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GEOLOGY OF PAWNEE COUNTY, OKLAHOMA
Paul B, Greie
ABSTRACT

This investizgation is one of many similar fnvestigations siper-
vised by Ahe University of Oklahoma Sehool of teolooy in coopera-
tion with the Oklahoma Geologieal Survey in its program of map-
ping the surface geology of Oklalloma.  Data were sathered in
seven months’ field work during which 27 kev heds were mapped
on aerial photographs. and the litholoey, thiekness. sequencee, and
faunal content of the seetion were studied,

Sadimentavy rocks of the Upper Pennsylvanian. Lower Der-
mian, and Quaternary systems are exposed jn Pawnee Connty,
Pennsylvanian beds range upward from the Wann formation of
late Missourian age to the Brownville limestone of latest Virgilian
age.  They are overlain with apparent conformity by a Permian
sequenee containing Wolfeamp sediments up to and including the
Winfield limestone formation of the (hase group.  Quaternary
deposits and alluvium lie unconformably on the truncated edges of
the Paleczoie strafa.

During Upper Pennsylvanian and Lower Permian time the
Pawnee County area was sitnated hetween an eroding landmass
to the south and a eyeliely subsidine warvine basin to the north,
The resultant sediments form a complex sequence  fransitional
between the coarselv elastic continental deposits of the source area
and the exelie primarily marine deposits of the basin. Subdivision
and classification of this transitional sequence requires the use of
nomenelature from both the marine and cantinental sections.

In late Missourian and early Virgilian time deposition was eon-
trolled Jargely by conditions in the source area, and {he rocks ave
mainly interbedded sandstones and shales of continental and deltaie
origin.  Southward encroachment of a marine environment and a
coneurrent deerease of souree material are indieated in upper Virgil
and lower Wolfeamp time by stheylie deposition of sandstones,
shales, thin lmestones, and coals. A thick red hed sequence of
upper Wolfeamp age vevords rejuvenation of {he souree area and
retreat of the sea. althongh a marine environment recurred period.
ieally over much of the county during this fime.

Ther subswrface strata are primarily of marine origin and in-
elude beds of Cambro-Ovdovician. Ordovician, Mississipian, Penn-
sylvanian, and Permian age. .

The sedimentary sequence contains four major angular nuneon-
formities and at least fonr minor uneonformities,  The westerly
dip of the beds is interrupted [oeally by novth-trending helts of on
echelon faults and small dome-dike folds, Faulting and foldine
are atfributed to horizontal and vertieal movements, respectively,
along ancestral zones of weakness in the granite hasement.  Folding
took place recurrently thronghout Penusylvanian and Lower Por.
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mian lime. The faddting probably ocenrred in late Permian or
carly post-Permian time, when the gediments were nplitted and
tilted westward,  The aren was subsequently peneplaned and later
rejuvenated.  Disseetion of the peneplane js currently in progress.

The county’s chiel mineral vesources is nil.  Potentially valu-
able deposits of elay and building stone and non-commerecial deposits
of coal, copper and radioactive minerals are known.

INTRODUCTION

Scope and Purpose of Report

The data aequired in a field and lahoratory stwdy of the surface
rocks of Pawnee County and their westward continuation into the
subsurface are presented in this report. Special attention is given
to lithology, thickness, sequence, and faunal content of cach forma-
tion. The distribution and struetnral features of key units
mappable by reconnaissance methods are shown on the accompany-
ing geologic map (Plate 1). Correlation of the surface and sub-
curfaee scetions is shown on cleetrie log eross sections A-I3, B-C,
and DI (Plates 2, 3, and 4, respectively). The loeation and oc-
curcnee of mineral deposits of possible economic value, with par-
tienlar emphasis on ernde oil and natural gas, are bricily discussed.

.' :

Taliwae i
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Figure 1. Index map of Oklalioma showing location of Pawnee County.

Location of the Area

Pawnee County inceludes about 594 square miles of north-
central Oklahoma northwest of the eity of Tulsa (Fig. 1. The
county is roughly triangular with the sharpest apex of the triangle
pointing castward.  The Arkancas River forms the county houndary
on the north and ecast, separating Pawnee County from Osage
County. Other adjacent counties are Noble on the west, Payne
on the west and south, and Creek and Tulsa Counties on the south.
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Previous Investigations

bl d 1ot .
" "l l;l)h;hul data on the surlace aealogy of Pawnee County are
nite:dd almost exelusively fsenssions of i i
el lmest e v oto (.ll.uuswms of a regional natnre,
s ; ativ are move plentiful, hovwever, and inelude several

oy Al I H H . ‘
erences on the geology of individnal oil pools in the conntyv
o l)!lhf' ]‘H‘H:l‘ vnmprnlwnsi\'f‘ report vet published on the L;(-nlmr\'
Aawnee Conndy was written by Frank € Groene (10928) T
consists def disencs ' ' el
“”Y\l N«fof a IHIM r:rsn nssion af the stroeture and stratigraphys of
sirface and subsurface procks foe i M of
'l s eether with a resumé of oj
n YUT(. EY 3 1 i i . n"
field development and futwee oil possibilities, A ounide {0 the eeol
aoav alor ar a® 3 : O S
((:",‘ ,lllf'gl,tl Oklahoma's highways, issued by the Oklaloma City (ool
oy =NOe - a9 ., ovie 35 ) H ) )
I)_T‘lvfl 5 f(,fn‘(.\ (1932 reviced., 1955) snmmarizes the oeology of
., Tl H .
1!“ nee Counfy along U0 Iighway 84 The surface geolngv of
3 A . . 4 4 | ) . i
hz( easternmost portion of the county was mapped by Oakes (1052
re :h't]"nm-lmn with his work on Tulsa County.  Ineluded in (i-lkt-:'
., v a9y q - H . ) ‘ .
90!]'” are several measured seetions from Pawnee County. A
s map of the eonnty was published by Galloway and others
(1952). ' e et
The ecarliest contribnti i
s e ..' (.‘ ';n ribution to the reeional geoloay of the area
as made by Gould, Ohern, and 1ntehis - Vi ol
by . ehison (141N, wl -
new classification of (he i . etorm O 2
e Pennsylvanian voeks of
T afication of | X, an rocks of castern Oklahoma,
hiqt I.(llp(ol'.t)lh) ftlllst I_(‘-.\toild(‘(l Kanzas terminoldey inta Oklahoma in
s report on the Foraker guadr: i thern
Boede (1013) dusern ¢ l\ madrangle in northern Osage Connty.
e (i 8 scribed the areal extent and stratigraphie rela
s 4 4 ’ v T
Hons '{‘( Neva limestone south of the Arkansas River with par
ar reterence to exposnres : ) o n
. : Xpos s north of Pawnee [ ‘
A e to awnee. Fath (1920
“m.(';ﬂ)n(l the antielines and en echelon fault zones of central and
oy . -1, i . )
" l'((llll(ll Oklaboma and presented a theory for their ori:rin
| '0 13 3 . . YE) M H ' = :
. iusl.l 1!(!;31;' nf(llm vegion has been divenssed by several authors
cludimg Folex (1926). Sherri : 03 nd )
3 926). Sherrill (1929 30)
(1031). ) (1 ). Metton (1930), and Powers
Miser’s (4 i ; A
. “I \ . -'('nlnﬂlc Map of Oklahoma™, first published in 1026
i '”.'.”I;\ avea g('().]()‘_"\.‘ of Pawnee Comnty on a seale of I-SHU%N_H)‘
evised edition of this map was pablished in 1954 o
Further regi .
ional  backer F LIS i
Wilson (1697) ,,'l : ].‘.nl\uwuml was supplied by (fould  and
homa iy li . 'u“,m Miseussed the Upper Paleozoie roeks of Okla-
oma in theiv “Paleogeography of Oklihoma'. The sirafi o
of the Mid-Continent region. whieh ill‘]l‘I] ' P, . Comneraphy
the sbion ninen gion. clides Pawnee County. was
(]q-ml ,1",;‘.;;)()' "‘l'll’;"st "-‘] Levorsen (1927) Iliestand (1935) '(:rw:n
LIRS0 BB ), and Dott (19410, Anderso ¢ cribed the info
lingering marine and red bed depo 'l ”’f(']” II)I ot i ntor-
The e 1 ! sits of north-central Oklahoms
‘ er Pennsylvanian and : ? i  morth.
A 0 3 v I e H
contrmPSE en anian a lower Permian stratigraphy of north.
Hlahoma was reviewed by Parvker and others (1946)

field 1rip guide book of the Oklahoma Uity Geological Soe me

viv & ety
boen )II'("= 15\1'01('11(-(‘ to the economie geology of Pawner Countv has
heo! l-nlu e ina :mmb(.'r of articles. In surveys of Oklahoma s .
Qh'u|1uc)smzl](£)(ﬁi)('0u]{' et al. (190%), (ould (1911) Qnidor((llf;l]];':-
Shannon (1¢ and Cullen (1917) menti e possible amic
R (1917) mentioned the possible economic
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value of the limestones, sandstones, and shales of Pawnee County,
A review of the physieal properties of the clay and the operation of
the brick plant al Cleveland was given by Snider (1917 and later
by Sheerar (1932))  Nhannon et al. (1926 p. H7) mentioned o eoal
deposit in the town of Ralston, and small copper deposits in the
western part of the counly were deseribed by Mervitt (1940, The
ovenrrenee and value of radioactive minerals associated with the
copper were diseussed by Branson and others (1955,

The history and geography of Pawnee County were reviewed
by Snider (1917) in a report on the ceceraphy of Oklahoma.

The discovery of oil near the town of Cleveland in 1904 resulted
in an active program of investigation of the subsurface geology of
the county. Unfortunately, most of this work has been done by
private corporations, who have not published their findings.

One of the carliest pubtished rveferences to oil and gas in
Pawnee County was in a review of the mineral resources of Okla-
homa by Gould et al. (1908}, who totd of the discovery of the Cleve-
land pool.  The Cleveland pool was also diseussed by Hatehison
(1911) in his summary of hydroearbon produetion in Oklahoma,
Wood (1911) reviewed the oil and gas development of north-central
Oklahoma, including all of casternmost Pawnee Connty in his
survey. In 1917 a brief summary of the structure, stratigraphy,
and eumulative and prospeetive oil production of Pawnee County
was given by Shannon and others in a report on oil and gas in
Oklahoma. The Morrison (Watchorn) field was the subject of a
detailed study by Carpenter in 1927, and a vear later Bess M.
Bullard (1928) published a compilation of data on cach of Okla-
homa's oil and gas fields.

The geology of the Rled Fork shoestring sand production in the
Keystone area of Pawnee, C'reck, and Tulsa Counties was discussed
in detail by Ralph White (1941), and in 1942 a bibliography of Ok-
lahoma’s oil and gas pools, inelnding those in Pawnee County, was
published by A, G and M. B. Shelton. Three significant contribu-
tions to the knowledge of the connty’s subsurface geology have
been made in regional studies published subsequent to the Shelton’s
bibliography. Lukert (1949), in a subsurface study of southern
Kansas and northern Oklahoma, extended one of his east-west
clectrie log cross seetions across Yawnee Connty s Treland (1955)
diseussed the configuration of the Precambrian surface in north-
castern Oklahoma and parts of adjacent states: and Tarr (1955)
deseribed the pre-Woodford paleogeography and thickness of the
Hunton formation in Oklahoma.

The present report on Pawncee County is one of many similar
reports supervised by the University of Oklahoma School of Gleology
in cooperation with the Oklahoma (ieological Survey in its program
of mapping the surface geology of Oklahoma. Figure 2 shows the
loeation of Pawnee County in relation to other areas on whieh
reports of the surface geology are available.  Freqguent reference
is made to several of these reports, especially those to the north,
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:||| the lnl!m\'llm chapter on surface stratieraphy,  The reports on
VT ON i 1. i cQ ‘ N e )

‘I.( rens n!nn((lmh Iy conth of Pawnee Conndy are in various stawes
l‘l “‘“'l"]('“’,l”. Mot of the field work i< finished, however, and
e results thereof have heen deaw i writing thi -

nodrawn upon in o writing this report,
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Figure 2. Imlg-x map of northecentral Oklahoma  showing  arcas  of
which surface gevlogy has heen mapped.




10 PRESENT INVESTIGATION

Preparation

Aerial photographs of the connty taken for the Agrienlture
Adjustment Administration i July, 1038, were obtained from the
Oklahoma Ceological Survey.  Alternate photographs in cach flight
line were covered with a cellulose accetate flap on which seetion
corners, drainage, raitroads, and irregular roads were traced from
the photographs. :

A grid map of the county was constructed on tracing paper,
and using the seetion corners on the acetate overlay for orientation,
the drainage and culture were traced onto the erid. Where dif-
ferences ocenrred hetween the seale of the grid and the scale of the
photographs, adjnstments were made to the section corners,

Iield Proccdure

Iiold work on the castern portion of the county was arried
out in the simmer of 1953 and the work was stthmitted to the
University of Oklahoma facully as partial fulfiltment of the re-
gquirements for the degree of Master of Science. The remainder
of the county was mapped during the winter of 195455, A total
of ahont 7 months was spent. in the ficld.

Mapping was earried out from cast to west, one or two roek
units at a time.  Following ecareful stercoscopie examination of the
acrial photographs, an esearpment-forming or otherwise recogniz-
able unit was followed along its north-sonth belt of exposure by
checking ounterops along reads and in ereek beds. At many
pliees it was neeessary to walk the outerep to establish the con-
tinuity of the hed. The trace of the outervop and the traces of
observed or inferred faults were indicated direetly on the photo-
graphs in colored grease peneil.  This information was later traced
onto the grid map.

Lithology and faunal content of the beds were noted and
sampled, and detailed scetions were measured with a hand level
and steel tape.

Laboratory Procedure

Fossil colleetions were eleaned, sorted, and identified, and
insoluble residues and thin sections were made for key limestone
heds. In cases where it had not been possible to determine accurate
thickness and sequence of heds in the field, clertric logs of wells
drilledd down dip trom the outerops were studied, the beds were
identified on the logs, and true thickness was measured. Regional
dips were established by the three-point method using both surface
and subsurface elevations,

PHYSIOGRAPTY OF THE AREA
Cieneral Statement

Aceording to the physiographic divicion of the United States
by Fenneman (1938), Pawnee Connty is in the southwestern part
of the Central Lowland provinec,  Snider (1917), in deseribing
the physiographie provinees of Oklahoma, placed the cast pnrlin;
of the connty in the Sandstone Hills and the west portion in the Red
Beds Plains.  The division Tine runs approximately north-sonth
throngh the town of Pawnee and in essence follows the outerop of
the ‘J\'(‘\':l limestone,  Bast of this line the surface voeks are pre-
dmnn_mnll_\' eray shales interbedded with resistant  esearpment-
forming beds of sandstone and MHmestone.  West of the line the
rocks are predominantly red shale and weakly resistant sandstone,

Tapography And Drainage

Differential erdsien of (he gently westdipping beds of he
Praivie Plains howmocline has produced the main  topographie
features of Pawnee County. The Prairie Plains homoeline is a
regional steuctueal feature involving the Penpsylvanian and Per.
mian heds of the Mid-Continent vegion west of the Ozark dome,
'I:rlln(';l!inn of these heds has formed a series of parallel east-facing
ridges or cuestas which trend due novth to just cast of north, follow-
ing the strike of the beds. The euestas arve capped by resistand
sandstone or limestone and are separated hy hroad valleys under-
Inin by less resistant sandstones and limestones and non-resistant
shales.  Loeally this “ridge and vallex™ patiern is modified hy
(fllallg«"s in the regional dip of the beds indueed hy faulting or
warping.

i ]jn\\'nm- Connty oceupies the northern two-thivds of the eadl.
pointing V" Formed by the confluenes of the Arkansas and Chnar-
ron Rivers.  The lowest clevation in the coundy, about 650 feet
ahove sea level, ocenrs at this junction.  The highest point is in
the north-central part of T. 20 N, U5 F. just east of Lone Chim-
ney, where four hills rise to a heieht of slichtly more than 1,120
feet.  Loeal velief is cenerally less than 150 feet and deereases west-
ward, whereas average elevation inereases westward.

. l",.nst' of R. 7 E. cuestas capped by fhick massive sandstones
give rise to a rongh. timber-covered fopography typieal of the Sand-
stone Tills. In Rs. 6. 6 and 7 1. limestone and sandstones erop
ont alternately.  1Ilere shale vallexs are more common, the topo-
graphy is less rugaed, and timhered slopes are fewer l.h;m in the
area farther east. West of Pavnee in Re 2 and 4 15, minor ox(':lirp-
m(-I]ls along the Arkansas River blend sonthward into the eently
rolling .‘Jl'nssl:nnls of the Red Bods Plains. Mueh this :l:l‘il is
:1lnm's‘t flat, (‘xp(-r.'inll_\' where covered by upland terrace deposits,

I“hv county is drained by two major rivers, the Arkansas and
”](' Cimarron, and by several secondary streams. The deainage is
directed north and northwestward into the Arkansas and S(;lltll-
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enstward into the Cimarron by an vcastwest divide whirh erosses
the county in the north part of T. 20 N.  All but a few of the see-
ondary streams are intermittent in normal years, and even the
largest, Black Dear Crecek, is ey in periods of severe dronght,
Sueh a drought occurrved in late 1954

The drainage is in large part subsequent, although a dendritie
pattern is developed in areas of uniformly resistant sueface rock.
Where faults ocenr in the surface beds, the drainage tends to follow
the fanlt trace.

The topography and drainage of all of Pawnee County except
a two-mile strip along the westernmost horder are shown on seven
guadrangle sheets of the “Topographic Atlas of the United States™
(United States Ueological Survey).

Climate

The elimate of Pawnee County is characterized by Jong, hot
summers and short, mild winters. Average annual rainfall is aboul
36 inchies, most of which falls during the spring and summer ntonths.
Iield work is best undertaken in the winter when vegetation,
inseets, snakes, and {emperatures are at a minimwm.

Accessibility of the Area

Access to Pawnee County is provided by four pased highways,
a better-than-average system of seeondary and seetion-line roads,
and three vailrdads,  Paved highways inelude U, S Highway 64
which crosses the county in an eastwest direction, linking the
towns of Pawnee, Cleveland, and Keystone, Oklahoma Highways 18
and 99 cross the connty in a north-south diveetion, serving Pawnee
and Cleveland, respeetively. Oklahoma Highway 51 enters the
southeast corner of the county near Keystone, where it joins U8,
64 on route to Tulsa, 24 miles distant. Qeveral graveled, all-weather
roads. inelnding Oklahoma lHighway 15. traverse the county, and
araded roads follow most soction lines except in arcas of high fopo-
graphic reltef.  Many of the graded roads become temporarily im-
passable after heavy rains, especially where the roads are built
across outeropping shale,

The main line of the Missouri, Kansas, and Texas Railway he-
tween Kansas City and Dallas erosses the area in a southwest diree-
tion, serving Cleveland, Hallett, and Jennings en voute: the St
Louis and San Francisco Railroad crosses the avea in an cast-west
direction, serving Pawnce, Hallett, Terlton, and Keyetone: and a
spur of the Atchison, Topeka, and Sante Fe serves Ralston, Skedee,
and Pawnee as it erosses the county from north to south.
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STRATIGRAPHY
General Statement

« > L « 3 s
IIIC SU]' 1Ce l()CkS )f I 1wnee ‘wounty ”CIU(‘C ll)l”().("“n(.]\

2,500 fcct of Upper Pennsylvanian and Lower Permian sediments
owr'lmn locally by thin deposits of Quaternary age. The Pennsyl-
vanian and Permian beds have been tilted gently westward. and

subsequent erosion has beveled the section, exposing progressively
older beds to the cast, ) '

Pennsylvanian beds with an aggregate thickness of about 1.500
feet are exposed in the castern part of the county, ranging upward
fr.om the Wann formation of the Missouri series to the Brown-
ville limestone, the top unit of both the Virgil series and the
Pcnnsylvanian system.  Permian  beds occurrilky'g in the county
include all of the Wolfcamp series except the uppermost par-t
and have an aggregate thickness of about 1.000 feet.

Res.ting unconformably on the truncated edges of these late
Paleozoic sediments are local deposits of unconsolid:ltcd Quater-
nary alluvium and terrace material. ‘

PENNSYLVANIAN SYSTEM
MISSOURI SERIES

‘ln 'north—central Oklahoma and adjacent areas the Missouri
series lies with regional unconformity on the Des Moines scrics
and is overlain unconformably by the Virgil series (Table 1)
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Missouri exposures in Pawnee County oceur in the narrow
castern portion of the county in Rs. 9 and 10 E. They range from
the middle of the Wann formation to the top of the series and
consist mainly of sandstones interbedded with red and gray shales.
Exposures constitute a thickness of npproxinmtcly 430 feet, Dip
is to the west at less than one degree.

TABLE 1

KEY BEDS OF THE MISSOURI SERIES OF NORTH-CENTRAL
OKLAIIOMA

Virgil series
Wneonformity
Missouri series
Tallant. formation
Revard sandstone member
Bigheart sandstone member
Barnsdall formation
Unnamed shale
Okesa sandstone
(Unconionrmiity)
Wann formation
Clem Creek sandsione
Washington Irving sandstone
JTola formation
Chanute formation
(Unconformity)
Dewey formation
Neltie Bly formation
Hogshooter formation
Coffeyvitle formation
Cheekerboard Jimeslone
Qominole formation
(Uneconformity)
Des Moines scries

A slight southward component o the dip is suggested by local
outcrop patterns although because of the narrow cxposure along

strike and a dearth of good horizon markers, a qu:\ntimtivc esti-
mate of degree and dircction of dip was not attempted.

The Missouri rocks of Pawnee County )‘icldcd no faunal re-
mains. One plant impression was found.

Study of the regional stratigraphy of north-c
discloses unconformity and southward truncation of
older beds between the Wann and Barnsdall formations as well as
between the Missouri and Virgil serics.  These relaticnships are
the narrow belt of Missouri outcrop in eastern
y revealed by study of the subsurface
rop belt (Plates 2-4). Subsurface
wular unconformity in the lower

entral Oklahoma
Progressi\'cly

not evident
Pawnce County nor are the
cection downdip from the outc
data indicate the presence of an a1
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1% WANN FORMATION

part of the Wann formation, but this indication 1s based on n-
compicte data and should be considered as only a possihility until
confirmed or refuted by more detailed investigation.

Wann formation

Definition and distribution.  The name Wann was first ap-
plicd by Ohern (1910, p. 28) to a sedimentary sequence near the
village of Wann in Nowata County, Oklahoma. The term fell
into disuse until Oakes (1940, p. 72) redefined it to include all
the upper Missouri rocks above the top of the lola formation and
below the base of the Torpedo sandstone. In areas where the Vor-
pedo sandstone has been removed by prc-lhmsd:\\\ crosion, as in
Pawnee County, the upper limit of the Wann is designated as the
base of the Birch Creek limestone or 1ts southern equivalent. the
Okesa sandstonc, basal member of the overlying Barnsdall forma-
tion.

The Wann formation is recognized from the Kansas-Oklahoma
fine southward into Creck County, where it is completely truncated
by prc-Burnsd:.ll crosion (Oakes, 1952, p- 87). It crops out in the
casternmost portion of Pawnee County in T.20 N, R. 10 E. and
in adjacent portions of R. 9 E., where it was mapped by Oakes
(1952) in conjunction with his work in Tulsa County.

Thickness and character. Oakes (1952, p- 84) describes the
Wann formation in Tulsa County as being composed of hctero-
geneous rock types which intergrade both laterally and vertically.
Thick sandstones split southward into thinner sandstones and intet-
calated maroon shales. According to Oakes the thickness of the
Wann ranges from 225 feet in T. 22 N, R. 10 E., Osage County,
to 265 fect in T. 19 N, R. 10 E., Tulsa County. Thickening of
the formation to the south more than compensates for truncation
by pre-Barnsdall erosion.

Only the upper part of the formation crops out in Pawnee
County. "The most complete section occurs in sec. 25, T. 20 N,
R. 9 E., where the top 142 feet is exposcd.

The thick sandstones referred to by Oakes include the “Wash-
ington Irving” and Clem Creek sandstones, both of which occur
in Pawnee County. “Washington Irving” is a colloquial term
z\pplied to a local coalescence of several sandstone lenses which
forms a prominent escarpment along the banks of the Cimarron

CLEM CREFEK SANDSTONE

River just west of Kevstone inosees. 35 and 360120 NG RO 9 |

The “Washi yatene
ashington rving . .. .
the Wann f”rg] o 5" [!“ lowest recognizable member of
nation exposedd i the county although north and

cast of the “Washi ving
ot ashington Irving™ cxposures, unnamed sandstone
1ses are exposed lower in the section o

. 1 ) H “ id
1. Clem Cr W a-hingla rvine” candstone s lone
. R n Irvin < N (l arp
Gi Ri oo L ks s =
: i e , A arp along lhe
imarron River i= in SW 10 <eel 20, .20 N t

o ) . . R L. Nine
t of candstone jc expoced above the alluvium 9 B ey

In the SEV4 see. 25, T S
o < 2V see 25, T.20 N., R. 9 E.. the “Washington Irving”
s¢ (Ist(lmc is overlain by 38 feet of silty maroon shale c:m 1t :
croded remnant of the C : o T mile
: e Clem Creek sand
. sandstone.  One half mile
northwest AWV 1 e
northes ‘m the S\W14 fcc. 24 of the samc township the shale
unit pinches out and the “Washington Irving”-Clem C i
is represented by 90 f { ive g ek secton
o repre | ) eet of massive to cross-bedded sandstone, con
-( "r » - 3 . M - N ) ) ]
el OwWar l'?L base, which forms the precipitous cast bank of
] : Py ” . H T . = :
) r]rlm;” River at that point (Figs. 4 and 5). These relatior
xemplify the extre ; 1 \ . : S
¢ |I v the extremely lenticular character of most of the sand
stone beds in the Wann formation. e
Overlying the Cle :
e ying the (,lcnll Creek sandstone is the topmost unit of
ann, an unnamed secti i ‘
e _ : section of predominantly
taining ironsto i T ot 50 feo o
stone concretions.  The bed i 50
' 5. ed is about 30 feet thick
i I ons. : ect thick and
] cross the county with little change in thick i
o { ness or lith-
A detai
tailedd measurement of that portion of the Wann forma

tion C(POQ((‘ m o < ll .
I 1WHhCee (,()l”)t may l)( ‘OL“(I m A )(.“(h( I
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BARNSDALL FORMATION

Correlations and stratigraphic relations. The \.rV:mnl f(')rm;\-
tion is equivalent to that portion of the Kansas sccnlon :1)0\‘::mt01':ft
top of the lola formation and below the base (?f the uppcE ll.]c
limestone member (probably the South Bend limestone) o

Is to
ati Oakes, 1940, p. 80). It also corresponc
Stanton formaten ¢ e Hoxbar formation of the Ard-

(Moore and others, 1944, PL 1).

a part of the lower portion of th
more Basin in southern Oklaloma

g .

d V'z- >t i o 40l O A o :
¥ " Cont ing i : “reck - “Washington
Figure 5. Contortec hedding in Dhasal part of Clem (..re("k'” “':,l:t al,;ove

frving™ sandstone scarp. This exposure is visible jus

the alluvium in the center of Fig. 4.

The Wann formation lies conformably on the lola f(:rm:\tllo;ll
and is overlain with slight angular unconforml'ty by the I)nrn‘;( a t
formation. The Torpedo sandstone member 1s rcpor.tcdly absen
nee County, but no evidence of (hsconfo.rmlfy
Evidence of unconformity 1n
ted on Plate 2 and dis-

by erosion in Paw
was scen at the top of the \V:mn..
the lower part of the formation is presen
cussed on page 126.
Paleontology. No ev

idence of either fauna or flora was found
i . ann formation.
in the Pawnee County exposures of the Wan

Barnsdall formation

Definition and distribution. The Barnsdall formation waz
named by Oakes (1951, p. 120) for exposures near the tov 'nk‘o
Barnsdall (formerly Bigheart) in east-central Osage County, Okla-

i i ase of
homa. Oakes defined the formation as the rocks from the base
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the Birch Creek limestone upward through a section composed
fargcly of shale to the base of the Bigheart sandstone, basal unit
of the overlying Tallant formation.  Southward from the tyvpe
lecality the Birch Creck limestone grades into the bottom of the

Okesa sandstone, and much of the overlying shale changes facies
to sandstone.

The Barnsdall formation is recognized from the Kansas-Okla-
homa line southward into Okfuskee County. In Pawnee County
the formation is exposed in T. 20 N., Rs. 9 and 10 E.

Thickness and character.  In describing the Barnsdall for-
mation Oakes (1932, p. 89) stated

The Barnsdall formation is heterogeneous and contains ghale, sandstone,
dolomitic limestone and dolomite. It has several members, probably none
of which is coextensive with the formation, unless it is the shale membeor
at the top which apparently is present all along the outerop. . . . The . . .
formation is about 100 feet thick at the Kansas-Oklahoma line, 110 feet in
T. 23 N., 145 feet in T. 22 N., 120 feet in T. 21 N. and 120 feet in T, 19 N,

Carl (1957, p. 39) reported a fairly constant thickness of 165 feet
for the Barnsdall in southeastern Osage County. The formation is
80 feet thick in T. 12 N. in central Okfuskee County (Ries, 1934,
p. 77). :

No accurate measurement was obtained of the thickness of the
Barnsdall formation in Pawnee County, but along the south line
of sec. 19, T. 20 N., R. 10 E., the Okesa sandstone member attains
a thickness of 16 feet. The overlying shale is as much as 78 feet
thick in sec. 12, T. 20 N., R. 9 E,, and the NE 14 sec. 27, T. 20 N.,
R.-9 L.

No calcareous members were seen in the sections of Barnsdall
in eastern Pawnee County. The Wildhorse dolomite member,
which occurs near the top of the formation in southern Osage
County (Carl, 1957, p. 42). is not found south of the Arkansas
River.

Okesa sandstone member

The basal Okesa sandstone consists of one persistent bed in
Pawnee County, contrasting with the several beds noted by Oakes
(1952, p. 90) in adjacent Tulsa and Osage Counties. It is a fine-
to medium-grained sandstone, massive to cross-bedded, with some
contorted bedding. It caps the bluffs along the Cimarron and
Arkansas Rivers in R. 10 E. and adjacent portions of R. 9 E.,
forming the " easternmost continuous escarpment in the county.
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Exposures of the Okesa sandstone are poor, however, largely be-
cause of the non-resistant character of the upper shale.

Above the Okesa is an unnamed sequence composed principally
of shale and a few thin fenticular beds of fine-grained sandstone.
Where exposed below the Bigheart member of the Tallant forma-
tion in secs. 28 and 29, T. 20 N, R. 9 E., the shale is maroon to
red in the top part, but farther north in sec. 11 of the same town-
ship shale exposed ;mmediately below the Bigheart is gray to gray-

reen. Measured sections of portions of the Barnsdall formation
are listed in Appendix D, sections 39 and 40.

Correlation and Stratigraphic relations. According to Oakes
- (1952, p. 92) the basal Okesa-Birch Creck member of the Barnsdall
formation is probably equivalent to the South Bend limestone of
Kansas and eastern Nebraska and the overlying shale member to
the lower part of t1e Weston shaie of soutnern Kansas. 'To the
south in Seminole County, Oklahoma, Tanner (1956, p. 86) corre-.
lated the Barnsdall with the upper part of the Hilltop formation.

The contact of the Barnsdall formation with the underlying
Wann is one of slight angular unconformity. This relationship

is not evident in Pawnee County but becomes apparent when ob-
servations are made on a regional basis. The unconformity trun-
cates the Wann and lola formations southward so that in south-
central Creek County the Okesa sandstone lies on the Chanute
formation (Oakes, 1952, p. 92)- The contact of the Barnsdall
formation with the overlying Tallant formation is conformable.

Paleontology. No evidence of either fauna or flora was ob-
served in the exposures of the Barnsdall formation in Pawnee
County, Carl (1957, p. 44) lists a small faunule collected from
the unnamed shale member in the NWY; sec. 21, T. 22 N, R. 10 E.

Tallant Formation

Definition and distribution. The Tallant formation was named
by Oakes (195, p. 121) from exposures near the town of Tallant
in central Osage County, Oklahoma. Until the formation was
named, the beds of which it is composed were considered to be of
Virgil age and were included in the basal part of the Nelagoney
formation, a term which has now been discarded. Work by Oakes
has demonstrated that the basal Virgil unit of Kansas, the Ton-
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ganoxie channel sandstone, correlates with the Cheshewalla sand
stom? of northern Oklahoma, not with the Bigheart sanlds‘ton‘cm'l;
pl:C\'l()USl)’ supposed.  As a result, the section from the base of tl;c
Bigheart to the base of the Cheshewalia was reclassified, ‘thc beds

g o ] 1195 18)) €ries g v me I:lll(l'lt
bCHl lSSlgl)C( to the h O 1 s¢ri and

2 3 tven the na
fO!'lI)d[lOn.

The Tallant formation extends southward from the Kansas
Oklahoma line in a relatively narrow strip across Osage Pa‘wr;;‘—
and Creck Counties into Okfuskee County, where it is ,t Ci
by pre-Virgil erosion. , o

Exposures of the Tallant in Pawnee County extend eastward
from about the center of R. 8 E., attaining a maximum width of

outcr OP Of morg¢ than 8
mllCS mn the Y th“ cen thC AlkallSZlS a“d
Clllhllron Rl&tl’s.

Thi ) . .
rickness and character. In his original definition Oakes

(1951), p. 121) described the Tallant formation as fo'lows:

It consists of sandston
- e and shale. In Osage County .
a\;:ﬂ]])&i:;cl[;&;lé nar:;ed. sandstone members, the Blggheart af‘ld uile. I?;:;idmi-e
ascend! :z“ accec:‘l"d ut the several geologists who have written about thel::
e horon acco B]ash to their limits except, fortunately, that all agree on
o the Eihens a"éz t;irtl'(et\l'laerdhﬁal member of the Tallant. In addition
o > | here are other sandstone uni

ese may be extensive enough to be mapped, eventually, ;ss :?gmsboe';]:

This description is applicable to the formation in Pawnee Count
where the Tallant consists of a sandstone-shale sequence, thre yE
the sandstones being persistent enough to be mapped as ,memlfc;)s
The thickness of the formation in northeastern Osage Count:
;angeslbctwccn 100 'an-d- 250 feet (Tanner, 1956a, p. 32). ;gouthwar(yl
Sir:g t1le'typc locality in T; 25 N. the formation becomes progres-
o Py thinner (Oakes, 1952, p. 94), presumably by truncation.
" )racwncc Cot{mty no exposure was found where the entire section
_present anc measurable, but a composite section indi
thickness of about 230 feet. e

Bigheart sandstonc member

'Ihc. basal unit of the Tallant is the Bighedrt sandstone. T}

name Bigheart was first applied by Hutchison (1907, p 89.) t .
sandstone-shale sequence exposed near the town of Bi, il.eqrt . 1
Ba.rnsdall) in central Osage County. Subsequent’ u:o’a c‘ ] o
stricted the name to the basal sandstone member of thcg se ‘Sane_
Because of the lenticularity of the beds within this intcrva(l{, thf:crcc;
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is no agreement as to the upper limit of the sandstone body, but
the base is well defined (Oakes, 1952, p. 94).

In Pawnce County the Bigheart is a thick, resistant bed of
fine- to coarse-grained sandstone. 1t is massive to well-bedded to
cross-bedded and contains silty or shaly streaks. Small shale peb-
bles in the sandstone occur focally. A thickness of 72 feet was
measured in the south-central portion of sec. 28, T.20 N, R. 9 E,,
and at least 50 feet of Bigheart is present in the escarpment facing
the Arkansas River in the east half of sec. 12 of the same township.

Wedges of red and gray shale interfinger into the massive Big-
heart sandstone from the west, resulting in a complex sandstone-
shale sequence typical of the Bigheart in the western part of 1its
outcrop. Two persistent sandstones in this sequence were mapped
and have been designated as upper and lower Bigheart (IFtb-u and
iPth-1, respectively, Plate 1). East of sec. 9, T.20 N, R. 9 E.
these sandstones coalesce, forming the thick, unbroken sandstone

section typical of the Bigheart in the eastern portion of its outcrop.

Unnamed shale member
Resting on the Bigheart member is an unnamed shale section
approximately 100 fect thick consisting of maroon and gray shales
and thin lenticular beds of light—colored siltstone and finc—gmined
sandstone.

Revard sandstone member

Above the unnamed shale is the Revard sandstone member,
which was named by Winchester, Heald, and others (1918, p. 61)
from exposures on Revard Point in the Pawhuska quadrangle of
central Osage County, Oklahoma. The limits of the Revard are
obscure even at the type locality and consequently, the unit is of
doubtful stratigraphic value. It is applied to the persistent sand-
stone normally present in the upper part of the Tallant formation.
However, the lenticular nature of upper Missouri sandstones makes
it doubtful that the “Revard” of one locality is the exact equivalent
of the “Revard” of an adjacent Jocality unless the beds can be
walked out or otherwise continuously traced.

The Revard of Pawnee County is a massive to cross-bedded
candstone containing thin lenses of red shale and white siltstone.
It is 35 feet thick in the SEY4 sec. 12, T.20 N, R. 8 E,, the only
locality at which the bed was found fully exposed.

REVARD SANDSTONE

Unnamed shale meméer

A.l)f)\’c the Revard is another unnamed scquence of red shale
con.l:nmng thin lenticular beds of light-colored siltstone and \f'( :
grained sa.ndstonc. This sequence has a maximum ‘thickn‘ﬂs(s ofm;
feet and is the top unit of the Tallant formation. ) ‘

'Corr.elatim.l and stratigraphic relations.  The Tallant for
mation s cql'nvalcnt to the upper part of the Weston (s]nlel 01;
Kansas. It _llcs conformably on the Barnsdall formation ‘ Tt
top of the 'Ia‘llnnt is the top of the Missouri series :n;d \V.’IS sul‘we
jected to crosion prior to the deposition of the overlyin (‘Zixcgh-_
walla sandstone, the basal unit of the Virgil scries in no;gth—cen.tr:i
.Oklahom.a. In Pawnee County the Miss‘ouri-Virgil unconforn t
is not e\"ldcnt from lithology or other outcrop features. A :cl(:n'V
ﬁlomc;at;c ory.co:'lrsc-grained sandstone which elsewhere\;narks th(g
fsrslen;)blé 1ean\lxr§11! was not f()L’l]ul: Th.e section appears to be con-

» and Missouri and Virgil sediments on either side of the

Z(')llll)tlacbt)ar;rsguslm:llar' in a}f)plcamnce that they can be distingﬁichcd
! ca racing of beds on the u eri

photographs.  The beds in question are ir:tli:;]la?rm?:; r:l'l: t::?cq(:

W]th (ll'hcult) 1 o dld B ’
s © state au ’“C“[e(l b Ch iracteristica l YOOr
g ) ¢ l l ¢

.Th? base of the first mappable sandstone above the Revard w
arbltmrll?-' chosen as the top of the Tallant formation Sil;c;i‘t‘ W
!mf certain \f'hich of the lower Virgil sandstones is th(xs develo w'lls
it is uncc.rta.m that the contact shown on Plate [ is the true lb::c
(-)f the Y1rg|l. In any case, the questionable stratigraphic int ('-l
is relatively short, and the contact on Plate 1 shZuH b cj‘“
approximation of the actual contact. coen e

) It \;_i'll be :oted on Plate 1 that in sec. 36, T. 21 N, R. § E. and
tlllese;./ﬁsz, T.-_é)- N.., R: 8 E. thc' Revard .sandstonc terminates near

ouri irgil unconformity. This may be the result of
west.ward pinchout or of truncation of the Revard b Vi ?l
eroston. Outcrops at both of these localities are so g’or})rt(;- "'tfl
true relationships could not be established. o F e

] 'Calrl (!9)7, p- 46) stated that the Revard sandstone or its
bquwa e\?.t in sout'hcastern Osage County was probably remm'cJ
y pre-Virgil erosion, though no physical evidence of an uncon-
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formity was seen. He correlated the Osage County equivalent
of the Revard sandstone as herein described with the Cheshewalla
sandstone of northern Osage County. The Cheshewalla sandstone
of this report corresponds to Carl's Kiheki sandstone. According
to Carl's correlation the Missouri-Virgil boundary in Pawnee
County would be at the base of the Revard sandstone of Plate 1,
or approximately 70 feet lower stratigraphically than shown in
Fig. 3. In making this correlation, Carl had the advantage of con-
tinuous surface mapping between his map area and the type sec-
tions of the lower Virgil sandstones involved. 1n Pawnee County
exposures of these units are separated from their type sections by
“the flood plain of the Arkansas River, and correlation must be
established solely on the basis of interval and lithologic sequence.
Carl’s correlation may therefore be the more reliable.
Paleontology. An impression of a pinnulate leaf, possibly a
sced fern of the genus Pecopteris, was found in the sandstone float
near the base of the formation in sec. 9, T.20 N, R. 9 E. No other
evidence of flora or fauna in the Tallant formation was seen. Carl
(1957, p. 48) also reported a paucity of fossils from the Tallant.

VIRGIL SERIES

The Virgil sediments of Pawnee County are transitional be-
tween the cyclic deposits of Kansas and the predominantly non-
marine clastics characteristic of central Oklahoma; however, the
Virgil series in Pawnee County bears a greater similarity to the
Kansas section than it does to that of central Oklahoma in that
unconformities and associated coarse clastic deposits are absent.

The Virgil deposits of Kansas have bcen_divided into three
groups: the Douglas, the Shawnee, and the Wabaunsee. This divi-
ston is applicablc to the Virgil beds of northern Oklahoma south-
ward to and including those of Pawnee County (Table 2). The
contact between the Douglas and the Shawnee is not evident in
Pawnee County, however, s0 the groups will be combined in this

l'CpOl't.
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TABLE 2
KEY BEDS OF THE VIRGIL SERIES OF NORTH-C’ENTRAL OKLAHOMA

Permtan system

t(Uneconformity

Pennsylvanian system )

Virgil series
Erownville limestone
Grayhorse limestone
Elmont limestone
Reading limestone
Wakarusa limesione
Bird Creek limestone

Fawhuska formation

Turkey Run limestone

Wabaunsee
group

;.’; ;—_ , Lecompton limestone
z g Vamoosa formation
= v Kanwaka shale
Elgin sandstone
Cread limestone
- Wynona sandstone
2= Cochahee sandstone
¥ ;5_ Kiheki sandstone
Qo 5 Cheshewalla sandstone

(Unconformity
Missouri serfes P

Douglas—Shawnee Group

Haworth (1898, p. 93) first applied the names Douglas and
Shawnee as formation names to lower Virgil beds e‘(%oscd in
Douglas' and Shawnee Counties, Kansas. Both names i)i\'c since
been raised to group status. The presently accepted definition
of these groups was made by Moore (1932, p. 93).

' The Douglas group includes the beds between the Missouri-
Virgil unconformity and the base of the Oread limestone; the
Shawnee group extends upward from the base of the Oread ‘Iimc-
stone to the top of the Topeka limestone. The top member (Coal
(Zrcck) of the Topeka limestone of Kansas is cquivalen; to the
Turkey Run limestone of Oklahoma (Moore and others, 1937
p- 14). s

. In Pawnee County neither the Oread limestone nor a recog-
nizable correlative thereof is present; therefore the Douglas-Shawngc
contact cannot be determined, and the two groups have {)ecn com
bined in classifying the Virgilian beds of the county. A marke(i
chal.lgc in the type of sedimentation within the upper part of the
section provides a natural position for a group boundary, but un
fortunately the group boundaries carried down from Knn{:ls do n ;
reflect the natural division of the Pawnee County scctickn. Tl?e
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change is one from continental, deltaic, and shallow marine clas-
tics to a sub-cyclic marine and non-marine sequence and represents
a change from an environment dominated by conditions and events
in the source area to one dominated by conditions and events in
the depositional basin. The upward migration of this change
from the Oread limestone at the Kansas-Oklahoma line to the
Lecompton limestone in Pawnee County reflects either progressive
southward encroachment of the oscillating seas which produced
the cyclethems of the Virgil series in Kansas( Moore, 1936, 1949)
or progressive reduction in the supply of clastics from the south.

In Pawnee County the Douglas-Shawnee group is composed
of two formations, the Vamoosa below and the Pawhuska above.
The contact between the two is placed at the base of the Lecompton
limestone, coinciding with the above-mentioned change in facics.

Vamoosa formation

Definition and distribution.  The Vamoosa formation was
named by Morgan (1924, p. 125) from exposures in T. 6 N. near
the village of Vamoosa in south-central Seminole County, Okla-
homa. Ries (1955, p. 81) raised the lower contact of the forma-
tion to the base of the lowcrmost conglomerate in the sequence,
which presumably coincides with the Misseuri-Virgil boundary.
Work in Creck County shows the Vamoosa to be continuous into
north-central Oklahoma, where it interfingers with the cvclic
deposits of the Douglas and lower Shawnee groups of the Kansas
classification (M. C. Oakes. personal communication, 1954).

In Pawnee County the Vamoosa extends upward from the
Missouri-Virgil unconformity to the base of the Lecompton lime-
stone.  Vamoosa exposurcs occur mostly in R, 8 E.

Thickness and character.  Southward from the type locality
in T. 6 N. the Vamoosa formation is truncated by crosion, thinning
from 230 feet to zero feet at a point in T. 4 N. three miles north
of Ada. The formation thickens from the tvpe locality northward
to a maximum of 690 feet in Okfuskee County (Ries, 1953, p. 83).

In his original description of the Vamoosa Mergan (1924, p.
126) stated:

At the base is ahout 20 ferl of dark shale . . . . very prohably fossili-
ferous. The main mass of the formation is above this shale and has a
maximum thickness of ahbout 230 feet. It consists in large part of chert
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conglomoernten ., . of mnantve, eonrne, red and hrown candelones, nnd
rod ghalen, Tha efnntie mnterind I finer near the top and the red color-
atlon In (hore nigo Jers pronaunced.

Rics (1955, p. 81) placed the basal dark shale in the Missouri serics,
restricting the Vamoosa to the overlying coarse clastics and red
shales. The clastics become finer to the north, and the ratio of
sand to shale decreasces.

tn Pawnee County the Vamoosa formation s about 400 fect
thick. 1t contains no conglomerate or coarse clastic beds, and the
northward decrease of the sand-shale ratio is readily apparent.
Many thick sandstone members present in the southern part of
the county wedge out northward in the width of one township.
Others can be traced completely across Pawnce County and con-
tinue into Osage County and southern Kansas with fittle change
in thickness. Still others thicken northward from little or no
representation in Pawnee County to promincnt sandstones in ccn-

tral and northern Osage County.
AT : ‘ q‘.

-t

- :farisb"

',«‘ﬂ

Vignre 7. VLentienlar silistone bed in fower put of the Vanocn ahinle
exposed afong porth side of comnty road o NE 44 aec. 33,

T, 90 N, b8 E This ts n striking exnmple of the discon.
tinafty of beds typical of the upper Missourd nued hasal Vieght

acelimentntion,
Of the scveral members of the Vamoosa formation shown in

‘Table 2 only the Kanwaka shale and Wynona sandstone can be
positively identificd. ‘The Oread limestone is absent, and the sc-
qrence helow the Wynona is 2 complex interfingering of red
silty shales, thin light colored siltstones, and fenticular sandstones
(Fip. 7). Within this interval are as many as four separate sanel-
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shm(-. units with individual thicknesses of generally less than 3 feet
ranging locally to 8 feet. Among these sandstones nﬁy be c; ui\"\.
lents of the Cheshewalla, Gochahee, and Kiheki, but the ‘
development miakes correlation doubtfnl. ‘ e

Cheshewalla sandstone member

|||('~ only one of the fower Virgil sandstones that will be dis-
cussed is the Cheshewalls, which s important because it [nrnﬁ
the base of the Virgil serics.  The Cheshewalla was n.nmcd frnn-l
exposures along Cheshewalla Creek in T, 25 N, R. 10 E., Osage

( otnnty l') \f\ t (' T ca a crs 9 8 " ’ who (‘(-
p . 1cheste ll |(| n(' Olh (l l

3 1 . y . 61 . h
fl“(_(' l'l( l‘lt(' as

Y et hieavy be

.. '”t;"fl‘!ti:”l‘;”}l'\v_\ n'(" :'hm(!;mssho sandstone below the Lahadie Mmestone,
to permit 1te e ln isshewalla sandstone fs not distinetive enouch
1 20 10 50 ention by dfthologie means . ., This =andst
a2 50 feet thick and . . . appears as a sineles hearvy hed sandsione

Accordh e ] >

A .;fllllg to (.)nl\(s (1952, p. Y3) the Cheshewalla correlates with
'1( onganaxic channel sandstone of the Kansas scction.  Like
the Tongaoxic the Cheshewalla was laid down on the gentle

topography produced by crosion during the Arbuckle disturbance
at the end of the Missourian epoch.

ol

) nlt‘ip,uu‘ ;“ Croee hed iiv;;. i Cheshens 2l o ’ i
. o dding in Cheshewally <andsto one :
connty toned in NW 1y eer, .'!'I_ ;!n én ll\lll‘ l;(, ";{ F""”h side of

In Pawnee County the Labadic limestone is absent. The first
sandstone above the Revard s probably the Cheshewalla Th‘iﬂ
satedstone is fine grained and crosebedded, the same as n.(liwccn;
sandstones (Fig. 8), and shows no evidence of (Iiscnryfr;rlriit)t nor
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any increase in grain size toward its base. Neither is the grain
sizc of the Cheshewalla as a unit larger than the grain size of adja-
cent sandstonces.

In mapping the Cheshewalla as the base of the Virgil series an
attempt was made to follow what appears on the acrial photographs
to be a single escarpment, but it is probable that the contact shown
on Plate 1 “jumps up and down in the section” somewhat with
the lateral variation of sandstone development. A vertical error
of more than 50 fect is unlikely between any two points on the
contact, however, because the total thickness ot the section between
the Revard and Wynona sandstones is only about 150 fect.

The beds limiting the Kanwaka formation of Kansas are not
present in the Pawnee County section. The most southerly out-
crops of the Oread limestone are in Osage County in T. 23 N
(Gardner, 1956, p. 59), and only the top limestone member of the.
Lecompton formation extends as far south as Pawnee County
Hence the true Kanwaka as defined in Kansas cannot be (lclimitcd:
However, because the interval between the Wynona sandstone and
the.Lecompton limestone in Pawnee County contains a unit litho-
logically similar to the Kanwaka formation of southern Kansas
and because it occupies essentially the same stratigraphic position
th? name Kanwaka will be applied to rocks of that interval ir;

Wynona sandstone member this report.

The Wynona sandstone was named for exposures near the
town of Wynona in T. 24 N,, R. 9 E., Osage County, Oklahoma,
by Heald and Bowen (1922, p. 195), who gave the following

description:
. a massive bed 15 to 125 feet thick, similar in characteristics to other
sandstones in the Pawhuska quadrangle . . . Above the Wynona sandstone

s a hod of red shale 2 1o 10 feet thick which terminates abruptly below the
Oread limestone and fis gneceeded by the dark fossiliferous shales that
accompany that bed. Below the Wynona sandstone there is a thick serles
of aiternating red shales and sandstones,

"The Wynona is the lowest member of the Vamoosa formation
that can be identificd positively in Pawnee County. It is fine- to
medium-grained massive to cross-bedded sandstone, commonly cut
by northwest-striking vertical joints. lts maximum thickness is
15 icet.

‘The Wynona occurs at the top of the complex 100-foot shale- Figure © e Ghuiptal s E ik ARG,
. . 5 anwaka sha . ! by FElein candsto . .
sandstone scquence which comprises the lower part of the Vamoosa chale quarty in .éé"!’?l"wlr“ (lein sandetne in west wall of
. . . o ~ - * . 3 N p . bt Pl \-‘ L Southwest o
formation. 1t underlies a thick sequence of dark fossilifcrous Cleveland. " Eighty feet of blue-gray sha'e is exposed beneath

the Elgin.
shales. S i as . 8 E,, strikin T . : _
slnlcl's O;Ittfropﬁloricur mostly ml the F'Ilﬁt part of R. 8 E., striking _ I'he aggregate thickness of the Kanwaka in Pawnee County
north-south in a belt up to 4 miles wide. is about 265 feet. It consists of dark marine shale and thick deltaic

Kanwaka shale member sandstones, which wedge out northward and are stratigraphically

The name Kanwaka was PTOPOSC(‘ by Adams (Adams, Girty, _Cquivnlcnt to the Elgin sandstone of southern Kansas. The shale
and White, 1903, p. 45) for the 100-foot shale interval between the is best developed in the vicinity of Cleveland, . where it con‘tnim
Oread and Lecompton formations. The shale takes its name from numerous small ironstonc concretions and Jocally an abun(hni:
Kanwaka township, Douglas County, Kansas, where it underlies molluscan fauna (Figs. 9, 10, 13). The shale is typically Or‘:w
much of the surface. Southward toward the Kansas-Oklahoma gray-green, or blue-gray, weathering to buff, and contains nafc;\:
line the Elgin sandstone wedges into the section as a member with- thin silty beds. In the SW 14 sec. 24, T. 20 N, R. 8 E., 96 feet of

in the Kanwaka interval. shale was measured between the Wynona and the basal bed of
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Elgin sandstone. To the south the shale interval is broken by
Elgin sandstone wedges lower in the section.
Elgin Sandstone Member
The name Elgin was suggested by Adams andd applicd by
Haworth (1898, p. 64) to sandstone beds occurring within the
Kanwaka shale near the town of Elgin i southern Kansas. In
the type area the Elgin is 140 feet thick and consists of two sand-
stone members separated by shaly sandstone. In Pawnee County
the Elgin consists of four sal‘\dstonc beds and numerous sandstone
lenses within the Kanwaka. These sandstones have been desig-

) q4

7 =
]\ A g v Joan

Figure 10. Kanwaka shale exposed along Oklahoma Ttwy. 99 on north
side of Arkansas River, sze. 4, T. 21 N, R. 8 E...Osa[!,_c
County, Venical displacement of resistant beds on right is

probably & sma'l fault.

nated on Plate 1 by number, IPvel being the lowest and Pved
highest. Only Pve2 is continuous across the county. The other
three are well developed along the Pawnec-Creek county line but
wedge out northward. Lithologically the beds and lenses are
indistinguishable from each other or from the other Vamoosa
sandstones. They are medium- to fine-grained, massive to cross-
bedded, and in some exposures jointed and ripple-marked. Con-
torted bedding occurs locally in [Pve2 (Figs. 11, 12).

Exposures of Pvel, the lowermost Elgin sandstone, are re-
stricted to the central and southern portions of T.20 N,, R. 8 E.
It is the least extensive but the thickest of the Elgin sandstones.
An unbroken section 35 feet thick was measured in the NE 4
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S\ . v . Y > H
e 17, where the base of the sandstone is not exposed.  The unit
thins castward to 20 fect in sec. 22

Rapid pinchout
. : northward
c ) : , . .- . . !
'lll]) p1lr.cntl) combined with faulting. results in the disappearance of
Ve N R . 3 M H o .
A in the NE 14 scc. 15. North of this point the lower 100 fect
of the Kanwaka consists entirely of shale.

{3
i

2 > -
Contorted bedding in Ele

( in sandstone (1Pve 21 i
in quarry shown in Fig. 9. 2! capping shale

The second Elgin sandstone, IPve2, occurs 15 to 45 feet abov
lI_’vc-l, scp.nratcd from it by gray shale. JPve2 is the most C‘(tc(nsivce
Elgin unit, extending northward from Creek County :;cro‘ss l’~1w—
nee and Osage Counties to the type locality of the Elgin in s;)uth(crn
Kansas (Beckwith, 1928, p. 21). In Pawnce County the thickness
ranges from 35 feet in sec. 22, T. 20 N, R. 8 E., to 12 feet in sc;
17, T 21 N, R. 8 E. In the northern part of ,thc o_utcm) H’;'c7.
consists of several distinct sandstones interbedded with slnlé Ti c
f:lmlsto.ncs are lenticular, and it is doubtful that any ();)c‘ of. thc:llf
1s contmuous over a wide area. IPve2 should probably be con-

si i i
dere(.l as a zone of lenticular sand bodies, therefore, rather than
as a single continuous bed.

Although IPve3 appears on the aerial photographs as a
separate and distinct unit, it is probably no more than the t :
member of this zone of lenticular sandstones. Loc*tli Pve3 P
separated from the main bed of IPve2 by as much :(lS );0 feet (;;
shale, but generally the interval between the two be(l; contains
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one or more sandstone lenses several feet in thickn<css. [l’\';SgC;\in
be traced northward from Creek County to sec. 19, 'l .20 I\ll., . tl.,
where it becomes indistinct and (li.sappcars. .A mile f?"“cr;(;:a;i
where the Elgin forms the prt.tcipltous south bank of the “tr
sas River, only one thick massive bed of sandstone 1s present.

Contorted hedding in

Cigure 12, o
Figure of shale quarry shown in Fig. 9.

Overlying IPve3 is a sequence :\pproximatc:y l:z?utflc::n tl;:::(t
composed predominantly of gray shale. In tl?.tl.i“ hern Dt
of the outcrop several sandstone l.cnscs oceur wi 1E or.c ha e
interval.  One of these, Pved, attas a thickness of m re fan
15 feet and is resistant and continuous enoug‘h to be m:\p'ptfno.rmin
crops of this bed extend northward f.rom Creck ]Count) ,"t - rlg
a prominent east-facing escarpment 1n the nort‘\e.ast E‘mm 2
20 N, R. 7 E. [Pved is scpnratcd .from the over ym? e f {:ale
member of the Pawhuska formation by 15 to 20 feet of shale,

gcncrally red.
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Insecs. Land 2 0of T 20 N, R. 7 E., IPved thins and disappears.
North of this point the interval between IPve3 and the base of the
Pawhuska formation is about 00 feet and the rocks consist en-
tirely of shale and thin lenses of siltstone.

Detailed measurements  of representative  stratigraphic — se-
quences in the Vamoosa formation may be found in Appendix D,
sections 32 to 37, inclusive.

Correlation and stratigraphic relations. The  predominantly
arenaccous beds of the Vamoosa formation of Pawnce Count'y
and central Oklahoma grade northward into the cyclic deposits
of the Douglas and lower Shawnee groups of the Kansas section.
The Vamoosa lies with slight angularity on the Tallant forma-
tion of Missouri age, though no evidence of unconformity was
seen at this contact in Pawnee County. The Vamoosa is overlain

conformably by the sub-cyclic beds of the Pawhuska formation.

Figure 13. lronstone concretions concentrated on floor of quarry in Kan-

waka shale shown in Fig. 9. An abundant molluscan fauna
occurs with this concentrated material,
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Paleontology. The Vamoosa formation is the oldestl for;?:;
tion in the area in which a faunule was found. An abunc .the
molluscan faunule was collected in an abandoned quarry 1;1 t
Kanwaka shale in the SE ¥ sec. 17, T. 21 N, R, 8 E,, sotllt‘lwcsl
of Cleveland. The fossils occur as ironstone casts and mlo ds :ltrluc
in ironstone concretions, which have bCCl.l con_ceutralt?(kon tioln
floor of the quarry by weathering and erosion oflt};)e tzuc(FisccB)
of gray shale between the Wynona .s:mdstone. an(f ve thmf‘ hou;
Although this shale probably contains a marine fauna | %kets
the area, fossils are apparently sparse except fo.r occasional po A i
so that some means of secondary concentration 1s necessary c)c(_
fore they become evident. Other Kanwaka exposures “lzgre o
amined for fossils without success, but Russell (1955, p. )K
Shannon (1954, p. 19) reported rich molluscan faunas from Kan-

waka exposures in Osage County. l
The following fossils were collected from the Kanwaka shale

member of the Vamoosa formation, SE % sec. 17, T.21 N,, R. 8 E.

Anthozoa
Lophophytiidium sp.
Crinoidea
unidentifiable fragments
Brachiopoda
Crurithyris planoconvexa (Shumard)
Juresania sp.
Lingula carbonaria Swallow
Linoproductus sp.
“Marginifera” sp.
Neospirvifer sp.
Orbiculoidea missouriensis (Shumard)
Bryozoa
encrusting forms
fenestrate forms
Pelecypoda
Acanthopecten sp.
Wilkingia sp. .
Astartella concentrica McChesney
Aviculopinna americana Meek ]
Edmondia ovata Meek and Worthen
Myalina sp.
Nucula sp. : ]
Yoldia glabra Beede and Rogers
Gastropoda L
Amphiscapha catilloide (Conrad)
Cynllatosplra montfortiana (Norwood and Pratten)
Euphemites carbonarius (Cox) ]
Gl::hrnclngulnm grayvitllense (Norwood and Pratten)
Pharkidonotus percarinatus Conrad
Phymatopleura brazoensis (Shumard)
Trepospira depressa (Cox)
Worthenia sn.

PAWHUSKA FORMATION

Pl
-

Cephalopoda
Dimorphoceras texanum (Smithy
Gastrioceras excelsum (Meek)
Moonreoceras tuba (Girty)
Psendorthoceras knoxense (McChesney)
Conularidae

Paracenunlarfa crustula (White)
Chondrichthyes
Deltodus sp.

Pawhuska formation

Definition ard distribution. The Pawhuska! limestone was
named in 1892 for exposures in a limestone quarry 3 miles north-
west of the town of Pawhuska in Osage County, Oklahoma, by
H. C. Hoover in an unpublished report of the Arkansas Geological
Survey (Smith, 1894, p. 199). Heald (1918, p. 66) raised the term
to formation rank. It has been variously defined since then,
but recent usage has placed the bottom and top of the formation
at the base of the Lecompton limestone and the top of the Turkey

Run limestone, respectively (C. C. Branson, 1954, personal com-
munication).

The Pawhuska formation can presumably be traced from the
Kansas-Oklahoma line southward into Creek County, where one
or both of the bounding limestones pinches out. As will be
pointed out, however, the extent, correlation, and even the status
of the Pawhuska formation is opcn to question.

In Pawnee County, except for three outliers in R. 8 E., ex-
posures of the Pawhuska formation occur in a north-south belt
which crosses the county in R. 7 E.

Thickness and character. In Kansas and northern Osage
County, Oklahoma, the interval occupicd by the Pawhuska for-
mation contains as many as 12 limestones scparated by shale and
a few thin coals and sandstones. The limestones and coals thin
and pinch out southward, and the percentage of sandstone in the
section increases. Only the Turkey Run and Lecompton lime-

stones, which delimit the formation, extend as far south as Pawnee
County.

The Pawhuska thickens southward from about 150 feet in
northern Osage County and Kansas (Carter, 1954, Plate 2. and
Moore, 1949, fig. 29) to 210 fect in central Osage County (Shan-

' Hoover and Smith spelled the name “Pawhuski”

after the former
spelling of the name of the town.
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non, 1954, p. 24). Farther south in Osage County Russell (1955,
p. 21) reported only 100 feet of Pawhuska.

In Pawnee County the Pawhuska formation ranges from 9
feet thick in the north. to about 56 feet in the south. The loss of sec-
tion across the county seems to be mainly the result of thinning in the
upper part of the sandstonc-shale interval between the Lecompton
and Turkey Run limestones. No evidence of unconformity was
found within the formation.

Lecompton limestone member
fn Pawnee County the Lecompton is the lowest limestone bed
in the stratigraphic section. The Lecompton limestone takes its
name from the Lecompton formation of Kansas, which was origin-
ally described by Haworth (1895, p. 278) at Lecompton, Douglas
Gounty, Kansas. As presently defined, the Lecompton formation

of Kansas

. inctudes four closely dssoclated limestones, which with the Inclnded
shales have a total thickness . .. of 35 to 40 feet. The formation is under-
lain by the Kanwaka shale and overlain by the Tecumseh shale. (Moore,
1949, p. 152).

According to Moore (idem, p. 126) the Lecompton limestone of
northern Oklahoma is equivalent to the top two limestone beds
of the Lecompton formation in Kansas.

In Pawnee County the Lecompton is generally about 10 feet
thick but ranges from 7.5 to a doubtful 18 feet. It consists of
several thin beds of fossiliferous limestone, flaggy in the upper
part, and interbedded shale. In the well-exposed section along
U. S. Highway 64 in the NW 1 sec. 23, T. 21 N, R. 7 E., the
Lecompton is 10 feet thick, 35 feet of which is shale (Fig. 14).
The limestone is dark-gray to gray-brown, dense, cryptocrystalline
to finely crystalline, and more than 90 percent soluble in hydro-
chloric acid, the residue being mostly clay (Appendix A). Fossils
are locally abundant, both in the shale and in the limestone, on
which they stand out in relief on weathered surfaces. About 1.5
feet above the main body of limestone is a thin fusulinid coquinite
which occurs at the top of the Lecompton section all across the
county.

Algal limestone lenses having a conglomeratic appearance and
composed largely of pellets up to 0.25 inches in diameter are
associated with the Lecompton at two localities. Remnants of a
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f;u;]l algal lix:wstonc lens cap an outlier in the NE 14 sec. 14
th.m_ll)th]\i., R._/ {3 :”HS fens is apparently st{atigmphicnlly lower
: e main »ody of Lecompton exposed in the Jarger outlicr
!mmcdl'atcly to the southwest. A similar algal bed occurs withi

the main body of the Lecompton where it is exposed ai 1 "'“.
road on the north border of sec. 36, T. 20 N.,lR.‘} L o e

s

. T T NN AT !3g'm
" - b ~
- S .

" : * 'r“\h
R ey N a“ls_,
estone exposed on north side of U, S, Fwy

64 about 6 miles west of Cleveland in NW 14 sec. 23. T. 21

N. R. 7 E. Thi i
.« R, X tin resistant bed at top of ion i

oege s 0 sec " ini
composed of Tritivites. l ction e @ comuinie

Twelve feet above the Lecompton on the south slope of the

outlier in sec. 6, T. 20 N, R. 8 E., is a small reef-like mass of white
coarsely crystalline porous limestone containing an al)u‘ndanc- f
gastropod remains. The carbonate body attains a maximum tl::icE
ness of 12 feet. It pinches out about 50 feet east c;f its thick _
point an'd is truncated on the west by the small falj]t' which b(;: l(?St
the outlier. Leaching along fractures near the fault reveals a l('(rls
percentage of fine-grained quartz sand in the limestone. e
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Fossils collected from the Lecompton limestone and inter-
bedded shales in the NW 14 sec. 23, T. 2l N, R. 7 E,, include:

Protozoa
Triticites sp.
Anthozoa .
Lophophyltdium sp.
Crinoidea
untdentifiable fragments
Brachiopoda
Chonetes granulifer Owen
Chonetinella (?7) sp.
Compostta subtilita (Hall)
Condrathyris perplexa (McChesney)
Crurithyris planoconvexa (Shumard)
Derbyia sp.
Hustedia mormoni (Marcou)
Linoproductus sp.
“Marginifera™ sp.
Neospirifer sp.
Bryozoa
’ Rhombopora lepidodendroides Meek
Tabulipora sp.
encrusting forms
tabular ramose forms
ramose forms
Petecypoda
Astartella sp.

Cephalopoda
Pseudorthoceras knoxense (McChesney)

Trilobita
Ameura (?7) sp.

In the NE corner sec. 26, T. 21 N, R. 7 E., the corals Caninia
torquia (Owen) and Syringopora sp. occur in profusion.

Lying between the Lecompton and Turkey Run limestones
is a non-fossiliferous shale-sandstone sequence ranging in thick-
ness from 77 feet in the northern part of the county to 44 feet in
the southern part. This scquence is as much as 147 feet thick in
northern Osage County (Carter, 1954, Pl. 2), where it contains
the Plummer, Deer Creek, Little Hominy, and Pearsonia limestone
members. None of these limestones extends southward as far as

Pawnee County.

Jmmediately above the Lecompton is 10 to 15 feet of gray silty
shale which is overlain by a massive fine-grained sandstone, locally
jointed, about 25 feet thick. The sandstone is a prominent scarp-
former and caps the hill or forms a ridge above almost every
exposure of Lecompton. Immediately above the massive sandstone
is a sequence of thick crossbedded sandsiones and interbedded
red and gray shales. The thickness and composition of this se-
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quence varics considerably from place to place throughout the
area. It is overlain by the Turkey Run limestone.

Turkey Run limestone member

The Turkey Run limestone was named from exposures at the
head of Turkey Run in T. 24 N, R. 8 E., Osage County, Okla-
homa, by Heald and Mather (1919, p. 153), who describe the bed as

. a dark-gray limestone, 1 to 3 feet thi i
gray s \ : (<, S This lmest
glr:‘:l:ed. ““’ll]' l)ed(.iod. hard, and brittle and weathers into smooth(l’;'wr(:tsmfc;:g
S. . .. The weathered surface is generally light gray . ... On fresh

fracture the color is a Y
ractu much darker bluish gray, at some localities almost

Acclor(]mg to Moor.c (1949, p. 126), the Turkey Run is equivalent
to the C9al Creck limestone, which in Kansas constitutes the upper-
most unit of both the Topeka formation and the Shawnee group.

In Pawnee County the Turkey Run limestone is a single bed
of dense gray fossiliferous limestone with subconchoidal fracture
and locally well-developed vertical joints striking northwest (Figs.
15, 16). It weathers rapidly to light brown. The bed is a cal-

e L i % M pmestone exposed in N
cilutite and contains abundant crinoid debris, “several species of
brachiopods, and in the middle part. a zone of Triticites. In sev-
c‘ral exposures the Turkey Run has been altered to a hard crystal-
line light-gray dolomite containing a few small solution channels.
Where the rock has been thus dolomitized, it weathers to a rusty
brown and few fossils occur. ‘
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The Turkey Run is a relatively pure carbonate, being approxi-
mately 95 percent soluble in hydrochloric acid. The insoluble
components consist mostly of clay (Appendix A).

-

‘t . L AN, § i
I"ig;lrc 16. Sohdion along joints in the Turkey Run limestone exposcd

in the bed of Hellroaring Creek just east of the fault in SE
1 sec. 6, T. 21 N, R. 7 E., looking southeast.

.

The thickness of the Turkey Run ranges from 3 feet in the
NW 14 sec. 23, T. 21 N, R. 7 E., (Fig. 17) to 15 feet elsewhere
in the county.

A thin bed of lignitic coal is exposed just below the Turkey
Run limestone at two localities (Appendix D, sections 30 and 31)
In the NW 14 sec. 23, T. 21 N,, R. 7 E., immediately underlying
the limestone, are 6 inches of laminated shaly lignite undet-
lain by a gray clayey shale which may be an underclay (Fig. 17).
In the east bank of the creek in the SE ¥ sec. 29, T. 21 N, R.7E,
a seam of lignite one inch thick is exposed one foot below the base
of the Turkey Run limestone. This lignite lies on gray shale and
is separated from the Turkey Run by one foot of dark gray car-
bonaceous shale. Russell (1955, p. 37) reported two occurrences
of coal just below the Turkey Run in southern Osage County,
indicating that the bed has more than local distribution.

Although the Turkey Run contains an abundant fauna, it 1s
gencrally so well embedded in the limestone that collection and
identification is not possiblc. In addition to Triticites, which
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abounds in the lower part of the limestone, a few specimens of
Chonetes and Neospirifer may be seen in most exposures. A rich
fauna occurs locally immediately above the Turkey Run limestone
in the lower part of the Severy shale. This fauna is listed on page

48.

Detailed  measurements  of representative  stratigraphic  se-

quences in the Pawhuska formation are tabulated in Appendix D,
Sections 30 to 33, inclusive.

5N

tabove and

to left of hammert, exposed in NW 17 eee, 230 T, 21 N,
on L ! L :
R. 7 E. This i the maximum development of Turkey Run in
the area. An abunclam fauna was collected from the Severy

shale immediate'y above the limestone at this  Jocality,

Correlation and stratigraphic relations. The Pawhuska for-
mation is generally thought to be equivalent to the section in
Kansas from the middle of the Lecompton formation to the top
of the Topeka formation. No question has arisen on the correla-
tion of the lower limit, but recent work in Osage County has cast
doubt on the validity of the upper correlation. Acc;)rding to
S_hannon (1954, p. 48) and Carter (1954, p. 43), the Turkey Run
limestone in northern Osage County is so poorly developed that it
cannot be mapped: therefore, Moore's correlation of the Turkey
Run with the Coal Creek limestone (1949, p. 126) may be erroncous.

South of Pawnee County the Lecompton limestone member of
the formation is thought to be equivalent to the “Pawhuska™ for-
mation of Okfuskee County (Ries, 1955, p. 84) which grades into
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the basal part of the Ada formation of central Oklahoma (Greene,
1936, p. 1459). An alternate theory put forth by Tanner (1956)
postulates that the “Pawhuska™ s overlapped  southward by the
Ada formation in western Okfuskee County.

Admire group Fast
. {(Permion syetem] -

[-200

Recent work in” Creek and Lincoln Countics has cast doubt
on all these correlations. K. E. Masters (1955, personnl communi- = =Faliien codiie
cation) is of the opinion that the “pawhuska” formation of Ok-
fuskce County is actually the southward extension of the Bird
Creck limestone of the Wabaunsee group. The base of the “Paw-
huska” formation defines the top of the Vamoosa formation (Rics,

|-240

1954, p. 80). If the “Pawhuska” formation of Okfuskee County = 5

is in reality Bird Creek, the Vamoosa formation extends upward o " °
into the Wabaunsce group to the base of the Bird Creek limestone © |
and contains the Pawhuska formation of Pawnee County. If such . —_

be the casc, it is evident that a difficult problem of subdivision and .

classification is posed. The solution to the correlation should be
providcd by M. C. Oakes in conjunction with his current work
on the geology of Creek County.

120

[-320

The Pawhuska limmestone rests conformably on the Kanwaka
shale of the Vamoosa formation and is overlain conformably by the e
Severy shale of the Wabaunsee group.

WA BAUNSESTE

| 160 —

W ABAUNSESTE

WABAUNSEE GROUP

The Wabaunsee group is the uppermost group of the Virgilian

series. lts top boundary coincides with the boundary between ~
the Pennsylvanian and Permian beds in the Mid-Continent region. e -
The name Wabaunsce was introduced by Prosser (1895, p. Leseno L aoo
. . . = olf-ahore Invertebrates
686) for a formation of sedimentary rocks in Wabaunsee County, 9 ror-there intriedeatas
Kansas. Moore (1932, p. 94) raised the Wabaunsee formation to )
. .. —— §10F ¢r gragn ghat -
group rank, limiting the group to those beds between the Topeka T Gnemanatic ) - e
eﬁ:’;hnl'y Run |.ﬁ:‘lr

and Americus limestones. Following the proposal by Moore and
Moss (1933, p. 100) to lower the Pennsylvanian-Permian contact to
the top of the Brownville limestone, Condra (1935, p. 9) restricted
the Wabaunsee group accordingly. Currently the group includes
those beds upward from the top of the Topeka (Turkey Run)
limestone to the top of the Brownville limestone (Fig. 18).

1gure Generalized columnar sectic Y P TOCKs e fee
. 1 t \Y

F 18 eralized columna n f th ke of th ahaun

group fupper \ H{Z|| v oin Pawnee Counts

In Kansas the Wabaunsee deposits are cyclic and similar to
those of the underlying Shawnee group. Southward these deposits
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lose much of their cyclic character, and although alternating marine
and non-marine beds are present in the Pawnee County section
the rhythmic pattern of cyclic deposition is obscure.

The key beds of the Wabaunsee group in Pawnece County
(Table 2, p. 25) are traceable northward into Kansas, and the names
of these beds are generally taken from the Kansas section. When
it comes to naming the shale-sandstone sequences between the key
limestones of Pawnee County, however, modification of the Kan-
sas nomenclature is necessary. Most of the limestones on which
subdivision of the Kansas section is based pinch out southward;
hence the beds between any two key units of Pawnee County may
represent several formations in the Kansas section. Moore (1936,
p. 206) suggested that this situation be dealt with by applying
hyphenated names in areas where missing key units make the
standard Kansas section inapplicable. Thus a section representative
of the A, B, C, ), & E formations in which the key beds B and D
are absent would be referred to as A-E shale or the A-E shale
formation.

Branson (1956) provided an alternate solution to the problem
by giving names to each of the shale-sandstone units between the
most extensive limestones of the upper Pennsylvanian and lower
Permian section in north-central Oklahoma. The stratigraphic
sequence to which each name applies becomnes progressively greater
southward as recognizable Kansas units disappear from the scction,
Branson's revised nomenclature has been used in the classification
of the upper Pennsylvanian and lower Permian rock units of this
rcport.

Wabaunsee outcrops cover most of the central portion of
Pawnee County, forming a belt up to 8 miles wide that strikes
north-south across the county in Rs. 6 and 7 E.

~ Except for minor indistinguishable periods of emergence be-
tween depositional cycles, sedimentation was continuous in the
Pawnce County arca during Wabaunsee time and the rock units
which constitute the group form an essentially conformable se-
quence. Southward from Pawnee County the sub-cyclic Wabaunsce
beds grade into the clastic deposits of the Vanoss formation of cen-
tral and south-central Oklahoma (Dott, 1941, p. 1671).

Severy shale
' .l)cﬁnition and distribution.  The name Severy was proposed
in ficld notes by G. 1. Adams for the shale below the Ho\\'.;lrd
lnnL'ftonc near Severy, Greenwood County, Kansas (Haworth, 1898,
p. 6/).. Moore (1936, p. 203) redefined the Severy as the basal
formation of the Wabaunsee group. including the section bctwc.cn
the top limestone of the Topcka formation and the bottom lime-
stone of the Howard formation. Moore (1932, p- 94) also intro-
duced the name Aarde for the shale section between the lower and
middle limestone members (Bachelor Creek and Church li;nc-
stones: respectively) of the Howard formation and suggested (1936
p- 206) that where the basal limestone is missing, the rebcultin S]l:ll(;
section should be called the Severy-Aarde shale. A 8o
The lowermost stratigraphic unit of the Wabaunsee group in
Pawnee County is the shale-sandstone section between the Turkey
Run and Bird Creck limestones.  Branson (1956, p. 122) npplicd
the name Severy shale to this unit in north-central Oklahoma
Inasmuch as the Bird Creck is equivalent to the Church limcctonc:
m?mbcr of the Howard formation (Moore. 1949, p. 166) ‘it is
evident that the Severy shale of Pawnee County is equi\'al,cnt t(lJ
the Severy-Aarde shale of Kansas. The Severy can be traced
s.outh\\':\rd from Kansas into southern Creek and Lincoln C;un-
ties, Oklahoma, where onc or both of the limiting limestones pinch
out (sce discussion on p. #47). e
f 'I_lnckness ZI‘IILI chamct.cr. In Kansas the Severy shale ranges
rom 70 to 80 feet and consists of sandv shale and even-bedded sand-
stone. The Aarde is also a sandy shale, ranging from 3 to 10 fect
thlcki and contains the pcrsisten‘t Nodawar C();l (Moore, 1949, p
171-172). The Severy-Aarde scction thins southward acr(‘)se ()ﬁ.'l(lfc.
County, Oklalivma. B
In Pawnee County the section thins from about 40 feet in the
northern part of the county to 27 feet near the south county line
At the base is a gray marince shale, the bottom-2 feet of which ic.
marly and locally fossiliferous.  Overlving the shale is a cro«‘—
bedded  sandstone, probably  deltaic, interhedded with ‘thin (rrlll\'
s!mlcs. .'l'hc sandstone grades upward into red silty shale ﬁwnd
finally, immediately underlying the Bird Crecek, into light-gray
shale, locally carbonaceous and clayey. The Nodaway coal is absent.
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Under the Bird Creek outlier in the SEY4 sec. 28, T. 20 N,

R. 7 E., remnants of a thin lens of algal limestone were noted
along the west side of the section-line road about 0.1 mile north
of the section corner. This lens is local and occurs approximately
10 feet stratigraphically below a Bird Creek exposure about 100
ards to the west. A similar lens was found in a salt wash in

the SE corner sec. 16 T. 20 N, R. 7 E., just below the postulated

sition of the Bird Creek outcrop. These lenses have the same

po
the algal limestones found in and

conglomeratic appearance as
below the Lecompton limestone farther east (p. 38).

Paleontology. A rich faunule occurs in the marly gray por-
tion of the Severy shale immediately above the Turkey Run lime-
stone in the NWY4 sec. 23, T. 21 N, R.7 E. The following fos-
sils were collected and identified from this locality:

Protozon
Triticites sp.
Anthazoa
Lophophyltidium sp.
Crinoidea
unidentifiable fragments
Echinoidea
plates and spines
Brachiopoda
Antiquatonia sp.
Chonetes granulifer Owen
Clelothyridina perplexa (McChesuey)
Crurithyris planoconvexa (Shumard)
Derbyia sp.
1ustedia mormoni (Marcou)
Juresania nebrascensis (Owen)
“Marginifera” sp.
Neospirifer dunbhari King
Punctospirifer kentuckyensis (Shumard)
Bryozoa
Rhombopora lopldomlendroldes Meek
Tabulipora sp.
fenestrate forms

1astropoda
Platyceras sp.

Cephalopoda .
Pseudorthoceras knoxense (McChesney)

Chondricthyes
Petalodus destructor (Newberry and Worthen)

Bird Creek limestone

Definition and distribution. The Bird Creek limestone was

named by Heald (1919, p. 216) from exposures along Bird Creck
in T. 27 N, R. 8 E., Osage County, Oklahoma, where it consists
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of about 2 feet of dark-gray to black dense shaly limestone. At
few localities there are two limestones scparated by ;lbOUt. 6 fce::
of shale. According to Moore (1949, p. 166), the Bird Creek li
stone of Oklahoma is the southsward continuation of the Chlljmcl_
limestone member of the Howard formation of Kansas -

The Bi - i
. e Bird Cre'ck of Pawnee County consists of a single thin bed
imestone resting on the Severy shale. It extends into Creck

Co : i
ounty on the south, where its southern extent is nct known (sze
discussion on p. 47). -

. 'llnckncs§ and character. The Bird Creck limestone covers a
wide area with remarkably little change in lithologic chamctct
and only a gradual thinning southwarﬁ. Its Kanﬂge corr '|'(t"r
the Church limestone member of the Howard for;l;;ltion Lr":n“c’
from 1.5 to 6 feet in thickness, averaging 2 feet (Moore ’19-%9 gcvs
174). In Oklahoma the Bird Creck Tis about 2 feet thi;k in ,tl}m.
type area and.to the south in Pawnee County ranges in thickness
from 1.5 feet in the NW 1} sec. 25, T. 21 N,, R. 7 E., to less tha‘n
one foot in the southern part of the county. ’

Hea i i
ot .ld (1919, p. 216) described the Bird Creek at the type
ocallty in Osage County as J
it Slm'll'l(:lr:l;(ilk:xtllemel) brittle, so that when struck with a hammer
arn blul;h-grq\-gc::j& . . . Both ‘woathered and fresh surfaces are (.)l‘.a.
Bk e hla(-l;‘ s or—so dark, in fact. that many samples might justly
o luit o ié .ne\'g:fl‘llel;imailns may rarely he seen on its weathered -;ur'
) S > ss charvaclerized by ] . i “fauna,
. s i . v a distinet brac
nd in practically every locality where it was ('nr(ofnI,l]\?(:)ic(;?t(l,i(:wf(;ma?é

rotind nutlike  hrachiopo nlelofes Th [ sie HES N »
] 1 d Ealelodes B lie
Temiplicata (si¢) Wits dixcovered

b I:f P;l,wn‘ec County the-Bird Cr‘cck limestone consists of a single
of dense gray to dark-gray limestone.  Weathered exposures
are light-brown to gray and have smooth, rounded surfaces ‘ i"re | |~'
broken surfaces show a subconchoidal fr‘;lcture. and in ‘the.nort]: o
part of.thc county the limestone is much like that described 6:\]'
Heald in Osage County. In the vicinity of Blackburn\ the Bird
Creck is known as the “bell lime™ because of the characteristic ring
produced by the rock when struck a sharp blow with a Inlﬁmt‘r :)h
f)thcr hard object. The Bird Creek gencrally is non-resi(stant an(rl
is at many places traced with (lifficul;y, occurring only 1; float

the shale slope between the undcrl)'in'g and over]ying ;amlslon(::
In the northern part of the county the limestone is fhairly~ pur;::
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but the percentage of impuri!ics—l)oth sand and clay—increases
markedly southward (Appendix A).

Paleontology. The faunal content of the Bird Creck 1s ap-
parently sparse, and the adjacent shales are non-fossiliferous. The
bed itself contains a few brachiopods, crinoid fragments, and many
small Triticites. The fossils do not weather out of the limestone
and stand out in only slight relicf on the weathered surface. The
few spccimens that were collected had to be broken out of the rock

with a hammer.
The following fauna was noted in scattered localitics through-

out the arca:

I’rotozoa
Triticites sp.

Crinoldea
columnals

Brachiopoda
Chonetes granulifer Owen
Crurithyris planoconvexa (Shumard)
“Pictyoclostus™ &p.

Bryozoa
Rhombhopora leptdodendroides Meek

fenestrate forms
Enteletes hemiplicatus, said to be characteristic of the Bird
Creck by Heald (sce above), was not found in the Bird Creek of

Pawnee County.
Hallett shale

Definition and distribution.  The Hallett shale formation was

named by Branson (1936, p. 122), who decfined the formation as
... the predominant}y shale scquence from the top of the Bird Creek lime-
stone 1o the hase of the Wakarusa limestone. The name is derived from
the village of Hallett in Pawnee County fOklahomal and the type section
is that exposed in and south of the village.
It is a poorly exposed scquence consisting of shale, lenticutar sand-
stone, and several thin lenses of sandy limestonc. The cquivalent
section in Kansas contains nine subdivisions, nonc of which can
be identified in Pawnee County.

Thickness and character. The beds of the Hallett formation

total appr()xim:ltcly 110 feet in thickness, showing a tendency to

thin slightly toward the south. The following composite scction

of the formation was compiled by Branson (1956, p. 123) from
several measured sections from the report on the eastern portion
of Pawnee County submitted by the author in partial fulfillment

of the degree of Master of Science (Greig, 1954, Appendix).

HALLETT SHALR i1

( omposite secti ) tlle o anon, ha t 1§30 as € B o
§ S on ¢ Hall mail A8 } asu ¢
f allelt formation, ed 1 pon me ured section

- taken in NF T4 see. 31, T. 20 N TE
Wakoken I MR 1 , TO20 NG ROTECL L. TAppendix D, section 201,
Limestone,  light-gray, fossiliterons, with  Triticifes Folr;'t

Hallett formation
S n ey g ST .
lml'(:.‘ ]L‘m_\. \\o(lthels_ l.Hllf. calcareous near top. thin siltstone
S-mdq't' s near h:l.\'_«.‘. Tritiicites fn npper ealearems zone . T
Sandstone. buff, fine- to wedium-grained, cross-hedded 11

Shale. gray to red, with siltsto e beds ontains thi imes e
=hd) i ton )
. » heds, ¢
X s thin limeston

Sandstone, buff, cross-hedded

;fr.xlr‘. gray, w!(h local siltstone and sandstone heds "?

andstone, white with spots of brown . "

Shale, gray ;

Sandstone, huff. massjve 3
3

&hdl‘(;. grlﬂ_;'. with thin siltstone layvers which are fuceidal on the
< i
asal bedding plane, local sandstone beds, red shale near top 29

. Thickness of Halle
Bird Creck limestone el 15
Limestone, darkleray, shaly, fossiliferous, eantaing Triticites [{5]

Immediately overlying the Bird Creek limestone is from 20 to
30 feet of gray shalc, apparently unfossiliferous, swhich grades up-
“_'nr(l to silty shale containing thin beds of red shale nm‘gl ;Ailt;t011}c
The shale interval is overlain by a well-bedded but lc'llticuinr ‘<'md:
stm-lc. Certain beds of this sandstone are well cemented \\'&ih a
bluish gray calcarcous cement.  Fossiliferous  sandv ]immwnc(c
found in the same interval exhibit many features similar tio lh;’
calcarcous sandstones and may grade laterally into them.  One
Sl:lCl; limcstonf, 15 feet thick. is exposed in the SE corner ;cc. 20
T. .-_0 N R. 7 E., along the railroad. The bed contains a faunulé
which includes Choneres, Cryptosoon, and crinoid debris.

In the northe :
crn part of the county along ansas River i
N tll' ! | 1y th(': Arkansas River in
. - R. - this sandy-calcareous zone is represented by a

u]mtl up to 5 fect thick which grades from calcarcous sandstone at
‘t:)t base to sandv limestone at the top.  The upper 6 inches to one
( - . . \ . , . . . ’
l)nt of tlul limestone contains abundant fusulinids which weather
rown and stand out in a striking fashi i i

stz acs ing fash au: :
o and stand out | g fashion against the light-grav to

stone matrix.  Because of the resemblance of the fusu-

linids to grai is |i

s ains “hes . is know '

; 8 . of wheat, this limestone is known locally as the
wheat lime”. ’

. Above the calcareous sandstone the scdiments are predom-
!l‘m!)tly shales, grading from red at the base to gray at the top
“1!!1 lenticular beds of sandstone and a few lenses of limectmtc.
are interbedded with the shales (Fig. 19). |
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Sl

% r
) ey Hr e 3 4 5 Sl - 4
9. Scdimentary <tructures in a su_ndslnnc |n‘l|u-| ";1':-‘0“1/5‘:-‘:
cxposed in the hed of Hellrosring Creek in the NE 14 sec.
12, T. 21 N. R. 6 E.:
A) oscillation ripple marks; ,
B) large ripple marks, probably
of current origin.
C) desiccation cracks:

Measured sections of the Hallett formation are listed in Ap-
pendix D, sections 28 to 30, inclusive.

Paleontology. A sparse fauna occurs in the limestones _"f the
Hallett formation. The following faunule was collected in the
SE corner sec. 17, T. 20 N, R. 7 E.:

Porifera

unidentifiable specimen
Crinoldea

columnals
Brachiopoda

Chonetes granulifer Owen
Pelecypoda

Myalina sp.

F}gl;re 1

D depositional depression in thin-bed-
ded sandstone. Note pao! of water
in upper left, joints in upper
right and center.

WAKARUSA LIMESTONE 53

Gastropoda
Meekospira sp.
Naticopsls sp.
Worthenia sp.
Cephalopoda
Pseudorthoceras sp,

Wakarusa limestone

Definition and distribution.  The term Wakarusa was first
applicd by Beede (1898, p. 30) to a limestone exposed along .
Wakarusa Creck southwest of Topeka, Kansas. Subsequent usage
by Condra (1927, p. 66) and others has changed the original defini-
tion of the term, and as now defined the name Wakarusa is applied
to the first resistant limestone unit above the Burlingame limestone
of the Kansas section. The fusulinid-bearing phase of the Wak-
arusa extends southward into Oklahoma, where in earlier reports
it was referred to as the Cryptozoon limestone (Moore, 1937, p- 12).
Recent workers in north-central Oklahoma have referred to the
unit as the Wakarusa limestone, however, and this report con-
forms to the recent usage.

The Wakarusa is traceable in surface ouicrop from Nebraska
southward into northern Oklahoma (Mcore, 1949, p. 183), where
it has been traced as far south as T. 13 N., in the southern part of
Lincoln County (K. E. Masters, 1954, personal communication),
Wakarusa exposures in Pawnee County form an escarpment which
is readily followed across the county in Rs. 6 and 7 E.

Thickness and character. In Kansas the Wakarusa is a shale-
limestone sequence ranging in thickness from 2 to 18 feet.? The
fusulinid phase of the limestone has been traced southward from
Kansas across Osage County, Oklahoma, where the name Crypto-
zoon limestone was applied for the numerous specimens of Crypro-
zoon that cccur on the bedding surfaces. Thickness of the Osage
County scction ranges from 1.5 to 5 feet.

In Pawnee County the thickness of the Wakarusa ranges from
2 to 9.5 feet, being greatest in the central part of the county. It is
a dense greenish-gray fossiliferous limestone interbedded with
gray to green fossiliferous shales (Appendix D, sections 27, 28,
and 29). Shale generally comprises less than 50 .percent of the

2According to Moore (1949, p. 183). the greater thickness includes more
shale than limestone.
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section.  No cryptozoans were seen.  The percentage of insoluble
material in the limestone, consisting mostly of clay, appears to
decrease southward (Appendix A). .

In the southern part of the county the Wakarusa lln_ns to 25
feet and is commonly concealed beneath a thick massive sand-
stone which occurs in the overlying Auburn shale a few feet above
the limestone. .

Paleontology. A prolific fauna occurs in the Wakarusa lime-
stone and associated shale. The fossils weather out of the shale
readily and are well preserved.

The following forms were collected:

Protozoa
Triticites sp.

Anthozoa
Lophophyltidiumm sp.

Crinoidea
columnals, radials, and basals

Echinoidea
plates and spines

Brachlopoda
Antiquatonia sp.
Chonetes granulifer Owen
Chonetinella (7) sp.
Composita subtilita (Hatl)
Crurithyris ptanoconvexa (Shumard)
Devbyia sp.
“Dictyoclostus™ sp.
Dietasma bovidens (Morton)
Inteletes hemiplicatus (1iall)
Juresania nehrascensis (Owen)
Neospirifer sp.
Neospirifer dunbari King
Punctospirifer kentuckyensis (Shumard)
Rhipidomella sp.

ryozoa

oy Rhombhopora lepidodendroides Meek
Tahulipora sp.
fenestrate forms
ramose forms

Pelecypoda
Wilkingia sp.

Auburn shale

Definition and distribution. The Auburn shale was named
. o

by Beede (1898, p. 30) from exposures in southern Shawnee C}ou
ty, Kansas. As modified by Condra (1927, p. 78) the term is api
plied to the sandstone-shale scquence between the Wakarusa anc

the Reading limestones.

The Auburn is continuous from southeastern Nebraska acrchss
i i as far
Kansas into northern Oklahoma, where it has been traced as fa
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south as southern Lincoln County (K. E. Masters, 1953, personal
communication).  South of Lincoln County the limiting lime-

stones pinch out and the Auburn cannot be distinguished from
adjacent shales.

Character and thickness. In Kansas the Auburn is a complex
sequence of shale, sandstone, and some limestone ranging frem
20 to 70 feet in thickness (Moore, 1949, p- 18). A complex sce-
tion of erratic thickness characterized by lenticular sandstones
and disconformitics is recorded for the Auburn in Osage County,
Oklahoma, by Carter (1954, p. 54).

No disconformities were recognized in the Auburn shale in
Pawnee County, where the section maintains a rather constant
thickness, ranging from 65 to 70 feet. It consists principally of red
and gray shale and gencrally contains one or more lenticular sand-
stones and thin nodular limestones (Appendix D, sections 27 to
29 inclusive). A thick massive to cross-bedded sandstone near the
base of the section conceals the outcrop of the underlying Wak-
arusa limestone in the southern part of T. 20 N.

l’:llcontology. No fossils were found in the Auburn shale
section.

Emporia limestone

The Emporia limestone was named by Kirk (1896, p. 72-83).
who did not clearly define a type section or locality but who ap-
plied the name to a shale-limestone scquence between two thick
shales in the vicinity of Emporia, Kansas.  After a long period
ol disuse the name Emporia was recently revived by Moore and
Mudge (1956, p. 2276) and applicd in the identical sense as origin-
ally proposed by Kirk. The underlying and overlying shales have
since come to be known as the Auburn and Willard shales. re-
spectively.  The Emporia limestone of Kansas contains three mem-
bers. In ascending order they are the Reading limestone member.
the Harveyville shale member, and the Elmont limestone member.

Moore (1949, p. 166) correlated the Reading limestone, Har-
veyville shale, and Elmont limestone of Kansas with the lower.
middie: and upper units of the Stoncbreaker formation in Osage
County, Oklahoma. The Stonebreaker was named by Heald
(1918a, p. 131) for exposures on the Stonebreaker ranch in the
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northern part of the Pawhuska quadrangle in Osage County. The
name Stoncbreaker has subsequently been discarded as a forma-
tion name in north-central Oklahoma in favor of the name Em-
poria (Branson, 1956, p. 122). The Kansas subdivisions of the
Emporia limestone were traced southward into Osage County by
Taylor (1953) and Carter (1954) and are recognizable across most
of Pawnee County. The southern extent is not known.

Thickness and character. In Kansas the Emporia limestone
ranges from 7 to nearly 40 feet in thickness (Moore and Mudge,
p. 2276). The aggregate thickness of the three member units in
Pawnee County averages 90 feet.

Reading limestone member

Delinition and distribution. The Reading limestone overlics
the Auburn shale and underlies the Harveyville shale {Condra,
1935, p. 10). It was named by Smith (1905, p- 150) for exposures
near the town of Reading in eastern Lyon County, Kansas, and
is continuous from southern Nebraska to northern Oklahoma.

Outcrops of Reading limestone in Pawnee County cccur in
Rs. 6 and 7 E. The unit is not easily traced, and both its northern
and southern extremitizs in the county are indistinct. The Reading
occurs south of Pawnee County, but its southern extent is not yet
known.

Thickness and character. According to Moore (1949, p. 184),
the Reading limestone of Kansas consists of one to threc beds of
limestone separated by chale. Thickness ranges from 15 to 15
feet. The most persistent limestone contains abundant fusulinids.
In northern Osage County, Taylor (1953, p. 13) described the
Reading as three limestone units separated by gray shale, aver-
aging about 20 feet in total thickness. The middle limestone unit
is thickest and contains abundant fusulinids in its middle bed.
Russell (1955, p. 51) described the lower member of the Stone-
breaker as one foot of mottled limestone containing many large
Triticites.

The Reading limestone of Pawnee County thickens southward
from 15 feet in T. 22 N. to 26 feet in T. 20 N. lts base is marked
by a massive bed of mottled red to gray-green sandy limestone
ranging from less than one foot to three feet thick. This bed is
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co : crinot
Itti;monl) crinotdal and partly algal and is overlain by red shale
ccomes markedly more sandy to the south (Appcn;lix A)

5 The top of tl).c Reading is a gray fusulinid limestone one to
'fcct thick, containing interbedded gray shale in its thicker por
tion. Between the two limestones is a complex sequence oflr*l
and gray §hnle, thin limestones and, in the southern part of tlu'
county, thin sandstones (Appendix D, sections 24, 26, :u*nll 27) -

.}.’ﬂlcontology. The Reading limestone section is moderately
f(?Sthfcrous, but generally the fossils are poorly prcscr\'cd"m(ll
(hfhc%llt to collect and identify. Locally, however, the aray sl;1l
and limestone at the top of the section contain a ;ich f;unz ‘e

A collection from one such locality i
. s ality in the NW 1 sec, 17, T
20 N, R. 7 E,, yielded the foliowing faunulc: ’ o

Protozoa
Triticites sp.
Anthozoa
Lophophyllidium sp.
Crinoldea
columnals, radials, ha
Brachioroda rasats.
.rzmiquatonla rp.
Chonetes granulifer QOwen
C‘mnpnslt:l subtilita (Hatlh
(‘rurlthyris planoconvexa (Shumard)
Enteletes hemiplicatus (Hall)
Linoproductus sp.
"'Z\larglnit'era" s
Neosplrifer dunbari King
Bryozoa )
Rhomhbopora Tepidodend
1 h roides
Tahulipora sp. Phdes Meek
fenestrate forms
ramose forms
Pelecypora
Acanthopecten sp.
Gastropoda
Amphiscapha catilloide (Conrad)
Platyceras sp.
steinkerns

Phosphatc nodules up to 4 mm in diameter occur
faunule listed above. A

and spines

with the

Harveyville shale member

Definition and distributi " i
distribution.  The Harveyville shale overlics

tl . . . i

1e Reading limestone and underlies the Elmont limestone. It

was named and defined by Moore (1936, p. 226) for exposures i

southeastern Wabaunsee County, Kansas. It is conti o r(f?S o
vy, Kansas. ontinuous from

$

outheastern Nebraska to north-central Oklahoma, where it was
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identified in northern Osage County by Taylor (1953) and Carter
(1954).

The Harveyville extends southward across Pawnee County
into northern Payne County. The southern extent of the unit 15
not known.

Thickness and character. In Kansas the Harveyville is
predominantly shale but locally includes a zonc of thin-bedded
sandstone overlain by a coal bed. Thickness of the Kansas section
ranges from Jess than one foot to about 25 feet (Moore, 1949, p-
185). In northern Osage County, Oklahoma, the Harveyville
consists of 6 to § feet of gray shale, which contains a thin bed of
smutty coal in the middle part (Carter, 1954, p. 58).

The thickness of the Harveyville in Pawnee County ranges
from 35 to 53 feet. The section consists of red and gray shales,
thin limestones, and lenticular sandstones  (Appendix, measured
sections 24, 26, and 27). At many places a thin bed of gray-green
limestone composed fargely of fossil detritus occur 5 to 7 feet
above the base. Locally this limestone contains a few fusulinids.
Sandstones occur mainly in the upper part of the section. They
are massive to cross-bedded and locally contorted, ranging up to
12 fect thick. Color ranges from orange to white.

Palcontology.  No fossil collections were made  from  the
[Harveyville, The section is sparscly fossiliterous except for the
thin limestones, many of which are composed largely of fossil
fragments. ldentifiable fossils are few, consisting mostly of small
Triticites from a thin limestone near the base of the section.

Elmont limestone member

Definition and distribution. The Elmont limestone was
named by Beede (1898, p. 30) for exposures near the town of
Ehnont in Shawnee County, Kansas. 1t comprises the upper part
of the Emporia limestone of some carly reports. As currently
defined (Moore, 1949, p. 165), the Elmont overlies the Harvey-
ville shale and underlics the Willard shale. In Pawnee County
the overlying shale section is called the Gano shale.

The Elmont is continuous from southeastern Nebraska into
north-central Oklahoma, where it was identified in northern Osage
County by Taylor (1953) and Carter (1954). It can be traced
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southward across Pawnce County into Payne County, but the
soutl’l(.-n.x extent of the Elmont is not known. ” N
T'hickness and character.  In describing the Elmont of southern
Kansas, Moore (1949, p. 185) stated that it is a dense, hard, dark-
blue {ock, typically a single massive bed, in which f‘uculin;(k"l :
prominent.  According to Carter (1954, i». 58) and 11 lor (.19‘;3t
p- 18), the Elmont consists of upper and lower limestoni mcmbcrqy
i'cpzlrnted l)'y 6 or "/"fcct of gray to dark-gray shale. The l()wc‘r
];n:lc;)tl(]):cg fxcstt.fusuIml(]—bcarmg. Total thickness of the section
i Total thickness of the Pawnee County section averages about
25 leet, ranging from 20 to 34 feet. Otherwise the l'}lmo;]t n
Pa\\'!wec County is similar to that in northern Osage C(‘)unfv It
consists of two limestones scparated by red and g;nv slmlc'(‘A =
[l:end'!x Dl, section 24, '25- and 26). The lower limestone is gml\'—
]troc\(\):‘];ai:]insc, :;nd fmcl)' crystalline, r}\'c.'mging. 15 feet thick.
\ s an abundance of large fusulinids which stand out in
relicf on the weathered surface. This limestone becomes thinner
and more shaly southward (Appendix A), and on ti)c south
COllll’l).’ line just east of the underpass under the Missouri K'} s
f‘h‘_‘ T'exas Railway tracks in the SE 14 scc. 33, 1. 7.(.).N ’R é‘l“
it is represented by a poorly resistant G-inch l;cd o~f hi '.ill ) U'll.,
laccous fusulinid coquinite. o
ln. the northern part of the county the fusulinid limestone is
ch.rl:un. by a dense massive bed of /nmlllcd detrital lin.wetunc.
which hc:s upon or a few feet above the basal fusulinid limchstnncv.
The detrital limestone is the only unit between the top and l);)tt()11.
limestones of the Elmont that could be recognized in more thb'u:
one exposure. It, together with the undcrl\'inz fusulinid Iimcetm‘m
is probably equivalent to Russell's middle Stonebreaker ]ilntzﬂt ,
(Russell, 1955, p. 51). -
The middle Elmont section contains a predominance of gray
and red shales. Thin fossiliferous limestones and lenticular cjgu‘l)
stones, partly calcarcous, are developed locatly. R
. The upper Elmont limestone is generallv one foot or less in
thickness. In the northern part of the com'zty it'is a dcnsc}m-

silifero : : i
o Ausf partly shaly gray-green limestone locally mottled with
. ew small fusulinids occur in some exposures. Southward
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this unit grades into a single massive bed composed largely of
fossil detritus. The detrital phase is dark gray, densc, and finely
crystalline. It is well exposed in the S/2 secs. 33 and 34, T. 20
N, R. 6 E., along the road on the south county line.

Paleontology. The lower limestone member of the Elmont
limestone and the associated shale contain Triticites in profusion
and locally contain an abundant brachiopod fauna. The upper
limestone is moderately fossiliferous, but collections are difficult
to obtain because the fossils do not weather out of the rock. The
middle Elmont shale sequence contains 2 few fossils, mainly
mollusks, particularly in the thin limestones.

The following fauna was identified from collections made
from the Elmont sequence:

Protozoa
Triticites sp.
Anthozoa
Lophophyllidium sp.
Crinoidea
columnals, radials, and spines
Brachiopoda
Antiquatonia sp.
Chonetes granulifer Owen
Chonetinella (?) sp.
Composita subtilita (Hall)
Crurithyris planoconvexa (Shumard)
Derbyla sp.
“Pictyoclostus” sp.
Enteletes hemipHcatus (I1all)
Hustedia mormont (Marcou)
Juresania nebrascensis (Owen)
Tinoproductus sp.
“Marginifera” sp.
Meekella striatocostata (Cox)
Neospirifer sp.
Neosplirifer dunbari King
Punctospirifer kentuckyensis (Shumard)
Wellerella sp.
Bryozoa
encrusting forms
fencstrate forms
ramose forms
Pelecypoda
Wilkingia &p.
Avicwtlopecten sp.
Myalina sp.
Gastropoda
Juphemites carhonarius (Cox)
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Gano shale

Definition and distribution. The first recognizable key bed
a.l)o\'c the Elmont limestone in Pawnee County is th‘e “Gra flylorct'("
limestone. Between the Elmont and “Gmyh(;rse" is a thll)t'-ﬁ’l;ltl
stone sequence which in Kansas is subdivided into m(;n; th~1tn(';
dozen stratigraphic units on the basis of several persistent ii (
stones which occur in the section there (Moore, 1949, p. 186 fl;w—
All of these limestones pinch out north of Paw;lcc C;)Lln.)t Okii‘
homa, however; consequently there is no basis for sug(’livisio‘l;
of the Pawnee County section. Branson (1956, p. 123) 'n)\lied
the name Gano shale to this shale-sandstone sequence \&'l;ilclll ]
named from exposures northeast of the village of Gano in soutlllc
eastern 'Pa.ync County, Oklahoma. As defined by Branson th_
upper limit of the Gano formation is formed by the base o; thz
lowermost recognizable key bed in the Wood Siding formation
Asa 'rcsult of the southward pinchout of progressively hi llc;' ke‘
beds in .th.e lower part of the Wood Siding formati01y1 thgc G1n(y
Wood Siding boundary migrates upward in the section’ toward‘ th)u;

s )
(f)uth. ) l‘n Pawnee County this boundary is formed by the base
of the “Grayhorse” limestone. )

Tl ano i
he ]"TIGJHO is .trnccal)lc from Pawnce County northward into
righly subdivided Kansas sequence. The southern extent of

the umit i , 1
P;nt is not known although it is probably recognizable for a
consic erable distance south of Pawnee County

. 'llucl.mcss and character. In Pawnee County the Gano forma
on ¢ 5 | "
onsists of 35 to 50 feet of red and gray shale and lenticular

sandstones. A few thin i i
‘ es. impure limestones occur locall g
dix D, sections 24, 25). y (Bpper

tlman}ggr(ftee(tlig, tll:llg.(fS and p- 190) i.ndicatcd a thickness of less
e . ' 'e. ano equivalent in southern Kansas (Chau-

qua ounty), which compares favorably with the thicknes
Zfl thc](Jano shale in Pawnce County, Oklahoma. Taylor, on ths
fcelterto l:;ndé;.(lg%’ p 22 ff_.) assigned a thickness of about 200
et 10 1e Gano equivalent in northern Osage County, Oklahoma
nulltlzif‘lm’pll;catlon c')f Ta)'lcr’s .:1bnormn|ly thick Gano section n

ied by an overlying section of Admire shale which is al

normally thin when compared to the Admire sections of sou&hér:
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Kansas and Pawnee County Oklahoma (p. 97), and it is likely
that Taylor’s correlation of beds between the Emporia limestone
and the top of the Admire shale is in error.

Paleontology. . A thin unnamed limestone in the Gano shale
exposed along the north side of U. S. Highway 64 in the S W
corner sec. 15, T. 21 N, R. 6 E, yielded several specimens of
Euphemites carbonarins. No other fossils were scen in the for-
mation.

Wood Siding formation

Definition and distribution. The Wood Siding formation 1s
the uppermost formation of the Pennsylvanian system in"the Mid-
Continent area. The name Wood Siding was first applied by
Condra and Reed (1943, p. 43) to 2 section in southeastern Ne-
braska extending upward from the base of the Nebraska City lime-
stone to the base of the Brownville limestone. Moore and Mudge
(1956, p. 2273) redefined the formation and extended the use of
the name into Kansas. As redefined by Moore and Mudge, the
Wood Siding formation includes five member units, which are,
in ascending order, the Nebraska City limestone, the Plumb shale,
the Grayhorse limestone, the Pony Creek shale and the Brown-
ville limestone.

The name Wood Siding was introduced into Oklahoma no-
menclature by Branson (1956, p. 122), who modified the Kansas
definition to suit the transitional sediments of the Oklahoma
section. As defined by Branson, the Wood Siding formation ex-
tends downward from the top of the Brownville limestone to the
base of the lowest recognizable member unit. - As a result of the
southward pinchout of the Nebraska City limestone member
somewhere in Osage County, Oklahoma, the base of the forma-
tion in Pawnce County is defined by the base of the “Grayhorse”
limestone. South of Pawnee County where the “Grayhorse” lime-
stone can no longer be recognized the Brownville limestone mem-
ber constitutes the entire Wood Siding formation.

Thickness and character. Moore and Mudge (1956, p- 2275)
give the average aggregate thickness of the five members of the
Wood Siding formation in Kansas as 36 feet, ranging between
12 and 50 feet. The restricted Wood Siding formation of Pawnee
County has an average thickness of 75 feet.
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Grayhorse” limestone member

Definition and distribution.  The Grayhorse limestone was
n:.lmcd ‘I)y Bowen (1918, p. 138) for an cxposure on the crest of
Little Grayhorse anticline in the NW 14 sec. 11, T. 24 N, R. 6 E
Osage County, Oklal T section is "6 miles

ag iy, ahoma. The type section is about 6 miles
fvorthcnst of the Pawnee County village of Ralston. On Plate XXI
in Bowen’s report, the Grayhorse is shown to be about 125 feect

above the Stonebreaker (Elmont) and about 75 feet below the

Americus limestone. If these measurements are correct, it is

doubtful t.hat the Grayhorse extends southward into Pawnee
County (Fig. 20).

Pawnee Type
pounty Grayhorse ranaes
(T 22 N) (T 24 N) (gagaa;)
Americus  limestone
0

5 50
Grayhorse Iimestone o

2 2 100
Brownville -
? Grayhorse a
1
—
o

Gtonshrester T | 5 2
eaker) limestone L 5
3

Figure 20. %00

Sketch <howing relationshi Taw y
. ship of Pawnee County “Gra "
type (,ru)!lv'rsr (Bowen, 1918, PL XX :n!d C::‘::;;:‘- (:?
southern Kansas (Moore, 1949, p. 186. Fig. 35; 1951, p.‘ 49)
| Moore (1936, p. 241) correlated the Grayhorse with the mol-
uscan phase of the Caneyville cyclothem in the Kansas section
. ) ’
giving the name Grayhorse a place in Kansas nomenclature. This

com.jlatlon was based on somewhat meager information, however,
and is open to question. ' '

' Lithologically the “Grayhorse” in Pawnee County resembles
neither that described by Bowen nor that described by Moore.
Each of the three sections contains abundant specimens of a large

Myalina, but this alone is not significant. Correlation of the
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Pawnee County “Grayhorse” with the true Grayhorse of Bowen is
doubtful because the Pawnee County “Grayhorse” occurs too low
in the section. Pawnce County intervals correlate more closely
with those in Kansas, however, and on this basis the name “Gray-
horse” has been retained for the unit in Pawnee County, although
to indicate doubtful correlation the name will be enclosed in quo-
tation marks.

The “Grayhorse” can be traced entirely across Pawnee County
except for the southernmost mile and one half, where it is not
exposed. In all probability the unit extends southward into Payne
County.

Thickness and character. Bowen (1918, p. 138) described the
Grayhorse at the type locality as

_ one of the most distinctive key rocks in the area, . .. It is a dark
brownish-gray crystalline conglomeratic limestone, commonly about 2
feet thick. . . . It contalns numerous smalt pebbles ranging in size from
mere grains to pebbles as Jarge as a large pea, which weather to a dirty-
white color and give the weathered surface of the rock a mottled appear-
ance. In most places it also contains numerous large fossils of the specles
Myalina subquadratn, some of which are 3 or 4 inches In their longest
dimenston. . .. The bed is so distinctive that after having once been identi-
tied it Is generally recognized without difffculty. . .

According to Moore (1951, p. 58), the Grayhorse in Kansas is
a ferruginous gray crystalline limestone characterized by organic
debris and large specimens of Myalina of the Myalina subquadrata
type. The limestone ranges in thickness from 05 fect to 6 feet
and occurs 5 to 50 feet or more below the Brownville limestone.

The “Grayhorse” limestone of Pawnee County consists of
calcareous shale ranging in thickness from 2 to 6 feet. The shale
is gray-green on fresh exposure and weathers to a characteristic
shade of buff. It is highly fossiliferous and easily recognized by
the abundance of large myalinids of the Myalina subquadrata type,
ranging up to 5 inches in length. These shells occur in such
profusion that they commonly form thin limestone beds in the
shale. The omnipresence of Myalina permits this thin non-resist-
ant bed to be traced entirely across the county. Even in the poorest
exposures, fragments of Myalina may be found as float. Other
fossils occur but are in the minority.

In the NE corner sec. 14, T. 20 N, R. 6 E,, the “Grayhorse”
is represented by a massive bed of gray-green shaly limestone con-
taining Myalina and shell fragments. The limestone is about 1.5
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at d f()l ms ¢ -
fCCl ”"Ck n | ])IOHIIHCIIt CSCalP"lC“t, Ullllk(’. thc (’lav

"
horse” in other parts of the county.

|C y I ()QQIl 1 1 $ ] ¢ 107 S¢ ] un la“ l)u[
I a ()lltOl()g . 3 S n tl ¢ ( I\l Or's are 21[ nd t
l y nes
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The followir i ifi
1g fauna was identi i
. fied from the several collections
Brachiopoda
Chonetes granulifer Owen

Derbyia wabha i
3 unseensis Dunb b
Sarenania o ar and Condra

Juresania nebrascemsis (Owen)
Linoproductus sp.

Punct 1
Bryopen ospirifer kentuckvensis (Shumard)

DBascomella fusiformis Condra and Elias

Rhomhopora lepidod
endroid
encrusting forms °3 Meek

fenestrate forms
Pelecypoda
Wilkingia sp.
Aviculopinna sp.
I&:yalina sp.
¥ 3
Gasu'(;[;lol:il;a (Orthomyalina) subquadrata Shumard
Euphemites sp.
Pharkidonotus sp.

Pharkidonotus percarinatus (Conrad)

Pharki ¥
Trlo donotus tricarinatus (Shumard)

Ditomopyge sp.
Chondrichthyes P

Petalodus destructor (Newberry and Worthen)

Pony Creek shale member

e li)zfm[mon andl distribution. The Pony Creek shale includes

eds between the “Grayhorse” i i

: i se” and Brownville limest

o . . ones. [t

pms, fl(r:srt (Ii(escrlbed by Cond'ra (1927, p. 74) from exposures near
y Creck south of Falls City, Nebraska. The presently accepted

definition of the unit was wri
it as written by Moore (1936, p. 49
modified by Moore and Mudge (1956, p. 2273). b 5, 25) and

. "g'rltlﬁerI:?lgle]r;ek is ’rlecogr}ized from :coutheastcrn Nebraska
o e o Somlma, \}\)le'rc it has been identificd as far south
pon f | hern Pawnee County. Farther southward con-

of the unit appears likely, but its extent is not known.

Dependi
pending on the accuracy of correlation with the Kansas

section € lowe ’ W y ql)‘

b th l r lllnlt Of tllC PO" Crcek Of P( nee COUnt m

(IlﬂCl Sl y ’ 1 S 111Sas {1ve ur-
lghtl rom tht t Of 1t K( NSAas COH’CI. t . For thc l
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poses of this report, however, any such difference is of minor im-
portance.

Thickness and character. Moore (1951, p. 58) describes the
Pony Creck of Kansas as

Bluish-gray shale chiefly, some red clay shale or sandy shale locally.
Commonly sandstone or siltstone occurs near the mlddle part, locally this
type of deposit fills channels. . . . A thin coal bed occurs in the upper
middle part in southern Kansas. Drachtopods and hryozoans are more
or less common in upper layers. Thickness ranges from about 5 to 50
feet or more.

In Pawnee County the thickness of the Pony Creek ranges
from 65 to 70 feet. The section consists principally of red and
gray shale but contains a thin impure limestone in the lower part
and a thick massive to highly cross-bedded sandstone in the middle.
A thin persistent coal occurs about 15 feet below the top of the
section (Appendix D, measured sections 23-25).

Interbedded gray shale and sandstone, generally overlain by a
thin impure red and gray-green mottled limestone, constitute the
basal 10 to 20 feet of the Pony Creek. At places the limestone is
conglomeratic and contains abundant organic detritus.

The sandstone in the middle part of the Pony Creck section
is persistent across the county. It ranges up to 30 fect thick,
grading from highly crossbedded at the base to massive in the
upper part. The base is generally covered, but at two places
where exposures reveal the relationship of the sandstone to under-
lying beds it is evident that the sandstone has channelled into the
sediments below it. The magnitude of the truncation could not
be determined, but indications are that it is not large. Channel-
ling can be seen in an exposure along the road on the west line of
the SW 14 sec. 11, T. 20 N, R. 6 E., where the sandstone occurs
about 10 feet above the “Grayhorse”, evidently truncating much
of the basal part of the Pony Creek section. Farther north the
sandstone occurs slightly higher in the section. In an exposure
along the road on the west line of sec. 22, T. 22 N, R. 6 E,, it
occurs about 4 feet above the limestone in the lower part of the
Pony Creck section. Here again the contact with the underlying
shale is irregular.

Between the sandstone and the top of the Pony Creek is a 20-
to 30-foot section consisting mostly of gray shale. In the lower
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part of this section about 5 feet above the sandstone is a thin per-
snstftnt coal bed, generally 1 to 2 inches thick, that can be traced
entirely across the county. This coal was once mined in the NE
.‘/4 scc. 2., T. 23 N, R. 5 E,, in the town of Ralston, where it attains
tts maximum development; and the name Ralston coal is here
!)rolmscd for the bed.  An cxposure 18 inches thick was reported
n t-hc bed of Eagle Creck just west of the bridge to the Santa Fe
station in Ralston.  This exposure was below water and could
not be checked, but a 6-inch seam was seen downstream high in
the precipitous south bank of the creek. i
'Bcncath this coal and commonly scparated from it by a thin
lenticular sandstone is about 2 feet of underclay. Immediately
overlying the coal is a 2-foot section of highly fossilifercus grn'\'
shale containing an abundance of i‘[l'(l/l‘llrl‘ and other molluscan
forms. The same sequence of underclay-coal-fossiliferous shale is
exposed a fow feet below the Brownville limestone along the mm-l
on the east side of sec. 30. T. 24 N, R. 6 E., in Osage County and
probably extends northward into the thin coal in ;,he uppex: part
of the Pony Creek shale in Kansas. The Ralston coal has been
reported as far south as sec. 25, T. IS N., R.S E., along the Turner

lu.rn[nkc in Lincoln County (A. West, 1955, personal communi-
cation).

A lens of algal limestone 5 feet thick occurs near the base of
the upper shale about 25 feet below the Brownville in the NE ‘FQ
sec. 7, T. 21 N, R. 6 E. No other limestone was noted in tlllc
upper part of the Pony Creck section.

Palcontology.  Parts of the Pony Creck are highly fossiliferous
but the fossils are poorly preserved. In addition to a great deal of,
unrecognizable shell detritus, the limestone in the lower part of
>tl-|c section contains crinoid debris and fragments of trilobites.
I'he fossilifcrous shale above the coal contains a profusion (;f

ll;lyaln'm sp. as well as a [ew other mollusks (Pseudorthoceras,
Pharkidonotus) and crinoid debris.

Brownuville limestone member

Definition and distribution. The Brownville limestone is the
top'umt .Of the Pennsylvanian system in the Mid-Continent region.
It lies with apparent conformity on the Pony Creek shale but is



68 BROWNVILLE LIMESTONE

disconformable, at least locally, with the overlying Admire shale
of the Permian system. This disconformity is not apparent in
Pawnee County.

The Brownville was named by Condra and Bengston (1915,
pp- 17, 19) for exposures south of the town of Brownville in
Nemaha County, Ncbraska. In 1933 Moore and Moss (p. 100)
proposed lowering the Pennsylvanian-l’ermian boundary to the’
top of the Brownville, a proposal which was accepted by Condra
(1935, p. 9) when he restricted the top of the Wabaunsee group
to coincide with the top of the Brownville limestone.

The Brownville is continuous from southeastern Nebraska to
north-central Oklahoma, where it has been traced as far south
as the North Canadian River (K. E. Masters, 1955, personal com-
munication). South of the North Canadian River the “Prague”
limestone of Seminole County is probably the continuation of
the Brownville.

The Brownville crops cut across Pawnee County in Rs. 5 and
6 E. and gcncrully forms a prominent escarpment. North and south
of Ralston and northeast of Skedee, however, long stretches of
the limestone are covered by terrace deposits and its trace is con-
cealed (see Plate 1).

Thickness and character. Moore (1951, p. 58) described the
Brownville limestone of Kansas as one of two beds of bluish-gray
limestone, locally sandy, containing large fusulinids and ranging
in thickness from about 2 to 8 feet.

In Pawnee County the Brownville is a single limestone unit
characterized by wavy bedding (Fig. 21) and a light grayish-
brown color. It weathers into irregular slabs, commonly almost
white. Thickness ranges from less than a foot in the southern
part of the county (Fig. 22) to about 10 feet in the central part
and 4 to 5 feet in the northern part. In the SW Y sec. 35, T. 22
N, R. 5 E., along Black Bear Creek a 7-fcot lens of algal lime-
stone immediately above the Brownville results in a total lime-
stone thickness of over 15 feet. No other such occurrence was seen.

The Brownville limestone is best developed cast and southeast
of Pawnee. Here it is more than 95 percent carbonate (Appen-
dix A), forming a dense sublithographic rock exhibiting subcon-
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choidal fr g ‘lol
idal fracture.  Stylolites are developed locally in the upper

yart, T i T : ili
lfm The rlockf 1s IIIIO(ILI'-I[CI) fossiliferous, but except for crinoid
agments, the fossils e cathe i i
ragmens, " lo not \\'mthtr out in rchief on the surface
are seen only in cross-section.  Small cigar-shaped {usulinid
constitute a major 1 i c } mestone,
on: ] ajor portion of the lower 2 or 3 feet of limestone
HVIN : isti i ‘ ,
giving to the rock a characteristic e ture which is readily identi-

fiable even in isol;
e cven in isolated slabs or fragments. A few large Triticites
are scattered throughout the rock

Figure 21 Bn‘.\-null(_ » ; Tha
1 ville iimestone exposed on west hank of C .
in SR 1 e 13 T 21 N B E Note wave hedding. T

l - . >
ri the northern part of the county the Brownville is sandy

and [essth ) risti
. sparsely [(-)ssdlfcrous. The characteristic fusulinid hash at the
ase of the unit was not seen. ' o

In T. e nvi
T. 20 N. the Brownville forms a prominent escarpment to

withi i [ the i
. 1un 2 miles of the south county line. In the 2 miles north of
1€ co i nvi : . .
e Llntykln')e the Brownville escarpment is almost obscured by
racketing sandstones together with an abrupt decrease l.lyl
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thickness and resistance of the limestone. A sample of the Brown-
ville taken along the creek in the E. 1 scc. 30, T. 20 N, R. 6 .E,.
(Fig. 22) yielded an insolublfe residue of almost 72 percent, prin-
cipally quartz sand (Appendix A).

g

'("J . &1&/ g BN
o f B ? .
o i i 3 h Irainage gully in the east-
Fi 9 Brownsille limestone exposed along ¢ pe gully in | as!
Figure 22 Ico::l\ral patt of sec. 30, T. 20 N.. B 6 E. The R..dsllun ‘(r((::
crops out in the floor of this gully to the east and across

the road in see. 29, .

Paleontology.  Although the Browm{ille is moldc:l::f‘t;lyoni()
highly fossiliferous, conditions of prefervatnon a;c sfuc L];ni(d has});
meager collections can be m.adc. Aside from the '%I.Sl inid hash
in the bottom part of the limestone, the most t):p;:.\ ) o il ;t;nd
fragments of large crinoid columnals, commonly' pink, which stz
out in relicf on the weathered surface .of the llmestonc.l -

The largest collections were obtained ffom thc: :.nm;; (:nm
quarries in the NE 14 sec. 13, 1. 21 N,R.5E A thlm mo uf. ct.hc
sone containing Myalina and algal pellets occurs at the top o

limestone in these quarnces. | '
: i i ifie al collections
The following fauna was identified from severa

made in the central part of the county:

Protozoa
Triticites sp.

Crinoidea . .
columnals, radials, spines

Irachiopoda

" Chonetes granulifer Owen
Chonetinella (?) sp.
Composita subtilita (Hall)
Enteletes hemiplicatus (J1all)
Juresania nebrascensls (Owen)
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Linoproductus sp.
“Marginifera™ sp.
Neospirifer sp.
Bryozoa
Rhomhopora Jepidodendroides Meek
fenestrate forms
ramoese forms
Pelecypoda
Wilkingia sp.
Aviculopecten sp.
Myalina sp.
Chondrichthyes
Petalodus destructor (Newbherry and Worthen)

PERMIAN SYSTEM

Rocks of Permian age cover the western half of Pawne:
County. The series divisions of the Permian system now standard
for North America were originally proposed by J. E. Adams
(1939, p. 1673). These divisions are based on unconformity and
lithology of beds in the Permian basin of West Texas and south-
eastern New Mexico.  The four scries currently recognized arc,
in ascending order, Wolfcamp, Leonard, Guadalupe, and Ochoa.

Unlike the Permian basin section, however, the Permian beds
of Kansas and northern Oklahoma show little or no evidence of
major unconformity on which scrics breaks can be based. Major
divisions in this area are based largely on lithology.  Even the
postulated major unconformity at the base of the system is open
to doubt. Nowhere in northern Oklahoma and only locally in
Kansas is there evidence of such unconformity. In discussing the
problem Moore (1940) noted that the postulated position of the
boundary has ranged from the top of the Brownville limestone,
its presently accepted position, all the way up to the top of the
Carlton limestone member of the Wellington formation, cur-
rently classificd as lower Leonard.

Placement of the boundary at the top of the Brownville lime-
stone by Moore and Moss (1933, p- 100) conforms to the later
recommendation of the American Association of Petroleum Geolo-
gists Committee on the Permian. That committee recommended
that in the absence of a diagnostic unconformity the base of the
system be drawn at the first important hiatus below strata char-
acterized by the fusulinid genera Schwagerina, Psendoschwagerina,
or Paraschwagerina (Tomlinson et al., 1940, p. 341).
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At places in Kansas and southeastern Nebraska channel sand-
stones occur at the base of the Admire shale, truncating as much
as 100 fect of underlying strata. Lithologics above and below the
break are “strikingly different”, and Pseudoschwagerina  and
Schwagerina occur 100 to 200 feet above it (Moore and Maoss, 1933,
p. 100). In northern Oklahoma Schwagerina is common in the
Long Creck limestone of Pawnee County and Pseudoschwagerina
is known from the Neva limestone of Osage County (Taylor, 1953,
p. 61). No evidence of truncation at the base of the Admire shale
has been reported, however, and the lithology of the sediments
above and below the postulated break is strikingly similar. Thus
a sedimentary break of major proportions at this point in the
northern Oklahoma section is refuted, but because there is no evi-
dence for placing the contact elsewhere in the northern Okla-
homa section, the Pennsylvanian-Permian contact of the Kansas
section is also considered to be the contact in Oklahcma.

WOLFCAMP SERIES

Lower Permian rocks including all but the uppermost part
of the Wolfcamp series occur in Pawnee County. The section is
composed of gray and red shales, lenticular sandstones, and thin
fossiliferous limestones. The limestones in the eastern part of
the belt of Permian outcrop are persistent and can be traced en-
tirely across the county. West of Pawnee, however, the limestones
thin and die out southward into the red shales and sandstones that
characterize the rocks cxposed over most of ihe western part of
the county.

The subdivisions of the Wolfcamp series of Kansas have been
tabulated by Moore (1951, pp. 42, 43). As in the casz of the
underlying Wabaunsce section, the key beds of the Wolfcamp in
Pawnee County are continuous from tie Kansas scction although
many of the Kansas units pinch out north of Pawnee County.
This scquence of marine and non-marine beds grades southward
into the coarsely clastic continental deposits of the Konawa and
Asher formations of central Oklahoma.

Subdivisions of the series used in Pawneec County arc shown
in Table 3. All units shown crop out in the county except the
Herington limestone and Odell shale whick crop out to the west
in Noble County.

ADMIRE GROUP 73

TABLY, 3

Divisions of the Wolfcamp series in Pawnee County
Permian system ]
J.eonard reries
Wolfcamp rerjes

Herington limestone

Odell shaln

Winfield Iimestone

Loyle shale

Fort Riley limestone

Ma field shale

Wreford limestone

Garrison shale
Ceottonwood limestone
Eskridge shale

Neva limestone

Roca chate

Red Eagle limestone
Johnson shale

Long Creek limesl(one
Hughes Creek ghale
Amerlcus limestone

2

Cour

=
=

Admire shale

Admire

(-7- Unconformity -7-)
Pennsylvanian system

None of the Kansas units of the Admire group can be recog-
nized in Pawnee County so the group has not been subdivided.
The Council Grove and Chase groups have been subdivided into
limestone and shale-sandstone units of equal rank. Where appli-
cable, names from the Kansas section have been used, but the rank
of ‘these names in the Kansas classification has been disregarded.

ADMIRE GROUP

As currently defined, the Admire group is the basal Permian
(Wolfcampian) unit of the Mid-Continent area and includes those
beds overlying the Brownville limestone and underlying the Ameri-
cus limestone.  The name Admire was first npplicd by Adams
(1903, p. 53) to a sequence of fossiliferous shales ovcri\'ing the
Emporia (Reading) limestone and underlying the Americus lime-
stone near the town of Admire in Lyon County, Kansas. Condra
(1927) restricted the Admire shale to that interval from the base
of the Brownvillz limestone upward to the base of the Americus
limestone.  Subsequent redefinition by Moore (1932) raised the
base of the Admire to the top of the Brownville limestone. Condra
(1935, pp. 8-9) raised the name to group status.



Admire formation

Definition and distribution.  In Nebraska and Kansas the
Admire group has been subdivided into seven limestone and shale
units with the Indian Cave channel sandstone occurring locally
at the base (Moore, 1951, p. 49). In Osage County, Oklahoma,
Taylor (1953), Vosburg (1954), and Fisher (1956) made tentative
correlations with some of the Kansas units, but in Pawnce County
exposures of the Admire group are poor and no attempt at sub-
divisions was made. Branson (1956, p. 123) proposed that where
subdivision of the Admire group is not possible the name Admire
formation be applied to the scdimentary scquence separating the
Brownville and Americus limestones.

‘I'he Admire group is recognized from Nebruska southward
across Kansas into north-central Oklahoma. Its southern extent
has not yet been determined, although recent field work indicates
that it probably cannot be mapped farther south than T. 17 N.
in southern Payne County (E. Nakayama, 1955, personal communi-
cation).

In Pawnee County the Admire formation forms a broad val-
ley averaging three miles in width which trends generally north-
south across the county, lying just west of Ralston and rcast of
Pawnee.

Thickness and character. According to Moore (1951, p. 49)
the Admire group of Kansas consists of thin limestones and some
coals and sandstones in a section composed predomilmntly of shale.
Except at places where the Indian Cave sandstone is developed,
the group has a thickness of about 130 feet. Maximum reported
thickness of the Indian Cave sandstone is 250 feet in Pottawatomie
County, Kansas.

In Oklahoma, Taylor, Vosburg, and Fisher each reported a
thickness of about 50 feet for the Admire group in Osage County.
These authors subdivided the upper part of the Admire sequence
on the basis of thin limestones thought to be continuous from the
Kansas section. 'The basal channel sandstone is absent in Osage
County but otherwise the lithology of the group is much as it is
in Kansas, consisting principally of shale and a few thin limestones
and lenticular sandstones.

ADMIRE GROUP
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Figure 23. gcnerqhze_d columnar section of the rocks of the Admire and
Council Grove groups (lower and middle Wolfcamp in Pawnee

County.
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In Pawnee County the Admire group is about 140 feet thick,
representing an abrupt increase in thickness southward from Osage
County. Only two complete surface measurements were made of
the formation, and in both of these rocks are largely covered and
the horizontal distance is great. The thickness of the formation
may readily be checked in the subsurface, however, on electric
logs of bore holes drilled for oil (Plates 3 and 4). Comparison
of several electric log intervals confirmed the surface measure-
ments and indicated a surprising constancy in thickness across
the county in a north-south direction.

It will be noted that the thicknesses of the Admire sections in
Pawnee County and in Kansas are approximately the same, com-
pared to which the Osage County section is thinner by almost
two-thirds. Such an abrupt thinning is geologically possible but
in this case it seems more likely that the disagreement is the result
of a difference in correlation of the Osage County section (see
Fig. 20 and discussion on p. 61 and 62).

Exposures of the Admire group in Pawnee County are poor,
especially near the base of the group. The sequence consists pre-
dominantly of red shale (Appendix D, Scctions 19 to 22, inclusive).
Thin limestones, generally highly fossiliferous, occur in most ex-
posures, but these beds are shaly, non-resistant, and probably len-
ticular. Thin beds of fossiliferous gray shale are associated with
the limestones. No coal was seen.

One or more lenticular beds of massive to cross-bedded sand-
stone generally occur in the upper half of the Admire section.
Locally these sandstones attain a thickness of more than 20 feet,
forming an escarpment which at many places is the only portion
of the section exposed.

At the few places in the county where the contact of the
Admire beds with the underlying Brownville limestone can be
examined, there is no cvidence of a major unconformity. The
Brownville is overlain by shale, generally red, which contains a
few feet from its base a fine-graincd massive to well-bedded iron-
stained sandstone up to 11 feet thick. The upper limit of the
Admire formation is the base of the lowermost limestone (Ameri-
cus) of the overlying Council Grove group. Where exposed, this

COUNCIL GROVE GROUP T

contact is a simple shale-limestone contact showing no evidence
of unconformity.

Paleontology. The thin beds of limestone and associated gray
shales exposed locally in the upper part of the Admire section are
generally highly fosstliferous. Molluscan, brachiopod, and mixed
assemblages occur. A calcareous zone which commonly occurs
about 50 feet below the top of the formation contains a small
species of Triticites. Although it is likely that the lower part of
the Admire group contains fossiliferous beds similar to those in

the upper part, the lower beds and their fauna are covered by
slump.

The following faunule was collected from the NW V4 of sec.

2, T.23 N, R.5 E. (Appendix D, bed 4 of section 21).

Protozoa
Triticites sp.
Crinoidea
columnals and spines
Echinoidea
plates and spines
Brachiopoda
Chonetes granulifer Owen
Chonetes granulifer meekanus (Girty)
Chonetinella (?) sp.
Crurithyris planoconvexa (Shumard)
Derbyia sp.
Enteletes hemiplicatus (Hatly
Hustedia mormoni (Marcou)
Juresania sp.
Linoproductus sp.
Neospirifer sp.
Bryozoa
Bascomella fusiformis Condra and Elias
Rhombopora lepidodendroides Meek
encrusting forms
fenestrate forms
ramose forms
tabular ramose forms
Gastropoda
Amphiscapha eatilloide (Conrad)

COUNCIL GROVE GROUP

Council Grove was first applied as a stage name by Prosser
(1902, p. 709) to the Cottonwood limestone—Garrison shale inter-
val exposed in Morris County, Kansas, near the town of Council
Grove. Moore (1932, p. 95) changed the name to Council Grove
group and lowered the base of the unit to include the Americus
limestone. As presently applied, Council Grove group includes the
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beds from the base of the Americus limestone upward to the base of
the Wreford limestone. It lies with apparent conformity between
the underlying Admire group and the overlying Chase group. .

The Council Grove group consists principally of shale with
several persistent ‘escarpment-forming limestones and, in Pawnee
County, a few thick lenticular sandstones. Thickness of the group
increases southward from an average of 321 feet in Kansas (Moore,
1951, p. 45) to about 480 feet in northwestern Pawnee County.

The Council Grove group can be traced from southeastern
Nebraska across eastern Kansas into Pawnee County, ()klah(_)mn.
There in the southwest part of T. 22 N., R. 4 E., the Wreford lime-
stone, the base of which defines the upper limit of the group, loscs
its identity. Farther south, therefore, the Council Grove and over-
lying Chase groups cannot be differentiated. They grade laterally
into the Konawa-Asher sequence of central Oklahoma.

Foraker limestone

Definition and description. The basal formation of the Council
Grove group is the Foraker limestone, which was named by Hea!d
(1916, p. 21) for limestone exposures near the town of Forak'cr in
northwestern Osage County, Oklahoma. Bass (1929, p. 45). intro-
duced the name into Kansas terminology when he identified the
Americus limestone of Cowley County, Kansas, as the basal mem-
ber of the Foraker limestone.

The name Foraker was introduced into the stratigraphic classi-
fication of northwestern Missouri and southeastern Nebraska by
Condra (1935, p. 8). Condra applied the name to a sequence con-
taining the Americus limestone, Hughes Creek s'halc, and Long
Creek limestone, which he designated as lower, middle, and upper
members, respectively, of the Foraker litnestone formation.

The three members of the Foraker formation are traceable
southward from Nebraska across Kansas and into Lincoln County,
Oklahoma. They are well exposed in Pawnee C.ounty whcr? they
form abrupt escarpments west of the wide erosional valley in the
Admire shale.

Thickness and character. Moore (1951, p. 48) assigned an aver-
age aggregate thickness of 50 feet to the members of th? Foraker
formation in Kansas. Heald (1916) reported a Foraker thickness of
approximately 74 feet in the type area in Osage County, Oklahoma,
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but more recent workers report only about 50 feet of Foraker in
Osage County (Taylor, 1953: Vosburg, 1954; Fisher, 1956). The
thickness of the Foraker formation in Pawnee County ranges be-
tween 60 and 70 feet, showing a tendency to thicken slightly toward
the south.

It will be noted in the descriptions that follow that the thick-
ness of the individual members of the Foraker formation has a
wide range. Accurate measurement of the total thickness of the
formation at the surface is not possible owing to the scattered nature
of exposures, but it is felt that an increase in thickness of one mem-
ber is accompanied by a corresponding decrease in thickness of one
or both of the other members and that the aggregate thickness of the
member beds is fairly constant. This conclusion is supported by
Foraker sections penetrated in bore holes west of the outcrop. Al-
though it is not possible to identify the individual members on the
electric Jogs of these bore holes, the formation as a unit can be
recognized and is about the same thickness in all wells examined
(Plates 3 and 4).

Americus limestone member

Definition and distribution. The name Americus was first ap-
plied by Kirk (1896, p. 80) to a six-foot limestone-shale section ncar
the town of Americus, Lyon County, Kansas. Bass (1929, p- 45) cor-
related the Americus with the lower part of the Foraker limestone of
Osage County, Oklahoma, and current usage in Nebraska, Kansas,
and northern Oklahoma places the Americus as the basal member
of the Foraker formation.

The Americus limestone has been traced from southeastern
Nebraska across eastern Kansas into north-central Oklahoma. Re-
cent field work indicates that the unit continues as far south as T.
16 N. in central Lincoln County (A. West, 1955, personal communi-
cation). In Pawnee County outcrops of Americus limestone are re-
stricted almost completely to R. 5 E., where the Americus escarp-
ment forms the western limit of the broad valley in the Admire
shale.

Thickness and character. In Kansas the Americus consists of
two beds of bluish-grey limestone separated by 3 to-13 feet of gray
to black shale (Moore, 1951, p. 49). The upper limestone bed is
commonly cherty. Overall thickness of the unit averages about 18
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feet. The Americus can be traced southward into Oklahoma with
only minor change in lithology, but the thickness decreases to 12
feet in northwestern Osage County (Taylor, 1953, p. 45).

The thickness of the Americus in northern Pawnee County
averages 16 feet and reaches a maximum of 32 feet (Appendix D,
section 21). Well-cxposed sections of the unit are few, however, and
its average thickness may be greater than is apparent. It thins gradu-
ally southward and along the Pawnee-Payne county line is only
about 8 feet thick.

Figure 24. Americus limestone exposed on the west hank of Black Bear
Creek just north of the car bridge in the SW 14 sec. 33, T,
22 N, R. 3 E. Here the Americus congists of a thin-hedded
lower limestone {seen in the lower right) separated from the
massive middle member by 5 feet of fossiliferous shale.  Upper
beds of the Americus are not exposed. A rich molluscan faun-
ule was collected from the shaly upper portion of the massive
bed at this exposure.

The Americus is composed of dense gray limestone interbedded
with marly gray shale. In the northern and central parts of the
county the limestone and shale beds are more or less evenly
distributed from top to bottom. Shales generally predominate.
Near the middle of the section there is a persistent bed of greenish-
gray limestone about 1.5 fcet thick. In a typical outcrop it is
the bed best exposed and is chictly responsible for the Americus es-
carpment (Fig. 24). The upper portion of this bed is shaly and
contains a rich brachiopod fauna. Myalinids and pectenoids are
common in some of the thin limestones above and below the
massive bed.

Exposures of Americus in the southern part of the county con-
sist of a basal limestone less than one foot thick everlain by 4 to 5
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feet of shale and 3 feet of well-bedded limestone with thin inter-
calations of marly gray shale. Triticites occur in profusion in the
middle of the upper limestone, which is otherwise sparsely Tossili-
ferous.

The insoluble component of the Americus increases toward the
south, but in no case was the residue found to be over 10 percent.
It consists mostly of Jark-gray clay with a small amount of quartz
silt. A trace of white chert was noted in the residue of a sample
collected in the northern part of the county (Appendix A).

Paleontology. In the nerthern and central parts of the county
large and varied fossil collections are readily obtained from most
exposures of the Americus limestone, principally from the shaly
zone at the top of the massive member. The Americus thins and
becomes less fossilifcrous southward except for fusulinids, which
are rare in the northern and central parts of the county but are
abundant in the southern part.

Specimens were collected from several localities across the
county, and the following forms were identified:

Protozoa
Triticites sp.
Anthozoa
Lophophyllidium sp.
Crinoidea
columnals, radials, basals, infrabasals, and spines
Echinoidea
plates and spines
Brachiopoda
Antiquatonia sp.
Chonetes granulifer Owen
Chonetes granulifer meekana (Girty)
Chonetinella (N sp.
Composita subtilita (Hally
Crurithyris planoconvexa (Shumard)
Derbyia sp.
Hustedia mormoni (Marcou)
Jurcsania sp.
Juresania nebrascensis (QOwen)
Linoproductus sp.
“Marginifera” sp.
Meekella striatocostata (Cox)
Neospirifer sp.
Neospirifer dunbari King
Punctospirifer kentuckyensis (Shumard)
Rhipidomella sp.
Teguliferina (?) =p.
Wellerella sp.
Wellerella delicatula Dunbar and Condra
Wellerella truncata Dunbar and Condra
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Bryozoa

Bascomella fusiformis Condra and Ellas

Rhombopora tepidodendroides Meek

fenegtrate forms

ramose forms

tabular forms
Pelecypoda

Wilkingia sp.

Aviculopecten sp.

Myalina sp.

Myalina (Orthomyalina) slocomt Sayre
Gastropoda

Amphiscapha catilloide (Conrad)
Trilobita

Ditomopyge decurtata (Gheyselinck)

Hughes Creek shale member

Definition and distribution. As presently defined, the Hughes
Creck shale includes the rocks between the Long Creck and the
Americus limestones. The type section is along Hughes Crcelf in
Nemaha County, Nebraska, where the unit was orignally described
by Condra (1927, p. 84). The original boundarics given by Condra
were subsequently revised by Moore and COl.](ll’:l (1932? to those
now recognized. The Hughes Creek has since been designated as
the middle member of the Foraker formation (Condra, 1935, p. 8).

The Hughes Creck is recognized from southeastern Nebraska
across castern Kansas into north-central Oklahoma, where it can be
traced as far south as northern Lincoln County. Exposures of
Hughes Creek in Pawnee County occur almost entirely within R.
5 E.

Thickness and character. The Hughes Creck shale in Nebraska
consists of 36 to 38 feet of bluish-gray to black fossiliferous shales
with a zone of thin gray limestones in the central part (Cf)ndra,
1935, p. 8). The unit grades into an almost continuous section of
cherty fossiliferous limestone in southern Kansas, the thickness
ranging from 20 to 40 fect (Moore, 1951, p. 49). Taylor .(1953) and
Vosburg (1954) traced the Hughes Creek southward into Osage
County, Oklahoma, and reported 25 feet of limestone similar to the
section in southern Kansas. Fisher (1956, p. 24) reported a Hughes
Creck thickness of 22 feet in southern Osage County, where the
section consists predominantly of shale and sandstone.

Thickness of the Hughes Creck shale in Pawnece County ranges
from 30 fect in the northern part of the county to 43 feet along the
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south county line. Thicker sections occur where sandstone lenses
are developed. The section consists predominantly of gray shale
and lenticular sandstones. Thin red shales occur locally, especially
in the southern part of the county. Where present, limestones are
thin and nodular and constitute a minor part of the unit.

In the southern part of Pawnee County thick sandstone lenses
are present locally. The thickest lens observed is in sec. 26, T. 20 N,
R.5 E., where more than 40 feet of massive to contorted sandstone
occurs (Appendix D, section 17). The same interval less than two
miles east in sec. 25 contains almost no sandstone. Sandstone lenses
are also present farther north, but they are thinner and less extensive
than those to the south.

Representative measured sections of the Hughes Creek shale
are listed in Appendix D, sections 17, 18, and 19.

Paleontology. No fossils were collected from the Hughes Creek
shale. The unit is essentially non-fossiliferous except locally adja-
cent to the underlying and overlying limestones. Sparse assem-
blages are present at places where the unit contains thin limestones.

Long Creek limestone member

Definiton and distribution. As defined by Condra (1957, p.
84) the Long Creek limestone consists of 3 to 5 feet of limestone
underlying the Johnson shale and overlying the Hughes Creck
shale. It was named for exposures along Long Creek near Auburn
in Nebraska County, Nebraska. Condra’s original definition is still
valid, though now the Long Creck is also recognized as the top
unit of the Foraker limestone formation (Condra, 1935, p. 8). It
has been traced across Kansas from southwestern Nebraska into
north-central Oklahoma. Recent work indicates that it persists as
far south as T. 16 N. in southern Lincoln County, Oklahoma (A.
West, 1955, personal communication).

Thickness and character. According to Moore (1951, p. 48)
the Long Creek limestone in southern Kansas consists of sparsely
fossiliferous light-gray limestone ranging in thickness from 4.5
to possibly 17 feet. In northern Osage County, Oklahoma, the Long
Creek is described as interbedded shaly limestone and shale, con-
taining minor amounts of chert and ranging in thickness from 9.8
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to 12 fect. The sequence is fossiliferous and contains a profusion of
large fusulinids (Taylor, 1953).

In Pawnee County the Long Creck consists of interbedded
dense gray limestone and gray marly shale. No chert was observed,
but fusulinids arc abundant. Large specimens of Schwagerina occur
in exposures in the northern part of the county, and Triticites, large
and small, are characteristic of the section entirely across the
county. Except for fusulinids, however, the fauna is sparse when
compared to the rich assemblages of the Americus and Red Eagle
limestones.

The Long Creek is not as effective a scarp-former as are the
thinner limestones stratigraphically above and below it. The alter-
nating arrangement of limestone and shale lends itself to the forma-
tion, not of one big escarpment, but of séveral small ones. Accord-
ingly, it is uncommon for the entire Long Creck sequence to be
exposed at one place, and the outcrop of the base of the unit is
traced with difficulty. A thick well-exposed Long Creek section
occurs along the road at the NE corner sec. 9, T. 23 N, R. 5 E.
(Appendix D, section 18). This exposure has an aggregate thick-
ness of 25.3 feet, consisting of 11.3 feet of limestone in beds up to
1.3 feet thick separated by marly gray shale.

The essentially uniform distribution of limestone and shale in
the Long Creck section of northern Pawnee County gives way
southward to upper and lower limestones separated by a 10-to-12-
foot bed of gray fessiliferous marly shale. Thickness of the complete
sequence ranges up to 19 feet (Appendix D, section 17). The lower
limestone is from 4 to 7 feet thick. It is gray to gray-brown and con-
tains interbedded shale, partly red. Algal and molluscan remains are
common. The middle shale contains a fauna which grades from
a molluscan assemblage in the lower part to a brachiopod assem-
blage in the upper part. The upper limestone is about 3 feet thick,
consisting of 3 to 5 beds of sparsely fossiliferous dense gray lime-
stone separated by thin beds of gray shale. Triticites is abundant
in the middle beds of the upper limestone in southern Pawnee
County.

The limestones of the Long Creek are relatively pure all across
the county. Average insoluble clastic content is less than 10 per-
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ccn.t_. consisting mostly of gray to gray-brown clay. Comparison of
weight pereentages and compositions of insoluble material from
several exposures established no significant trends (Appendix A).

Paleontology. Because of the sparse faunal content only a few
c_ollcctions were made from the Long Creek. Where present, fos-
sils are generally in the limestones and do not weather out readily.
Fossils occurring in the shale are limited mostly to bryozoans and

crinoid debris.

T'he thick middle shale in the southern part of the county con-

tains poorly preserved mollusks and brachiopods in addition 10
bryozoan and crinoid fragments.

Fossils identified from the formation include the following:
Protozoa
Schwagerina sp.
Triticites sp.
Crinoidea
columnals, radials, hasals, and spines
Brachiopoda
Antiquatonia sp.
Chonetes granulifer Owen
Composita subtilita (Hall)
Crurithsris planoconvexa (Shumard)
Hustedia mormoni (Marcou)
Linoproductus sp.
“Marginifera™ sp.
Neosgpirifer sp.

Wellerella delicatula Dunbar and Condra
Bryozoa

Rhombopora lepidodendroides Meek
encrusting forms

fencstrate forms

ramose forms

tabular ramose forms

Johnson shale

Definition and distribution. In Kansas and southeastern Ne-
braska rocks of the interval above the Long Creek limestone and
below the Glenrock limestone member of the Red Eagle limestone
are known as the Johnson shale. The name was first applicd by

Condra (1927, p. 84) to exposures north of the town of Johnson,
Johnson County Nebraska. '

In Pawnee County the Red Eagle limestone has not been sub-
divided, and it is not certain that the Glenrock member s present.
The name Johnson shale has been retained, howevér, and is here

applied to the beds between the Red Eagle and Long Creck lime-
stones.
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The Johnson shale is recognized from southeastern Nebraska
across Kansas into northern Oklahoma. Mapping of the for-
mation in Oklahoma is almost continuous from the Kansas
line southward to central Lincoln County, beyond which the
Johnson cannot be distinguished from underlying shales.

Thickness and character. The Johnson shale of the type area
in Nebraska consists of 18 to 20 feet of gray to buff shale (Condra,
1935, p. 8). In Kansas the unit consists of 14 to 25 feet of gray
and green shale, locally sandy in the lower and middle portion,
containing thin beds of shaly limestone. Dark carbonaceaus
material occurs in the upper part (Moore, 1951, p. 48).

Taylor (1953) reported about 35 fect of Johnson in T. 29 N,
where the unit consists of gray shale and a few thin limestones.
Vosburg (1954, p. 48) reported southward thinning from 334
feet in T. 26 N. to 16 feet in the southern part of T. 25 N. Fisher
(1956, Plate 11) shows a thickness of 46 feet for the Johnson of
southwestern Osage County.

The Johnson shale in Pawnee County thickens southward
from about 35 feet in T. 24 N. to about 60 feet in T. 20 N. In
the northern half of the county the section consists mainly of
gray shale. Thin lenses of fine-grained light-colored sandstone
are developed locally. As far north as Pawnce, however, red
shale appears in the section about § feet below the Red Eagle,
and the percentage of red shale increases steadily southward until
along the south border the section is mainly ted except for a few
feet of gray marly shale immediately above the Long Creek and
below the Red Eagle limestones. The number and thickness of
sandstones also increase southward. They are generally red and
their structure suggests deposition in a deltaic environment.

Exposures of the Johnson shale are generally badly slumped
and .grass covered, preventing detailed stratigraphic description.
Outcrops are restricted to benches formed by resistant sandstone
lenses. The shale generally forms a valley about one mile wide,
and as a result even the thickness is not readily determined.

Paleontology. No fossils were observed in the Johnson shale
of Pawnee County.

&7
Red Eagle limestone

Definition and distribution. The Red Eagle limestone was
named by Heald (1916, p. 24), who applied the name to a lime-
stone exposed near the since-destroyed Red Eagle school in T. 26
N, R. 6 E., southwest of Foraker in Osage County, Oklahoma.
At the type section the Red Eagle lies 17 feet above the Long
Creek and 71 feet below the Neva limestone. Bass (1929, p. 54)
identified the Red Eagle in southern Kansas and was instrumental
in tracing the unit northward across the state. Condra (1935, p.
8) extended the name into northwestern Missouri and southeast-
ern Nebraska as the Red Eagle limestone formation, subdivided
into three members: the Glenrock limestone, Bennett shale, and
Howe limestone. These subdivisions have been recognized across
Kansas (Moore, 1951, p. 48) and have been tentatively identified
in Osage County, Oklahoma, by Taylor (1953) and Vosburg
(1954).

The Red Eagle of Pawnee County crops out along the western
half of R. 5 E. It is well exposed on the courthouse lawn and
elsewhere in the town of Pawnee, where it was named the Pawnee
limestone by Drake (1897, p. 386). The name Pawnee had al-
ready been applied to a limestone in the Des Moines series, how-
ever, and was therefore displaced by Red Eagle in the classifica-
tion of the Wolfcamp beds of Pawnee County. In the north and
central part of the outcrop belt a threefold subdivision of the Red
Eagle sequence is possible, but there is no sound basis for corre-
lation with the subdivisions of Kansas and Nebraska and such
correlation will not be attempted here. For the purpose of this
report the Red Eagle limestone is considered as a single unit and
is defined as the first persistent limestone zone above the Long
Creek limestone. This unit can be traced entirely across Pawnee
County as far south as T. 13 N. in Lincoln County (K. E. Mas-
ters, 1955, personal communication).

Thickness and character. In Kansas and Nebraska the thick-
ness of the Red Eagle ranges from 6 to 20 feet. It consists of two
limestone members separated by gray to black shale. In southern
Kansas and northern Oklahoma, the Red Eagle consists mainly of
limestone. In Osage County a thickness of about 20 feet was re-
ported by both Taylor (1953) and Vosburg (1954).
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The Red Eagle section in Pawnee County consists of inter-
bedded limestone and shale, thickening from less than 3 feet in
the north to more than 6 feet in the south. Concurrent with the
southward thickening is an increase in topographic expression.
The escarpment formed by the limestone between Pawnee Lake
and the Arkansas River is generally low and inconspicuous, and
where resistant sandstones occur in the overlying shale, there is no
escarpment whatsoever; the limestone is covered by slumped rock
or is exposed only in gullies or in larger drainage channels. In
the town of Pawnee and to the south, however, the Red  Eagle
escarpment is readily traceable, and together with the escarpments
of the Long Creck and Americus limestones produces a north-
south belt of considerable relief. '

Throughout the north and central part of its outcrop the Red
Eagle consists of two limestones separated by shale. Southward
the shale grades into limestone, and in T. 20 N. the Red Eagle
can be described as 6 feet of well-bedded limestone with thin shale
partings. The limestone is dark-gray to gray, dense, locally shaly,
and highly fossiliferous. Numerous specimens of the brachiopod
“Marginifera” characterize the limestone in and north of the town
of Pawnee. Fusulinids occur abundantly in the middle beds of
the section in southern Pawnee County, but in the northern part
of the county they are comparatively rare.

The insoluble constituents of the Red Eagle limestone are
minor (Appendix A), consisting mostly of dark-gray clay. A few
small fragments of chert occur in the limestone in the southern
part of the county. Microscopic examination of a thin-section of
the rock exposed in the quarry in sec. 28, T. 20 N,, R. 5 E. showed
it to be a microcoquina or spergenite.

A detailed study of the Red Eagle limestone formation in
Kansas was made by O’Conner and Jewett (1952). These authors
were able to subdivide the formation in southern Kansas, where
it is predominantly limestone, on the basis of faunal horizons and
microscopic rock characteristics which persist southward from the
area where threefold subdivision of the formation is apparent. A
zone of Orbiculoidea occurs at the base of the Bennett shale mem-
ber, and the Howe limestone member is identified by its micro-

RED EAGLE FOSSILS <9

coquinoid character.  According to the authors, these diagnostic
features extend into northern Oklahoma. No Orbiculoidea were
scen in the Pawnee County section, however, and although some
of the beds could be called spergenite, subdivision of the section
on this basis alone is not justified.

Paleontology. Both the shale and limestone phases of the Red
Eagle contain a rich marine fauna. Fusulinids are an important
constituent of the fauna in the central and northern parts of the
area.

The following fossils were identified from several collections
made along the outcrop belt:

Protozoa

Schwagerina sp.

Triticites sp.
Anthozoa

Lophophyllidium sp.
Crinoidea

columnals, basals, and spines
Echinoidea

plates and spines

Brachiopoda
Antiquatonia sp.
Chonetes granulifer Owen
Chonetinella (?) sp.
Composita subtilita (Halh
Crurithyris planoconvexa (Shumard)
Derbyia sp.
Dielasmma bovidens tMorton)
Hustedia mormoni (Marcou}
Juresania nebrascensis (Owen)
Linoproductus sp.
“Marginifera” sp.
Meekella striatocostata (Cox)
Neospirifer sp.
Neospirifer dunbari King
Punctospirifer kentuckyensis (Shumard)
Rhipidowella sp.
Wellerella sp.
Wellerella detlicatula  Dunbar and Condra
Wellerella truncata Dunbar and Condra
Bryozoa
Bascomella fusiformis Condra and Elias
Cautostrepsis dunbari Condra and . Elias
Rhombopora lepidodendroides DMeek
encrusting forms
fenestrate forms
ramose forms
tabular ramose forms
Gastropoda
Amphiscapha catilloide (Conrad)
Chondrichthyes
Deltodus sp.
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Roca shale

Definition and distribution. As used in this report, the Roca
shale includes the rocks between the Red Eagle and Neva lime-
stones. In essence this is the original definition of the unit pro-
posed by Condra (1927, p. 86) for a section near Roca, Lancaster
County, Nebraska. Condra’s definition has been modified by the
establishment of the Grenola formation (Condra and Busby, 1933),
which, except for the Neva limestone, consists of beds formerly
included in the upper part of the Roca. Subdivisions of the Gren-
ola are, in descending order, the Neva limestone, Salem Point
shale, Burr limestone, Legion shale, and Sallyards limestone. The
definition of the Roca as thus restricted by Condra and Busby is
the one currently used in Kansas and Nebraska.

Taylor (1953) and Vosburg (1954) identified all the Kansas
subdivisions of the Grenola in northwestern Osage County, Okla-
homa, but Fisher (1956, p. 32) reported that the lower three mem-
bers of the formation grade southward into sandstone just north
of Pawnee County. In Pawnee County the top of the Kansas Roca
is indeterminate and only the Neva limestone member of the
Grenola formation can be recognized with assurance. Accord-
ingly, the Roca shale of this report includes in its upper part a
section representative of all but the Neva limestone member of the
Grenola formation of Kansas. This section can be identified
southward as far as T. 17 N. in southern Payne County (E. M.
Nakayama, 1955, personal communication). Northward the Roca
of Pawnee County grades into the Roca and basal Grenola beds
of northern Oklahoma, Kansas, and Nebraska.

Roca exposures are generally poor in Pawnee County although
along Oklahoma Highway 18 between Pawnee and Ralston there
are several road cuts in which the Roca is well exposed and may
be studied in detail (Appendix D, sections 14, 15, and 16).

Thickness and character.: In Nebraska and Kansas the Roca
is 15 to 20 feet thick and is composed predominantly of gray, red,
and green shale; thin impure limestones occur in the Kansas sec-
tion. In northern Oklahoma also the Roca consists predominantly
of red and gray shale. Taylor (1953, p. 57) reported a thickness
in northern Osage County of 17.5 feet. Farther south Vosburg
(1954, p. 56) reported a southward thickening of the formation
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from 13.8 fect in T. 26 N. to 345 feet in T. 24 N. Vosburg at-
tributed the thickening to sandstones wedging into the section
from the south. In southern Osage County Fisher (1956, Pl 1)
showed a thickness of 80 feet for the section between the Red Eagle
and Neva limestones. This thickness includes the lower part of
the Grenola formation and is therefore not directly comparable
with Roca sections farther north.
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Channel sandstone in the upper part of the Roca shale exposed

along the road on the west line of the SW 14 sec, 30, T. 20 N..
R. 5 E,

The thickness of the sequence between the Red Eagle and
Neva in Pawnee County ranges from 80 feet along the Arkansas
River in T. 24 N. to about 120 feet in the central part of the
county, from whence it decreases southward to about 105 feet in
T. 20 N. Nakayama (1955, personal communication) reported
only about 90 feet of Roca in southern Payne County.

The rocks composing the Roca section in Pawnee County are
principally red and gray shales, lenticular sandstones, and thin
impure limestones. The basal 20 to 25 feet consists of gray shale
which, except in the central part of the county, contains one or
more thin beds of fossiliferous generally impure gray to gray-green
limestone. The gray shale grades upward irto 50 to 70 fect of
red and reddish-brown silty shale. Lenticular sandstones with a
maximum thickness of over 30 feet occur in the red shale section.
The sandstones are red to light tan and generally grade from
cross-bedded in the lower part to massive or well-bedded in the
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upper part. Contorted bedding is common.  The sandstones are
generally thicker in the southern part of the county.

One of these sandstones, the base of which is exposed along
the road on the west side of see. 30, T. 20 N, R. 5 E., is a channcl
sandstone resting  disconformably on the underlying red shale
(Fig. 25). Similar disconformities probably occur at the base of
many or most of the sandstones in this sequence, but the contact
rclationships are concealed by slumped rock at all but a few places.

Overlying the red shale-lenticular sandstone sequence is a
20-foot section of dark-gray to black shale, which forms the upper
part of the Roca. The black shale contains thin beds of impure
highly fossiliferous limestone and calcareous siltstone, especially
in the lower part (Appendix D, sections 11, 13, and 14). Several
thin beds of siltstone are intercalated in the shale just below the
Neva, and excepting in the central and southern parts of the county,
where a thick sandstone occurs immediately below the Neva.

Two persistent limestones occur in the Roca. Near the base
of the red shale section there is a gray to brown sandy limestone
which grades laterally into sandstone. The thickness of this unit
averages 5 feet (Appendix D, sections 15 and 16). On the out-
crop the rocks appear decomposed, and consist of irregular dark-
brown masses of leached sandstone surrounded by lighter-colored
unleached sandy limestone. The basal bed is crinoidal; the over-
lying beds contain a molluscan fauna including Myalina sp. and
Euphemites sp. Small lenses of dense limestone composed largely
of molluscan remains occur in the top part. The limestone is
especially well developed in and just north of Pawnee, where it
is exposed on the playground of the grade school in town and
along Oklahoma Highway 18 just cast of Pawnee Lake (Fig. 26).
It forms an escarpment that can be traced across the central part
of the county from the northwestern part of T. 21 N,, R. 5 E,
to sec. 19, T. 23 N, R 5 E., where it crops out on the south bank
of Coal Creek just cast of the bridge on Oklahoma Highway 18.
North of this point the unit was not seen although similar beds
occur higher in the Roca section.  South of Pawnee a thin-bedded
to massive sandstone occurs 30 to 40 fect above the Red Eagle.
This sandstone is probably correlative with the sandy limestone
unit to the north.
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A sccond persistent limestone occurs higher in the red shale
section 40 to 50 feet below the base of the Neva limestone. It is
a non-resistant argillaccous mottled grav-green and maroon lime-
stone about 0.5 feet thick. It contains a few mollusks and lenses
of algal pellets. This limestone occurs as far south as Pawnee
Lake and may be the Sallyards or the Burr limestone member of
the Grenola formation. Along the Arkansas River in sec. 17, T.
24 N, R. 5 E., where the Roca is only 80 fect thick, a limestone

25 feet below the Neva may be the northward continuation of the
mottled limestone.
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Figure 26. Thin unnamed limestone in the Hoca chale exposed along
Oklahoma Highway 18 in SW 19 see. 200 T. 22 N, R. 5 E.

The teached, rotten appearance of the ecentral portion  is

typical.  The bottom bed is deuse and erinnidal: the upper

bed contains a proflusion of Vyalina,

Paleontology. The fimestones and adjacent shales of the Roca
section are commonly fossiliferous. The limestones of the basal
gray shale contain a brachiopod fauna with a few fusulinid speci-

mens, but the fossiliferous zones in the upper part of the unit are
all molluscan and algal.
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The following forms were identified from collections made
from the molluscan zones, mainly from the exposures of the upper
gray shale along the east side of Oklahoma Highway 18 in scc.
29, T. 23 N,, R. 5 E. (Appendix D, section 14).

Crinoidea
columnals

Brachiopoda
Composita subtilita (Hall)
Hustedia mormoni (Marcou)
Juresania nebrascensis (Owen)
Linoproductus sp.
Orbiculoidea missouriensis (Shumard)

Bryozoa
fenestrate forms

Pelecypoda
Wilkingia sp.
Astartella sp.
Aviculopecten sp.
Aviculopinna sp.
Leda sp.
Myalina sp.
Myalina (Myatina) copel Whitfield
Myalina (Orthomyalina) slocomi Sayre
Myatina (Orthomyalina) subquadrata Shumard
Nucula sp.
Pseudomonotis (?) sp.
Septlimyalina sp.

Gastropoda
Amphiscapha Catillolde (Conrad)

Chondrichthyes
Petalodus destructor (Newberry and Worthen)

Neva limestone

Definition and distribution. The type locality of the Neva
limestone is near Neva station, Chase County, Kansas. The name
was proposed in an unpublished manuscript by Prosser and Beede
(Beede, 1902, p. 180) for 6 to 8 feet of gray limestone in two beds
scparated by shale. Following discussion and reclassification of
this part of the Permian section by Condra and Busby (1933),
Moore (1936), and Bass (1936), the Neva is now defined as the
top member of the Grenola formation and is underlain in turn
by the Salem Point shale, Burr limestone, Legion shale, and Sall-
yards limestone members. Only the Neva member of the Grenola
can be identified with assurance in Pawnee County. At least one
thin limestone occurs a short distance below the Neva in the
northern part of the county, however, and may represent the
southernmost cxtension of one of the lower Grenola limestones.
The Neva is overlain by the Eskridge shale formation.

NEVA LIMESTONE %

The Neva can be traced continuously southward from south-
eastern Nebraska across Kansas into north-central Oklahoma. In
Pawnee County the escarpment of the Neva limestone cuts back
and forth across Oklahoma Highway 18, swinging sharply to the
west of Pawnee along Black Bear Creck. Recent work by Naka-
yama (1955, personal communication) indicates that the Neva
pinches out in southern Payne County.

Thickness and character. The Neva limestone of Kansas was
described by Moore (1951, p. 47) as a series of four or five lime-
stone beds separated by shale. In southern Kansas the lower lime-
stones are locally chert-bearing. Total thickness ranges from 16
to 24 feet. According to Taylor (1953, p. 61) and Vosburg (1954,
p- 60) the Neva of Osage County, Oklahoma, consists of 20 to 30
feet of limestone and thin interbedded gray shales. A zone of
cherty limestone 2.5 fect thick occurs about 6 feet below the top.

aylor (p- 61) reported Psendoschuwagerina from a shale zone near
the middle of the section. According to Fisher (1956, p. 33) the
Neva of southwestern Osage County has a fairly constant thick-
ness ranging between 10 and 13 feet.

In Pawnee County the Neva consists of upper and lower lime-
stone members separated by 13 to 22 feet of blue-gray shale.  Over-
all thickness of the formation ranges from 40 feet in T. 22 N. to
17 feet in T. 20 N. (Appendix D, sections 10 to 14 inclusive).
In the northern part of the county the thick lower limestone mem-
ber of the sequence forms an abrupt escarpment which bounds
the Roca shale valley on the west. The thin upper limestone gen-
erally crops out somewhat west of the main escarpment and is
difficult to trace. Massive sandstones are commonly developed
above and/or below the upper limestone, effectively concealing its
outcrop. In southern Pawnee County, however, where the upper
and lower limestones are more equally resistant and are both
bounded by shale, the Neva forms two escarpments. When tracing
the Neva outcrop in this area, either on the aerial photographs
or in the field, caution is necessary to prevent jumping from bed

to bed.

In the northern part of the county good exposures of the
scarp-forming lower limestone occur in several abandoned quarries
and at almost all places where roads cross the outcrop, but a com-
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plete section of Neva is rarely exposed. In T. 23 N., where the
lower member is best developed, it is 21 feet thick. It is silty at
the base and grades upward into cherty limestone with intercala-
tions of gray silty shale up to 05 fect thick. Irregular masses of
chertified limestone, probably representing  post-depositional  re-
placement, occur throughout the limestone. In the upper part
there are horizontal zones of chert nodules and lenticular beds of
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Neva limestone in quarry east of Oktahoma llighway 18 in
see. 20, T. 23 N, R. 5 E. The Neva is 16 feet thick in this
quarry.
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Figure 21,

chert, apparently primary, which stand out in relief on the weath-
ered surface of the limestone (Figs. 27 and 28). The chert nod-
ules and lentils are dark-gray to dark-brown; the limestone is
dense and ranges from buff to blue-gray to gray-brown. Where
chertification is greatest, the color of the chert prevails. Fossils
are abundant, especially in some of the shale beds, and a zone of
fusulinids, mostly T'riticites, occurs in the lower part. A sample
of the limestone which appeared to be relatively pure yielded an
insoluble residue of 20.7 percent, most of which consisted of chert

fragments and silt (Appendix A).

The upper limestone is dense, greenish-giay, and locally shaly
and is composed largely of broken shell fragments. It is about
one foot thick and is separated from the lower limestone by 15
to 20 fect of shale, which contains lenticular sandstones in the
upper part.
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Southward the chert disappears from the section and is ab-
sent in the Neva exposures near Pawnee, where the entire Neva
section is only 20 feet thick. Here the lower member consists of
fossiliferous sandy limestone or calcareous sandstone. Upon leach-
ing these beds appear to be a dark-brown sandstone. They con-

tamn casts of several large brachiopods, notably Neospirifer.
T : -
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Figure 28. Neva limestone. Close-up of left part of Figure 27. Note
resistant well-hedded chert in the upper part and jreegular
nodular chert in the center.  Pick head rests in fossiliferons
shale hed 5.5 feet ahove the base of the Neva.

Farther south the Neva section is composed of an upper and
lower limestone, each about 2.5 feet thick, separated by 13 fect of
blue-gray shale (Appendix D, section 11).  The limestones are
similar in appearance, the principal difference being the occurrence
of red shale in and immediately below the upper limestone. Both
weather dark brown. Freshly fractured surfaces have a character-
istic dull brownish-gray color and a rough granular texture. Small
cavities lined with crystalline calcite are common. Fossils are
rare except for the local occurrence of Myaling and crinoid frag-
ments which stand out in relief on the westhered surface (Fig.
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29). A sample of the lower member contained about 13 percent
insoluble material, mostly silt (Appendix A).

Palcontology. The upper limestone mcmbf-r (?f the 'I\-van con-
tains a sparse melluscan fauna and is locally crinoidal. The lowcr’
member contains a rich brachiopod fauna in the northern part o
the county. This fauna diminishes southward :l.n(.l grades 'mto a
molluscan facies south of Pawnee. The fusulinid zone in the
lower part of the cherty bed is most prominent in outcrops along
the Arkansas River and dies out north of Pawnee Lake. Neva
exposures in the southern part of the county are csscntial.ly non-
fossiliferous except for crinoid fragments and a few Myalina.
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i inoidal T 'a limestone in
Figure 29. Basal crinoidal limestone member of the Neva
& southern Pawnee County, SW % sec. 6, T.20 N, R. 5 E.

The following forms were collected, mostly from exposures
of the lower limestone in the northern part of the county:

Protozoa

Schwagerina sp.

Triticites sp.
Anthozoa

Lophophyllidium sp.
Crinoidea

eolumnals, basals, and spines
Echinodea

piates and spines
Brachiopoda

Antiquatonia sp.

Chonetes granulifer Owen

Chonetinella (?) sp.
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Composita subtilita (Hall)
Crurithyris planoconvexa (Shumard)
Derbyia sp.
Hustedia mormoni (Marcou)
Juresania sp.
Juresania nebrascensis (Owen)
Linoproductus sp.
“Marginifera™ sp.
Meekella striatocostata (Cox)
Neospirifer sp.
Neospirifer dunbart King
Orbiculoidea missouriensis (Shumard)
Rhipidomella sp.
Wellerella delicatula Dunbar and Condra
Wellerella truncata Dunbar and Condra
Bryozoa
encrusting forms
fenestrate forms
ramose forms
tabular ramose forms
Pelecypoda
Wilkingia sp.
Chondrichthyes
Petalodus destructor (Newberry and Worthen)

This faunal assemblage is noteworthy because it is the youngest
occurrence of fusulinids and a normal brachiopod fauna in the
Pawnee County section. In the younger beds west of the Neva
outcrop, the fauna is restricted to mollusks, phosphatic brachiopods,

and algae, indicating a marked change in sedimentary environ-
ment in post-Neva time.

Eskridge shale

Definition and distribution. C. S. Prosser in an unpublished
manuscript suggested the name Eskridge for about 30 feet of shale
overlying the Neva limestone and underlying the Cottonwood
limestone near the town of Eskridge, Wabaunsee County, Kansas
(Beede, 1902, p. 181). Prosser’s original definition is still valid.

The Eskridge shale was formerly considered to be the top
unit of the Wabaunsec group in Kansas, but reclassification of the
section by Moore (1936) and others has since placed the Eskridge
in its present position in the Council Grove group. The forma-
tion can be traced continuously across Kansas from southwestern
Nebraska into north-central Oklahoma, where it can readily be
mapped as far south as central Pawnce County. In southern Paw-
nee County identification of the Cottonwood limestone s uncer-
tain, and recognition of the upper limit of the Eskridge is accord-

ingly doubtful.
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Character and thickness. The Eskridge shale of Kansas is
described by Moore (1951, p. 47) as principally re.d and green
shale, 20 to 40 feet thick, with minor amounts of lllllCSl():lC and
thin coals locally. According to Taylor (l953,~p. .65), Vosburg
(1954, p. 62), and Fisher (1956, PL II), the Eskridge slmlc‘ of
Osage County, Oklahoma, consists of a‘lwout 65 feet of ycllf)wlsh-
gray and maroon shales containing thin sandstones and, in the
upper part, thin fossiliferous limestones.

.

The Eskridge shale of Pawnee County is a 1.1on-foss_i|ifcr0us
sequenice of maroon to red shales and thick lcntlcul§r gencrally
cross-bedded sandstones. Small lentils of conglomeratic limestone
occur locally in the sandstones. The thickness of thc-l*;skri.dgc
ranges from about 80 to 90 feet, increasing s'outhward. This t_lnc.k-
ness may be open to question, however, owing to thrf uncertainties
inherent in measuring a thick weakly-resistant section of poorly
exposed lenticular beds.

Lying immediately above the Neva is 10 to l? feet of gray
shale. Locally (e.g., along the road on the east side of sec. '12,
T. 22 N, R. 4 E.) this gray shale is thinner and is overlain with
apparent disconformity by a cross-bedded channel sandstone up
to 25 feet thick. This contact is generally covered, but the occur-
rence of a highly crossbedded sandstone a short dist:u?cc above
the Neva at many places in the county suggests the existence of
a local disconformity.

The section above the crossbedded sandstone is generally
covered. It consists of a complex sequence of red shales and red
to tan lenticular sandstones (Appendix D, section 8).

Paleontology. The rocks of the Eskridge shale section are
apparently non-fossiliferous.
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Cottonwood limestone

Definition and distribution. 1n the stratigraphic subdivision
used in Pawnee County the Cottonwood limestone lies above the
Eskridge shale and below the Garrison shale.  Cottonwood lime-
stone 1s an established abbreviation for the Cottonwood Falls lime-
stone, named by Haworth and Kirk (1894, p- 112) for exposurcs
near Cottonwood Falls, Chase County, Kansas. Condra and Busby
(1933, p. 13), in setting up the Beattie formation, included the
Cottonwood as the basal member, overlain in turn by the Florena
shale and the Morrill limestone. This classification is currently
used in Kansas, southeastern Nebraska, and north-central Okla-
homa. Taylor (1953), Vosburg (1954), and Fisher (1956) each
identified the three units of the Beattie formation in Osage County.

The members of the Beattie formation can be identified in
Pawnee County just south of the Arkansas River in the two
northernmost outliers of Cottonwood limestone. These outliers
are shown on Plate 1 in the northwest part of T. 23 N, R. 4 E.
They are capped by a thin limestone about 30 fect above the Cot-
tonwood (Appendix D, section 9). This limestone is undoubtedly
the Morrill and the underlying shale the Florena. A few scattered
limestone exposures of indeterminate stratigraphic position occur
immediately to the southwest of the outliers and may be erosional
remnants of the Morrill, but the extent of discernible Morrill
limestone in Pawnee County is very small. Only the Cottonwood
limestone member of the Beattie formation is traceable for any
distance across the county. Accordingly, the Beattic formation
has been ignored in subdividing the rocks of the Council Grove
group for this report. The Cottonwood limestone was mapped
as a key bed, and the trace of its outcrop is shown on Plate I. The
upper members of the Beattie formation are not mappable and
are here included in the basal portion of the Garrison shale.

The Cottonwood limestone can be traced with fair assurance
as far south as Black Bear Creck in T. 22 N: and tentatively as
far as the south county line.

Thickness and character.  Moore (1951, p. 47) described the
Cottonwood limestone of Kansas as light-buff massive limestone,
about 6 feet thick, containing abundant fusulinids in the upper
part. In Osage County, Oklahoma, the Cottonwood is a light-
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gray partly shaly limestone containing fusulinids. It thins south-
ward from 2.5 fect in the Foraker area to 1.3 fect in the Burbank-
Shidler area, though Fisher (1956, PL. II) assigned an average
thickness of 6.5 feet to the Cottonwood in the Belford area. The
maximum development in Pawnee County occurs along the Ar-
kansas River, where the Cottonwood occurs as a single resistant
bed of light greenish-gray limestone 2.2 feet thick (Fig. 30). Care-
ful examination of the limestone reveals a sparse macrofauna, prob-
ably molluscan, but no fusulinids. Examination of thin-sections
showed the rock to be spergenite or microcoquina composed of
minute shell fragments and calcareous pellets, probably algal. A
sample of the Cottonwood collected just south of the Arkansas
River had an insoluble residue of 10.7 percent, the arenaceous com-
ponent consisting largely of the silicified tests of micro-organisms

(Appendix A).
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Figure 30. Cottonwead limestone exposure in field north of road along

The Cottonwood thins southward in Pawnee County. In the
SW Y sec. 22, T. 22 N, R. 4 E., the southernmost outcrop in which
Cottonwood can definitely be recognized, 1.2 feet of limestone is
exposed. It is light gray, dense, finely crystalline, and slightly
silty. Here again cilicified microfossils occur in the insoluble
component (Appendix A). Southward from this point the Cotton-
wood is concealed beneath colluvium, alluvium, and terrace de-
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posits. There are no recognizable exposures of Cottonwood south
of Black Bear Creek. The outcrop pattern shown on Plate 1 is
the trace of a sandstone escarpment beneath which occurs a thin
calcarcous mudstone conglomerate.  The conglomerate occurs in
the approximate stratigraphic position of the Cottonwood farther
north. On the strength of its stratigraphic position and calcareous
nature the conglomerate has been tentatively equated to the Cot-
tonwood; but owing to the uncertainty of this correlation, the
trace of the Cottonwood shown south of Black Bear Creek may
be only a rough approximation.

Representative sections of the Cottonwood limestone may be

found in Appendix D, sections 8, 9, and 10.

Paleontology. No identifiable fossils were seen in the Cotton-
wood limestone although a few macro-organisms are visible on
the weathered surface of the limestone. Microscopic examination
of the rock reveals that the matrix is composed largely of minute
shell fragments and small rounded calcarcous pellets, which may

be of algal origin.

Garrison shale

Definition and distribution. As used in this report the Gar-
rison shale is the top unit of the Council Grove group. It in-
cludes the beds upward from the top of the Cottonwood limestone
to the base of the Wreford limestone. This definition was orig-
inally proposed by Prosser (1902, p. 712), who applied the name
to exposures at the town of Garrison, Pottawatomie County, Kan-
sas. The name was discarded by Moore (1936, p. 251), who raised
the various members of the Garrison to formation rank within
the Council Grove group.

The formations constituting the Garrison section in Kansas,
Nebraska, and northern Oklahoma cannot be identified in Pawnee
County, and in this report the general term Garrison shale has
been retained. South of T. 22 N. the disappearance of the Wre-
ford limestone from the scction precludes accurate separation of
the Garrison sandstones and shales from those of the overlying.
Matfield. The Council Grove-Chase contact shown in T. 21 N.
on Plute 1 is based principally on topography and is only an csti-
mate of the true position of the contact:
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Thickness and character. In Kansas and Nebraska the rocks
cquivalent to the Carrison consist of gray and olive shales and
gray locally cherty limestones. Thickness of the sequence is about
135 feet (Moore, 1951, fig. 16). In northern Oklahoma Hruby
(1955, p. 17) and Taylor (1953, PL 11I) reported about 130 feet
of red and gray shales, fossiliferous gray limestones, and lenticular
sandstones between the Cottonwood and Wreford. Most of the
Kansas units can be identified in northern Oklahoma, but only
the Crouse limestone, which occurs about midway in the sequence,
has any persistent topographic expression. Fisher (1956, p. 42)
tentatively identified the Crouse in southwestern Osage County.

The rocks of the Garrison interval in Pawnee County consist
of a poorly exposed heterogeneous sequence of red shales and red
to tan lenticular sandstones. The poor exposures and the lack of
recognizable beds within the sequence prevent complete and de-
tailed measurement of the section on the surface, but the corre-
sponding interval in the subsurface, measured on electric logs of
holes slightly to the west of the outcrop, is about 140 feet thick
(Plate 4). This compares to 125 feet measured by Fisher (1956,
p- 46) just across the Arkansas River in southern Osage County.

Two or more limestone zones are present in the lower part
of the Garrison just south of the Arkansas River. One of these,
previously discussed on page 101, occurs about 30 feet above the
Cottonwood limestone (Appendix D, section 9) and is probably
the southern extremity of the Morrill limestone member of the
Beattie limestone formation. It is the only unit within the Gar-
rison section that can be correlated, even on a tentative basis, with
the Kansas section. It is light gray and finely crystalline and con-
tains an abundance of small round algal pellets, which together
with the indistinct outlines of small shells, stand out in relief on
the weathered surface. Lentils of conglomeratic limestone con-
taining rounded pebbles up to 2 inches in length occur in the
basal cross-bedded portion of a thick sandstone about 70 feet above
the Cottonwood in sec. 15, T. 23 N,, R. 4 E. (Appendix D, sec-
tion 8). Other limestones of uncertain position in the Garrison
section occur in the northern part of the outcrop belt. These lime-

stones all pinch out southward, and none is present in the Garrison
section south of T. 23 N, '
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The amount and average grain size of sandstone in the Gar-
rison increase southward. In T. 21 N. many of the sandstones in
the Garrison-Matfield sequence are medium- to coarse-grained ar-
koses or subgraywackes. Most are friable and generally non-
resistant, forming a gently rolling surface covered in the most
part by sandy soils.

Paleontology. A fossiliferous algal limestone occurs 30 feet
above the base of the Garrison section in the northern part of the
county, but no identifiable fossils were seen in this bed. Other
portions of the Garrison section are apparently non-fossiliferous.

Chase Group

The Chase group is the upper division of the Wolfcamp series
in the western Mid-Continent area. As presently defined, the
group includes those beds from the base of the Wreford limestone
upward to the top of the Nolans (Herington) limestone. In south-
ern Kansas and northern Oklahoma the Chase group consists of
over 340 feet of red and green shales and persistent chert-bearing
limestones, erosion of which has formed the major portion of the
Flint Hills. Southward the limestones thin and their chert con-
tent diminishes abruptly.

In T. 23 N. the Chase group is composed primarily of sand-
stones and red shales. Only thin remnants of four of the ten lime-
stones in the Kansas section are present—the Wreford, Fort Riley,
Winfield, and Herington. These limestones have a high sand
content but contain no chert (Appendix A). The Winfield lime-
stone is the youngest member of the Chase group in Pawnee
County, where about 300 fect of the section is exposed (Fig. 31).
The subdivisions of the group used in this report are shown in
Table 3, Page 73. South of Pawnee County the rocks of the Chasc
group grade laterally into the Asher formation of central Okla-
homa.

Wreford limestone

Definition and distribution.  Hay (1893, p. 104) applied the
name Wreford to a cherty limestone 25 feet thick at the town of
Wreford, Geary County, Kansas. Prosser (1902, p. 713) defined
the limestone as the basal formation of the Chase stage, under-
lying the Matfield shales and overlying the Garrison formation.
Prosser’s original definition is still valid and is the one used in this
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report.  In Kansas the Wreford has been divided into three mem-
bers (Moore, 1951, p. 45), but these divisions have not been iden-
tified in Oklahoma.

The Wreford is recognized from southeastern Nebraska across
Kansas into north-central Oklahoma, where it can be traced as
far south as T. 20 N. In and south of T. 20 N. the Wreford dis-
appears and there is no detectable horizon on which the Garrison
and Matfield shales—or the Council Grove and Chase groups—may
be separated.

Thickness and character. Moore (1951, p. 45) described the
Wreford limestone of Kansas as two partly cherty limestone mem-
bers separated by gray shale. Thickness of the sequence ranges
from 30 to 40 feet. In northern Oklahoma the Wreford is essen-
tially all limestone. The limestone is partly cherty and thins south-
ward from 31 feet in T. 29 N, R. 5 E. (Taylor, 1953, p. 74) to
12 feet in T. 26 N, R. 4 E. (Noll, 1955, p. 39). Noll described

the Wreford in southern Kay County as a maroon to tan sandy
algal limestone.

Billings (1956, p. 13) described the Wreford in northeastern
Noble County as “ . . . two algal limestone ledges separated by
shale . . . the silt content increases southward . . . . the lower ledge
is only a few inches thick.” Billings also noted that algal bodies,
probably of the genus Osagia, replaced by limonite, are common
in the limestone.

In northwestern Pawnee County about midway between the
Cottonwood and Fort Riley limestones there is a limestone zone
that can be traced as far south as sec. 1, T. 21 N, R. 3 E. On
the strength of its stratigraphic position and algal content this
zone has been correlated with the Wreford limestone of northern
Oklahoma and Kansas. Abrupt facies changes appear to be char-
acteristic of the zone, although owing to poor exposures in this
part of the section, some of the facies variation may be more ap-
patent than real, and the possibility exists that two or more beds
have been mapped as one.

The Wreford is best developed in the northern part of T. 22
N. and the southern part of T. 23 N,, R. 4 E., where it forms a
prominent escarpment both north and south of Oklahoma High-
way 15. A maximum of 7 feet has been assigned to the Wreford
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in this area (Appendix D, section 6). The lower 2 feet consists
of thinly interbedded fossiliferous limestone and red shale. The
limestone beds are a coquinite composed of myalinid, pectenoid,
and productid (Linoproductus) shells. The upper 5 feet consists
principally of highly leached calcareous sandstone and sandy lime-
stone.  Old exposures are completely leached and appear to be
sandstone. They are stained dark red by ferric oxide from adja-
cent shales and have a pitted surface and well-displayed bedding
(Fig. 32). Fisher (1956, Fig. 11) depicts a similarly pitted surface
| - . oy . .
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Scarp-forming candy phase of the Wreford lmestone exposed
along the north side of Oklahoma Highway 15 in SW
see. 3, T, 22 N, R. 1 E. The pitted surface, leached appear-
ance, aml distinet hedding of this exposure are typical of
the casternmost outetops of Wreford in Pawnee County.  (Sun
glassses for scale.)

in the Wreford exposures of southern Osage County. Close cx-
amination discloses that each pit contains a sandstone core, pos-
sibly the internal mold of a bivalve. These “steinkerns” and the
highly porous nature of the sandstone suggest that prior to leach-
ing the rock may have been a fossilifcrous calcareous sandstone.
Fresh exposures exhibit less leaching and are white to gray. Lenti-
cular masses of fossilifcrous’ sandy gray limestone, locally vuggy
and highly recrystallized, occur at places in the top part of the
sandstone,

Where the Wreford is exposed along the Arkansas River in
the east part of R. 3 E., it is a red shaly limestone about 0.5 feet
thick, containing a sparse molluscan fauna and small limonitic
pellets which are probably altered algal material.  Generally the

Figure 32.
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limestone is bounded above and below by red shale, but locally a
lenticular bed of red deltaic sandstone up to 20 fect thick occurs
immediately above the limestone. The Wreford is composed of
similar red limestone in exposures along the road on the north
line of secs. 31 and 32, T. 23 N., R. 4 E., but between these two
exposures, in the SE 14 sec. 25, T. 23 N., R. 3 E., the Wreford is
represented by about one foot of dense light-gray spergenite com-
pletely different from the nearby red algal limestone. A similar
change from the gray to the red facies occurs within one mile
along the road on the west line of sec. 18, T. 22 N., R. 4 E. Here
there is evidence of southward gradation from gray to red, pos-
sibly as the result of weathering together with southward thinning
or pinchout. Two insoluble residues obtained from the non-red
facies of the Wreford indicate a marked scuthward increase of

sand and silt (Appendix A).

The Wreford exposure along the road in the SW corner sec.
18 is the southernmost exposure of the limestone in Pawnee County.
It consists of a few inches of nodular dark-red limestone encased
in red shale. A few crinoid fragments occur in the limestone,
marking it as marine. South of this point the Wreford was mapped
as far as Black Bear Creck on the basis of the escarpment of an
overlying sandstone. A limestone thought tc be Wreford is ex-
posed beneath this sandstone in a small outlicr north of Black Bear
Creck in sec. 1, T. 21 N, R. 3 E., Noble County. This outcrop in
Noble County is the southernmost exposure of Wreford known

(Billings, 1956, p. 15).

An attempt was made to trace the sandstone overlying the
Wreford southward across T. 21 N., R. 4 E., but it was not pos-
sible to distinguish this sandstone from adjacent sandstones; hence
the Council Grove-Chase contact shown on Plate 1 is an approx-
imation drawn primarily on the basis of topography.

Palcontology. Few identifiable fossils were seen in the Wre-
ford section. The gray facies contains local concentrations of mya-
linids and peetinoids, and the red facies is characterized by limo-
nitic algal pellets, (Osagia?). crinoid debris, and sundry small
mollusk shells. Linoproductus sp. was collected from both facics.
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Matfield shale

Definition and distribution. The Matfield shale of this report
extends upward from the top of the Wreford limestone to the
base of the Fort Riley limestone. 'The Matficld was origin:nl!y
defined by Prosser (1902, p. 714) as 60 to 70 fcct of shale and thin
limestones overlying the Wreford limestone and underlying the
Florence flint. This section has subsequently been divided into
the Blue Springs and Wymore shale members separated by the
Kinney limestone member (Condra_and Upp, 1.931, p. 37, and
Moore, 1936, p. 12). These members were identified as far south
as T. 27 N. in Kay Cosnty, Oklahoma (Noll, 1955, p. 43). South
of this point the Kinney limestone is absent and the shale mem-
bers cannot be differentiated. The Florence flint member of the
Barneston formation, which defines the top of the Matficld shale
farther north, docs not occur in Pawnee County. As used in this
report the Matfield is an undifferentiated section of red sandstones
and shales and probably includes a thin section in the upper part
that is equivalent to the lower part of the Barneston formation of
Kansas.

The Matfield shale cccurs in southeastern Nebraska, Kansas,
and northern Oklahoma. In Pawnee County the Matfield cannot
be distinguished from the underlying Garrisin shale south of T.

22 N.

Thickness and character. The Matfield shale of Kansas con-
sists of two varicolored shale units scparated by a limestone; t?ml
thickness ranges from 50 to 80 feet (Moore, 1951, p. 45). A thick-
ness of 96 feet was reported in northern Kay County, Oklahoma,
(Hruby, 1955, p. 26) and about 62 feet in soslthcrn Kay ?ounty
(Noll, 1955, p. 42-45), where the sequence includes 23 feet of
dark-red shales below and 35 feet of tan clay shale above separated
by 4 feet of sandy algal limestone.

In Pawnee County the best exposures of the Matfield sect?on
are in the bluffs along the Arkansas River (Appendix D, section
4). Here the unit consists of about 100 feet of red shales, thick
lenticular red sandstones, and a few thin nodular and conglomer-
atic limestones. The limestones pinch out abruptly southward and
the percentage of sandstone in the section increases.
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The red shale in the upper part of the Matfield grades upward
to gray shale about 8 feet below the Fort Riley limestone. This
gray shale may be equivalent to the Florence flint of the section
to the north, but for convenience in mapping and because it is not
readily separable from the underlying red shales, it has been in-
cluded in the Matfield shale section.

The lenticularity of the sandstones in the Matfield is well
illustrated in the SW 14 sec. 24, T. 23 N,, R. 3 E., where at onc
place the Wreford is overlain by a resistant massive to cross-bedded
sandstone more than 20 feet thick. Less than 50 feet to the west
the Wreford forms a small bench on the slope and there is no
evidence whatsoever of the overlying sandstone,

Paleontology. No fossils were scen in the Matficld shale of
Pawnee County.

Fort Riley limestone

Definition and distribution. The name Fort Riley was given
by Swallow (1866, p. 14) to a prominent limestone exposed near
Fort Riley in Geary County, Kansas. Subscquent to several re-
definitions, the Fort Riley limetsone is currently considered to be
the top member of the Barneston formation (Condra and Upp,
1931, p. 41). 1t is underlain in turn by the Okcto shale member,
which is commonly absent, and the Florence limestone (Florence
flint) member. These subdivisions of the Barneston formation
are recognized in Kansas and southeastern Nebraska and have
been traced southward across Kay County, Oklahoma, by Hruby
(1955) and Noll (1955). Between Kay and Pawnee Counties the
cherty Florence limestone member of the formation disappears
and only a non-cherty limestone, here considered to be the Fort
Riley member, extends southward as far as Pawnee County. In
southwestern Osage County Fisher (1956, p. 51) correlated this
non-cherty limestone with the entire Barneston formation:

Exposures of Fort Riley limestone in Pawnee County occur
only in R. 3 E. The limestone can be traced southward across
the county to a point about 1.5 miles north of the Noble County
line.  From this point to the county line no exposure of the lime-
stone was found. The trace of the Fort Riley outcrop shown on
Plate I follows the sandstone escarpment under which most Fort
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Riley limestone exposures in the northern part of the county occur.

The Geologic Map of Oklahoma (Miser, 1926, 1954) shows
a large outlier of Fort Riley extending into the southwest corner
of T. 21 N,, R. 4+ E. The existence of this outlier was not con-
firmed by the field work for this report, although more refined
mapping may prove it to be present. Miser (1954) shows the
Fort Riley continuing southward to the Cimarron River in T.
17 N., but Billings (1956, p. 19) reported only one isolated exposure
of Fort Riley in southern Noble County (T. 20 N.). It seems
unlikely that the Fort Riley limestone extends much farther south
than this exposure.

Thickness and character. Moore (1951, p. 44) described the
Fort Riley litnestone of Kansas as 35 to 40 feet of light-gray and
tan limestone and thin interbedded gray shales. Near the base
is a massive bed of resistant algal limestone. In northern Kay
County, Oklahoma, the Fort Riley consists of approximately 31
feet of soft light-gray to buff limestone with a massive algal bed
more than 10 feet thick occurring locally in the lower part (Hruby,
1955, p. 35). According to Noll (1955, p. 48) the Fort Riley in
southern Kay County is typically massive light- to dark-tan fossi-
liferous limestone containing many algal beds in which the algal
pellets have been replaced by limonite.  Billings described the
Fort Riley limestone of Noble County as a fossiliferous algal
limestone, commonly jointed, averaging 3 feet in thickness (Bill-
ings, 1956, p. 19).

In Pawnee County abrupt changes in facies, thickness, and/or
resistance of the Fort Riley beds effectively prevent compilation
of a complete Fort Riley section. Maximum development of the
fimestone facies occurs around the Watchorn oil ficld in the
southern part of T. 23 N, R. 3 E. In describing these exposures,
Carpenter (1927, p. 1091) said, “. . . This formation has lost the
calcareous nature it possesses in Kansas and northern Oklahoma,
and consists mostly of sand, with a limestone bed about 10 feet
thick at its base. . " Carpenter assigned 25 feet of sandstone above
the limestone to the Fort Riley section.

An 185-foot section of Fort Riley composed of interbedded

limestone and gray shale is exposed at the NE corner of sec. 5,
T. 22 N, R. 3 E. (Appendix D, section 5). The lower 15 feet
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consists of well-bedded gray-brown dense silty limestone in beds
up to one foot thick separated by gray shale. The limestone beds
increase in thickness and number in the upper part of the section.
They contain a sparse molluscan fauna. Above the bedded lime-
stone is a 3.5-foot calcarenite composed principally of small algal
pellets, most of which have altered to limonite. This material is
partly disintegrated, forming a yellow-brown algal-pellet sand in
which occurs a sparse molluscan fauna, Red shale and sandstone,

probably the lower part of the Doyle shale, occurs above the
algal zone.

o0 d s )
Figure 33.
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Fort: Kiwy limestone, - algal member, looking west from
the SE corner sec. 20, T. 23

lil- . 3 E. Limestone bhlocks
are ahout 4 feet thick.

In the NE 1 sec. 29, T. 23 N, R. 3 E,, the algal bed is a
dense massive unit about 3 feet thick which weathers dark brown.
It is vertically fractured and weathers into large blocks which
litter the slope below the outcrop and conceal the well-bedded por-
tion of the limestone (Fig. 33). Immediately above the algal bed
at this location is a 2-foot section of thin-bedded limestone con-
taining an abundant myalinid fauna.

In its easternmost exposures along Oklahoma Highway 15
the Fort Riley is represented by two G-inch beds of limestone,
both of which weather black, separated by a thin bed of gray
shale. The lower limestone is dense, finely crystalline, and light
gray on fresh break. The upper bed is gray-brown on fresh break
and is composed largely of molluscan shells and fragments.
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Thesc limestones and a thin overlying sandstone do not appear
to be sufficiently resistant to account for the abrupt topographic
break characteristic of the Fort Riley escarpment at this locality,
and it is not impossible that a lower limestone section is concealed
by soil and slope wash.

Except for these three exposures in which limestone predom-
inates, the Fort Riley escarpment is formed by a sandstone. Frag-
ments of algal or molluscan limestone can generally be found in
the float below the sandstone escarpment, and although the sand-
stone and limestone were not seen in place together, indications
are that the Fort Riley consists of limestone overlain by a resist-
ant sandstone.

The sandstone thickens to 14 feet along the south bank of
Greasy Creek in secs. 21 and 22, 1. 32 N, R. 3 E., where 1t forms
a stecp north-facing bluff. The upper part of the sandstone is
highly calcareous and secondary deposits of crystalline calcite up
to one inch thick occur in vertical fractures. Impressions of pec-
tinoids are common. Algal limestone float was found beneath
the escarpment at this location.

It is possible that the algal limestone in the Pawnee County
scction correlates with the algal limestone ncar the base of the
Fort Riley in northern Osage County and southern Kansas and
that the overlying sandstone in Pawnee County grades into the
limestones which constitute the upper part of the Fort Riley sec-
tion farther north.

The limestones of the Fort Riley contain between 15 and 20
percent insoluble material, which consists largely of fine-grained
quartz sand (Appendix A). The sand content shows no notable
increase either northward or southward. Detailed measurements
of the Fort Riley are listed in Appendix D, sections 3, 4, and 5.

Paleontology. Although the Fort Riley i< locally fossiliferous,
fossils are difficult to collect or identify. Molluscan and algal
forms predominate.

The following faunule was identified from the weathered

algal limestone which caps the Fort Riley scction in the SE corner
sec. 33, T. 23 N, R. 3 E., and the NW corner sec. 28, T. 23 N,
R.3E:
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Brachiopoda

Derbyia sp,

Orbiculoidea missouriensis (Shumard)
Bryozea

Bascomella fusiformis Condra and Elias
Pelecypoda

Aviculopecten sp.

Myalina sp.

Doyle shale

Definition and  distribution.  The Doyle shale overlies the
Fort Riley limestone and underlies the Winfield limestone. The
name Doyle was first applicd by Prosser (1902, p. 715) to exposures
along Doyle Creck in Marion County, Kansas. Condra and Upp
(1931, p. 43) divided the Doyle into three members, the Gage shale
above, underlain in turn by the Towanda fimestone and the Holmes-
.villc shale. The members of the Doyle formation are recognized
in Kansas, southeastern Nebraska, and northern Oklahoma, where
I‘i‘rul)y (1955) and Noll (1955) mapped them across Kay County.
Fisher (1956, p. 55) also identified these subdivisions in south-

western Osage County, but the members of the Doyle cannot be
differentiated in Pawnee County.

Doyle exposures occur in westernmost Pawnee County and
extend southward into Noble County. The southern extent of the
Doyle has not been determined.

Thickness and character. In Kansas the Doyle shale consists
of two shale members separated by a limestone and has an aggre-
gate thickness of about 70 feet (Moore, 1951, p. 44). Hruby (l@SS)
and Noll (1955) reported 103 and 118 feet of Doyle in northern
and southern Kay County, respectively. The Kay County section
consists primarily of red shale and thin beds of limestone. Fisher
(1956, p. 55) assigned a thickness of 125 to 135 feet to the Doyle
in southwestern Osage County. ‘

In Pawnee County the Doyle is represented by thick red inter-
bedded sandstones and shales.  The section is poorly exposed so
that a complete measurement of the surface section was not ob-
tained. Mcasurements from clectric logs of bore holes just west
of the outcrop show a thickness of about 150 feet. Cnrpcntcr
(1927, p. 1091) described the Doyle section west of the Watchorn
(Morrison) oil field as 160 feet of red sand and shale.
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The top and bottom of the Doyle are characterized by beds
of green shale ranging from a few inches to 5 fect thick. The
green color is probably secondary, resulting from reduction of the
ferric iron of the red sediments. The Doyle sandstones are highly
cross bedded to massive and at places appear to be deposited on
a channelled surface (Appendix D, section 3, bed 6). "The sand-
stones arc generally coarser in the southern part of the county.

In the NW 1 sec. 28 and the SE Y sec. 17, 1. 23 N, R. 3 E,,
a porous red conglomerate composed of rounded limestone and
sandstone pebbles up to 2 inches in length occurs about 50 feet
above the Fort Riley.

Scattered exposures of a dark-brown fassiliferous limestone
occur 20 to 30 feet below the Winficld in the northwest part of
T. 22 N, R. 3 E. This limestone is best expused along the south
side of Oklahoma Highway 15 in the NW 14 sec. 8. It generally
occurs as float in pieces ranging up to 0.7 feet thick, capping slopes
and small hills east of the Winfield escarpment.  The limestone
contains abundant mollusks which are seen only in cross section
on the weathered surface.

Paleontology. Fossils were scen only in the upper part of the
Doyle section in two thin limestones. These fossils are poorly pre-
served, permitting only general identification. The brown lime-
stone 20 to 30 feet below the Winficld contains an abundant mol-
luscan fauna including myalinids. Small high-spired gastropods
and a few bellerophontids occur in a one-inch bed of nodular
limestone 2 feet below the Winfield (Appendix D, section 1, bed
3). The nodular limestone is enclosed by varicgated shales, sug-
gesting a fresh or brackish water environment.

Winfield limestone

Definition and distribution. The Winfield limestone is the
uppermost Permian unit exposed in Pawnee County. The name
Winfield was first applied by Prosser (1897, pp. 64-60) to 13 fect
of concretionary limestone exposed near the town of Winfield,
Cowley County, Kansas. Condra and Upp (1931, p. 49) divided
the Winfield of southeastern Nebraska into three members, which
Moore (1936a, p. 12) extended into northern Kansas. In southern
Kansas and northern Oklahoma these members have not been
identified and the Winfield is there considercd to be a single unit.
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The southern extent of the Winfield is not known. Exposures
of the limestone extend across Kay County as far south as 1. 26
N. From this point southward to the Kay-Noble County line the
trace of the Winfield outcrop is based on topography (Noll, 1955,
p-55). The Winficld limestone was mapped across northern Noble
and southwestern Osage Countics by Billings (1956) and Fisher
(1956). respectively. The Winfield extends from Noble County
castward into Pawnce County in T. 22 N, R. 3 E. It appears l;)
grade into sandstone southward. but Billings (idem, p- 27) re-
ported 6 inches of dolomite 7 feet below the lower sandstone in
the Enterprise (Odell) shale of southern Noble County. Billings
identified this dolomite as Winfield. It disappears south of Black
Bear Creek in sec. 1, T. 21 N, R. 2 E.

i W N

Figure 3+, Well-hedded searp-forming ealeareous sandstone exposed along
the south of Oklahoma Highway 18 in the NW 4 cee. 7 T.
22 N.. R. 3 E.: thouglt to he the Pawnee County correlalive
of the Winficld limestone of northern Oklahoma and Kansas,

Thickness and character. In western Pawnee County the red
sandstones and shales of the Doyle are capped by about 7 feet of
thin-bedded sandstone, which contains thin lenticular beds of
light-colored non-fossiliferous calcareous sandstone and sandy lime-
stone (Appendix D, sections 1 and 2). This section has been cor-
related with and mapped as the Winfield limestone (Plate 1).
It is best exposed along Oklahoma Highway 15 in sccs. 6 and 7,
T. 22 N, R. 3 E., where it forms an abrupt escarpment and several

steep flat-topped outliers (Figs. 34 and 35).
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The Winfictd Jimestone of southern Kansas and northern
Oklahoma consists of 8 to 11 feet of massive organic limestone.
Noll (1955, p. 55) noted that the limestone grades into shale south-
ward across T. 26 N. and shows signs of dying out. Fisher (1956,
p- 58) described the Winfield of southwestern Osage County as
three algal limestones containing crinoid, brachiopod, and bryozoan
fragments. Red shale and siltstone separate the limestones, form-
ing an aggregate section 15 feet thick,
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Figure 35. Outliers (;f Win[ield' limestone, looking north along ecast line of
sec. 7. T. 22 N, R. 3 E.

Just west of Pawnee County in the SE 1 sec. 1, T. 22 N,
R. 2 E., Billings (1956, p. 27) described the Winfield as 7.5 feet
of limestone dircctly beneath a 5-foot sandstone. The limestone is
highly fossilifcrous, containing gastropods and small algal pellets
replaced by limonite.  The escarpment formed by this scquence is
a continuation of the one in T. 22 N., R. 3 E,, along Oklahoma
Highway 15. The 7.5-foot limestone in Noble County probably
thins and grades into the lower part of the 7-foot calcarcous sand-
stone in Pawnee County, though it may pinch out almost com-
pletely into the one-inch fossiliferous nodular limestone just below
the. sandstone (Appendix D, section 1, portion of bed 3).

A sample taken from one of the more calcareous beds of the
Winfield in the exposures along Oklahoma Highway 15 yielded
an insoluble residue of 24.1 percent, of which 19.1 percent con-
sisted of fine-grained quartz sand and silicificd microfossils.

Southward from Oklahoma Highway 15 the Winficld escarp-
ment diminishes abruptly and blends into the gently rolling to-
pography of the Red Beds Plains. Two miles south of Highway
15 the escarpment is almost imperceptible, and the Winfield ap-
pears to have graded into a thick non-calcareous massive to cross-
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bedded sandstone.  The exposures of this sandstone across the
southern part of the tosnship are so indistirict that the trace of
the outcrop shown on Plate 1 can be considered only an approxi-
matior.

The lithology of the Winfield of Pawnee County is nothing
like that of the Winfield to the north, but the straiigraphic in-
terval between the Fort Riley and Winfield is compar:;blc to that
farther north and the physical character of the Pawnee County
Winfield is about what might be expected of the extremity of a
limestone which is dying out laterally. The possibility exists,
however, that the Pawnee County correlative of the Winfield is
the brown fossiliferous limestone in the upper part of the Doyle
section (discussed on p. 1i6), arther than the scarp-forming sandy
li'mestonc above it. The crystalline fossiliferous nature of the lower
limestone is perhaps more suggestive of the widespread carbonate
environment that characterized Winfield deposition to the north
than is the non-fossiliferous highly sandy nature of the overlying
zone. Exposures of the fossiliferous limestone are so scattered ‘that
the bed cannot be mapped, but its position in the stratigraphic
sequence does not preclude its correlation with the Winfield.

Paleontology. No fossils were seen in the Winfield section
of Pawnee County.

QUATERNARY SYSTEM

The Pleistocene and Recent deposits of Pawnee County are
composed of modern flood plain and older terrace materials. Flood
plain deposits consisting of gravel, sand, silt and clay occur along
the Arkansas and Cimarron Rivers, and coarse sand is character-
istic of the alluvium of Black Bear Creck. In both cases the coarse
material has probably been derived from sources upstream from
Pawnee County. Fine material is typical of the alluvium of the
smaller streams, forming small patches of arable bottom-land.
This material is primarily of local provenance.

Two distinct types of terrace material are present in Pawnee
County—the red draped deposits associated with the Arkansas
and Cimarron River drainage systems and the gray upland de-
posits of the Red Beds Plains in the western part of the county.

A broken strip of red terrace deposits, at piaces more than a
mile wide, occurs along the Arkansas River from north of Ralston
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to Keystone.  Red terrace deposits also occur in the drainage
basins of some of the larger tributaries and are especially exten-
sive near the confluence of the Arkansas and Cimarron Rivers.
Much of the area around Skedee is covered by terrace material,
which conceals the elsewhere prominent Brownville limestone for
a distance of more than three miles (Plate 1). Locally a thick
bed of fluvial gravel lies at the base of the térrace in this area,
providing a shallow source of fresh water.

TABLE 4
GRAIN SIZE DISTRIBUTION OF QUATERNARY TERRACE MATERIAL*
Mesh Size Range Wentworth Weight Cumulative
(ASTM) (mm) Size Class % Weight %
50 0.35 —0.30 nm.g. sand 0.14 0.14
60 0.30 —0.25 m.g. sand 0.10 0.24
70 0.25 —0.21 f.g. sand 0.06 0.30
S0 0.21 —0.177 f.g. sand 0.10 0.40
100 0.177—0.149 f.g. sand 0.30 0.70
120 0.149—0.125 f.g. sand 2.32 3.02
140 0.125—0.105 v.f.g. sand 4.28 7.30
170 0.105—0.088 v.fg. sand 6.00 13.30
200 0.088—0.074 vi.g. sand 7.00 20.30
230 0.074—0.062 v.f.g. sand 9.00 29.30
pan <0.062 silt and clay 70.80 100.10

* Sieve analysis of sample collected along road on south line sec. 26,
T. 20 N, R. 9 E.

The red terrace material consists of unstratified red silty clay,
probably of eolian origin, with few if any coarsc components
(Table 4). Where cut by streams or roads, the outcrop is almost
vertical and looks much like loess (Fig. 36). The deposits occur
on the high bluffs along the Arkansas River as well as in the
drainage channels south of these bluffs and appear to have been
draped over a surface of considerable topographic relief. Ap-
parent thicknesses of over 30 feet were noted at several places;
but due to the effects of draping, these measurements may be ex-
cessive.

The occurrence of upland terrace deposits is restricted to three
remnants, which cap divides in the gently rolling Red Beds Plains
region west of Pawnee (Plate 1). Projection of the areal extent
of these deposits onto the Pawnee topographic quadrangle sheet
reveals that the surface of the remnant in R. 4 E. is 80 to 100
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feet lower than that of the two remnants in R, 3 E. and suggests
the former existence of one continuous surface, now sloping to
the east.  Rounded fluvial gravel was noted at the base of the
upland terrace material at two places in R. 4 E.

IR : AW k K i' g
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Figure 36. Exposure of Quaternary terrace material

line sec. 26. T. 20 N.. R. 9 E. Locselike appearance of the
outerop is typical.

The upland deposits differ from the draped deposits in manvy
respects.  The upland deposits are buff to gray. do not form ver-
tical exposures, and do not occur in lowland channels.  Generally
they are thinner and contain a higher percentage of sand than
the draped deposits. Thesc differences suggest scparate origins
for the two types of deposit, but since they nowhere occur in
Juxtaposition, it is difficult to ascertain their age relationship. The
wider areal extent of the draped terrace and its occurrence in ac-
tively eroding drainage channels indicate a later origin than that
of the upland terrace.

It is conceivable that the upland terrace deposits once occurred
over a much wider area, forming the surface of a post-Permian
peneplane. Rejuvenation and tilting of this surface, perhaps com-
bined with an increase in precipitation, resulted in the dissection
of the peneplane, destroying it completely in its castern portion
and establishing present topographic trends. The resulting to-
pography was later modified by local deposits of wind-borne red
silts and clays. Erosion of these younger deposits of eolian terrace
material is currently in progress.



SUBSURFACE STRATIGRAPHY

General Statement

It is not the purpose of this report to describe in detail the
stratigraphy of the subsurface rocks of Pawnce County, and the
following account should be considered as a bricf summary only.
For those whose interest is more than general, references are cited
from which more detailed knowledge may be acquired.

The sedimentary sequence in Pawnee County rests unconform-
ably on an irregularly eroded west-sloping surface of Precambrian
plutonic rocks, probably the Spavinaw granite or its equivalent.
The sequence overlying the granite comprises rocks of Upper
Cambrian, Lower and Middle Ordovician, Lower Mississippian,
Middle and Upper Pennsylvanian, Lower Permian, and (locally)
Quaternary age. Except for the Quaternary, the sequence is char-
acterized by stable shelf deposits which were laid down in the
tectonic province known as the Central Oklahoma platform. Thick-
ness of the sequence ranges from about 3,000 fect in the eastern
part of the county to about 5000 feet in the western part. The
degree and direction of dip of the beds is different for each system
but is generally westward. The principal subdivisions and rela-
tive thicknesses of the rocks of each system are illustrated on the
accompanying electric log cross-sections (Plates 3, 4, and 5).

Cambro-Ordovician

The oldest sediments in the Pawnce County section are those
of the Arbuckle group. They are predominantly dolomites and
are underlain locally by a thin basal sandstone. These beds were
deposited in an encroaching late Cambrian-early Ordovician sea
in which the highlands of the Precambrian surface became is-
lands, some of which (in Osage County) persisted throughout Ar-
buckle time (Ireland, 1955, p. 496). Accordingly, the older mem-
bers of the Arbuckle sequence occur only in the troughs between
Precambrian highs, and the thickness of the Arbuckle is notably
thinner over Precambrian highs than in Precambrian lows. Ireland
(idem, Table II) reported a range of thickness from 63 feet to
785 feet for the Arbuckle in five Pawnee County basement tests.
These relatively thin Arbuckle sections indicate that the Cambrian
portion of the Arbuckle is probably absent in the county.

A complete section of Arbuckle is divisible into 10 members.
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It is probable that only the three uppermost of these (the Jeffer-
son City, Cotter, and Powell dolomites), all of Ordovician age,
occur in Pawnee County. The Arbuckle section can also be zoned
on the basis of insoluble residues (op. cit., p. 472), but generally
the rocks of the group are treated as a single unit referred to simply
as the Arbuckle group.

In Pawnee County the Arbuckle is oil productive only at
Lauderdale (Table 6, p. 147), where production is from a leached
zone at the erosional surface of the dolomite. This zone is known
as the Turkey Mountain sand.

Ordovician

Lying unconformably on the rocks of the Arbuckle group is
the shale-sandstone sequence which forms the Simpson group. In
north-central Oklahoma the rocks of this group are divided, in
ascending order, into the Burgen sandstone, Tyner shale, and “Wil-
cox” sand. Aggregate thickness of the group in Pawnee County
is as much as 250 feet.

The “Wilcox” sand (the name of which is pre-empted by a
lower Eocene sand in the Gulf Coast area) is onc of the principal
oil-producing reservoirs of Pawnee County as well as of the statc
as a whole. According to published data, the Simpson and Tucker
sands as well as the “Wilcox™ are productive in Pawnee County
(see Table 6). 1t should be noted that the names Simpson and
Tucker are thought to be synonymous with “Wilcox” (Branson.
1954). Because of doubtful correlation with the type “Wilcox™.
all production in the county from reservoirs in the Simpson group
should properly be assigned to the Simpson undifferentiated.

Above the Simpson group in the west and southwest part of
the county is the Viola limestone, which is nowhere more than
50 {eet thick. This limestone produces oil from one well at Wat-
chorn West (reported as Simpson in Table 6).

A few operators have reported thin remnants of Sylvan shale
above the Viola in wells in the southwestern ‘part of the county,
but according to Tarr (1955, Fig. 1) the Sylvan in Pawnee County
has been completely removed by erosion.

The Ordovician rocks discussed above are progressively trun-
cated to the northeast by pre-Mississippian uplift and erosion;
hence Sylvan and Viola beds are missing over all or most of
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Pawnee County and the “Wilcox” is absent in a narrow strip along
the northeast border of the county (Ireland, 1955, Fig. 1B). Tyner
and Burgen beds are truncated in turn farther toward the north-
east and are absent in northeastern Osage County, where rocks
of Mississippian age lie directly on the truncated edges of the beds
in the Arbuckle group.

Mississippian System

The lowermost Mississippian unit in Pawnce County is the
widespread black shale deposit of Kinderhook age known in Okla-
homa as the Woodford (Chattanooga) shale. The Woodford is
commonly less than 30 feet thick and is present over the entire
county. A basal sand, the Misener, occurs locally beneath the
Woodford. This sand is equivalent to the Sylamore sandstone of
the surface section to the east.

Above the Woodford is a thick limestone section known by
subsurface geologists as the Mississippi lime.  Pre-Desmoinesian
erosion has removed all but the Osage portion of the limestone
in Pawnee County, although farther to the south in Creek County
the upper part of the limestone is of Meramec age (L. Jordan,
1955, personal communication). The Mississippi lime of Pawnee
County is thought to correlate with the cherty limestones of the
Keokuk and Reeds Spring formations of the surface section in
northeastern Oklahoma. lts thickness generally ranges between
200 and 300 feet, though locally it thins to about 100 feet.

A detrital section consisting primarily of weathered chert
occurs at places on the eroded surface of the limestone. This
deposit is known as the Mississippi chat.

The Misener sand and the Mississippi lime are both oil pro-
ductive in Pawnee County. Although no production has been re-
ported from the chat, it is productive elsewhere in Oklahoma and
should not be overlooked as a possible oil rescrvoir.

Pennsylvanian System

Rocks of the Des Moines, Missouri, and Virgil serics are rep-
resented in the subsurface section of Pawnee County. Their ag-
gregate thickness ranges from 2,200 feet in R. 10 E., where the
top of the scction has been truncated by post-Permian erosion, to
3,400 feet in R. 5 E., where the section is thickest and most com-
plete.  Subdivision and key beds of this section are shown on
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Plates 2, 3, and 4. Principal producing zones are listed on Table
6 (p. 147).
Des Moines Series

The eroded surface of the Mississippi lime is onlapped from
the southeast by sedimentary deposits of Des Moines or Middle
Pennsylvanian age. A basal Pennsylvanian sand, the Burgess, is
developed locally immediately above the pre-Desmoinesian un-
conformity. The lowermost Des Moines unit in Pawnee County
is the Savanna formation, which is overlapped to the northwest
by the Boggy formation, the oldest Desmoinesian unit that extends
completely across the county. The Bartlesville sand, which occurs
at the base of the Boggy, is well developed in the southeast part
of the county, pinches out to the northwest concurrent with the
onlap in the same direction, and is developed only locally in the
northwest part of the county.

The Des Moines section consists predominantly of marine
shale interbedded with thin limestones and lenticular sandstones.
Its thickness decreases abruptly westward from approximately
L050 feet in R. 10 E. to between 550 and 600 feet in and west of
R.5 E. More than 300 feet of this thinning can be attributed to
the loss of section by onlap, as discussed above, and the remainder
is accounted for by pre-Missouri truncation of the Des Moines sec-
tion in the west and central part of the county. The pre-Missouri
unconformity is evident on Plate 2, where 180 feet of section is
truncated westward across the southern part of the county. Plate
3 suggests northward onlap of this erosional surface by Missouri
sediments, but Plate 4 shows no evidence of either truncation or
onlap at the Des Moines-Missouri contact.

From the standpoint of oil production, the Des Moines series
is the most prolific stratigraphic unit in Pawnee County. Oil is
produced from 11 separate zones (Table 6). Of these, the Bartles-
ville and Skinner sands, together with the “Wilcox” (Simpson)
zone of the Ordovician system, account for a majority of the oil
produced in the county.

Missouri Series

Missourian beds in Pawnee County range upward from the
basal Seminole sandstone to the deltaic sands and non-marine shales
of the Tallant formation. The thickness of a complete Missourian
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section is about 1,700 feet. The section is sandier and contains
more non-marine beds, particularly in the uvpper part, than the
underlying Des Moines section.

The base of the Missourian serics is unconformable. Basal
Missouri beds apparently onlap the truncated Des Moines section
toward the north (see discussion above). An unconformity with-
in the Missouri series is suggested by the marked thinning of the
section between the Coffeyville and Chanute formations toward
the north and west. The thinning is evident on Plates 2, 3, and
4. Electric log correlation in this section is uncertain in Pawnee
County and does not permit accurate determination of the strati-
graphic position of the unconformtiy, but it may correspond to
the one reported by Lukert (1949, p. 149) separating the Skia-
took and Ochelata groups. A second unconformity within the
Missouri section is indicated in the lower part of the Wann for-
mation, particularly on Plate 2, which shows almost complete trun-
cation of the lower part of the Wann in casternmost Pawnee
County. This unconformity appears to die out westward, and in
the central and western portions of the county the Wann section
appears to be complete. Because of the narrow north-south di-
mension of eastern Pawnee County, where the effect of the un-
conformity is the greatest, further study of the lateral extent of
this truncation in Creek and Osage Countics will be necessary be-
fore the stratigraphic importance of the hiatus becomes evident.
If such a study substantiates the presence of the unconformity, the
subdivision of this portion of the Missouri series should be revised.

The lower Wann unconformity is the highest, stratigraphically,
for which substantiating evidence was noted in either the surface
or subsurface scctions. Neither the crosional break reported by
Lukert (1949, p. 145) at the base of the Tonkawa (Bigheart) sand
nor the break reported by Oakes (1952, p. 93) at the Missouri-
Virgil boundary is cvident in Pawnee County.

Missouri units which are productive of oil or gas in Pawnee
County include the Cleveland, Layton, and Tonkawa sands (Table
6). The names Cleveland and Layton were first applied to sands
in the Cleveland field. These sands are productive at places all
across Pawnee County. The Tonkawa (Bigheart) sand crops out
in the eastern part of the county and is productive only in west-
ern Pawnee County, where it produces gas in the Watchorn North

field.
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Virgil Series

The stratigraphy of the Virgil series in Pawnee County is
discussed in the chapter on surface stratigraphy. The electric log
cross-sections show no evidence of unconformity at the base, at the
top, or within the Virgil section.

Several sands in the Virgil section are oil productive in Noble
County, downdip and to the west of Pawnee County (Page ,
1955, p. 7), but only one Virgil sand has been reported produc-
tive in Pawnee County. This sand, the Hoover, is equivalent to
one or both of the middle Elgin sandstones of the surface section.
It produces gas in the Watchorn East field in T. 23 N,, R. 3 E.

Permian
Wolfeamp Series

Study of the electric log cross-sections confirmed the conclu-
sion drawn from field work that the Wolfcamp beds are an es-
sentially uninterrupted continuation of Pennsylvanian sedimenta-
tion. Unconformities, if present, are not recognizable.

Page (1955, p. 5) reported oil production from several Wolt-
camp sands to the west in Noble County, but no Wolfcamp pro-
duction is known in Pawnee County. The same reservoir beds
occur in both counties, but they are probably too close to the out-
crop to be productive in Pawnee County.

STRUCTURE
Surface Structure

The principal structurai feature of the surface rocks of Paw-
nee County is their gentle homoclinal dip toward the west. The
county forms a part of the Prairie Plains homocline, a regional
post-Permian structure in the Pennsylvanian and Permian beds
west of the Ozark dome. Truncated cdges of sedimentary units
are exposed in long parallel belts extending northward without
interruption from south-central Oklahoma into southeastern Ne-
braska. The dip of the homocline in north-central Oklahoma is
approximately due west and ranges between 30 and 65 feet per
mile. It is interrupted locally by north-trending belts of en eche-
lon faults and by gentle “Plains-type™ folds.
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Faulting

A broad belt of en echelon faulting extends northward from
southern Seminole and Hughes Counties across Okfuskee, Creek,
and eastern Pawnee Counties into northern Osage County (Miser,
1954).  According to Moore and Landes (1936), this faulting
does not extend into Kansas. As described by Fath (1920, p. 78)

These faults . . . . are of the normal type and are note-

worthy not only beeause of their approximate parallelism

bt alse beeanse of their grouping into belts or sories which

also have a parallel trend, althongh in a different dircotion.

Most of the individual faults trend about N. 20°-45° W.

aud lie en echelon to one another in sueh a manner that the

linear belts or sevies into which they are grouped trend from

north to N. 25° K., or roughly at an angle of 45° with the
trend of the foults. The fanlts are of minor magnitude hoth

in vertieal displacement and areal extent, the largest strati-

graphic throw observed . . . . amounting to about 130 fect

and the greatest length to ahout 314 miles. As a general

rule they are straight, but some have slightly eurved traces.

The en cchelon faults have been discussed by many author-
ities, who have offered almost as many different explanations of
their origin. The most probable explanations were first proposed
by Fath (1920) and Sherril (1929). Fath recognized a close rela-
tionship betweeen the faulting and folding of the region,  He
attributed both to horizontal movement in the basement along
pre-cxisting planes of weakness, suggesting that the overlying sedi-
ments reacted passively to the movement and, being less compe-
tent that the basement, absorbed much of the stress by folding.
En echelon breaks were produced where tensional stresses within
the sediments above the plane of movement exceeded the rupture
point of the sediments.

Sherrill pointed out that the degree of west dip of the homo-
cline increases southward and attributed the faulting to the torsion
thus produced.

The youngest beds known to be affected by the faulting arc
of late’ Wolfcamp age, indicating that the faults were formed in
post-Wollcamp time, but the available data do not permit precise
determination of the age of faulting. Meclton (1930) related the
faulting to stresses produced in a Permian spasm of Ouachita
thrusting; Tanner (1956, p- 128), using Sherill’s theory, postulated
that the faulting took place during the Permian as a result of tor-
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sion caused by Permian downwarp of the Anadarko basin in
the southwest portion of the homocline; and Levorsen (1930, p.
313) correlated the faulting with post-Permian tilting of the
Prairie Plains homocline. Subsurface data on the faults are gen-
erally lacking, but it is thought that they die out downward at
a relatively shallow depth, probably above the Mississippian (Lev-
orsen, 1930, p. 313).

In Pawnee County 17 probable faults were mapped, mostly
on the basis of lincations visible on the aerial photographs. Many
of the faults occur in a shale-sandstone sequence containing no
distinguishable marker beds, and in these cases it is generally im-
possible to substantiate the presence of faulting by field relation-
ships or to differentiate between the disappearance of a bed by
faulting or by pinchout. '

Substantiating field evidence is available at some places, how-
ever. The fault in sec. 6, T. 20 N., R. 8 E., cuts the Lecompton
limestone, and an overlying limestone lense appears to be brecciated
adjacent to the fault. In sec. 31, T. 20 N, R. 8 E,, a fault was
substantiated mainly on the basis of a gas seep along its trace. A
second gas seep was observed in House Creek in sec. 32, T. 20 N.,
R. 8 E., where the course of the creck is diverted southward by
a fault. In the NE corner T. 21 N., R. 7 E, and in the NW
corner T. 20 N,, R. 6 E., key limestone beds are measurably dis-

placed by faulting.

In castern Pawnee County a well defined belt of en cchelon
faulting extends northward across the county along the west border
of R. 8 E. The six faults in the Pawnee County portion of this
belt range in strike from N. 10" W. to N. 65" W. and in length
from 1 to 2 miles. The faults are downthrown either to the north-
east or to the southwest. At no place was the throw measured,
but judging from stratigraphic displacements, all movements were
less than 100 feet.

A branch of this north-trending fault belt extends northeast-
ward across the central part of the county. The faults of this
belt are from 1 to 3 miles in length and with one exception they
strike north-northwest. A throw of 90 feet was measured on the
fault in sec. 4, T. 20 N,, R. 6 E.. along the road on the north line
of the township. The throw of the other faults was not established.
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Evidence of faulting in the north and west parts of the county
is generally lacking. Only one small fault was mapped, that being
in the southeast part of T. 23 N, R. 3 E. The proximity of this
fault to two of the copper deposits discussed in above suggests
a genetic relationship between faulting and copper deposition,
and it is possible that in Pawnee County the occurrence of copper
is an indication of faulting. _

Faults in addition to those shown on Plate 1 may well be
present. At several places hand leveling indicates vertical dis-
placement of beds on opposite sides of a valley; at other places
faulting is suggested by lineation of outcrop pattern; but actual
displacement of beds cannot be established by reconnaissance
mapping alone. En echelon northeast-striking lineations of con-
siderable length are evident on Plate 1 both to the north and to
the south of the town of Pawnee. The bed of Camp Creek fol-
lows one such lineation for about 4 miles in the southwest part
of T. 21 N, R. 5 E. Parallel northeast-striking lincations are evi-
dent in the outcrop pattern of the Red Eagle and Long Creek
limestones immediatcly northeast of Pawnee Lake. A secondary
northwest-striking system of faults or joints south of Pawnee is
suggested by the small fault along the ecast line of T. 21 N,, R.
4 E., by the possible continuation of this fault toward the north-
west, and by parallel lineations in the SW corner T. 21 N, R.
5 E., and NE corner T. 20 N, R. 4 E.

1olding

Plains-type folds are well known in Osage County, Oklahoma,
where they occur as small domes, anticlines, and noses in the sur-
face rocks. Most of these structures become more pronounced at
depth. According to Powers (1931), plains-type folds occur where
lateral compressive forces in the basement rocks were resolved into
vertical movement by pre-existing zones of weakness, forming
highs in the granite basement.  Recurrent movement during Penn-
sylvanian time produced structures which have the greatest flexure
in pre-Pennsylvanian beds. Folding decreases upward within the
Pennsylvanian scction and becomes barely discernible in the sur-
face beds, which experienced the least number of uplifts. Later
work has shown that the major uplift occurred in early Pennsyl-
vanian time, although recurrent movement did take place through-
out the Pennsylvanian (e.g. Page, 1955, p. 16, Fig. 3).
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Reconnaissance mapping of Pawnee County revealed only
three anticlinal structures in surface beds; but several subsurface
structures were shown, particularly in the eastern part of the county.,
on maps published by Greene (1930, PL. 111} and Ireland (1953,
Fig. 1). These structures are in all probability “Plains-type” folds
like those in adjacent Osage County. Those evident at the sur-
face are expressed as inliers or other deviations from a normal
pattern of outcrop but are not readily apparent to the casual ob-
server,

The Watchorn pool in the south-central part of T. 25 N.. R.
3 E,, produces from a structure formerly known as the Otoe anti-
cline. This structure is expressed at the surface as a breached
inlicr in the Fort Riley limestone (Plate 1). According to Car-
penter (1927, p. 1091), closure on this structure increases {rom
approximately 50 feet in the surface beds to about 150 feet on the
“Wilcox” sand, some 4000 feet deep. Other structures evident
at the surface are the small inlier in the Red Eagle limestone in
the SE 14 sec. 33, T. 21 N, R. 5 E,, and the larger one in the
Long Creck limestone in sec. 21, T. 22 N, R. 5 E. The former
structure was drilled in 1953, resulting in a small oil producer
from the Prue sand (Bryan NW). The latter was to have been
drilled in 1955, but to date no well has been reported. The Ralston
anticline in the northern part of T. 23 N,, R. 5 E., was originally
mapped by surface geologists, but the structure is too subtle to
be detected by reconnaissance methods.

SUBSURFACE STRUCTURE

Whereas the regional dip of the Upper Pennsylvanian and
Lower Permian beds is approximately due west, the dip of pre-
Missouri beds in Pawnce County is generally southwest and ranges
from 45 to 75 fect per mile. This dip is the resultant of a south
and southwest dip imparted to the beds by three stages of pre-
Pennsylvanian tilting combined with the west dip imparted by
post-Wolfcamp tilting.  The structural deformation and crosion
which produced this dip and other structural features evident in
the subsurface can be summarized as follows:

1) Post-Arbuckle: gentle warping and southwest tilt; mod-

erate regional truncation toward the northeast;

2) Pre-Mississippian: gentle warping and southwest tilt; re-

gional truncation toward the northeast;
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3) Pre-Des Moines (probably Wichita orogeny): local fault-
ing and folding; south tilt; regional truncation toward
the north;

4)  Post-Des Moines: gentle warping; minor regional trun-
cation;

5) Late Missouri (Arbuckle orogeny): periodic gentle warp-
ing and north tilt; moderate regional truncation toward
the south;

6) Pennsylvanian-Permian: recurrent uplift of local struc-
ture;

7) Post-Wolfcamp: west tilt; en echelon faulting (?); pene-
planation;

8) Pleistocene (?): rejuvenation; renewed west tilt and ero-
sion.

Some pre-Mississippian uplift is recognized in most of the
structural highs of north-central Oklahoma but the most profound
structural - deformation occurred in late Mississippian or carly
Pennsylvanian time. This deformation was probably induced by
the Wichita orogeny, which centered in southwestern Oklahoma.
Since that time tectonic movement has been limited largely to
gentle warping, tilting, and recurrent uplift of pre-Pennsylvanian
highs.  Accordingly, most of the significant structural highs in
pre-Pennsylvanian strata are reflected in the overlying Pennsyl-
vanian beds but less sharply. Tt is gencrally true that pre-Pennsyl-
vanian structures of relatively great amplitude occur as closed highs
in the surface beds, those of medium amplitude occur as noses,
and those of small amplitude are largely or completely masked.
The Otoe anticline (Watchorn pool) in western Pawnee County
is an example of a pre-Pennsylvanian structure of relatively great
amplitude. This structure has abount 100 feet more vertical closure
on pre-Pennsylvanian horizons than it has on the Permian Fort
Riley limestone (Carpenter, 1927, p. 1091).

* A majority of the oil and gas accumulation in Pawnee County
can be attributed to structure. Keystone, Cleveland, Lauderdale,
East Watchorn, Watchorn, Masham, Terlton, and several of the
smaller pools are primarily anticlinal accumulations; faulting plays
an important part in controlling accumulation at Masham, East
Watchorn, and Maramec; stratigraphic entrapment is the cause of
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accumulation in the Red Fork shoestring sand in the Keystone
area (White, 1941), in the Tucker sand at Maramec East, and in
many of the recently discovered reservoirs.  The importance of
the stratigraphic trap is expected to increase as exploration and
development continue.
GEOLOGIC HISTORY

Interpretation of the foregoing stratigraphic and  structural
data and integration of the interpreted data with the established
sequence of geologic events in the southern Mid-Continent arca
permit us to reconstruct in a general way the geologic history of
Pawnee County.

The Precambrian history of the area is almost completely un-
known, owing mostly to the thick cover of Paleozoic sediments
and the lack of economic incentive to explore Precambrian ig-
neous rocks in the subsurface. Paleozoic history dates from the
Upper Cambrian, the age of the oldest sedimentary deposits in
the area.

Eastward encroachment of the Cambrian sea gradually inun-
dated all but the highest points of the irregular surface developed
by pre-Palcozoic erosion of the Precambrian igncous complex of
the Mid-Continent area.  The sea first covered Pawnee County
in late Cambrian (Croixian) and/or early Ordovician (Canadian)
time, when the rocks of the Arbuckle group were laid down. Ar-
buckle deposition was followed by general emergence accompanied
by gentle warping and slight tilting toward the southwest. The
tilting and subsequent erosion resulted in the removal of upper-
most Arbuckle beds in part of Pawnce County and gentle trunca-
tion of progressively older beds northeastward from Pawnee
County (Ireland, 1955, Fig. 2A). Sediments of the Simpson group
(Chazy) were deposited on the eroded Arbuckle surface and were
followed more or less conformably by the Viola, Sylvan, and Hun-
ton formations.

As reported by Tarr (1955, p. 185), “Following the deposition
of the Hunton formation, the region of Oklahoma was subjected
to a period of uplift, folding, and erosion which stripped off all
rocks down to the Arbuckle formation in several of the north-
eastern counties of Oklahoma, even cutting nearly to granite in
several structures.” This erosion completely removed the Hunton
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and Sylvan formations in Pawnee County and left only remnants
of Viola limestone in the southwestern part.  Progressively older

beds were truncated toward the north in Osage County, Oklahoma,
and in southeastern Kansas.

The area remained positive and subject to erosion until early
Mississippian time, when the Woodford shale was laid down on
the truncated edges of the Ordovician beds. Mississippian  sedi-
mentation continued essentially uninterrupted into Meramec time
and perhaps later. The duration of Mississippian sedimentation

is obscured by the northward truncation of the Mississippian sec-
tion in pre-Des Moines time.

The effects of the early Pennsylvanian Wichita orogeny are
recorded in the structure and erosion now evident in the pre-
Pennsylvanian sediments throughout the region. The principal
deformation of most of the major structural features occurred at
this time. The Middle Pennsylvanian sea advanced over the re-
gion from the south and east and in middle Des Moines time
covered the Pawnee County area. Des Moines sedimentation was
predominantly marine and was essentially continuous until the
end of the epoch, when the sea withdrew temporarily and minor
erosion occurred locally (Plate 2).

Missouri sediments onlapped the locally eroded Des Moines
beds and initiated another long period of uninterrupted, predom-
inantly marine sedimentation. Toward the end of Missouri time,
however, the environment changed from stable marine to deltaic,
characterized by lenticular sandstones interbedded with finer clas-
tic deposits of both marine and continental environment.  Several
unconformitics, all of which truncate progressively older beds to-
ward the south, occur in the upper Missouri section of north-cen-
tral Oklahoma, attesting to the uplift and crosion to the south.
The deltaic sequence is exemplified by the upper Missouri and
lower Virgil rocks that crop out in eastern Pawnee County. It
records the effects of the Arbuckle orogeny, during which the

rocks of the Arbuckle region were uplifted and intensely folded
and eroded.

Mid-Virgil time saw a return to the Pawnce County arca of
a marine environment in which was deposited the thick dark-gray
Kanwaka shale. Periods of renewed uplift i the source area are
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recorded by the Elgin sandstone tongues, which wedge into the
Kanwaka section from the south.

During late Virgil and carly Wolfcamp time the area was
dominated by a marine environment, although deltaic and con-
tinental conditions occurred periodically. During this time Paw-
nee County occupied a transitional position between a cyclicly
subsiding relatively shallow marine basin to the north in Kansas
and an actively uplifting and eroding hinterland to the south in
the Arbuckle and Wichita Mountain regions of Oklahoma. The
sediments deposited during this time are subcyclic and reflect the
combined effects of recurrent uplift of the source area and eu-
static oscillation of the Kansas basin. Extensive marine transgres-
sions are recorded by the fossiliferous limestones and dark-gray
shales of the upper Virgil and lower Wolfcamp sequences. The
limestones can be traced northward into Kansas, where they are
recognized as marine members of a cyclic sedimentary sequence.
Cyclic sedimentation in Pawnce County is suggested by coals and
non-marine clastics interbedded in the marine sequence, but the
typical cyclic character of the Upper Pennsylvanian and Lower
Permian deposits of the Kansas, lllinois, Michigan, and Appala-
chian basins are not readily recognizable in the Pawnee County
section,

No major sedimentary break occurred during the deposition
of this transitional sequence. Interruptions of short duration prob-
ably marked the close of each sedimentary cycle, but evidence of
disconformity is commonly lacking. Channel deposits occur in
Kansas both below and above the recognized Pennsylvanian-Per-
mian boundary, and they are particularly abundant and deeply
incised in the section just below this boundary (Mudge, 1956, p.
677). Such sandstoncs were probably deposited in channels eroded
in the depositional surface during the emergent stage of a cycle.
Channel sandstones were recognized in-the Pony Creek, Roca,
and Eskridge sections in Pawnee County. '

A subeyclic marine environment persisted through the time
of deposition of the Neva limestone, following which a marked
environmental change occurred in the Pawnee County area. The
post-Neva portion of the Wolfcampian epoch was characterized
by a continental to deltaic environment in which were deposited
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thick sequences of poorly sorted red clastic material containing
lenticular sandstones.  Many and possibly all of the sandstones
were deposited in stream channels which meandered northward

across the depositional surface of the red beds. According to -

Miller and Folk (1955, p. 344) the formation of red beds requires
a source rich in magnetite and/or ilmenite. The most likely such
source for the north-central Oklahoma red-bed sequence was the
igncous core of the Wichita Mountains of southwestern Oklahoma.

Periodic marine transgression of the late Wolfcamp continental
facies is recorded in the deposition of the Cottonwood, Wreford,
Fort Riley, and Winfield limestones and associated gray shales.
These marine units extend northward into the cyclic sequence of
the Kansas basin. Their occurrence in Pawnee County attests to
the continuing influence of cyclic conditions on sedimentation
in the area.

The eroded surface of this red-bed sequence now forms the
Red Beds Plains physiographic province of Oklahoma.

An environment similar to that of the late Wolfcamp per-
sisted in northern Oklahoma until late in the Guadalupian epoch,
but castward truncation of the Permian section by post-Guadalupe
crosion does not permit an accurate determination of the duration
of scdimentation in Pawnee County. In late or post-Permian time
the entire Mid-Continent was tilted westward to form the Prairie
Plains homocline. Peneplanation of that portion of the homocline
in which Pawnee County occurs is today evident in the accordant
summits of the Pawhuska Rock Plain described by Han (1939).
According to Ham, the pencplanation probably occurred in late
Tertiary or early Pleistocene time. The present dissection and lack
of castward gradient of the peneplaned surface indicate later re-
juvenation and renewed westward tilt of the region.

Deposits of upland terrace  (Qtu of Plate 1) were probably
laid down on the peneplane prior to its dissection, whereas de-
position of the draped terrace (Qt of Plate 1) may have occurred
as recently as post-glacial time. The eolian nature and red color
of the draped terrace suggests deposition under conditions of ex-
treme aridity.

ECONOMIC GEOLOGY
Water Resources

A systematic study of the water resources of Pawnee County
is not within the scope of this paper. Generally, a supply ample
for domestic and ranch purposes is readily obtainable from either
surface or shallow underground sources. Larger supplies are
available locally.

A summary of the source, depth, capacity, and chemical con-
stituents of surface and subsurface water supplies in the county
may be found in Gould (1905, p. 112) and Smith (1944, p. 202,
354).

Surface Water

Surface impoundment reservoirs provide much of the water
used in the county. The towns of Pawnee, Cleveland, and Mara-
mec have municipally owned reservoirs to supply their necds, and
almost every farm has one or more small ponds which are used
to water stock.

The Arkansas and Cimarron Rivers are dependable sources
of surface water, and except in periods of severe drought, Black
Bear Creck and other major tributary streams provide a
year round supply of water to the farms and ranches along their
banks. Currently there are plans to construct a dam on the Ar-
kansas River below Keystone. If built, this dam will provide a
reserve of several billion gallons, backing up water as far as
Blackburn. In so doing, however, it will inundate much of the
county’s tillable acreage.

Subsurtace Water

The most abundant supply of subsurface water is from allu-
vial and terrace sand and gravel deposits. A lesser supply is af-
forded downdip from the outcrop of most of the Permian and
Pennsylvanian sandstones. 1f penctrated too far from the outcrop,
however, many of these sands produce salt water.

Several small springs were noted in the county during the
course of the field work. These springs generally occur where
the contact of a massive sandstone on a shale is exposed some dis-
tance downdip from the main sandstone outcrop. Such a condi-
tion exists in R. 4 E. along the south bank of the Arkansas River,
where several springs occur.
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Sand and Gravel

The alluvial deposits of the Arkansas River provide the county
with an abundant supply of sand and gravel. At present dredging,
washing, and screening operations are underway at three places
along the river.. There are two separate operations at Ralston,
one above and one below the highway bridge, and the third is
below Cleveland at the Riversand siding of the Missouri, Kansas,
and Texas Railroad. Gravel from these operations is used mostly
for construction and is marketed via truck and railway over most
of north-central Oklahoma.

The alluvium of Black Bear Creek is another possible source
of sand. Except where bedrock is exposed in the floor of the
creek, deposits of clean sand and fine gravel are common in the
creek bed throughout its length in Pawnee County.

Shale and Clay

The abandoned pit in the Kanwaka shale southwest of Cleve-
land was formerly the site of a sizable brick plant owned by,
among others, the Acme Brick Company. Operations of this plant
covered a period of 15 to 20 years in the early part of the century.
Early production was principally common building brick, most
of which was sold in Oklahoma City (Snider, 1911, p. 251). Tile
later became the chicf product (Sheerar, 1932, p. 199). Operations
were discontinued prior to 1920, since which time the plant has
been almost completely dismantled.

A summary of plant operations and analyses of the shale were
given by both Snider and Shcerar. Outcrops of this shale -are
plentiful near Cleveland and offer a potential source of income
if a market becomes available. Other shales and clay suitable for
brick and tile manufacture are no doubt present in the county,
but it is doubtful if they can compete with the Kanwaka deposits
ncar Cleveland.

Analyses of clay from the Pony Creck and Admire shales
just north of Quay may be found in Snider (1917), pages 144 and
145, respectively.

Limestone

Pawnee County has an unlimited supply of limestone for use
as crushed rock. A more restricted supply suitable for building
stonc is also available, but little if any has been quarried.
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Although several of the limestones in the county have at one
time been quarried commercially (see Plate 1), only one quarry
is currently in operation. Abandoned quarries are present in the
Turkey Run, Brownville, Red Eagle, and Neva limestones.  The
rock was used mainly in the construction and surfacing of roads.
The active quarry is in the Brownville limestone in the NE Y
sec. 13, T. 21 N, R. 5 E. The rock is crushed and used by the
county for road maintenance. Rock from the abandoned Brown-
ville quarries immediately to the south was used as ballast by the
Atchison, Topeka, and Santa Fe Railway.

Shannon (1914, p. 155) refers to a lime kiln near Pawnee but
does not mention the source of the raw material. It is probable,
however, that the old Brownville quarries supplied the limestone
for this kiln. Laboratory tests on samples of Brownville limestone
collected near these quarries showed the limestone to be from 96
to 99 percent soluble in hydrochloric acid. Cullen (1917, p. 54)
rejected the Neva and Red Eagle limestones as possible sources of
lime because of their high chert and silica content. A study of
insoluble residues confirms this opinion.

Brownville limestone from the quarry north of the St. Louis
and San Francisco Railroad in sec. 18, T. 21 N., R. 6 E., was
crushed and used as a base for a United States Army airstrip con-
structed in the early 1940's near Perry, Oklahoma. The large
quarries in the Red Eagle limestone in sec. 28, T. 20 N,, R. 5 E,,
and in the Neva in sec. 20, T. 23 N, R. 5 E., and sec. 30, T. 24 N,
R. 5 E., were opened when the portion of Oklahoma Highway 18
through Pawnee County was paved but were abandoned at the
completion of the paving operation. Large slabs of limestone
from the Neva quarry in T. 23 N,, R. 5 E,, can be seen in Pawnec

where they are used as rip-rap under the new bridge over Black
Bear Creck. ‘

Favorable thickness and exposure provide prospective quarry
sites at many places along the outcrop of the Neva limestone in
Tps. 23 and 24 N,, where the section consists of up to 16 feet of
almost solid limestone. Many prospective sites in the Brownville
limestone in addition to these already worked occur along its out-
crop in Tps. 21 and 22 N. east of Pawnee. The thickness of the
Brownville in this area ranges from 6 to 10 feet. The Red Eagle
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presents the best prospects for quarrying in the southern part of
the county. The Red Eagle thickness averages 6 fect in exposures

i T. 20 N.

Prospective quarry sites also exist in the Wakarusa limestone
in Tps. 21 and 22'N. and in the Long Creek limestone in Tps.
23 and 24 N. Up to 95 feet of Wakarusa and 25 fect of Long
Creck were observed in the areas mentioned. but the limestones
may contain too much interbedded shale to be of commercial im-
portance,

With the exception of the quarries and locations here men-
tioned, the limestones of Pawnee County are too thin to permit
large scale quarrying operations.

Building Stone

Although Pawnee County abounds in exposures of sandstones
suitable for building purposes, production in the county is small.
More than 35 quarries and a host of old sandstone buildings at-
test to the popularity of sandstone as a building stone in Okla-
homa’s early days. Today, however, sandstone has been largely
replaced as a building material by brick and concrete, and most
of the quarries have been abandoned. The quantity of stone re-
moved from most of them was small except for a few that were
propitiously located ncar the centers of population. In the town
of Pawnee more than 62 buildings are constructed of sandstone?,
most of which came from ncarby quarries in the sandstone im-
mediately bencath the Neva limestone.

Sandstone from most of the other geological formations ex-
posed in the county has also been quarried, but records of the lo-
cation and production of quarrics are unavailable.

In 1936 and 1937 a mineral survey of Oklahoma was con-
ducted by the Works Progress Administratien under the direc-
tion of the Oklahoma Geological Survey. The sandstones and
limestones of Pawnee County were included in the study and a
partial list of possible and existing quarry sites in the county may
be found by referring to this data in the Geological Survey files
in Norman.

3Unpufyllsl|ed data from Oklahoma Geological Survey files.
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No commercial coal deposits are known in the county. The
Ralston coal below the Brownville limestone can be traced en-
tirely across the county, but it is gencrally only about one inch
thick. At places it ranges from 6 to 10 inches and in Ralston
an 18-inch seam is said to be exposed in times of low water in
the north bank of Eagle Creck about 100 yards southeast of the
bridge to the Santa Fe railroad station. Shannon (1926, p. 57)
stated that about 200 tons had been mined from a 5- to 15-inch
seam in Ralston. At least part of this production was mined
through a shaft located west of the Santa Fe railroad tracks. The
shaft has since been deepened and converted to a water well.
Present residents of the town regard the 200-ton figure as excessive.

Two exposures of coal were noted immediately below the
Turkey Run limestone (sce p. 42). Although this bed in all prob-

ability extends over a wide area, it is doubtful that it attains com-
mercial thickness.

Copper

Several small deposits of copper minerals occur in the Permian
rocks of the western part of the county. Such deposits are known
in the NE Y sec. 23 and the NW 14 sec. 24, T, 22 N, R. 3 E,
and in the NW 1 scc. 19, T. 22 N, R. 4 E. (sce Plate 1). They
occur in sandstone and conglomeratic lenses in the lower part of
the Matfield shale and consist chiefly of replacement of carbonized
wood by chalcocite which has subscquently been altered to ma-
lachite and azurite. Traces of silver and gold are associated with
the copper.!

At the prospects visited replacement of the carbonized wood
is virtually complete and the copper minerals also occur as nod-
ules and disseminated material in the clastic host rock. A similar
deposit is reported in the NW 14 sec. 28, T. 22 N, R. 3 E,, in
the Doyle shale, but this prospect could nat be located.

A few attempts have been made to develop these copper de-
posits, but none of them has demonstrated the presence of a com-
mercial deposit.  One or more shafts are reported to have been
dug at each prospect, and a crude mill was set up in the NW 14

10p. cit.
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scc. 24, T. 21 N, R. 3 E., to process ore. In 1946 seven shallow
core holes were drilled on the same property under the supervision
of the Oklahoma Geological Survey.

These and similar “red bed” copper deposits in other parts
of Oklahoma are described by Merritt (1940), together with a
review of the several theories of origin and a bibliography. Fischer
(1937, p. 915) described a Pawnee County deposit, which is prob-
ably the one in secs. 23 and 24, T. 22 N, R. 3 E.

Radioactive Minerals

Several prospects containing radioactive minerals are known
in the county. Uranium minerals occur in the carbonized wood
associated with the copper deposits described above, but like the
copper, the uranium-bearing material is too disperse to be of value.

Geologists of the United States Geological Survey and of the
Atomic Energy Commission have investigated a prospect in the
NE 1 sec. 8, T. 22 N, R. 4 E,, known as the Lee D. Uto prospect.
Hill (1953, p. 203) reported, “It is a bedded deposit of secondary
uranjium minerals associated with thin lignitic lenses in cupriferous
sandstone of basal Permian age. Selected samples contained 16.3
percent uranium.” This deposit occurs in the upper part of the
Garrison shale, somewhat lower stratigraphiczlly than the nearby
copper deposits and with a much smaller copper content. 1t con-
tains an appreciable amount of carbonized wood. According to
Beroni (1954, p. 171), samples from the Uto prospect contain
uranium minerals ranging from 0.002 to 0.068 percent of the sample.
The radioactivity is concentrated in the sulphate-bearing carbon-
accous material. "T'o date this prospect is considered non-com-
mercial.

Many black shales are known to have an abnormally high
content of radioactive minerals. The owner of the Neva lime-
stone quarry in sec. 20, T. 22 N, R. 5 E, reported that random
samples of the black shale underlying the Neva had been shown
by chemical analysis to contain as high as 1.08 percent uranium.
To date uranium cannot be extracted from such shale commer-
cially although the Atomic Energy Commission is currently con-
ducting a survey of radioactive materials in the Chattanooga black
shales of Tennessee. If a process is developed whereby this ma-
terial can be worked economically, the shales such as the one under
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the Neva may provide an important source of uranium and other
radioactive minerals,

Oil and Gas

Oil was discovered in Pawnee County on the Bill Lowrey
farm near the town of Cleveland in September, 1904. This dis-
covery established the county as onc of the carliest oil-producing
regions in Oklahoma. Accurate records of early drilling and
production are not available, but in the many years following the
completion of the initial well literally thousands of wells have
been drilled and millions of barrels of oil produced. It is esti-
mated that cumulative production from Pawnee County fields to
the end of 1955 (the latest date for which figures are available)
was approximately 100 million barrels. Oil production is second
only to agriculture as the county’s chief source of income. During
1955 a total of approximately 1,050 producing wells in 46 separatc
producing areas contributed to that income (Fig. 37, Table 5).
Production is predominantly oil.  Gas is produced in small quan-

tities for local consumption, but no major gas reservoir has yet
been discovered.

e \.\
v

/'/ \,

v ;

i /'(_v“”‘\
i\ 7 T # Oil tield

0N y
TN - / M Gas fleld
'u t X Abandoned field

Figme 3/, brincipal oil and gas producing arcas of Pawnee County.
Numbers refer to field areas listed in Table 5.
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146 OIL AND GAS

Productive zones range in age from Cambro-Ordovician (Tur-
key Mountain zone) to Upper Pennsylvanian (Hoover sand); and
most productive arcas produce from more than one zone (Table
6). The most prolific zones are the Skinner and Bartlesville sands
of Middle Pennsylvanian age and the Wilcox sand of Lower Or-
dovician age. Although some production is obtained from lime-
stone reservoirs (c.g., Oswego, Inola), most comes from thin some-
what lenticular sandstones in a section composed predominantly
of shale. The reservoir beds are part of a westward-dipping sedi-
mentary sequence, the thickness of which increases from about
3,000 feet in the east to about 5,000 feet in the west. This sequence
lies on a Precambrian surface of considerable relief which also
dips to the west. Productive zones range in depth from 1,100 to
4,300 feet. Because of the westward dip of the beds, wells in the
western part of the county are gencrally decper than those in the
castern part.

TABLIZ 7
PIPELINE RUNS AND EXPLORATION STATISTICS

PAWNEE COUNTY, OKLAHOMA 2
Pipeline Wildeat . Undvv. nereage o !co-__
Runs Wells wnder fease to physical

Year (bbls) No. Footage Dise. major companles crew weeks
1955 b 32 103,561 7 14,862 13
1954 b 35 121,251 6 9,614(7) 17
1953 2.086.840 43 149,763 6 10,116 0
1952 2,012,612 21 72,731 1 9,851 0
1951 1,882.478 31 102,563 5 9,514 1
1950 1,506,083 21 69,609 4 4,983 13
1949 1,506,888 9 30,908 0 3,087 0
1948 h 8 26,625 1 11,872 3

a Complled from Nat. OI) Scouts and Landmen's Assoc. Yearbook, 1919 to 1956,

inclustve.
b Data not avallnble.

Oil entrapment is primarily structural, occurring in small anti-
clines and domes and, in a few cases, against faults. Most of the
obvious structural features have already been tested, however, and
most recent discoveries and extenstons have been from stratigraphic
traps. These traps commonly occur on the flanks of known struc-
tures.  The proportion of oil produced fron. stratigraphic reser-
voirs is expected to grow as exploration and development in the
county continue.

O1L AND GAS
TABLE 6

PRINCIPAL OIL AND (GAS PRODUCING RESERVOIRSa
PAWNEE COUNTY, OKLAHOMA

FIELD

PENNSYLVAN!AN

MISS

CAMBRO- w
ORDO\'XCIAN1

Vir-
Rril

Mis-
souri

Des Moines

]

Hoover

Tonkawa
Layvton

Red Fork

Oswepo
Skinner

Cleveland
Wavside

Pruve

lnola

Bartlesville

Taneha

Misstasippt

Burgesas

Miscner
Simpson

Wilcox

Hominy
Tucker

™
<

Turkey Mountain

| __ Blackburn E

Blackburn SE

*Buston

Bryan

Bryan N

Bryas HE

Wryan N¥

Uryan SE

| Casey

Bueno Vists NE .

[EIEE

Causey N

Cleveland
Y

Crescent Star §

el
t
;
!

*Carr

Hallett Nw

*Jennings

“heystone

Lauderdale

Varamee

Karamec N

Mannford N

| _Moram.e £

*Warance SE

Masham

. Mashan E_

Pawnce E

__Frice
__.Ralsion

§le|lee =
_Shedec N
__ Skedee W

Terlton

Terlton N

Terlton SE

Watchorn

%)
.

)
Il

*ratchorn

o

=

Natchorn

Watehorn

¥atchorn W

Blackbura S

[ Sunny Slope SW

Quay N

joi%

Cody SW

8 *See Table 5 for explanation.
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Most of the established oil and gas producing areas in Pawnee
County are in the eastern part (Fig. 37), though many significant
discoveries have been made in the central and western parts dur-
ing the last 15 years. Since 1948 both yearly oil production and
the tempo of exploration activity have shown a general increase
(Table 7); and as long as the demand for petroleum products is
maintained at the present high level, this increase should continuc.
Large areas in the western part of the county are virtually un-
tested for oil or gas, and the discovery potential of these areas,
together with that of the more thoroughly tested eastern portion
of the county, should assure continuing growth of the oil industry
in Pawnee County for many years to come.

SUMMARY

The principal conclusions which can be drawn from the data
presented in this report are summarized as follows:

1) The surface rocks of Pawnee County range upward from
the Wann formation of middle Missouri age through the Winfield
limestone of late Wolfcamp age. The oldest beds crop out in the
casternmost part of the county. The dip of the beds is approx-
imately due west and ranges between 30 and 65 feet per mile.
The sediments of the Permian system lie on those of the Pennsyl-
vanian with apparent conformity.

2) During Upper Pennsylvanian and Lower Permian time
the Pawnee County area was situated between an eroding landmass
to the south and a shallow cyclicly subsiding marine basin to the
north. The resultant sediments form a complex sequence transi-
tional between the coarsely clastic continental deposits of the
source area and the cyclic primarily marine deposits of the basin.

3) The stratigraphy of the surface section reveals three major
stages of deposition: a) a deltaic stage from middle Missouri
(Wann) through lower Virgil (Vamoosa) time, b) a subcyclic
stage straddling the Pennsylvanian-Permian boundary from mid-
dle Virgil (Pawhuska) through middle Wolfcamp (Neva) time,
and c) a continental stage from middle Wolfcamp (Eskridge)
through late Wolfcamp (Winfield) time. Periodic interruption
of the principal environment of each stage suggests that the entire
surface sequence may have been affected by the pulsating environ-
ment which produced the correlative cyclic scquence in Kansas.
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4) ‘The sediments of the deltaic and continental stages arce
sparsely fossiliferous to non-fossiliferous, whercas many of the
beds of the subcyclic stage are abundantly fossiliferous. No species
or assemblage is peculiar to any one stratigraphic unit except for
the fusuline Schiwagerina, which is an index to beds of Permian
age. Accordingly, correlation or identification of beds is impos-
sible on the basis of fauna alone.

5) The correlation of the sandstones in the upper Missouri and
lower Virgil sections is doubtful. On the basis of recent work in
Osage County, the Revard and Cheshewalla sandstones of Plate 1
may actually be the Cheshewalla and Kiheki sandstones, respec-
tively (see discussion on p. 24).

6) The Lecompton limestone, basal member of the Paw-
huska formation, is the lowermost limestone in the surface sec-
tion of Pawnee County.

7) The “Grayhorse” limestone of Pawree County probably
correlates with the Grayhorse limestone of Kansas, but both are
probably older than the type Grayhorse limestone of Osage County
(Fig. 20).

8) Channel sandstones occur in the Roca and Eskridge shale
sections. Many or all of the other lenticular sandstones in the
Upper Pennsylvanian and Lower Permian sequence might also
prove to be channel deposits if their contacts with underlying beds
could be observed.

9) The Cottonwood, Wreford, Fort Riley, and Winfield
limestones all die out southward in or immediately south of Paw-
nee County. Correlation of the Wreford and Winfield limestones
is somewhat doubtful. The true correlatives of these units may
not extend southward as far as Pawnee County.

10) The fauna of the post-Neva limestones is typically mol-
luscan and/or algal. Deep water assemblages, in particular fusu-
linids, are conspicuous by their absence.

11)  The upland terrace (Qtu of Plate 1) was deposited and
dissected prior to the deposition of the draped terrace (Qt of
Plate 1).

12)  The subsurface section contains beds of Upper Cambrian
(?), Lower Ordovician, early Mississippian, Middle and Upper
Pennsylvanian, and Lower Permian age. The thickness of this
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sequence ranges from 3000 to 5000 feet. It contains the following
major angular unconflormitics:
a) Precambrian granite overlain by Cambro-Ordovician (Ar-

buckle group);

b) Ordovician (Simpson group) overlain by Mississippian
(Woodford shale); '

¢) Mississipppian (Osage limestone) overlain by Pennsyl-
vanian (middle Des Moines).  Minor unconformitics occur be-
tween a) the Arbuckle and Simpson groups, b) the Des Moines
and Missouri series, and c) the Missouri and Virgil scrics. Plate
2 suggests the presence of a minor unconformity in the lower

Wann section. This possibility needs further checking in adjacent
areas.

13)  The westerly dip of the sediments is interrupted locally
by north-trending belts of en echelon faults and small dome-like
folds. The faults probably die out downward, but the folding is
more pronounced at depth. Faulting and folding are thought to
have been caused by horizontal and vertical movements, respec-
tively, along ancestral zones of weakness in the granite basement.

14)  Pawnee County has been above sea level and subject to
erosion since sometime late in the Permian period.  Uplift, west-
ward tilt, and en echelon faulting probably occurred in late Per-
mian or carly post-Permian time. The area was subsequently
peneplaned and later, probably in Quaternary time, rejuvenated.
Erosion of the rejuvenated peneplane s currently in progress.

15)  Petroleum is the county’s chief mincral resource.  Pro-
duction is on the order of 6,000 barrels daily.  Potentially valuable
deposits of clay and building stone may be developed in the fu-
ture if a local market develops.  Non-commercial deposits of coal,
copper, and radioactive minerals are known.
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Appendix B

Register of Fossil Collecting Sites
Tallant formation
1. Sandstone exposure nlong ahandoned read leading to Arkansas
River bottomland in 8E % see, 9, 'T. 20 N, I, 9 E.
Kanwaka shale
**2. Floor of abmndoned shale pit in SI5 %4 see. 17, T. 21 N, R. R E,
Lecompton limestone

*3. Limestone expoxure i rond cut along both siides of U8 High-
way G4 in NW 1 see. 23, T, 21 N, R0 T K. (about half way down
hill).

4. Limestone exposure In borrow ditch along rond on the cast line of
NI2 % see. 26, 1. 21 N, R 7T I,

Turkey Run Hmestone
A, Limestene ouferop at top of hill aloug north side of (L8 1igh-
way G4 In NW %4 see. 28, 1. 20 N, R. 7 E. (nt top of hill near
west section line).
Severy shale .

*6. Shale exposed immediately above Turkey Rtun limestone along the
east side of the read on the west Hne of NW Y see, 238, 18 21 N,
R. 7 E. (nbout 100 yards south of U.S Highway G4).

Hallett shale
7. Limestone outerop in bovrrow diteh on the north side of the road
along the south line of the K15 Y% see, 17, 1. 20 N, R. 7 E. (about
50 yards east of Oklnhoma Hghway 99),

8. Limestone outcrop along north slde of Missourf, Kanens, and Texas
Rajlrond west «f overpnss on Oklnhoma [lighway 99 in the SI3 1Y
see, 20, T, 20 N, 1L 7 L.

9. Limestone outerop in field in N1 14 see, 4, T 20 N, . 7 K., im-
medintely neross fence to the north of the Missourt, Kansas, and
Texns Rattrond.
Wakarusa {imestone
Limestone outerop in borrow ditches nlong road on the north line
of NE Y see. 30T, 21 N R T I

11, Limestone owterop on hoth sides of romd on sonth lne of 8SW 1
see, B2 20 NG R T OB

*12.  Limestome owterep on ecast bank of creek immedintely north of
rond along south line of KB Y see. 35, 1. 21 N, R, 6 E.

Reading ltmestone
*13. Limestone exposures in borrow diteh on east side of rond along
west Hine of the NW Y see. 17, 1. 20 N, R 7 1,
Elmont limestone
**14, Upper NHmestone exposed on scuth slope of small outlier nlong
Blaek Bear Creek in the NB % see. 3071, 22 N, LG 1L

15, Limestone ounferop along abandoned road on the sonth line of the
SW 1 sees 30T, 21 N R 6 B about %4 mile cast of section corner
(upper Elmont limestone).

16.  Shale exposure along abandsned rowd ¢n the south line of the
SW Y o<ee, 361 21 N, 6 B, nbout 100 yards enst of section
corner (middle Blmont shale).

nno shale

17, Stray Hmestone expoged alonz north side of U8 Highway 64
in the SW % =ee. 15, T. 21 N, R. ¢ 1K, immediately east of
sectlon corner,

“Grayhorse” ltmestone

18, Ontevop of Himy shale on the ecast bank of ereek immediately north
of road along south line of the &1 14 see. 6. T. 21 N.. R. 6 I,

19, Outerop of limy shale along Maff overlooking Arkansas River In
the NIB % see. 4, T. 22 N, R 6 1.

20, Oumlerop of Hmy shale aleng north side of rond atong south line
of the 812 % sec. 3, T. 20 N., It. 6 1,
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Pony Creek shate
21. Thin limestene 10 feet above “Graghorse”™ in the borrow (itch
along the road on the south line of the SW 1 see. 27, T. 21 N,
R. 6 1.
Thin limestone In horrow diteh along north side of the road on
the south line of the 815 14 xee. 5 T, 21 N, 1. 6 B, (10 feet nhove
Grayhorse (7) in the slte 1R).
Brownville Himestone
23, Abandoned guarries in Brownville limestone in the NE 4 sec.
13,1 21 N, R.6 B
24 Limestone ledge capping bluff west of Black Bear Creek In the
NI 1% sec. 29, T. 22 N, . 6 E.
Admire shale
23. Thin fusulinid limestone exposed in borrow ditch on east side
of curving north-south road about 100 yards soulh of the Spring
Creck sehoolhouse, K1 19 s 35, T. 23 N, R 6 B, (25 feet below
Americus Hmestene in site 27).
26. Thin fusulinid lmestone exposed in horrow diteh on east side
of rad on the west line of the 8W 14 see. 19, T, 22 N, R. 6 .
tnbont G0 feet below the Americus limestone).

22,

Ameriens lhmestone
27, Limestone onterop on east side of enrving north-south road abhout
14 mile south ¢f Spring Creek schoolhouse, SE 1) sec. 33, T. 23
N, RO LB
**2%  Limestone ledge In west bank of Black Bear Creek Immedintely
north of automobile bridge in the 8SW 1) sec. 33, T. 22 N, R. & I,
29. Limestone ledge om east side of road along the west line of the
SW Y see. 23, .22 N, R 5B
30.  Lbmestone exposnres in borrow ditch and in fleld north of rond
atong south line of the SIW 1{ see. 1. T. 20N, R. 5 BE.
*#31.  Limestone exposures in field about 19 mile east of the rond along
the west line of {he NW Y osee, 31,71, 21 N, I 6 13,
32,  Limestone outerep along the road on north aind west lines of the
NW % sec. 6, 1. 20 N, R, 6 1., near section corner.
Long Creek lThmestone
33, Limestone exposures along the north and east lines of the NEF 13
<o, 4T 23 NS RO B EL near the section corner
34.  Limestone exposures in the field along the east stde of the road
in the NW 14 see. 4, T 21 NI H WL
35, Limestine onterop on the santh side of ORlahoma  Highway 18
along the north lne of the NW 1 see, 3, T, 23 N, 5 B,
Red Fagle limestone
36, Limestone quarey in the NW T wee, 28071, 20 N, R. 5 E,
37.  Limestone exposures in amd along both shdes of the road on the
south line of the SW 15 cee, 28, T, 20 X, R. 5 B
3R, Limestone exposures in small shafe pit in the NW 14 seel 20, T,
20 N RS B, aleng the west side of ORlahema Highway 18,
230, Limestone exposure along the east side of Oklnhoma Highway 18
soth of creek tn the 8W T see 19077022 NGRS KL
40.  Limestone exposures in Lions Club picnie grounds in the S§ 14
o, I8, T 22 N RS ML
41, Limestone exposures on the west <lope of the ontlier Immediately
einst of SW ocorner see, 2877 22 N RS K
e 42 Limestene onterop on the ith <ide of the road along the north
line of the NW 1) see. 20071, 22 N0 R5 1, .
43.  Limestone exposures along the autetobile trail on the east line
of the 812 1 coe 17T 20 N IR AL
*14, Limestine onterop in the S T sees 310 T, 22 NO L 5 KL across
U8 Highway 64 from Hill's store in the southenstern part of the
town of Pawnee,




164

Roen shate
5.0 Rhade hank along the enst slde of Oklnhomn Highway 18 in the
SW 1 wee. 2001 23 N, R 5 R.
6. Limestene outerop on the enst side of Oklnhomn 1ighway 18 In
NW 14 see. 20,71, 22 N, R, 5K,
Nevn Jimestone
17, Limestone outerop along the west side of Oklahomn Highwnay 18 in
the NE 14 see. 31,1, 23 N, 1L 5 1.
48, Smalt abandoned Hmestone unarey In the 81 ' see. 19, T.. 23 N,
.5 K., immedintely west of the Vietor schoollhonse,
0. Limestone quarry in the NI osee. 20, 1. 23 N, R B, about
100 yvards east of Oklahoma Highwny 18,
**50. Limestone quarry In the SW 14 see 30,124 N, NGB,
51 Limestone onterep on the enst side of road nlong the west line of
the NW 14 gee, 281, 24 N, R. 56 ).
52 Limestone exposure in the bed of Skedee Creek in the NW 14 sec.
13, T. 22 N, R. 1 I,
Fort Riley limestone
53, Limestone exposures along both shdes of the resl on the south
line of the SW 14 gee, 33, 7. 23 N, I % B, venr sectiem corner.
G54 Limestone exposures in fiold lmmedintely enst of the road along
the west Vine of the NW 1 soe. 98, T, 23 N, R. 3 15, and just south
of the NW corner of the section.
*Fossils moderately nbundant
**Fossils abundant

reas
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APPENDIX D

MEASURED STRATIGRAVHIC SECTIONS
PAWNEE COUNTY, ORLATIOMAS
1. NW Y See, 7. T,
Highway 15 to o
Chase group
Winfield Umestone
L Sandstone dark-red to brown, well-hedded in beds
to 1 ot thick, partly enleareeons, with lenses of

aurk-gray dense sandy limestone commonly leached,
enps  hill

NL I3 B Westward nlong Oklahoma
ty iine

7
Doyle shale
3. Shale, maroon, green nnd Yellow, variegnted, flnky,
with n thin bhed of dark-gray nodular fresh-water
(?) Hmestene containing steinkerns of n small high-
spired  gastroped 2
2. Shale. ved, blocky ... 8
1. Silistone, red, shaly, with interbedded ved shale,
base covered e, 1
2. NE % See. 70T 22 N, R 3 B northeastward from old
sidstone qnarey south of Okinhomn Highway 15 to rownd
et in outtier of Winfield Hmestone
Chase group
Winfleld limestone
8. Smdstone, white to red, thin-bedded. enlearenus,
with lenticular beds of eray sundy  Nmestone nnd
Hmy  candstone, caps Wil ... 4.5
Doyle shale
o Shle, green JU | X1
3. Shale, red 15.5
2. Covered. probably red shale ... 36
1. Sandstone, red, massive, solutton channels in top,
hase ecovered 25

SAdditional measured sections in Pawnee County are listed by Oakes (1952)
Appendix A, sections 89 o 92, .

The following 42 xections have been carvefully selected from the field
notes tu an attempt to build 2 complete nned representative composite see-
tion for Pawnee Comnty.  The seetionsg are areanged In descending steati-
graphic senquence as nearly ns possible.  Compnrisem on Plate | of {he
toeation, direction of measurement, and key heds of each seetion should
serve (o loeate the sections and to orient (he interested reader in the field
< that, if desired, the seetions may he re-exmmined,

The sectlons were measured npward using hand level and  steel trpe,
Sinee the dip of the surface beds is generadty ahout e half degree and only
t fow of the sections extend over ome quarter mile horizontally, no cor-
rection in thickness has heen made for the effect of tp. Many of the sec-
tions were measared paralel to strike and need no such correction,

Beenuse ¢f the poor exposures and senrvelly of Key beds in the westorn
part of the connty, it was Impossible to obtain complete mensnrements of
the stratigraphle sequence above the Cottonwood Himestone, Where
oceur, thicknesses have been determined from elecivie toga and ave g
the text.

SUnless otherwise noted, all sandstones are fine grained.

aaps
iven in

3. NE 'Y Beeo 20T, 28 NLOR. 3 L westward along rond on
north Hne of section

Chase group
Doxle shale

1. Covered by red shale, not mensured

10, Conglomerate, red. enlenreons, composed  of  sand-

stone and limestone pebbles to 2 inches in length ...
9 Covered. probahly red shale
R Sandstone, red massive to ernss-hedided
. Shale, red, mostly  covered

6. Biltstone, ved. shaly. appears tn have channeled
sorfitee of underlying shale

Shale, green, grading upward to ved and gray, with
thin beds of red sandstone ..

Fort Riley 1hnestone

1. Sandsteme. lHeht geax-green, thin-bedded to massive,
in beds up to 1.5 fect thick, interbedded with green
shale espectally in lower part

3. Shale, green

2. Limestone, gray-green. s<haly,  fossitiferons,  lme-

sone pellets stand ont on wenthered surface
Matficld shale

1. Shale, green. with a few siltstone laminne, grades
downward to red shale, baxe ecovered

4. NE ' see. 26. T 23 N, 3 E.: Ronthwestward from lHmestone
float in drainage channel to top of ontlier of Fort Riley
Chase gronp
Fort Rilexy limestone
10, Sandstone,  light  tan, hedded.  with  pothole-like

stractures up to 1 foot in dinmeter on top surface,
eaps M e e e,

. Shale. gray. containing fengments of fossiliferous
gray limestone in float
Mntfield shale
R Shale, red. mostly covered ...
7. Sandstone, massive, float only

6. Covered. prohably red shale. with lhne
containing caleite-filled  dessjeatiom er
near top

G, Randstone, red, erossshedded, base ecovered L
4. Covered, probably shale ...

Sandstone, highly cross-hedded, mostly covered .
. Covered, red shale float

19 .lJ

Wreford Hmestone

L Limestone, red to wray. fosciliferms, eonfainine
yellow ferrnginons pellets (highest float in drainage
clhiannel)
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. NE 19 see, 5P 22 N, R, 3 B eastward along rond on north
line of section
Chase group
Doyle shate
6. Shale and sandstime, ved, not measnred
5. Nandstone,  thin-bedded, shaly, with  interbedded
shatde e
1. Limestone, brown, rotten, composed Largely of algat
pellets most of which have allered to limonite,
contains mollusean  faunn and  Orbiculoidea: top
covered
3. Limestone, gray-brown, well-hedded, silty, contajus
medluscan fanna, in beds to 1 foot thick with
interbedded shale
Matfield shale
2. Shale, gray, interbedded with thin heds of ealearcous
siltsone
1. Shale, red and g
to gray, non-eale
covered
6. SE 1 <ol f, T, 220
Highway 1
Chase group
Wreford () limestone
4. Limestone, gray. snndy, siliceous, partly  fossil-
fferons,  with  abundant myalinids,  apparently
lentlenlar  in undertying sandstone,  loeally  re-
crystallized, vogey
J. Suandstone, white with brown pots, well-hedded, eal-
carcous but mostly lenched, with numerons solution
pits and echannels
2. Limestone, thin-bedded, highly  fossiliferous  (mgy-
alinids and pectinotds, inlerhedded with red shale
In Tower 1 foot .
Comnell Grove group
Garrison shale
1. Shale. red  with Heht-gray  mottling, partly  eal-
careons, base covered .. T
. 8W ¥ see. 50122 N R B westward along Okinhoma
Highway 15 along south line ¢f section

, enleareous, grading upward
reons, silty, wenthers buff, base

. tward slong Oklahoma
along south line of seetion

Chase group
Wreford (?) Hmestone
0. Sandstone, white with dark brown spots, calenreous
to lenched, numerons solution pits and channels,
bage covered
Council Greve group
Garrison shale
O Shale, dark - red and  brow
sitndy, top covered ...
4. Sandstone, dark red, shaly,
probably lentienlnr ...
3. Shale, red. contninlng a few beds of cross-bedded
sandstone to 8 Inches thick
2. Sandstone, light-gray fine- to medinm-grained eross-
bedded, thin bedded to massive probably lentfeudnr
. Shale, red sandy near top, base covered ..

—

10

-

5

ed
E

o

Feet

S NW ' ocee, 15,020 N R B senthward atong ereck from
spring below sandstone searp
Connetl Grove group
Garrtson shale
11, Sandstone, light-tan  with  dark-brown  beds and
spots, massive at top to highly eross-bedided near
base, vertical Jointing in upper part, lower part
confaining  eress-bodded  tenses of  conglomerat fe
limestone to feet. thick with pebbles up to 1
ineh in dinmeter oL e e

iy

10, Shale. red. with caleareous nodules, Inrgely covered
. Riltstone, yellow, highly ealeareons, poorly expused
K Shale, ved, with ealeareons noduvles ..

Sandstone,  thin-bedded. partly ealeareous,  inter-

bedded with red shale o
Cottonwoad limestone

6. Limestone. mottled silty. shaly. with molluscan

fanna and abundant algal pellets .

5. Covered, probably chale and limestone ..

4. Limestone, gray, shaly, composed of minute pellets,

probably  algut .

Eskridge shale
3. Shale, rod and green, variesanted, partly silty. flaky,
with beds of silfstone, grading upward to red shale
with about R feet of thin-bedded highly eross-bedded
sandstone in upper part
2. Sandstone, cross-hedded to mas to  contoerted,
with thin lenses of green <ilty shale expecinlly

near base .
1. Shale. red. with thin

0. SE 14 cee, 2, 7023 N R4 B enstward along romd on couth
line «f seetton

Couneil Grove gronp
Garrison shale

5. Covered, capped by limestone float Morrill lme-

stone?) light wray with algal pellets and small shells

cevident on weathered surface

4. Nandstone,  thin-bedded. hase covered. o

3. Bhale, red. with ealeareous nodules o

Cottonwood limestone
2. Limestone. light  greenish-grs
mollnsean  faunn

. erystalline, sparse

Eskridge shale

1. Shale. red. wilh lentienlar beds of  well-bedded, -

partly contorted sandstone up to. 3.5 feet {hick, 1
covered :

11.5

e
El
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10. B !4 osees 2,00 23 N W4 B soathward from Neva limoe-
stone exposure in creck sonth of Oklnhoma highway 18
to outler of cottonwood lmestone

Counctl Grove group
sarrison shnle
6. Covered, eapped by thin-bedded sandstone

................ (1]
Cottomwoail limestone
5. Limestone surface, gray, weathered ... 1

Eskridge shale
1. Covered by Quaternnry (errnee ..o 038
Neva Hmestone (lower member)
3. Limestone, gray-brown, fossiliferous

0.5

20 Covered e 5
1. Limestone. brownish-gray, siliceous, fossiliferous,
well bedded in beds up to 1 fovt thick separated by
thin heds of silty gray fossiliferous shale, zone
of chert nodules in limestone about 7 feet above

base, base covered ... 13

11, 8W 1 see, 6, T, 20 X, I, 5 1. sonthward atwng rond on
west tine of sectlon

(Around corner to south and enst, this section Is overlain
by thick complex sequence of shale and sandstone, largely
red)

Couneil Grove group
Neva limestone

5. Limestone, gray, erystalline, silicenus,  erinoldal,
with red shate Inclustons, eaps hill 1.5

4. Shale. gray 13

3. Limestone, gray, weathers dirty brown, erystalline,
silfecons, erinoidal  In three beds  separated by
shale,. molluscan fonunn In upper bed 2.5

Roca shate
2. Shale gray, mottled with red in center ... 13

1. Sandstone, massive to cross-bedded to  contorted,
base covered

120 NW Y osees 32,7, 23 N, R6 B southward along enst side
of Oklihoma Highway 18 from Hmestone exposure near culvert
Counell Grove group
Eskridge shale
7. Shale, gray to red, nol. measured
Neva limestone

6. Limestouwe, greenish-geaz, dense, with shell frag-
IOIER it e et e e 1
8. Bandstone, with interbedded shale In lower part 3
4 Shale, gray, mostly covered
3. Limestone, dark-gray. dense,
hase covered thed 8 of section 13) 1
2. Covered. gray shale In Tlont
1. Limestone,  lwownish-gray,  cher
hase covered

fossitiferons,
e resasssana i msace-treanaaaaaaannn e aiemeaeeeaaiaaas 5

13, 8 14 see. 300 and NF Y osec, 31T, 22 N RS EL o sonthward

aleng Okkahoma Iighway 1R through section corner
Couneil Grove group

Neva limestone

6. Limestone, gray (o reddish-zray, sparcely  fossil-

iferons, nlgal at base, caps hill (hed 3 of section
12y
Shale, gray. with stltstone laminae . .
Limestone, gray to gray-brown, dense, fossiliferous,
partly siliceous, eontaning chert nodutes and lentils
and o few thin beds of fossiliferons shate ...

3. Limestone. Dblue y. wenathers buff. silty and
siHeeons, grading downward to sittst me

=

bl

Roca shale
"2, Khale and sandst me, interbedded
1. Khale. gray., weathers drab, containi
concretions, base covered
14, SW 14 cee, 20T, 23 N RS B southward aloung Oklahoma
Highway 18 from limestone vulerop on east cide of road
Couneil Grove group
Neva limestone
5. Limestone, gray to gray-hrown, cherty, fossilifer-
ous. with thin intercalations of gray shale, grades
downward to siltstone, caps hill ..
Roca shale
4. Shale. gray. with n few thin beds of highly fossil-
iferons shaly lhnestone and thin-hedded stltstone
3. Hhale, gray  fossiliferons  interbedded  with  thin
beds of highly fossiliferous Hmestone containing
a mollusenn fannm e
2. Rhale. red at o has arading  apward o reddish-
brown, with grav-green slitstone Iaminne ...
1. Limestone, green to  reddish-green, shaly, algal,
sparsely  fossiliferius, underlain by green shale,
base covered (This  section  continnes  npward
from bed 4 in seetion I0.)
Ih, NW 4 see, 20, T, 23 N RS Eo: somthwmid ntong Oklahoma
Highway IR from limestone outerop enst of highway on
south hank of Cout (reek
Couneil Grove group
Reea shale
£, Shale, red grading upward fo gray. top covered ...
4. Limestone, gray-green to maroon, mottled, spar-
cely fosstliferous, algat In lower part. hase covered

3. Rhtle pred, with a few thin beds of nodular lime-

stone and light-colored siltstone
2. Covered, probahly red chate :
1. Limestone, gevay, gray-green,  and  broavn,
confaining frregular sandstone muasses
(hed 11 of seetion 16)

sandy.
hase covered

10

16
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16, N2 %4 see. 30, T, 22 N, R. 5 F.; northward along road on
east line of seetion

Counell Grove group
Roen shale

1. Limestone, sandy, contnlning Inrge frregalar sand-
stone mnsses, mollusean faunn (hed 1 of section

10.  Limestone, gray-green, crinoldnl, with ulnnulmt

shell fragments, contnining  reerystanllized  ealeite
9. Shale. green, brown, and red, partly silty
8. Riltstone, thin-bedded ...
7. Shale, brown, green, and red, partly silty
8. Shale, gray

5. Covered, prabably shale with some sandstone
Red Enrgle limestone

4. Limestone, dark- -Rray, partly shaly, highly fossili-

ferous, with abundant “llmqun[«m
3. Shale. gray, ealenreous, highty fossiliferous |
2. Limestone,, gray, shaly, fossiliferous
Johnson shale

1. Shale gray, not measured

17, Nee, 20871, 20 N, RS L westward slong rond on south line
of sectiun from sawdstone exposure in ereek sonth of road
Counell Grove group
Red Bagle limestone

13. Limestone, gray, fossillferous, In  severnl  heds
separated by thin beds of gray .shale, fasulinids
abundant in middle beds .

Johmson shale

12, Shnle, red at base grading to gr
mostly covered ...

11, Sandstone, thin-bedded, muinly red
10, Covered, probably ved shale ...

). RSandstone, purple and yellow mottled, highly eal-
careons

8. Shale, gray, grading upward to red and gr:
mostly covered

Long Creek Hmestone
7. Limestone, gray, dense, party  shnly  erinoidal, in

three beds separated by thin shale, fusulinids in
middle hed ...

6. Shale mostly covered ... .
5. Lhmestone, purplish-gray, erinolda) eapped by two
inches of geay comquinold deteital timestone

4. Rhale, gray, containing abundant small 1
nodiles

marly at top,

— -

3. Limestone lght brownish-g ay. contnindng abnndant
shell fragments, base covered

Hughes Creck shate

2. Shale, gray

1. Bandstone, Hght-hrown, massive, with some contorted
be(l(llnrz, base covered

—
=t

- s
o B S R §

-

1R NE 1§ see. 0, T, 23 N, R, 3 B westward along road on north
line of sectlem

Council Grove gronp
Long Creek limestone

9. Limestone, brownish-gray, dense, fossiliferous. with
a few fusulinids. caps hill

& Shale, gray .
7. Limestone and shale fnterbedded in beds up to 6

inches thiek
6. Lbmestone «dark-z Ir. dense, fossitiferons,

(nm.llmnrz mmnm dolnlx mnd small fusalinids
Shale, aray, weathers Inff. marty, fossiliferons, with
hr_vnzn:ms, crinoids, and large fusulinids (Triti-
cites and Relueagerina) et e e
Limestone. gray, shaly, (l(~ns4- f:meilil‘vrmw con-
taining crinoid debris and abundant large fusu-
Vs e
3. Rhale. gry .lth('m l\nff marl; =siliferous,
containing bryozoans, erinolds,  and fusnlinids
2. Limestone, dark-gray shaly, fossiliferous
Hughes Creek shale

1. Shale, gray. not measured

-

19. 8SW 14 see. 2,°T. 21 N, R, 5 E.: westward along road on south
line of section

Couneil Grove group
Long Creek limestone

16.  Limestone. weathers brown, thickbedded, fossili-
ferons, caps hill
. Shale, gray,
f.  Limestone, browni
mostly covered
Inghes Creek shale
13. Covered. gray shale with sandstone fragments in
Fl0nt e
12, Sandstone, hase covered
11. Covered., probably shale .
Amerieus limestone
10. Limestone, ereenish-gray to erayv, dense, massive,

hizhly fosslliferous. shaly in upper part. containing
fll\""IIi(]Q near Dse e

. Covered probably shale ...

8. Limestone,  dense,  erystalline  thin-bedded,  non-
fossiliferoms (hed 7, section 20)
Admire group

1
1

7. Khale, reddish-hrown and gray, mottled
G Covered, probably s<hale
S Randstone,  frow-stained, partly  contorfed  massive
it hase  erading  upward to  thin-bedded, eross-
bedded, with Interledded shale lenses
A Shale. ved. with wreen silty  sfreaks near base,
nestly covored

3. Limestone, lizht greenish-gzeay. nodulsir, «nn-mhl
highly  fossiliferons, containing Nustedia and pee-
tinoids, with interbedded varviesated shale

2. Rhate, red and green. vartegated

1. Sandstone, base covered

TR
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20 NE % sec. 2.7, 21 N, R 5 B.; sonthward from Brownville
limestone exposure to top of ontlier In center of see, 9
Couneil Grove gremp
Americus Hmestone (hasnl bed)
7. Limestone, gray, dense, erystalline,  thin-hedded,
abindant in flont eapping Wil (bed 8 of seetion
1)
Admire group
6. Covered
5. Randstone, mng

fve, flont only

4. Covered probably shile .

3. Limestone, gray and greay-green, mottled containing
small fusnlinkds  and  Hmestone pellets, in flont
ONIY e

2. Covered fleat contalng shale and sandstone with

some  thin-bedded and nodular Mmestone and cal-
careons sandstone ...

Wabnunsee group
Brownville limestone
1. Limestone, gray-brown, crystalli
base covered ...
21, SW % osees 36, T 23 NG LS B, and NE Y osee, 20T, 2
.5 . somthward nleng rond through section corner

fosslliferous,

Comneil Grove group
Hughes Creek shale
17.  Sandstone, massive, caps hifl
16, Covered, probably shale

Amerteus lHmestone

15, Shale. geay, pnetly  enleareons, with  interbedded
fossiliferous limestone

14 Limestone, greenish-gray, shal

especinlly on tep surface
13, Shale. gray, partly calearesms
12, Limestone, hrownish-gray, dense, abundant mollus-

can fmmn  (pectinolds), with interbedded shate

Admire group

1 Shale. gray and red
10, Limestone, gray fossiliferous, thin-bedded, n £l

only, contains  abundant  high-spired g stropods,
other molinsks nnd brachlopods

) Shale, red, with Heht-cotered siltstone heds .
Sandstone, massive to thin-hedded, enlenreous. hard

. Shale, red. with thin beds of Hght-colored siitstone
nnd sandstone espeeially In upper part

-t B

L Limestone  geay-green, shaly, bighty  fossiliferous,
cerinoidal

. Shale. red. sHty, enleareous fossiliferons ...
. Limestone,  gray-green and  purple,  fossiliferous,

abundant fusulinfds |
. 8hale, red, base eovered

-

-

-t
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SE 19 see. 30, T, 22 N, R. 6 E.; northiwnrd alomg road on east
line of section
Admire group
& Sandstone 1
7. Covered, probably red shale 25
G, Limestane. brown, silty, in arge lenticular i 1.5
9. Covered, probably red shale 4.5
4. Rundstone,  iron-stained.  well-hedded, containing
soluntion channels 1

3. Shale and sandstone. interbedded in 3 to 4 iuch
Beds e 1

2. Covered, probally shale

Wabaunsee groups

23.

Brownville 1hmestone
1. Limestone, brownish-gray, dense, hase covered H3

SW 1 coe. 13 and NXW 1 see. 240 T. 21 N.. R, 5 I.: south-
ward along creek bed

Wabatmsee group

Brownville Hmestone

R Limestone ltzht brownish-gray. sublithographic to
finely ervstalline, tep part  stylotitie.  erinoldal,
lower 2 feet containing abundant fusulinids, A
zone of solution channels up to 6 fnches in diameter

oceurs 1.5 feet helow top i}
'ony Creek shale
7. Covered . a9
6. Shale, grayish-brown, fissile .. . 0
5. Shate, gravish-hrown, ealeareous, containing lime-
stone nodules and Vyalina 0.5

1. Shnle. grayish-brown, earbennecons at b .

3. Coal . 0.5

2. Randstone, gray. lenticnlar, fine-grained, caleareons,
partly  contorted, with surface striations striking
NOPEheRst e 0 to 1

1. Shale. light-gray te brown, ¢
bhase covered

carbonaceous,
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28 NE Y osee, )0 22 NG G sonthward from Avrkansns
river sltuvium to fop of smalt Brownville limestone outlier
Wabitunsee group
Brownville limestone
27, Limestone flont, eaps hill
I'ony Creek shale
206, Covered, prohably geay shale
25, Covered shale in float, with n zone of
enlenreous nodules at top ...
24, Sandstone, thin-hedded to mnssive
23. Covered. shale in float, contning lenses of con-
glomeratic limestone ...

22, Covered, probably shale tabulnre blocks of sand-
stone in float, hench at top

“Grayhorse’” limestoie
21, Shale, weathers buff, calenreous, highly  fossiti-
ferons, with abundant Myalina, containg a few thin
heds of buff fossiliferous timestone, top covered ...
Gano shale
20. Shale. red, with red calearcons nadules, grading

npward to green shale containing green nodules in
lower part .

19.  Sandstone, thin-bedded, silty, base covered
18. Covered, red shale In float
Elmont limestone

17.  Limestone, Hght-brown to green and red motiled
crystattine, partly shaty, fossitiferous, with abun-
dant small fusulintds, base covered ...

18. Covered, gray shale in flont containing Myalina,
Chonetes, and erinodd debris ..

15. Limestone, gray, sandy, thin-bedded, conglomeratie,
with pebbles to 2 mm

H. Covered, probably shale, with a one-foot sandstone
hed in lower 5 feet e

13, Limestone, light-gray, erystablling denge, containing

abundant  fusulinds  espectally  near  base, base
covered

Harveyville shale
12, Covered, probably shale with thin beds of sandstone
11.  Sandstone, massive to cross-bedded, contorted .
10, Covered
). Sandstone, thin-hedded, ealenreous

R Limestone, brown, conglomeratic, sandy ...
7. Covered

6. Limestone, green, shaly,

G, Covered probably shale 0
1.

Shnle, green, enleaveons, eontnlning fusnlinids, top
covered

Reading limmestone

3. Limestone, dark-gray, shaly, contnining  abundant
sl fusalinkds

2. Shale, green, ealearcous, base covered
1. Altuvium, not measured

20

30
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10
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25, KI 1) Seeo 21, T, 22 N, L6 EL northward along road on
east line of seetion,
Wabamnsee gronp
Pony Creek shale
19, RBandstone, highly cross-bedded  thin-bedded, inter-
bedded with gray shale at base, prading apward
to wmasshe.  contract with anderlying snggests
channeling, enp Wil L 24
18, Shale, red
17.  Limestone, gray-hrown. conglomeratic, with nhundant
shell fragments s 1.5
16 Bhales Sray oo e
15, Randstone, shaly, thin-bedded., with interbedded shale 2
T Bhale, BION e 7
“Grayhorse” 1lmestone
13, Shale, gray, eateareons, containing  ealeareons no-
dules  and  thin  heds  of  fossiliferous  limestone,
Mpaling abundant .. 4

Ganmer shale
12, Shale, gray, partly red. mostly covered ...
11, Sandstone and shale, intevbedded
10, Sandstone,  light-colored, masskve ...
0. |hale, reld .o s 0.
Elmont Jimestone
8. Limestone, gray-green, silty, abundant shell fragments 1
T Bhnle, red . h
6. Shale, red, fossiliferous, containing abundant small

|

limestone nodules and fusulinids . 1
5. Limestone, gray-green and maroon, mottied,

fossiliferous, abhmulant shell fragments and

ZOMIS ettt e e e n s feeeneenr e e e e s e nare e enne e ann 1.5
4. Shale, green, with thin beds of nodular shaly lime-

stone with mollnsean faunn ]
3. Siftstome, thin-hedded, geading apward to ealeareons,

upper 1 inch is cilty lhmestone containing a1 molluscan

fanna and Linoproductis o a5
2. Shale, brownish-gray, silty, lower 15 feet covered ... 175
1. Limesteme gray, containing  abundant  fasulinids,

base coverad oo e e 1




26, NE 1% See, 15 and NW 14 See. 1.1 21 N, R, 6 15, enstward
aloug rond on north line of section from just west of section
corner

Wabiunsee gronp
Elmont limestone

18. Limestone, gray-brown, dense, conchotdnl fracture,
containtng abuwdant fusulinids, caps hitl

Harveyville shale
7. Covered, probably shale
16, Sawdstone, tan, massive

15.  Covered. probably gray shale with thin beds of sand-
stone

14, Sandstone

. ortinge, mnssive, buge covered |

13, Shale, red, mostly covered

12, Limestone, pray,
fusnlinids

abundant  shell

fragments  and

.
Reading limestone

10.  Limestone, gray, shaly, containing shell fragments
and fusnlinids, bnse ecovered . .

0. Covered, shale In flont

& Limestone, aray, sty contnining shell frapments .

7. Coevered, probably shale ... ... ...

6. Sandstone,  ealeaveons, contalning  hpressions  of
myalinids, pectinolds, nnd other mollusks

G, Shale, red, geading upward o green, ealenreens ...

4. Lhmestone, mottled red and gray-green, massive,
crinohlal

n

3. Limestone, light wgray-green, silty. erinoldal, contain-
Ing algnt pellets. interbedded with and grading up-
ward inte red shale ..

Aubarn shale
2, Randstone, with lenses of red shale ...
1. Shale, red, base covered ... ...

27. NW 1% See. 1, T. 20 N, R. 6 E., southward nlong road on
west line of section from exposure of Wakarusn Hmestone in
creek in 815 14 See. 35, T, 21 N. R 6 1.

Walitunsee group
{Iarveyville shale

190, Rhale, with a bed of sandstone in middie, poorly
2.5 exposed, eaps W L
IR. Limestone, geay, dense, ahimulant shell fragments....
. Reading lhmestone
3 17, Covered, shale and fuswlinid fimestone in float ...
1 16, Limestone, leht-gray, sandy,  tidn-hedded, cos
ing fossil impressions and interbedded shale
135 15, Covered, float contains shale and thin-bedde
12 SEODE e e
185 14, (;nw-rod. eapped by red limestone float on ben
- field to east of rond ...
Auburn shale
1 13, Sandstone, massive to thin-bedded, base covered ...
45 12, Covered, probably red shale
11, 8hale, red e e
1. Limestone, fi iliferons. nodular .
. 9. Shale, green, grading upward to rved, with a lentienlnr
1 sandstone hed to 3 feet thick near base ..o
2 Wakarusa limestone
1 R Limestone, gray-green, fossiliferous, partly  shaly,
- fusnlinids abundant, interbedded with green shale
99 (beneh mark en NW corner sec. 1 s 31 fect nbove top
of Hmestone e
2 7. Shale, green enleareons, fossiliferons, containing
12 careous nalules and abundant fusulinids .._............
6. Limestone, as nbove |
9 5. Shale, green. as abhove
4. Limestone, as above ..
3. Rhale, green, ns nbove
1 2. Limsestone, as above, top surface shaly
Hallet shale
1. Shale green, as above, below water. not mensured
1.5 28, NE ' See. 2007022 NORC TR noethward from Arkansas
¢ River alluvium to top of Waliirusa cntlier
Wabaunsee group
Auburn shale
1. Shade eapped by sandstone flont .

Wakarusa limestone
10 Limestone, gray shaly, sparsely  fosstlifer
abnndant fusulinids, base covered

Hallet <hale
). Covered. prehably

with

nes,

from bhase
&  RNandstone, hrown  thin-hedded, partl
shaly  with interbedded shale ..

7. Covered, probahly
feet above hase L

6. Limestone, light-gray to brown, <ilty, with abundant
brown fusnlinids ceolloguial “wheat™ limesione)

3. Covered, probably shale

Bird Creek Mimestone

4. Limestone, dark-geay  shaly

3. Covered, probablily shale . i .

L Covered, capped by stndstone beneh, eoentains Turkey
Run  limestone

1. Alluvium, not

sandstone  and

meis

10
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20 NE | Ree 31,720 NG T OB westward along north Hne
of section from limestone exposure in ereek

Wabaunsee group
Auburn shale

13, Sandstone, medium-grained,
stps hill

to contorteq,

Waknrusn Mmestone

12, Limestone, lieht-geay, fosctliferons, comtains
Triticites, poorly exposed ...
Hallet shale
1. Shade,  geay,  weathers  buff,  enlenreons,  with
Triticites near top, thin beds of sittstone townrd bhase
10, Sawdstone, buff fine-to-medinm grained eross-bedded
to contarfed
9. Covered, probably shale
8  Sandstome, eross-hedded
7. Shale, mostly covered ...
6. Sandstone, white, massive speckled with brown iron
sinins

4. Shale, mostly covered ... ...
4. Smdstone. buff, massive .
3. Covered. probably shale with heds of sandstone and

sandy timestone (in float)

Bird Creek linestone
2. Limestone, dark-gray, shaly, fossiliferous, contains
Triticiles
Severy shnle
1. Shale, gray. not measured

30, K1 Y See. 20, T 20 N RO T K southwestward from lime-
stone exposure i ereek bed to rond eut in rend on south line
of sectlon

Wabaunsee group

Hallett shale

14 Randstone, cross-hedded to massive, thin-bedded at
top. contning lenses of caleite cement, enps Wil

13, Shate, ved and gray, with silly streaks ...
12, Sandstonte, masslive
1. Shate, gray, sHty
10, Shale, purple, with gray-g
0 Shale, gray, partly sIY oo

Rird Creek limestone
& Limestone, gray, dense, fossitiferons, contains Triti-

CHECR et
Severy shale
. Shale, light-gray elnyey .o

6. Shale, red and eeny, with beds of silisto

A, Covered, probably shale and sandstone
Pawhuska formation

Turkey Run Hmestone member

4o Limestone, dense, dark-geay, jointed, fossiliferius
toward base, containing Triticites

3. Shale. dark-geny  earbonaceons
2. Lignite
1. Rhale, gray, not measured

11
26
4
0

ST

1

=10

te
s

05

P 2
S lise

——

3L NW 17 Nec. 23. 1. 21 N, R. 7 E.: westward in road cut along
U. & Highway ¢4

Wabaunsee group
Severy shale

200 Randstone, massive, buff, speckled with brown from

stadn. eaps W [

1L Randstone, bedded. baff, <peckled with brown fron

stain

18, Rhate, dark-gray and brown, fissile, becomes marly

and fossiliferons near base

'nwhuska formation
Turkey Run limestone member

17.  Limestone, gray-brown, dense. argilaceons, fossili-
TOTEMS e

16, Liunite ...
15, Underciay
1 Shale gray to dark-gray .
13. Sandstone, eatearesns  friable. finely -hedded
at top grading to hard, massive toward hase (base
covered) .. e
12, Covered probably shale

11, Shate, buff, gray, and maroon mottled. Plocky .

100 Randstone. buff. convsely  eross-bedded to mns:
partly ealeareons, with a 6-ineh ar
A feet from base .

0. Shale gray and gray-green, variegated

&  Sandstene, uff massive. with a G-lneh bed of fine-
bedded argiltaceous sandstone 6 feet from hase

7. Shale, gray. interlaminated with light-gray siltstone

ve,
lInceous bed

Lecompton limestone member
6. Limestone fonsatinid coquina
o Rhale, geay, caleareons fossiliferons
4. Limestone, gray, finely crystalline, dense, fingpy,
fossiliferons

ons, fossiliforons

3. Shale gray, ealear

2. Limestone, gray, dense, massive .
Vameosa formation

Knunwnke shale member

1. Rhale, gray. base covered

181

13
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32, NE 14 See, 20071, 20 NG RT OB westward nlong conmty road
from NE corner of section

Wahinnsee group
Severy shale

16, Nandstowe, enps W 10
5. Covered. probably shale . T
Pawhuska formation

Turkey Run Hmestone member

T4 Limestone, gray, dense 1.5
B Shale, hrgely eovered 10
12, Samdstone, mnssive 20
11, Covered, probably  shale 8

Lecompton fimestone member
10.  Limestone, gray, flagzs, nodular fossiiferons, con-
tnining Triticites e 1
Vamoosa formation
Knnwanka shale member
0 Khale, red .. R
R Shate geay

Elgin sandstone No. 4
7. Sundstone, bedded crosshedded, eontorted, lentienlar,
with thin shale beds ... 0

6. Shale, red and light-geny, Sy e 7

5. Shale, gray with thin siltstone beds ... 10

L Sandstene, massive, lenticular bedded toward bnse 7

3. Shale, gray 1

4

2. Covered, probably shale
Elgin xandstone No, 3
1. Sandstone, massive, hase covered 5

3. NE U See, LT 20 XL ROT B westward from NE corner of seetion
to small hitl Just south of road
Pnwhuskn formation

Lecompton limestone member

6. Limestone, apparently o lens of agal orlgin, looks
eomglomeratle, eaps Wi 0.8

Vamoosn formation
Kanwnka shale memhor

B Shale, ved, with thin beds of white sthistone . 10

4 Covered, probably shale 7
Elgin sandstone No. |

40 Smdstone, massive "

2. Covered, probably shale | T

1. Sandstone, flagey, well-bedded, Jointed base covered,
not measured

3f See. 12,7, 20 N, R, 7 B wesward from ereek bed along
abhandoned road on south line of secfion
Vamoosa formation
Kanwaka shale membher
Flgin sandstone No, 4
10, Sandstene, fine-to-medium-grained. shaly, thin-bed-
ed at base. massive at top. eaps WM
). Shale. gray, partly red, poorly exposed with ocea-
slonal thin beds of sandstone and siltstone, sandy
beds inerease toward top

K SBundstone, buff. hedded
7. Shale
i Covered, probably shale
Elgin sandstone No. 8

H. Sandstone  (hiu-bedded,  shaly  at  base  hecoming

massive to cross-bedded at top, partly speckled with
brown iron <tain

o Shale, gray slty, wenthers boff
3. Sandstone, shaly er
2. Shale. gray, silty, weathers boff

-

Elgin sandstone No, 2
1. Sandstone, massive tir eross-bedded  ripple-marked
foward baxe, poorly exposed, base covered

35. 81 11 Rece. R T 20 X, R. 8: westward along road from
ereck bed near SI3 corner of section
Vamoosa formation
Kanwakn shale membey
Elgin sandstone No, 1
0. Sandstone, caps hill
. Shale, gray
7. Sandstone, partly covered
. Shale, gray

>z

Blgin sandstone No. 2
5. Smndstone, poorly exposed

1. Shale, gray

3. Sandstone, base covered .
2. Shale, gray, with ocensional thin
Inrgely covered

Elgin sandstone No, 1

sandstone beds,

1. Sandstone massive to eross-bedded, hase covered

11

10
1t
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36, NE 'y See, 17,
hridge in N, 1L

T 21 NL R R B sonthward mlong rond from
corner of section

Vamoosa formation
Kanawka shale membey
Elgin sandstone No. 3

12, Randstone, mnssive to cross-hedded, enps hill

1. Rhale, gray
10, Randstone,  thin-bedded
9. Khale, gray

Blgin sandstone No, 2

Randstone, massive, Inrgely covered |

Shate, gray, with lnferbedded sand<tone

6. Sandstone, with thin interbedded shales .
5. Shale, gray, with ocenstonnl thin heds of siitstone
and sandstone
Wynonn sandstone member
4o Ramdstone thin to thick-bedded, cross-hedded. with

thin interbedded shales

2. Sandstone, thiek-bedded to eross-hedded, with thin
interbedided shales, partly coveved .
1. Shale, gray with thin sandstone bed
posed, base covered

37, Ree, 22,1 20 N, R, 8 E. northward nlong pipeline from
soarth line of secetion

Viamoosgn formation

Wynona sandstone member

. Shale, olive with strenks of red nnd n fow {hin sand-
stone beds, lnrgely covered .

9. Sandstone, cross-bedded to masstye, eaps hilt
R

T Smndstone crosschedded - ..

G Khale, red and olive, with (hin beds of Hueht-grs
<iltstone

O Kandstone, erass-hedded .

. Shale, red with thin beds of light-gray silistene

3. Siltstone, tight-gray, cross-hedded

2. Nhnle, gray, largely covered

1. Samdstone  cross-bedded, sty covered, not

messared

38 NE Y Seel 2571020 N, 8 Bz westward (o top of blufr
from Iarge boulder in Cimarron River tlong road

Tallant formation
Bigheart sandstone, upper memher

8. Randstone, medium-grnined, mnssive, blocky, enps
blulf ...

7. Covered, gr le In float

6. Shale, dark-gray

. Shale, gray

f. Rundstone, sitteeons, cross-bedded

3. Shale, gray-green and purple, interbedded with thh'i
heds of siltstone toward top

Birheart sandstone, lewer memboer
2. Nandsdone, massive, conlnining lenses of gray shale
up to 1 fool thiek o0
1. Randstone, fine- to mediunegeained, cross-hedded to
massive, containg clay pebbles, top 11 feet covered,
hase below river level

30

13

B0 Ree, 32T 20 N RGO FL and Neel 5010 N IO ED oCreek
County) s xonthward atong countly road from ereek bed
Tallant formation
Resard 2 sand<tone membey
11, Sanmdstone, Blocky, massive below fo erascbedded
ahove, eaps hilt
10 Rhale, arax, witl silty heds
0 Samdstone, hloeky, massive .
K Khale, gray with maroon streaks o .. Lo
7. Khole, maroon and light-gray, ity with lentienla»
bhedds of sandstene np o 2 feet thick
Shette. muroon and leht groy, <ilty .
Sandstone and shale, interbedded
4. Shate, marvoan and leht gray, <ily L L
2. Khale. imaroon, with thin heds of sandstone and sandy
cillstone: top 115 feet contain a lenficular sandsane
hed up to 1Y feet thick o0 e
2 Khate, maroon. with light-geay «ilty streaks, partly
coversd C e e
Bigheart sandstone member
1. Sandstone, massive to crossbedded with non-resist-
ant shaly and silty streaks up to U fool thick, hase
COVOTOIl L e e s

400 NE Ty Reel 27077, 20 N RO 150 gulley on northwest slope
of small outlier
Tallant formalion
Bigheart sondstone member
5. Randstone, well-hedded, eaps hill e
Barnsdall formation
Unnamed shate member
t. Shale, gray and grayv-creen, partly covered 0
20 Sandstone, massive
2 Nhale, gray mul ¢
sandstone
ndstone, massive to eross-hodded, base covered

v-green, partly covered

410 Kee, 30, P 20 NOORO 10 F northward up gnlley in north-
central part of section
Barnedall formation
ORKesn sandstone member
12, Sandstope, innssive to contoeted
Wann formation
Unnamed shale member
11, Shale, gray and srav-zreen with fronstone coneretions
10, Shitle, interbedded dark-maroon and gray-green
Clem Creck sand<tene menther
9, Sandstone, cross-bedded, interbedded with gray silty
shate in beds up ta 1 foot thick ..
Qandstone. evoss-heddted . .
SQiltstone, shaly, thin-bedded, Tight-yellow
brown .
G, Randstone, medinm- {0 ¢oa
hedded to erosschedded foward top [T
5. Siltstane, shaly, thin-bedded, light-vellow to gray-
hrevwn 0 e
Lo Nandstone, well-bedded to mnssive
A Khale, gray . B PO
2 Covered, probably <hale L e
1. Terrace, not measured

s

185

-1



186 INDEX

INDEX
A

abstvact L
acknowledgments
Admire formation
Admire group ..
algal limestone
Amerfens Hmestone
Arbuckle dotomite
Anburn shale

38, 39, R, 67, 68, 108, 113, .lll
™, R0, ]
122,128

B

nston  formation
Bigheart sandstone
Bird Creek Hmmestone

Bowen, %, 1,

of, 0

A0, 50

.............. (]}
Branson, Carl ¢, | N
Brownville limestone ... 0
building stone ... 140

Cambro - Ovdovician
Carl, I, B,
Clirse group .
Chexhewalln sandstone
CRUY e
Clem Creek sandstone
elimate .

conl
conglomery

ate

. i I H
enpper U B B O B 24
Cottonwood lintestone L1000, 102 108
CTUPIDZOUN e e eeeeeeeereeeo 1. 53

e Moines series
drainage

Elein sandstone
Fhmont Hmestone
Fimporia limestone ..
Eskridge shale

Fath, AL I,
fandting .
folding

Foraker limostene |
FFort Riley limestone .

, 120, 130
A30. B3
LTSN
13, 114
. JEUURUOTOINE 1L 11 T B
fdinddds T 19, 61, 56, 69, 60 o

fossils 36, 37, 10, 48, 40, 52, 53, 64, 1, 77, 81, 82, 85, &4, 04,

INDEX 18%

Gano shale L
Garricon shale
BUAVEL e e e
Grayhorse limestone
Greene, Frank (.

Hallett shale
Ham. William 15
Iarveyville shale
Heald, K. €.
Heald, K.
Hemld, K.

L
and Bowen, Co Vo .30
and Mather, Ko oo Bl

L AN e TR ll':’

Henver sand e 125

Huffiman, George G0 o Il,

IHnghes Creek shale e S8R
1

introdaction . R .6
J

Johnson <hale Ko, \li

Joiuts L2
K

Kavmwaka shale e 28,30, 31, 32033, 25, 86, 37

Kihekl  sandStone . e s .2t
L

. we)

Labadie limestone =t

Lecompton Hmestone | 3, 'lﬂ. l:%.

Nignite 42043 1012

1300110
K3 818G

lmestone resources |
Long Creek llmestone

Muatfield shale
MeCray, Arthur W.
Melton, Frank A. .
Mississippian

Missouri series .
Maore, R, ¢
Morgan, 6. D,
Mpalina subgquadrate .

Neva limestone
Nedaway coal

Onkes, M. €,
oil and gas |
Olkesn gamdstone
Ordovicinm

|

Pawhuska formation . RTS8t
Peeoploria e e e . 24
petrolenm 143, 116, 18
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PRSI PNY e
P'ouy 'reek shale
previons work

procedure
Q
QUIECEIEIEY e e 119, 120, 121
R
vadionetlve mIROralS o e 12
Ratston conl ... i
Reading lhmestone o8, 57
Red Eagle limestone KK], 9
red <hale . . G1, 66, 76, K3, M1, 100, 110, 111
Revard sandstone e 22,23, 24
Roen shale . , M, 02, 093, 93
S
sand el @ravel e

Selwagerina
Simpon sand
Stonebrenker formation
structure

Tallant fornntion
Tonlevwn sand

topography
Torpedo  sandstone R
TFHCTIOR e 2, 50, 64, 6o,
Turkey Run ltmestone

U
UERIEMI . ettt et ee e 142, HI3
v
Vamoosa formation 27, 28, 30, Hif
VINEEE SCTICS et 127
W
Wabiunsee group o 48,47
Wakarusa Hmestone R
Wann formation ... 16, 17
Washinglon brving sandstone . A6, 17018
watler K
Widhorse dolomite 19
Winchester, nml others L2
Winficll limestone ... 18. 119
Wolfenmp series .. . )
Woodford shade e ROV 12¢
Wood Siding formatien G2

Wreford limestone .
Wynomn sandstone .

M, TS, 107, 108, 19
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