine transgressao& fol lowed by stillstands and the onset of

regressions (Troell, 1969; Johnson and Adkison, 1967, p. 83). The limestones

deep (Troejl, 1969) .

were deposited in shallow marine environments that renged in position from

strand lines and tidal flats to open marine waters averaging perhaps 50 Feet-‘/1
. - & r
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The lower parts of the clayey mudstones in type '"B'" cyclothems (fig.AIS)

“are mostly noﬁEif:"e.‘ They probably were deposited in cdastal'swamps and

- esiuaries duringiperiods of regression of the seas (Troell, 1969, p. 23;

Johnson and Adkison, 1967, p. 81-84; Moore, .1936, p. 148, 163). The upper

' 5 - o .
parts of the clayey mudstones record the onses\of/aﬁ eptsoderf transgression;

the fopmost beds probably accumulated in shallow water near the shore lines

(Moore, l96h,'p5 311; Johnson and Adkison, 1967, p. 81-83; Troell, 1969,

 p. 23j. With LT~;“ning of the seas exceptionally uniform, single-bedded

.6_ r,s -

. limestones of type ''B" cyclothems (unit "'B'' 2, fig.Als) were deposited

conformably upon the clayey mudstones. They accumulated on extensive

platforms, probairly in quiescent, relatively shallow, open-marine water

" (Toomey, 1966).

e : : ’:. ﬁ"{
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Deposit(onal'environment of the basa!Q:lack, %issile, clayey mudstones
of "Cﬁ-type cyclothems, (unit *'Cc" 1, fn;i:s) is problematic. The
environment has been judged to have been perhaps (2) a marine swamp
(Hoofe,'|950, p. 11); (b) a vast expanse of open marine w;ter only a
few meters deep'(Mobre, 1964, p. 3L4); (c) shallow marine water with
lTow circﬁlation.caused by exceedingly dense seaweed (Wagner, }964, p. 583,
584, 590); and' (d) deep marine water with restricted circulation in the
central part of a baéin (Evans, 1966, p. 120-126). Theories (a), (b) and
(c) suggest thaf this mudstone was deposited during periods of regression
of the sea; theory (d) indicates that it was deposited far.from shore
during maximal transgressuons that followed deposition of the limestones
e Fo” Dhe., Bt ;«:wp«zm ,&? Evarew (/5%,, 7:(-»41,4, () abene

of "g''-type cyclothems (flg. 15).
ot frrreidatllo . Ettay” A‘.m«_'/,u«dw ate Aorieed”

-thet—these mudstones—were-deposited—during-maximet /steges=of=transgression
Gt5 -

'£theory={d%=above)*—+$=%h*9=xs—eeﬁﬁee%1 cyclothems B and £ (fng. 15) seem

.to record a single cycle of transgression and regression and megacyclothems
of the Shawnee Group may be composed of only four cyclothems.

Grazﬁgiayey mudstones overlying the black fissile mﬁdsténe (unit Yo
2y fig?:ZS) are believed to have been deposited in shallower marine waters.:
They méy record an episode of.short-iived, partial regréssion. The overlying
Limestones (unit ''C" 3,;f|gjfrgs probably accumu]ated in clear marine water

less than about 60 feet deep, but 50 miles or more from shore (Moore, 196k,

p. 318).  Uppermost beds of ''C''-type cyclothems are clayey mudstones

.deposited near. shore during regression of the seas (Johnson and Adkison,

1967, p. 81 -82).



"

The basal deposits of 'D''-type cyclothems are sandstones and
. g(’g,
mudstones (unit "D" 1, fig.AlS) that may be partly terrestrial deposits,

overlain by mudstones deposited near shore in shallow marine water (unif
A |
upht 2, fig.AIS) (Johnson and ‘Adkison, 1967, p. 81-82),

5

; ‘Mudstgnes of '"'"D''-type cyclothems are’overlain by limestones (unit ''D"
3, figfi?;) probably deposited in shallow, clear marine water. Regression
of the seas apparently began during deposition of the limestones and their
upper parts may have accumulated above wave base (Johnson and Adkison,
1967, p. 81-82). These limestones grade upward successively into near-
shore, perhaps estuarine, clayey mudstones and nonmarine clayey mudstones
(unit "D" L, figff??) (Johnson and Adkison, 1967, p.-82-83)f

The lower parts of type "E'" cyclothems are composed of mudstones

and sandstones, some deposited in flood plains and swamps of emergent
terrain (unit "E" 1, figFTT;) (Johnson and Adkison, 1967, p. 82-83).
The mudstoﬁes grade upward into argillacebus limestones (unit . 2,

&r? -

fig.AIS) probably deposited near shore in shallow marine waters. Uppefmost

beds of '"'E'"'-type cyclothems are near-shore marine clayey mudstones.

Job
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Wabaunsee Group:--The Wabaunsee Group includes several cyclothems

' &F2 .
ifig.AIS), but they do not compose megacyclothems (Moore, 1949b, p. 167-169).

am——

The Wabaunsee contains much sandstone and sanay and clayey mudstone; also
many th}n but extensive limestones. .The group thickens southward.
‘Limestone be&s grade into ﬁﬁéstones and sandstones in southern Kansas and
northern Oklahoma. .hik;uése they thin northward and northwest&ard in the
sﬁbsurface. - |
Mudstones of the Wabaunsee Group afe mostly bluish gray to yellowish

g}ay although)in the upper part of the group, some beds ére red, green or
maroon. " Fossils are not abundant in_the mudsfone, but include brachiopods,
pelecypods, gastropods, crinoid columnals, bryozoans, ostracodes, a few :
corals, and rare fucoidal markings (Moore, 1949b; Mudge and Yochelson,
1962; Mudge and Burton, 1959; Johnson and Wagner, 1967,Ap. 141-142),
Fossilized wood and plant fragments, ot least sdme of which came from

land plants, are in several mudstone members of the Qabauﬁsee Group,
genérally in association with sandstone lenses (Moore, 1949b; Mudge and’
Yo;hefson, 1962, p. 11, 13; Johnson and Wagner, 1967). Several thin coals

are in the mudstone,which probably is nonmarine (Moore, 1936, p. 25; 1964,

p. 289). AT e

- Fine-grained, gray quartzose sandéfone composes much of the Wabaunsee

Group,-gfcurriné mostly as lenses and channe!l fillings within mudstone members

(25 4 _
(fig.kl6). The channel fillings range in size from a few feet wide and deep

'.to ome channel as wide as 3.5 miles and another as deep as 105 feet (Mudge,

1956). (See discussion of upper boundary, interval E, p.G3-4).

& s I,' ‘ 3 Ty em ks | :

Figure GFS-16.--NEAR vERE- . : 7% '¢¢4§gf- He propee
. Minctics Kerg el (i 6.

/07 o /WW'YZ‘,& 7Zu¢,.;«a«;-‘d~cc-r

: S atpeiate rcarogyo




Figure GFS-16.--Generalized section of Wabaunsee @roup in outcrop area of

eastern Kansas. Stratigraphic positions of about 12 cyclothems are

shown (right column). The 10 units that compose a Wabaunsee-type

cYclothem are (left column):

.8-.9
-7

.6

.1

.0

Clayey mudstone. Marine or nonmarine.

Algal limestone, locally oolitic or coquinoidal. Contains
mollugks, Brachiopods,-bryozoans, crinoids. Marine. |

Sandy, clayey mudstone. Marine. |

Fusulinfd-bearing limestone. May contain brachiopods,
bryozoané, crinoids. Marine.

ﬁollusk—bearing clayey mudstone. Marine.

Pelecypod-bearing limestone. Also contains brachiopods
and crinoids. Marine.

Clayey hudstone-bgaring'pelecypods, brachiopods, bryozoans.
Marine. R

Coal, underlain by'sandf; clayey mudstone. Nonmar ine.

Sandstone. May'contain plant fossils. Nonmarine.

(Adapted from Moore, 1936, p. 23, 25, 26; 1949b, p. 181; zeller and

others, 1967, pl. 1; Johnson and Wagner, 1957, pl. 3).
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The cHaqnel sandstones commonlY contain muscovite and chlorite mica,
and sbme beds have minor amounts of frosted quartz grains, feldspar, garnet,
tourmal ine, and opaque heavy minerals (Mudge, 1956; Mudge and Burton, 1959,
p. 26; Mudge and Yochelson, 1962, p. 11). Many sandstones contain macerated
plant fragments, foséilized wood, and locally, thin, lenticular beds of coal.
Cross bedding and ripple marks are common Iocally (Mudge, 1956; Mudge and
Yochelson, 1962; Johnson and Wagner, 1967). e

A minor proportion of the sandstones and mudstones filling channels
in uppermost Wabaunsee rocks may be marine (Mudge, 1956, p. 674-675).
Conglomerates are common in channel fillings, and pebbles of |imestone
and clayey mudstone are their main constituents. Both marine and ﬁonmarine
fossils including fish and‘amphibians have been recovered from tHe
conglomerate which probably was deposited in a fluvial-estuarine

environment (Rasmussen and others, 1971),

/NG




Limestone members of the Wabaunsee Group are generally thiﬁ, but
they extend throughout large areas. Their average thickness probably
is less than three feet. The limestone is mainly gray and finely
crystalline to aphanitic, however, some beds are argillaceous, coquinoidal,
or locally, coﬁglomeratic, brecciated, or cross bedded (Johnson and Wagner,
1967; Mudge and Yochelson, 1962; 0'Connor, 1953). ;ost limestones are
thin bedded to medium bedded. Small bioherms composed méinly of pelecypods
and gaﬁtrOpods constitute a limestone facies of one thick clayey mudstone
unit. One bioherm is 10 feet thick and extends throughout approximately
15 square miles (Owen, 1959; Johnson and Wagner, 1967, p. 147-148),
Limestones of the wabaunsee Group contain abundant marine fossils,
especially encrusting algae, fusulinids, brachiopods, crinoid stems,
corals, gaStropods, pelecypods, bryozoans, echnoid spines and ostracodes
(Joﬁnsoh and Wagner, 1967; Mudge and Yochelson, 1962; 0'Connor, 1953).
Local occurrences of amphibian tracks and raindrop impressions in one
1 imestone memb;r of the Wabaunsee (Schere, 1956; Johnson and Wagner,
1967, p. 138) suggest that some of the lfmestone beds may have been

deposited in the intertidal zone.

cita e e
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The general depositional environments of a typical cyclothem of
the Wabaunsee Group were described by Moore (1936, p. 25) as follows:

The sandstone (.0) may rest disconformably on underlying beds
and appears definitely to represent the initial deposits of

the cyclothem. Locally a thin conglomerate may occur at the
base of the sandstone. The succeeding shale and coal (.1) are
clearly continental in origin and indicate deposits made on an
extremely low, flat coastal plain. The mollusk-bearing shale
and limestone (.2 and .3) indicate the submergence of the coal
swamps or coastal plain by a very shallow sea, and the overlying
shale (.4) marks continued marine transgression that culminates
in making the offshore fusulinid-bearing limestone (.5). The
succeeding parts of the cyclothem appear to signify marine
regression which leads to shoaling waters inhabited by mollusks
and favoring growth of algae (.6, .7 and .8). The terminal unit
of the cyclothem (.9) is generally an unfossiliferous shale,

but it may contain remains of land plants...The entire cyclothem
thus records & single marine pulsation, and it may be divided
into an initial emergent phase (.0-.1) a transgressive marine
phase (.2-.4), a culminating marine phase, (.5), a regressive
marine phase (.6-.8) and a terminal emergent phase (.9).

Specific details of depositional environments represented by most
members of-the Wabaunsee Group are not known. Several members have been
studied closely (e.g., Mudge and Yochelson, 1962; Mudge, 1956; Owen, 1959),
however, and a few exceptions to the typical cyclothem have been described
(Mudge and Yochelson, 1962, p. 102). The general interpretation of Moore
(1936) for dépogitional environments of Wabaunsee cyclothems Seéms to be
correct. |

Transgressions during deposition of the Wabaunsee Group in eastern
Kansas ﬁrobably were across an exiensive platform covered by a quiescent,

clear, warm sea. Maximum depths are belicved to have been only several

“tens of feet., During episodes of regression eastern Kansas was slightly

emergent. Coastal regions probably were swampy and formed a thickly

vegetated terrain.
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Paleotectonic implications

The major basins of Kansas continued to subside'during time
of interval E. The region of the former Forest City basin subsided
as a northern extension of the Cherokee basin. Together they formed
a shallow synclinal baﬁin along the eastern flank of the Nemaha
.anticline. Subsidence along the axis of the basin was more than
1,000 feet; total subsidence in the deepest part of the basin was
more than 1;400 feet in northern Cowley County.

The region of the former Salina basin was a vast northern shelf
of the Sedgwick basin. Total subsidence in the Sedgwick basin was
about 600 feet at the Kansas-Nebraska boundary in Jewell County and
about 1,500 feet near the Kansas-Oklahoma boundary in southwestern
Sumﬁer and southeastern Harber Counties. Maximal subsidence in the
Hugoton embayment was more than 1,100'feet, near the Kansas-Oklahoﬁa
boundary in southeastern Clark County. The northerﬁ flank of the
embayment was exceedingly broad and low dipping§ only minor amounts
of differential subsidence occurred throughout southwestern Kansas.
During maximal stages of submergence in Kansas, marine waters probably

were only several tens of feet deep.




The Nemaha anticline was uplifted slightly during time of
interval E. It probably had little effect on sedimentation (see
Ball, 1964, p. 222-227, for example). The Cambridge arch and
Central Kansas uplift continued to be uplifted slightly; they
formed a broad anticlinorium that extended from nofthwestern
Kansas to south-central Kansas. The crest of the anticlinorium
~in Kansas was located in the northwesternmost countieg; it
extended into southwestern Nebraska. The Keyes dome was folded
slightly, but apparently was not an important source of detrital
sediments.

Seas transgressed and regressed periodically during time
of interval E. Fluctuations of sea level probably were mostly
eustatié, Some of the changes in depositional environments may
have Been due to subsidence o} uplift within the northern
MidcontinenE region, or to changes in amounts of sediment transported
from source areas to the south, southeast, and north. Whatever
~ the cause, the various depositional environments were recurrent
-and widesbread. Thin but relatively uniform beds of §ediment
were deposited. At the end of {nterval E time all of Kahsas probably

was submergent.
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TOTAL THICKNESS OF PENNSYLVANIAN ROCKS

Thicknesé trends |

Pennsylvanian rocks in Kansas range from an erosional edge
in southeastern Kansas to more than 3,000 feet in the axis of the
Hugoton embayment in southeastern Morton and southwestern Stevens

cple 10)

Fountiea. In the area of outcrop in eastern Kansas, variations in
thickness are ceused partly by post—Pennsylapian erosion. In the
rest of Kansas, Pennsylvanian rocks were not beveled by erosion
before deposition of Permian rocks. Therefore variations in thickness
are interpreted as being caused by deposit}onal thickening in synclines

and thinning above anticlines.

"Paleotectonic implications

Major negative structural features that influenced sedimentation
during the Pennsylvanian Period are the Cherokee and Sedgwick basins,

the Forest City and Salina basins, and the Hugoton embayment of the

‘Anadarko basin (fig. GFS-3). Total subsidence in the deepest parts

of the Cherokee and Sedgwick basins during Pennsylvanian time was more
than 2,500 feet. Total subsidence in the deepest part of the Hugoton
embayment was ﬁore than 3,000 feet.

Major anticlinél'features_that influenced sedimentation during
the Pennsylvenian are the Nemaha anticline and the anticlinorium of

the Central Kansas'uplift and Cambridge arch (fig. GFS-3). Pennsylvanian

_rocks are thinner than 700 feet on the crests of these anticlinoria.
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GEOLOGIC UNITS DIRECTLY ABOVE PENNSYLVANIAN SYSTEM

Units oveElying Pennsylvanian A

In the aréa of Pennsylvanian outcrop thin Tgrtiary deposits
(not shown on pl. 2) of chert gravel in brownish red clay overlie
lPennsylvanian rocks locally as high terrace deposits. Pleistocene
aﬁd Recent terrace deposits and alluvium lje upon the Pennsylvanian
in valleys.o# the larger streams. Pleistocene Nebraskan. ard Kansan
till and outwash overlie Pennsylvanian rocks in several of the
northeasternmost counties.

Westward from the area of outcrop, Pennsylvanian rocks are
overlain conformably by the Admire Group (Wolfcamp age) of the
Permian System. The Admire Group is mostly clayey mudstone and

sandstone but contains thin limestones and thin coal beds.

Paleotectonic implications

Deposition of the Pennsylvanian continued into the Permian
without significant interruption. The original eastern limit of
Permian rocks in Kansas is not known, but all Pennsylvanian rocks
probably were overlapped (McKee, Oriel and others, 1967, pl. 9A, 9B).

Westward tilting of Pennsylvanian rocks occurred during Permian time.




Kansas was emergent during the Triassic, and only westernmost
Kansas was covered by Jurassic rocks (Zeller and others, 1968,
P. 53-54). Permian rocks probably were eroded from the Pennsylvanian
of eastern Kansas mostly during Triassic and Jurassic time.
Cretaceous rocks may have overstepped the eroded Pennsylvanian rocks
and extended into Missouri (0'Connor, 1971, in press). Pennsylvanian
beds were eroded to a peneplain-like ''rock piain,“ probably during
Miocene and Pliocene time (Ham, 1939; Melton, 195%, P. 362). The
larger streams of eastern Kansas probably were‘superimposed into
Pennsylvaﬁian rocks from the late Tertiary rock plain. The
Pennsylvanian beds of northeastern Kansas were glaciated during

the Nebraskan and Kansan stages of the Pleistocene.
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IN REPLY REFER TO:

Mr. Gary F. Stewart
State Geological Survey
University of Kansas
Lawrence, Kansas 66045

Dear Gary:

We will need a little help on the following references in your
manuscript:
\\J. McQueen and Greene, 1938 has not been located in your
' text or locality index list and will be deleted from
the list of references unless you advise otherwise.

“2s Moore, 1922, p. 26-34 (on p. 102, title for fig. GFS-15,
in text). This reference is not in your list and we
have been unable to identify it. Wrong date? Please
check.

V3, 0'Connor, 1971, in press (on p. 116 in text). Please
supply full reference when available.

L, Zeller, etc., 1968, has been changed to Jewett, etc.,
to conform with Bibliography of North American Geology
citation. And Zeller and others, 1967 in text has been
changed to Jewett and others, 1968. Please confirm if.
this is correct.

w\ Other changes include: Ve> Wiebe, 1940 (p. 21 in text) to 1941;

Crowley, 1966 (p. 77-78 in text) to 1969; Johnson and Wagner,
1957 (p. 9 and 108 in text) to 1967; Melton, 1956 (p. 116 in
text) to 1959; Moore, 1949 (p. 60, 76 in text) to 1949b If we
are in error in any case, ‘please let us know.

Someday we'll come to the end of all this!

Sincerely,

(A \L‘, T oy WP T

Eleanor J. Crosby
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KANSAS GEOLOGICAL SURVEY The University of Kansas

Environmental Geology Section Lawrence, Kansas 86044
913-864-4014

May 24, 1971

Mrs. Eleanor Crosby
Paleotectonic Map Section
U. S. Geological Survey
Bldg. 25, Federal Center
Denver, Colorado 80225

Dear Eleanor:
In answer to your letter of May 20, 1971:

(1) McQueen and Greene, 1938 - I couldn't flna it either.
Please delete from list of references.

(2) Moore, 1922, p. 26-34 (on p. 102, caption fig. GFS-15):
: correct reference Moore, 1936, Kans. Geol. Survey Bull. 22.

(3) O'Connor, 1971: is being edited. Will be O'Connor, H. G.,
, Geology and ground-water resources of Johnson
County, northeastern Kansas: (bulletin number to be
assigned; will let you know when this 1nformatlon is
available.)

(4) Zeller, etc., 1968 - the changes you have made are correct.

(5) Ver wiebe, 1941 is correct.
Crowley, 1969 is correct.
Johnson and Wagner, 1967 is correct.
Melton, 1959 is correct. :
Moore, 1949 (p. 60 and 76 in text) —'p. 60 - change to
194%9a. p. 76 - 1949b is correct.

Needless to say, I'm embarrassed to be caught in so many errors.
I'm grateful for your review.

Cordially,

Gary F. Stewart
Geologist

GFS :cmm
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