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Stratigraphy and Structural Development
of the Salina Basin Area

By Wallace Lee
ABSTRACT

This report describes the stratigraphy and structural history of the Salina
basin in Kansas and adjoining areas. The stratigraphic descriptions are based
on microscopic examination of samples from wells. The rocks of the area range
in age from Precambrian to Quaternary, but many hiatuses make the record
incomplete.

Stratigraphy.—The Precambrian rocks consist of red granite or granitic
gneiss.

The Upper Cambrian Series is represented by the Lamotte sandstone and the
Bonneterre dolomite. The Lamotte sandstone is essentially the equivalent of
the Reagan sandstone of Oklahoma. The Lamotte is absent in parts of the
Salina basin area but is locally as much as 60 feet thick. It grades upward into
noncherty slightly sandy glauconitic Bonneterre dolomite, which reaches a thick-
ness of about 200 feet.

The Lower Ordovician Series is represented in central Kansas only by the
Roubidoux, Jefferson City, and Cotter formations and the St. Peter sandstone.
The Roubidoux, which overlies the Bonneterre unconformably, is widely dis-
tributed but is absent on the crest of the Southeast Nebraska arch and parts of
the Central Kansas uplift. In the Salina basin the Roubidoux consists of sandy
and slightly cherty dolomite averaging about 140 feet thick. The undivided
Jefferson City—Cotter sequence, which is composed of cherty and sandy dolo-
mite, thin beds of sandstone, and shale, has a thickness of about 300 feet. The
St. Peter sandstone, which is a part of the Simpson group, is mainly friable
sandstone of rounded and subrounded grains but includes some green shale.
It is unconformable on all the older rocks. Where the overlying rocks are con-
formable on the St. Peter its thickness ranges from 12 to 80 feet.

The Middle and Upper Ordovician rocks of the Salina basin are the Platte-
ville formation, the Viola limestone (Kimmswick limestone of Missouri), and
the Maquoketa shale (Sylvan shale of Oklahoma). The Platteville and the
St. Peter are partial correlatives of the Simpson group of Oklahoma. The
Platteville consists of limestone and shale, and thickens northeastward from a
featheredge to more than 100 feet at the Nebraska border. The Viola, which
consists of dolomite and limestone banded with spicular chert, has a thickness
of 295 feet near the Nebraska line but thins southward, The Maquoketa con-
sists of silty dolomitic shale, parts of which grade locally into cherty shale and
argillaceous and cherty dolomite. It is disconformable on the Viola, and its
thickness ranges from 30 to 143 feet.

Silurian rocks consist mainly of coarsely sucrose and granular dolomite, di-
visible into five zones. The basal dolomites are generally odlitic. Thickness of
the Silurian rocks ranges from a featheredge in the south, where the Silurian
was beveled by pre-Devonian erosion, to 445 feet near the Nebraska border.

(9)
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Devonian rocks are composed mainly of dolomite, but in the southwestern
part of the area limestone is included. In Lyons County, the Devonian rocks
thicken in a valley eroded in the pre-Devonian outcrop of the Maquoketa shale.
The Devonian overlaps southward across the truncated margins of Silurian to
upper Arbuckle beds, but hills as much as 80 feet high stood above the general
level of the surface. In most areas, the upper surface of the Devonian rocks
was beveled by pre-Chattanooga erosion, but in McPherson County and ad-
joining counties broad open valleys about 150 feet deep dissected the Devonian
rocks and cut into older formations. Because of the unconformities at the top
and bottom of the Devonian, its thickness is irregular, increasing from a feather-
edge at its margin in the southern part of the area to 213 feet in the north.

The Chattanooga shale and the Boice shale, which lie between Devonian
and Mississippian limestones, are of uncertain age. The Chattanooga includes
the basal Misener sandstone, a sandy shale in most areas. It filled the Mc-
Pherson and tributary valleys, where its thickness locally exceeds 250 feet. In
the tributary valley in Reno and Rice Counties the Chattanooga shale includes
a lentil of slightly argillaceous gray limestone having a maximum thickness of
80 feet. Except where it filled such valleys, the Chattanooga overlies a beveled
surface and toward the south overlaps in succession upon Devonian to Arbuckle
rocks. East of the Nemaha anticline its thickness increases from 50 feet in the
southwestern corner of the area to more than 250 feet in the northeastern corner.
The Boice shale, which unconformably overlies the Chattanooga, is of variable
thickness. Its base is characterized by red shale or ferruginous odlites.

The Mississippian limestones of the Salina basin consist, in ascending order,
of the upper member of the Sedalia dolomite and the Gilmore City limestone of
Kinderhookian age; the St. Joe, Reeds Springs, Burlington, and Keokuk lime-
stones of Osagian age; and the “Warsaw” and Spergen limestones of Mera-
mecian age. Most of these formations are separated from each other by dis-
conformities. Because of post-Mississippian erosion the Mississippian forma-
tions in north-central Kansas are confined to the Salina basin, although most of
them were originally more widespread.

The thickness of the Mississippian rocks as a whole is closely related to struc-
tural features. In the deepest part of the Salina basin these rocks are 350 feet
thick, but on the margin of the basin, as well as on the crests of local anticlines,
the uppermost Mississippian formations were beveled or removed by pre-
Pennsylvanian erosion.

The rocks of Pennsylvanian and Permian age consist of numerous cyclothems,
alternating sequences of limestone, marine and nonmarine shales, and sandstone.
Each sequence was deposited during a depositional cycle that included an ad-
vance and retreat of the sea. If a period of emergence was long, the deposits
of the previous cycle of deposition were locally dissected and in certain areas
completely removed.

The Cherokee shale, of Desmoinesian Pennsylvanian age, consists mainly of
alternating beds of shale and sandstone interstratified with coal and thin lime-
stone. The limestones are discontinuous, either because of local deposition or
intercyclical erosion. The Cherokee is about 240 feet thick in the center of the
Salina basin but is absent because of nondeposition on the Central Kansas uplift
and the northern end of the Nemaha anticline. The Marmaton group, the next
higher unit, consists of alternating limestone and shale formations, which are
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not sharply differentiated from each other in the subsurface. The group is
about 130 feet thick in the Salina basin.

Missourian rocks, constituting the lower part of the Upper Pennsylvanian,
are separated from Desmoinesian formations by an unconformity that is marked
by channeling and a faunal change. Missourian rocks are represented in the
Salina basin by the Pleasanton, Kansas City, and Lansing groups. The Pleasan-
ton consists of less than 25 feet of shale. The Kansas City and Lansing groups
are chiefly limestone and interbedded shale deposited in cyclical succession.
The combined thickness of these two groups is 285 feet in the deepest part
of the Salina basin. In some areas, the cyclical oscillation raised the rocks
enough above sea level for long enough time for erosion to develop considerable
topographic relief. Most such broad open valleys and minor depressions of the
surface were filled and leveled off by the initial clastic deposits of the succeed-
ing cycle.

The Virgilian rocks, which are separated from the Missourian by an im-
portant unconformity, consist of the Douglas, Shawnee, and Wabaunsee groups.
In the Salina basin the Douglas group consists of shale less than 25 feet thick.
The Shawnee group resembles the Kansas City and Lansing groups in the
cyclical deposition of limestone and shale beds. In the Salina basin, which at
this time had become a structural embayment, the thickness of the Shawnee
group is 244 feet in the northern part, increasing toward the southeast. The
Wabaunsee group consists mainly of shale with many thin interbedded lime-
stone beds. In some parts of Kansas, it has a wide range of thickness because
of local channeling during the hiatus between the deposition of Pennsylvanian
and deposition of Permian rocks, but no indication of channeling was recognized
in the Salina basin area, where the Wabaunsee is about 350 feet thick.

The Wolfcampian Series, at the base of the Permian, consists of the Admire,
Council Grove, and Chase groups. The contact of the Permian and Penn-
sylvanian rocks in the Salina basin area seems to be a mature erosional sur-
face. The Admire lithologically resembles the underlying Wabaunsee group
and is about 90 feet thick. The Council Grove group consists of alternating
limestone and shale formations in about equal proportions. Much of the shale
is red, and much of the limestone is impure and shaly. The group is about 300
feet thick. The Chase consists of about equal proportions of shale and more or
less cherty limestone. It is 250 feet thick.

The Leonardian Series, which overlies the Wolfcampian, consists of the
Sumner and Nippewalla groups. The Sumner group includes the Wellington
shale, which consists mainly of gray shale interstratified with beds and laminae
of anhydrite, and the Hutchinson salt member near the middle of the formation;
the Ninnescah red sandy shale; and the Stone Corral dolomite and anhydrite.
The salt member is present only in the southwestern part of the area. The
salt beds become plastic under pressure and tend to flow toward anticlinal areas.
The local thickening of the salt exaggerates the structural relief of anticlines
in beds above the salt. The thickness of the Sumner group varies sharply
with the thickness of the salt. The Sumner group is represented only in the
western counties of the area, where its average thickness is about 650 feet in
areas not underlain by salt. The thickness increases to more than 1,200 feet
in the southern part of the area, where both salt and shale beds thicken.

Rocks of Cretaceous age have an aggregate thickness of more than 1,000 feet
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on the western border of the Salina basin area. They include the Cheyenne
sandstone and Kiowa shale of the Comanchean Series, and the Dakota forma-
tion, Graneros shale, Greenhorn limestone, Carlile shale, and Niobrara chalk
of the Gulfian Series.

The Tertiary and Quaternary Systems are represented by alluvial deposits
in ancient valleys and on high-level benches. In the northeastern part of the
area, glacial till and loess occur in upland areas. These deposits are more
than 150 feet thick at some places and in large areas conceal the underlying
consolidated rocks of Cretaceous, Permian, and earlier age.

Structural development.—Study of the structural development of the Salina
basin and adjacent areas has been carried on by preparation of thickness maps
and stratigraphic cross sections.

Five periods of regional warpings are distinguished.

(1) Arbuckle dolomites were deformed and beveled by erosion before the
deposition of the overlying St. Peter sandstone. A synclinal basin, in which
Arbuckle rocks more than 2,000 feet thick were deposited, was developed in
central and eastern Missouri. This basin was flanked on the west by the South-
east Nebraska arch, an anticline that was beveled to Precambrian granite
before the deposition of the St. Peter sandstone. A broad syncline trending
northwest across a part of the area that later became the Central Kansas uplift
was contemporaneously developed southwest of the Southeast Nebraska arch.

(2) A conflicting pattern of regional warping that developed between St.
Peter and Mississippian time transformed the Ozark basin into the Ozark uplift,
and the Southeast Nebraska arch into the North Kansas basin, which subsided
1,200 feet in the area mapped. The Chautauqua arch and the initial move-
ments of the Central Kansas uplift and the Hugoton embayment were con-
temporary structural developments.

(3) A third period of deformation began early in Mississippian time, cul-
minated at the end of Mississippian time, and continued with decreasing em-
phasis until middle Permian time. The most conspicuous structural feature
of this period was the Nemaha anticline, which divided the older North Kansas
basin, giving rise to the Forest City basin on the east and the Salina basin on
the west. The Central Kansas uplift and the Hugoton embayment attained
their maximum development during this period. Arching of the Central Kansas
uplift ceased with the downwarping of the salt basin in Wellington time. The
Chautauqua arch became inactive before Mississippian time.

(4) The records of subsequent structural events in eastern Kansas have been
lost by erosion of significant formations. Surviving formations in western and
central Kansas indicate that after Wellington time, when arching of the Central
Kansas uplift ceased, the areas in which the Central Kansas uplift and the
Salina basin had previously been developed were tilted toward the Hugoton em-
bayment, greatly extending its northeastern limb.

(5) Details of post-Cretaceous deformation are obscure in eastern Kansas.
Isopachous and structure maps in western Kansas reveal pre-Cretaceous and
post-Cretaceous deformation, which tilted that region northward and north-
westward toward the Denver basin (Lee and Merriam, 1954). In eastern Kan-
sas the composite of these movements is expressed in the Salina basin by the
northwestward tilting of surviving areas of the Dakota in the Salina basin and
the general northwestward dip of the underlying Permian and Pennsylvanian

rocks.
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Each change in the pattern of structural movement altered the attitude of
pre-existing anticlines as well as other regional structural features. Changes in
the direction of dip shifted the position of the crest of some low anticlines and
destroyed the closure in others. In consequence, the exposed crests of low anti-
clines in the younger rocks do not necessarily reveal accurately the position and
configuration of those anticlines in older more steeply dipping rocks.

The repeated changes in the pattern of deformation and the repeated re-
elevation and beveling of the formations must have influenced the migration
and distribution of fluids in the rocks. Each structural movement, particularly
those involving changes in the direction of dip, caused readjustments in the
distribution of connate water. The movements of nascent gas and oil must
also have been affected, and probably some earlier accumulations of oil and
gas were dispersed up dip.

The maps show the areas in which well-known zones of production are ab-
sent, owing to erosion or to nondeposition. The areas in which potentially pro-
ductive zones wedge out beneath beveled surfaces are at least theoretically
favorable to the development of stratigraphic traps.

Available data from the thickness maps of this report suggest that north-
easterly and northwesterly trending folds may be concealed by or only weakly
revealed in the Cretaceous and Upper Permian rocks in the central and northern
parts of the Salina basin.

INTRODUCTION

The original report on the Salina basin was prepared during the
period from September 1943 to June 1946 by Wallace Lee with the
collaboration of Constance Leatherock and Theodore Botinelly,
under a cooperative agreement between the Geological Survey of
Kansas and the U. S. Geological Survey. By 1950 so many new wells
had been drilled in the area that it became desirable to revise the
original report, again under a cooperative agreement between State
and Federal Surveys. The new data proved to be so voluminous,
however, that it has been necessary to reexamine all phases of the
original report and to prepare new maps and many new cross sec-
tions. The completion of the work in 1953 to 1955 has been carried
on by the State Survey without Federal cooperation.

The work of Leatherock and Botinelly for the original report has
been invaluable in the revision, but the examination and coordina-
tion of data from new wells, several times as numerous as were
formerly available, have been carried on by the present author. All
data available to June 15, 1955, have been incorporated in the re-
vised report (Fig. 1).

It is probable that even before the publication of this bulletin,
new wells will provide increased information at many points. The
project was designed primarily as a study of regional deformation
and, except locally, the data do not warrant isopachous lines drawn
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Fic. 1.—Map of Kansas showing area covered by this report.

at intervals less than 50 feet. Closer contouring based on accurate
records would reveal much of interest in the growth of local anti-
clines, but such detail was not the object of this report. New data
will ultimately reveal desirable information in the northern parts
of the Salina basin, where few wells have been drilled.

The report follows the plan of the earlier report on the Salina
basin (Lee, Leatherock, and Botinelly, 1948). The analysis of the
complex regional stratigraphy and structure with which the report
is primarily concerned will be useful in guiding future drilling, not
only in this area but also in bordering areas where the relations of
overlap and regional structure are similar and have an important
bearing on the accumulation of oil. Local structural features, to
which oil company geologists give special attention, have not in
general been the subject of study in the present investigation.

The Salina basin was first defined by Barwick (1928, p. 179) as
“The pre-Pennsylvanian syncline bounded on the east by the Ne-
maha granite ridge [now Nemaha anticline], on the southwest by
the Barton arch [now Central Kansas uplift] and on the south by
the saddle between the Chautauqua arch and the Barton arch. The
basin continues northward into Nebraska where its exact termina-
tion is not known.” The Barton arch, a name suggested by Bar-
wick, is now more generally known as the Central Kansas uplift, and
since 1926 (Ley, 1926) the Nemaha granite ridge has been recog-
nized as a post-Mississippian beveled anticline.

The Salina basin lies on the margin of an earlier structural basin
referred to by Rich (1933) as the North Kansas basin. The Salina
basin had no separate existence until the uplifting of the Nemaha
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anticline divided the North Kansas basin and developed the Salina
basin on the west and the Forest City basin on the east. These
basins were at first structural basins revealed by the beveling of Pre-
Pennsylvanian rocks. During Pennsylvanian time they were sub-
siding areas in which Pennsylvanian deposits accumulated in greater
thickness than on the margins.

Most of the Salina basin lies in Kansas, but synclinal warping
extended northwest into Nebraska, and the northeastern flank of
the basin extends north into Nebraska along the west side of the
Nemaha anticline. No attempt has been made in this report to
study the Nebraska portion of the Salina basin and adjoining
structural features.

The data upon which the report is based were derived from
sample logs of wells prepared in the Geological Survey of Kansas,
sample logs of the Kansas Sample Log Service, electric logs,
drillers logs by unidentified geologists, and old drillers logs
of cable-tool wells. The last have been used with caution in areas
where no other data are available. -

Many old drillers logs could not be used, owing to inaccurate
logging or obvious unrecorded corrections of depth. The logs of
many early wells generally designate as sand all cherty beds, water-
bearing beds, and coarsely sucrose dolomites. Through a compari-
son of these old logs with recent electric and sample logs, it has
been possible to identify essential datum beds in many logs that
were previously discarded.

The data are of unequal value, on account of the character of
samples available, inaccuracies in measuring depths, unequal lag
of samples from rotary wells, and other factors. Electric logs are
most dependable and old drillers logs least so. Some logs in all
categories had to be rejected for obvious errors. There is almost
an embarrassment of wells in the southern part of the area, but in
parts of the Salina basin the wells are widely scattered.

The criteria by which most of the formations have been identified
were determined at identified outcrops, many of which are distant
from the Salina basin. Facies changes in the subsurface have been
determined by comparison of samples and insoluble residue in
successive wells. Table 1 lists the outstanding physical character-
istics of cuttings and insoluble residues as seen under the micro-
scope.

Logs of more than 4,300 wells have been studied in the prepara-
tion of this report. Samples from nearly 1,000 wells were examined
in whole or in part by Lee and his coworkers Leatherock and



Geological Survey of Kansas

©
~

ajrurojop

Iadoo)
sopnout :o3e
— UBIUOAD 9w UBIUOAD,
002-0 T a T I a
JO 9j1wIo[op
*98%8( 98 JUBPUNQB A|[BIOUST JNQ SUOISIWI] IO PojBIuUAIa)
9)1WOJOP UT PAYBUIWASSIP A[ulYy} SUIBIS PUBS PIPUNOI EIBOD ‘DUOZ JIMO[ U ‘SUIBIUO)) -Jipun
*aU0ISIWII] SNOJOBI[IZI8 JO [IJUS] YOIy} B 3S9M O} PIBMO} A[[BOO] PUB D}IWIO[OP ISOIONS PR
SNOJIB[[IIIE JO §PI] UIY) SIPNOU] °98BQ JIBAU JUBPUNQE JNq INOYINOIY} Pojeurwas | Gezg-Q awooran ® UBTUOAS(] UBIUOAS(T
-SIp §210dg ‘UOWWOD JYLIAJ *O[BYS SNOd0BIIM A[ouY ‘A3[IS A[[BIDUST ‘}ov[q 0} ABIK) (At () 93er] 10 10
uBIyjooyIopuryy ( werddississijAy
*988( 98 9[BYS POX PUB ‘9IQO SUOJSUOII UMOI] PU® POY 011-0 a[eys oor0g
931morop
02-0  [®BIIBPag JoO Ioq
‘9}1wo[Op 9s0I0NS A110Yd A[esIeds 10 A)18yduUou ‘ABIF A[[BOO] ‘UMOIq 0} gng -wew 1odd) werjooyIepUTST
*9[qQIBI[FAU SONPISIY *IB[NUBLF ST SUOSIUII] Quojsout|
ONIQOUON *3NOYINOIY} OI}I[QO JOU {XIIPBUL AN[BYD 3JOS YIIM 4aBd UT SUOISIWI] O1}[Q() 390 £31) 210UWLY)
‘2INJX9) SUI[[BISAID AUy auojsouI| o398
10 AY31%83 JO QUO)SIWII[ SNOJVB[[L318 ‘ABIT 03 ABIF-IBD ‘A310Y0 A[os18dS J0 A3I0YoUON 0v-0 90 38 wernH
. wIoq
sjyuswgely A1ajurds pus sdiyo pegpe-disys QuojsowI|
ur Fupy{Belq ‘YUSON[SUBINIUIGS 0} JUSON[SUBI} ‘ABIT I0 ABIF YSIN[q 0} YSIN[q ‘3I0YyD 021-0 Buridg speay 30 S0y
*S9NPISAT S[qN[OSUT UT UOUWIUIOD
z3a8nb Asnip puw sojdures ur quesaad zjrenb Apyovy ‘sdigo Ajoo[q ysIyjoowrs ur Sur [elea 1) [ y— uB3es0
-y8a1q ‘0AIssBW A[[801d00SOIDIUr ‘ONDBAO ‘VIIYM A[UIBW ‘QUBPUNGE “)I0Y) :9UOZ JOMOTT 4 I
! ! t ! :oamﬂwazm ueiddississipg
*AUOpaO[BYD Ul POpPaqUe :v 0o
9Nq 9UOISIUIT] , MBSIBAY,, Y} JO 119YD UL 9SOY} 03 IB[IWIIS SWISTUBSIO SNOIIJI[ISSOJOIOTUI 011-0 w_ u: Wm
§9U0Z 9UIOS UT ‘OS[B ‘sopn[ou] ‘TfodLly urjquiasal saforpred AFuods 3jos 9pN[oul sanpIsoy PopIAIPU]
*89[dwIss 9UIOS U Y90l U0330{) ‘snolod puw ‘pajyid ‘Y3nor ‘o3ym ‘pI0Y)) :0uoz Jeddp)
‘se[duass 3o quoedIad Og 03 O SYNIPSUOD 1IBY) “SA[NOIAS PUB SWSIUBFIO-OIOIUW USHOIQ . auojsawt]
PAYIONIS Y paxord A[[8o13s11030BI8YD ‘YI8p A[3aed pus Avid A3a8d ‘onbedo ‘4Iey) 08-0 (MEBSIBA
DAy j0pusy PAANQLIYSIP AjesIBdS UIBIUOD ABW SIUOYSIUI] UBIOQWIBID AT
IB[MUBLY “}I0YD SNOISJIISSOJOIINW JO §0BI} SPN[OUT ABJY “}I9YO OTUOPII[BYD PIIO[OD _ Quoyseuwy|
-uour[es Aq pazLIxgOBIBYD 518 ‘QUd01dd ¢ UBYY 9IOW A[9IBI ‘SONPISOI SQN[OSUT [[BWS Y.L, 66-0 usdredg
‘988 98 93IWO[OP A3[IS pus d03 38 SUOISOWI] IB[NUBIZ £}I0YD A[asIBAS 10 AFISYIUON
(3x03 93 U punoy aq 14 suondrIsap pe[reId(y) .mm%wmﬂwﬁ.« muwaﬂﬁoﬁ S9AT} B[O, S9119 woysA
SO1}811939818Y 0 [8oI8AYd 9ATIOUNISI(T uua%m mno_%mﬁhcm 1epLon 1108 184g
-1xoxddy v

'2d09s0L0nu Y3 apun sFuno oM f0 SONSIIIODIDYD DI}

-shiyd aanounsip puv ‘ssauxony) fo a3uvs noyy ‘uispq puypg Y] U} P2UIUNOOUD SUONDULIOf UDUDAIfAisSUUSJ-24d fo 2ousnbag—'T @1av],



17

asin

Stratigraphy and Structure, Salina B

§500X
*931z308ND PUB ‘QJTUBIF ‘OSONIY UBLIQUIBORI uBLquEsalq
LINOSSIJA] Ul
08-0 auojspues auoj3spuss
‘puss pagtos A[100d popunol 03 IB[NIuB 981800 ugdeay 9jj0wrBY
*SNOJ0R[[IFI8 40U ST JNQ PUBS PIPBUTWSS sjruro[op Eiltly uBLIqUIBY)
-SIp SOPN[OUT SBSUBY [BIJUSD U “ITUOINB[F [IIM 9JIWO[OP SNOJIBI[IBIB A}IOYOUON €81-0 ERESIEL LT §
9jTurojop
"SUSUBI] [BIJULD UI J0U JNq SYSUBY] UIS}SBD UI JUSSIJ g€-0 sousuTIR
ajTwojop BUWOYB[YO
*§BSUBY] [BI}UAD UT J0U JNq SBSUBI] UIIISB U JUSALJ 05-0 9PBUOISBY) ur
93w
*0131[00 3a8d UT ‘419D JO HUNOWE JOUIW SIPN[OU] ‘PouUIBII SUY STAIB SBSUBY $SOUL UT ajrwojop aponqIy
puEg °SeSu®I] Ul 9TWO[OP ApuBs ‘A[[BIOULY) LINOSSIJA[ UI UBYJ JUBPUNQB SSO] PUBY L¥5-0 XNnopIqnoy j0
$)j00
9j1uro[op 4 Apeg
£31) uosiagep
*958Q 9y} PIBMO} SINPISAI d[qN[OSUI pus
ul UOWWOD A[FUISBAIOUT 3100 BNI[-[OALL], "OWIN[OA IASS9] UI PUB AIYM Ajusurwropard *007-0 ajruIo[op
31940 O131[QO ‘A}I0Yd §89] ‘}18d IIMO] { XLI}BUI PAIOJOO-}YSI UT JUSIN[SUBI} 10 UMOIQ A[UOW 133300
~WO0D §AY[QO ¢4I9YD ONI[O0 YONUI ‘19308IBYD O[(BLIBA JO }19Y0 juwpunqs ‘paed 1eddn poprarpup}
UBIOIAOPI)
Quojspuss
*9[BYS U99I3 Y3IM POpPPo(Isjul pues IB[N3ueqns 03 PaPUNOI ISIBOY) 06-0 1999 "18 BWOYB[J( UT
93¢ uosdwig
*41979 OU IO B[331] ‘98B 9} }B SJIWO[OP IS0IONS JO Paq jud)sisIod v UOT)BULIOY o ooy
‘o[8Ys WARIB YIIM POpPPeqIejul SUO)SPUBS PUB ‘9yIWIO[OP ‘duojsoul] IydBIZOYIqNS 56-0 aI[1A9338] I
SIPPIIN
BWOYB[NO
QuogsawI|
-Ky1010 A[os1ads SoUOZ 9)BUI[Y "SWISIUBIIOOIOTW PIYIOIIS pegyeur Aosusp | OT€-0 B[OTA .Nﬂ_gowumwww:
Burso[oud 310Y0 Ynq ‘SWSIUBIIOOIOIW IB[NQNG HIBP IO OBV PIPPIqUId UM 313U [OIA 30 3184
*a[eys B00UBBYD) O} }SBIJUOD UT JIISBIOJOP ‘A[[8ISUAS ‘18 S[BYS JO SONPISAL J[qNIOSUT J— BWOYB[Q
*310Y0 JUBON[SUBIJIWOS I1JSBIO[OP AI9A JO SONPISAl S[QNIOSUT dAIB] JUIp[EIA 9IWIOOP |  GCT-0 . _o%cs 10 98]
£319y0 sepnjour A[[Bo07] ‘9[8YS OIWIO[OP AI[ISUOU puB A3jIs ABIB-YsIusaId pus ABID ittt W 9[eYs UBA[AG
8ol JO 1ed UI9)SOMY)IOU UT SBAIE [BUISIBW UT 3189 3U3IN]
-suB)IUes 0} onbedoruids Pa)BIOLIBA YONW SUIBIUO)) ‘BAIE 9Y3 JO S}IBd UIe)SoM puB 9jrurofop
UIYINOS dY) Ul 310y AFuods pu® 013SBOO[OP AQ puB BAI® oy} JO }a1vd UINNSBOYLIOU AU} qLeuwry)
ut s[8)8AI0 z318nb oy} puw zyrenb AP[OBY pus ASNIp Jo senpisal Aqnjosur £q 3red Jeddn sapnjout UBLIPUBXO[Y
oY) Ul POZLIAIOBIBYD ‘DUOZ YPINOJ ‘9uU0jsawWI] IO djwo[op Yuid Io pal YIIM paysans | ¢1g-Q ‘o988 uBLINNIg pus usung
A[[B00] ‘031U0ONB[F PUB BISJIUTUWIBIOY IOY}0 PUB SnISIPOUW JO SUSWINAUS 18 FUIUIBIUOD JO sy901 uBIBIBIN
§9NPISAI S[qNOSUT A}[IS [[BUIS AQ PIZLIAYIBIBYD ‘OUOZ PIIY,T, {3180 2IYM AQ POZII2J0BIBYD PpojBIjuaIa)y
‘U0z pu0ddg ‘9IWO[OP OII[QO AQ PozLId}OBIBYL ‘OUOZ PSIL] :I19pIO FUIPUIISE U] -Jipun



18 Geological Survey of Kansas

Botinelly. Use was made of 885 logs of the Kansas Sample Log
Service, a large proportion of which are of wells on the Central
Kansas uplift, and 445 electric logs were used especially for Penn-
sylvanian data. Tops of formations reported by unidentified geolo-
gists in more than 2,000 drillers logs were checked in the preparation
of the thickness maps, although not all were used. In addition,
13,000 drillers logs of various degrees of accuracy were plotted to
determine the pre-Pennsylvanian areal geology of the Central
Kansas uplift.

On the maps that show the thickness of the different parts of
the rock sequence in the Salina basin, the lines indicating equal
thickness are spaced at 50-foot intervals. Differences in the degree
of accuracy of the data precluded use of a smaller interval, although
intervals of 25 feet or less would doubtless bring out many local
structural features, particularly in oil fields, where local deforma-
tion accompanied regional deformation throughout Pennsylvanian
and Permian time. Furthermore, the object of the investigation
was the study of regional rather than local deformation. For this
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same reason only-one or two wells in a land section were used in
densely drilled areas.

The major structural features of eastern and central Kansas are
shown in Figure 2. Not all were developed contemporaneously.
The structural features that were formed before the deposition of
rocks of Simpson age are shown in Figure 2A. These are the
Southeast Nebraska arch and a structural basin to the southwest.
Some major structural features (Fig. 2B) were formed between
St. Peter time and early Mississippian time. They include the
Chautauqua arch, the Central Kansas uplift, and the North Kansas
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Fic. 2—Maps showing principal structural features of Kansas. A. Pre-
Simpson structure represented by 500-foot thickness lines of Arbuckle dolomite
and Reagan sandstone. B. Structural deformation from Arbuckle through
Chattanooga time: (a) North Kansas basin outlined by 900-foot isopach, (b)
Chautauqua arch, outlined by margin of Simpson rocks, (¢) trend of Hugoton
embayment (after Maher and Collins, 1949, sheet 1). C. Pattern of structural
deformation from Chattanooga to middle Permian time, outlined by margin of
Mississippian rocks. D. Post-Dakota deformation shown by 250-foot structure
contours on the Dakota formation (after Lee and Merriam, 1954, pl. 2).
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basin. The most prominent of the regional structural features
formed between the end of Mississippian time and Middle Permian
time (Fig. 2C) are the Nemaha anticline, the Forest City and
Cherokee basins, the Salina basin, and the enlarged Central Kansas
uplift. Several secondary folds parallel to the Nemaha anticline
were also formed then. Figure 2D shows the present north dip
of the Dakota formation, resulting from post-Cretaceous struc-
tural movement, which also reduced but did not reverse the south
plunge of the Mississippian and older rocks in the Hugoton struc-
tural embayment.
TERMINOLOGY

The meanings intended for certain descriptive terms used in this
report are listed below.

Cotton rock is a soft porous siliceous rock or insoluble residue composed of
white opaque uncemented microscopic particles of silica.

Dolomold (Ireland, 1947) is a term for the impression left by a dolomite
crystal removed from chert or other material in insoluble residues. Dolo-
molds may occur singly or so abundantly that they form a porous or spongy
texture.

Drusy texture is a term applied to deposits of crystalline quartz formed in micro-
scopic cavities.

Even-textured rock has a homogeneous character and is microscopically fine
grained or dense.

Grainy texture denotes microscopic crystals of limestone or dolomite or particles
of silt sparsely distributed in a dull, opaque, usually calcareous matrix. The
matrix in some rocks is cryptocrystalline, in others earthy. With change in
the character of the matrix, rocks having this texture grade into sucrose
dolomite or silty limestone.

Hackly texture is a term applied to broken quartz without crystal faces.

Matted texture as applied to chert indicates closely packed fragments of
silicified microfossils and sponge spicules cemented in a siliceous matrix.
Mottled is applied to parti-colored chert in patches without sharp margins; it is

microscopic, but much coarser than stippled.

Porous texture denotes aggregates of quartz, chert, or other materials in which
the intervening individual cavities are microscopic.

Semigranular texture is applied to coarsely crystalline grains, principally fossil
fragments, in a microcrystalline matrix. Some crinoidal limestone is semi-
granular.

Spongy texture refers to aggregates of quartz, chert, silt, or clay in insoluble
residues from which soluble matrix has been removed. The individual open-
ings are submicroscopic.

Stippled indicates a dotted pattern on a smoothly broken chert surface. It re-
sults from complete replacement by silica of rocks having grainy texture.
The originally sharp outline of the replaced impurities in some zones is
blurred, so the replaced particles show a cloudy margin.

Streaked texture indicates imperfectly replaced or subsequently modified
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matted chert containing microfossils. Outlines of the microfossil con-
stituents are thus blurred.

Sucrose texture refers to microscopically coarse or fine crystals—usually dolo-
mite—packed closely (without matrix) like the grains of lump sugar.
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STRATIGRAPHY

The exposed rocks in the Salina basin and those that have been
penetrated in wells range in age from Precambrian to Quaternary.
The sequence of the pre-Pennsylvanian rocks in the Salina basin is
shown in Table 1. This table also shows the range of thickness of
the pre-Pennsylvanian rocks, and the characteristics by which the
several formations are recognized in well cuttings. Every one of
the pre-Pennsylvanian formations is absent in some part of the area.
Most of the formations were deposited originally throughout the
area, but many of them were later removed in whole or in part from
certain areas during recurrent periods of emergence and erosion.
Some of the formations, however, were deposited only locally and
never extended across the area. In consequence the complete
columnar section is not represented at any point in the Salina basin
area or even at any place in Kansas.
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The sequence of formations of Pennsylvanian, Permian, and
Cretaceous age is given in the chapters dealing with stratig-
raphy of these systems. The age classification and nomenclature
used in the report accord with the usage of the State Geological
Survey of Kansas.

The accompanying thickness maps show the approximate present
distribution and thickness of formations and groups of formations
that were affected by similar structural development. The maps
show, also, the areas from which various formations that were once
present have been eroded. The cross section accompanying each
map is designed to show the relation of each formation or sequence
to the overlying and underlying rocks.

PRECAMBRIAN ROCKS

The oldest rocks known in the Middle West consist of various
types of igneous and volcanic rocks and altered sedimentary rocks
that are generally classified collectively as Precambrian. They
are nearly everywhere covered by younger deposits but come
to the surface in the Arbuckle and Wichita Mountains of Okla-
homa, in the St. Francois Mountains of southeastern Missouri, in
southeastern South Dakota and adjoining parts of Iowa and Minne-
sota, in the Black Hills of South Dakota and Wyoming, and in Colo-
rado. In the Salina basin, which is roughly central to these out-
crops, the Precambrian rocks lie deep beneath sedimentary rocks
that include representatives of nearly all ages from Cambrian to
Recent.

The Precambrian rocks of the subsurface in Kansas resemble
more closely those exposed in Oklahoma and Missouri than those
in the other areas mentioned. Landes (1927), who studied the
samples of Precambrian rocks from deep wells in Kansas and ad-
joining states, found that these rocks consist mainly of granite or
granite gneiss and schist, although other intrusive igneous rocks
and metamorphosed sediments have been penetrated in some wells.

The surface of the Precambrian rocks dips away from the granitic
cores of the mountain areas, and reaches a depth of several thou-
sand feet below the surface in the adjoining structural basins.
In some areas, the sedimentary rocks deposited on the Precam-
brian surface were later elevated above sea level, and their re-
moval by erosion laid bare areas of ancient crystalline rocks.
Such a series of events occurred in Kansas at the end of Missis-
sippian time on parts of the Nemaha anticline and in places on
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the Central Kansas uplift. These areas, however, later sank be-
low sea level and were buried by Pennsylvanian sediments. Al-
though the Kansas region has since been re-elevated, the Pre-
cambrian rocks have not been raised high enough nor has erosion
cut deep enough to bring them to the surface again.

ROCKS OF LATE CAMBRIAN AND EARLY
ORDOVICIAN AGE

Tue ArBUCKLE GROUP

The thick -sequence of dolomites of Late Cambrian and Early
Ordovician age that lies between Precambrian and Simpson rocks
in southeastern Oklahoma was named the Arbuckle limestone by
Taff in 1902 (U. S. Geol. Survey Folio 79) from exposures in the
Arbuckle Mountains. The corresponding sequence in the Ozark
region of southern Missouri was long known as the “Cambro-
Ordovician”. In 1982, Ulrich restricted the Arbuckle limestone
as a formation by excluding from it the basal Honey Creek lime-
stone, which he correlated with the Davis formation of southeastern
Missouri, thus excluding also the older Bonneterre dolomite. The
original Arbuckle limestone of Oklahoma and the corresponding
“Cambro-Ordovician” rocks of Missouri have been divided into
mappable formations, and it is now convenient to regard them
collectively as the Arbuckle group. The Honey Creek limestone
as a part of the original Arbuckle as well as its correlative, the
Davis formation of Missouri, and the underlying Bonneterre are
currently regarded as formations included in the Arbuckle group.

The outcropping formations into which the “Cambro-Ordovician”
or Arbuckle group has been divided in Missouri were differentiated
in the subsurface by McQueen (1931) in his pioneer work on
insoluble residues. By the criteria thus established, McQueen
traced the Arbuckle formations from the outcrops in Missouri to
the border of Kansas.

The correlation of the formations in Kansas with those in Mis-
souri is complicated by the fact that some of the formations in
Missouri wedge out toward the west as shown in the cross section
B-B’ of Figure 8, the Missouri part of which is based on the work
of McQueen. Owing to facies changes, some of the criteria are
less distinctive in Kansas than in type areas in Missouri. Although
many of the deep wells in eastern Kansas have been drilled with
cable tools, the samples and the insoluble residues do not uniformly
reveal satisfactory criteria for correlation because many of the
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samples were drilled to dust. Samples from wells drilled with |
rotary tools are generally contaminated by recirculated cuttings,
which reduce the reliability of the insoluble residues, on which
McQueen’s correlations are based. Although the approach is
somewhat tedious, and not particularly accurate as to depth, the
writer has found that insoluble residues of selected particles from
rotary samples reveal the first appearances of such distinctive fea-
tures as embedded sand, spongy and drusy quartz, chalcedony and
tripoli, flocculent silica, and dolomolds in chert and tripoli, which
are not directly perceived in untreated specimens.

Table 2 shows in descending sequence the Arbuckle formations
represented in Missouri, after McCracken (1955), and in eastern
Kansas.

TaBLE 2.—Formations of Arbuckle age in Missouri and in eastern Kansas

Missouri * Eastern Kansas

St. 'Peter sandstone Rocks of Simpson age

Arbuckle group
Early Ordovician

Smithville formation * Absent

Powell dolomite Absent

Cotter dolomite Undifferentiated Cotter and
Jefferson City dolomite Jefferson City dolomites
Roubidoux formation Roubidoux dolomite
Gasconade dolomite Gasconade dolomite

Late Cambrian

Eminence dolomite Eminence dolomite

Potosi dolomite Absent }

Derby and Doe Run dolomites Absent }

Davis formation Absent

Bonneterre dolomite Bonneterre dolomite
Pre-Arbuckle

Lamotte sandstone Lamotte (Reagan) sandstone

* McQueen, 1931, pl. 12.

 Present in eastern counties of Kansas but absent in the Salina basin area.

1 May be present in eastern Kansas (oral communication from Earl McCracken). Ab-
sent in the Salina basin area.

ROCKS OF LATE CAMBRIAN AGE
REAGAN (LAMOTTE) SANDSTONE

The Reagan sandstone overlies the Precambrian rocks of Okla-
homa and in this respect corresponds to the Lamotte sandstone of
Missouri. Both represent a clastic sandy deposit at the base of the
Arbuckle group but are not necessarily correlative inasmuch as,
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in the outcrops, the Reagan underlies the Honey Creek, correlated
by Ulrich with the Davis formation of Missouri, and the Lamotte
underlies the older Bonneterre dolomite. Both are basal Upper
Cambrian clastic deposits. The basal sandstone of the Central
Kansas uplift underlies the Bonneterre dolomite but is commonly
called Reagan. Like the Lamotte sandstone of Missouri the basal
sediments are generally arkose and grade upward through angular
and subangular sandstone into sandy dolomite in the base of the
Bonneterre. In central Kansas the arkose is generally referred to
as “granite wash,” and in some wells its contact with weathered
granite in place is obscure. The top of “granite wash” at its con-
tact with the relatively pure overlying sandstone is a more satis-
factory datum than the top of the unaltered Precambrian igneous
rocks. The contact of the Lamotte or Reagan with the Bonneterre
is placed at the point where dolomite predominates over sand.

In southeastern Missouri the Lamotte has a maximum thickness
of 350 feet and thins westward to about 100 feet as the Kansas
border is approached. In eastern Kansas it becomes irregularly
thinner and in some places is only a few feet thick. It is absent
from areas that were topographically high at the time of its deposi-
tion. It is also absent from the crest of the Southeast Nebraska
arch (from which it was eroded preceding the deposition of the
Simpson in that area) and also from parts of the Central Kansas
uplift (from which it was removed by pre-Pennsylvanian erosion).

BONNETERRE DOLOMITE

The Bonneterre dolomites of Missouri are typically dark and non-
cherty, in part interbedded with green shale. The insoluble resi-
dues of samples from the top of the formation are generally dark-
gray or chocolate-colored dolomoldic clay sponge. They grade
downward through spongy aggregates of silt and fine sand into
angular and subangular coarse sand at the bottom. Dolomolds in
green shale are common in eastern Missouri but not in western
Missouri.” Glauconite, which is characteristic of the Bonneterre,
occurs as fine to coarse granules in the dolomite and in the spongy
insoluble residues.

The Bonneterre and the underlying Reagan were widely dis-
tributed upon the Precambrian plain except in areas where hills
rose above the level of Bonneterre deposition. Such hills are dis-
tributed erratically in northeastern Oklahoma, in southeastern Kan-
sas, and on the Central Kansas uplift, where Precambrian quartzite
hills in the Kraft-Prusa and adjacent fields in Barton and Ellsworth
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Counties were studied by Walters (1946). Walters effectively
described the Precambrian surface, the quartzite hills that rose 225
feet above the plain, and the Arbuckle rocks that overlapped upon
their flanks. These hills were originally covered by upper Arbuckle
rocks and a long sequence of still younger formations, but after
the arching of the Central Kansas uplift that preceded Pennsyl-
vanian deposition, the covering rocks were worn away by erosion
and the crests of some of the hills were reexposed.

Among other Precambrian hills capped by Pennsylvanian rocks
is one reached by a well in sec. 1, T. 21 S., R. 15 W.,, reported by
the Kansas Sample Log Service. The log of this well reports Penn-
sylvanian rocks overlying arkose or weathered granite although a
nearby well in sec. 31, T. 20 S., R. 14 W., less than a mile distant
encountered a normal sequence of Viola, Simpson, and Arbuckle
rocks. The Arbuckle in a well about 6 miles west is about 500
feet thick. If the samples from the well in sec. 1 are reliable they
indicate that a hill at least 500 feet high rose above the Precambrian
plain at this point.

Another Precambrian hill composed of red granite was pene-
trated by a well in sec. 1, T. 24 S., R. 16 W. Both Lamotte and
Bonneterre are missing, but a minimum of 330 feet of younger
Arbuckle rocks was eventually deposited across its crest.

The Missouri characteristics of the Bonneterre prevail in south-
eastern Kansas. Toward the northwest as the areas of the Salina
basin and Central Kansas uplift (neither as yet a structural feature)
are approached, the fine argillaceous impurities of the lower part
give way to fine to medium angular and subangular embedded
sand, in some samples amounting to only 1 to 5 percent. Embedded
glauconite, especially in Phillips, Rooks, Osborne, and Mitchell
Counties, identifies these rocks as Bonneterre. Glauconitic dolomite
occurs also on the western flank of the Southeast Nebraska arch.

Glauconitic sandy Arbuckle dolomite is preserved in synclinal
areas on the Central Kansas uplift notably in sec. 12, T, 11 S., R.
18 W,; sec. 29, T. 11 S,, R 17 W,; sec. 5, T. 12 S., R. 17 W.; sec. 32,
T. 16 S., R. 14 W.; and sec. 34, T. 16 S., R. 13 W., not far from the
Precambrian quartzite hills of the Kraft-Prusa fields. Although not
everywhere conspicuously glauconitic, these slightly sandy dolo-
mites at the base of the Arbuckle group seem to be a lateral facies of
the more finely clastic (argillaceous and silty) Bonneterre of south-
eastern Kansas.

The Texas Company No. 4 Dees well, in the SE SE NW sec. 23,
T. 17 S., R. 9 W,, for example, penetrated the Jefferson City—Cot-
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ter sequence at a depth of 3200 feet and was drilling in sandy dolo-
mite of probably Roubidoux age at 3435 feet. The actual top of
the Roubidoux established by McCracken (1955, p. 53) is slightly
higher. Insoluble residues reveal sandy chert at 3455 feet. The
Roubidoux continues from this point to 3595 feet, for the insoluble
residues of the finely drilled samples consist of 6 to 10 percent mixed
chert and sand. The insoluble residues of samples below this point
to 3682 feet consist of 2 to 8 percent sand with no chert. Although
not seen in the residues, traces of embedded fine particles of glau-
conite are included in all the untreated dolomite samples from 3610
to 3680 feet. The noncherty beds from 3595 feet to the top of the
Lamotte sandstone at 3733 feet are therefore correlated with the
similar, more obviously glauconitic Bonneterre dolomites of other
wells in the vicinity of the Kraft-Prusa field.

The distinguishing characteristics of rocks that are believed to
represent the Bonneterre, in and adjacent to what is now the Salina
basin, are absence of chert and presence of minor amounts of me-
dium to fine embedded sand and embedded glauconite, which in
some wells occurs in very fine particles very thinly disseminated.
Insoluble residues from the Continental No. 1 Boland well in sec.
13, T. 25 S., R. 13 W., farther south include relatively abundant
glauconite accompanying and embedded in material that seems to
be silicified gray shale.

The Bonneterre, like the Lamotte, was originally deposited on
the crest of the Southeast Nebraska arch, from which it was eroded
before the deposition of the St. Peter sandstone, and over the
Central Kansas uplift, from parts of which it was removed be-
fore the deposition of the Pennsylvanian rocks.

McQueen (1931, pl. 1) reports a thickness of 440 feet of Bonne-
terre in southeastern Missouri. It thins gradually westward, and
along the southwestern border of Missouri it is less than 200 feet
thick. It continues westward into the Salina basin, where its
thickness is 135 to 150 feet. Figure 3 shows gradual convergence,
in Missouri, of the Bonneterre and Roubidoux formations, which
continues into the Salina basin, where the two formations seem
to be in contact. Westward from the central Ozarks the Bonne-
terre is successively unconformable beneath the Eminence, the
Gasconade, and the Roubidoux. In the Salina basin the thickness
of the Bonneterre is ordinarily about 150 feet, but in some places
pre-Roubidoux erosion reduced the thickness to less than 100 feet.
In the Sinclair No. 8 Moorehouse well (sec. 4; T. 21S., R. 3W.),
after correction for about 300 feet of duplication by reverse fault-
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ing, the Bonneterre, which is repeated, has a thickness of about
155 feet. Its contact with the Roubidoux in this well is obscure,
partly on account of faulting and partly because of the fineness of
the samples.

EMINENCE DOLOMITE

In central Missouri, the insoluble residues of the Eminence
dolomite consist mainly of abundant chert with lacelike dolo-
molds and thin drusy walls. In eastern Kansas near the Missouri
border, very little chert (rarely more than a trace) occurs in the
Eminence. The interlocking dolomite crystals are separated by
white interstitial films of tripoli. This material is conspicuous in
samples but yields only traces of tripolitic flakes and flocculent
silica in the insoluble residues. Some of the firmer siliceous flakes
reveal fine drusy faces or pittings but form no coherent residues.
Both of these types of residue seem to represent the fading out of
the very siliceous material characterizing residues from the type
locality.

McQueen reports more than 320 feet of Eminence in well 12
(Fig. 3) in south-central Missouri. In well 8 near Carthage, Mis-
souri, he reports 200 feet of Eminence overlying Bonneterre. In
well 7, rocks assigned to the Eminence are 160 feet thick and, in
the absence of the Potosi, unconformably overlie the Bonneterre
and unconformably underlie the Gunter sandstone at the base of
the Gasconade formation. In well 6 the Eminence is missing,.

McCracken (1955, p. 48) notes that the unconformity previously
postulated at the base of the Potosi cannot be supported. From
the data now available, it seems possible, as shown in the cross
section (Fig. 3), that the Potosi is conformable on the Derby-
Doe Run in the subsiding basin in southern Missouri but that the
overlying Eminence may overlap unconformably on the under-
lying Bonneterre toward the west. Current studies of the pre-
Roubidoux formations in Missouri by McCracken may result in re-
vision of the published data and modification of the relations
suggested by the cross section.

ROCKS OF EARLY ORDOVICIAN AGE

GAscoNADE DoLOMITE

Insoluble residues characteristic of the Gasconade dolomite of
Missouri are obtained from the cuttings of a few wells in eastern
Kansas near the Missouri line. In wells 6 and 7 of the cross
section (Fig. 3) both the coarsely dolomoldic chert distinctive of
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the lower Gasconade dolomite and the Gunter sandstone member
at its base represented by sandy dolomite are well developed. Like
the Eminence the Gasconade wedges out before it reaches the
area under study. In well 7 the Gasconade overlies the Eminence
as in McQueen’s well 8 at Carthage, Missouri. In well 6 it un-
conformably overlaps upon the Bonneterre. It seems to be un-
represented in well 5, but the samples from this zone were reduced
to dust in drilling and the evidence is inconclusive. If present
it is thin. Insoluble residues characteristic of the Gasconade were
not recognized in wells farther northwest, and this formation is
probably missing in the Salina basin area.

In southern Missouri in well 12 of the cross section (Fig. 3)
McQueen reports about 550 feet of Gasconade. In Kansas in well
7, the LaSalle No. 1 Gobl well in sec. 20, T. 28 S., R. 25 E., it is
215 feet thick, and in well 6, the No. 3 Marian Smith well in sec. 10,
T.29S., R.15 E,, it is 171 feet thick.

Rousmoux ForMATION

Nearly everywhere in Missouri the Roubidoux includes conspicu-
ous beds of sandstone, which give the formation its distinctive
character in outcrops. In Kansas, the sandstone beds are repre-
sented by sandy dolomite in which the embedded sand rarely
exceeds 25 percent of the sample. The lower part of the formation
is generally more sandy than the upper part. The chert that ac-
companies the sandy dolomite is varied and in part odlitic. The
odlites occur in gray translucent chert and brown quartzose chert as
well as in opaque chert. Some of the cherts are sandy, a feature
that is characteristic of the Roubidoux. Tripolitic flakes are com-
mon in insoluble residues. The chert in many samples is roughly
proportionate to the amount of sand.

As the areas of the Central Kansas uplift and the Salina basin
are approached, the sand and chert content of the insoluble residues
diminishes. In wells 1 and 2 of the cross section (Fig. 3) the in-
soluble residues are almost negligible. The presence of chert
accompanying sand in the insoluble residues is somewhat arbitrarily
regarded as distinguishing the Roubidoux from the underlying non-
cherty, otherwise somewhat similar Bonneterre dolomite, in wells
in which the Bonneterre is not conspicuously glauconitic. In the
absence of chert and absence of glauconite the contact has been
placed arbitrarily where the white dolomite of the Roubidoux
is in contact with gray dolomite of assumed Bonneterre age.
The top of the Roubidoux is placed at the point below which
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cherty samples and residues reveal a continuous descending se-
quence of sand embedded in dolomite or chert. The overlying
Jefferson City includes sandy dolomite at irregular intervals, but
the Roubidoux dolomite is uniformly sandy. The brown quartzose
odlite that caps the Roubidoux, described by McCracken (1955,
p. 55), is not represented in the residues of all the wells in the
area. It is probable that it occurs no more than 15 or 20 feet above
the highest sandy dolomite of the Roubidoux.

The Roubidoux is unconformable on the Gasconade in Missouri
and overlaps upon the Bonneterre in southeastern and central
Kansas. Its thickness ranges from 100 to 190 feet in southwestern
Missouri (McCracken, 1952, p. 63) as a result of inequalities of the
underlying surface. It is probably equally variable in eastern Kan-
sas, where it averages about 150 feet.

JeFFERsON Crty AND COoTTER DOLOMITES

No attempt has been made to separate the Jefferson City and
the Cotter dolomites in the deep wells of the area, from which
there are few satisfactory sets of samples. As established by Mc-
Cracken (1955, p. 55), the base of the Jefferson City is at the
contact of the brown quartzose oélitic chert at the top of the Roubi-
doux with a smooth tan finely odlitic chert at the base of the
Jefferson City. McCracken places the base of the Cotter directly
above a zone of large free brown oélites and otlitic chert at the
top of the Jefferson City. Both the Jefferson City and the Cotter
include sandy dolomite and thin beds of sandstone, and both include
odlitic cherts distinctive enough to differentiate them in good
samples.

The Jefferson City is essentially conformable above the Roubi-
doux and in Kansas the Jefferson City—Cotter sequence is uncon-
formable below rocks of Simpson age. In some areas the Jefferson
City—Cotter sequence was subsequently exposed to erosion. On
the Chautauqua arch the sequence was exposed to pre-Chattanooga
erosion, and in a small area in the southeast corner of the state,
to pre-Mississippian erosion. These formations were pretty gener-
ally removed from the crest of the Central Kansas uplift by pre-
Pennsylvanian erosion, and on the flanks their truncated outcrops
were capped by Pennsylvanian rocks. The sequence was eroded
from the crest of the Southeast Nebraska arch by pre-Simpson
erosion, but in the Salina basin and adjoining areas Simpson rocks
were deposited across the beveled surface of the Jefferson City—
Cotter sequence (cross section A-A’, pl. 1).
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In southwest Missouri the Jefferson City thins irregularly north-
ward from 190 feet to 110 feet (McCracken, 1952, p. 63). The
Jefferson City—Cotter sequence in the pre-Simpson synclinal area
in Reno County, Kansas, is 300 to 400 feet thick and, like the -
Jefferson City alone in southwestern Missouri, thins northward
beneath the Simpson and thickens southward into Oklahoma.

St. PETER SANDSTONE (SiMpsoN Group)

The rocks in the Salina basin area that occupy the stratigraphic
interval of the Simpson group of Oklahoma, between the Arbuckle
and the Viola, consist of the St. Peter sandstone and its correlatives,
and the overlying Platteville, as restricted by Kay at outcrops in
eastern Towa (1935, p. 288). The Simpson rocks of Kansas repre-
sent only a part of the Simpson of Oklahoma, which in southern
Oklahoma is more than 1,500 feet thick.

The St. Peter sandstone, which is of Early Ordovician age, is
separated from the Platteville (Middle Ordovician) by an obscure
but important unconformity. The contact is placed somewhat
arbitrarily at the base of a bed of dolomite of widespread distribu-
tion. In the subsurface, McQueen and Greene (1938, pl. 6 and 7)
have traced the St. Peter sandstone and the Decorah shale of Mis-
souri, a correlative of part of the Platteville of Iowa (Kay, 1935),
from outcrops in eastern Missouri to northwestern Missouri. Leathe-
rock (1945, p. 10) has carried the subsurface correlation into the
Salina basin. In northern Missouri and northeastern Kansas the
St. Peter consists almost entirely of soft white coarse to medium-
grained sandstone. A considerable proportion of the grains are well
rounded and frosted. Much of the recovered sand is weakly ce-
mented by silica. In some wells drilled in northeastern Kansas
traces of green shale are found in samples from the middle part of
the formation; inasmuch as most of the wells in this area have been
drilled with cable tools, it is probable that the shale is even more
abundant than is indicated by the samples.

Leatherock (1945, p. 10) noted three zones in the St. Peter, an
upper and a lower sandstone member and a middle member of
variable lithology composed mainly of sandy green shale or fine-
grained sandstone. The middle member is locally glauconitic, and
in some places where it overlaps upon the Arbuckle it is colored red
and brown and includes embedded ironstone pellets. A shaly zone
was reported by Dake (1921, p. 24, 86, 99) in wells in Minnesota,
Illinois, and Missouri, and an overlapping red zone was reported by
him at the base of the St. Peter in wells and outcrops in the same
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areas (p. 68, 85, 128). The threefold division of the St. Peter is not
everywhere clear, for the sandstone of the upper and lower mem-
bers toward the southwest includes interbedded shale and, in a few
wells, thin beds of limestone or dolomite. The thickness and lithol-
ogy of the middle member also vary. In the central parts of the
Salina basin area, a shaly middle member is generally recognizable,
but in some wells it lies directly below the capping dolomite; it is
presumed that the upper member was removed during pre-Platte-
ville erosion. Where the middle member overlaps upon the Ar-
buckle it is presumed that the lower zone was not deposited on ac-
count of topographic relief of the eroded surface of the Arbuckle.
As a result of these relations the middle member, where it can be
recognized, occurs at irregular intervals within the St. Peter.

The predominantly sandy character of the St. Peter prevails west-
ward to Washington and Clay Counties and southward to Geary
and Shawnee Counties. Beyond this area the St. Peter sandstone
is broken by green shale, and in some wells, as in T. 10 S., R. 13 W,
and T. 10 S., R. 12 W., the St. Peter is represented almost entirely
by sandy shale. Toward the south discontinuous beds of sandy
limestone or dolomite are locally interstratified with sandstone and
shale. The limestone is generally soft and mealy. The dolomite
is brown and sandy. Cherty dolomite occurs in T. 22 S., R. 9 w.,
and in T. 21 S., R. 8 W., and in some other places toward the south
but is not widespread.

Leatherock (1945, pl. 1) found the St. Peter beneath the basal
dolomite of the Platteville to be only 10 to 15 feet thick in some
wells in Jewell, Smith, Riley, and Pottawatomie Counties. It be-
comes irregularly thicker toward the south and is more than 100 feet
thick in a few wells in southeastern Reno County, where the Platte-
ville is commonly missing. Wells in Jefferson and Atchison Coun-
ties have penetrated as much as 80 feet of unbroken sandstone, but
a well in Brown County found only 12 feet. In general, the correla-
tive of the St. Peter thins toward the west and, as in Smith and
Jewell Counties, its thickness diminishes to 15 feet or less in the
southwestern corner of the area. Outside the area, a few wells
have penetrated an excessive thickness of St. Peter sand, believed
to have accumulated in sink holes in the Arbuckle surface (Lee,
Grohskopf, Reed, and Hershey, 1946, sheet 1). Despite the fact
that the St. Peter was deposited upon an eroded surface and is over-
lain unconformably by the Platteville, it is everywhere present in
this and adjoining areas except where removed from areas of uplift
by post-Platteville erosion. The extraordinary continuity of the
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St. Peter under these circumstances implies only minor topographic
relief on both the Arbuckle surface and on the pre-Platteville sur-
face. Its thickness in this area beneath the basal dolomite of the
Platteville ranges from 10 feet to slightly more than 100 feet, but it is
only rarely less than 50 or as much as 100 feet.

ROCKS OF MIDDLE AND LATE ORDOVICIAN AGE
PratTEviLLE ForMATION (SiMmpsoN Group)

The upper part of the sequence of Simpson age has been cor-
related with the Platteville formation of Iowa by Leatherock (1945,
p. 12-14). The Platteville in northeastern Kansas consists of green
clay shale, dolomite, sandstone, earthy to granular limestone, and
sublithographic limestone, locally interbedded with dolomite, The
basal member of the formation is a persistent and widespread bed
of sucrose or granular dolomite, which is interstratified in some wells
with thin earthy limestone and in others with interbedded green
shale. Rounded sand grains are generally thinly disseminated in
the basal dolomite. The thickness of the basal dolomite ranges
from less than 5 feet, around the margin of the North Kansas basin,
to about 35 feet near the center.

The upper part of the Platteville is extremely variable. Like the
basal dolomite, it thickens toward the center of the North Kansas
basin. In the extreme southeastern corner of Nebraska, the extreme
northwestern corner of Missouri, and the extreme northeastern cor-
ner of Kansas it is 70 to 79 feet thick and consists mainly of coarse
granular and earthy limestone interbedded with green shale, minor
amounts of red shale, sandstone, and dolomite (Leatherock, 1945,
pl. 1). On the west side of the basin, in sec. 22, T.5 N.,, R. 1 W,
in Nebraska the upper part of the Platteville, 60 feet thick, is mainly
green shale. The upper Platteville in these areas is younger than
any part of the Platteville in the Salina basin. In the thinner parts
of the Platteville farther south, green shale also predominates, but
sandstone and thin beds of generally sandy limestone and dolomite
are irregularly interbedded.

The diverse lithology of the upper beds of the Platteville is illus-
trated by the following observations. In the Coronado Oil Com-
pany No. 1 Parks well in sec. 16, T. 10 S., R. 8 E., Pottawatomie
County, and in the Turner et al No. 1 Umscheid well in sec. 32, T. 8
S., R. 9 E,, Riley County, the basal dolomite bed is overlain directly
by a bed of sandstone 15 to 20 feet thick. South and west of these

2—4029
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wells the sandstone changes laterally to sandy shale excepting about
5 feet of sandstone at the base. Toward the northwest green shale
occupies the stratigraphic position of the sandstone.

The Platteville is 104 feet thick in Richardson County, Nebraska,
85 feet thick in T. 5 N., R. 1 W., in Nebraska, and 100 feet thick in
northern Brown County, Kansas. All these areas are in the deeper
part of the North Kansas basin. On the southwestern flank of this
basin, the Platteville thins irregularly toward the margin. It is 60
feet thick in Pottawatomie County and 20 to 30 feet thick in southern
Dickinson and Saline Counties. It is thin or absent on the margin
of the North Kansas basin southwest of Marion and Harvey Coun-
ties and west of central Smith and Osborne Counties. Representa-
tives of the Platteville on the margin of the North Kansas basin con-
sist of 5 to 10 feet of brown, densely crystalline basal dolomite (less
commonly mealy limestone) with embedded rounded sand grains.

The Platteville rests unconformably on the St. Peter sandstone.
This unconformity is recognized in the subsurface of Kansas by the
fact that the persistent dolomite at the base of the Platteville over-
lies different members of the St. Peter in different areas. The un-
conformity is expressed regionally by the absence in Kansas of
formations that occur between the St. Peter and the Platteville in
southeastern Missouri, where the Plattin limestone, the Stones River
limestone, the Joachim dolomite, and the Dutchtown formation have
arr aggregate thickness of about 900 feet (Weller and McQueen,
1939). These formations are separated from one another by un-
conformities and were deposited in a subsiding basin while eastern
Kansas and northwestern Missouri remained intermittently at or
near sea level.

The Platteville is unconformably overlain by the Kimmswick
limestone of Missouri, a representative of the Viola limestone of
Oklahoma. This unconformity is expressed in the North Kansas
basin by irregularity in thickness of the Platteville. In the deeper
part of the basin, the Viola (Kimmswick) overlies deposits of late
Platteville age. Toward the southwestern margin of the basin in
Kansas it progressively overlaps upon the basal dolomite member
of the Platteville or upon the St. Peter sandstone (Leatherock, 1945,
cross sections A-A’ and B-B’, pl. 1). The contact of the Viola with
the Platteville or with older Simpson rocks is indicated by the first
appearance of sandy dolomite, sandy limestone, or green shale be-
low the Viola.
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Viora (KimMMswick) LiMESTONE AND DoLOMITE

The Viola limestone of Kansas, like its correlative the Kimmswick
limestone of Missouri, is a partial equivalent of the Viola limestone
of the type locality in Oklahoma. It comprises the sequence of
limestone and dolomite between rocks of Simpson age and the
Maquoketa shale, and is separated from both by minor unconformi-
ties. The Kimmswick is correlated with a part of the Galena lime-
stone of IMinois, which crops out northwestward as far as south-
eastern Minnesota. In northern Illinois the Galena as a group is
subdivided in ascending order into the Prosser limestone, the
Stewartville dolomite, and the Dubuque formation. In the area
of outcrop, these formations are distinguished by their fossil assem-
blages, but in the subsurface in areas far removed from the out-
crop they cannot be differentiated with confidence, although Condra
and Reed (1943, p. 69) tentatively identified the Prosser—Stewart-
ville sequence in the subsurface of southeastern Nebraska. The
Kimmswick has been traced in the subsurface from the outcrop in
northeastern Missouri to northwestern Missouri (McQueen and
Greene, 1938) and into northeastern Kansas, where it is correlated
with the attenuated Viola traced northward in the subsurface from
Oklahoma outcrops. It is probable that only the lower part of the
Prosser is represented in the Salina basin, for the formation thins
southward from the Prosser—Stewartville area in Nebraska.

In the subsurface of central Kansas the Viola limestone consists
of interbedded limestone and dolomite, much of which is conspic-
uously cherty. The formation is characterized by the absence of
argillaceous impurities, in which it differs from the carbonate rocks
of the Maquoketa.

The limestone and dolomite are generally coarse to medium
crystalline. The dolomite is in part densely crystalline, but is in-
clined to be vuggy and granular, especially at the top of the Viola.
In the central part of the North Kansas basin the Viola is composed
almost entirely of dolomite. On the southwest flank of the North
Kansas basin, in the central part of the area mapped, the formation
is composed of interstratified limestone and calcareous dolomite, but
south of the Central Kansas uplift it is nearly all limestone.

The chert and some of the limestone and dolomite enclose
sparsely disseminated or crowded particles of spicules and disinte-
‘grated graptolites in the form of black flakes, tubes, flecks, and
dust, a feature which is found also in some of the chert of the over-
lying Maquoketa shale. The finer inclusions have been replaced



36 Geological Survey of Kansas

by pyrite in some samples. Some of the Viola chert displays the
cloudy outlines of other fossil fragments. The Viola chert as rep-
resented in well cuttings is buff, brown, or gray. The fracture ranges
from smooth to rough, and the texture from massive to grainy. The
Viola chert from wells in western Reno County and southern Staf-
ford County south of the Central Kansas uplift is gray or white,
opaque to subopaque, and the characteristic graptolite flecks are
less abundant.

Although good datum beds characterized by chert occur locally,
the Viola sequence does not lend itself to accurate regional zoning,
A comparison of sample logs reveals more or less persistent cherty
zones, but their character and the intervals between them, as ob-
served in well cuttings, vary from well to well. Chert occurs
sporadically between the more persistent cherty zones in some
localities but is absent in others. In wells 10 to 20 miles apart,
the siliceous constituents of beds at the same horizon seem to be
unequally distributed, unequally segregated into chert, or absent.

. Explanation
No. Company Well Farm Location BT Limeston
1 Carlock ! Basore gec. %g T :)is4 sS % 22 w. estone
2 Derb 1 Webster ec. 15, T. ., R. . .
3 Continental 2 Meyer gec. 59%1'.2515 S. RI. {N W. B3 polomite
4 Clin 1 Bitikafer ec. 2, T. ., R. g
S Simmons etal 1 Bishop Sec.15,T.18S,R. T W. Pl Percentage of chert
6 Phil-Han 1 Currie Sec. 10, T.15S,R. 1 W. -
7 Bay 1 Rockhold Sec. 20, T. 135, R. 1 W. E5 Doloinific limsstone
8 Babcock 1 Copeman Sec.7,T.10S.,,R.2W. 1 Principal unconformity
9 Carter 1 Strat. Test Sec. 16, T.7S.,R.2W. 8
10 Phillips 1 Helms Sec.20,T.4S.,R.2E B3 No samples
11 Gulf 1 Baker Sec.1,T.1S,,R.2E. 7 X
Mississippian Is. | |
6
,_/
Chattanooga sh.
5
4 1
3 P —
Di voni(?yw-
A South 1 Silurian dol.
1
Mississippian Is —r McPherson Valley / /_/” [ §
Magquoketa sh.
| —T1[Chattanooga sh. 1 .|
Devonianis. | | X | | / | | | | Y77
I =
/| Maquoketa sh. - ol = = ——p 2 Viola Is
Viola Is. e
™~~~ 1 Platteville fm.
Simpson group St. Peter and older | |
L Simpson rocks
Arbuckle grou_p ———————— ——J"“J
— L Arbuckle group
o 10 20 30 40 s0miles
i h 1 L L J

Northern flank of
Chautauqua arch

Horizontol scale

Fie. 4.—Cross section A-A” from south to north showing (a) irregu-
lar distribution of chert in Viola limestone, and (b) northerly
thickening of pre-Devonian formations.
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As a consequence the cherty beds do not provide very satisfactory
data for zoning over broad areas although some have wide distri-
bution.

Figure 4 is a cross section from Sedgwick County north to Wash-
ington County, which shows the quantitative distribution of chert
in the Viola based on percentage logs by Constance Leatherock.
The correlation of the cherty zones by the writer is admittedly
speculative, but the cross section illustrates the difficulties involved
in using the cherty zones as datum beds.

The lack of continuity in the presence and position of cherty
dolomite suggests intraformational disconformities, but no definite
interruption of the sequence is determinable. The changes from
dolomite to limestone and from limestone to dolomite and the dis-
similarities in the chert content at apparently the same horizon
in wells only a few miles apart are regarded as the result of facies
variations.
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South of T. 12 S., a zone of coarsely crystalline noncherty lime-
stone mottled by shapeless dark-gray to black organic stains is
conspicuous at the base of the formation in both sample and electric
logs. In a few wells in the southern part of the area, this zone
consists of similarly mottled coarsely crystalline dolomite or dolo-
mitic limestone. In some wells in the southern part of the area
the limestone has a mealy matrix in which coarser granules are em-
bedded. This phase of the lower zone locally includes well-rounded
semitranslucent grains of crystalline limestone that are optically so
similar to rounded quartz sand that they can be distinguished as
limestone grains only by hardness or acid tests. The calcite grains
so closely resemble the quartz sand in similar rocks at the top of
the Simpson that in some wells of record the enclosing rock has
been erroneously logged as sandy limestone. Northward from T.
12'S., as the center of the North Kansas basin is approached the
basal zone is interstratified with and grades into dolomite. The
mottled basal limestone is, however, represented in sec. 1, T.1S,
R. 2E.

The unconformity between the Viola dolomite and the Maquoketa
shale is illustrated graphically by the cross sections of F igures 5, 6,
7,and 8. The eroded character of the Viola surface is also indicated
by the occurrence in some wells of a clastic deposit at the base of
the Maquoketa. This clastic bed is thin and includes fine granules
of limestone and dolomite embedded in characteristic Maquoketa
shale. Although probably overlooked in the examination of the
cuttings from many other wells, it was recognized in the following
wells:

Ingling No. 1 Anderson.............. sec. 10, T.16S.,R. 2 W.
McBride et al No. 2 Tolle........... sec. 21, T.17S.,R. 1 W.
Lowell No. 1 Greenwood............ sec. 28, T.18S.,,R. 1 W,
Texas-Pacific No. 1 Peterson.......... sec. 17, T.18 S., R. 2 W.
Deep Rock No. 1 Miller............. sec. 27, T.18 S.,, R. 2 W.
Dickey No. 1 Reusser............... sec. 26, T.21 S.,,R. 2 W.
Westgate-Greenland No. 1 Hegerty. ... sec. 36, T.22S..R.5W.
Appleman No. 1 McManus. .......... sec. 29, T.15S.,R. 6 W.

In the northeastern corner of the area the lower zone of the Viola,
which includes both limestone and dolomite, is 85 to 50 feet thick.
The thickness decreases irregularly to less than 20 feet in the south,
where in many places the Viola is overlain unconformably by
Maquoketa shale or by Chattanooga shale.

The Viola limestone, as a whole, reaches a maximum known
thickness of 295 feet in well 11, Figure 4, in sec. ILT.1S,R 2E,
Washington County, Kansas, and it is 272 feet thick on the Kansas-
Nebraska line in sec. 31, T. 1 N,, R. 1 E., Jefferson County, Nebraska.
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It thins as a whole with some irregularity toward the southwestern
margin of the North Kansas basin. In T. 24 S., R. 2 W., Harvey
County, Figure 4, where only the basal limestone member of the
Viola has survived, its total thickness is only 40 feet.

Pre-Maquoketa erosion reduced the thickness of the Viola, and
in many wells it is represented only by a part of the basal zone of
coarsely crystalline limestone. Less than 15 feet of lower Viola
survives in parts of Reno, Harvey, and Butler Counties. In parts
of Marion, McPherson, and Reno Counties pre-Chattanooga erosion
removed the Maquoketa cover and reexposed the Viola. In the
Wakefield No. 1 Goering well in sec. 14, T. 25 S., R. 6 W., both the
Viola and Maquoketa were removed and the Chattanooga overlies
the Simpson.

As shown in the coss section of Plate 2, pre-Maquoketa erosion
roughly beveled the Viola. The rude beveling that thinned the
Viola toward the south suggests that at least a part of the regional
subsidence of the North Kansas basin occurred before Maquoketa
time.

Westward, the thickness of the Viola increases abruptly to 115
feet in the Aylward et al No. 1 Newell well in sec. 6, T. 258.,
R. 11 W.,, in Stafford County (well 1, cross section A-A’ of Fig. 5),
on the west side of the Maquoketa erosional basin and west of
the deeper part of the pre-Chattanooga valley.

A thickness of 175 feet of Viola has been reported toward the
west in the Musgrove No. 1 Roelfs well in sec. 21, T. 16 S., R. 9 W.,
(well 1, cross section B-B’, Fig. 6). The lower 60 feet is coarse
crystalline limestone typical of the basal zone of the Viola. The
upper 115 feet of this sequence, except the uppermost 25 feet
of cherty dolomite, consists of mealy siliceous and cherty lime-
stone, argillaceous chalk, and marl yielding argillaceous insoluble
residues. Despite the calcareous nature of the sequence, unusual
in the Maquoketa, the writer regards the upper 115 feet as Maquo-
keta on account of the argillaceous character of most of the cut-
tings as shown also in well 1, cross section B-B’, Figure 6.

Pre-Chattanooga erosion very generally cut below the contact
of the Maquoketa with the Viola on the western margin of the
pre-Maquoketa erosion basin, as shown in cross section A-A’ of
Figure 5. The contact of the Viola and Maquoketa seems to have
survived, however, in a few areas as in sec. 6, T. 25 S., R. 11 W.
(well 1, cross section A-A’, Fig. 5), where the Viola increases
fairly abruptly to more than 100 feet. The Viola continues to
thicken westward into the Hugoton embayment, where Maher
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and Collins (1949, sheet 1) report more than 200 feet of Viola be-
neath Mississippian limestone.

In the Hugoton embayment, southwest of the Central Kansas
uplift, the normal sequence of Maquoketa, Silurian, Devonian,
and Chattanooga rocks between the Viola and the Mississippian
is missing. It must be assumed that, at some time after Viola
deposition, the region of the Hugoton embayment was a positive
and rising area. It was either too high to receive sediments be-
tween Viola and Mississippian time or the formations were de-
posited, raised, and eroded during one or more of the periods of
erosional truncation so clearly exhibited in eastern Kansas. In
any case a greater thickness of Viola limestone must originally
have been deposited in the Hugoton embayment than is now
preserved.

In the Salina basin area, the wide distribution of the basal
limestone member indicates the absence of important erosional
relief at the contact of the Viola with the underlying Simpson
rocks.

Porosity in the Viola, as indicated by microscopic cavities and
loosely interlocked grains of granular and sucrose dolomite, is
confined to the upper 5 to 50 feet. Where the upper beds are
especially cherty, the porosity occurs mainly in the dolomite or
cherty dolomite beneath the zone of maximum chert concentration.

MAQUOKETA SHALE

The Maquoketa shale, the youngest of the Ordovician formations
in northeastern Kansas, is named for outcrops-on Maquoketa River
in northeastern Iowa and is exposed in adjoining areas of Illinois,
Wisconsin, and Minnesota, and in southeastern Missouri and south-
ern Illinois. The Maquoketa is widespread in the subsurface and
extends westward in Kansas at least to the Central Kansas uplift.
Southward its equivalent, the Sylvan shale, occurs throughout most
of eastern Oklahoma.

The character of the Maquoketa shale in northeastern Kansas
is variable and in different areas the Maquoketa is composed of
one or more of the following rocks: argillaceous shale, dolomitic
shale, silty shale, and dolomitic silty shale, argillaceous dolomite,
and cherty and siliceous dolomite. No limestone or calcareous
shale has been observed in the Maquoketa except toward the west
in well 1 of cross section A-A’, Figure 5, and in wells 1 and 3 of
cross section B-B’, Figure 6.

The shales of the Maquoketa range from dark gray and greenish



No. Company Well  Farm Location Sample logs by: ."E"—‘;‘C, jenowx Northeast ¢/
1 Texas 1 Pauls Sec.25,T.215,R5W.  Lee | e 12
2 Westgate-Greenland 1 Roberson Sec.22,T.20S.,R.3W. Lee L W "
3 Aladdin 1 Johnson Sec. 20, T.19S,R.2W. Lee ———— . ST Acisow Explanation || L
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gray to dark green. Most of the shales are dolomitic. Some are
silty, siliceous, and cherty. Insoluble residues, especially from
samples of wells toward the northeast, display molds of free dolo-
mite crystals in spongy coherent silt or silica. Toward the south-
west fine dolomite molds pit the chert. The most common type
of shale is dolomitic and includes more or less thinly disseminated
fine crystals or interlaminated argillaceous grainy dolomite. The
Magquoketa includes fine subangular sand in T. 2 S., R. 13 W,,
and similar fine sand grains are embedded in limestone in the
Aylward et al No. 1 Newell well in sec. 6, T. 25 S., R. 11 W. Some
of the shales, particularly toward the southern part of the area,
include fine dark partlcles of what seem to be disintegrated grapto-
lites.

The Maquoketa dolomite is gray to dark gray, grainy, composed
of fine crystals set in an argillaceous or silty matrix. The impure
dolomite of the Maquoketa contrasts sharply with the clean sucrose
or coarsely crystalline dolomite of the Viola.

The chert is similar to that in the Viola. It is gray and opaque,
bluish gray semiopaque, or chalcedonic, and encloses silicified
fine fragments of microfossils and spicules. Like that of the Viola,
the Maquoketa chert is in many places flecked and peppered with
dark fragments of disintegrated graptolites. Some of the semi-
opaque gray chert is massive or laced with white spicules. Some
of the siliceous beds are dolomitic and some in T. 25 S., R. 11 W.,
and T. 16 S., R. 9 W., are calcareous.

Cross section C-C' of Figure 7, from McPherson County to
Nemaha County, shows the variations in the lithology of the
Maquoketa and the relation of the Maquoketa to the eroded sur-
face of the Viola. The occurrence of chert in silty dolomitic Maquo-
keta shale in wells 10, 11, and 12 in Jefferson, Brown, and Nemaha
Counties is of interest because of the common occurrence of similar
chert in wells farther southwest in Saline and McPherson Counties.
Examination of samples and residues from well 11 reveals that
the Maquoketa shale, which is 93 feet thick, consists, in descending
order, of 28 feet of argillaceous dolomite with traces of flecked
chert; 40 feet of silty and siliceous dolomite with 10 to 20 percent
of insoluble residues consisting of variegated dense and spongy
dolomitic chert or cemented silt; and at the base 25 feet of argilla-
ceous shale in which fine dolomite crystals are thinly disseminated.
In well 10 the Maquoketa consists of 50 feet of dolomitic shale,
containing a 12-foot zone near the middle that yields insoluble
residues of spongy and chalcedonic chert. Southwestward from
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well 10 on the line of the cross section, the Maquoketa consists
of greenish-gray shale interbedded or interlaminated with dolo-
mitic shale as far as well 4. In well 3 the Maquoketa thickens to
142 feet. The upper 55 feet is dark-green shale with traces of
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flecked chert underlain by 52 feet of silty and argillaceous grainy
gray dolomite with traces of similar chert, and 35 feet of dark-

green shale.

Cross section B-B’, Figure 6, from Ellsworth County to Morris
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County, shows the transition of the lower part of the Maquoketa
from dolomitic shale to cherty dolomite in wells 5 and 6 in northern
McPherson County. In wells 1 and 3 the formation consists chiefly
of very cherty chalky limestone and marl, in part dolomitic, but
irregularly interbedded with calcareous shale and grainy dolomitic
shale.

Cross section D-D’ of Figure 8, from Sedgwick County to Saline
County, again shows the transition from Maquoketa dolomitic shale
to cherty dolomite in western Saline County, and the progressive
substitution of the Viola by the Maquoketa from north to south.
It also shows roughly the truncation of the Maquoketa and Silurian
rocks by pre-Devonian erosion and the local removal of the De-
vonian and Maquoketa in the McPherson valley eroded during
the hiatus that preceded the deposition of the Chattanooga shale.
An example of abrupt transition is shown in well 12 of cross section
D-D, Figure 8, in which the lower 53 feet consists of cherty argil-
laceous dolomite interbedded with dolomitic shale, but the upper
50 feet is noncherty dolomitic shale. The variability of the Maquo-
keta sequence is illustrated also by the change between this well and
the Appleman No. 1 McManus well in sec. 29, T. 15 S., R. 6 W.,
only 16 miles away, in which the Maquoketa samples represent 140
feet of argillaceous and dolomitic shale containing only traces of
gray argillaceous and silty dolomite and limestone in the lower 50
feet.

Cross section A-A’, Figure 5, from McPherson County to Stafford
County, shows the thickening of the Maquoketa at the expense of
the Viola, the elimination of the Maquoketa from wells 2 to 7 by
pre-Chattanooga erosion, and the presumed reappearance of the
Maquoketa in Stafford County in well 1 as argillaceous, cherty or
siliceous chalky limestone with embedded fine sand and silt and
yielding insoluble residues of tripolitic silica.

In well 1, 50 feet of pure, cherty, chalky limestone and calcareous
chert seems to represent the Maquoketa. Insoluble residues of the
base and middle of the Maquoketa in this well yield fine subangular
sand embedded in limestone and spongy chert. The presence of
sand may be an indication of approach to a shore line.

Fine subangular sand also occurs below very dark gray extremely
pyritiferous shale between the Silurian and the Viola in the Mid-
Kansas No. 1 Borgan well in sec. 4, T. 2 S., R. 13 W. The Maquo-
keta is only 30 feet thick in this well and seems to represent a pinch-
out or marginal deposit on the flank of a mild initial stage of the
Central Kansas uplift.
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The thickness of the Maquoketa where it is normally overlain
by the Silurian and not cut off by later unconformities ranges from
30 feet to 142 feet. It is 30 feet thick in the Mid-Kansas No. 1
Borgan well in sec. 4, T. 2 S., R. 13 W,, and in the Murfin No. 1
Wessling well in sec. 35, T. 6 S., R. 7 W., where it displays the nor-
mal character of greenish-gray dolomitic shale. In the northern part
of the area it is generally less than 65 feet thick, although locally,
as in wells in T. 4S., R. 15 and 16 W., it thickens to about 95 feet.
The thickness increases irregularly toward the south and southwest,
and in Saline and McPherson Counties it averages somewhat more
than 100 feet, ranging from 80 feet in sec. 24, T. 17 S., R. 2 W, to
142 feet beneath a Silurian outlier in sec. 20, T. 19 S., R. 2 W. The
irregularities in thickness are due in large part to topographic relief
of the eroded surface of the underlying Viola as illustrated in the
cross sections, Figures 6, 7, and 8.

The Maquoketa has not been reported southwest of the Central
Kansas uplift. The increase in the proportion of carbonates in the
most western wells in which the Maquoketa is recognized suggests
that westward it may become indistinguishable from the Viola. On
the other hand the relations suggested in cross section A-A’, Figure
5, and the sandy beds at the base of the Maquoketa in well 1 sug-
gest that the Maquoketa overlapped on topographically high Viola
that remained above the level of Maquoketa deposition near the
margin of the Maquoketa basin.

There is some reason to suspect that an inconspicuous discon-
formity separates the Maquoketa from the Silurian. This supposi-
tion is based on the variable position of the oélitic dolomite zone
of the Silurian, which in some places is 30 feet or more above the
Maquoketa and in others is in contact with it. This theory is sup-
ported by discrepancies in the thickness of the Maquoketa in nearby
wells in which the thickness of the Viola is uniform. The topo-
graphic relief in any case is low and negligible.

ROCKS OF SILURIAN AGE

- The limestone and dolomite lying between the Maquoketa shale
and the Chattanooga shale are conveniently referred to as the

Hunton formation or group by oil operators and petroleum geolo-
gists. Study of this sequence has revealed that it includes both

rocks of Silurian age and rocks of Devonian age. Unconformities at
the bottom and top of the Devonian part have so restricted the
distribution of the separate parts of the Hunton in Kansas and
Oklahoma that either the Silurian or Devonian beds may be present
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alone or in combination with parts of the other. The term Hunton
has thus become ambiguous except in the sense that it includes all
the carbonate rocks between the Maquoketa and Chattanooga
shales.

Silurian rocks crop out at intervals from the Arbuckle Mountains
in Oklahoma through central Arkansas, thence northward around
the Ozark uplift to southeastern Missouri, thence to northeastern
Iowa and parts of adjoining states. These rocks include the Alex-
andrian Series of Savage (1908) at the base of the Silurian, con-
sisting in ascending order of the Cape Girardeau limestone, Edge-
wood limestone, and Brassfield or Sexton Creek limestone. In some
areas outside Kansas, rocks of Alexandrian age are overlain by the
Bainbridge limestone or its correlatives of the next younger Niagaran
Series. The oldest of the Silurian rocks in Oklahoma is the Chimney-
hill limestone, which includes equivalents of the Noix o6lite member
of the Edgewood limestone and the Brassfield limestone of Missouri
and Illinois. In Oklahoma, the Chimneyhill is overlain by the
Henryhouse shale, which is believed by some geologists to represent
the Bainbridge of the Mississippi Valley. Some of the Silurian rocks
of north-central Kansas are correlated with the Chimneyhill of
Oklahoma (Lee, 1945, p. 44-45). Younger Silurian rocks may be
represented in parts of northeastern Kansas, but they have not been
differentiated.

The Chimneyhill limestone and its correlatives and the overlying
Silurian rocks are widely distributed in the subsurface. They were
probably originally deposited throughout the region from the out-
crops in the Mississippi Valley across the Ozarks and at least to
central Kansas and central Oklahoma. Upwarping and erosion have
removed all the Silurian rocks from the central Ozarks and from the
crests of anticlinal structures in Kansas, including the Chautauqua
arch, the Nemaha anticline, and the Central Kansas uplift. In out-
crops in southeastern Missouri and southern Illinois, unconformities
have been recognized at the base of the Edgewood limestone, of
Brassfield age, and at the base of the Bainbridge.

There are several recognizable zones in the Silurian sequence
of Kansas. They have well-defined limits in some wells, but their
separation in others is vague and unsatisfactory. These may be
described in ascending order as the odlitic zone, the white chert
zone, the foraminiferal zone, a siliceous and cherty zone, and a
noncherty zone of alternating dolomite and limestone. These zones
are clearly defined in areas near the center of the basin, but toward
the margin lithologic diversity makes zoning difficult or impossible.
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The first or odlitic zone, which overlies the Maquoketa, is every-
where composed of sucrose or fine-grained dolomite characterized
by dolomitized otlites. The oblites are composed of sucrose dolo-
mite, and their surfaces are roughened by minute crystals of dolo-
mite. In some samples the oblites are touching, without matrix. In
others they are embedded in the matrix, which in some places dis-
plays voids left by the removal of fossil fragments. In some wells
the odlites resemble grains of soft dolomite worn to roundish sur-
faces in drilling. The abundance of the oblite is variable, and
the variation in thickness of the zone may be due either to poor
preservation of the otlites or to their irregular distribution. In
the absence of recognizable odlites, the zone is generally represented
by the sucrose dolomite typical of this zone. Small amounts of
odlitic white chert were noted in this zone in the following wells:
the B. B. Blair No. 1 Cox well in sec. 10, T. 4S., R. 7 E., the Wolf
Creek Oil Company No. 1 Brenizer well in sec. 85, T. 12S., R. 2E,,
the Bay Petroleum Corporation No. 1 Rockhold well in sec. 20, T.
13S., R. 1 W,, and the Hutchinson No. 1 Ehrmann well in sec. 15,
T.18S,, R. 1 E. In the W. A. Haney No. 1 Faidley well in sec. 27,
T. 10S., R. 1 W., the centers of the odlities and some of the open-
ings have been filled with chalcedony, leaving fragments that super-
ficially resemble rounded grains of quartz sand. The thickness of
the Silurian in this well is nearly twice that in the nearest wells in
adjoining townships, although the thickness of the other pre-Penn-
sylvanian formations is normal. This fact, the unusual chalcedonic
replacements, and the presence of excessive amounts of quartz and
siliceous dolomite in the middle part of the Silurian suggest the
possibility that this well was drilled through a fault in the Silurian.
The oblitic zone is missing in parts of Cloud and Mitchell Counties
and in scattered wells elsewhere, especially toward the southern
margin of the North Kansas basin. It is not represented in samples
from a cable tool well in the NW corner SW¥ sec. 27, T. 14 S., R. 2
W., nor in samples from a well in the NW corner sec. 30 of the
same township. It is, however, well developed in 12 other wells in
this township, a relationship that suggests that its seeming absence
may be due to poor samples rather than nondeposition.

The insoluble residues of samples from this zone generally con-
stitute less than 2 percent by volume and consist of fine particles
of hackly and drusy quartz and silt. The zone is correlated with
the Noix odlite member of the Edgewood limestone of northeastern
Missouri, which was correlated by Ulrich (1930, p. 73) with the
basal beds of the Chimneyhill of Oklahoma.
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Except for local areas in which it is absent, the odlitic zone is
coextensive with the Silurian. It reaches its greatest thickness
of 60 feet in the northern part of the area in the Phillips No. 1
Helms well in sec. 20, T. 4S., R. 2E,; it is only 7 feet thick in
the Blair No. 1 Cox well in sec. 10, T. 4 S., R. 7 E., and 10 feet
thick in the Carter No. 1 stratigraphic test in sec. 16, T. 7.S., R. 2 W.
The zone thins irregularly toward the south, where it is commonly
less than 5 feet thick or absent.

The second or white chert zone normally overlies the odlitic
zone, but it was not developed in some areas. The zone con-
sists mainly of medium to coarse crystalline dolomite that gener-
ally includes only minor amounts of white opaque chert or dense
tripolitic white chert. In the Phillips No. 1 Helms well in sec. 20,
T. 4S., R. 2E.,, where the Silurian is especially cherty, 35 feet
of coarsely granular dolomite containing 10 to 40 percent white
opaque chert overlies the odlitic zone. The cherty zone diminishes
in thickness toward the south and is missing or noncherty in many
wells. The zone is 15 feet thick in the Turner No. 1 Umsheid well
in sec. 32, T. 8 S., R. 9 E., and in the Lashelle No. 1 Umsheid
well in sec. 16, T. 9S., R. 9E. In the Wolf Creek No. 1 Brenizer
well in sec. 35, T. 12 S., R. 2 E., it is only 5 feet thick. Only traces
of white chert occur directly above the oélitic beds in some of the
wells in Saline and Dickinson Counties. Chert seems to be absent
farther south.

The third zone, which includes foraminifera, extends upward
from the cherty dolomite to the base of a well-developed siliceous
dolomite. Toward the center of the North Kansas basin this
zone consists entirely of dolomite, but like other deposits in the
basin it becomes increasingly interstratified with limestone toward
the margin. The dolomite in the lower part of the zone is dense
to sucrose and of fine texture, but the upper beds are coarsely
crystalline and coarsely vuggy, many voids resulting from the solu-
tion of fossil fragmernts. The limestones in areas marginal to the
North Kansas basin are semigranular, mealy, or sublithographic.
The lower limestone beds contain embedded grains of dolomite.
In some wells, as in the Arab No. 1 Ogle well in sec. 9, T. 1 N,
R. 14 E,, in Nebraska, the lower beds of this zone include pink and
red dolomite, and in Dickinson County and adjoining areas the
beds are red and argillaceous. In the Arab No. 1 Ogle well, the
two lower zones are absent or not identified and the foraminiferal
zone seems to be in contact with the Maquoketa.

Where the sequence is normal, the fine-grained dolomites of
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the third zone and their limestone correlatives on the margin of
the North Kansas basin are characterized by the presence of
diffusely distributed foraminifera of species resembling Ammodiscus
and Lituotuba present in the Silurian of Oklahoma but unreported
from the Devonian (Ireland, 1939). Similar foraminifera have been
reported from the Brassfield limestone of the Mississippi valley, with
which this zone is correlated. The insoluble residues from 5-gram
samples (usually less than 2 percent) rarely yield as many as 6 speci-
mens, and some contain none. These foraminifera occur at a depth of
1,530 feet, 90 feet above the white chert zone in the Coronado No. 1
Parks well (a cable tool well) in sec. 16, T. 10 S., R. 8§ E., but
foraminifera are only infrequently found more than 40 feet above
the zone of white chert. On the southern margin of the North
Kansas basin, where the dolomite beds are interstratified with
limestone, Ammodiscus has been found in limestone as well as in
dolomite. It occurs in pink limestone directly below semiopaque
chalcedonic chert 75 feet above the oblitic zone in the Auto-
Ordnance No. 1 Gawith well in sec. 27, T. 11 S., R. 5W., at a depth
of 3,620 to 3,625 feet. It occurs also in semigranular limestone
directly above the odlitic zone in the Auto-Ordnance No. 1 Ruch
well in sec. 25, T. 13 S, R. 2 W., and in the same position in earthy
semigranular limestone in the Northern Ordnance No. 1 Warner
well in sec. 10, T. 15 S., R. 3 W., and in wells in sec. 30, T. 15 S,,
R. 2 W, and in sec. 17, T. 15S., R. 1 W.

The zone is generally noncherty, but in the Phillips No. 1 Helms
well in sec. 20, T. 4S., R. 2E., dolomite at the depth of this zone,
but possibly not its correlative, includes 10 to 40 percent chert.
The chert in the lower part is mottled and spicular and that in the
upper part massive, vitreous, and varicolored. It may be that
the varicolored cherty dolomite in this well and in wells farther
west, in place of the normal noncherty dolomite, indicates a mid-
Silurian disconformity rather than a facies variation. In most
wells in Cloud and Mitchell Counties in which the oélitic zone has
been identified, the oélitic zone is overlain by a sequence of lime-
stone and dolomite and massive semiopaque vitreous chert of shades
of gray and yellow to pink and red, unlike the lithology of the
third zone in most areas but resembling the less vivid vitreous
cherts in the Phillips No. 1 Helms well described above.

The third zone is 165 feet thick in the Ohio No. 1 Lamparter well
in sec. 3, T. 2 S., R. 14 E., near the center of the North Kansas
basin. Its thickness decreases somewhat irregularly toward the
south to 55 feet in the Bay Petroleum Company No. 1 Rockhold
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well in sec. 20, T. 13S., R. 1 W., and 40 to 60 feet in wells in
T. 14 S., R. 2 W. Westward in Cloud and Mitchell Counties, rocks
assigned to the third zone consist of an irregular relatively thin
sequence of varicolored (red, pink, lemon yellow to gray) dolomite
and limestone. The upper part of this sequence is extremely silice-
ous and contains a large amount of varicolored semiopaque massive
chert.

The fourth zone is composed mainly of dolomite but includes
minor amounts of interbedded limestone toward the southwest in
the usual gradation from central to marginal areas of the North
Kansas basin. This zone is siliceous, but the insoluble residues,
which include both quartzose and cherty materials, are extremely
variable in character and in volume, ranging from a trace to 10
percent. The insoluble residues include quartz crystals, hackly
quartz, drusy quartz, spongy silica, and silt. The cherty residues
of this zone include grainy opaque chert, semiopaque chert, and
soft white opaque chert resembling tripoli. The quartz crystals
are confined to the upper 5 to 40 feet of this zone, and where
present identify the fourth zone in the basin areas. Toward the
margin of the basin the quartzose residues diminish in volume and
disappear, and the residues become increasingly cherty. The fourth
zone is normally 65 to 75 feet thick in basinward areas, but toward
the south and west it was removed by pre-Devonian erosion.

The fifth zone consists of interbedded limestone and dolomite,
whose insoluble residues are of negligible volume. It attains a
maximum known thickness of 140 feet in the Ohio Oil Company
No. 1 Lamparter well in sec. 3, T. 2 S., R. 14 E., (well 14, Pl. 3),
but it is absent toward the south and west on account of pre-
Devonian erosion.

Toward the southwestern margin of the North Kansas basin, the
entire Silurian sequence grades into coarsely crystalline white
limestone as much as 40 feet thick overlain by cherty dolomite as
much as 80 feet thick. The chert is varicolored, vitreous, and semi-
translucent. These rocks are correlated with the Silurian because
of the similarity of the chert to that of zone 3 in the Phillips No. 1
Helms well in sec. 20, T. 4 S., R. 2 E., and because sandy Devonian
limestone overlies these cherty beds in the Livermore No. 1 Froelich
well in sec. 30, T. 5 S., R. 10 W, and in other wells in the vicinity.

In Kansas the Silurian rocks overlie the Maquoketa shale in
seeming conformity, but differences in the interval from the top
of the oolitic zone to the top of the Maquoketa suggest a slight
disconformity between them. The Silurian is separated from the
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overlying Devonian rocks by an important unconformity (cross
section C-C’, Fig. 7), caused by erosion that beveled older rocks
as far down as the Arbuckle. This surface was an imperfect plain
in central Kansas. Topographic relief of 80 feet or more is revealed
by variations in the thickness of the Silurian beneath its contact
with the Devonian in Ottawa and Dickinson Counties. Lesser
relief occurs in other areas.

Plate 2 shows the present distribution of the Silurian rocks. They
were originally deposited throughout the area, but during repeated
periods of uplift and erosion were worn away from certain areas.
As shown in cross section A-A’ of Plate 2 and Figure 4, the Devonian
rests on progressively thinner remnants of the Silurian toward the
south. The Silurian where it is overlain by the Devonian is 445
feet thick in the Ohio No. 1 Lamparter well in sec. 3, T. 2 S., R. 14
E. TIts thickness diminishes to 16 feet on an outlier capped by
Devonian in the Aladdin No. 1 Johnson well in sec. 20, T. 19 S.,
R. 2 W. (well 8, Fig. 7). Farther south the Silurian is missing
where the Devonian overlaps upon the Maquoketa shale. Pre-
Mississippian erosion removed the Silurian from flank areas of the
Central Kansas uplift, where its thickness had already been reduced
by pre-Devonian erosion. The Silurian was removed from the
highest parts of the Nemaha anticline by pre-Pennsylvanian erosion.

ROCKS OF DEVONIAN AGE

The outcrops of Devonian rocks nearest to the Salina Basin are
situated in central Missouri, where Devonian formations of no
great thickness appear at the surface in separated outcrops. Bran-
son (1944, p. 131, 151) recognized and named the formations of
Middle Devonian age in northern Missouri, each of which is
bounded by disconformities. These formations, in ascending order,
are Cooper limestone, Ashland limestone, and Callaway limestone.
The Upper Devonian is represented by the Snyder Creek shale,
which lies disconformably on the Callaway in outcrops but is not
represented in northeastern Kansas. The Cooper limestone of the
outcrops consists mainly of bluish-gray lithographic limestone. It
is nearly everywhere characterized by basal beds of sandstone,
calcareous sand, or sandy limestone.

Rocks of Cooper age, consisting of lithographic and sublitho-
graphic limestone, have been traced in the subsurface westward
from the outcrops into northeastern Kansas. West of the Nemaha
anticline, from the crest of which the Devonian rocks were later
eroded, the Devonian has been identified by its basal sandy beds
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as far west as T. 6 S., R. 1 W. West of this point the basal sandy
beds have not been recognized except in a thin outlier in T. 5 S.,
R. 10 and 11 W. The Devonian rocks of the Salina basin area are
divided conveniently into upper and lower zones by a bed of cherty
or siliceous dolomite at the top of the lower zone. The formations
above the Cooper limestone have not been differentiated in the sub-
surface.

The lower zone of the Devonian rocks includes a sandy bed at the
base and in most areas a cherty bed at the top. In the central part
of the North Kansas basin the lower zone consists of dolomite of
sucrose texture. In many areas nearer the margin of the basin the
dolomite is interstratified with limestone, but in Harvey County and
adjoining areas south of the pre-Chattanooga valley the Devonian
consists of grainy, finely crystalline dolomite capped by cherty dolo-
mite. Insoluble residues reveal that the grainy character of the
dolomite in this area is due to the presence of very fine subrounded
to subangular sand. Embedded medium-grained sand typical of
the Devonian in other wells of the area identify this dolomite as
Devonian. In the Phil-Han Oil Company No. 1 Currie well in sec.
10, T. 15S., R. 1 W., the lower 40 feet of the lower zone consists
of semigranular limestone interbedded with thin sheets of sucrose
dolomite. The sandy bed at the base of the lower zone is generally
dolomitic but in a few wells toward the southern margin of the
North Kansas basin the sandy bed is a limestone. The embedded
sand grains are of medium size, and mainly rounded and frosted.
They constitute a trace to 40 percent of the volume of the sample.
In some wells sand is thinly disseminated throughout most of the
lower zone. In the Scow Bros. et al No. 1 Gates well, in sec. 16, T.
9S., R. 4E., 20 feet of dolomitic sandstone containing some green
clay shale directly underlies the cherty bed. Considerable sand,
as much as 20 percent of the samples, occurs in a bed 40 to 60 feet
above the base of the Devonian in the McLaughlin No. 1 Allen
well in sec. 32, T. 8S., R. 16 E., and various amounts of sand also
are found several feet above the basal sandy bed in some other wells.

The cherty dolomite at the top of the lower zone is 10 to 35 feet
thick, and the chert content in the insoluble residues ranges from
10 to 80 percent of the samples. Part of the chert is gray and
opaque and its texture is massive to grainy and spicular. Part is
white and soft and resembles tripoli. The thickness of the lower
zone ranges from 105 feet in the Ohio Oil Company No. 1 Lamparter
well in sec. 3, T. 2S., R. 14 E., to 30 feet or less on the southern
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margin of the North Kansas basin, where the Devonian rocks were
beveled by pre-Chattanooga erosion.

The increase in thickness of the lower zone toward the center of
the North Kansas basin seems to be the result of the differential
subsidence of the basin during the deposition of the lower zone of
the Devonian.

The upper zone consists of the Devonian rocks above the per-
sistent white chert beds. It was reduced to its present thickness by
post-Devonian erosion. It is 100 feet thick and lies at a depth of
2,185 to 2,285 feet in the Gulf No. 1 Baker well in sec. 1, T. 1S., R.
2E. Itis 55 feet thick and lies at a depth of 1,650 to 1,705 feet in the
Davon No. 1 Schaefer well in sec. 20, T. 1 S., R. 6 E., but it is only
10 feet thick and at a depth of 2,237 to 2,247 feet in the Phillips
No. 1 Helms well in sec. 20, T. 4S., R. 2E. The upper zone is
absent farther south as a result of post-Devonian erosion. In the
Gulf-Baker well the upper zone is composed of limestone inter-
bedded with dolomite and in the Davon-Schaefer well it consists of
red, brown, and gray limestone. Elsewhere it is composed of various
types of dolomite, but in some wells the dolomite is interstratified
with thin limestone beds. The upper zone provides no useful
datum beds, and except locally it is doubtful whether the persistent
white chert bed at the top of the lower zone is a reliable datum, on
account of the variation in its thickness.

Most of the Devonian rocks, whether limestone or dolomite, are
dense. Even on the eroded pre-Chattanooga surface they do not
ordinarily develop porosity. Where the original texture of the
exposed rocks is favorable, however, porosity has developed, as in
the upper 40 feet of the Devonian in the Arkansas Fuel Company
No. 1 Martin well in sec. 24, T. 8S,, R. 4 E.

Porosity occurs also in a local sandstone directly below the cherty
dolomite beds in the Scow Bros. No. 1 Gates well in sec. 16, T. 9 S.,
R. 4E., and in the sandy slightly dolomitic member near the base of
the Devonian dolomite in the same well. Porosity occurs also in
many wells where the basal beds consist of very sandy dolomite
or a dolomitic sand as in the Leeward Petroleum Corporation No. 1
Knight well in sec. 23, T. 13S., R. 3 E.

The Devonian dolomite and limestone in eastern Kansas, in the
area of the map, have a maximum thickness of 213 feet in the Ohio
il Company No. 1 Lamparter well in sec. 3, T. 2S., R. 14 E. They.
are considerably thicker in southeastern Nebraska and become ir-
regularly thinner toward the southern margin of the North Kansas
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basin. They are 75 feet thick in the Veeder Supply and Develop-
ment ‘Company No. 1 Gravenstine well in sec. 21, T. 8S., R. 6E.,
but were cut out by erosion of a pre-Chattanooga Valley in Marlon
and McPherson Counties. In the Devonian area in Harvey County,
south of the valley, the Devonian rocks range in thickness from a
maximum of 83 feet in the McPherson Oil Company No. 1 Ruth
well in sec. 14, T. 23 S., R. 2 W., to a featheredge on the eroded
margin still farther south.

After the deposition of the Silurian rocks the region was raised
above sea level during active development of the Chautauqua arch.
Erosion reduced the surface to a rolling plain of moderate topo-
graphic relief that truncated the tilted Silurian and older formations.
Closely spaced wells in southeastern Ottawa County and north-
western Dickinson County reveal pre-Devonian hills of Silurian
dolomite no longer covered by Devonian rocks. Cross section C-C’
of Figure 9 (cross section C-C’' of Pl. 3) across two of these hills
shows topographic relief exceeding 50 feet. In northeastern Chase
County and west-central Lyon County a relatively narrow valley
about 50 feet deep was eroded along the pre-Devonian outcrop of
the Maquoketa shale, as shown in cross section B-B’ of Figure 10
.and the line B-B’ of Plate 3. This valley narrows the outcrop of the
Maquoketa shale on the pre-Devonian areal map and is indicated
on Plate 3 by the great thickness of the Devonian. The upper sur-
face of the Devonian was more nearly peneplained than the pre-
Devonian surface except in Marion and McPherson Counties, where
a broad deep valley was eroded before the deposition of the Chatta-
nooga shale.

Disregarding the extremes of thickness caused by local hills on
the pre-Devonian surface and the removal of the Devonian by ero-
sion in the pre-Chattanooga valley, it is evident that the Devonian
limestones progressively overlie the previously beveled surface of
older rocks from the center toward the margin of the North Kansas
basin on the flank of the Chautauqua arch. The Devonian overlies
398 feet of Silurian in the Davon No. 1 Schaefer well in sec. 20, T.
1S, R. 6 E,, 815 feet of Silurian in the Arkansas Fuel Company No.
1 Martin well in sec. 24, T. 8 S, R. 4 E., 290 feet in the Payrock No.
1 Johnson well in sec. 9, T. 12 S., R. 6 E., and 150 feet in the Youker
No. 1 Larsen well in sec. 16, T. 16 S., R. 3 E., just north of the pre-
Chattanooga valley in Marion County. The Devonian originally
overlapped from the Silurian onto the Maquoketa, but the line of
overlap was in the main cut out by the erosion of the pre-Chatta-
nooga valley.
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South of the valley the Devonian rests on the eroded surface of
the Maquoketa in such wells as the Panhandle Eastern Pipé Line
Company No. 1 Waltner well in sec. 36, T. 21 S., R. 3 W., where 75
feet of Maquoketa intervene between the Devonian and the Viola.
In the Tidewater No. 1 Heyman well in sec. 33, T. 23S., R. 5E.,
and in nearby wells, the Devonian rests on 35 feet of coarsely crystal-
line dolomite of the lower part of the Viola. In the Phillips No. 1
Guilfoyle well in sec. 18, T. 25S., R. 8 E., the Devonian overlaps
upon the Simpson. East of the area of the map, the Devonian in
some localities overlies the Arbuckle.

Although the surface of the Silurian was roughly truncated by
pre-Devonian erosion, considerable relief survived the erosional
processes in certain areas. The most conspicuous relief is manifest
in southeastern Ottawa County and adjoining parts of Dickinson
County. In sec. 15, T. 11S., R. 1 W,, Chattanooga shale overlies
160 feet of Silurian rocks, but in sec. 28, T. 10S., R. 2 W., 6 miles
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Fic. 10.—Cross section from east to west across pre-Devonian valley in
Chase and Lyon Counties, along line B-B’ on inset and Plates 2 and 8.
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distant, 50 feet of sandy Devonian dolomite overlies only 100 feet
of Silurian. In sec. 20, T. 128S., R. 2W., 12 feet of sandy dolomite
caps 158 feet of Silurian, but in a well in sec. 16, T. 13S., R. 1 W,
8 miles distant, Devonian rocks overlie only 109 feet of Silurian.
Samples from a well in sec. 19, T. 13S., R. 3 W., reveal 57 feet of
Devonian sandy limestone overlying only 80 feet of Silurian. In-
asmuch as other wells in this township penetrated 100 to 137 feet
of Silurian capped by Chattanooga shale, the Silurian must have
been thicker in Devonian time than now. Similar evidence indi-
cates pre-Devonian topographic relief in the eastern part of T. 14 S.,
R. 2 W.,, and in adjacent areas.

Devonian rocks are not represented in the samples from the Page
and Gurley No. 1 Bonham well in sec. 31, T. 1N, R. 1E,, in Ne-
braska just north of the Kansas border, where some thickness of
Devonian might have been anticipated, but no samples are avail-
able for 200 feet above the Silurian.

A sequence 58 feet thick tentatively identified as Devonian rocks
because of traces of fine sandstone at the base has been reported
from the Wakefield No. 1 Stockton well in sec. 26, T. 2S., R. 15 W.
The fine sand at the base of the sequence in this well more clearly
resembles the coarse silt in the disconformable Maquoketa shale
in a nearby well in sec. 5, T. 3S., R. 11 W, than the sand residues
usual at the base of the Devonian. This and the fact that odlitic
dolomite is present 20 feet above the base of the sequence makes
it more reasonable to refer these rocks to the Maquoketa than to
the Devonian.

Plate 3 shows the thickness of the Devonian rocks and the pre-
Chattanooga areal geology. Inliers of thick Silurian rocks in parts
of Ottawa, Dickinson, and Saline Counties reveal pre-Devonian
eminences from which the Devonian cover was removed by pre-
Chattanooga erosion. The pre-Chattanooga valley is indicated by
outcrops of Silurian, Maquoketa, and Viola on the valley slopes.

It is interesting to note that aside from the channel (Fig. 10)
following the Maquoketa outcrop in Chase and Lyon Counties,
the Devonian is thickest in a belt closely paralleling and just east
of the Nemaha anticline. Although fewer wells are available, the
data seem to indicate a belt of thin Devonian rocks farther east.
The structural relations revealed by wells in this area suggest a
syncline and an anticline and give support to the concept that the
stresses that ultimately produced the Nemaha anticline were al-
ready causing deformation at the end of Devonian time.
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Distribution of. Devonian rocks.—There is some difference of
opinion as to the position of the base of the Devonian or even as
to the presence of the Devonian west of T. 6 S., R. 1 W., and north
of the pre-Chattanooga valley in McPherson County. In this area
basal sandy rocks are absent in the “Hunton” in most wells. The
“Hunton” sequence in this area consists of very cherty and argil-
laceous limestone and dolomite, which are regarded by some geol-
ogists as of Devonian age. Their relation to the Devonian seems
to be revealed by comparison of two wells in Cloud County; the
Bells-Wells No. 1 Le Blanc well in sec. 85, T. 6S., R. 1 W., and
the Stanolind Oil Company No. 1 Campbell well in sec. 26, T. 6 S.,
R. 2 W., only 6 miles distant.

The Devonian in the Le Blanc well in T. 6 S., R. 1. W., consists
of 60 feet of lithographic and sublithographic gray limestone over-
lying 170 feet of Silurian. Embedded medium and coarse sand
grains are disseminated throughout most of the sequence and are
more abundant toward the base, where the samples include cal-
careous sandstone. Insoluble residues of the lithographic and
sublithographic limestones yield no chert or flocculent or other
siliceous residues except the sand.

The corresponding zone in the Campbell well 6 miles distant is
also 60 feet thick, but consists of varicolored mealy or chalky or
semigranular limestone accompanied by 5 to 65 percent massive
varicolored subopaque to semitranslucent vitreous chert. The
residues from the limestone include flocculent silica and traces of
dusty quartz particles but no sand or silt.

The contrast in the lithology of these beds does not in itself pre-
clude essential continuity, for abrupt lateral transition in relatively
short distance is not unknown. However, the “Hunton” rocks
in all the wells for which samples are available in the area west of
T. 6S., R. 1W,, and northwest of McPherson County display
chert similar to that in the Campbell well. No embedded sand
grains have been observed in any of the “Hunton” rocks in this
area except in T. 5 S., R. 10 and 11 W., where sandy limestone
occurs above the varicolored vitreous chert, and in the following
outliers: (1) in sec. 26, T. 8 S., R. 10 W., where 12 feet of Devonian
sandy limestone overlies Maquoketa shale, (2) in sec. 29, T. 158S.,
R. 6 W., where 5 feet of sandy limestone overlies 20 feet of Silurian
odlitic dolomite, (3) in sec. 4, T. 16 S., R. 4 W., where 18 feet of
sandy Devonian dolomite overlies Maquoketa shale, and (4) in
sec. 20, T. 19S,, R. 2W.,, where 8 feet of sandy dolomite overlies
16 feet of Silurian odlitic dolomite shown in well 9 of cross section
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A-A’ of Plate 3. On the other hand, sandy dolomite or sandy
limestone occurs at the base of the Devonian in nearly all the wells
eastof R.1W.

Toward the south the Silurian consists almost entirely of vuggy,
medium to coarsely crystalline dolomite almost devoid of chert, but
many wells toward the center of the North Kansas basin include
considerable amounts of chert in the Silurian. The nearest of these
wells is the Phillips No. 1 Helms well in sec. 20, T. 4S., R. 2W., in
which cherty beds were first penetrated at a depth of 2,410 feet,
112 feet below the Devonian and 195 feet above the base of the
Silurian. These cherts are in part semiopaque bluish-gray and
buff-gray vitreous chert similar to the more strikingly varicolored
vitreous chert in the Campbell well and occur at about the same
interval above the base of the Silurian. Similar cream-color, gray,
and bluish-gray vitreous chert occurs also in the Silurian in the
Gulf No. 1 Baker well in sec. 1, T. 1S., R. 2E., at a depth of 2,331
to 2,360 feet. No chert of this type has been observed anywhere
in authentic Devonian rocks. In the Phillips No. 1 Helms and other
wells the Devonian cherts are white, opaque, and in part spicular,
microfossiliferous, and grainy. Such cherts do not occur in the
Campbell well and have not been recognized west of T. 6 S., R. 2 W.

The writer believes that the discrepancy in lithology between
beds to the east of R. 1 W.,, represented by the lithology of the
Devonian in the Le Blanc well, and beds to the west characterized
by the cherts of the Campbell well, believed to be Silurian, is the
result of topographic relief of the pre-Devonian surface. The sur-
face west of T. 6S., R. 1 W., seems to have remained too high to
receive the earliest Devonian deposits except as noted in T. 5S., R.
10 and 11 W. It is probable that these areas were eventually sub-
merged in the Devonian sea, but that the Devonian rocks in these
areas were removed by pre-Chattanooga erosion except locally
where Devonian rocks survived as outliers. This conclusion is
supported by the abundant evidence of topographic relief at the
contact of the Silurian and Devonian rocks in nearby areas already
cited.

ROCKS OF DEVONIAN OR MISSISSIPPIAN AGE
CHATTANOOGA SHALE

In eastern Kansas a sequence of black and gray shales of un-
determined age separates limestones definitely of Mississipian age
from limestones and dolomites.definitely of Devonian age. A black
shale in southwestern Missouri, earlier called Eureka shale and
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Noel shale, was correlated with the Chattanooga shale by Adams
and Ulrich (1905), and was subsequently correlated with the
Grassy Creek shale of northeastern Missouri by Branson (1944,
p- 159). The Chattanooga shale thickens to the north and west
from the outcrops in southwestern Missouri.

Johnston (1934, p. 15), in describing the stratigraphy of the
Hollow pool of Harvey County, Kansas, described this shale se-
quence between the “Mississippi limestone” and the top of the
“Silurian-Devonian group” as interrupted by Chouteau limestone,
and for this reason he placed the upper part of the shale in the Kin-
derhookian Series. These correlations are based upon the discovery
of Kinderhookian fossils in a dolomite core * taken from the Mec-
Bride No. 4 Abraham Schmidt well in the NE cor. NE¥% sec. 30, T.
22 S., R. 3 W., Harvey County. It seems probable, however, that the
fossiliferous material was not in place when cored, that the dolo-
mite of the sample represents rocks knocked from the base of the
Mississippian limestone above the shale when the casing was run,
and that, after cementation, it was this material at the bottom of
the hole below the pipe that was cored. This conclusion is based
on the following considerations: (1) the presence of cavings below
the cement is revealed by the fact that the first cuttings below the
cement include fragments of opaque white chert of the Burlington-
Keokuk type not known in the Kinderhookian, and also traces of
the Kinderhookian Gilmore City oélitic limestone commonly found
in wells in this area directly above the Sedalia and above the Chatta-
nooga; (2) dolomite lithologically identical with the fossiliferous
cores overlies the shale sequence in other parts of Harvey County
and in McPherson County (Fig. 12A); (3) dolomite of this char-
acter has not been found within the shale sequence in Harvey and
adjoining counties, where many clean samples from wells drilled by
cable tools have been examined; (4) the occurrence of Kinder-
hookian dolomite within the shale sequence is incompatible with
the regional relations and distribution of the Kinderhookian rocks
as described in a subsequent section of this report.

* The core was taken below 78 feet of shale and above 7 or 8 feet of black shale
crowded with spores typical of the basal Chattanooga. Casing in this well was set and
cemented at 3,431 feet, 71 feet below the top of the shale. The sample from a depth of
3,436 feet, taken after the casing was cemented, consisted entirely of cement and a few
fragments of dark shale. A cored sample was taken between the depths of 3,438 and 3,442
feet. The sample representing the first 2 feet consisted of fossiliferous dolomite interlam-
inated with dense limestone. The sample representing the second 2 feet, not seen by the
writer, is described as sand and sandy shale reported as “Misener sand”. Drill cuttings
below 3,442 feet consist of black shale containing spores typical of the basal Chattanooga
above the Misener. Devonian limestone was encountered at 3,449 or 3,450 feet. The
fossiliferous dolomite core from 3,438 to 3,440 feet, lent by Sinclair Prairie Oil Company,
was examined in 1946 by L. R. Laudon and R. C. Moore of the Kansas Geological Survey,
who agree on the Kinderhookian age of the embedded fossils.
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The use of the term “Kinderhook shale” for Chattanooga shale has
become standard usage among oil geologists, however inappropri-
ate, but, like the term “Nemaha mountains” or “Nemaha granite
ridge” for Nemaha anticline, is, unfortunately, not likely to be dis-
carded.

At the outcrops in southwestern Missouri and in the subsurface of
adjacent parts of Kansas, the Chattanooga shale ranges in thickness
from a featheredge to 30 feet and consists of black fissile shale,
slightly silty and finely micaceous, containing conspicuous amounts
of pyrite. North and northwest of the outcrops the formation be-
comes much thicker and is lighter in color except the basal beds,
which are generally dark or black. In northeastern Kansas the color
of the shale is generally gray or gray green, but in some places
the upper beds are interstratified with darker shale. In the Salina
basin the shale is finely micaceous, less silty and more argillaceous
than to the south and east. The basal darker shales generally in-
clude abundant spores, but spores are embedded only sparingly
throughout the upper beds of the Chattanooga.

With increasing thickness the Chattanooga becomes in part
dolomitic locally and in some areas includes beds of impure sucrose
dolomite. In the Appleman No. 1 McManus well in sec. 29, T. 15
S., R. 6 W., spores occur in impure silty dolomite 50 feet below the
top and 35 feet above the base of the Chattanooga. Spores are
embedded in sucrose dolomite in the Globe No. 1 Ostlind well in
sec. 8, T. 19 S., R. 3 W., at a depth of 3,438 feet, 50 feet below the
top of the Chattanooga, and in many other wells in thin beds of
dolomite as well as in the shale.

The Misener sand at the base of the Chattanooga shale is of
erratic distribution. In the central part of the Salina basin, it is
generally represented only by rounded sand grains disseminated in
shale at the base of the Chattanooga. Where the Misener is a
sandstone, it includes many rounded grains like those in the Simpson
sandstone, from which it was probably derived. It lies below the
black spore-bearing shale. In the Hollow pool in T. 22 S., R. 3 W,,
Harvey County, cores from below the Misener sand reveal a bed,
1 or more feet thick, of gray or black slate containing numerous
specimens of Lingula.

The thickness of the Misener sand is greatest in wells in the
deeper parts of the pre-Chattanooga valleys, where the Chatta-
nooga shale is thick, and on the flanks of the Central Kansas uplift.
The development of the sandstone facies, although by no means
general, seems to bear a relation to the proximity of pre-Chattanooga
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outcrops of Simpson sandstone on the Central Kansas uplift and to
pre-Chattanooga outcrops of the basal sandy beds of the Devonian.

In many wells in Marion, McPherson, Saline, and Harvey Coun-
ties, the Misener forms a bed of sandstone less than 2 feet thick
in most places but in some localities much thicker. In Rice County
several wells have penetrated 10 to more than 35 feet of Misener
sand. It is 11 feet thick in a well in sec. 24, T. 11 S, RR7TW,
Lincoln County, and 5 feet thick in a well in sec. 35, T.8S,R.9W,,
Mitchell County.

In many wells north of Dickinson County and in some wells as
far south as Marion County red or pink beds lie above the Chatta- .
nooga shale. They are interpreted in part as remnants of a weath-
ered zone developed during the exposure that preceded the
deposition of the Boice shale and in part as weathered material
reworked to form the basal deposits of the Boice shale.

The thickness of the Chattanooga ranges from a featheredge to
at least 263 feet. This considerable variation results from the un-
conformity at the base of the Chattanooga and from the several
periods of exposure of the top during which the original thickness
of the Chattanooga was reduced by erosion.

In Edwards and Pawnee Counties, where Maquoketa, Silurian,
and Devonian rocks are absent southwest of the Central Kansas
uplift, the rocks between the Mississippian and the Viola differ
from the Chattanooga (“Kinderhook” of oil fields) shale in eastern
Kansas areas. The rocks in these counties consist of greenish-gray
and rusty-brown shale interstratified with sandy shale and streaks
and beds of sandstone in the upper part as well as at the base. No
black shale and no spores are reported. Dolomite, locally cherty,
as much as 45 feet thick occurs in the middle of the formation in
some wells on the flank of the Central Kansas uplift.

The lithology of these rocks is so strikingly different from the
Chattanooga farther east as to suggest a Mississippian basal clastic
deposit rather than Chattanooga. The cross section from Meade
County to Smith County (Lee, 1953, fig. 2) shows that low arching
of the Central Kansas uplift had already begun before Mississippian
time. The formations normally deposited—Devonian, Silurian,
Maquoketa, and part of the Viola—if they were ever present, were
removed from this flanking area as well as from the crest. During
the hiatus it seems probable that the exposed surface was dis-
sected. Loose debris, sand, shale, and, in protected areas, dolomite
might accumulate as a Mississippian basal clastic. Weathered
Viola chert occurs at the base of this sequence in many wells, a
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phenomenon curiously rare or absent below the Misener sandstone.
It is probable that these mixed clastics are a marginal facies of the
Chattanooga or a local facies of the Boice shale to be described
later.

In eastern and southeastern Kansas the thickness of the Chatta-
nooga increases toward the north with some irregularity, but the
local irregularities as represented by 50-foot isopachs are incon-
spicuous.

McPherson Valley—In McPherson and Marion Counties, the
pre-Chattanooga surface was dissected by a broad open valley
having a topographic relief of more than 200 feet (Pl 4). In T. 23
S., R. 2 W., south of the valley in Harvey County, on a pre-Chatta-
nooga hill, the Chattanooga shale has a local thickness of less than
5 feet (well 3 of cross section A-A’ of Pl. 4) and overlies Devonian
limestone. From this area it thickens in all directions. In Mc-
Pherson and Marion Counties, in a distance of less than 25 miles,
the thickness increases to more than 200 feet in the valley area, and
the shale successively overlies increasingly older rocks from De-
vonian dolomite to Kimmswick dolomite. Farther north, the Chatta-
nooga becomes thinner again and overlaps upon the same
formations in reverse order. Both stratigraphic and structural
relations indicate the development of a deep pre-Chattanooga valley,
which may be called the McPherson Valley, the approximate con-
figuration of which is shown by the thickness map of the Chatta-
nooga shale (PL. 4) and by the areal map of the pre-Chattanooga
surface (Pl 3). The pre-Chattanooga exposure of Silurian rocks
in Lyon County (Pl 3) suggests that the west-trending McPherson
Valley headed in that county. A tributary entered the main valley
from the south in western McPherson County (Lee, 1940, pl. 4).
The river probably drained toward the north or northwest in an
area in which it cannot now be traced because the original thickness
of the Chattanooga was reduced by pre-Pennsylvanian erosion. The
closure of the 250-foot isopach in the southwestern corner of Saline
County is the result of the erosion of the original top of the Chatta-
nooga and does not represent the topography of the pre-Chatta-
nooga valley in that area.

Chattanooga limestone lentil—In parts of McPherson, Rice,
and Reno Counties, the Chattanooga deposits of the valley include
a bed of limestone 100 to 110 feet below the base of the overlying
Mississippian limnestones. This limestone is gray and for the most
part mealy or chalky and slightly argillaceous. It is capped in

3—4029
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many wells by 5 to 10 feet of argillaceous sucrose dolomite. In
some wells 5 to 10 feet of sublithographic limestone occurs at the
base. Spores that are characteristic of the Chattanooga have been
found not only in the dolomite capping the limestone but also in
the upper part of the limestone in the Sharon No. 1 Leatherman
well in sec. 35, T. 21 S., R. 9 W., as well as in the shale below
and above the limestone. The thickness of the limestone ranges
from a featheredge on the margin of the lentll to more than 80
feetin T.21 S, R.7W.

The shaded area of Figure 11 shows the distribution and gen-
eralized thickness of the Chattanooga limestone and its relation
to the pre-Chattanooga valleys. Except in T. 21 S., R. 7 and 8 W.,
where it is thin, the limestone is confined to the western side of
the tributary that joins the McPherson Valley from the south.
On the west the limestone overlaps upon the western slope of
the valley as shown in cross section B-B’, but the western margin
of the valley was uptilted and beveled before Pennsylvanian time;
therefore the original border of the limestone has been lost to
erosion.

On the east the limestone is underlain by shale, which is 125 feet
thick in well 5, cross section A-A’ of Figure 11, but is commonly
50 to 60 feet thick. In cross section A-A’ the shale is shown wedg-
ing out to the east. In cross section B-B’ the limestone is shown
interfingering with shale, but it may wedge out abruptly. The
abruptness of the transition from limestone to shale is illustrated
by two wells in sec. 34, T. 22S., R. 8 W., for which both samples
and electric logs are available. The shale in the well in the north-
east corner of the section includes 25 feet of chalky limestone 105
feet below the top, but in the southwest corner of the same section,
one mile distant, where the thickness of the Chattanooga is the
same, neither samples nor electric logs reveal the presence of any
limestone.

It might be expected that the Chattanooga limestone would be
deposited in the deeper parts of the McPherson Valley where
compaction of the shale might have provided a basin for marine
invasion and the accumulation of limestone. Equally deep parts
of the valley in other areas, however, were filled with shale with-
out limestone. The peculiar isolation of this mid-Chattanooga
limestone and its eccentric position mainly on the west side of the
valley may, perhaps, be explained as the result of temporary shield-
ing of the limestone area from clastic sediments by the building
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up of a shale delta at the mouth of the tributary to the McPherson
Valley as the valleys were being filled.

The thickness of the Chattanooga shale as a whole ranges from
a featheredge, in southeastern Kansas and in areas that have been
uptilted and beveled, to more than 250 feet in the deep parts
of the McPherson Valley and in the North Kansas basin in Nemaha
County. The thickness displays considerable variation as a re-
sult of contemporaneous warping and the erosional unconformities
at its base and top. The Chattanooga normally thickens toward
the subsiding North Kansas basin. In northeastern Kansas, where
the Chattanooga is thickest, it overlies limestone and dolomite
of Devonian age. Toward the south in eastern Kansas it pro-
gressively transgresses upon the truncated outcrops of Silurian,
Magquoketa, Viola, Simpson, and Arbuckle (pre-Chattanooga areal
geology, Pl. 3). In central Kansas the regularity of its northward
thickening is broken by the filling of the pre-Chattanooga valleys
and the more irregular topography. Aside from the effect of the
topographic relief of the McPherson Valley, the Chattanooga
thickens northward toward the North Kansas basin.

After the deposition of the Chattanooga shale, the surface was
re-elevated and was probably subjected to minor warping.

Near the Missouri-Nebraska line the normal sequence of Chatta-
nooga shale in most wells is followed at different stratigraphic levels
by gray-green shale interstratified with red and pink shale. In
some wells the red shale includes concentrations of red odlites or
fine ironstone pellets. These shale and ferruginous odlitic beds
are not known to crop out anywhere at the surface. They are
particularly well developed in the subsurface of southeastern Ne-
braska, where they were penetrated in many wells during the
development of the Falls City oil field, but they occur also in ad-
joining parts of Missouri and Kansas and in southwestern Iowa.
Reed (1946) proposed the name Boice shale for this formation.

Pre-Boice erosion of the Chattanooga shale is revealed in north-
eastern Kansas by the relations of the Chattanooga and Boice shales.
In Nemaha and Brown Counties, Kansas, where the combined thick-
ness of the shales varies little, the Chattanooga thins where the Boice
thickens and increases in thickness where the Boice is thin. The
range in the thickness of the Chattanooga shale in this area from 120
to 258 feet is an imperfect indication of the topographic relief of the
pre-Boice surface. Considerable areas to the west were probably
stripped of Chattanooga shale at this time.
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With resubmergence of the eroded surface, the higher areas of the
Chattanooga shale were reduced by wave and tidal action, and the
weathered and eroded material was washed into the low areas, which
were aggraded to a common level with the beveled Chattanooga.
The redeposited material constitutes the Boice shale.

The lower Kinderhook limestones, which normally succeed the
Chattanooga shale in Missouri and northeastern Kansas, are missing
west of the Nemaha anticline; the Gilmore City of late Kinder-
hookian age (Laudon, 1931) and possibly the upper beds of the
Sedalia overlap upon pre-Chattanooga formations in parts of Smith,
Osborne, and Jewell Counties. The Chattanooga must have been
eroded from these areas before the deposition of the Kinderhookian
limestones, for in this area Gilmore City and upper Sedalia rocks,
really of Kinderhookian age, overlap from the Chattanooga onto
Devonian and older rocks. The exposure of this area may have be-
gun before Boice time and extended through early Kinderhookian
time.

The smooth horizontal contact of the Chattanooga shale with the
Chouteau limestone and its correlatives throughout large areas in
eastern Kansas, northern Missouri, and parts of Iowa gives the illu-
sion of conformable relations between these formations. However,
the fact that the Boice shale intervenes between the Chattanooga
and the Chouteau in parts of the Forest City basin, and the fact
that younger formations overlie the Chattanooga farther afield lead
to the conclusion that a hiatus of some importance intervenes, al-
though thinning of the Chattanooga in areas of overlap seems not
to have been great.

The final unconformity that modified the thickness of the Chatta-
nooga developed in post-Mississippian time when the Nemaha anti-
cline was raised and the Central Kansas uplift and the Ozarks were
re-elevated. The erosion of these uplifted anticlinal areas removed
the Mississippian limestones from their crests and beveled the Chat-
tanooga and older rocks on their flanks, thus reducing the surface
to what must have been essentially a peneplain. The Chattanooga
shale cropped out on this surface in a belt encircling the area of
older rocks (Pl 4). South of McPherson County the Chattanooga
is generally overlain by the St. Joe limestone of the Osagian Series,
although there are some outliers of upper Sedalia and Gilmore City
rocks. On the western flank of the Nemaha anticline and the eastern
flank of the Central Kansas uplift, the Reeds Spring and the Burling-
ton limestones overlap from St. Joe limestone upon Chattanooga
shale (Fig. 12B).
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Fic. 12—Maps showing the approximate distribution of the Mississippian
formations in the Salina basin area. A. Distribution of upper member of
Sedalia limestone and Gilmore City limestone of Kinderhookian age. B. Dis-
tribution of St. Joe, Reeds Spring, and Burlington—Koekuk limestone sequence
of Osagian age and Spergan-“Warsaw” limestone sequence of Meramecian age.
Line A-A’ shows trend of cross section A-A’ of Plate 6. Line B-B’ shows trend
of cross section B-B’ of Figure 13.

In consequence of the complex relations described, the Chatta-
nooga rests unconformably on rocks ranging from Devonian to early
Ordovician age and is overlain in certain areas by the Boice shale,
by Mississippian limestones from the Chouteau to the Burlington,
and by rocks of Pennsylvanian age. The unconformity above the
Chattanooga shale is first recorded at its contact with the Boice
shale. It is uncertain whether these unconformities express a pro-
longed hiatus with gradual overlap of younger formations upon the
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Chattanooga or a series of minor unconformities during which rocks
deposited between Boice and Burlington time were successively re-
moved in marginal areas during succeeding periods of exposure. The
latter seems more likely.

BoicE SHALE

The Boice shale is best known from wells in southeastern Ne-
braska, where it was named by Reed (1946) for the Pawnee
Royalty Company No. 1 Boice well in sec. 18, T. 1 N., R. 16 E,,
Richardson County, Nebraska. A set of cable tool samples from
this well is preserved in the files of the Nebraska Geological Survey.
The section of the Boice shale as reported by Reed is given in
Table 3.

TaBLE 8.—Section of Boice shale and Chattanooga shale in Pawnee Royal(tiy
Company No. 1 Boice cable tool well in sec. 18, T. 1 N., R. 16 E., Richard-
son County, Nebraska (Reed, 1946)

Thickness,
feet
Mississippian System
Kindgrhookian Series
Chouteau limestone and Sedalia dolomite..................... 69
Boiceshale ....... ... ... ... . ... ... . 31
Siltstone and sandstone, medium dark gray to brownish, cal-
careous, in part pyritic........................... 2

Shale, dark greenish gray with some pyritic and carbona-
ceous zones; calcareous with black “Sporangites” in
lower 10 feet; interbedded with gray dolomitic siltstone
and silty argillaceous dolomite.................... 19
Hematite, in flattened discoidal odlites or concretions
ranging from 0.2 mm to 1.5 mm in diameter, in part
embedded in rouge-red shale..................... 10
Mississigpian or Devonian
Chattanooga shale ............ ... ... . ... ... .......... 204
Devonian dolomite

A section of rocks in Holt County, Missouri, here referred by
the writer to the Boice shale (Table 4), was described by McQueen
and Greene (1938, p. 176). At that time, the rocks were desig-
nated as “Kinderhook undifferentiated” by Mary Hundhausen of
the Missouri Geological Survey.

The Boice shale consists of gray-green shale, in part carbon-
aceous, interbedded with gray dolomitic shale. The basal beds
consist of odlitic limonite and hematite beds or red shale. Ex-
cept where the Boice shale contains red and ferruginous oélitic
beds, it is singularly like the Chattanooga shale from which the
major part of the sediments of the Boice is believed to have been
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TasLe 4.—Section of Boice shale and Chattanooga shale in Forest City No. 1
Davis cored well in sec. 4, T. 59 N., R. 38 W., Holt County, Missouri

Thickness,

feet
Meississippian limestone and dolomite............................. 331
Boice shale . ....... ... . 43%

Shale, gray to green; containing specks and streaks of carbona-
ceous material ... ....... .. ... ...
Dolomite, gray, argillaceous ............................. 4
Shale, green and gray with plant remains .. ................ 24
Limonite, oolite, oolites are brown, flattened, and oblong . . . .. 4
Shale, gray and red ........... .. ... .. .. ... ... ..., 2
Hematite oolite, flattened discoidal odlites cemented with cal-

cium carbonate .............. .. ... .. .. ... ...
Hematite, dark red, shaly ............................... %
Mississippian or Devonian rocks
Chattanooga shale ........... e e 83

derived. In Nemaha and Brown Counties, Kansas, where a con-
siderable thickness of green and gray shale overlies the red odlitic
beds, the Boice shale is finely micaceous, resembles the upper
part of the Chattanooga, and includes thinly disseminated spores.
The Boice shale is less silty and more dolomitic than the Chatta-
nooga shale, but the lithologic differences are not sufficiently
striking to distinguish the formations in the absence of the oblitic
zone or the basal red beds. ‘

The Boice shale so far as known is confined to southeastern
Nebraska, southwestern Iowa, northwestern Missouri, and north-
eastern Kansas. In the Forest City basin in Kansas the Boice
thins sharply southward from central Brown and Nemaha Counties.
Red shale at the top of the Chattanooga, probably in part of
Boice age, occurs in northeastern Wabaunsee County. In the
Salina basin ferruginous odlites extend south to Saline and Dickin-
son Counties, and red shale without odlites to northeastern Marion
County. Westward the odlitic bed extends to the border of the
Central Kansas uplift, where in sec. 35, T. 8 S., R. 9 W, 25 feet
of ferruginous oélitic beds overlie the Chattanooga, which is here
represented only by 5 feet of sand of probable Misener age.

In Kansas, in the Ohio Oil Company No. 1 Lamparter well in
sec. 3, T. 2S., R. 14E., the thickness of shale above the base of
the hematite oolite at the base of the Boice is 90 feet, and the
underlying Chattanooga shale is 135 feet thick. In sec. 15, T. 28S.,
R. 16 E., the Boice shale is 110 feet thick, and the Chattanooga
is 125 feet thick. In sec. 12, T. 4S., R. 14 E,, the Boice shale is
only 14 feet thick, and the underlying Chattanooga is 258 feet thick.
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In scattered wells in Clay, Mitchell, Dickinson, and Saline Coun-
ties the Boice shale, where present, is represented only by the
red odlitic member, which is 5 to 25 feet thick. In these counties red
shale without oélites, 20 to 40 feet thick, at the top of the shale
sequence in some wells, may be of Boice age, but some of the
zones of red shale, especially where they are mixed with green
shale, may be weathered Chattanooga shale in place. A well in
sec. 11, T. 13S,, R. 1E., Dickinson County, where red and green
shales 10 feet thick underlie the oélitic member of the Boice, is
one sample of the second condition.

The Boice shale is unconformable on the Chattanooga and seem-
ingly conformable below the Chouteau of Moore (1928) in the
area centering around the corners of Nebraska, Kansas, and Mis-
souri. In the northern part of the Salina basin the odlitic bed,
where present, is unconformably overlain by the upper member of
the Sedalia dolomite. The Boice shale, although not specifically
correlated with the Hannibal shale of Missouri, occupies the same
stratigraphic position.

ROCKS OF MISSISSIPPIAN AGE

Mississippian rocks are widely distributed in the Mississippi
Valley both at the surface and in the subsurface. Some of the
formations were deposited only in certain regions, and the areal
extent of others was restricted by erosion.. As a result the sequence
of Mississippian formations in Kansas is nowhere complete and in
different localities formations are missing from the top, middle,
or bottom of the columnar section. Some of the breaks in the forma-
tional sequence are true disconformities, but some were accom-
panied by obscure warping of so low an order that angular
unconformity can be determined only by regional studies of the
distribution and thickness of single formations and their relations
to underlying and overlying units.

Limestone and dolomite predominate in the Mississippian rocks
of the Middle West. The Mississippian of Kansas consists entirely
of limestone and dolomite, except for the Northview shale, a local
facies of the lower Sedalia dolomite in southeastern Kansas, and
some shaly beds in the St. Joe of south-central Kansas. The
Boice shale in the northeastern corner of Kansas may be of Missis-
sippian age. Shale partings of negligible thickness have been
reported between limestone beds in some formations.

The Mississippian formations represented in the Salina basin
are listed in Table 5 in descending order.
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TaBLE 5.—Mississippian formations represented in the Salina basin

Meramecian Series
Spergen limestone
[ » . .
‘Warsaw” limestone
Unconformity

Osagian Series
Burlington and Keokuk limestones, undifferentiated

Upper zone
Unconformity
Lower zone
Reeds Spring limestone
St. Joe limestone
Unconformity
Kinderhookian Series
Gilmore City limestone
Unconformity
Sedalia limestone (upper member only)
Unconformity

Rocks of Devonian or Mississippian age
Boice shale
Unconformity
Chattanooga shale

KINDERHOOKIAN SERIES

The Chouteau limestone was first described by Swallow (1855)
at Chouteau Springs, Cooper County, Missouri. The outcrops
nearest to the Salina basin are in Pettis County in north-central
Missouri. At the outcrops and in the subsurface of northeastern
Kansas, three units of the Chouteau limestone, as originally defined,
are distinguished by lithologic criteria: (1) a basal unit of relatively
pure semigranular limestone, which is essentially equivalent to the
Compton limestone of outcrops in southwestern Missouri; (2)
a middle unit, an impure sucrose gray to buff dolomite having large
amounts of uniquely characteristic chert; and (3) an upper unit,
a noncherty or sparsely cherty buff sucrose dolomite. In Miami,
Linn, and Anderson Counties in eastern Kansas the middle unit
grades southward into, and is at least a partial correlative of the
Northview silty shale of southwestern Missouri and southeastern
Kansas (Lee, 1940, p. 31).

In 1928 Moore separated the upper and middle units from the
originally defined Chouteau and applied to them the name Sedalia
limestone, and restricted the term Chouteau to the lower unit. The
upper unit of the sequence in the subsurface was considered for a
time as the Sedalia by the Missouri Geological Survey, and this
usage was followed by Lee in 1940.
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In 1943 Lee (p. 67) described the Chouteau of Moore and the
upper and lower members of the Sedalia limestone in the Forest
City basin as three members of Swallow’s original Chouteau. In the
present report these terms are used to conform with the usage
of the Kansas Geological Survey—namely, the application of Sedalia
limestone to the upper and middle units of the original Chouteau
and the restriction of Chouteau to the lower unit.

The Chouteau of Moore (1928) and both members of the Sedalia
are well developed in the Forest City basin (Lee, 1943, p. 67), but
only the upper member of the Sedalia has been recognized west of
the Nemaha anticline.

Sedalia Dolomite

The upper member of the Sedalia consists of buff to brown,
locally gray, sucrose dolomite. It is generally noncherty, but in
some wells small amounts (less than 5 percent) of chert similar
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to that in the lower member of the Sedalia have been noted in the
insoluble residues. The upper member of the Sedalia extends
westward to Smith County and southward across Saline County.
Thin outliers occur south of Saline County as shown in Figure 12A.

Unconformities occur above and below the upper member in
the Salina basin, but its more or less uniform thickness reveals that
both its upper and lower surfaces were locally exceptionally smooth
and regular. The upper member thins westward with extraordinary
regularity from Johnson County, Kansas, where it is 30 feet thick
and overlies the lower member of the Sedalia, to Smith County, 200
miles west, where it is less than 10 feet thick and overlies pre-
Chattanooga rocks. In the Salina basin it is less than 15 feet thick
except in a few wells, and in some of the outliers in McPherson
and Harvey Counties it is represented by less than 5 feet of buff
sucrose dolomite.
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The upper member of the Sedalia seems to be conformable upon
the lower member in the Forest City basin. In the Salina basin,
however, it overlaps uncomformably upon the Chattanooga shale or
the Boice shale where that formation is present, and wedges out to
the west on the Devonian.

In the Salina basin the upper member of the Sedalia is nearly
everywhere overlain disconformably by the Gilmore City limestone.
The disconformity is obscure, but it is revealed in several wells in the
Forest City basin in which the upper member of the Sedalia is
missing and the Gilmore City rests on the lower member of the
Sedalia (Lee, 1943, p. 69). In McPherson and Marion Counties
the Gilmore City rests on the Chattanooga shale where the upper
member of the Sedalia is absent. In these counties some of the
thin outliers of upper Sedalia dolomite are overlain by the St. Joe
limestone, and locally in Reno County, the Reeds Spring lime-
stone overlaps upon the upper Sedalia (Fig. 12B and cross section
B-B’ of Fig. 13).

Gilmore City Limestone

The Gilmore City was first described by Laudon (1933) at out-
crops in the vicinity of Gilmore City in central Jowa. At the out-
crops the Gilmore City is mainly pure white to gray odlitic
limestone. Laudon reports that it is “usually bedded with green
shale” and that minor amounts of blue dolomite occur at definite
horizons. The Gilmore City limestone in the subsurface, distri-
bution of which in the Salina basin is shown in Figure 124, is
similar to that of the outcrops, but it is not odlitic throughout and
is not dolomitic. It is 62 feet thick in the Seidhoff et al No. 1
Greif well in sec. 16, T. 8 S., R. 10 W., but may be thicker toward
the north. Its thickness decreases somewhat irregularly toward
the southeast; it wedges out in southern McPherson County and
parts of Harvey County.

The Gilmore City in the Salina basin is a relatively pure non-
cherty or very slightly cherty granular limestone composed of worn
fragments of finely broken fossils, with or without odlites, embedded
in a cryptocrystalline matrix. The matrix is firm in samples from
some zones but so chalky in others that except for the fossiliferous
granules the cuttings from cable tool wells are generally reduced
to calcareous mud and lost in washing. The oélitic limestone is
generally gray or white, but shades of dark gray, yellowish brown,
and buff are not uncommon, and in one well the color is pink.
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Fragments of green argillaceous shale are minor constituents of
some samples.

The most outstanding characteristic of the Gilmore City lime-
stone is the odlitic limestone. The oélites are irregularly distrib-
uted vertically, and the oélitic beds are discontinued horizontally.
Odlites are commonly encountered 25 to 35 feet above the base
of the Gilmore City, but oblitic beds occur erratically higher and
lower in the formation. The odlites are of various sizes and some
of them are irregular in shape. Most are gray but some are dark,
nearly black. Some of the oélites have black centers and some
have alternating light and dark crusts. The oglites generally have
the same color as the matrix.

The insoluble residues of the Gilmore City are so small in amount
as to be almost negligible. Chert particles derived from younger
rocks in the wells occur in the insoluble residues of some samples,
but there are also traces of indigenous vitreous chert. The char-
acteristic residues consist of loose aggregates of very fine quartz
crystals and thin finely drusy crusts and microscopic mammillary
and columnar flakes of chalcedony. Traces of spherical crusts
from partly silicified odlites are occasionally found. Residues from
wells in Saline County and northward are generally 'pale lemon
yellow, but elsewhere they are colorless.

Where the Gilmore City is thin and not oélitic it is distinguished
from the St. Joe by the darker color and argillaceous character of
the St. Joe. Although the lower part of the Reeds Spring in some
areas is a semigranular limestone not unlike the Gilmore City, the
Reeds Spring contains translucent chert, but the Gilmore City does
not.

At places along its southern margin, the Gilmore City rests
unconformably on Chattanooga shale or on outliers of the upper
member of the Sedalia dolomite. The Gilmore City is separated
by a pronounced unconformity from the overlying Osagian rocks.
In a few wells in Harvey County, as in the McBride Inc, No. 1
Friesen well in sec. 20, T. 22 S., R. 8 W., in northwestern Harvey
County, a thin bed of nonodlitic Gilmore City limestone is overlain
by dull dark earthy St. Joe limestone, which elsewhere overlies the
upper member of the Sedalia or the Chattanooga shale. Farther
north the Gilmore City is overlain by the Reeds Spring dolomite,
and still farther north by the lower zone of the Burlington—Keokuk
limestone sequence (Fig. 124, 12B).
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OSAGIAN SERIES

Osagian rocks are widely distributed in the Mississippi Valley
and are represented in the subsurface in the Salina basin. As
originally used by Williams (1891), the term Osage included only
the Burlington and Keokuk limestones of southeastern Iowa. The
term was later expanded to include the underlying Fern Glen
limestone of eastern Missouri. Some geologists include the over-
lying Warsaw limestone in the Osagian, but on account of the
pronounced unconformity at the base of the southern Kansas
“Warsaw” the writer places it in the Meramecian.

The Fern Glen is represented in southwestern Missouri by the
Reeds Spring limestone above and the St. Joe limestone below,
both of which change their lithologic character in the subsurface
toward the west. In outcrops in southwestern Missouri and in the
subsurface of southeastern Kansas the St. Joe limestone consists
of noncherty or very sparsely cherty semigranular fossiliferous lime-
stone. Toward the west, in southern Kansas, the St. Joe thickens
and some zones become argillaceous. In the area south of the
Salina basin it includes beds of calcareous green and red shale
and some reddish granular limestone.

At outcrops in southwestern Missouri the Reeds Spring consists
of dolomite interbedded with vitreous dark to almost black chert,
opaque in hand specimens but semitranslucent in small chips. In
the subsurface of southeastern Kansas the chert cuttings from wells
are dark to brownish and semitranslucent. Farther west in southern
Kansas the dolomite changes gradually to semigranular limestone
containing various amounts of semitranslucent to translucent bluish-
gray and colorless chalcedonic chert. The correlatives of both the
St. Joe and Reeds Spring thin and wedge out toward the north,
both east and west of the Nemaha anticline. Neither is present on
the crest of the anticline (Fig. 12B). The Reeds Spring limestone
overlaps northward beyond the margin of the St. Joe, and in turn
it is overlapped by the more widely distributed Burlington.

St. Joe Limestone

In the area just south of the Salina basin, in Sedgwick County,
the St. Joe limestone is 75 to 100 feet thick and consists of inter-
layered beds of noncherty semigranular limestone, argillaceous lime-
stone, and calcareous shale. Toward the north this sequence of
beds becomes thinner and more argillaceous and on the southern
border of Harvey County consists of dark argillaceous limestone,
in part earthy textured and in part dark, impure, dull, and finely
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crystalline. In Harvey County the St. Joe ranges in thickness
from 10 to 40 feet. It thins out irregularly northward in the basin
that lies between the Central Kansas uplift and the Nemaha anti-
cline, as shown on Figure 12B. The variation in thickness is due
chiefly to the unconformity at its base. The distinction between
St. Joe and Reeds Spring in most parts of southeastern Kansas is
based on the absence of chert in the St. Joe cuttings and presence
of chert in the Reeds Spring cuttings. Consequently, the sepa-
ration is arbitrary and the selected contact somewhat variable in
position. In Harvey County the argillaceous character and the
dark color of the St. Joe provide additional criteria for their differ-
entiation.

In different localities in Reno and Harvey Counties the St.
Joe is in contact with the underlying Gilmore City, the upper
member of the Sedalia, or the Chattanooga shale, on all of which
it is unconformable. Thus, in the McBride No. 1 Friesen well in
sec. 20, T. 228S., R. 3W., 5 feet of dark dense St. Joe limestone
overlies 25 feet of Gilmore City; in the Boyle Grossman Drilling
Company No. 1 Moulds well in sec. 7, T. 24 S., R. 1 W., 25 feet of St.
Joe limestone overlies 5 feet of upper Sedalia dolomite; in the
Garland et al No. 1 Cox well, in sec. 27, T. 24S., R. 1 W., 30 feet
of St. Joe overlies Chattanooga shale. The contact between St.
Joe and Reeds Spring limestones is transitional in southeastern
Kansas. In the Salina basin, it seems to be conformable, although
in Harvey County a marked lithologic break at the top of the
dark earthy limestone of the St. Joe commonly marks the contact
with the Reeds Spring,

Reeds Spring Limestone

In the part of Kansas south of the Salina basin the Reeds Spring
limestone, of late Fern Glen age, is composed mainly of semi-
granular limestone, but it includes some interbedded dolomite
and some slightly argillaceous limestone. Chert is conspicuous
throughout most of the formation; at some places, however, zones
" near the base are only sparsely cherty. The distinguishing feature
of the Reeds Spring is the translucent and semitranslucent character
of the chert. The color of the chert is variable. Shades of blue
and bluish gray predominate. Some zones are yellowish and
some are dark and brown, like the chert in the outcrops in south-
western Missouri and northeastern Oklahoma. Some of the chert
is colorless in thin chips. In drill cuttings the chert is generally
represented by smooth splinters and blocky fragments with sharp



80 Geological Survey of Kansas

flinty edges. In some zones minor amounts of opaque blocky chert
with rough surfaces accompany the semitranslucent chert. The
contact of the Reeds Spring with the Burlington is determined by
the change from the dominantly semitranslucent splintery chert of
the Reeds Spring to the dominantly opaque and semiopaque blocky
chert of the Burlington.

The distribution of the Reeds Spring in the Salina basin is shown
in Figure 12B. In this basin the Reeds Spring overlaps the St.
Joe limestone and thins to a wedge toward the north, east, and
west. It is thickest on the southern margin of the mapped area
(Fig. 12B) in northern Sedgwick County and southern Harvey
County, where it is 100 to 120 feet thick. In the area where it
overlaps beyond the St. Joe limestone its thickness is materially
reduced. In central McPherson County its thickness ranges from
30 to 60 feet, but in central Saline County its thickness in very few
places exceeds 20 feet (Fig. 13). Its presence north of Saline
County is doubtful.

The Reeds Spring is conformable above the St. Joe limestone,
but in the absence of the St. Joe it is unconformable on the older
rocks upon which it overlaps. It overlies the Chattanooga shale
in parts of Reno County and in much of Butler County. It overlies
thin outliers of the upper member of the Sedalia at a few places
in Reno County, but toward the north, in the absence of the St.
Joe, the Reeds Spring overlaps upon the Gilmore City.

The contact of the Reeds Spring with the overlying lower zone
of the Burlington—Keokuk sequence is transitional. The lack
of a clear-cut lithologic contact between them, and the irregularity
of the eroded surface at the base of the Reeds Spring where it
overlaps beyond the St. Joe account for some of the variations
in its thickness.

Burlington and Keokuk Limestones

Burlington and Keokuk limestones are widely distributed in the
Mississippi Valley both at the surface and in the subsurface, but
without the aid of fossils their differentiation in the subsurface
of the Salina basin is unsatisfactory. Moore (1928, p. 143, 207)
and Moore, Fowler, and Lyden (1939, p. 9) reported a hiatus be-
tween the Burlington and the Keokuk in outcrops in southwestern
Missouri. In the Joplin district Moore found the Burlington lime-
stone absent and the Keokuk lying disconformably on the Reeds
Spring limestone. Laudon (1939, p. 329) reports the same rela-
tions throughout northeastern Oklahoma. Lee (1940, p. 58) has



Stratigraphy and Structure, Salina Basin 81

described lithologic differences between the lower and upper
zones of the Burlington—Keokuk sequence in the subsurface of
Kansas and tentatively correlated the zones, respectively, with the
Burlington limestone and the Keokuk limestone. The variable posi-
tion of the contact between the two lithologic zones supports the con-
clusion that the upper zone lies unconformably on the lower.
Where the Burlington is absent in the Joplin area, only rocks of
the upper zone are present. In other areas both lithologic phases
occur with erratic variations in thickness. The lower zone, which
is transitional with the underlying Reeds Spring, is at least partly
of Burlington age and the upper zone at least partly of Keokuk
age. Both zones consist of cherty limestone and dolomite but they
are differentiated by the character of the chert.

Lower zone of the Burlington—Keokuk sequence.—The lower
zone is characterized by opaque chert of microscopically dense
texture, which appears in well cuttings as blocky fragments with
more or less tabular surfaces. The sequence of beds characterized
by typical white opaque chert is interrupted in some wells by zones
rarely more than 5 feet thick containing semitranslucent chert of
the Reeds Spring type. A minor amount of rough nondescript
chert is present in many samples; some chert, commonly associated
with sucrose dolomite or dolomitic limestone, shows a grainy or
stippled pattern on the smoothly broken surface; some of the chert
breaks with rough and pitted surfaces. Traces of sparsely distrib-
uted micro-organisms and spicules appear on the broken faces of
some chert fragments in the upper part of the lower zone. In-
soluble residues of samples from the lower zone reveal quartz
crystals, drusy quartz, and hackly quartz. Insoluble residues from
some dolomitic beds include dolomoldic chert.

The lower zone varies in thickness from place to place by reason
of its unconformable relation to the upper zone and its locally
obscure contact with the Reeds Spring. It is thickest in Harvey
County, where several wells penetrated more than 150 feet. It is
155 feet thick in the Rosenthal and Madison No. 1 Masters well in
sec. 24, T. 23 S., R. 3 W, but farther north it is commonly 75 to
120 feet thick, although locally it is thinner. In areas where it
overlaps beyond the Reeds Spring its thickness is commonly less
than 50 feet.

Upper zone of the Burlington—Keokuk sequence.—Most of the
chert of the upper zone is white, rough, and pitted, and breaks to
subangular fragments. Although other types of chert occur in the
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upper part of the zone, they are uncommon in the lower part.
Microfossiliferous chert similar to that in the “Warsaw” occurs in
some areas in the middle or upper part of the upper ‘zone, but it
is distinguished from “Warsaw” chert by the replacement of the
micro-organisms with glassy or transtucent chalcedony.” The cherts
of the upper zone include various amounts of siliceous aggregates
resembling tripoli, which are sometimes referred to as “cotton rock”.
Some of the “cotton rock” is firm but some is soft. The greater part
of the limestone and dolomite of the lower zone is siliceous and
when treated with acid yields soft tripolitic crumbs of “cotton rock”
that constitute a considerable proportion of the volume of the
insoluble residues. Insoluble residues of dolomitic beds contain
also dolomoldic chert. The contact between limestone with blocky
opaque gray chert of the lower zone and limestone with subangular,
rough, pitted, and tripolitic white chert of the upper zone is gen-
erally sharply marked.

In southeastern Kansas, where the Burlington limestone is absent,
an odlitic bed (probably the Short Creek oélite) occurs high above
the base of the Keokuk limestone. On the southern margin of the
Salina basin, where the upper zone of the Keokuk—Burlington
sequence is underlain by the lower zone, the odlitic bed lies at
or near the base of the upper zone. The oolitic bed was not ob-
served in the more northerly wells in the Salina basin.

The upper zone, which is bounded both above and below by
disconformities, varies greatly in thickness. In Harvey County
and northern Butler County its thickness is as much as 110 feet
locally, although thicknesses of 70 to 80 feet are more common.
It is less than 70 feet thick in most areas north of Harvey County and
is absent in some wells on the margin of the Salina basin, where
it was removed by pre-Pennsylvanian erosion. In general, the upper
zone, like the lower zone, is thinner toward the north than toward
the south, and their combined thickness where they are overlain
by the “Warsaw” is also less.

The upper zone is separated by unconformity from the overlying
Meramecian formations. In the Salina basin the upper surface of
the upper zone was one of moderate relief, but farther south, near
the Oklahoma border, the Keokuk and older rocks were deeply
eroded.

MERAMECIAN SERIES

Rocks of Meramecian age are present in widely separated areas
in the Mississippi Valley. In Kansas they consist in descending
order of the Ste. Genevieve, St. Louis, Spergen, and “Warsaw”
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limestones* and the Cowley formation. The sequence from the
“Warsaw” limestone to the Ste. Genevieve limestone occurs in the
subsurface of the deeper parts of the Forest City basin and on the
southwestern flank of the Central Kansas uplift in western Kansas.
The “Warsaw” and Spergen limestones are preserved in the central
part of the Salina basin and in other synclinal areas. All the forma-
tions of Meramecian age except the Cowley were probably deposited
throughout Kansas but were removed from anticlinal areas by the
erosion that followed the post-Mississippian deformation.
Meramecian time was preceded by an elevation of Kansas above
sea level, as a result of which the Keokuk and earlier Mississippian

rocks were deeply eroded in southern Kansas, where in some valley
areas erosion cut through the Chattanooga shale and exposed pre-

Chattanooga rocks. The relations of the early Meramecian deposits
to the Keokuk in the Salina basin reveal a dissected surface at the
base of the Meramecian, although the relief is less pronounced
than in southern Kansas. The first deposit of Meramecian age in
southern Kansas during the resubmergence of the region was the
Cowley formation (Lee, 1940, p. 66-78). In areas near the shore
line on the northern margin of the eroded basin, this formation
consists of silty and dolomitic gray and black shale, but basinward,
in southern Kansas and northern Oklahoma, it becomes less argil-
laceous and more dolomitic. The Cowley is commonly very cherty,
although the chert content differs greatly in different areas. The
chert is characterized by crowded masses of micro-organisms, but
this characteristic is less well developed in northern Oklahoma. As
the advancing sea spread out over the less deeply eroded surface
of the upland toward the north, the argillaceous and silty Cowley
sediments graded upward into the “Warsaw” semigranular lime-
stone. The Spergen limestone overlies the “Warsaw” with seeming
conformity in eastern Kansas and is followed by St. Louis and Ste.
Genevieve limestones. Neither of the latter formations has been
recognized in the Salina basin. It is probable that they were
formerly deposited but were removed by pre-Pennsylvanian erosion.

“Warsaw” Limestone

The “Warsaw” limestone in the Salina basin consists mainly of
semigranular cherty limestone, although some sucrose dolomite
occurs as the matrix cementing crystalline fragments of broken

* Rocks called Warsaw by Lee in the manuscript of this report are judged to be wholly
younger than the type Warsaw, which carries a characteristic Osagian fauna .and, as con-
firmed by recent field studies of Laudon, must be classed as upper Osagian—not lower
Meramecian. Accordingly, Lee’s Warsaw has been changed editorially to “Warsaw”.—R. C.
Moore. (Footnote, Lee, 1948)
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fossils. The chert is variable in amount but rarely constitutes
as much as 40 percent of the volume of samples. It is typically
lighter colored than the chert of the Cowley formation, and al-
though the silicified organic remains are revealed in dark patterns
against a gray matrix in some fragments, much of the microfossilif-
erous chert is entirely gray and the microfossiliferous character is
less noticeable. The silicified fossils of the “Warsaw” chert are
commonly coarser than those in the Cowley.

The maximum observed thickness of 80 feet of “Warsaw” is in
the Kinney—Coastal Oil Company No. 1 Beil well in sec. 23, T.148S,,
R. 5W. This thickness is exceptional. The “Warsaw” is com-
monly less than 50 feet thick, and it wedges out locally on the flanks
of topographically high areas of the pre-“Warsaw” surface as shown
between wells 15 and 16 of Figure 13. The great differences in
thickness are due to the unconformities at the top and bottom.
The oldest beds of the “Warsaw” seem to have been deposited in
deeply eroded areas of the Keokuk surface, and the later beds of
the “Warsaw” seem to have overlapped on higher parts of this
surface.

The “Warsaw” limestone and the overlying Spergen limestone
survived post-Mississippian erosion only in the deeper parts of the
Salina basin. They are present in the syncline between the Voshell
anticline and the Central Kansas uplift, in synclinal areas east and
west of the Halstead and Graber pools, and in the structural basin
west of the Valley Center anticline (Fig. 12B). On the flanks of
these synclines, the “Warsaw” was beveled by pre-Pennsylvanian
erosion and covered by Pennsylvanian rocks.

Spergen Limestone

The Spergen limestone is less widely distributed than the “War-
saw” in the structural basins and synclinal areas of the Salina basin.
It is composed mainly of noncherty yellowish granular limestone
with a slightly waxy luster. In some localities the limestone is
interstratified in the upper part with noncherty sucrose dolomite.
Patient examination of the granular limestones generally reveals
the presence of thinly disseminated specimens of the foraminifer
Endothyra. Insoluble residues of the dolomitic beds reveal much
silt and “spongy” masses of sponge spicules. The basal member
is generally dolomitic and silty. In wells in T. 20 and 21S,R.4W,,
the basal dolomite is 15 to 20 feet thick and includes exceptionally
large amounts of semitranslucent chalcedonijc chert, which in this
area amounts to 10 to 20 percent of the samples. This dolomitic
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member is of variable thickness and is less silty and less cherty
farther north.

The Spergen is less than 40 feet thick in most wells in which
it has been encountered. In the Auto Ordnance—Darby No. 1
Gawith well in sec. 27, T. 11 S., R. 5 W., a thickness of 99 feet
was drilled (well 5, cross section A-A’, Pl. 6), and in the absence
of lithographic limestone by which the St. Louis limestone is
commonly recognized, the entire thickness of this unusually thick
limestone is referred somewhat doubtfully to the Spergen.

The Spergen normally succeeds the “Warsaw” but where the
“Warsaw” is absent it may overlap upon the Keokuk. In the Salina
basin surviving remnants of the Spergen are everywhere uncon-
formable beneath rocks of Pennsylvanian age.

ROCKS OF PENNSYLVANIAN AGE
DESMOINESIAN SERIES

The Desmoinesian Series of Kansas was formerly divided into
the Marmaton group above and the Cherokee group below. Rep-
resentatives of the Geological Surveys of Iowa, Nebraska, Kansas,
Missouri, and Oklahoma* have agreed to divide the Cherokee into
two groups, the Cabaniss group above and the Krebs group below,
on the basis of exhaustive paleontologic and stratigraphic studies
of the outcrops. The Krebs group is capped by the Seville lime-
stone, and the Cabaniss group extends upward to the base of the
Fort Scott.t

Cherokee Group

Unfortunately, the sequence of Desmoinesian rocks below the
Marmaton contains no beds of sufficient continuity to be identified
with confidence in either well samples or electric logs, with the
possible exception of the Verdigris (formerly “Ardmore”) lime-
stone in the middle of the Cabaniss subgroup. It is necessary, there-
fore, in spite of the paleontologic and diastrophic separation of the
Krebs and Cabaniss subgroups in the outcrops, to continue the use
of the term Cherokee group in subsurface studies.

The beveled surface that resulted from the erosion of the warped
and folded Mississippian rocks was subjected to renewed folding
before the Pennsylvanian sea reached Kansas. The rejuvenated

* Searight and others, 1953, Classification of Desmoinesian (Pennsylvanian) of northern
Midcontinent, Am. Assoc. Petroleum Geologists Bull., v. 87, p. 2747-2749.

+ At a conference, Oct. 17, 1955, attended by representatives of the State Geological
Surveys of Kansas, Nebraska, Oklahoma, and Missouri and the United States Geological
Survey, the Krebs and Cabaniss groups were relegated to the status of subgroups and the
Cherokee was restored to group status at the discretion of any state.
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folding followed much the same pattern as the folding at the end
of Mississippian time, but there was some modification of earlier
folds; some structural features were not revived, and some new
features were introduced.

When Pennsylvanian sedimentation began in Kansas, movement
of the Nemaha anticline had been revived, and the region to the
east was already lower than the region to the west. In consequence,
the sea advancing from the south in both basins entered the
Cherokee and Forest City basins on the east before it submerged
the Salina basin on the west. The Nemaha anticline rose by differ-
ential movements contemporaneously with the deepening of the
basins. The Burns dome on the crest of the Nemaha anticline
was not submerged until the end of Cherokee time (Kellett, 1932).
In southeastern Nebraska the crest of the Nemaha anticline was
not covered until middle Kansas City time, when the Drum lime-
stone overlapped upon the pre-Pennsylvanian surface. (E. C. Reed,
personal communication.) The gradually rising crest of the anti-
cline, seldom very high above the adjoining basins, thus formed
a southwesterly projecting peninsula of shrinking proportions until
long after Cherokee time.

East of the Nemaha anticline, in the outcrops of southeastern
Kansas and in the subsurface, the Cherokee group consists mainly
of clastics. Light and dark shales predominate, but there is much
sandstone and micaceous sandy shale. There are many coal seams
and associated clay beds in cyclical succession, but only a few of the
coals are thick enough to mine and some are discontinuous, Thin
limestone beds were also deposited in cyclical succession, but
erosion at the end of each cycle of deposition left only separated
remnants with the exception of the Verdigris, which is generally
recognizable in the resistivity curves of electric logs in the Cherokee
and Forest City basins. It lies about 90 feet below the base of the
Marmaton group. The Seville limestone, capping the Krebs sub-
group and about 200 feet below the base of the Marmaton, is
doubtfully identified in a few electric logs, but only in the south-
eastern corner of the area.

The Forest City basin was separated from the Cherokee basin
by the Bourbon arch in early Cherokee time. Until the Bourbon
arch was submerged the deposits in the Forest City basin consisted
mainly of black shale, accompanied by some arkosic material de-
rived from Precambrian granite exposed in a small area on the crest
of the Nemaha anticline.
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The shoestring sands of the Teeters and Sallyard trends in north-
ern Greenwood County in the southeastern corner of the area are
offshore bars of seas that intermittently advanced into the Cherokee
basin (Bass, 1936.) The tops of these buried sand bars lie at depths
of 190 to 225 feet below the base of the Marmaton group. Other
shoestring sands, which seemingly accumulated in intercyclical
erosion channels, occur locally at unpredictable depths. Inter-
bedded sheet sands and irregularly disposed lenticular bodies of
sand are also present.

In the Salina basin the sandstone and coal beds so characteristic
of the Cherokee in outcrops in southeastern Kansas are not repre-
sented. Seams of black shale probably correlative with coal beds
in the Cherokee basin are recognized in the samples of some wells.
The rocks consist mainly of gray silty shale interstratified with red
shale. Toward the margin of the basin, where the Cherokee over-
lapped upon the differentially rising surface of the Central Kansas
uplift, several relatively thin beds of red shale that do not extend
far into the basin are commonly present. Each of these beds prob-
ably records a nearshore phase of a depositional cycle during which
the normal marine phase was inhibited by outwash from' the ad-
jacent land areas. Some thin beds of limestone are reported in some
wells, but on account of discontinuity or poor representation in the
logs they cannot be traced from well to well.

The Pennsylvanian basal conglomerate is well developed in most
wells in the Salina basin. It reaches a thickness of 20 to 30 feet in
many places but is not present everywhere. Extreme thicknesses
exceeding 50 feet have been drilled. The cherty basal conglomerate
is much more common in the Salina basin, where most of the
underlying rocks are cherty limestone, than in the Forest City basin,
where the widely exposed sparsely cherty or noncherty limestone
of Spergen, St. Louis, and Ste. Genevieve ages provided little ma-
terial for a cherty conglomerate. ‘

In drillers logs and in many sample logs it is impossible to differ-
entiate the Pennsylvanian basal cherty conglomerate from Mis-
sissippian chert that weathered in place. Wave action and currents
during gradual submergence tend to remove residual debris from
topographic crests and redistribute it in channels and basins. The
top of the basal conglomerate, therefore, presents a more nearly
Jevel surface and consequently a more useful surface in the study
of structural deformation than the actual, more irregular surface
of the Mississippian. The thickness of the Mississippian and the
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thickness of the lower Pennsylvanian rocks have therefore been
measured from the top of the chert-bearing beds or coarse clastic
(basal Pennsylvanian) rather than the top of the true Mississippian
surface. This procedure, although not stratigraphically accurate,
has the advantage of consistent application, and it is to be under-
stood that references to the thickness of the lower Pennsylvanian
rocks exclude the cherty basal Pennsylvanian conglomerate.

In the drillers logs of old wells chert is consistently reported as
sand. Beds of “sand” in the position of the basal conglomerate
have been assumed to represent chert in some old well logs. The
elimination of these doubtful beds from the Cherokee and their
inclusion in the Mississippian may have introduced minor errors in
the thickness maps where dependence on old drillers logs has been
necessary.

East of the Nemaha anticline the Cherokee is 490 feet thick in
T. 218, R. 16 E,, at the northern end of the Cherokee basin; it
thins to 385 feet on the Bourbon arch in sec. 23, T. 18 S., R. 10 E.,
and thickens again to 820 feet in the deepest part of the Forest
City basin in sec. 33, T. 1S., R. 16 E.

In the deepest part of the Salina basin, in sec. 34, T.2S., R. 11 W.,
the Cherokee is only 240 feet thick, but in T. 18S., R. 4 W., on the
saddle separating the Salina basin from the Sedgwick basin it is
105 to 115 feet thick. It is missing on the crest of the Nemaha
anticline north of T. 8 S., is 10 feet thick in sec. 32, T.8 S, R. 9 E.,
and increases in thickness irregularly southward along the crest to
45 feet in sec. 23, T. 17 S., R. 7 E., and to 70 feet in sec. 30, T. 25 S.,
R. 5E,, but it is missing on structural and topographic highs.

The Cherokee is separated from the Mississippian limestones
by a marked unconformity, but it is essentially conformable with
the overlying Marmaton group.

Marmaton Group

The formations of the Marmaton group, named in Table 6 in
descending order, have been differentiated and described in out-
crops in southeastern Kansas (Jewett, 1945). The range and aver-
age thickness of each in southeastern Kansas have been reported
by Moore and others (1944, 1951). The thicknesses in southeastern
Nebraska are reported by Condra and Reed (1943).

The Marmaton group consists of a sequence of limestone and
shale formations. The limestone formations are interstratified with
shale members, and the shale formations include some sandstone
and, locally, thin limestone beds. In the outcrops black shale
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TaBLE 6.—Sequence and thickness of formations of the Marmaton group

Range Average

in thickness thickness in Subsurface
in outcrops outcrops in thickness in
in southeastern southeastern southeastern
Kansas, feet Kansas, feet Nebraska, feet
Marmaton group
. Holdenville (Memorial) shale. . ... 0-30 10 missing
Lenapah limestone 12 missing
Nowata shale .................. 18 10
Altamont limestone . 19 20
Bandera shale .. .. ... .. 35 55
Pawnee limestone . . .. . 30 19
Labette shale .................. 50 25
Fort Scott limestone 33 36
Total ....................... 207 165

Cherokee group

and thin coal beds occur in all formations below the Altamont.
Some thin beds of red shale are interbedded in the limestone
formations in the subsurface, but the red shales lack continuity
over broad areas and probably represent weathering during inter-
cyclical exposure.

The sequence of formations can rarely be determined accurately
from drillers logs or sample logs of rotary wells, but are generally
revealed in electric logs. From the outcrops in southeastern Kan-
sas the shale beds thin toward the north and west in the subsur-
face. Intercyclical erosion locally modified the thickness of the
limestone formations. In outcrops in northeastern Kansas and
in the subsurface on the margins of the Salina basin, pre-Mis-
sourian erosion removed the Lenapah and associated shale forma-
tions. In the subsurface the sequence of Marmaton formations is
generally complete except for the local absence of the Lenapah
limestone. All of the formations extend in outcrops into northern
Oklahoma.

In the central part of the Salina basin the electric log of the
Carter No. 5 Exploration well in sec. 5, T. 5S., R. 10 W., reveals
the following sequence:

Top of Marmaton group at a depth of 3028 feet

Holdenville shale .............. missing
Lenapah limestone . . 22 feet
Nowata shale ....... 15 feet
Altamont limestone 15 feet
Bandera shale ................ 10 feet
Pawnee limestone ............. 20 feet
Labette shale ................. 20 feet
Fort Scott limestone............ 25 feet
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The place normally occupied by Holdenville shale is probably
taken by 28 feet of Pleasanton shale. The sandstone members
of the Marmaton shale formations that provide reservoirs for oil
and gas in the Forest City and Cherokee basins (the “Peru sand”
of the Labette shale, the sandstone in the Bandera shale, and the
“Wayside sand” of the Nowata shale), and which are discontinuous
in eastern Kansas, are not represented west of the Nemaha anti-
cline in the Salina basin area. The sandstone beds of the Ban-
dera shale formation locally become so calcareous as to be in-
distinguishable from limestone in electric logs, and in some areas
probably grade into limestone. The electric logs reveal discon-
tinuous limestone lentils or calcareous zones in the shale formations
of the Marmaton to the confusion of local correlations. The Holden-
ville shale (formerly Memorial shale) is indistinguishable from
the Pleasanton shale unless the latter includes at its base a recog-
nizable sandstone formation. Where the sequence between the
Lenapah and the base of the Kansas City group is thin, the Holden-
ville shale has probably been removed by pre-Missourian erosion.

The thickness of the Marmaton group differs from place to place
and in general is responsive to contemporary regional structural
movements. East of the Nemaha anticline the succession from
the top of the Lenapah to the base of the Fort Scott thins toward
the north from 210 feet in sec. 30, T. 29S., R. 8 E., to 155 feet in
sec. 21, T. 7 S., R. 13 E. In the Salina basin, in sec. 5, T. 5 S.,
R. 10 W,, the sequence including the four limestone formations
is 127 feet thick. It becomes thinner on the contemporaneously
rising flanks of the basin where it overlaps upon the pre-Pennsyl-
vanian rocks. In sec. 10, T. 4 S., R. 7 E., the upper 35 feet of the
Marmaton overlaps upon 35 feet of Pennsylvanian basal con-
glomerate on the west flank of the Nemaha anticline.

The Marmaton is thinner on the crest of the Nemaha anticline
than in the adjoining basins, and like the Cherokee it thickens
southward along the crest from 70 feet in sec. 6, T. 11 S., R. 10 E,,
to 155 feet in sec. 14, T. 20 S., R. 7 E. The data reveal that there
was general but locally irregular thinning from south to north in
the basins as well as along the crest of the Nemaha anticline.

MISSOURIAN SERIES

The Missourian Series is separated from the Desmoinesian Series
by an unconformity and by a faunal break. The unconformity was
marked by erosion of the upper Marmaton beds and by the develop-
ment of channels, which were later filled by sandstone deposits.
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The subordination of the Bronson rocks by which they were re-
classified as a subgroup of the Kansas City group was agreed upon
at a four-state nomenclature conference of the state geologists of
Kansas, Nebraska, Iowa, and Missouri held in Lawrence May 5,
1947. The term Bourbon shale was abandoned in favor of the
older equivalent term, Pleasanton group.

The Missourian Series has been divided into the following groups,
listed in descending order: Pedee, Lansing, Kansas City (Zarah,
Linn, and Bronson subgroups), and Pleasanton.

Pleasanton Group

Four formations of the Pleasanton group, named in descending
order in Table 7, have been differentiated in outcrops in south-

TaBLE 7.—Sequence and thickness of formations of the Pleasanton group

Average thickness in
eastern Kansas, feet

Pleasanton group

Knobtown sandstone and shale...................... 30
Unnamed shale ........... ... ... .. ... .. ......... 60
Checkerboard limestone (southeastern Kansas only) . . ... 2
Hepler sandstone .................c.iiiii... 10

Total ... ... 102

eastern Kansas. The average thicknesses of the formations in
eastern Kansas have been reported by Moore and others (1944,
1951).

The Hepler sandstone was deposited in channels and basins
eroded in the upper formations of the Marmaton group. On
account of the unconformity, the Hepler sandstone and the over-
lying shale are of variable thickness and character in eastern Kan-
sas. The positon of the Knobtown sandstone of Linn and Bourbon
Counties is occupied farther south by thin beds of dense blue
limestone alternating with thin beds of black shale (Moore, Frye,
and Jewett, 1944, p. 195). Sandstone has been traced westward
" by well samples to the crest of the Nemaha anticline in T. 18 S, R. 5
E. on the line of cross section X-X' (well 44, P1. 11). Westward from
this point red shale and gray silty shale, in part finely micaceous,
occupy its stratigraphic position. Some black shales and dark
shales are locally interbedded with lighter-colored shales. The
red shales were probably deposited during submergence after
periods of weathering and exposure.

In the Salina basin the Pleasanton shale cannot be separated from
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the Holdenville shale, although it is probable that its initial deposit
was the red shale observed in the samples of many wells. The
Holdenville—Pleasanton beds are 20 to 40 feet thick in McPherson
County, and in the deepest part of the Salina basin are 15 to 40
feet thick. The sequence is 20 feet thick on the northeastern side
of the Salina basin in sec. 1, T. 1 S., R. 2 E., and even less on the
southwestern side, where it wedges out in overlap upon the pre-
Pennsylvanian surface on the Central Kansas uplift.

On the crest of the Nemaha anticline the Pleasanton is thin or
absent. The thickness of the Pleasanton group, although con-
trolled locally by movements of such structural features as the
Nemaha anticline, the Salina basin, and the Central Kansas uplift,
increases regionally toward the southeast and shows a definite
relation to the regional deformation of the Ouachita basin.

Kansas City and Lansing Groups

The Kansas City and Lansing groups, which consist of alternating
shale and limestone, were deposited in sequence above the Pleas-
anton group with cyclical interruptions. The cyclical periods of
exposure, during which minor channeling and erosion occurred,
were not infrequent, and each exposure reduced in some degree
the thickness of the deposits of the preceding cyclothem. The
initial clastic deposit of the following cyclothem, for the most part
shale, leveled off the surface in most areas before the limestones
of the new cycle were deposited.

The Kansas City and Lansing groups are composed dominantly
of limestone formations. In the outcrops of southern Kansas some
of the limestone formations grade into or interfinger with contem-
poraneously deposited shale and sandstone. Some of the lime-
stone beds, however, have been traced into Oklahoma. Many of
the formations are convenient lithologic groupings of beds without
regard to the cyclothems involved. The cyclothems are commonly
separated from each other by obscure disconformities within the
shale formations (Moore and others, 1951, p. 92-93).

Most of the formations referred to as limestones include shale
members of various thicknesses, some of which have character-
istics recognizable in outcrops throughout extraordinarily broad
areas. In the outcrops the limestone beds display faunal, lithologic,
and weathering characteristics by which they are commonly rec-
ognized. Most of the distinctive features of color, weathering,
jointing, faunal content, and texture, however, cannot be deter-
mined in cuttings taken from wells. The identification of formations
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in sample logs is in consequence dependent upon the sequence of
limestone beds and upon the thickness of shale between them,
confirmed by fusulines, oélites, and cherts of some limestones, and
by the regular occurrence of black, red, olive-colored, and sandy
shale units having the rank of members and formations. Unfor-
tunately none of these characteristics can be relied upon with
certainty over very broad areas. Both odlites and chert are variable.
Algal limestones include oélites in some areas but not in others.
Chert is a more or less constant constituent of some limestones in
certain areas but is unrecognizable or absent in other areas from
beds ordinarily cherty; on the other hand, chert has been found
in almost all the limestones at some place in the subsurface. Fusu-
lines are widely distributed but because of their abundance are
not very useful as lithologic features, and in samples from rotary
wells they have only slight usefulness, because of uncertainty of
the source.

Electric logs provide an invaluable means of correlation, but in
some areas the orderly sequence of formations is so interrupted by
intercyclical erosion that correlation of some limestones from well
to well is difficult, especially west of the Nemaha anticline where
the intercyclical shales are thin.

Kansas City Group

The formations of the Kansas City group listed in descending
order in Table 8 have been differentiated in their outcrops in
eastern Kansas. Detailed descriptions of the formations and their
thickness in the outcrops have been reported by Moore and others
(1944, 1951) in Kansas, and by Condra and Reed (1943) in south-
eastern Nebraska.

Samples from the subsurface lack the visible characteristics that
distinguish the weathered outcrops; therefore the formations ap-
pear as a somewhat monotonous alternation of limestone and shale;
the principal characteristics shown by the subsurface samples are the
thickness and order of deposition. In most of the area the shales
are considerably thinner than in the outcrops, a fact that increases
the difficulty of separating the limestone formations in sample logs.

The Kansas City and Lansing formations as represented in sample
logs of wells west of the Nemaha anticline seem to consist almost
entirely of limestone, but electric logs reveal thin shale beds repre-
senting the shale formations and members of the outcrops. Many
of the limestone members seem thicker in the subsurface than in
outcrops, owing perhaps to the representation in electric logs of
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TaBLE 8.—Sequence and thickness of formations of the Kansas City group

Average
Range of thick-  thickness
ness in outcrops in outcrops Thickness in
in southeastern in eastern southeastern

Kansas, feet Kansas, feet Nebraska, feet

Kansas City group
Zarah subgroup

Bonner Springs shale. ........... 0-60 20 6-8
Wyandotte limestone ........... 0-75 50 3044
Lane shale .................... 15-105 50 17-18
Linn subgroup
Iola limestone ................. 0-30 12 3-12
Chanute shale ................. 12-165 75 14-16
Drum limestone ................ 0-60 9 8-9
Cherryvale shale
Quivira shale member......... 3-11 7 6-14
Westerville limestone member.. 1-16 8 17-18
Wea shale member. . ......... 15-35 25
Block limestone member. . . . ... 3-8 4 14-30
Fontana shale member. ... .... 5-25 - 15
Bronson subgroup
Dennis limestone ............... 2-60 40 21
Galesburg shale ................ 3-75 35 8
Swope limestone ............... 0-35 23 22
Ladore shale .................. 2-50 20 5
Hertha limestone ............... 0-30 16 5
Total ...................... 409 203

the calcareous shales of the weathered outcrops as dense argilla-
ceous limestones.

The Hertha limestone at the base of the Kansas City group is
easily recognized in the electric logs of wells in the Cherokee and
Forest City basins from its occurrence directly above the long shale
sequence of the Holdenville shale and the Pleasanton group. It
is absent from some wells on the crest of the Nemaha anticline,
but it reappears farther west. In electric logs in the Salina basin
and on the flanks of the Central Kansas uplift where the Pleasanton
is thin, it is difficult to distinguish the basal formation of the Kansas
City group from the limestones and calcareous shales at the top
of the Marmaton group. It is probably absent from much of the
Salina basin where the Swope limestone seems to be the basal
formation.

In many wells red shale in the Pleasanton group is locally a guide
in identifying the Hertha, but on the flanks of the Central Kansas
uplift red shale occurs also above the Hertha as outwash from
pre-Pennsylvanian rocks exposed on the broad crest of the Central
Kansas uplift. In doubtful areas, the Hertha can be most confidently
identified in electric logs by carrying the contact step by step
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F1c. 14.—Map of parts of Chase, Lyon, and Greenwood Counties and cross sections showing pre-Bonner Springs erosion and pre-Lane erosion

by data from electric logs.

Map shows topographic relief of pre-Bonner Springs surface by 50-foot and 25-foot contours.

Cross sections of Lansing

and Kansas City groups of Missourian Series on lines A-B, C-D, and C-E show topographic relief of pre-Bonner Springs and pre-Lane surfaces. Cor-
relation on the top of Hickory Creek shale member of Plattsburg limestone.

group
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westward from areas in which it is clearly revealed and cross
checking with electric logs to the north and south.

The Swope and Dennis limestone formations are confidently
recognized once the base of the Kansas City is established, but
the overlying Winterset, Drum, Iola, and Wyandotte limestones
are likely to have been affected by intercyclical erosion. The Drum
and Westerville limestone members of the Cherryvale formation are
considerably thicker in the subsurface than in the outcrops, and in
most of the area constitute almost the whole of the Cherryvale.
The Block limestone, if represented, forms a part of the Westerville
limestone member.

Intercyclical erosion—The relation of the Lane and Bonner
Springs shale formations to the underlying formations is illustrated
graphically by the cross sections based on electric logs shown in
Figure 14. A cycle of deposition was completed after the deposi-
tion of the Iola limestone (Moore and others, 1951, p. 92). The
region was elevated, dissection set in, and erosion removed part or
all of the Iola in broad open valleys to a depth of 40 feet, as shown
by wells 8 and 4 of cross section A-B and well 4 of cross section C-D
(Fig. 14).

The first deposits of the next cyclothem, the Lane shale, tended
to level off the dissected surface, and after filling the eroded basins
overlapped upon the undissected or partly dissected upland areas,
where shale was deposited to a depth of 5 to 15 feet.

After the deposition of the Wyandotte limestone the region was
again raised above sea level. At this time, the elevation was high
enough and the exposure was long enough to develop topographic
relief of considerable magnitude and to carve out valleys at least
175 feet deep (well 13 of cross section C-D, Fig. 14).

As the region again settled below sea level, the first clastic de-
posits of the next cycle again filled the eroded areas and distributed
shale to a depth of 5 to 30 feet across the upland areas. At well 6,
and to a lesser degree in wells 4 and 5, the filling of a tributary,
valley by shale was incomplete. As a result, the limestone mem-
bers of the overlying Plattsburg limestone accumulated to abnormal
thickness. It seems probable that the surface of the basin at this
point was not completely leveled until the deposition of the Vilas
shale, for correlation on the Vilas shale eliminates the apparent

- anticline at the base of the Hertha limestone.

The inset map (Fig. 14) is based entirely on the interpretation
of available electric logs and is designed to show by 50-foot con-
tours the approximate topography of the pre-Bonner Springs surface.
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The wells of the cross section and map are correlated on the
Hickory Creek shale member of the Plattsburg limestone, the first
post-Bonner Springs datum that is approximately level in this area.

South of the area of the inset map the Wyandotte, Iola, and even
older limestones were generally eroded. Toward the northeast
electric logs reveal local pre-Bonner Springs valleys of less relief.
Minor increases in thickness of shale members at the expense of
the underlying limestone occur in the Wyandotte and in the Cha-
nute formation. The cross sections of Figure 14 show also the ir-
regular surface of the Stanton limestone as a result of post-Lansing
erosion.

In the center of the Salina basin in sec. 5, T. 5S., R. 10 W., the
electric log of the Carter Exploration well reveals the following se-
quence of the Kansas City group:

Thickness, Thickness,
eet feet

Kansas City group

Bonner Springs shale.................. ... .. ... ... 5
Wyandotte limestone .................... ... .. ... . 50
Lane shale ......... ... ... ... ... ... ......... 15
Tola limestone ...................................
Cherryvale shale (mainly Westerville limestone) . . . . . .. 65
Dennis limestone ........................... ... ..
Galesburg shale ................................. 5
Swope limestone . .............. .. ... . ... . ... .. ... 15
Pleasanton shale .............. ... .. .. .. .. ... .. . ... 28
Total ... .. .. 235 28

The lower formations of the Kansas City group overlapped upon
the flank of the contemporaneously rising Central Kansas uplift
and Nemaha anticline. Parts of the uplift received no Kansas City
limestones older than Winterset, and parts none older than Drum.

The shale formations of the Kansas City, not only in the area of
the cross section but also throughout the area, are much thinner
than in the outcrops farther east, except under conditions of deep
intercyclical erosion. Variations in the thickness of limestones are
no doubt due in part to the vagaries of deposition in a vast area,
possibly in part to local reefs, and in part to accumulation in de-
pressed areas of the bottom as suggested by cross section C-D.
Thinning of limestones where accompanied by increased thickness
of overlying shale, however, as at the base of the Vilas shale, at
the base of the Island Creek shale member of the Wyandotte, and
in the Cherryvale formation, is attributed to intercyclical erosion.

Intercyclical erosion is not commonly noted in the outcrops,
partly because so many of the erosion surfaces that were developed
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between cyclothems were cut in the midst of a shale section and
partly because the first deposits of relatively few cycles of deposition
were composed of sand or coarse clastics. :

Like the other Pennsylvanian groups, the Kansas City group thins
northward. It is 350 feet thick in the Ellis No. 3 Barngrover well
in sec. 7, T. 23S., R. 15 E., in the northern end of the Cherokee
basin, and 260 feet thick in the Carter No. 4 Exploration well in sec.
24 T. 48S., R. 16 E. West of the Nemaha anticline it thins from
325 feet in the Anschutz No. 1 Schrag well in sec. 27, T. 19S., R.
4W., on the saddle between the Salina basin and the Sedgwick
embayment, to 235 feet in the Carter No. 5 Exploration well in sec.
5, T.5S., R. 10W,, in the deepest part of the Salina basin.

Lansing Group

The formations of the Lansing group are listed in descending
order in Table 9. Detailed descriptions of the formations and their

TaBLE 9.—Sequence and thickness of formations of the Lansing group

Average
Range of thick- Average thick- thickness
ness in eastern ness in eastern  in southeastern
Kansas, feet Kansas, feet Nebraska, feet
Lansing group
Stanton limestone . . . ... 10-90 42 32
Vilas shale ............ 15-90 20 11
Plattsburg limestone . ... 0-100 23 10
Total .............. 85 53

thickness in outcrops in eastern Kansas have been reported by
Moore and others (1944, 1951) and in southeastern Nebraska by
Condra and Reed (1943).

Both the Stanton and the Plattsburg have been traced in outcrops
into southern Kansas., They were deposited throughout the Salina
basin area and can be recognized in the electric logs although their
thicknesses vary considerably. The Plattsburg in outcrops consists
of two limestone members, the Spring Hill above and the Merriam
below, separated by the Hickory Creek shale member. These mem-
bers are represented in all the electric logs. The Spring Hill lime-
stone is commonly less than 10 feet thick and in many places is less
than 5 feet thick. In some areas the thickness of the Plattsburg in-
creases locally to more than 50 feet, as in well 6 of cross section
A-B of Figure 14, where the Spring Hill limestone member increases
from less than 20 feet to more than 40 feet. The Hickory Creek

4—4029
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shale maintains a more or less uniform thickness of 5 to 10 feet,
although it is scarcely recognizable in a few electric logs.

The Plattsburg in the outcrops generally includes oélitic beds, but
oolitic limestone is not present in the Salina basin. The black
Hickory Creek shale member, distinct in the outcrops of the Platts-
burg, is recognized in the samples of some wells in the Salina basin.

The Vilas shale contains sandy beds and some sandstone in out-
crops along Kansas River, but westward in the subsurface the Vilas
is thin and contains no sand, although it is locally silty. Red shale
is present in the Vilas in some wells. In the Salina basin the thick-
ness of the Vilas does not exceed 10 feet and is generally much less,
although it increases locally at the expense of the Plattsburg.

The Stanton limestone formation consists of five members, three
limestone beds interstratified with two shale members, of fairly
regular thickness and distribution, except the upper limestone mem-
ber. Neither chert nor oélite is reported from the outcrops, al-
though the lowest limestone member is siliceous. In the subsurface
of the Salina basin, however, the Stanton is generally either cherty
or oolitic, but neither chert nor oélite has been recognized in every
well. The lower shale member of the Stanton, the black fissile
Eudora shale, is a good datum in eastern Kansas, both in the out-
crops and in the subsurface. In the Salina basin it has been identi-
fied in the samples of some wells. The South Bend limestone mem-
ber at the top of the formation is of exceptionally variable thickness
in many places, owing to an unconformity at the end of Missourian
time. The accompanying erosion thinned or removed the South
Bend limestone in many localities, but at very few places cut into
the older members at the base of the formation. In parts of the
area, notably in Dickinson and Marion Counties, the South Bend
limestone, ordinarily less than 10 feet thick, is 20 to 30 feet thick
where not eroded, and the underlying Rock Creek shale, elsewhere
less than 5 feet thick except in a few places, is locally 20 feet thick.

These variations increase the thickness of the Stanton, the upper
formation of the Lansing group, from a normal 20 to 30 feet to as
much as 75 feet where post-Missourian erosion has not thinned the
upper beds. Cross section A-B of Figure 14 shows abnormal dep-
ositional thickening of the Stanton as well as thinning due to
erosion.

Erosion of the upper part of the Stanton brought about much
topographic relief locally. In such areas the top of the Lansing
cannot be regarded as a trustworthy datum for detailed contouring,
although it is a convenient reference point.
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The regularity and consistent expression of the Lansing forma-
tion contrasts strikingly to the irregular distribution and thickness
of the underlying Wyandotte and Iola limestones. Like other
groups, the Lansing thins northward and westward. Where all
members are present east of the Nemaha anticline the thickness of
the Lansing decreases from 135 feet in the Ohio No. 23 Atyeo D
well in sec. 31, T. 21 S., R. 10 E., to 70 feet in Carter No. 4 Explora-
tion well in sec. 24, T. 4 S., R. 16 E. West of the Nemaha anticline
the same sequence thins northward from 50 feet in the Anschutz No.
1 Schrag well in sec. 27, T. 19 S., R. 4 W., to 40 feet in the Carter
No. 5 Exploration well in sec. 5, T. 5 S., R. 10 W., in the central
part of the Salina basin.

_ Pedee Group
The formations of the Pedee group recognized in outcrops in
northeastern and southeastern Kansas are listed in descending order
in Table 10. The thickness and character of the formation in Kan-

TaBLE 10.—Sequence and thickness of formations of the Pedee group

Range of Range of
thickness in thickness
outcrops in eastern in southeastern
Kansas, feet Nebraska, feet
Pedee group
Tatan limestone ................. .. 0-22 0-9
Westonshale .................. ... 0-200 0-50

sas have been reported by Moore and others (1944, 1951) and in
Nebraska by Condra and Reed (1943).

The Weston shale, which overlies the Stanton limestone in
probable conformity, consists of dark-bluish to bluish-gray shale
that contrasts with the generally yellowish sandy shale of the un-
conformably overlying Douglas group. At least 200 feet of Weston
shale occurs at outcrops in southeastern Kansas and about 100
feet in northeastern Kansas, but in Douglas and Leavenworth
Counties and elsewhere the Weston shale was eroded during the
hiatus between the Missourian and Virgilian Series. The distri-
bution of the Iatan limestone is even more restricted. It has not
been identified in the subsurface far from its outcrops in north-
eastern and southeastern Kansas.

The Weston shale is reported in the subsurface of Woodson
and Greenwood Counties by Kellett (1932). It may be repre-
sented as shown in wells 44, 45 and 46 of cross section X-X'
(PL 11) by the shale below the Tonganoxie sandstone of the Doug-
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las group. It thins westward from the outcrops and is probably
absent throughout the Salina basin.

During the hiatus between the Missourian and Virgilian Series
there was widespread and deep erosion, which in many areas ex-
posed the Stanton limestone without, however, cutting much below
the South Bend limestone member at its top. The regional topo-
graphic relief of the pre-Virgilian surface between southeastern
Kansas, where 200 feet of Pedee rocks survived, and areas in which
the Stanton was exposed was not less than 200 feet.

.. VIRGILIAN SERIES

The Virgilian Series is divided into the following groups, listed
in descending sequence: Wabaunsee, Shawnee, and Douglas.

The hiatus that separates the Missourian and Virgilian rocks
was accompanied by low regional warping and regional subsidence
toward the southeast, as indicated by a westward and northward
convergence of the Stanton limestone and the base of the Oread
limestone.

Douglas Group

The formations of the Douglas group, represented in outcrops
in eastern Kansas, are listed in descending order in Table 11.

TaBLE 11.—Sequence and thickness of formations of the Douglas group

Range of thick- Range of thickness
ness in eastern in southeastern
Kansas, feet Nebraska, feet
Douglas group
Lawrence shale ................. 40-175 19-42
Stranger formation .............. 40-220 17-24

The range of thickness in outcrops in eastern Kansas is reported
by Moore and others (1944, 1951) and in southeastern Nebraska
by Condra and Reed (1943).

The Stranger formation in the outcrops consists of yellowish-
gray shale and sandstone and includes one or two limestone mem-
bers in the upper part. The Stranger formation is thickest in places
where the Pedee was deeply eroded or entirely removed. The
lower part includes the Tonganoxie sandstone member, which is
irregular in distribution and character. The Tonganoxie sandstone
is absent in some places and in others has a thickness of as much
as 90 feet. The Haskell limestone member, in the upper part of
the Stranger formation above the Tonganoxie sandstone, is in places
as much as 10 feet thick, but it is generally thinner. The Haskell
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limestone is very persistent, but the interval between this lime-
stone and the base of the Shawnee group above is so variable that
the Haskell seems to have been deposited on an uneven surface.
The Haskell limestone, in consequence, is an untrustworthy datum
for detailed contouring.

In outcrops the Lawrence shale consists chiefly of blue-gray
and yellowish shale, but it includes a thin discontinuous limestone
member (Amazonia limestone) near the top and the tan Ireland
sandstone member, of irregular thickness and distribution, at its
base. An unconformity of considerable erosional relief separates
the Stranger formation and the Lawrence shale. The thickest de-
posits of Ireland sandstone lie in deeply eroded areas of the Stranger
formation; in some places the base of the Ireland reaches below
the Haskell limestone and is even in contact with the Tonganoxie.
A very persistent bed of red shale near the top of the Lawrence
shale is widely distributed in outcrops in eastern Kansas and south-
eastern Nebraska. In the subsurface it extends into western Kan-
sas, where it persists although all other parts of the Lawrence shale
have wedged out. It seems to be the first deposit of a cyclothem
that includes the basal members of the Oread limestone, the first
formation of the Shawnee group.

The Tonganoxie sandstone occurs mainly in the Forest City
basin area east of the Nemaha anticline and fingers out on the
margin of the basin. It is doubtful whether it is represented in
the Salina basin. In McPherson and Marion Counties the greater
part of the Stranger formation is made up of Ireland sandstone,
which is locally more than 150 feet thick (Kellett, 1932). The
Ireland sandstone thins out toward the northwest. In the Salina
basin, sandstone beds are uncommon in the Douglas group north
of Saline County.

On the western flank of the Nemaha anticline as far south as
Riley County two to five limestone beds 5 to 20 feet thick are
interstratified with Douglas shale, which in this area is 75 to 90
feet thick. The most persistent of these limestones lies near the
base of the Douglas group 5 to 20 feet above the South Bend lime-
stone member of the Stanton formation. It is revealed by electric
logs throughout much of the Salina basin, where it is 10 to 20
feet thick, but it has not been reported in outcrops. It might
plausibly be regarded as a part of the Lansing group except that
the top of the Lansing has been placed at the top of the Stanton.

The Douglas group, combined with remnants of the Pedee
Weston shale, thins northwestward from 275 feet in the K & E
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Drilling Company No. 2 Mohr well in sec. 29, T. 20 S., R. 10 E,,
to 5 feet in the Texas Company No. 1 Armstrong well in sec. 2,
T.5S, R 18 W.

Deformation along the east flank of the Nemaha anticline is
revealed by the abrupt thinning of the sequence between the top
of the Stanton and the base of the Oread limestone. In a distance
of 2% miles the sequence decreases from 185 feet in the Amerada
No. 1 Elizabeth Enlow well in sec. 4, T. 11 S., R. 10 E., to 150 feet
in the Amerada No. 1 Mertz well in sec. 6, T. 11 S., R. 10 E., near
the crest of the anticline. West of the crest the section continues
to decrease to 120 feet in T. 10 S., R. 9 and 8 E. In the deepest
part of the Salina basin, still farther west in T. 2 S., R. 11 W., the
section is only 10 feet thick. The data seem to indicate that there
was uplift west of the east flank of the Nemaha anticline but little
or no arching of the crest, and at the same time a regional tilt
toward the southeast, hence less shale deposition on the rising
area toward the northwest.

Shawnee Group
The formations of the Shawnee group are listed in Table 12 in
descending sequence. The thicknesses of the formations at out-
crops in eastern Kansas are reported by Moore, Frye, and Jewett
(1944, p. 177-182) and Moore and others (1951). The thicknesses

in southeastern Nebraska are reported by Condra and Reed (1943,
p. 46-49).

TaBLE 12.—Sequence and thickness of formations of the Shawnee group

Range of thick-  Average thick- Thickness in
ness in outcrops  ness in outcrops outcrops in
in eastern in eastern southeastern
Kansas, feet Kansas, feet Nebraska, feet
Shawnee group
Topeka limestone ............. 33-55 35 27-40
Calhoun shale ................ 10-45 30 2%
Deer Creek limestone.......... 20-80 40 29-32
Tecumseh shale .............. 65-12 35 32-50
Lecompton limestone .......... 30-50 34 30-36
Kanwaka shale ............. .. 40-15 80 7-37
Oread limestone .............. 52-100 70 47-54

..................... 324 Aver. 212

The formations referred to as limestones are convenient group-
ings of limestone beds separated by thin shales without regard to
division into cyclothems. The formations, all of which have been
traced in outcrops across the state from Nebraska to Oklahoma,
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vary considerably in thickness. The thicknesses of the individual
limestone and shale members of the formations also differ from
place to place, and abnormally thin limestones in local areas are
generally overlain by thick shales.

Samples of the limestones from wells do not present any dis-
tinguishing lithologic characteristics. Each limestone of formational
rank includes one or more algal members, some of which are
odlitic in outcrops, but oélites are infrequently recognized in the
well samples. Also, each limestone of formational rank includes a
bed of black shale. Parts of the Oread and Topeka limestones are
cherty in the outcrops, but all the limestones are cherty at some
points in the subsurface. All the limestone formations include one
or several members containing fusulines.

All the shale units that are formations include sandstone and
sandy shale at the outcrops. In the subsurface, sandstones and
sandy shale occur intermittently in the Calhoun, Tecumseh, and
Kanwaka shales as far west at T. 1 W. Farther west none of the
shale units of formation rank is more than 10 feet thick, and in some
wells they cannot be recognized in the samples, although thin
shale beds are revealed by electric logs. In the absence of con-
spicuous shale units, it is difficult to identify, in the subsurface, the
limestone formations defined at the outcrops.

In electric logs, the Oread limestone formation at the base of the
Shawnee is one of the most distinctive and most easily identified
Pennsylvanian formations. Although the Oread includes all or
parts of 4 cyclothems (Moore and others, 1951, p. 7 C), all the
members of the Oread are represented throughout the area.

The black fissile Heebner shale member, near the middle of the
formation, is the most distinctive datum in the Pennsylvanian sys-
tem. Its thickness ranges from less than 1 foot to more than 10
feet. It is underlain by the thin Leavenworth limestone, the Sny-
derville shale, and the Toronto limestone members. In places,
especially toward the west, the Snyderville, ordinarily 10 to 15 feet
thick, attains a thickness of 50 feet or more. Where the underlying
Douglas shale is thin and the Snyderville is thick, the Toronto lime-
stone has occasionally been misidentified as Haskell limestone. The
thick Plattsmouth limestone overlies the Heebner. The Heumador
shale and the Kereford limestone overlie the Plattsmouth; the Kere-
ford varies considerably in thickness, probably as a result of inter-
cyclical erosion.

The Clay Creek limestone member of the Kanwaka shale for-
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mation is an argillaceous limestone 5 feet thick in outcrops. It
seems to increase in thickness in the subsurface, where in some
wells, either by the increasingly calcareous character of the shale
or by thickening of the limestone, it constitutes the greater part of
the Kanwaka.

The Lecompton limestone formation appears in electric logs as
a somewhat variable sequence of thin limestone and shale members
dominated by the Beil and Avoca limestone members.

The Deer Creek limestone formation is most conspicuously repre-
sented by the Ozawkie and Ervine Creek limestones.

The Calhoun shale formation, which overlies the Deer Creek,
thins toward the west, where the Deer Creek closely approaches
the Topeka limestone formation.

The Topeka limestone formation consists of a sequence of six
limestone members alternating with shale members. The thin
upper limestone members are not everywhere distinguishable in
electric logs, owing partly to erosion of the top of the Topeka
or to nondeposition of the thin upper limestones toward the west.
The two lower limestone members, the Curzon and Hartford mem-
bers, are each 10 to 15 feet thick and are represented in nearly
all electric logs. As a matter of expediency, the top of the Curzon
limestone has been used as a datum, although some of the younger
members of the formation are represented in many areas.

A comparison of the average thicknesses of the formations of the
Shawnee group in outcrops in eastern Kansas and southeastern
Nebraska (Table 12) reveals that with two exceptions all the
formations thin northward, although the limestones thin much less
than the shales. The Tecumseh and Calhoun shales are the ex-
ceptions to northward thinning. The maximum thickness of both
these shales is reported in outcrops in the Kansas River valley,
where the Tecumseh is 65 feet thick and the Calhoun is 45 feet
thick. The outcrops of both are thinner north and south of this
area (Moore, Frye, and Jewett, 1944, p. 178-179). In view of the
not uncommon intercyclical erosion, which locally reduced the
thickness of exposed limestones, it seems not unlikely that such
unusual local increases in the thickness of clastic deposits are the
result of leveling off of topographic relief at the beginning of a
new cycle of sedimentation. The local thickening of shale forma-
tions may, however, be due to local synclinal warping or possibly
to uneven sedimentation.

Like the Douglas, the Shawnee group thins on the crest of the
Nemaha anticline. It is 400 feet thick in the Amerada No. 1 Eliza-
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beth Enlow well in sec. 4, T. 11 S., R. 10 E., in the syncline to the
east of the anticline; it is 310 feet thick in the Amerada No. 1 Mertz
well in sec. 6, T. 11 S, R. 10 E., 2% miles farther west near the crest
of the anticline; and 280 feet thick in the Parker Oil Company No.
1 Bardwell well in sec. 26, T. 10 S., R. 9 E., near Zeandale. West-
ward into the Salina basin its thickness ranges from 270 to 290 feet.
These thicknesses seem to indicate that, as during the deformation
in Douglas time, the region east of the Nemaha anticline was sub-
siding faster than the region to the west but that there was no arch-
ing of the anticline.

There is overall thickening of the Shawnee group toward the
southeast irrespective of differences resulting from local structural
movements. The Shawnee group is 255 feet thick in sec. 15, T. 13
S., R. 17 W,, on the crest of the Central Kansas uplift; it is 244 feet
thick in sec. 10, T. 5 S., R. 10 W., but thickens to 805 feet in sec. 27,
T. 19 S., R. 4 W, on the saddle between the Salina basin and the
Sedgwick embayment; and it is 375 feet thick in sec. 31, T. 23 S., R.
10 E., on the western flank of the Cherokee basin.

The southeastward thickening of the Shawnee group is due
mainly to the thickening of the shale deposits and only in minor
degree to thickening of the limestones.

Wabaunsee Group

The formations of the Wabaunsee group, listed in Table 13 in
descending sequence, have been differentiated in the outcrops in
eastern Kansas and southeastern Nebraska. The thicknesses in Kan-
sas are reported by Moore and others (1944, 1951) and those in
southeastern Nebraska by Condra and Reed (1943).

The Wabaunsee group comprises a sequence of alternating lime-
stones and shales. Most of the limestones are relatively thin but
nearly all extend in outcrops from southeastern Nebraska to Okla-
homa. On the outcrop, the Howard limestone in places is 30 feet
thick, the Wakarusa reaches 18 feet, the Reading 15 feet, and the
Dover 20 feet. In most places, however, the thicknesses of these
limestones do not exceed 5 feet and in many places 2 or 3 feet.

The sum of the average thicknesses of all limestones of the
Wabaunsee group, in the outcrops in Kansas, including the shale
members of formations composed mainly of limestones, is only 104
feet, or about 20 percent of the total of the group. In outcrops,
many of the shale units include sandy shales, and many include
beds of sandstone. Streaks of coal, some of which are thick enough
to have been mined near the outcrop, occur in nearly all the shales,
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TaBLE 13.—Sequence and thickness of formations * of the Wabaunsee group

Range of Average
thickness thickness Range of
in outcrops in outcrops thickness in
in eastern in eastern southeastern
Kansas, feet Kansas, feet Nebraska, feet
Wabaunsee group
Brownville limestone ........... 2-8 5 2
Pony Creek shale............... 5-20 14 5
Caneyville limestone ........... 21 21 11-13
French Creek shale............. 30 30 8
Jim Creek limestone............ #-2 1 1
Friedrich shale ................ 15 15 41-44
Grandhaven limestone .......... 10 10
Dry shale .................... 5-20 15 14
Dover limestone ............... 2-20 10 2-5
Langdon shale ................ 5-50 30 not reported
Maple Hill limestone. ........... 1-5 3 15
Wamego shale ................ 6-25 17 not reported
Tarkio limestone ............... 0-10 6 37
Willard shale ................. 30-66 40 28-30
Elmont limestone .............. 1-15 5 2-4
Harveyville shale .............. 1-25 10 12-20
Reading limestone ............. 2-15 6 3-5
Auburn shale ................. 20-70 50 14-30
Wakarusa limestone ............ 2-18 8 3-6
Soldier Creek shale............. 12-18 15 12-14
Burlingame limestone .......... 4-16 9 20
Silver Lake shale............... 25 25 10-12
Rulo limestone ................ 2 2 1-2
Cedarvaleshale ................ 25 25 19-20
Happy Hollow limestone........ 1-8 4 6-8
White Cloud shale. . ............ 30-80 50 80
Howard limestone ............. 8-30 13 3-7
Severy shale .................. 75 75 22-29
Total ....... .. .. .. ... ..., 514 Aver. 369

* At a conference Oct. 17, 1955, attended by representatives of the State Geological
Surveys of Kansas, Nebraska, Oklahoma, and Missouri and the United States Geological Sur-
vey, the thin stratigraphic units of the Wabaunsee group above the Howard limestone, here-
tofore listed as formations, were reduced to the rank of members and grouped in formations
to which new names, not yet officially announced, are to be applied.

but coal is seldom recognized in washed samples from the subsur-
face. Thin discontinuous limestones are not uncommon in the
shales, and thin limestones that probably appear as unnamed
calcareous marine shale in outcrops are noted in the subsurface in
some wells. On the other hand, some limestones reported in drillers
logs are probably indurated shales. Some of the widely distributed
limestones of the outcrops are only occasionally recognized and
reported in sample logs, because they are thin and argillaceous. As
a result there is considerable confusion and uncertainty in the iden-
tification of individual formations in both sample and drillers logs
of many wells that penetrate the Wabaunsee group.

The electric logs reveal, more or less clearly, most of the thin
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named limestone units of the outcrops, but their multiplicity and
the variations in the thickness of the intervening shale beds is a
source of confusion. Some units seem to wedge out or to have
been irregularly deposited, but where beds are represented only
at random in electric logs, their absence is probably due to inter-
cyclical erosion.

The Howard limestone, which is 20 feet thick in the Cherokee
basin but in very few places elsewhere exceeds 10 feet, is present
throughout the area. It is clearly identified in most electric logs
as two limestone members, separated by a thin shale, but in some
areas one of the limestone members is missing. The interval be-
tween the Topeka and the Howard is 85 feet in T. 20 S., R. 8 E., in
the Cherokee basin but only 20 feet on the crest of the Central
Kansas uplift. ,

The Happy Hollow limestone varies in thickness. Its distance
above the Howard decreases westward. The Rulo limestone, above
the Happy Hollow, is erratic in distribution and generally missing.
The coal or black shale seen in outcrops of the Cedarville shale,
between the Happy Hollow and the Rulo limestones, has also been
noted in the samples from some wells. A red bed in the shale be-
tween these limestones is useful in local correlations of sample logs.

As the intervening shales become thinner toward the north and
west, the thin limestones of the upper part of the Wabaunsee tend
to fall into groups. The Burlingame and the Wakarusa approach
each other, but they are missing in many wells in the Salina basin.
Similarly the Elmont and Reading limestones draw closer together.
A red shale between the Reading and the Wakarusa limestone has
been helpful in identifying these limestones in sample logs.

The Grandhaven, Dover, Maple Hill, and Tarkio limestones ap-
pear as a group in some areas, although one or more of the lime-
stones is missing in many wells. Samples of the Tarkio limestone
are characterized by an abundance of exceptionally large fusulines.
The Maple Hill limestone is thin and doubtfully present in the
Salina basin. The Dover limestone, on the other hand, is persistent.

The limestones of the Wabaunsee group above the Dover are
thin and where present are identified mainly by the intervals
between them. A thin limestone that is present in most electric logs
at a suitable interval above the Dover limestone is tentatively identi-
fied as the Brownville. Beds of sandstone and sandy shale are dis-
continuously interbedded in nearly all of the shale formations of the
Wabaunsee.

The relation of the Wabaunsee group at the top of the Pennsyl-
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vanian System to the overlying Admire group at the base of the
Permian System is obscure in the subsurface. The lower beds of
the Admire, like the upper beds of the Wabaunsee, consist of sandy
shale, sandstone, and thin interstratified limestone beds, none of
which can be satisfactorily identified in the subsurface in either
sample or electric logs. In outcrops in Lyon County, O’Connor
(1953, p. 8-23) reported a complete sequence of upper Pennsyl-
vanian and lower Permian rocks without encountering the pro-
nounced disconformity represented by the Indian Creek sandstone,
which was deposited in valleys eroded to a depth of 120 feet. These
channels occur at several places in outcrops in Nebraska and eastern
Kansas (Moore and others, 1951, p. 52). Harned and Chelikow-
sky (1945) report erosion of 250 feet of Wabaunsee rocks.

Most of the electric logs examined display a more or less normal
sequence of upper Wabaunsee formations culminating in the
Brownville limestone similar to the sequence of formations seen in
outcrops in Lyon County. A few wells in T. 12 S., R. 2 W., and
adjoining townships reveal a sequence of sandstone and sandy shale
extending down to the horizon of the Dover limestone without
limestone breaks.

The inference drawn from these observations is that at the end
of Wabaunsee time the region was elevated high enough above sea
level to allow the trenching of valleys possibly as much as 250 feet
deep. Erosion, however, did not continue long enough to bring
about the general dissection of the surface. As was the case of
pre-Bonner Springs and other intercyclical exposures, the returning
sea filled the eroded valleys with clastic sediments—at this time
sand—and overflowed upon the only slightly dissected upland
areas upon which the succeeding deposits of a new cycle of sedi-
mentation were deposited.

It seems probable that in places the Brownville was still covered
by Pennsylvanian shales upon which early Permian sediments of sim-
ilar character were deposited. The thickness of the Wabaunsee
rocks is in this sense indeterminate, but it can be approximated by
using the top of the Brownville as a datum.

The average thickness of the Wabaunsee group in outcrops in
the basin area of eastern Kansas is 514 feet. A composite section
of the same sequence measured in southeastern Nebraska by Condra
and Reed (1943) indicates a northward thinning of the Wabaunsee
to 369 feet. In the subsurface in the Cherokee basin in sec. 30,
T. 20 S., R. 10 E., the Wabaunsee is 485 feet thick. West of the
Nemaha anticline on the divide between the Salina basin and the
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Sedgwick embayment, in sec. 27, T. 19 S., R. 4 W., the Wabaunsee
is 465 feet thick. It thins northward across the Salina basin to
360 feet in sec. 34, T.2S.,R. 11 W.,, and in sec. 5, T.5 S., R. 10 W.
Northwestward on the crest of the Central Kansas uplift its thick-
ness decreases from 355 feet in sec. 23, T. 15 S., R. 12 W., to 3Ib
feet in sec. 6, T. 7 S., R. 20 W., where the Wabaunsee beds above
the Dover seem to have been eroded during the hiatus preceding
the Permian. The thickness in general decreases toward the north-
west but is modified by local structural features and locally by pre-
Permian erosion.

ROCKS OF PERMIAN AGE

The Permian rocks of Kansas are divided into the following series
listed in descending order: Guadalupian, Leonardian, and Wolf-
campian. B

Permian rocks are separated from the Pennsylvanian by a low
angular unconformity and an erosional surface of high relief in
some areas. They are separated from the overlying Cretaceous by
an angular unconformity representing a long hiatus, during which
hundreds of feet of Permian rocks were eroded.

WOLFCAMPIAN SERIES

The Wolfcampian Series is divided into the following groups
listed in descending sequence: Chase, Council Grove, and Admire.

Admire Group
The formations of the Admire group, listed in descending order
in Table 14, have been differentiated in outcrops in eastern Kansas.
The thicknesses at outcrops in eastern Kansas are reported by Moore
and others (1944, 1951); those in southeastern Nebraska by Condra
and Reed (1943, p. 36-37).

TaBLE 14.—Sequence and thickness of formations of the Admire group

Range of
Range of thick-  Average thick- thickness in
ness in Kansas  ness in Kansas  southeastern
outcrops, feet outcrops, feet  Nebraska, feet

Admire group

Hamlin shale .......... 50 50 48-50
Five Point limestone.... 1-5 3 1-5
West Branch shale. . .. .. 10-30 20 30
Falls City limestone.... 3-10 7 9
Hawxby shale ......... 12-40 30 10-12
Aspinwall limestone .... 1-8 5 1-3
Towle shale ........... 15-135 30 10-50

Total ............. 145 Aver. 134
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The Admire group, exclusive of the basal sandstone, consists
dominantly of shale, some of which is sandy. The limestone beds,
although persistent, are thin and lack unique lithologic features that
might identify them in the subsurface.

The Towle shale includes the Indian Cave sandstone member,
which fills deep channels cut in the surface of the Pennsylvanian
rocks during the hiatus between deposition of the Wabaunsee and
Admire groups. Channels filled with Indian Cave sandstone 120
feet thick are exposed in outcrops. The sandstone is reported
(Harned and Chelikowsky, 1945) to be in contact with the Auburn
shale below the Reading limestone in Pottawatomie County, which
fact would indicate a local depth of erosion of about 250 feet. In the
subsurface the details of topography of the pre-Permian surface are
not clearly revealed and give the impression of a surface only
slightly dissected. Except in steep-sided channels filled with sand
the basal beds of the Towle consist mainly of sandy or silty shale.

The Aspinwall limestone is the first persistent limestone above the
base of the Admire. On account of the unconformity at the base
of the Admire, the thickness of the Permian below the Aspinwall
varies greatly. Comparison of the sequence from the Aspinwall to
datum beds such as the Dover and Tarkio limestones, in the Wa-
baunsee below the unconformity, reveals a decrease in thickness
toward the west or northwest. The regular thinning of this suc-
cession is the basis for the conclusion that regional deformation
continued during the hiatus, in the same general pattern as during
Pennsylvanian time, when the area was tilted by differential move-
ments toward the southeast.

The Falls City and Five Point limestones, together with a lenticu-
lar limestone locally recognized in the intervening West Branch
shale, appear in logs of wells in the Salina basin as a limestone
sequence in which the shale partings are generally determinable
only in electric logs.

That part of the Admire group above the Aspinwall limestone
averages about 115 feet in thickness in outcrops in eastern Kansas,
about 100 feet in southeastern Nebraska, and 90 feet in the Salina
basin and on the Central Kansas uplift.

Council Grove Group
The formations of the Council Grove group, listed in descending
order in Table 15, have been differentiated in outcrops in Kansas.
The thicknesses at outcrops in Kansas are from Moore, Frye, and
Jewett (1944, p. 165-168). Those for Nebraska are from Condra
and Reed (1943, p. 33-36).
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TaBLE 15.—Sequence and thickness of formations of the Council Grove group

Average
Range of thick- Average thick- thickness in
ness in Kansas ness in Kansas southeastern
outcrops, feet outcrops, feet Nebraska, feet
Council Grove group
Speiser shale .. ....... 18-35 25 19
Funston limestone .... 5-11 8 8
Blue Rapids shale. . ... 16-25 20 22
Crouse limestone .. ... 10-13 12 11
Easly Creek shale. . ... 15 15 14
Bader limestone ... ... 18-25 23 24
Stearns shale ......... 8-20 14 17
Beattie limestone ... .. 15-20 18 18
Eskridge shale ....... 37 37 50
Grenola limestone . . . .. 38 38 33
Rocashale . .......... 20 20 23
Red Eagle limestone... 18-20 19 11
Johnson shale ........ 16-25 20 19
Foraker limestone .. . .. 50 50 46
Total ............. 319 815

The alternation of well-defined limestones and shales of the
Council Grove group is in sharp contrast to that of thin limestones
and dominant shales of the Admire group. The group consists
of equal proportions of shale, a large part of which is red, and
of limestone, much of which is impure and shaly. There is seldom
any doubt as to the identity and position of the Foraker and Grenola
limestones or the Eskridge and Speiser shales. The limits of some
of the intervening beds are obscure, partly because some of the
limestones are soft and argillaceous and some of the shales are
calcareous, and partly because such formations as the Funston,
Crouse, Bader, and Beattie limestones consist of relatively thin
limestone beds interstratified with shale members. The formations
are more clearly identified in electric logs than in samples.

The Foraker limestone, at the base of the Council Grove group,
consists of two more or less prominent limestone members separated
by a calcareous shale containing fusulines in such abundance as
to distinguish the Foraker from other formations, in which fusulines
are less conspicuous. In electric logs the upper member is more
prominent. The Foraker becomes more calcareous southward,
and in the outcrops in southern Kansas and Oklahoma the middle
shale member also becomes limestone. This formation contrasts
with the limestones of the Pennsylvanian, most of which become
argillaceous or interfinger with shale toward the south.

The Red Eagle limestone, like the Foraker, consists of upper
and lower limestone members separated by a shale member and,
like the Foraker, becomes a single limestone ledge in the outcrops
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in southern Kansas. In the outcrops it thins slightly toward the
north. Although the Red Eagle is recognized in the subsurface,
its limits are generally not clearly defined in sample logs, although
well marked in electric logs.

The Grenola limestone can be identified in most sample logs.
The upper member, the Neva limestone, is clearly defined, but the
lower member, the Burr limestone, which is interstratified with
shale, is obscure.

The Eskridge consists mainly of red shale, although it includes
some gray shale. In some localities in the subsurface the shale is
interstratified with calcareous beds. The Eskridge is consistently
reported in all drillers logs and is easily recognized in sample logs.
It is the most reliable datum bed in the lower Permian despite the
fact that the Roca, Stearns, Easly Creek, and Speiser shales also
include red shale. None of these shales is so consistently thick or
so consistently red as the Eskridge. The Eskridge displays a char-
acteristic pattern in electric logs.

The Beattie and Bader limestones, as represented in drillers logs,
sample logs, and electric logs, are indistinct in many wells, probably
because these formations and the intervening Stearns shale con-
tain as much shale and impure limestone as pure limestone. How-
ever, the Cottonwood limestone, which includes numerous slender
fusulines, overlies the Eskridge shale and is nearly always manifest.

The Easly Creek shale consists mainly of red and gray shale. It
includes some gypsum near the base. This is the first appearance

" in the Permian of evaporites, which constitute a large proportion
of the deposits of the upper part of the Permian.

Neither the Crouse limestone nor the Funston limestone is con-
sistently recognized in sample logs, probably because they include
much impure limestone and calcareous shale, but they are recog-
nizable in most electric logs.

The Speiser shale consists of shale and thin beds of limestone.
The lower part includes much red shale. It is generally revealed
in logs as a red shale below the conspicuously cherty Wreford
limestone of the Chase group.

The thickness of the Council Grove group is singularly constant.
It averages about 319 feet in the outcrops in eastern Kansas and
315 feet in southeastern Nebraska. It is 290 feet in wells just west
of the Nemaha anticline, 310 to 820 feet in the Salina basin, and
320 feet on the Central Kansas uplift, in T. 7S., R. 20W.
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Chase Group

The formations of the Chase group, listed in descending order in
Table 16, have been differentiated in outcrops in Kansas. The thick-

TaBLE 16.—Sequence and thickness of formations of the Chase group

Average

Range of thick- Average thick- thickness in

ness in Kansas ness in Kansas southeastern

outcrops, feet outcrops, feet Nebraska, feet

Chase grou

Nolans limestone .. ... 2240 34 28
Odell shale .......... 20-40 30 34
Winfield limestone .... 28 28 21
Doyle shale .......... 80 80 59
Barneston limestone ... 80-90 84 60
Matfield shale ........ 60-90 78 62
Wreford limestone .... 30-40 35 30
Total ............. 369 294

nesses of these formations at the outcrops are reported by Moore
and others (1944, 1951). Those in Nebraska are reported by Condra
and Reed (1943).

The Chase group consists of a sequence of alternating beds of
thick limestone and shale. The limestones constitute approximately
50 percent of this group in outcrops. Northward into southeastern
Nebraska the proportion of shale and limestone remains approxi-
mately the same, although both limestones and shales become
thinner.

All the limestone formations of the Chase are cherty, especially
the Wreford and the Florence limestone member at the base of the
Barneston.

The Wreford limestone consists of two limestone beds separated
by a shale bed. Because both limestone beds are consistently
cherty in outcrops and in the subsurface, the Wreford is an ex-
cellent datum bed, although the formation is not everywhere con-
spicuous in electric logs.

The Matfield shale is varicolored. It includes the Kinney lime-
stone member consisting of interstratified shale and thin limestone
beds commonly represented only in electric logs.

The Barneston limestone includes the Florence limestone mem-
ber at the base and the Fort Riley limestone member at the top
separated by a thin gray calcareous shale member. The Florence
limestone member is conspicuously cherty both at outcrops and in
the subsurface. Careful search of samples from the Fort Riley or
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the Florence member almost always reveals fusulines, many of
which in the Florence member are silicified. The Fort Riley lime-
stone is noncherty and contains the youngest fusulines known in
Kansas. The two conspicuously cherty beds, the Florence and
the Wreford, are valuable markers in a sequence of limestone and
shales whose identification might otherwise remain obscure. In
electric logs the Barneston displays a characteristic pattern. For
this reason its base has been used as a datum in drawing thickness
maps; its top and the Nolans and Winfield are obscure in some
areas. The expression of the Barneston in electric logs from wells
on parts of the Central Kansas uplift is weak.

The Doyle shale is variegated and in part calcareous. The
Towanda limestone member of the Doyle occurs 20 to 30 feet above
its base. Fossils are rare in the outcrops. In the subsurface to-
ward the northwest the Towanda becomes dolomitic and in Phillips
County consists entirely of anhydrite.

The Winfield limestone in outcrops in northern Kansas consists
of upper and lower limestone members separated by shale. To-
ward the northwest it becomes dolomitic. The lower member of
the Winfield is cherty in outcrops, but chert is not present in all
wells in the subsurface.

The Odell shale, like the other shales of the Chase group, is
variegated, red predominating.

The Nolans limestone consists of two thin limestone beds at the
base, generally recognized only in electric logs, and the more
prominent and thicker Herington limestone at the top. The inter-
vening shale member is calcareous and includes some limestone in
outcrops in southern Kansas. The Nolans limestones thicken to-
ward the northwest and grade into dolomite.

The limestones and shales of the Chase group seem to be some-
what more variable in thickness in the subsurface, as represented in
well logs, than in outcrops. This is probably due more to imper-
fections in the logs and samples than to sharp fluctuations in the
thickness of the formations, although these also may occur. Red
shales are not uncommon in the upper Pennsylvanian, but they are
increasingly prominent in the Council Grove group and make up a
still larger proportion of the shales of the Chase group. Toward
the northwest the limestones above the Barneston grade into dolo-
mite, and some anhydrite begins to appear with the dolomite.

The total of the average thicknesses of formations in the Chase
group in outcrops in Kansas is 369 feet. The average thickness of
the Chase in southeastern Nebraska is 294 feet. The overall thick-
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ness of the Chase in northern McPherson County is 360 feet. In
the Salina basin the Chase is 250 feet thick and onthe crest of the
Central Kansas uplift it is 240 feet thick. The Chase group thins
toward the northwest in the familiar pattern of the Pennsylvanian
and older Permian groups. There seems to have been little or no
accentuation of the Salina basin or Central Kansas uplift in Chase
time. The southward increase in limestone components contrasts
with the tendency toward increase in shale in the older rocks.

LLEONARDIAN SERIES

The Leonardian Series is divided into the Nippewalla group
above and the Sumner group below.

Sumner Group

The following formations of the Sumner group, listed in descend-
ing order, have been differentiated by the Kansas Geological Survey
in outcrops in east-central Kansas (Moore and others, 1944, 1951):
Stone Corral dolomite, Ninnescah shale, and Wellington formation.

Other groupings of these rocks have been made. Norton (1939)
placed the Ninnescah and Stone Corral at the base of the redbed
sequence of the “Cimarron Series” described by Cragin (1896).
The base of the Wellington was at one time placed at the Hollen-
berg limestone member of the Wellington, about 50 feet above the
Herington limestone member of the Nolans limestone, which is now
listed as the uppermost formation of the Chase group.

The Sumner group comprises a sequence of beds of evaporite
and shale containing a few local, more or less discontinuous thin
limestone beds of variable character. The upper part consists
mainly of shale, and the lower part in central Kansas consists chiefly
of shale, anhydrite, and salt.

Wellington formation.—A detailed study of the outcrops of the
Wellington formation in south-central Kansas was made by Ver
Wiebe (1937), who traced several beds of limestone in the out-
crops. The Hollenberg is the only one of these limestones recog-
nized with confidence in the subsurface of the Salina basin, but
others may be present. In the subsurface, Ver Wiebe distinguished
five zones, based on lithologic changes, which he correlated with
the outcrops. These five zones in descending order are: “upper
gray beds”, “red beds”, “middle gray beds”, “salt beds”, and “an-
hydrite beds”. These zones are all recognizable in the subsurface
in the Salina basin.

The accurate separation of these units is rendered difficult by the
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transitional contacts between some of the units. The base of the
Wellington at the top of the Nolans limestone is a definite datum,
but the contact of the anhydrite beds with the overlying salt beds
is transitional. The contact of the “salt beds” with the “middle
gray beds”, which, like the salt bed, include much anhydrite, is
also transitional. Even the color distinctions of the three upper
units are elusive because over broad areas toward the west some
of the “middle gray beds” seem to grade into the increasingly thick
“red beds” zone.

Thick beds of salt in the Hutchinson salt member are revealed
by gamma ray logs and inferentially by comparison in electric logs.
It is probable that mixtures of salt and anhydrite as well as alter-
nating thin beds of salt and anhydrite are expressed as anhydrite in
electric logs. The contact of the “upper gray beds” of the Welling-
ton with the red shales of the Ninnescah is abrupt and definite in
sample logs but is not apparent in electric logs.

It is convenient to divide the Wellington formation into three
members: The “anhydrite beds” of Ver Wiebe at the bottom, the
“salt beds” or Hutchinson salt member in the middle, and an un-
named member at the top comprising the “middle gray beds”, “red
beds”, and “upper gray beds” of Ver Wiebe’s classification.

The “anhydrite beds” at the base of the Wellington (known also
as the Pearl shale) consist of a sequence of gray shale alternating
with anhydrite beds. In the Salina basin it includes the Hollenberg
limestone member, 20 to 40 feet above the base, and the overlying
beds of shale and anhydrite 130 to 150 feet thick. Toward the west
anhydrite predominates. The Hollenberg limestone of the central
area of the Salina basin becomes irregularly dolomitic toward the
west and probably grades northwestward into one of the anhydrite
beds of this zone. Some varicolored shale occurs in this zone below
the Hollenberg.

The Hutchinson salt member, the “salt beds” of Ver Wiebe, is an
evaporite zone consisting of salt (halite) interstratified with beds
and laminae of anhydrite and probably coprecipitated mixtures of
both. The salt beds are thickest in Russell, Ellsworth, Rice, and
Reno Counties, and they thin somewhat irregularly toward the
margin of the basin where, together with the anhydrite, they inter-
finger with shale washed into the basin from the low border areas.
The “salt zone” becomes thinner in southern Kansas and extends
into northern Oklahoma. It should normally crop out in a belt
trending south from Osage and Saline Counties, but the salt and
most of the associated anhydrite beds have been dissolved by
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surface waters for a distance of 20 to 30 miles down dip. In the
areas of outcrops, the removal of the salt has allowed the over-
lying cover of insoluble rocks to slump in a zone of irregular dips

and confused bedding.
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Fic. 15.—Map showing (a) approximate area underlain by Hutchinson salt
member of Wellington formation in Kansas in relation to Central Kansas uplift
as outlined by 50-foot thickness line of pre-Kansas City Pennsylvanian rocks,
and (b) trend of cross section A-A’ of Figure 16.

Figure 15 shows the approximate limits of the salt basin, after
Bass (1926), modified by the addition of more recent data from
Norton (1939), the Gulf Oil Corporation, and Botinelly (1948).
The cross section (Fig. 16) after Kellett (1932) shows that
the combined thickness of Wellington rocks above and below
the salt sequence (exclusive of the Hutchinson salt member) is
essentially constant whatever the thickness of the salt. The salt
basin thus must have been formed by downwarping of the area
after the deposition of Ver Wiebe’s “anhydrite beds” and ceased
to develop after the deposition of the salt. Inasmuch as the thickest
salt beds, and therefore the area of greatest downwarping, overlie,
in part, the crest of the previously rising Central Kansas uplift, as
shown in Figure 15, it is clear that arching of the uplift was inter-
rupted at this time, if not earlier, by the downwarping of the salt
basin. There seems to be no evidence to indicate later arching of
the Central Kansas uplift as such, although local parallel secondary
anticlines were developed in the area later.

The cross section (Fig. 16) shows the lenticular character of the
salt sequence and the attitude of the salt and overlying beds at
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the end of Sumner time along the line of the Kellett cross section
(1932), which traverses the central part of the salt lens. Inasmuch
as the unleached salt areas show no definite thinning toward the
southeast, it seems probable that at least half the original salt body
has been lost by erosion and leaching.

The outcrops of the upper member of the Wellington are unsatis-
factory on account of their disturbed subsidence into the zone of
salt solution. The alternation of gray and red shales, which is only
vaguely revealed by samples from rotary wells, is well displayed
in samples from cable tools wells.

Ver Wiebe’s “middle gray beds” unit at the base of the upper
member consists mainly of gray shale interbedded with anhydrite,
especially near the base. It normally overlies the Hutchinson
salt, but outside the salt area this unit cannot be clearly separated
from the anhydrite beds of the Pearl shale, although it includes
much less anhydrite and some streaks of red shale. It some wells
salt molds occur in anhydrite cuttings from above the salt member.
The thickness of the “middle gray beds” unit approximates 110
feetin T.18 S.,, R. 10 W.

The “red beds” unit of Ver Wiebe consists of red shale but little
or no anhydrite. In T. 18S.,, R. 10 W,, it is 40 feet thick. The
“upper gray beds” unit consists mainly of soft gray clay and blue
shale; it includes less anhydrite than the base of the member.
The thin Milan limestone seen on the outcrops at the top of this
‘member has not been identified in the subsurface. The thickness
in T. 18S., R. 10 W., is 60 feet. The upper member of the Wel-
lington thins toward the north and west, and the thicknesses of
‘the three characteristic units likewise thin from 110 feet, 40 feet,
and 60 feet, respectively, in T. 18 S., R. 10 W., to 40 feet, 10 feet,
.and 45 feet in T. 8 S., R. 18 W., as reported in drillers logs of wells
drilled with cable tools. The separation of upper Wellington
shales from the overlying Ninnescah shale is impracticable in elec-
tric logs.

Salt Flow.—Correlation of electric logs reveals that the thickness
.of the evaporite zone including the Hutchinson salt member varies
sharply from place to place, as illustrated by the electric logs re-
-produced in Figure 17. Detailed comparison of these electric
logs of wells in the southwest quarter of T. 8S., R. 17W,, (Fig.
18A) in Rooks County shows that between well b in the SW NW
‘NE sec. 20, and well @ in the NW NW SW sec. 19, a distance
.of 1% miles (line A of Fig. 18A), the thickness of the evaporite
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Fic. 17.—Correlation of electric logs (a), (b), and (c¢) of Figure 18 showing abrupt thickening of evaporite zone includ-

ing Hutchinson salt member of Wellington formation.
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zone increases 58 feet; between well b in the SW NW NE sec. 20
and well ¢ in the SE¥% sec. 29, a distance of 1% miles (line B), the
thickness of the evaporite zone increases 88 feet. Similar variations
between other wells are indicated in Table 17.

It was at first conjectured that the downwarping of the evaporite
basin produced local depressed areas in which abnormally thick
evaporites accumulated. Closer study showed that the areas of
thick evaporites are anticlinal areas.

Figure 18A shows the structure of the base of the Stone Corral
dolomite, the structure of the base of the Barneston, and areas of
thickened evaporites. The map is based entirely on electric logs,
but producing wells and dry holes in the area are also shown.
This figure shows the close association of thick evaporites with
anticlinal structure. Table 17 shows the relation of the thicken-
ing of the salt zone to the structure of the Stone Corral and
Barneston on the lines A, B, C, D, and E of Figure 18A. It will
be noted that the difference between the structural relief of the
Stone Corral and Barneston equals the increase in thickness of the
salt zone.

The Barneston limestone and the Heebner shale are dependable
datum beds throughout vast areas in Kansas. A thickness map of
the interval between them reveals with considerable accuracy
the deformation of the Heebner shale at the beginning of Barneston
time. Figure 18B is a thickness map of this interval based on
the same electric logs that were used in Figure 18A. The map
shows structural features similar to those of the Barneston and
Stone Corral but of lower structural relief. It indicates that the
anticlinal movements revealed by the structure map of the Barn-
eston were already taking form before Barneston time.

The interval from the base of the Barneston to the base of the
evaporites is almost uniform in this area, and the thickness of the
shale between the top of the evaporites and the Stone Corral is
equally constant, irrespective of the thickness of the evaporite as
shown in Figure 17. It is clear from Table 17 that the difference
between the structure of the Barneston limestone and the structure
of the Stone Corral dolomite is due entirely to the thickening of
evaporites in structurally high areas.

The concept of abnormal accumulation of salt in local depressions
requires the unlikely condition that the areas in T. 8S., R. 17W.,
which were already slightly anticlinal in Barneston time, became
synclinal during the deposition of the salt and that later the same
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areas became again anticlinal. It seems more likely that the thicken-
ing of the salt beds and associated anhydrite is the result of the
movement of the plastic evaporites toward yielding anticlinal areas.

The uniformity of the thickness of the shale interval between
the Stone Corral and the evaporite zone leads to the conclusion
that the folding that induced the salt flow did not take place until
after the deposition of the Stone Corral dolomite and probably not
until after Permian time. The thinning of the Heebner—Barneston
sequence indicates that minor movement on the anticlines shown
in Figure 18A began before Barneston time and that the ultimate
post-Permian movements that caused the readjustment of the salt
in this area were a revival of earlier minor folds. It is probable,
however, that anticlines newly initiated after Permian time would
induce similar exaggerated structure above the salt in the same way.

Although anticlines at the horizon of the Stone Corral are a valid
indication of structure in the older rocks, they are not an accurate
measure of the structural relief to be expected in formations below
the Hutchinson salt beds. The intrusion of salt on anticlines in the
area of salt deposition such as the Elm Creek anticline of Figure
18A exaggerates the structural relief of the pre-Wellington forma-
tion from which oil is produced in this area.

Because of its tendency to adjust to local structural stresses, the
Hutchinson salt member is probably similarly variable in thickness
in other areas of salt deposition as yet not studied. The thickness
of the Hutchinson salt member ranges regionally from a thin edge
at the margin of the basin to more than 500 feet in parts of Russell
County and more than 400 feet in Edwards County.

Ninnescah shale.—The Ninnescah shale was named by Norton
(1939) and described from outcrops in Kingman and Reno Counties
as consisting predominantly of red shale with minor amounts of
gray shale and thin beds of impure limestone and calcareous sand.
None of the datum beds recognized in southern Kansas has been
identified in the subsurface of the Salina basin, where the Ninnescah,
although it includes some red sandstone, consists in most areas
almost entirely of red, partly silty shale.

The thickness of the Ninnescah shale as reported in logs of wells
drilled by cable tools decreases somewhat irregularly toward the
north from about 300 feet in east-central Rice County to 200 feet
in southeastern Smith County in the Salina basin. It seems to
thicken westward to about 265 feet in Phillips County.

Stone Corral dolomite.—This formation of dolomite and anhydrite
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is the youngest deposit of the Sumner group. It was formerly
known as the Cimarron anhydrite, but was more appropriately
named by Norton (1939) for an enclosure and fort built of this
rock where the Santa Fe Trail crossed Little Arkansas River. It
varies in lithology from place to place along the outcrops and in
the subsurface. In some places dolomite predominates. At others
the Stone Corral is interstratified with thin shale members and
anhydrite, and in some places it consists of anhydrite alone. In
view of the lack of lithologic continuity it would be more appro-
priate to designate the sequence as the Stone Corral formation
rather than the approved term Stone Corral dolomite. The forma-
tion is 80 to 50 feet thick in Pratt, Stafford, and Rice Counties.
Southeastward in Kingman County it thins to 10 feet, but it shows
no consistent trends of thinning in any direction within the area
mapped except toward the north in Smith County, where its ex-
pression in electric logs is weak or missing. Where the Stone
Corral is thin it consists almost entirely of anhydrite. From out-
crop studies, Norton (1939) concluded that the Stone Corral is
conformable on the underlying Ninnescah, but suggested that there
may be a minor unconformity at its top.

Nippewalla Group

The following formations of the Nippewalla group, in descending
sequence, have been differentiated in outcrops in southern Kansas:
Dog Creek shale, Blaine formation, Flowerpot shale, Cedar Hills
sandstone, Salt Plain formation, and Harper sandstone.

All the formations of this group above the Harper sandstone,
as well as the entire overlying Guadalupian Series, were eroded
from the Salina basin during the hiatus preceding Cretaceous
deposition.

In outcrops the Harper sandstone is divided into the Chikaskia
and Kingman sandstone members, both of which consist chiefly of
red sandstone broken by thin beds of red shale. Subsurface cross
sections published by Norton (1939) show that the sandstone
members, so prominent in the outcrops, are less conspicuous and
more irregular in the subsurface. This seeming change may be
due in large part to the fact that grains of disintegrated sandstone
are so generally lost in the cuttings from rotary wells. In the
subsurface of the western part of the Salina basin the Stone Corral
is overlain by red shale, sandy shale, and sandy micaceous shale.
The sandstone members of the Harper sandstone, although they
may be present, cannot be differentiated in the cuttings of the wells
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examined. Rocks classified as of Harper age have a thickness of
300 feet in sec. 13, T. 58S., R. 18 W. These rocks may include some
undifferentiated red shales in the base of the Salt Plain formation.
Eastward the sandy shales of the Harper are truncated and are
overlain by Cretaceous rocks.

ROCKS OF CRETACEOUS AGE

The following Cretaceous rocks, listed in descending sequence,
have been differentiated in outcrops in central and western Kansas:

Cretaceous System
Gulfian Series
Montana group
Pierre shale
Colorado group
Niobrara chalk
Carlile shale
Greenhorn limestone
Graneros shale
Dakota formation
Comanchean Series
Kiowa shale
Cheyenne sandstone

The Cretaceous rocks overlie the truncated outcrops of the Per-
mian rocks. Permian formations younger than the Harper sand-
stone, and all rocks of Triassic and Jurassic age are absent in the
area under discussion. The younger Permian rocks of southwestern
Kansas must have spread across this part of Kansas but were later
eroded. Triassic rocks, separated from the Permian by unconformi-
ties, were also deposited in the area but now reach only to the
western margin of Phillips County and the northwestern corner of
Rooks County (Lee and Merriam, 1954.)

The land surface across which the Cretaceous sea advanced had
a mature relief sloping at a low angle toward the west. The local
relief of this surface within a single county was at least 50 feet. The
regional relief referred to a Cretaceous datum increases more than
300 feet from west to east as shown by the Kellett cross section
(1932). Cretaceous rocks are 567 feet thick in sec. 13, T. 11 S., R.
17 W,, in Ellis County, but increase to more than 1000 feet on the
western border of the map.

The Niobrara chalk and older Cretaceous rocks are exposed on
the western border of the Salina basin. Eastward these rocks and
the younger formations of the Cretaceous were removed by erosion;
only the Dakota sandstone extends as far east as Washington
County.

Detailed studies of the Cretaceous rocks in central Kansas have
been made by several geologists of the State Geological Survey.
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Plummer and Romary (1942) examined outcrops of the Dakota
formation from Ellsworth County northeast to Washington County
by means of open cuts for the purpose of studying the clays. Frye
- and Brazil (1943) studied the Cretaceous section in outcrops and
in test holes drilled in Ellis and Russell Counties in connection with
ground-water studies. Swineford and Williams (1945) examined
cuttings from many test wells in Russell County in the study of salt-
water disposal problems. These reports, all of which deal with the
Cretaceous within or bordering the Salina basin, have been drawn
upon for descriptions of the subsurface character and thickness of
the Cretaceous formations.

COMANCHEAN SERIES

The Cheyenne sandstone is the basal deposit of the Cretaceous
throughout most of western Kansas. It is reported to overlie the
Morrison shale of Jurassic age in Norton County by Norton (1939)
and in Gove County by Kellett (1932), but east of these areas the
Cheyenne rests on the Permian. The Cheyenne sandstone consists
predominantly of buff to light-gray sandstone with small amounts
of shale and siltstone. These clastic materials were derived in large
part from exposed Permian rocks, reworked by wave action of the
eastwardly advancing sea. Their characteristics in Russell County
(Swineford and Williams, 1945, p. 130) and probably elsewhere
vary with the character of the rocks exposed on the underlying sur-
face and in bordering areas. The sediments are characterized by
relatively coarse sand, absence of shell fragments, and absence of
mica in the coarser facies. The Cheyenne has a thickness of 200
feet in Ellis County. In Russell County, it ranges in thickness from
a featheredge, where it overlaps upon topographic highs, to 62 feet.
It wedges out on the pre-Cretaceous surface east of Russell County.

The Kiowa shale consists of gray to black thinly laminated shale,
interbedded with thin lenticular bodies of white siltstone and sand-
stone. Locally the sandstone lentils are as much as 20 feet thick.
Shell fragments and carbonaceous material are common. The
sandstone bodies are slightly glauconitic, generally micaceous, and
less coarse in grain than the sand in the overlying Dakota. The
thickness of the Kiowa in Russell County ranges from 50 to 100 feet.
The thinner deposits overlie hills of the Permian surface. The
Kiowa overlaps the Cheyenne and thins out toward the east. It
is absent in outcrops north of Ottawa County.

5—4029
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GULFIAN SERIES

Colorado Group

The Dakota formation is composed dominantly of varicolored
clay. It includes some siltstone, but very little shale. Fine-grained
and coarse-grained sandstones are numerous but discontinuous.
The sandstones are mainly channel deposits, and only a few can be
traced from place to place. Despite their prominence in outcrops,
the sandstones constitute only a minor element in the Dakota
sequence, Siderite in concretions and pellets is abundant. Hema-
tite, limonite, and carbonaceous material of various kinds are com-
mon. Lateral variation of all lithologic types is pronounced. Plum-
mer and Romary (1942) report that the sediments are nonmarine
and were seemingly deposited near sea level under conditions some-
what analogous to present conditions in the lower Mississippi delta.
Careful measurements by Plummer and Romary (1942, fig. 4) at
intervals from Ellis County northeast to Washington County re-
veal thicknesses of 270 feet in southern Ottawa County, where the
Dakota overlies the Kiowa shale, and 190 feet in Washington
County, where the Dakota overlaps upon the Permian. The thick-
ness of the Dakota in Russell County ranges from 213 to 300 feet.

The Graneros shale in Russell County consists of dark-gray to
brownish-black noncalcareous shale interbedded with thin beds
of fine-grained glauconitic sandstone. It is distinguished from the
overlying Greenhorn limestone by the absence in the Graneros shale
of calcareous material and the foraminifers Globigerina common
in the Greenhorn, and by the presence of sheets of sandstone and
siltstone. It is distinguished from the underlying Dakota by the oc-
currence of glauconite and pyrite in the Graneros, and by the ab-
sence of kaolin and siderite (Swineford and Williams, 1945). The
thickness of the Graneros shale in Russell County ranges from 14
to 40 feet.

The Greenhorn limestone in Russell County consists of alternat-
ing beds of limestone and chalky shale. The upper limestone beds
are chalky and not readily separated lithologically from the over-
lying Carlile shale. The lower beds are crystalline. Shell frag-
ments and Globigerina are common in the cuttings. Some bentonite
occurs in the lower part of the formation. The Greenhorn lime-
stone is 85 to 110 feet thick in Ellis and Russell Counties.

The Carlile shale is divided into three dissimilar lithologic units.
The lower third, the Fairport chalky shale member, about 100 feet
thick, consists of thin beds of chalky limestone distinguished with
difficulty from the similar upper beds of the Greenhorn limestone.
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Most of the upper two-thirds of the Carlile (the Blue Hill shale
member, 175 to 215 feet thick) is made up of gray-black fissile
shale. At the top lies a sandstone member, the Codell sandstone,
a few inches to 20 feet thick. Bass (1926a) reports that the Carlile
shale in Ellis County is approximately 300 feet thick.

The Niobrara chalk is a thick sequence of alternating chalk and
marl. The lower member, the Fort Hays limestone, averages about
55 feet in thickness and includes chalky limestone somewhat harder
than the overlying rocks. The upper member, the Smoky Hill lime-
stone, ranges from 450 to 700 feet in thickness. It consists mainly
of chalk and marl interstratified with thin beds of chalky shale and
numerous partings of bentonite as much as 6 inches thick. The
total thickness of the Niobrara is 500 to 750 feet in the subsurface
of Logan and Wallace Counties, where it is overlain by the Pierre
shale. Only the lower part of the Niobrara is represented on the
western border of the Salina basin, where its thickness is less than
300 feet.

The condition of available rotary samples of the Cretaceous on
the western margin of the Salina basin does not permit accurate
determination of the contacts of the various Cretaceous formations.

ROCKS OF TERTIARY AND QUATERNARY AGE

Tertiary and Quaternary deposits of continental origin occur in
many localities in central Kansas. Rocks of Pliocene and early
Pleistocene age, consisting of alluvial deposits of sand, silt, and clay,
are as much as 180 feet thick in parts of McPherson County and
adjacent counties (Moore, Frye, and Jewett, 1944, p. 148).

Quaternary deposits of Pleistocene and Recent age are also
present in central Kansas. Sand, gravel, silt, and clay as much as
150 feet thick occur in places in McPherson and Republic Counties
and fill pre-glacial or early Pleistocene valleys. Glacial till mantles
the uplands in the northeastern part of the Salina basin. Loess
deposits cover extensive upland areas throughout the region. High-
level terraces of different ages border ancient and recent valleys.

STRUCTURAL DEVELOPMENT OF THE
SALINA BASIN

The structural development of the Salina basin has been studied
by means of a series of maps that represent the thickness of indi-
vidual formations and of sequences of formations in and adjacent
to the basin.
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The interpretation of structural movements from thickness maps
is based on the following concept: if a sequence of rocks is
deposited on an originally flat surface, and if this sequence of rocks
is warped and folded before the later development of a second
flat horizontal surface, the variations in thickness of the rocks be-
tween the two surfaces will reveal the amount and place of the
deformation (Lee, 1954) that had taken place when the second
surface was still undisturbed.

The deformation of the first surface may precede or follow the
deposition of the overlying rocks or occur during the deposition of
the sequence. The presence of a marked unconformity or discon-
formity within the sequence will not confuse the objective, which
is the determination of the total amount of deformation between
the development of the first and second reference planes, provided
the pattern of deformation remains unchanged.

The accuracy with which the thickness maps record the structural
movements is dependent upon the degree to which the surfaces
above and below the sequence approach base level, whether by
deposition or erosion. A depositional surface generally presents a
nearly perfect horizontal datum plane. Most of the eroded surfaces
of the area have little topographic relief, and thus resemble pene-
plains. The topographic relief of most of the surfaces utilized in
preparing the thickness maps is negligible in comparison with the
regional variations of thickness that are due to structural move-
ment.

The topographic relief of some surfaces, however, introduces
erratic configuration of the thickness lines. Valleys on imperfectly
beveled surfaces are generally recognizable on account of thinning
of beds of one sequence accompanied by a compensating increase
in thickness of the overlying beds. On the other hand, hills are
revealed by local thickening of the lower sequence accompanied by
a compensating thinning of the overlying formation. Minor struc-
tural and topographic features are generally not revealed by 50-foot
thickness lines. In oil fields where many wells have been drilled,
the local structural features are commonly expressed by thickness
lines drawn at small intervals, and in some fields the study of thick-
ness lines combined with detailed stratigraphic studies reveals
local topographic features on the eroded surfaces (Lee and Payne,
1944, p. 105, fig. 14).

Beveling of stratified rocks is recognized by the thinning and
wedging out of successive units directly below an unconformity.
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A progressive development of anticlinal features is indicated by
the localized thinning of two or more consecutive units in the
same area. In such an area, it must be assumed that the surface
at the locality was either progressively arched during the deposition
of several units or that exposure and erosion caused thinning of
the consecutive units in the same place. The latter, although
not impossible, is unlikely. Similarly, progressive synclinal move-
ment is indicated by the localized thickening of two or more con-
secutive units in the same locality.

In the Salina basin area, three principal periods of folding of
distinctly different character are revealed by the thickness maps
and two others are revealed by structure maps. The first period
of folding affected the rocks lying between the Precambrian sur-
face and the base of the St. Peter sandstone. The second occurred
during the deposition of the rocks between the St. Peter sandstone
and the base of the Mississippian. The third period of folding
began early in Mississippian time, developed maximum intensity
between the end of Mississippian time and the beginning of Penn-
sylvanian * deposition, and continued with decreasing structural
vigor through most of the Permian. The fourth occurred between
Permian and Cretaceous times, and the fifth between Cretaceous
time and the present.

PRE-SIMPSON FOLDING

The thickness of rocks between the Precambrian surface and
the base of the St. Peter sandstone is shown in Plate 1 by lines
drawn at 100-foot intervals of thickness. A relatively level Pre-
cambrian surface is indicated by the wide distribution of the
Bonneterre dolomite, which is underlain in most areas by the La-
motte sandstone. Precambrian hills of considerable height have
been revealed in several places by drilling. McQueen (1931,
pl. 10) reports Gunter sandstone overlying a Precambrian hill in
Vernon County, Missouri, a relationship that implies an elevation of
about 600 feet above the general Precambrian surface. Similar hills
have been found by drilling in northeastern Oklahoma (Ireland,
1955), southeastern Kansas, and on the Central Kansas uplift (Wal-
ters, 1946). The thickness of the Arbuckle above such hills has been
ignored in drawing the thickness maps, and only those wells that
have penetrated the Bonneterre have been utilized.

The upper surface of the Arbuckle, upon which the St. Peter
sandstone was deposited, is exposed in parts of northern Missouri,
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where it was drained by shallow channels. Inasmuch as the
thickness of the St. Peter in wells of the area is rarely less than 50
feet or as much as 100 feet, the topographic relief of the surface
was relatively low. Scattered wells in northwestern Missouri and
northeastern Kansas, however, have revealed local thicknesses of
St. Peter sandstone as great as 403 feet (Lee, Grohskopf, Reed,
and Hershey, 1946, sheet 1). These exceptional increases in the
thickness of the St. Peter sandstone seem to indicate a material
lowering of the ground-water level and the development of sink
holes or possibly deep incised drainage valleys. In either case an up-
lift of the region of at least 400 feet is implied before subsidence
and deposition of the St. Peter sandstone upon an otherwise trun-
cated surface.

A map showing the thickness of the Arbuckle in northern Mis-
souri and northeastern Kansas (Lee, Grohskopf, Reed, and Hershey,
1946, sheet 1) indicates a subsiding basin, the Ozark basin, ex-
tending northward from central Missouri into eastern Iowa, and
a broad structural arch, the Southeast Nebraska arch, trending
south from southeast Nebraska into eastern Kansas, more or less
parallel to the contemporaneous Ozark basin. ,

In southern Missouri, where the St. Peter has been eroded, a
thickness map of rocks between the top of the Roubidoux and
the Precambrian (Lee, 1943, fig. 10) reveals that the Ozark basin
was already an active structural feature before Roubidoux time.

Because of the scanty data, the configuration of the thickness
lines on Plate 1 is of necessity only an approximation. The top
of the Lamotte would have provided a more nearly horizontal
datum, but this surface is not reported in old records, which log
only the top of the Precambrian. The thickness map therefore
records the structural deformation and in addition the local topo-
graphic relief of the Precambrian surface, which in places may
have projected above the level of Lamotte deposition. Wells
drilled into recognizable Precambrian hills and those in areas
from which the overlying Simpson rocks were later eroded have
been ignored in drawing thickness lines for the determination of
regional structure. The small number of wells available and the
distances between them eliminate local detail. The map, there-
fore, illustrates only in generalized form the regional deformation
of the Precambrian plain at the beginning of Simpson time.

Similarly the cross sections, although based on examination of
samples and insoluble residues in the Kansas area, do not pretend
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to depict the local irregularities of the formations, or hills or other
topographic features, but only the regional relations of the strati-
graphic sequence to the structural features revealed by the thickness
maps.

Plate 1 shows the Southeast Nebraska arch, from parts of which
the St. Peter or Simpson rocks were later eroded, and a flanking
syncline extending northwest from Reno County to Rooks County.
The data are inadequate to define the basin with complete ac-
curacy, but the evidence from available wells in which the Simpson
and Bonneterre are both present seems to indicate that the axis of
the basin trended northwest into the area that later formed a part
of the Central Kansas uplift. Enough evidence is available to
indicate that the Central Kansas uplift, as such, was not yet a struc-
tural feature. The map suggests also that the south end of the
Southeast Nebraska arch tended to flatten toward the south and
merge with the southerly sloping monocline of Oklahoma.

Cross section A-A’ of Plate 1 extends across the synclinal area in
Stafford and Rice Counties toward the crest of the Southeast
Nebraska arch and shows the beveling of the Arbuckle formations
before the deposition of the St. Peter sandstone or other Simpson
rocks.

The wells of cross section B-B’ of Figure 3 are correlated on the
top of the Roubidoux formation in the absence of the Simpson.
The cross section extends across the Ozark basin of southern
Missouri into southeastern Kansas, thence along the southern ex-
tension of the Southeast Nebraska arch to T. 11 S., R. 18 W, in the
structural basin southwest of the arch.

The Missouri part of the cross section is based on McQueen’s
report (1931), the only available data. The overlap of the Roubi-
doux upon pre-Roubidoux rocks in eastern Kansas is based on the
examination and interpretation by the writer of the somewhat
inadequate samples and residues in the files of the State Geological
Survey, as described in the section on stratigraphy.

The disappearance toward the west of the Davis, Derby and Doe
Run, and Potosi is interpreted as overlap of the Eminence on the
gradually rising surface of the Bonneterre, although other uncon-
formities may exist. The Eminence in turn is overlapped by the
Gasconade toward the west. Farther west, the Roubidoux over-
laps the eroded surface of the Gasconade, and still further northwest
it overlies the Bonneterre. The southern extension of the Southeast
Nebraska arch is not reflected on the cross section for lack of a
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critically located well. The thickness map shows the arch to be
considerably flattened on the line of the cross section.

Intermittent oscillatory movement was more or less continual
throughout the deposition of the Arbuckle as is shown by the
numerous indications of shallow water and minor exposure in
outcrops of Arbuckle formations in the Ozarks. There seem to
have been four principal movements of uplift and erosion repre-
sented by (a) the overlap of Eminence on Bonneterre in well 8
of cross section B-B’ of Figure 3; (b) the overlap of Gasconade
from Eminence to Bonneterre in well 6; (c) the overlap of Roubi-
doux from Gasconade to Bonneterre in wells 6, 5, and 4; and (d)
the final beveling of the whole sequence of Arbuckle formations
and overlap by the Simpson as shown in cross section A-A’ of Plate
1. The uplifts and bevelings that preceded deposition of the Roubi-
doux and, later, of the Simpson seem to have been the most im-
portant.

DEVELOPMENT OF NORTH KANSAS BASIN

After St. Peter time a broad area in southeastern Nebraska and
northeastern Kansas known as the North Kansas basin, which had
previously been a positive area (the Southeast Nebraska arch),
began a long period of differential subsidence. Also at this time
the Ozark region of Missouri rose, and the Chautauqua arch and
the Central Kansas uplift began their upward movement (Lee,
1943; Lee, Grohskopf, Reed, and Hershey, 1946).

The deformation of these structural features in post-St. Peter
time was intermittent and occurred both during periods of sedi-
mentation and during periods of emergence. In some areas the
re-elevated surface was eroded without deformation; in others,
surfaces of low relief truncated strata previously warped and re-
elevated.

DEerorMATION OF Rocks or SIMPSON Ace

Evidence of deformation between the deposition of the St. Peter
and the Platteville is obscure in the Salina basin area. The area
seems to have remained more or less static after the deposition
of the St. Peter sandstone, for during the hiatus between the St.
Peter and the Platteville several thick formations separated from
one another by unconformities and aggregating about 900 feet in
thickness were deposited in a subsiding basin in southeastern Mis-
souri. '

The Platteville is unconformable with both the underlying St.
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Peter and the overlying Viola. Its thickness is therefore irregular,
although neither surface shows pronounced topographic relief. The
Platteville thickens northward as shown in cross section A-A’ of
Plate 2, which records the beginning of subsidence of the North
Kansas basin.

The southward thickening of the Simpson in Oklahoma south
of the Chautauqua arch implies major subsidence of that area.

DerorMATION OF VIOLA—MAQUOKETA SEQUENCE

Although a hiatus exists between the Simpson and the Viola,
the wide distribution of the basal noncherty zone of the Viola
indicates that the surface of the Simpson was one of very low relief.
The upper surface of the Viola was broadly dissected by pre-
Maquoketa erosion, as indicated by the cross sections of Figures 5,
6, 7, and 8. Despite the stronger erosion in the southwestern part
of the area, the northerly increase in the thickness of the Viola
is greater than the topographic relief of the pre-Maquoketa surface,
as shown graphically in cross section A-A’ of Plate 2. The effect
of Maquoketa deposition was to level off the inequalities of the
Viola surface and present an almost level surface to Silurian depo-
sition. The thinning from north to south of the Viola—Maquoketa
sequence is the measure of the subsidence of the North Kansas
basin during the corresponding time interval. On the line of cross
section A-A’ of Figure 4 the subsidence was 165 feet greater at the
site of well 11 than at well 5 in a distance of 105 miles.

DerorMATION OF SILURIAN Rocks

The Silurian is essentially conformable with the Maquoketa.
At the end of Silurian time, the whole region was elevated above
sea level, probably by a series of differential and oscillatory move-
ments accompanied by regional warping. During the ensuing ero-
sion most of the surface was reduced to a nearly flat plain, but
in some areas the surface was broken by broad hills as much as
80 feet high. As a result, as indicated in cross section A-A’ of
Plate 2, the thickness of the Silurian is not a mathematically ac-
curate gage of the structural movements that occurred before
deposition of the first beds of the Devonian. The consistent thicken-
ing of the Silurian rocks toward the center of the North Kansas
basin (cross section A-A’ of Pl. 2 and Fig. 4), however, clearly
demonstrates that the North Kansas basin continued to subside
either during the deposition of the Silurian, as seems probable
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from cross section A-A’ of Plate 3, or certainly preceding Devonian
deposition, or both.

Cross section A-A’ of Plate 3 indicates that, from the first deposi-
tion of the Silurian rocks until the end of the pre-Devonian ero-
sion, the North Kansas basin subsided about 850 feet more at the
site of well 18 than at well 8. In the central part of the basin the
subsidence was even greater.

OvVERALL DEFORMATION BETWEEN ARBUCKLE
AND DEVONIAN Rocks

Plate 2 shows the thickness of the interval between the base
of the Simpson and the base of the Devonian, and also the pre-
Devonian areal geology. On the pre-Devonian surface the Viola
and Maquoketa rocks cropped out in broad belts flanking the
Silurian. In sec. 12, T. 258., R. 5E., the Devonian overlies the
Simpson. This relation was probably general elsewhere in the
southeast part of the area before the Devonian was removed by
pre-Chattanooga erosion.

DerorMmaTiION OF DEVONIAN Rocks

The Devonian rocks are confined between unconformable sur-
faces of considerable relief. Plate 3 shows the thickness of the
surviving Devonian limestone. Disregarding the obvious effect
of the McPherson Valley in removing and thinning the Devonian
in that area, it is obvious that the Devonian rocks follow, although
irregularly, the pattern of thickening towards the North Kansas
basin exhibited by the older formations. Again disregarding the
McPherson Valley, it is evident (cross sections, Pl 3, 4, and 5)
that the northward thickening of the Devonian over broad areas
exceeds the topographic relief.

During the deposition of the Devonian rocks on the post-Silurian
truncated surface, the North Kansas basin continued to subside.
After the deposition of Devonian limestone, the region was again
raised, and although deeply eroded locally, the surface was again
irregularly beveled by pre-Chattanooga erosion.

DerormaTioN oF CHATTANOOGA anp BOICE SHALES

Plate 4 shows the thickness of the combined Chattanooga and
Boice shales. The thickness of this shale sequence in the Salina
basin is more expressive of the topography of the pre-Chattanooga
surface than of the structural developments. The pre-Chattanooga
valley, which is revealed by the meanderings of the thickness
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lines in McPherson and Marion Counties and in the adjoining
counties to the south and east, was eroded on the beveled surface
of the Devonian rocks. The wedging out of the shales on the
western, northern, and eastern margins of the shale area is, how-
ever, the result of beveling at the end of Mississippian time and
is thus not related to structural movements or to the topography
that developed between pre-Chattanooga erosion and the deposi-
tion of the Mississippian limestones.

Outside the pre-Chattanooga valley and the areas of westward
and northward thinning of the shales, there is a gradual thickening
toward the northeast in the direction of the deeper part of the
North Kansas basin. This thickening is more significant when
taken in connection with broader areas, including the Forest City
basin (Lee, 1940, pl. 4; Lee, Grohskopf, Reed, and Hershey, 1946).

OvVERALL DEFORMATION BETWEEN Base or SIMPSON
AND Top or CHATTANOOGA

Plate 5 shows the thickness of rocks between the base of the
St. Peter sandstone and the top of the Chattanooga—Boice shale
sequence and reveals the deformation that took place during the
corresponding time interval. The extent of this deformation repre-
sents the total of the separate increments of deformation indicated
in Plates 2 to 4. The post-Devonian anticlinal arch in Harvey
County, revealed by cross section B-B’ of Figure 19, is also clearly
shown on Plate 5. Its northerly trend is approximately parallel
to the Nemaha anticline. Plate 5 reveals also that the subsidence
of the North Kansas basin amounted to at least 1300 feet below
the flank of the Chautauqua arch within the area mapped. The
total downwarping of the bottom of the North Kansas basin be-
low the crest of the Chautauqua arch was considerably greater
and may have reach 2000 feet during this interval.

DEVELOPMENT OF NEMAHA ANTICLINE AND
SALINA BASIN

DerorMATION DURiNG MISSISSIPPIAN TiME

As pointed out in the discussion of the stratigraphy of the Chatta-
nooga—Boice shale sequence, the surface at its upper contact with
Mississippian limestones was exceptionally level. The first deposits
upon this surface were Kinderhookian limestones. In southeastern
Kansas they consist of correlatives of the Chouteau and Sedalia
limestones, both of which thicken northward from a featheredge
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near the Kansas—Oklahoma border to 245 feet in central Iowa,
where the Kinderhookian Hampton formation occupies a position
corresponding to the Chouteau and Sedalia (Laudon, 1931).

The gradual northward thickening of the Kinderhookian forma-
tions from southeastern Kansas north to central Iowa, as shown
in cross section A of Figure 20, reveals that during Kinderhookian
time and at its close central Iowa was subsiding and southeastern
Kansas was stationary or was being slightly elevated. At the end
of Kinderhookian time the entire region was raised above sea level,
and during a period of relative stability the formations were beveled
as is illustrated diagrammatically in cross-section A of Figure 20.
With the advent of Osagian time, the beveled surface seems to have
been tilted southward, for the earliest Osagian deposit, the St. Joe
limestone, wedges out northward. The later Osagian formations,
the Reeds Spring, Burlington, and Keokuk limestones, and the
Meramecian “Warsaw”, Spergen, and St. Louis limestones overlap
in succession northward on Kinderhookian limestones, as shown
diagrammatically in cross section B of Figure 20. The differential
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tilting of the surface toward the south, which began before St. Joe
time and must have been more or less continuous during the long
period of overlap, kept the Kinderhookian rocks of Iowa above
sea level. Although the surface probably was seldom raised much
above sea level, some erosion of the Kinderhookian rocks of Towa
must have occurred during Osagian time. Figure 20 shows the
structural relations of the Mississippian rocks east of the axis of the
Nemaha anticline, in an area that was already beginning to subside
in early Mississippian time. '

Figure 13 shows the relation of Kinderhookian and younger Mis-
sissippian formations west of the Nemaha anticline in the Salina
basin. The wells are correlated on the contact between the Reeds
Spring and Burlington limestones. It will be noted that the only
Kinderhookian limestones represented are the Gilmore City lime-
stone and the upper member of the Sedalia dolomite. The absence
of the lower member of the Sedalia and the restricted Chouteau of
Moore (1928) (the Compton limestone of southwestern Missouri)
is the result of movements before or during Kinderhookian time (not
Chattanooga) that raised the area west of the Nemaha axis. This
initial movement of the Nemaha anticline confined the older Kinder-
hookian limestones to the subsiding basin to the east.

As in the area east of the Nemaha axis, the Kinderhookian lime-
stones thicken appreciably toward the north and wedge out toward
the south, where outliers of the upper Sedalia member lie uncon-
formably below the Gilmore City or below the St. Joe limestone,
as shown in wells 10 and 12 of the cross section of Figure 13.
Figure 13 shows that the Osagian formations in this area also
thicken toward the south and unconformably overlap the Kinder-
hookian rocks toward the north. These phenomena reveal sub-
sidence toward the north during Kinderhookian time and beveling
at the end of Kinderhookian time, followed by a gradual rising of
the surface toward the north during Osagian and Meramecian
time in the same sequence of movements as that which affected the
area east of the Nemaha anticline.

The distribution of the several formations of the Mississippian is
shown in Figures 12A and 12B. The distribution of the St. Joe and
Reeds Spring in Figure 12B indicates that these formations over-
lapped upon the flank of the incipient Nemaha anticline, which
seems to have begun the separation of the Forest City and Salina
basins as early as Osagian time. Of the Osagian formations, only
the Burlington—Keokuk sequence extended across the Central Kan-
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sas uplift and the rising Nemaha anticline. The sequence was
beveled by post-Mississippian erosion. The greater thickness of
the Mississippian limestones below the Short Creek o6lite member of
the Keokuk (Lee, 1940, p. 63, pl. 6, cross section E-F’) east of the
anticline than west of it also reveals displacement along the Nemaha
axis before the deposition of the Short Creek oélite. There were
thus at least two types of deformation going on contemporaneously
during Mississippian time: (1) initial movements along the Nemaha
anticline, whose maximum development occurred at the end of
Mississippian deposition; and (2) progressive tilting of the region
from south to north during Kinderhookian time and later tilting
in the opposite direction.

Study of a cross section from Meade County to Smith County,
Kansas, (Lee, 1953, fig. 2) suggests that minor development of the
Central Kansas uplift occurred during or before Mississippian time
but that the principal deformation occurred at the end.

DEFORMATION AT THE END oF MISSISSIPPIAN TiME

Plate 6 shows the thickness of the Mississippian rocks and the
areal geology at the beginning of Pennsylvanian deposition. The
principal structural movements at the end of Mississippian time in
this area affected the Nemaha anticline, the Central Kansas uplift,
the Forest City basin, and the Salina basin.

The deformation of the Mississippian limestones was probably
brought about by differential movements during which erosion of
the gradually emerging surface kept pace with its elevation. In
conformity with this concept, it is assumed that the rocks were
beveled by submarine or subareal erosion as fast as they were
elevated, that the surface was rarely much above sea level, and that
minor beveling was going on intermittently during the whole period
of elevation as well as at the end.

Before the invasion of the Pennsylvanian sea the beveled surface
was re-elevated, deformed again by differential movement, and
subjected to relatively brief and intermittent erosion. A broad
shallow valley was eroded on the beveled surface of the Mississip-
pian limestones in the Forest City basin during an early Pennsyl-
vanian period of exposure. In consequence, the expression of
structure by thickness lines in that area is modified by topographic
relief (Lee, Grohskopf, Reed, and Hershey, 1946, sheets 5 and 6).
This valley, which is mainly outside the area under consideration,
is revealed by a local thickening of the Pennsylvanian rocks ac-
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companied by a corresponding thinning of the upper Mississippian
formations in the same locality.

In the Salina basin local shallow channels or possibly sink holes
have been noted. Errors in interpretation of structure due to such
topographic irregularities have been eliminated in some degree by
including with the Mississippian sequence the cherty conglomerate
at the base of the Pennsylvanian, for the top of the conglomerate,
which consisted of reworked residual debris, was more nearly level
than the eroded surface of the Mississippian. The use of this con-
vention in mapping the thickness of the Mississippian introduces
a difficulty as the border of the Mississippian is approached. In
areas where the cherty Pennsylvanian basal conglomerate overlaps
into areas underlain by rocks older than the Mississippian, its top
loses its value as a Mississippian datum. Only those wells in which
Mississippian limestone underlies the conglomerate are regarded
as significant in estimating the degree of structural movement.
The limit of the actual Mississippian is therefore vague where the
differentiation of Mississippian residual chert from Pennsylvanian
conglomerate becomes uncertain.

The Nemaha anticline is the most striking of the new structural
features produced in eastern Kansas by post-Mississippian folding.
It extends with varying structural relief from a point near Omaha,
Nebraska, southwestward beyond Oklahoma City, Oklahoma.
Throughout its length the eastern limb of the anticline is notably
steeper than the western limb. The northern end of the anticline
was raised so high that the erosional beveling in northeastern
Kansas exposed Precambrian rocks on the crest and truncated the
pre-Pennsylvanian rocks in parallel belts on its flanks. Toward
the south, where the structural relief decreases, the Mississippian
limestones were only partly eroded from its crest except at places
of exceptional deformation.

The progressive development of the Nemaha anticline is illus-
trated in Figure 21, which includes a series of wells drilled by the
Amerada Petroleum Corporation in T. 11 S., R. 10 E., at approxi-
mately one-mile intervals on the east limb of the anticline. Cross
section A shows the arching of the pre-Pennsylvanian formations
after post-Mississippian beveling; cross section B shows the defor-
mation at the end of Lansing time, and cross section C the present
deformation. The impulse to assume faulting on the east limb of
the anticline is checked by redrafting cross section C as cross
section D with equal vertical and horizontal scales.
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The Central Kansas uplift, which is outlined on the areal map
of Plate 6 by the beveled outcrops of Mississippian and older rocks,
was already mildly developed in pre-Mississippian time (Lee, 1953,
p- 20, fig. 2) but was vigorously rejuvenated at the end. The
Chautauqua arch, which showed only slight movement at the
close of Chattanooga time, remained quiescent, although feeble
secondary movements parallel to its axis are shown locally by 50-foot
thickness lines (Lee, 1939, pl. 1).

Many geologists have assumed that the northeasterly trending
Forest City basin and the northwesterly trending Salina basin are
the result of the intersection of the North Kansas basin by the
Nemaha anticline. The Nemaha anticline strikes across the eastern
side of the North Kansas basin (compare Pl. 5 and 6), but neither
the Salina basin nor the Forest City basin bears a close relation to
the North Kansas basin.

The Forest City basin parallels the Nemaha anticline and lies
high on the southeast margin of the North Kansas basin between
the Nemaha anticline and the northwestern flank of the contem-
poraneously re-elevated Ozark uplift (Lee, Grohskopf, Reed, and
Hershey, 1946, sheet 5). The only feature common to the Forest
City basin and to the North Kansas basin is their position on the
northwestern flank of the Ozark uplift.

The axis of the southern part of the Salina basin is roughly
parallel to the northeastern flank of the Central Kansas uplift, but
its northeastern limb swings north around the broad northern end
of the Nemaha anticline. The Salina basin lies between the Central
Kansas uplift and the Nemaha anticline, both relatively new struc-
tural features, and it seems probable that a Salina basin would
have been formed even had there been no North Kansas basin.

At the end of post-Mississippian beveling, 350 feet of Mississip-
pian limestones survived in the deepest part of the Salina structural
basin and 450 feet in the Forest City basin. These thicknesses do
not, however, represent the total amount of deformation.

The Salina basin is bounded on the east by the Nemaha anticline,
but where the syncline in the southern part of the Salina basin
intercepts the Nemaha anticline in southeastern Chase County
the continuity of the Nemaha axis is broken. The Salina basin
syncline continues weakly to the southeast and fades out in cen-
tral Greenwood County. The Central Kansas uplift confines the
Salina basin on its southwestern side, but between the southeastern
end of this uplift and the Nemaha anticline the Salina basin is
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confined by a broad low arch, shown between the 250-foot thick-
ness lines (Pl 6). This arch trends northwestward across central
McPherson County, and is aligned with the northeastern flank of
the Central Kansas uplift.

Northeast-trending folds were formed both east and west of
the axis of the Nemaha anticline. The constricted area between
the Central Kansas uplift and the Nemaha anticline contains more
known northeasterly trending anticlines than any other area in
Kansas, and most of them yield oil and gas. The Voshell anticline
is the longest and most prominent of the anticlines in the constricted
area, but it is cut off toward the north by the Salina basin.

The prominent Abilene anticline, on the northeast side of the
Salina basin, is recognized in the surface rocks in Riley County
and extends southward into Dickinson County. It resembles the
Nemaha anticline in that the beds dip steeply on its southeastern
side and very gently to the northwest. Not many subsurface
data are available on the Abilene anticline, and the thickness lines
have been drawn to conform to the scanty data and with the struc-
ture of the surface formations so far as known. The Abilene anti-
cline seems to be interrupted on the south by the Salina basin
syncline. Another anticline paralleling the Nemaha axis extends
from T. 17S., R. 3W., to T. 13S,, R. 2W,, crossing the axis of
the Salina basin.

Northwest-trending folds that parallel the Salina basin and the
Central Kansas uplift are not clearly revealed by the Mississippian
thickness lines of Plate 6. In Chautauqua and Elk Counties there
is some indication of northwesterly trending folds (Lee, 1939,
pl. 1). The exposure of Cambrian and Ordovician rocks in Ells-
worth County on the pre-Pennsylvanian areal geology map (Pl. 6)
suggests the probability of northwesterly trending folds on the
northeastern flank of and paralleling the Salina basin in areas as
yet inadequately explored. The major folds that trend northeast
parallel to the Nemaha anticline and those that trend northwest
parallel to the Central Kansas uplift, although they intersect nearly
at right angles, seem to have developed contemporaneously, for
the interruption of the Nemaha anticline resulting from the inter-
section by the Salina basin syncline in Chase and Marion Coun-
ties persisted into early Pennsylvanian time (Pl 7).

Faulting—A northeasterly trending post-Mississippian reverse
fault, by which pre-Pennsylvanian rocks were displaced downward
toward the west, was mapped in the subsurface by Bunte and
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Fortier (1941, p. 114-115) on the west side of the Voshell anticline
in T. 21, 22, and 23S., R. 8W. The fault is reported to have a
maximum downward throw of about 400 feet on the west, but the
displacement at the end of Mississippian time was less. In ad-
dition to the fault on the west flank of the Voshell anticline, a
reverse fault with a down throw of 66 to 75 feet to the east has -
been described by Smith and Anders (1951, p. 43-47) on the east
limb of the anticline of the Davis Ranch pool. Another reverse fault
was drilled in the Davon No. 1 Swart well in sec. 26,T.3S.,R.18E,,
on the east limb of the Nemaha anticline. The fault has a down-
ward displacement to the east of at least 190 feet as measured by
the repetition of the Maquoketa and Viola formations in the elec-
tric log.

DerormaTiON DURING PENNSYLVANIAN axp PERMIAN TiMmE

The structural movements that occurred during Pennsylvanian
and Permian time have been determined by comparison of thick-
ness maps of four sequences of rocks. The upper and lower sur-
faces of each sequence were chosen at beds that were (1) originally
essentially flat and horizontal, (2) commonly reported in drillers
logs with reasonable accuracy, and (3) spaced at more or less
regular intervals. The thickness of each sequence ranges from
750 to 1,000 feet, although there are wide variations in each se-
quence, owing to contemporaneous structural movements.

The five datum planes used are (1) the top of the Pennsyl-
vanian basal cherty conglomerate, (2) the base of the Hertha
- limestone at the base of the Kansas City group, (8) the top of the
Topeka limestone at the top of the Shawnee group, (4) the base
of the Florence limestone member at the bottom of the Barneston
limestone of the Chase group of the Permian, and (5) the top
of the Stone Corral dolomite of the Sumner group of the Permian.
The intervals, thicknesses of which are represented on Plates 7,
8,9, and 10, are shown diagrammatically in Table 18.

The use of the top of the cherty conglomerate at the base of
the Pennsylvanian results in some confusion where the Pennsyl-
vanian overlaps upon the surface of pre-Mississippian rocks on
the Central Kansas uplift. In such areas an extremely irregular
line of zero thickness results. A part of the irregularity is due
to erosional relief and to the occurrence of karst topography, as
described by Walters (1946, p. 690-699). A part is due to the
fact that where the basal conglomerate is represented by non-
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TaBLE 18.—Skeletonized columnar section of Pennsylvanian and Permian rocks
showing sequences whose thicknesses are represented on Plates 7, 8, 9, and 10.
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cherty clastic deposits it has been included with the Pennsylvanian
instead of with the Mississippian sequence. The configuration
of the zero thickness line as shown on the Central Kansas uplift
is therefore generalized.

Deformation Between Top of PENNSYLVANIAN BASAL CON-
'GLOMERATE and Base of KANSAS CITY Group

Plate 7 shows the thickness of the pre-Kansas City Pennsylvanian
rocks above the Pennsylvanian basal conglomerate. The structurat
movements revealed by the differences in thickness of the Mississip-
pian limestone (Pl 6) were generally revived during the deposition
of the lower Pennsylvanian rocks, but there were some modifications
in their character, particularly on the Nemaha anticline.

Before the advance of the Pennsylvanian sea into Kansas, the post-
Mississippian beveled plain was warped and topographic basins de-
veloped east and west of the Nemaha anticline, the crest of which
became a low barrier separating the basins. Subsidence of the
Forest City basin to the east was continuously greater than in the
Salina basin to the west and it was consequently invaded and re-
ceived Pennsylvanian deposits before the Salina basin. Differential
movements kept the crest of the Nemaha anticline above sea level
until Marmaton time near the southern border of the Salina basin
area and until middle Kansas City time in southeastern Nebraska.
During much of this period a long narrow peninsula extended south-
ward from Nebraska into the Pennsylvanian sea and formed a
divide between the Forest City and Salina basins, but the surface
was probably too low to warrant its designation as a ridge except
in a structural sense.

In the deepest part of the Salina basin 400 feet of Pennsylvanian
rocks had been deposited before Kansas City time, but in the deepest
part of the Forest City basin pre-Kansas City rocks were 1,050 feet
thick. The difference in the thickness of the deposits is the measure
of the subsidence of the beveled Mississippian surface in the Forest
City basin below that in the Salina basin.

Except for outstanding local structures such as the Burns dome
and the Elmdale anticline, arching on the axis of the Nemaha anti-
cline was too low to be expressed by 50-foot contours. The renewed
activity during early Pennsylvanian time increased the structural
displacement on the east flank, and tilted the upraised block slightly
toward the west. Plate 7 shows a belt of thinning extending south
from western Riley County to northwestern Butler County. This



150 Geological Survey of Kansas

belt of thinning, which is west of the axis of folding, is not a struc-
tural feature but the result of the westward migration of the divide
between the Salina and Forest City basins caused by erosion during
the periods of exposure when the crest of the anticline was above
- sea level. The Central Kansas uplift also continued to develop and
in Hertha time a considerable part of its area was land.

The thickness lines of Plate 7 show the renewed development of
the Salina basin along the trend indicated by the greater thickness
of the Mississippian limestones. The principal axis of the basin,
which extended northwest from Ottawa and Saline Counties, re-
mained the same, but the somewhat inadequate data available seem
to indicate that the deepest part of the basin had moved about 60
miles northwest to Smith or Jewell County.

The divide in McPherson County that separated the Salina basin
from the deeper Sedgwick basin toward the south on Plate 6 is only
faintly shown by the thickness lines of Plate 7. The Salina basin
interrupts the Nemaha anticline at the same place in Chase County
as at the end of Mississippian time (Pl 6.) The perpetuation of
this feature seems to indicate the contemporaneous development of
the two intersecting structural features throughout a long period of
time. Structural movement during pre-Hertha Pennsylvanian time
lowered the surface of the Mississippian limestones in the Salina
basin about 450 feet below the crest of the Central Kansas uplift,
where Mississippian rocks were removed.

Secondary northeasterly trending folds such as the Voshell anti-
cline were less active than during the period ended by post-Missis-
sippian beveling, and are revealed only locally by 50-foot thickness
lines. The data are inadequate to determine the degree of activity
of the Abilene anticline with accuracy, but some movement oc-
curred. The extent of the activity of secondary northwesterly
trending folds is not revealed by 50-foot thickness lines, but these
folds were probably not inactive.

Deformation Between Base of KANSAS CITY and Top of
SHAWNEE GROUP (Top of TOPEKA limestone)

Plate 8 shows the thickness of the Pennsylvanian rocks between
the base of the Kansas City group, in most areas the base of the
Hertha limestone, and the top of the Topeka limestone of the Shaw-
nee group. The deformation indicated by the thickness of this
sequence is similar to that revealed in Plates 6 and 7, but of declin-
ing intensity. During this time interval downward displacement on
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the east limb of the Nemaha anticline was only about 300 feet be-
low the crest near the Nebraska—Kansas border and less than 100
feet near the southern border of the area. Continued development
of the Burns dome in T. 23 S., R. 5 E., is revealed by a 50-foot thick-
ness line partly encircling its crest, but only minor anticlinal move-
ments, so far as known, affected other local structural features on
the Nemaha anticline.

The Voshell anticline is only faintly expressed by 50-foot thickness
lines and only in certain areas. Minor movements of less than 50
feet, however, were general along the trend. The available data
from wells along the Abilene anticline suggest some activity of this
structural feature.

Deformation of the Salina basin declined, and the structural
basin of earlier times became a structural embayment. The low
structural divide in McPherson County, which originally cut off
the Salina basin from the subsiding Sedgwick basin to the south,
had no expression during this period and probably became inactive
even before the deposition of the Hertha limestone.

The thickness lines on the Central Kansas uplift form a broad
bulge and here also reveal a decline of structural activity. The
structural relief between the crest of the uplift and the deeper part
of the Salina basin directly opposite was only about 200 feet.

Deformation Between TOPEKA Limestone
-and BARNESTON Limestone

Plate 9 shows the thickness of Pennsylvanian and Permian rocks
between the Topeka limestone of Pennsylvanian age and the
Barneston limestone of Permian age. The sequence transgresses
the boundary between the Pennsylvanian and Permian Systems.
A low angular unconformity is believed to separate these systems,
and it would have been desirable to divide the sequence at or
near the contact. Unfortunately a surface of considerable local
relief occurs at the contact and, for several hundred feet both
above and below the contact, the limestone formations are so thin
and so infrequently identifiable in well logs that there is no suitable
datum bed for dividing the sequence near the Permian-Pennsyl-
vanian contact. The deformation indicated by the thickness map,
therefore, includes movements of both late Pennslyvanian and early
Permian age.

The thickness map of this sequence is in most respects similar
to Plate 8, but less deformation is revealed, despite the fact that
the average thickness of the sequence and probably the elapsed



152 Geological Survey of Kansas

time is greater. Structural activity in the Salina basin continued
to decline. The re-entrant shows a lower over-all structural gradi-
ent toward the southeast than during the older sequences, although
in some areas the local gradient is steeper. The arching of the
Central Kansas uplift had nearly ceased, and the thickness lines
delineate it as a southeasterly plunging arch on a southeastwardly
dipping monocline.

The deformation of the Voshell anticline is shown only at the
northern end where a 50-foot contour touches the anticline. Some
rejuvenation, however, is revealed at other places along the anti-
cline by thinning that does not amount to the contour interval.
Very little control is available on the Abilene anticline, but defor-
mation is vaguely suggested by a few wells and by abrupt deforma-
tion of more than 50 feet on its east side in surface formations a
short interval above the top of this sequence.

Most of the area in which the entire sequence survives lies west
of the Nemaha anticline. The thickness lines therefore do not
reveal the activity of this structural feature except toward the south.
On the Burns dome the sequence is 55 feet thinner on the crest
than on the eastern flank, and on the Eldorado anticline 40 feet
thinner on the crest than on the eastern flank of the north end. It
is probable that minor movements occurred at this time at other
points along the crest of the Nemaha anticline. No abrupt thick-
ening indicating a structural escarpment is evident directly east
of either the Burns dome or the Eldorado anticline, but subsidence
is shown by irregular thickening of the interval in some wells in
the adjacent synclinal area to the east.

Deformation Between BARNESTON Limestone
and STONE CORRAL Dolomite

Plate 10 shows the thickness of Permian rocks between the base
of the Florence limestone member of the Barneston limestone and
the top of the Stone Corral dolomite as determined mainly from
electric logs. Because of salt flow, the original thickness of the
sequence is obscured by the later thickening of the salt in local
anticlinal areas and thinning in local synclines, the sum of which
amounts in some areas to nearly 100 feet. To eliminate part of these
imperfections, the contour interval has been increased to 100 feet,
and local abnormalities that seem to result from salt flow have been
suppressed. The thickness lines are therefore to be regarded as
only roughly significant of regional structure. The Stone Corral
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was eroded from a large part of the Salina basin before the deposi-
tion of the Cretaceous rocks, and in consequence the full thickness
of this sequence can be mapped only in the western part of the
Salina basin area. The thickness lines show no movement of the
Central Kansas uplift. Most of the Salina basin is outside the area
of control, but the thickness lines in Osborne, Mitchell, and Lincoln
Counties do not show the re-entrant that characterized the later
stages of the development of the Salina basin as shown on Plate 9.

The cessation of structural activity on the Central Kansas uplift
brought to an end a long period of regional arching. Its almost
continuous development from St. Peter to early Permian time is
recorded by thinning on its crest or beveling on its flank of nearly
every mappable unit from Chattanooga to Barneston. Fifty-foot
thickness lines of the interval from Chattanooga to Barneston (not
shown) reveal no structural activity of the Central Kansas uplift
after Barneston time, although minor movements on local north-
westerly trending anticlines probably continued or were revived
later. The Salina basin, which is first revealed by the thickening
of the Mississippian limestones, continued its development with
declining vigor into early Permian time and, like the Central Kansas
uplift, became essentially inactive shortly after Barneston time.

A structural bench (PL 10), trending from Rush and Ellis Coun-
ties to Lincoln and Ellsworth Counties, breaks the regular south-
ward increase in thickness of the Barneston—Stone Corral sequence.
The wider spacing of the thickness contours in this area occurs
where the Hutchinson salt member is thickest and is the expression
of the downwarping that accompanied the development of the salt
basin. The thickest salt, marking the greatest subsidence of the salt
basin, overlies a part of the crest of the formerly active Central
Kansas uplift (Fig. 15).

The structural deformation indicated on Plate 10 shows a regional
tilt toward the south. It probably represents a composite of two
regional movements; a continuation of southeasterly tilting toward
the Ouachita basin until the formation of the salt basin, and a south-
westerly tilting that followed the deposition of the salt, revealed a
little later by the data of Figure 23A. A southwesterly dip imposed
on a southeasterly dip produces a composite southerly dip.
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RELATION OF PENNSYLVANIAN AND EARLY PERMIAN
DEFORMATION IN KANSAS TO OUACHITA BASIN

During Pennsylvanian and early Permian time Kansas formed a
part of a structural province comprising Illinois, Kansas, Missouri,
Nebraska, Jowa, and parts of Oklahoma and Arkansas, which was
dominated by the Ouachita basin of west-central Arkansas and
southeastern Oklahoma. This basin extended from east to west and
was flanked on the south by contemporaneously rising land. Miser
(1934, p. 979) reports 18,000 to 20,000 feet of clastic Cherokee and
older Pennsylvanian rocks in the Ouachita basin. This sequence
includes 6000 feet of Stanley shale, which is reported by Hass
(1951) as of Mississippian age. Compared with these deposits the
maximum thickness of Cherokee rocks of approximately 800 feet in
the Forest City basin and 200 feet in the Salina basin seems insig-
nificant.

The Nemaha anticline and the Central Kansas and Ozark uplifts
were structural features inherited from pre-Pennsylvanian time but
they continued to develop in Pennsylvanian time. The Forest City
basin and the Cherokee basin together represent an arm of the
Ouachita basin that extended northward between the Ozark uplift
and the Nemaha anticline. In a broad sense, particularly after
Hertha time, the Salina basin, lying between the Central Kansas
uplift and the Nemaha anticline, was also an arm of the Ouachita
basin.

Attention has been called in the section on stratigraphy to the
decrease in thickness of shale and clastic deposits toward the north
and west and the relative regularity of the thicknesses of the lime-
stone formations. All the Pennsylvanian series and groups in east-
ern Kansas thicken toward the Ouachita basin except where their
thickness is modified by local deformation and intercyclical erosion.
Most of the thickening occurs in the shale formations and in the
shale members of formations in which limestone predominates.
Table 19 shows the comparative thickness of limestones and clastic
deposits in the wells shown in Figure 22.

Formations that are composed predominantly of limestone can
generally be recognized in sample logs and in some drillers logs,
but the precise thickness of interbedded shale cannot be determined.
The thicknesses of shale and limestone shown in Table 19 were
compiled by scaling the electric logs of the respective wells. In
order to test the accuracy of the data, some of the electric logs were
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Fic. 22.—Map showing location of wells referred to in Table 19 and their
relation to Pennsylvanian structural features.

scaled several times and the measurements compared. The several
measurements were found to differ by less than 10 percent.

It will be noted that in general the thicknesses of the clastic beds
in Table 19 decrease with the distance from the Ouachita basin and
that the aggregate thickness of the limestones of each sequence is
singularly constant in the different areas. Some of the deviations
from regularity in the thickness of the limestones are caused by the
difficulty of scaling the many thin limestones of the electric logs
with consistent accuracy. Most of the differences in the thicknesses
of the limestones and shales are due to the removal of some of the
limestone beds during intercyclical erosion and their replacement
by shale during the next cycle of deposition, as well as to local
structural movement that caused deposition of greater or less thick-
nesses of shale in the areas affected, as on the Nemaha anticline,

In well 1 of Table 19 the Wyandotte and other limestones of the
Kansas City group either were eroded during intercyclical erosion
and their place occupied by shale or they graded into shales south-
eastward toward the source of sediments. In this area the thick-
ness of limestone was thus decreased and that of the shale increased.
The abnormal thickness of the shale in well 6, especially in the
Douglas group, is probably due to the location of this well in the
center of the differentially subsiding Salina basin syncline. In wells
4 and 5, the thinning of the limestones in the Lansing and Kansas
City groups is due to overlap and nondeposition of the basal Kansas
City rocks on the exposed surface of the Central Kansas uplift.
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From the data in Table 19, as well as that included in the dis-
cussion of the Pennsylvanian stratigraphy, it seems probable that
the limestones were deposited during quiescent periods of the
cyclothems in a broad belt beyond the reach of clastic sediments
from the southeast, and that in this belt they were deposited with
little variation in thickness except toward land areas where they
grade into or interfinger with clastics. The shales and sandstones,
however, were deposited during periods of differential subsidence.
They filled the subsiding basin with material that was worn from
contemporaneously rising marginal land areas and distributed by
tides and currents. The differential tilting of the border regions
of Kansas and states farther east toward the Ouachita basin was
the outstanding structural development in the Midcontinent region
during Pennsylvanian and early Permian time. The Nemaha anti-
cline and the contemporary structures that seem so prominent in
eastern Kansas were scarcely more than ripples on the monoclinal
dip into the Ouachita basin.

LATE PERMIAN DEFORMATION

During the deposition of the Mississippian, the Pennsylvanian,
and the Permian to about Barneston time, southwestern Kansas
was a subsiding basin (the Hugoton embayment of the Anadarko
basin) on the southwest side of the Central Kansas uplift. It was
the counterpart of the Salina basin to the northeast, but the Hugo-
ton embayment was an area of much greater subsidence than the
Salina basin. With the deposition of the Hutchinson salt beds,
arching of the Central Kansas uplift ceased, but the areas of the
Salina basin and Central Kansas uplift began to be tilted as a whole
toward the southwest into the Hugoton embayment (Lee, 1953,
fig. 2; Lee and Merriam, 1954).

POST-PERMIAN DEFORMATION

The details of deformation during the hiatus between the Permian
and Cretaceous rocks of Kansas are only partly known. In north-
western Kansas the Permian is overlain unconformably by the Mor-
rison formation of Jurassic age. During the hiatus that separates
them, deposition and erosion of Triassic sediments occurred in
other areas. The effect of these events on the structure of the Salina
basin is quite unknown.

The Morrison formation, of Jurassic age, was deposited on the
eroded surface of the Permian in an erosional and structural basin
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in Colorado. The deposits now reach eastward to the western
border of Phillips County, but they must originally have extended
farther east. The effect of pre-Morrison as well as Triassic deforma-
tion on the Salina basin area is problematical, for during the hiatus
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that preceded Cretaceous deposition rocks of Jurassic age, if ever
present, were eroded away. By the beginning of Cretaceous time
the westerly inclined Permian rocks had been roughly truncated.
The surface sloped gently westward with local relief of 50 feet or
more.

Figure 23A (after Lee and Merriam, 1954, pl. 3) shows the pre-
Dakota structure of the Stone Corral dolomite in western Kansas
by 100-foot thickness lines of the sequence between these beds. The
map records the deformation that had been imposed on the Stone
Corral when the level surface of the Dakota was yet undisturbed.
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Fic. 23.—Generalized structure maps of western Kansas (after Lee and

Merriam, 1954), showing late regional deformation of western Kansas. A.
Shows by 100-foot thickness lines the southerly pitch of Hugoton embayment
syncline at horizon of Stone Corral dolomite when Dakota formation was still
undeformed (based on thickness of sequence between these beds). B. Shows
by 200-foot contours the present structure of Dakota formation. Northerly
post-Dakota dip was imposed on older rocks. C. Shows by 200-foot contours
the present structure of Stone Corral dolomite as result of post-Dakota deforma-
tion.
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This map shows the southerly plunging Hugoton embayment
syncline flanked by a southerly trending local anticline. The struc-
ture is a composite of the deformation that modified the flat surface
of the Stone Corral not only during late Permian time but also during
Triassic, Jurassic, and pre-Dakota Cretaceous time. The synclinal
warping was mainly a continuation of the movements that developed
the Hugoton embayment. The effect of these movements on the
Salina basin was to give the Stone Corral in that area a westerly
inclination of 8 to 10 feet per mile.

POST-CRETACEOUS DEFORMATION

Figure 23B (after Lee and Merriam, 1954, pl. 2) shows the
present structure of the Dakota sandstone in western Kansas by
200-foot contour lines. It is a composite of all the movements
that have altered the essentially level surface of the Dakota during
later Cretaceous time, during the Tertiary, and during the Quater-
nary.

F?;gure 23C shows the present structure of the Stone Corral
dolomite by 200-foot contours. It represents the structure of the
Stone Corral of Dakota time (Fig. 23A) modified by the post-
Dakota structure (Fig. 23B). The result of these movements was
to tilt the region northward toward basins in Nebraska. The
northerly tilt reversed the pitch of the Hugoton embayment at
the horizon of the Stone Corral (Fig. 23A) to the northerly pitch
shown in Fig. 23C. In the deeper rocks, in which the structure
of the Hugoton embayment was more pronounced, the northerly
tilt reduced but did not destroy the southerly plunge.

Until Dakota time, the Stone Corral in the Salina basin and
probably in other areas in northeastern Kansas seems to have
been tilted westward on the eastern flank of the Hugoton em-
bayment at the rate of 8 to 11 feet per mile (23A). The effect
of post-Dakota deformation (8 to 10 feet per mile to the north,
Fig. 23B) was to give the Stone Corral of the Salina basin area
a dip of about 8 feet per mile toward the northwest (Fig. 23C).

Details of the post-Cretaceous structural history of the Salina
basin are recorded in Kansas by a series of terrestrial deposits of
Tertiary and Quaternary age laid down on the eroded surface of
the older rocks and also by a series of dissected alluvial benches
along the major streams as yet imperfectly related to regional struc-
tural movements. Among the latest post-Cretaceous movements
is that resulting in the present elevation of the Cretaceous rocks.
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Chalk beds approximately correlatives of the Smoky Hill chalk
occur at river level in southeastern Missouri but at elevations of
more than 2000 feet above sea level in Gove County and other
areas in western Kansas.

Plates 11 and 12 show the present attitude of the rocks along
the lines X-X' and Y-Y' of inset maps. The exaggerated vertical
scale of these cross sections distorts the dip of the formations. The
true rate of dip in feet per mile is shown by the insert diagrams.

RELATION OF STRUCTURAL DEVELOPMENT OF THE
REGION TO ACCUMULATION OF OIL AND GAS

As has been shown in the preceding pages, the present attitude
of the rocks of the Salina basin is the result of conflicting struc-
tural movements that occurred at several different times. The
folding was brought about in the main by minor increments of
deformation. Each new structural movement modified the pre-
vious structure by warping and tilting the rocks in the same or
different directions. The closure of some anticlines of low relief
was greatly reduced and in some folds the position of the crest
in the surface rocks was shifted by later regional tilting (Lee and
Payne, 1944, p. 70, fig. 12, p. 79). When the original dips of an
anticline are less than a subsequently imposed regional dip, the
anticline may be reduced to a structural nose in surface formations.
In a somewhat similar way, an anticline in an upper sequence of
rocks may overlie an unconformable sequence of rocks whose
regional dip is too great to show closure (Lee, 1943, p. 128-133);
this is one explanation of the so-called “loss of closure” in drilling
into deeper rocks. Local thickening of salt beds by flow toward
anticlinal areas also reduces the expected amount of closure in
older rocks.

The movements of fluids in the rocks toward structural and
stratigraphic traps must have been facilitated by the numerous
structural adjustments by which both the local and regional struc-
ture were developed. These structural movements brought about
many periods of exposure and erosion, and it is probable that with
each re-elevation of the rocks above sea level the connate water
escaped or was redistributed and that migration of nascent ol
and gas was materially affected by the erosion of the rocks as well
as by the intermittent changes of elevation. Thus any considera-
tion of the time and manner of the accumulation of oil and gas
and their subsequent adjustment in the positions in which they

6—4029
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are now found must take into account the geologic history of the
rocks in which they are trapped.

The accompanying maps show the areal distribution of the
formations at different periods and indicate the areas from which
well-known productive zones have been eroded and will not be
found in drilling. The maps and the cross sections show also
the belts of overlap and beveling along which conditions are favor-
able for stratigraphic traps if the beveled edges of the rocks are
porous and structurally closed.

The structural deformation that occurred prior to St. Peter time
was not accompanied, so far as known, by the accumulation of
oil and gas. So few wells have been drilled through the pre-St.
Peter sedimentary sequence, however, that local structures are
completely unknown, and the regional structural features are re-
vealed only in the most general way. Any local anticlines that may
be present in the pre-St. Peter rocks may not correspond in location
or character to the structural features of the younger rocks. The
pre-St. Peter sedimentary rocks are productive of oil and gas on
the Central Kansas uplift and in some places on the Chautauqua
arch in Montgomery County and adjoining areas of southeastern
Kansas. In these areas the anticlines in which the oil is found
trend west and northwest at right angles to the structural axis
of known pre-St. Peter features, and their development may have
begun between St. Peter and Mississippian time, when a broad
regional anticline extended west from the Ozarks as the Chau-
tauqua arch and continued northwest to the area where initial
movements of the Central Kansas uplift were developing.

Local structural features parallel to the Chautauqua arch are not
known, however, to have been developed until the end of Missis-
sippian time, when productive anticlines trending parallel to this
fold were formed in Montgomery and adjacent counties (Lee,
1939, pl. 1). Minor anticlines are expressed by the thinning of
Mississippian rocks. These folds are not strongly developed and,
although there is no direct evidence, they are believed to repre-
sent the rejuvenation at the end of Mississippian time of folds
originally formed during the development of the Chautauqua
arch. _

The Central Kansas uplift itself was only slightly developed be-
fore the end of Mississippian time, when the major uplift occurred.
It reached its period of maximum deformation before Hertha time,
and continued to develop with declining intensity through late Penn-
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sylvanian and early Permian time until the downwarping of the
salt basin. Most of the productive anticlines on the uplift trend
northwest. The date of the first movements of the anticlines can-
not now be determined, because the area was stripped of pre-Penn-
sylvanian rocks by successive periods of exposure and erosion. Such
folds were probably being developed at the end of Mississippian
time contemporaneously with the Salina basin.

During the development of the northwesterly trending Salina
basin, the Nemaha anticline and other structural features trending
east of north were initiated and continued to develop contem-
poraneously with the northwest-trending folds. Northeasterly trend-
ing folds are prominently revealed on the thickness map of the
Mississippian, but only the most prominent anticlinal movements
are revealed by 50-foot thickness lines after Hertha time. It is note-
worthy that most of the oil from anticlines paralleling the Nemaha
axis has been produced in the constricted area between the Central
Kansas uplift and the Nemaha anticline.

Too few wells have been drilled in the Salina basin to permit any
definite conclusions, but it seems probable that northwesterly trend-
ing anticlines will be found paralleling the Central Kansas uplift.

The central and northern part of the Salina basin have not been
adequately tested. Only a few wells have been drilled on the
Abilene anticline. A small amount of low-gravity oil in one well on
the part of the anticline in Clay County (sec. 21, T.9S., R.4E.)
shows that oil occurs on the northeastern side of the Salina basin.
The offsets of this well, however, were all dry. In an effort to de-
termine the subsurface structure of this anticline, the surface struc-
ture was recontoured, eliminating the post-Permian regional tilting.
The structure as thus restored revealed a considerable shift in the
position of the low crest on the axis of the present anticline.



164 Geological Survey of Kansas

REFERENCES

Apawms, G. 1., and Urricy, E. O. (1905) Description of the Fayetteville quad-
rangle: U. S. Geol. Survey, Geol. Atlas, folio 119, p. 1-6.

Barry, J. R. (1939) Stratigraphy of the Silurian System of the lower Mississippi
Valley: Kansas Geol. Soc. Guidebook, 13th Ann. F:eld Conf., p. 110-126,
Barwick, J. S. (1928) The Salina basin of north-central Kansas: Am. Assoc.

Petroleum Geologists Bull,, v. 12, p. 177-199, fig, 1-5.

Bass, N. W. (1926) Structure and limits of the Kansas salt beds: Kansas Geol.
Survey Bull. 11, pt. 4, p. 90-95, pl. 8-9.

(1926a) Geologic structure of the Dakota sandstone of western Kansas:

Kansas Geol. Survey Bull. 11, pt. 3, p. 84-89, fig. 27, pl. 7.

(1936) Origin of the shoestring sands of Greenwood and Butler Coun-
ties, Kansas: Kansas Geol. Survey Bull. 23, p. 1-135, fig. 1-10, pl. 1-21.

Branson, E. C. (1923) The Devonian of Missouri: Missouri Bur. Geology and
Mines, 2d ser., v. 17, p. 1-279, fig. 1-10, pl. 1-79.

(1941) Devonian of central and northeastern Missouri: Kansas Geol.

Soc. Guidekook, 15th Ann. Field Conf., p. 81-85, fig. 1.

(1944) The geology of Missouri: Univ. Missouri Studies, v. 19, no. 3,
p. 1-585, fig. 1-51, pl. 1-49.

BuNTE, A. S., and ForTiEr, L. R. (1941) Nikkel pool, McPherson and Harvey
Counties, Kanss: Stratigraphic type oil fields, Am. Assoc. Petroleum Geolo-
gists, p. 105-117, fig. 1-6.

CavLviN, SamueL (1906) Geology of Winneshiek County: Iowa Geol. Survey,
v. 16, p. 37-1486.

Conpra, G. E., and Reep, E. C. (1943) The geological section of Nebraska:
Nebraska Geol. Survey Bull. 14, p. 1-76, fig. 1-25.

Cracy, F. W. (1896) The Permian System in Kansas: Colorado College
Studies, v. 6, p. 1-48.

CurLison, J. S. (1944) The stratigraphy of some Lower Ordovician formations
of the Ozark uplift: Missouri School of Mines and Metallurgy Bull., tech.
ser., v. 15, no. 2, p. 1-112, pl. 1-35.

Daxg, C. L. (1921) The problem of the St. Peter sandstone: Missouri School
of Mines and Metallurgy Bull,, tech. ser., v. 6, no. 1, p. 1-225, pl. 1-30.

Du Boss, E. P. (1945) Subsurface relations of the Maquoketa and “Trenton”
formations in Illinois: Illinois Geol. Survey, Rept. Invest. 105, p. 7-33, fig.
1-8, pl. 1-2.

Fryg, J. C., and Brazm, J. J. (1943) Ground water in the oil-field areas of
Ellis and Russell Counties, Kansas: Kansas Geol. Survey Bull. 50, p. 1-104,
fig. 1-9, pl. 1-2.

Harnep, C. H,, and CHELIKOWSKY, J. R. (1945) The stratigraphic range of the
Pennsylvanian—Permian disconformity in Pottawatomie County, Kansas:
Kansas Acad. Sci. Trans., v. 48, no. 8, p. 355-358, fig. 1.

Hass, W. H. (1951) Age of Arkansas novaculite: Am. Assoc. Petroleum
Geologists Bull., v. 35, p. 2526-2541, pl. 1.

IreLanp, H. A. (1939) Devonian and Silurian foraminifera from Oklahoma:
Jour. Paleontology, v. 13, p. 190-202, 75 text figures.




Stratigraphy and Structure, Salina Basin 165

(1947) Terminology for insoluble residues: Am. Assoc, Petroleum

Geologists Bull, v. 31, p. 1479-1490.

(1955) Pre-Cambrian surface in northeastern Oklahoma and parts of
adjacent states: Am. Assoc. Petroleum Geologists Bull, v, 39, p. 468-483.
JEwETT, J. M. (1945) Stratigraphy of the Marmaton group, Pennsylvanian, in

Kansas: Kansas Geol. Survey Bull. 58, p. 1-148, pl. 1-4.

Jounston, L. A. (1934) Pre-Pennsylvanian stratigraphy of the Hollow pool and
adjacent areas of the central Kansas basin: Tulsa Geol. Soc. Digest, p. 12-17.

Kay, G. M. (1928) Divisions of the Decorah formation: Science, n. ser., v. 67,
p. 16.

(1935) Ordovician System in the upper Mississippi Valley: Kansas
Geol. Soc. Guidebook, 9th Ann. Field Conf., p. 281-295, fig. 1.

KeLLeTT, BETTY (1932) Geologic cross section from western Missouri to west-
ern Kansas: Kansas Geol. Soc. Guidebook, 6th Ann. Field Conf. (in pocket).

KreroHER, R. P, and Kby, J. J. (1948) Upper Cambrian and Lower Ordo-
vician rocks in Kansas: Kansas Geol, Survey Bull. 72, p. 1-140, fig. 1-13,
pl. 1-6. .

Lanoes, K. K. (1927) A petrographic study of the Pre-Cambrian of Kansas:
Am. Assoc. Petroleum Geologists Bull,, v. 11, p. 821-824,

Lavoon, L. R. (1931) The stratigraphy of the Kinderhook Series of Iowa:
Iowa Geol. Survey, v. 35, p. 333-451, fig. 45-68.

(1933) The strat'graphy and paleontology of the Gilmore City forma-

tion of Towa: Iowa Univ. Studies in Nat. History, v. 15, no. 2, p. 1-74,

fig. 1-7, pl. 1-7.

(1939) Stratigraphy of Osage subseries of northeastern Oklahoma:
Am. Assoc. Petroleum Geologists Bull,, v. 23, p. 325-338, fig. 1-13.

LeAaTHEROCK, CONSTANCE (1945) The correlation of rocks of Simpson age in
north-central Kansas with the St. Peter sandstone and associated rocks in
northwestern Missouri: Kansas Geol. Survey Bull. 60, pt. 1, p. 1-16, fig. 1-2,
pl 1.

Lee, Warrace (1913) The geology of the Rolla quadrangle: Missouri Bur.
Geology and Mines, v. 12, 2d ser., p. 1-111, fig. 1-17, pl. 1-10.

(1939) Relation of thickness of Mississippian limestones in central and

eastern Kansas to oil and gas deposits: Kansas Geol. Survey Bull. 26, p. 1-42,

fig. 1-4, pl. 1-8.

(1940) Subsurface Mississippian rocks of Kansas: Kansas Geol. Survey

Bull. 83, p. 1-112, fig. 1-4, pl. 1-10.

(1943) The stratigraphy and structural development of the Forest City

basin in Kansas: Kansas Geol. Survey Bull. 51, p. 1-142, fig. 1-22.

(1953) Subsurface geologic cross section from Meade County to Smith
County, Kansas: Kansas Geol. Survey Oil and Gas Investi. 9, preliminary
cross section, p. 1-23, fig. 1-2, pl. 1.

LeE, WALLACE, and PAYNE, T. G. (1944) McLouth gas and oil field, Jefferson
and Leavenworth Counties, Kansas: Kansas Geol. Survey Bull. 53, p. 1-195,
fig. 1-20, pl. 1-10.

Lee, WaLLACE, GRouskoPF, J. G., Reep, E. C., and HersHEY, H. G. (1946)
The structural development of the Forest City basin in Missouri, Kansas,
Iowa, and Nebraska: U. S. Geol. Survey, Oil and Gas Investi., Prelim. map
48 (in 7 sheets).




166 Geological Survey of Kansas

Leg, WALLACE, LEATHEROCK, CONSTANCE, -and BoTinrLLy, Trieopore (1948)
Stratigraphy and structural devclopment of the Salina basin of Kansas:
Kansas Geol. Survey Bull. 74, p. 1-155, fig. 1-11, pl. 1-14,

LeE, WALLACE, and MERRiaM, D. F. (1954) Preliminary study of the structure
of western Kansas: Kansas Geol. Survey Oil and Gas Invesi. 11, p. 1-23,
fig. 1-12, pl. 1-6.

Ley, H. A. (1926) The granite ridge of Kansas: Am. Assoc. Petroleum
Geologists Bull., v. 10, p. 95-96.

MAHER, J. C., and Corrins, J. B. (1949) Pre-Pennsylvanian geology of south-
western Kansas, southeastern Colorado, and the Oklahoma panhandle:
U. S. Geol. Survey, Prelim. map 101 (in 4 shects).

McCLeLLaN, H. W. (1930) Subsurface distribution of pre-Mississippian rocks
of Kansas and Oklahoma: Am. Assoc. Pctroleum Geologists Bull., v. 14,
p- 1535-1556, fig. 1-3.

McCrackeN, Earn (1955) Correlation of insoluble residue zones of upper
Arbuckle of Missouri and southern Kansas: Am. Assoc. Petroleum Geol-
ogists Bull,, v. 39, p. 47-59.

McQueen, H. S. (1931) Insoluble residues as a guide in stratigraphic studles.
Missouri Bur. Geology and Mines, Bien. Rept. for 1929-1930, p. 102-131,
pl. 3-13.

McQueeN, H. S., and Greeng, F. C. (1938) The geology of northwestern
Missouri: Missouri Bur. Geology and Mines, 2d ser., v. 25, p. 1-127,
fig. 1-11, pl. 1.7.

Miser, H. D. (1934) quluomferous rocks of OQuachita Mountains: Am. Assoc.
Petroleum Geologists Bull,, v. 18,.p. 971-1009, fig. 1-5.

Moorg, R. C. (1928) Early Mississippian formations in Missouri: Missouri
Bur. Geology and Mines, v. 21, 2d ser., p. 1-283, fig. 1-2, pl. 1-13.
(1929) Environment of Pennsylvanian. life in North America: Am.

Assoc. Petroleum Geologists Bull., v. 13, p. 459-487, fig. 1-3.

(1936) Stratigraphic claesiﬁcation of the Pennsylvanian rocks of
Kansas: Kansas Geol. Survey Bull. 22, p. 1-236, fig. 1-12.

Moorg, R. C., FowLer, G. M., and Lypen, ). R. (1939) Tri-State district
of Missouri, Kansas, and Oklahoma (in Contributions to a knowledge of
the lead and zinc deposits of the Mississippi Valley region, edited by
E. S. Bastin): Geol. Soc. America, Spec. Paper 24, p. 1-12, pl. 1.

Moorg, R. C.,, Fryg, J. C., and JewerT, J. M. (1944) Tabular description
of outcropping rocks in Kansas: Kansas Geol. Survey Bull. 52, pt. 4, p.
137-212, tig. 1-9.

Norton, G. H. (1939) Permian red beds of Kansas: Am. Assoc. Petroleum
Geuologists Bull,, v. 23, p. 1751-1820, fig. 1-24.

PLumwmer, NorMaN, and Rownary, J. F. (1942) Stratigraphy of the pre-
Greenhorn Cretaceous beds of Kansas: Kansas Geol. Survey Bull. 41,
pt. 9, p. 313-348, fig. 1-4, pl. 1-2.

Reen, E. C. (1946) Boice shale, new Mississippian subsurface formation in
southeast Nebraska: Am. Assoc. Petroleum Geologists Bull.,, v. 30, p. 348-
349.

Rich, J. L. (1933) Distribution of oil pools in Kansas in relation to pre-
Mississippian structure and areal geology: Am. Assoc. Petroleum Geologists
Bull., v. 17, p. 793-815, fig. 1-2.




Stratigraphy and Structure, Salina Basin 167

Savace, T. E. (1908) On the Lower Paleozoic stratigraphy of southwestern
Ilinois: Illinois Geol. Survey Bull. 8, p. 103-116.

SEaRIGHT, W. V., and others (1953) Classification of Desmoinesian (Pennsyl-
vanian) of Northern Midcontinent: Am. Assoc, Petroleum Geolog'sts Bull.,
v. 37, p. 2747-2749.

SwarLow, G. C. (1855) First and second annual reports, Missouri Geol.
Survey, p. 1-207, 1-239,

SWINEFORD, Apa, and WiLLiams, I1. L. (1945 ) The Cheyenne sandstone and
adjacent formations of a part of Russell County, Kansas: Kansas Geol.
Survey Bull. 60, pt. 4, p. 101-168, fig. 1-9, pl. 1-2,

ULrich, E. O. (1930) Ordovician trilobites of the family of Telephidae and
concerned stratigraphic relations: U. S. Nat. Mus. Proc., v. 76, art. 21,
p. 1-101.

VER WieRg, W. A. (1937) The Wellington formation of central Kansas:
Wichita Municipal Univ. Studies Bull. 2, p. 1-18, fig. 1-2.

Wacters, R. C. (1946) Buried Pre-Cambrian hills in northeastern Barton
County, central Kansas: Am. Assoc. Petroleum Geologists Bull., v. 30,
p. 660-710, fig. 1-8, pl. 1.

WELLER, J. M. (1930) Cyclical sedimentation of the Pennsylvanian Period
and its significance: Jour. Geology, v. 38, p. 97-135, fig. 1-6.

WELLER, J. M., and McQuEkN, 1. S. (1939) Composite stratigraphic section
of Illinois and Missouri: Kansas Geol. Soc. Guidebook, 13th Ann. Field
Conf., p. 12-13.

WiLrians, H. S. (1891) Correlation papers: Devonian and Carboniferous:
U. S. Geol. Survey Bull. 80, p. 1-279,



26-4029



	img000
	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img088
	img089
	img090
	img091
	img092
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101
	img102
	img103
	img104
	img105
	img106
	img107
	img108
	img109
	img110
	img111
	img112
	img113
	img114
	img115
	img116
	img117
	img118
	img119
	img120
	img121
	img122
	img123
	img124
	img125
	img126
	img127
	img128
	img129
	img130
	img131
	img132
	img133
	img134
	img135
	img136
	img137
	img138
	img139
	img140
	img141
	img142
	img143
	img144
	img145
	img146
	img147
	img148
	img149
	img150
	img151
	img152
	img153
	img154
	img155
	img156
	img157
	img158
	img159
	img160
	img161
	img162
	img163
	img164
	img165
	img166
	img167
	img168

