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Abstract

Regional aspects of the stratigraphy and depositional environments of Chase Group strata were
examined throughout Kansas and in  southeastern Nebraska based on descnption and correlation of 196
measured sections.  Several  Important revisions in the stratigraphic nomenclature of the group are proposed
and documented: ( 1) the base of the Schroyer Member of the Wreford Limestone is consistently placed at the
base of the cherty  limestone section that variously overlies either shale or a thick section of non-cherty
limestones in the upper Havensville Member; (2) reinstatement of the name Bruno limestone in reference to
a stratigraphically significant carbonate zone within the Blue Springs Member of the Matfield Shale; (3) the
Blue Spnngs-Florence contact is placed at the base of a regionally persistent section of non-cherty limestone
and minor interbedded shale in the basal Florence; (4) abandonment of the Bameston Limestone, and
elevation of the Florence and Fort Riley each to formation status; (5) recognition of the Cole Creek Member
(new name) in reference to the section of non-cherty limestones, and locally, interbedded shales in the basal
part of the Florence Formation; (6) inclusion of the Oketo Shale as the upper member of the Florence
Formation; (7) recognition that the Gage Member of the Doyle Shale is present in southern Kansas;  (8)
recognition in south-central Kansas of the non-cherty Santa Fe Lake Member (new name) of the Winfield
Limestone as the stratigraphic equivalem of the basal, cherty Stovall Member present in central and northern
Kansas; (9) reinstatement of the Luta as the upper member of the Winfield Limestone (thus extracting it from
its present inclusion within the Cresswell Member); and (10) recognition that the Cresswell Member of the
WiTifield Limestone is absent by nondeposition in northern Kansas and Nebraska, where Instead, only the
Stovall, Grant, and Luta Members compose the foma[ion.

The stratigraphy of the Chase Group defines a hierarchal framework of third-order to progressively
higher-frequency. fifth-or sixth-order cycles that document the combined effects of glacio-eustatic forcing,
regional to local tectonism along the still-active Nemaha Ridge, and autogenic controls on deposition.
Classic midcontinem cyclothems are represented by the fourth or fifth-order cycles in Chase Group strata.

Introduction
Strata of the Chase Group (Permian, Wolfcampian)

are exposed from north-central Oklalioma, across east-
central Kansas, and into southeastern Nebraska (fig.  1).
These outcrops offer an excellent  opportunity to examine
facies mosaics, inferred paleoenvironments, diagenesis,
and sequence-stratigraphic development along the strike
of, and to some extent in a dip direction along, the shallow,
intracratonic basin in which the rocks were deposited
(Mazzullo et al.,1995,1996).  Such studies are critical in
defining models with which correlative subsurface strata,

particularly those that are host to economic accumulations
of fossil fuels, eventually can be compared and intel|)reted.
In this regard, study of Chase Group outcrops is especially
relevant to a better understanding of the genesis and

geometry of reservoirs in the giant Hugoton-Guymon-
Hugoton-Panhandle field in southwestern Kansas and
adjoining states, where gas production is mostly from this

group of rocks (Pippin,  1970).
Such integrated studies can be done only within a

well-constrained stratigraphic framework that is based on
the identification and regional correlation of mappable
lithologic units across the study area. Basic elements of the
stratigraphy of the Chase Group have been studied for
more than a century since the pioneering surveys through
Kansas of Meek and Hayden ( 1858,  1859) and Swallow

( 1866). However, many important issues of stratigraphic
terminology, stratotype boundanes, lithofacies develop-
ment, and regional correlation of lithic units remain
unresolved (Chaplin,  1988; Mazzullo et al.,  1995).

The principal objective of this paper is to address
these issues by describing the stratigraphy and complex

lithofacies mosaics of the Chase Group based on outcrop
studies throughout Kansas and southeastern Nebraska.
Secondary objectives of this paper are to describe some of
the more important aspects of paleodepositional environ-
ments and cyclicity of these rocks. More incisive studies
of diagenesis, sequence stratigraphy, possible factors
controlling cyclicity, and correlation of exposed Chase
Group strata into the subsurface are the focus of continu-
ing studies and will be presented in future papers.

FIGURE  I-MAJOR GEOLOGIC  PRoVINCES  IN KANSAS  AND  PARTS  OF

ADJoiNING sTATEs.  Screened area is the outorop belt of the
Chase Group.



Study Area
Geologic Setting and Stratigraphic Framework

The Chase Group is exposed for about 230 mi (370
kin) in a more-or-less continuous, northeast-trending
outcrop belt from Payne and Logan counties in Oklahoma,
through  17 counties in Kansas, and then northward into
Gage,  Pawnee, and Richardson counties in Nebraska (fig.
I ). Exposures throughout Kansas and in Nebraska com-

prise the study area described in this paper (fig.  2).
Deposition of the Chase Group in the study area

occurred on the relatively stable,  slowly subsiding
midcontinent craton (Peterson,  1980; Rascoe and Adler,
1983; Rascoe,1988; Mazzullo,1995)  which, during the
Early Permian, included parts of the Cherokee Platfom;
the Forest City, Salina, Sedgwick, and Central Nebraska
basins; and the buried Nemaha Ridge (fig.  I )(Merriam,
1963). This area was situated about 7-loo north of the

paleoequator according to the global maps of Scotese and
MCKelTow (1990) and Golonka et al.  (1994). The Nemaha
Ridge was  mildly tectonically active at times during the
Pennsylvanian and Permian, and locally, appears to have
affected deposition of these strata in Nebraska and Kansas

(Nelson and Lumm,  I 984; Burchett,  1988; Carlson,
1989a,b;  Slander,1989;  Steeples,1989;  Heckel,1994).

Late Wolfcampian tectonism along the Nemaha Ridge is
believed to have affected deposition of the Chase Group in
Kansas (Mazzullo et al.,1995). The Nemaha Ridge and
associated faults remain seismically active to the present

(DUBois and Wilson,1978; Burchett et al„  1985;  Slander,
1989; Steeples,1989; Marshak and Paulsen,1996).

The Chase Group as culTently recognized (fig.  3)  is
assigned to the upper Wolfcampian, and is correlated to the
uppermost Sakmarian to Artinskian of Russia. According
to D.  Boardman (personal communication,1996), the
Sakmarian-Artinskian boundary occurs at the base of the
Florence limestone. The Chase Group is immediately
underlain by cyclically deposited carbonates and shales of
the Council Grove Group and is overlain by dominantly
terrestnal siliciclastics and evaporites of the Summer
Group (fig.  3)(Memam,  1963; Zeller,  1968). According to
Mazzullo et al.  (1995,1996), strata of the Chase Group
that crop out in Kansas are a maximum of about 400 ft

( 122 in) of interbedded marine carbonates and marine to
terrestrial siliciclastics. The group thins regionally to the
south where, in north-central Oklahoma, it comprises 300-
334 ft (92-102 in) of similar lithologies that grade farther
south to terrestrial red beds (Shelton et al.,  1985; Chaplin,
1988,1994). A similar change in lithologies is present in
the subsurface along the west side of Hugoton and
Guymon-Hugoton fields in the Hugoton embayment
(Pippin,1970; Rascoe and Adler,1983; Parham,1993;
Parham and Campbell,  1993). The Chase Group also thins
to the north, being from about 239 to 275 ft (73-84 in)
thick in  Nebraska according to Condra and Upp ( 1931 )
and Burchett ( 1988).  Its northern, pre-Mesozoic erosional

FIGURE 2cOUTCROP BELT OF THE CHASE GROUP IN KANSAS  AND

souTHEASTERN  NEBRASKA,  sHowlNG  LacATloNs  oF  MEAsuRED

SECTIONS  REFERENCED TO THE APPENDIX  AND TEXT  BY  NUMBERS.



limS in Nebraska is concealed beneath Pleistocene glacial
deposits (Burchett,  1988). The eastern edge of the outcrop
belt, particularly in Kansas, is defined by the erosionally
backstepping, Hint Hills escarpment. Paleoshorelines, and
updip gradation into terrestrial siliciclastics, are postulated
to have existed north of the outcrop in Nebraska and east
of the outcrop in Kansas.

Data Base and Methods of Study
This study is based on a total of 196 measured

sections of outcropping Chase Group strata in the study
area,  188 of which are in Kansas and eight of which are in
Nebraska. Locations of the  160 most informative and
stratigraphically complete Of these sections, referenced by
number, are shown in fig. 2. Very poor and incomplete
exposures precluded measurement of outcrop sections in
Lyon and Nemaha counties in Kansas, and in Richardson
and Pawnee counties in Nebraska. Detailed descriptions of
the  160 measured sections, including specific geographic
locations and other pertinent information useful in locating
and accessing these outcrops, are included in the Appendix
to this paper. In addition to newer exposures, we examined
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nearly all of the outcrops, where they still exist, that were
described initially by earlier workers such as Hay (1893,
1896), Prosser (1894,1895,1897a,b,1902), Prosser and
Beede ( 1904), Beede and Sellards ( 1905), Beede ( 1908),
Fath (1921), Bass (1929), Condra and Upp ( 1931), Moore

(1936), Jewett (1941 ), Moore et al. (195 lb), 0'Connor et al.
(1953), Walters (1954), Hattin (1957), Mudge et al. (1958),
Byme et al. (1959), Scott et al. (1959), Walters and Bayne

(1959), Bayne (1962), and LutzGanhan and Cuffey (1979).
All unit stratotypes (type localities and/or type areas) that
were proposed by previous workers also were examined.

In the field, strata were described on a bed-by-bed basis
in terms of lithology, thickness (in feet and inches, converted
later to metnc units), bedding characteristics, color (fresh
and weathered). sedimentary and biogenic structures,
macrofossils present, and diagenetic attributes. Lithology of
carbonate rocks was described using the classification of
Dunham (1962). In the text of this paper we use the term
shale to refer to siliciclastic claystones and/or silty
claystones with fissile texture. In order to avoid confusion
with carbonate mudstones (e.g., lime mudstone,
dolomudstone), which are always specifically referred to as
such in the text. siliciclastic claystones without fissility (i.e.,
with blocky texture) are refened to as mudrocks instead of
mudstones. The term (siliciclastic) mudstone is used only
when citing descriptions of stratal sections from published
sources. A current trend among some sedimentologists is to
view mudrocks. with their blocky texture, as paleosol§ (e.g„
Miller and West.1993; Miller et al..  1996), and it is apparent
that some such rocks indeed are paleosols (e.g., Retallack,
1988). However, not only is blocky texture common in

paleosols, but it may also result from the admixture of
clayey sediment with carbonate (e.g., cement or fine

particulates) and/or silt, and through bioturbation and
haloturbation. Hence many mudrocks, particularly those that
are fossiliferous and display no imprint of past soil-forming

processes, are not paleosols. We therefore use the terms
shale and mudrock in a purely descriptive sense throughout
this paper; interpretation of their depositional environments
are presented separately.

Rock samples from every unit described in the field (see
the Appendix) were returned to the laboratory and routinely
slabbed, polished, etched in  10% dilute hydrochloric acid,
and re-examined under a high-power (8-sox) binocular
microscope for more precise characterization of lithology,
identification of component particles , and major diagenetic
attributes. Samples were stained with Alizann red-S to
distinguish calcite, dolomite and quar(z, and many were
subsequently X-rayed, to verify mineralogy, on a Philips
XRG-3100 diffractometer utilizing Cu K-alpha radiation.
The amount of insoluble residue was calculated, after
digestion in dilute hydrochloric acid, to determine specific
lithology of many rock samples (e.g., calcitic shale, shaly
limestone, etc.) following the classification of Pettijohn
(1975). Selected siliciclastic rocks were disaggregated in an
ultrasomc bath and examined to identify dominant particle
size and possible microfossil content.



History of Study of the Chase Group
Stratigraphic Studies of Outcrops

Subsequent to Meek and Hayden's ( 1858,  1859) initial
descriptions in Kansas, Swallow (1866) defined the
stratigraphy of that part of the lower Permian succession
that is the Chase Group of present usage, but he did not
apply formal stratigraphic names to the section. Later work
by Hay (1891,1893,1896), in the Republican-Smoky Hill-
Kansas River valleys in northern Kansas and areas to the
immediate south, did not result in any substantive changes
in the stratigraphy, except for his introduction in  1893 of
the name "Wreford limestone" in place of Swallow's  1866
designation of beds 58 through 62. The Chase Fomation
was originally defined by Prosser (1895) from exposures
in Chase County, Kansas; in their 1934 report, Moore et al.
had elevated the section to group status. After having
examined outcrops from Nebraska to southern Kansas,
Prosser (1894,1895,1897a,b,c, and  1902) and Prosser and
Beede (1904) eventually defined the Chase Formation, and
later the Chase Stage, as including those currently recog-
nized formations from the Wreford Limestone (referred to
earlier as the Strong flint) to the Win field Limestone
(formerly the "Manon concretionary limestone"); the
overlying beds of their Marion Formation were assigned to
the Summer Stage (Prosser.1902; Prosser and Beede,
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1904)(fig. 4). This stratigraphy was followed by Adams et
al.  (1903) and Beede and Sellards ( 1905), although later,
Beede ( 1908) considered the Chase Stage to be overlain by
the Marion Stage which included, in its lower part, the
Luta limestone, Enterprise Shale, and I]erington Lime-
stone (fig. 4). The Chase and Marion stages were assigned
to the Lower Permian based on biotic studies by some of
the aforementioned earlier workers, an assignment that
was confirmed by Prosser ( 1897c,  [905), Beede and
Sellards (1905),  Beede (1909), and later, by Ross (1963).

Studies in Butler County, Kansas, by Fath ( 1921) and
in Cowley County, Kansas, by Bass ( 1929) described some
details of facies changes in Chase Group strata in these
areas, and resulted in Fath's recognition of the Towanda
Limestone. One of the most important regional studies of
the Chase Group was that of Condra and Upp (1931 ), who
named many of the members now recognized within this
section in Kansas and Nebraska. In their classification they
returned to the older stratigraphic terminology of Prosser

(1902) and Prosser and Beede ( 1904) in assigning the
Odell, Krider, and Paddock (then, newly defined units
within the Enterprise Shale) and overlying Herington
Limestone to the Marion Fomation of the Sumner Group

Condra  &  Upp  (1931)                Condra  a  l]ood  (1959)
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(fig. 4). Condra and Reed (1943,  1959)  later included the
beds from the base of the Wreford to the top of the
Herington within the Chase Group, which was the strati-

graphic terminology adopted by Moore et al. ( 1951 a), and
which currently is recognized in Kansas (Zeller,  1968, fig.
3). Subsequent studies in various Kansas counties by
Moore et al.  ( 1934, northern counties), Jewett ( 1941 :  Riley
and Geary), Moore et al. ( 1951b: Chase), O'Connor et al.

(1953:  Lyon), Walters (1954:  Marshall), Mudge et al.
(1958:  Moms), Byme et al.  (1959: Marion), Scott et al.
(1959: Pottawatomie), Walters and Bayne (1959: Clay),
and Bayne (1962: Cowley) generally followed, and in
some instances (Moore et al„  1934), slightly modified the
stratigraphic terminology of these strata.

The specific contributions of these workers to the
evolution of stratigraphic teminology of the Chase Group
are discussed in the following sections.

Sedimentologic and Biotic Studies
ln addition to providing useful stratigraphic infoma-

tion, several notable papers have been published on the
sedimentology, paleontology, and paleoecology of strata of
the Chase Group that crop out in Kansas and adjoining
states. Cyclicity in these strata was descnbed by Jewett

(1933), Moore (1936,1950,1959), E]ias (1937,1964),
Hattin ( 1957), Lutz-Ganhan and Cuffey ( 1979), Busch et
al.  (1985), Busch (1988), Boardman and Heckel  (1989),
Boardman and Nestell  ( 1993),  Miller and West ( 1993),
Mazzullo and Teal ( 1994), Archer (1995), Archer et al.

(1995), Boardman et al.  ( 1995), Mazzullo et al.  ( 1995,
1996), Chaplin (1996), and Miller et al.  (1996).  General

5

aspects of the sedimentology and mineralogy of a near-
surface core Of the Chase Group from Riley County were
examined by Twiss ( 1991 ). Twiss and Underwood ( 1988)
earlier had described gross aspects of the stratigraphy and
mineralogy of the Bameston Limestone exposed at some
localities in north-central Kansas.  Shelton et al.  ( 1985) and
Chaplin (1988,  1994,  1996) examined carbonate-to-
siliciclastic facies changes in the Chase Group from south-
ern Kansas into Oklahoma.

Fossil flora in the rocks were described by Sellards

( 1908)  and Elias ( 1936), fusulinids  in the Wreford and
Barneston by Thompson ( 1954) and Sanderson and Verville

(1970,1988), fusulinids in the Bameston by Toomey  (1992),
and bryozoans in the Wreford by Cuffey ( 1967) and others.
The biota of the Luta limestone was  examined by Boos

(1929), and Hattin ( 1957) and Lutz-Garihan and Cuffey
( 1979) described regional aspects of sedimentation and
paleoecology in the Wreford, including the occurrence of
supposed reefs in the Threemile Member. Elias (1964) and
Moore ( 1964) summarized details of the paleontology and
depositional facies of the entire Chase Group in Kansas.
Toomey and Mitchell (1986) described biota and deposi-
tional facies in the Win field-to-Herington section in south-
ern Kansas and northern Oklahoma, and Toomey ( 1992)
examined similar aspects of the Bameston Limestone in
Oklahoma from outcrops and cores. Boardman and Heckel
( 1989), Ritter ( 1991), Boardman and Nestell ( 1993), and
Boardman et al.  ( 1995) described cyclicity and biota,
including conodonts, in the lower Chase GToup throughout
large areas of the midcontinent. The relevance of these
contributions to the present study will be discussed in
subsequent sections of this paper.

Stratigraphic Framework
In this section we describe, in ascending order, the

systematic stratigraphy of each of the formations and their
component members within the Chase Group with regard
to locations of original unit stratotypes when so defined,
formation and/or member boundanes , and characteristic
lithology and paleontology. In these descriptions, rock
colors I.efer to those of fresh surfaces. Stratigraphic
revisions and designation of principal reference sections
for several units are proposed and formally documented
following the Code on Stratigraphic Nomenclature (North
American Commission on Stratigraphic Nomenclature,
1983) in instances where original stratotypes were either
not specified, were poorly defined, or are no longer well
exposed. Regional stratigraphic relationships and major
elements of depositional facies of each formation through-
out Kansas and southeastern Nebraska are discussed and
illustrated in the second part of this paper.

Wreford Limestone
History of Terminology

The name Wreford Limestone was originally used by
Hay (1893, and again in  1896) in informal reference to the

cherty limestones exposed in several quames around the
then-existent town of Wreford in Geary County, Kansas; in
an earlier publication (Hay,  1891) the name had been
misspelled as "Walford." In none of these publications did
Hay provide a specific type locality or stratotype descrip-
tion of this unit.  Prosser ( 1894) suggested that the name
`.Ogden flint" could instead be applied to this unit if the

name Wreford proved to be undesirable. Later, Prosser

(1895) instead proposed the name "Strong flint" for this
unit which, although named for exposures on Crusher Hill
about  I.5 mi (2.4 kin) west of Strong City in Chase
County, Kansas, was for some reason described from
exposures about 2 mi (3.2 kin) northeast of the town of
Council Grove in Morris County, Kansas. Prosser ( 1902)
eventually accepted the name Wreford, and then, formally
abandoned the name "Strong flint" (Prosser and Beede,
1904).

Despite the fact it was never formally defined, and a
stratotype description was not specified by Hay ( 1891,
1893,  1896), the name Wreford nevertheless has since
become widely accepted in Kansas and Nebraska. The
Wreford is very poorly exposed, and its upper and lower
contacts are mostly obscured, in the abandoned quames
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around the former town of Wreford. Therefore, a principal
reference section is proposed for this unit at the roadcuts
along I-70 in the NE sec. 34 (south side of the road) and
the adjoining SE see.  27  (north side of the road) in T.  I I  S„
R. 6 E., Geary County, Kansas (fig. 5). Prior pemission
from the Kansas Department of TraTisportation to examine
roadcuts along the interstate is recommended, and often
required, by the highway patrol. The designated location is
8 mi ( 12.9 kin) northeast of the former town of Wreford,
the original type area, and is the closest exposure of a
complete Wreford section in the general vicinity. Hattin

(1957) mentioned supposed Wreford outcrops only  1  mi
( I.6 kin) northwest of Wreford, located specifically at the
roadcuts along US-77 just south of the bridge over the
Smoky Hill River. This roadcut, however, does not expose
the Wreford, but rather, a continuous section from the
upper part of the Matfield to the lower Fort Riley.

The entire Wreford is well exposed along I-70 (fig.
5B,C  [our measured section number  113]), where it is
about 38 ft ( 11.6 in) thick and comprises, in ascending
stratigraphic order,  11.5  ft (3.5  in) of the cherry Threemile
Member,18 ft (5.5 in) of the Havensville Member, and 8.5
ft (2.6 in) of the mostly cherty Schroyer Member (fig. 6).
The basal contact of the Wreford here is placed a{ the
lowest occurrence of hard, resistant, light-colored (yellow),
cherty limestone in the Threemile Member above the gray,
fossiliferous shale and mudrock of the Speiser. This lower
limestone, 2 ft 8 inches (0.8 in) thick, is overlain by about
9 inches (23 cm) of fossiliferous, yellow-gray mudrcok in
the lower part of the Threemile (fig. 6). Together both units
are, notwithstanding thickness changes, regionally persis-
tent and readily recognized marker beds throughout the
state (see, e.g., Jewett,1941; Hattin,1957). The upper
contact of the fomation is placed at the base of the
unfossiliferous, green, silty shale of the basal Wymore
Member of the Matfield Shale. Throughout much of
Kansas, the uppermost beds of the Wreford (top of the
Schroyer Member) are non-cherty limestones, typically
biopackstone to grainstone, with a prominent unconformity
at the top (Mazzullo et al.,  1995,  1996).

Cherts in the Wreford section here, as well as through-
out the study area. typically are nodular to bedded, and
vary in color from dark-gray (commonly laminated in the
lower half of the Threemile) to light-gray, and locally,
orange-yellow; the lighter colors result from weathering.
Where fossiliferous, the cherts typically contain the same
types of fossils as those that occur in the surrounding
limestones.

Threemi[e Member
This member of the Wreford Limestone was originally

named the Fourmile Limestone by Condra and Upp ( 1931 )
from exposures along Fourmile Creek in Richardson
County, Nebraska, which are no longer well exposed.
Because of prior usage this name was abandoned, and the
name Threemile Limestone Member was proposed by
Moore et al.  (1934) for exposures in the valley of

Threemile Creek, southwest of the town of Ogden, in
Riley County, Kansas. This type area is located on the Fort
Riley Military Reservation and is accessible when not in
use for military exercises.  Specific type location and
stratotype descriptions unfortunately were not given by
Moore et al. (1934). The name Threemile again appeared
in Moore and Elias (unpublished open-file report) and was
cited at a field-trip stop in  a Kansas Geological  Society

guidebook (Moore,1936).

A 21     a

K-18
24/\h

€Sgav
27\/ 11 36TllS-Pl6E

I-70

qu

FIGURE 5-A) LOCATION OF PRINCIPAL REFERENCE SECTIONS  0F THE

WREFORD  LIMESTONI,  AND THREEMILE AND  HAVENSVILLE

MEMBERs iN GEARy CouNTy, KANSAs. 8 and C) Photographs

of the Speiser to Schroyer section al this locality.



Despite the fact that this unit was improperly de-
scribed and documented, the name Thaeemile is well
established in the stratigraphic literature. Exposures in the
type area are now mostly poorly exposed and subject to

periodic  inaccessibility because of military restrictions.
Hattin ( 1957)  suggested that a suitable reference section
for the Threemile might be a quarry that he located in the
NW SW see.  11, T.  I I  S„ R. 6 E., which is along
Threemile Creek and also on the military reservation. At
this location we found only a mostly filled, shallow quarry
where exposures are very poor, and where only the
Matfield and uppermost beds of the Schroyer crop out. We
located another old quany nearby, on the west side of
Packers Hill, which is to the immediate west of Campbell
Hill Road on the military reservation. In fact, this quarry
may actually be the one referred to by Hattin ( 1957), but it
is in the SW sec.  10, T.  I I  S., R. 6 E. The Threemile,
Havensville, and Schroyer are exposed here, with upper
beds of the Speiser exposed in the bar ditch along the road.
This quarry also is not a suitable reference section for the
Threemile because exposures are relatively poor and are
on a near-vertical cliff face, and the basal contact with the
Speiser is concealed.

We therefore propose a principal reference section for
the Threemile Member at the same locality as for the
Wreford (fig. 5A), which is our measured section number
113  (fig.  6). The Threemile is  11.5  ft (3.5  in) thick here
and conformably overlies the Speiser Shale. The basal 2 ft

7

8 inches (0.8  in) consist of two beds of very light gray,
cherty, sparsely fossiliferous lime mudstone with crinoids,
fenestrate bryozoans, and Compos/.fa spp. Although
Sanderson and Verville (1970) supposedly noted the
occurrence of the fusulinid Scfewagcn'#cz in correlative
lower beds in Chase County, Kansas, we have not yet
found fusulinids anywhere in the Threemile. These basal
limestones contain abundant chert nodules throughout
most of Kansas, but southward from about the latitude of
the city of Win field in Cowley County, chert nodules
become rare to absent in the basal part of this section.
Instead, the limestones contain abundant, silicified
Composl.fo (e.g.,  see measured sections  15  and 22). At the

principal reference section, these lower limestone beds are
overlain by 7 inches (17.8 cm) of fossiliferous, yellow-

gray, calcitic mudrock that grades rapidly upward to 2
inches (5.1  cm) of yellow-gray, shaly biowackestone, both
of which contain abundant fenestrate bryozoans and
accessory ramose bryozoans, crinoids, CAo#c/cs spp„
Dc/dyl.a spp., Ref!.cw/a/j¢ spp., and  Composz.fa spp. The
overlying 6 ft 9 inches (2. I  in) consist of generally thick-
bedded, very light yellow, fossiliferous lime mudstone to
sparse biowackestone which is cherty in only the top 4 ft
( I.2 in).  Fossils include crinoids, ramose bryozoans, and
brachiopod fragments. The upper 1  ft 4 inches (0.4 in) of
the member consist of thin-bedded, yellow-gray, shaly and
cherty lime mudstone that grades upward to cherty
mudrock, both with crinoids and brachiopod fragments; a
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thin limestone with chert nodules caps this section (fig. 6).
The upper contact with the Havensville Shale at this locality
is gradational within a few inches, but is placed at the
highest bed of cherty limestone in the section (fig.  6). As
discussed later, an additional section of non-cherty carbon-
ate sands overlying these cherty limestones commonly is
developed in the upper Threemile farther to the south in
Kansas.
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of the Havensville here was unfossiliferous shale; this
section is no longer well exposed. They noted that the
Havensville was overlain by nearly 4 ft ( I .2 in) of non-
cherty limestone which, in turn, supposedly was directly
overlain by 8 ft (2.4 in) of exposed cherty limestone. They
included all of these carbonate beds within the Schroyer
(shown in their section, right side of fig. 7A). We were
unable to verify this stratigraphy in that we did not see a
section of non-cherty limestone directly beneath the cherty
Schroyer along the road, which includes some thin beds of
shale (middle section in fig. 7A). We did find, however,
approximately 3 ft (0.9 in) of relatively coarse-grained,

porous limestone (biopackstone to grainstone) in the fields
in see.  3, T.  7 S., R.  12 S. that appear to be within the
upper middle to upper part of the Havensville (fig. 7A).
These beds may be the non-cherty limestones referred to
by Condra and Upp ( 1931 ). Because of poor exposures
here and along the road in  see.  35, T. 6 S., R.12 E„  we
were unable to ascertain their exact stratigraphic position
in the section. These beds, and their presumed stratigraphic
equivalents, are discussed in more detail below. Condra
and Upp ( 1931 ) were uncertain as to the stratigraphic

position of what they measured to be 5 ft (1.5 in) of shale
capped by a thin bed of fossiliferous limestone at the base
of the  17-18-ft (5.2-5.5-in)-thick Havensville at the
outcrops in see. 35 (fig. 7A). By our regional correlations
and study of these same outcrops and nearby outcrops, we
include this section (instead only about 2.5 ft thick; 0.7  in)
within the basal Havensville (fig.  7A).

The Schroyer Member was also formally named and
described by Condra and Upp ( 1931 ) from the exposures
along the east side of the Big Blue Valley, at a locality that
they stated was  I.25 mi (2 kin) south of the now-aban-
domed town or railroad siding of Schroyer, in Marshall
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in Marshall County, and those at measured section number
129 in Riley County, Kansas. Although it has thinned, the
section beneath the non-cherty limestone at the top of the
Schroyer, of dark shale overlain by dolomitic shale.  is

present in both areas.
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County, Kansas. At the time, they described this outcrop

(their measured section number  11, p.  35) as being badly
slumped. Now it is very poorly exposed in the abandoned

quany that is the gravel parking area of Alcove Spring
Park; this location is along East River Road in the E/2 sec.
31, T.  3  S„  R.  7 E.  (fig.  8A).  Nevertheless, they described
the Havensville here as 8 ft (2.4 in) of shale (no longer
exposed) and defined the overlying type Schroyer as
including  16 ft 8 inches to  17 ft 8 Inches (5.I-5.4 in) of
shaly, non-cherty limestones overlain by 5 ft (1.5  in [top
contact not exposed]) of cherty limestone (fig. 7A). A
composite upper Threemile-to-basal cherry Schroyer
section can be compiled in the area around the parking lot/

quarry by examination of exposures at: (1) Alcove Spring
proper, which is a no-hammer stop because of its historical
significance, and (2) the outcrops along East River Road
where the creek crosses the road, and the high cutbanks
along the creek due east and west of here (fig. 8). These
outcrops comprise our measured section number 137A
(f,g.7A).

Exposures at the type localities of both the
Havensville and Schroyer are incomplete, and hence, they
no longer serve as reference sections for these units. The
Speiser (and underlying Funston) to the lower Matfield
Shale, however, is very well exposed in roadcuts along
East River Road in sec. 6, T. 4 S., R.  7 E.  and in an
adjoining quarry in sec.  5, T. 4 S„ R.  7  E.  Both locations,
which compose our measured section number  137, are
about  I  mi ( I.6 kin) due south of the type locality of the
Schroyer (fig.  8A). At these exposures (fig.  8B,C) the
Threemile is overlain by 4 ft ( I.2 in) of sparsely fossilifer-
ous, yellow,  silty shale with a 5-inch (12.7-cm)-thick bed
of pelecypod-rich limestone just above the middle (in
contrast, the basal  I  ft 7 inches  [0.7 m]  of the Havensville
is fissile black shale in the exposures around Alcove
Spring). This section is correlated to what we consider to
be the basal Havensville at its type locality in
Pottawatomie County (fig. 7A). The overlying 6 ft 5
inches (2 in) of our section  137 consist of yellow, sparsely
fossiliferous, silty and calcitic shale to mudrock. This
section weathers either as a massive (but laminated) unit
that could easily be confused for limestone, or as a very
thin bedded unit that, based on amount of insoluble
residue, we consider to be a calcitic shale/mud[ock. These
beds are overlain by 3 ft 2 inches (0.9 in) of thin-bedded,
light-yellow, lime mudstone and some fine-grained
biowackestone.  In turn, this section is overlain, in the
roadcuts, by a prominent 3 ft 8  inches ( I. I -in)-thick bed of
light-gray, locally cross stratified, porous biopackstone to

grainstone that underlies cherty limestone (fig. 7A). The
equivalent section in the quarry however is medium-
bedded biowackestones, packstones, and grainstones that
are not cross  stratified (fig.  8C). This entire 6 ft  10 inches

(2.1  in) section of non-cherty limestones at these localities
instead is about  14 ft (4.3 in) thick around Alcove Spring

(fig. 7A). These non-cherty beds are overlain, in the
quarry, by cherty limestones in the Schroyer (fig. 7A). It is
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these non-cherty beds that Condra and Upp ( 1931 )
included in the basal Schroyer. We were unable to deter-
mine whether this limestone section is similarly present in
Nemalia County, Kansas, and in Richardson, Pawnee, and
Gage counties, Nebraska, because of poor exposures.
However, we have traced the beds from Marshall County
southeastward into western Pottawatomie County (fig. 9:
our measured section  132), an area in which they were also
described by Scott et al. (1959). A somewhat similar
section of limestones, although not obviously cross
stratified at the top, is observed at (unmeasured) roadcut
exposures along County Highway 897 in the
northeastemmost tip of Riley County (sec. 2, T. 6 S., R. 7
E.). These limestones may be represented by the 3 ft (0.9
in) Of porous biopackstone to grainstone in the middle to
upper part of the Havensville in the field exposures near
Condra and Upp's (1931 ) Havensville type locality in
Pottawatomie County (fig. 7A).
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In contrast, throughout most of Kansas south of these
areas in Marshall, Pottawatomie, and northernmost Riley
counties, the section immediately beneath cherty Schroyer
limestones characteristically consists of, with few excep-
tions. shale and mudrock, generally with only relatively
thin beds of limestone.  This unit clearly is the Havensville
Member of the Wreford Limestone as recognized through-
out most of the state.  A section of shale/mudrocks rather
than limestones occurs directly beneath the cherty
Schroyer even close to Condra and Upp's  ( 1931 )
Havensvi]le type locality,  at a roadcut just a few miles
south of the town of Blaine along K-99 (our measured
section number  134). The point is that non-cherty lime-
stones rather than typical Havensville siliciclastics are

present directly beneath cherty limestones of the Schroyer
only in Marshall and parts of Riley and Pottawatomie
counties in northernmost Kansas. Not surprisingly, then,
the stratigraphic teminology in Kansas and Nebraska has

FIGURE  8-A)  LOCATION  OF  PRINCIPAL  REFERENCE  SECTIONS  OF THE  SCHROVER  MEMBER  OF THE WREFORD  LIMESTONE  (MEASURED  SECTION  NUMBER

137)  AND  ALso  oF THE  OKETo  MEMBER  oF l`I+E  FLORENc£  FORMATloN  (MEAsuRED  SECTloN  NUMBER  139).  BcrrH  IN  MARSHALL  CouNTT.  8  and

C) Photographs of the Speiser to Schroyer sect]on along the road (8) and in the quany  (C) at measured section number  137.



and Nebraska has evolved to reflect the useful I)ractice of

placing the base of the Schroyer (and the top of the
Havensville) at the base of the cherty  limestones rather
than, where they are present, at the base of underlying
non-cherty  limestones (fig.  7A)(e.g.,  Bass,  1929; Hattin,
1957; Bayne,1962; Zeller,1968; Burchett.1988). In fact,
the base of the cherty limestones is the only regionally

persistent marker in this section, even in that area where
non-cherty limestones occur (e.g., Hattin,  1957; Scott et
al.,1959).

Despite this accepted practice, a proposal to formally
revise Condra and Upp's ( 1931 ) initial description of the
Schroyer, and in doing so to clanfy the stratigraphic
assignment of the non-cherty limestones beneath the
cherty Schroyer, has not previously been made. We now

propose to fomally revise the lower boundary of the
Schroyer so that it is placed at the base of the section of
cherty limestone, thus also concurrently raising the upper
boundary of the Havensville. In doing so, we recognize
that the subjacent section of non-cherty limestone, where it
is present,  is a facies of the Havensville.  Regional aspects
of the occurrence and depositional significance of these
limestones are discussed in the second part of this paper.

The choice of principal reference sections that
illustrate this proposed boundary stratotype revision is not
easy because, logically, they should be located as near as

possible to either the original Havensville or Schroyer type
localities. Unfortunately, only the top few feet of the
Havensville and the basal few feet of the Schroyer are
exposed at the type locality of the Havensville Member
(fig. 7A), and no other complete sections of these strata
exist in this area. As discussed above, the Havensville at
the Schroyer type locality  is, because of its thick lime-
stones (figs.  7A, 88), not typical of Havensville facies
throughout most of Kansas. We therefore propose to
designate a principal reference section for the Havensville
as the locality on I-70 in Geary County that is also the

FIGURE  9-HERRINGBONE  CRoSS  STRATIFICATION  IN  THE  LIMESTONES

iN  THE  uppER  PART  oF THE  HAVENsvlLLE  MEMBER  DIREcrLv

BENEATH  CHERT¥  Scl+RoyER  LIMESTONES  AT  MEASURED  SECTION

NUMBER  132,  POTTAWATOMIE  Cou`lTy,  KANSAS.  ROD  DIVIDED

INTO  20-CM  SEGMENTS.
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reference section of the Wreford Limestone and of the
Threemile Member of the Wreford (measured section
number  113  [fig.  5A]). The Havensville here (fig.  6) is  18
ft (5.5  in) thick, and its lithologic sequence is representa-
tive of that throughout much of Kansas. The basal 6 ft 7
inches (2 in) are mostly very dark gray, sparsely fossilifer-
ous shale (with crinoids, Dcrbyl.a spp.) that grades upward
to unfossiliferous  shale, and this section is overlain by  1  ft
7 inches (0.5 in) of sparsely fossiliferous (Mycz/I.nci spp.,

pectinid molds), yellow-brown, calcitic mudrock. The
overlying 2 ft 4 inches (0.7 in) of platy-bedded, yellow-
brown limestone includes layers of lime mudstone, some
of which are extensively vertically rooted, fossiliferous

yellow mudrock, and at the top, a few inches of fine-
grained biopackstone to grainstone. Fossils in this section
include foraminifers, Derbyi'fl spp., Myo/I.na spp., and casts
of pectinids. Limestones occur at this approximate
stratigraphic level throughout most of the study area. Next
is  1  ft  10 inches (0.6 in) of unfossiliferous, yellow-brown
mudrock which is overlain by a  I  ft 2 inches (0.3 in) thick
bed of platy-weathering, light-brown lime mudstone with
finely comminuted skeletal debris and Dcrbyl.a spp. The
upper 4 ft 4 inches (I.3 in) consist of sparsely fossiliferous

(at the top, with brachiopod fragments), yellow-brown
shale to mudrock, with abundant white nodules of anhy-
drite below the top. The upper contact with the Schroyer is
sharp and conformable.

We propose to designate those roadcuts and quarry
exposures  I  mi ( I.6 kin) south of the Schroyer type
locality,  in secs. 6 and 5, T. 4 S„ R.  7 E„ respectively, in
Marshall County (fig. 8) as the principal reference section
for the revised Schroyer Member. The revised Schroyer
here (our measured section number 137) conformably
overlies the Havensville, and is  16 ft (4.9 in) thick (fig.
7A). The basal  10-inch (25.4-cm)-thick bed of yellow-

gray, cherty, coarse-grained biopackstone (with crinoids,
brachiopod fragments, and gastropods) is overlain by  I  ft 3
inches (0.4 in) of yellow, fossiliferous, calcitic mudrock
with RCJ!.cwJa/i`a, crinoids,  and bryozoans. Notwithstanding
regional thickness changes, these two beds are readily
recognized and correlative throughout Kansas (Mazzullo
and Teal,  1994; Mazzullo et al.,  1995). The overlying 5 ft
11  inches (I.8  in) exposed along the east wall of the quarry
consist of medium- to thin-bedded, very light yellow to
white, cherty lime mudstone and biowackestone with
brachiopod fragments, crinoids, and bryozoans. A I  ft 3
inches (0.4-in)-thick bed of dark-gray to yellow, calcitic
shale to mudrock with Jig/i'cw/af!.a spp„  Co7„pos!.f¢ spp.,
and Cfeor!e!es spp. occurs just below the top of this section

(fig. 7A). The succeeding 4 ft ( I.2 in) of unfossiliferous
shale present along the east wall of the quary grade
upward from black to greenish-yellow and include
relatively abundant, white nodules, which are composed of
mixtures of anyhdrite, quartz, and calcite. This section is
overlain by 3 ft (0.9 in) of very light gray, shaly
dolomudstone to dolomitic mudrock with sparse fossils
(crinoids, brachiopod fragments, pelecypod molds), the top
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2 inches (5. I  cm) of which is unfossiliferous, green shale.
The top  I  ft 5 inches (0.4 in) of the Schroyer along the east
wall of the quarry is a medium-bedded section of yellow-
orange, intraclastic biopackstone that coarseris upward to
biograinstone dominated by foraminifers, and includes
accessory crinoids, brachiopod fragments, and high-spired

gastropods. Green shale fills interparticle pores and small
vugs in the upper half of this unit, the top of which is an
unconformity (Mazzullo and Teal,  1994). A poorly
developed paleocaliche occurs sporadically at the top of
this unit where it is present in the quany. That the upper 8
ft 5 inches (2.6 in) of section here (fig. 7A) are correctly
included within the Schroyer, rather than being part of the
Wymore, is supported by correlation to exposures of the
same interval at, for example, measured section number
129 in Riley County (fig. 78). In fact, the non-cherty
limestone at the top of the Schroyer, the unconformity at
its top, and the underlying shales are, notwithstanding
thickness changes, regionally correlative throughout much
of Kansas (Mazzullo and Teal,  1994; Mazzullo et al.,
1995). The immediately overlying 5 ft  10 inches (1.7 in) of
the lower Wymore consist of a basal paleocaliche or

paleosol overlain by unfossiliferous, silty, red shale (fig.
7A); similar facies are present throughout central and
southern Kansas (e.g., at "Lookout Point" in Butler
County, our measured section number 39).

Matfield Shale
History of Terminology

The Matfield Shale was named by Prosser (1902)
from unspecified exposures in Matfield Township in Chase
County, Kansas; a stratotype description was not given.
Prosser (1905) and Prosser and Beede ( 1904) referred to
this formation in their later studies, as have other workers,
and the name subsequently has become widely accepted in
the literature. Although there are some outcrops of the
Matfield in Prosser's type area, the best of which are in

parts of secs. 22, 23, 26, and 27 in T. 22 S„ R. 8 E., they
are poor and do not expose the entire unit. In fact, we have
not found complete outcrops of the Matfield, with bound-
ing contac{s, anywhere in Chase County. We therefore

propose to designate as the principal reference section for
this fomation the roadcuts along US-54 (north and south
sides), and adjoining field exposures to the south, in the
SE sec.  5, the NE see.  8, and the NW see. 9, T.  26 S„ R.  8
E. ("Lookout Point," our measured section number 39) in
Butler County, Kansas (fig.  10). This locality is the closest
one to the original type area at which the entire formation
and bounding strata are exposed.

The Matfield here (fig.  I I) is about 48 ft (14.6 in)
thick, and continuously exposes the Wymore, Kinney, and
Blue Springs members, as well as the underlying Wreford
Limestone and the basal few feet of the overlying Flo-
rence. The Wymore Shale Member is about 20 f[ (4.6 in)
thick and consists, in ascending order, of unfossiliferous,

generally silty, green, red, and greenish-yellow to yellow
mudrocks and shales. The basal part is a tan paleocaliche
developed on the erosional upper surface of the Schroyer
(Mazzullo and Teal,1994; Mazzullo et al.,1995) that
defines the regionally unconfolmable base of the member
(fig.lob). The Kinney Member is  17.5 ft (5.3 in) thick
and includes a basal fossiliferous limestone (wackestone,
with conspicuous Derbyi.fl and  also crinoids, gastropods,
and Sep/!.my&/I.na), a middle section of dark-colored,
fossiliferous shale and shaly lime mudstone to sparse
biowackestone (with Dcrdyi.fl, A//ori.Lfma, and some
ammonites), and an upper lime grainstone dominated by
foraminifers. Mazzullo and Teal ( 1994) incorrectly
reported the thickness of this upper limestone to be  1 I  ft

(3.4 in) at this locality. The Blue Springs Shale Member is
about  10 ft (3.I  in) thick and consists, in ascending order,
of silty, green shales/mudrocks, red shales/mudrocks, and

greenish-yellow, calcitic shales and mudrocks, the latter
fossiliferous at the top. A conspicuous light-tan

paleocaliche (Mazzullo and Teal,  1994; Mazzullo et al.,
1995) occurs a few feet above the base (fig.  11 ).  Placement
of the contact between the Blue Springs and Florence, and
details of the stratigraphy of the three members of the
Matfield Shale, are discussed below.

Wymore Member

The Wymore Member was formally named and
described by Condra and Upp ( 1931) from ravine and
creek bed exposures in the E/2 sec. 27, T. 2 N., R. 7 E.

(now on the Marple Fan, due east of the Big Blue River),
immediately southeast of the town of Wymore, in Gage
County, Nebraska. At this locality (their section number
13, p. 38-39) Condra and Upp measured 22 ft (6.7 in) of
exposed gray, olive, and red unfossiliferous shale and
mudrock beneath the Kinney. The contact with the
Wreford was not exposed here, although they did report
upper Wreford beds to be present in the creek bed.
Exposures at this locality are now mostly concealed, and
therefore, we propose to designate a principal reference
section for this member (our measured section number
148) that is close to the type locality.  It is a readily
accessible, high cutbank along Plum Creek in the NW sec.
15, T.  1  N., R.  8 E„  in Gage County, Nebraska (fig.  12).
This is the same location shown in fig. 3 in Condra and
Upp (1931, p.  36).

The basal contact with the Wreford unfortunately also
is not exposed at this locality, but by our estimates it must
be less than a few feet into the subsurface. The exposed
Wymore section is 24.5 ft (7.5 in) thick, and consists
entirely of unfossiliferous, silty shale and mudrock (figs.
128 and  13). The basal 2 ft (0.6 in), exposed at creek level
when we measured the section, are pale-green, conspicu-
ously blocky mudrocks with conchoidal fracture; this unit
likely is a paleosol. The overlying  11  ft 8 inches (3.6 in)
are interbedded red and green shales and mudrocks,
including paleosols (fig.13).  Next is 6 ft 9 inches (2.1  in)



of dominantly red shale and some mudrock with some
streaks of green shale (this entire section includes

paleosols), overlain by 4 ft ( I.2 in) of green shale, the
upper few inches laminated. The contact with the basal
limestone of the overlying Kinney member is sharp and
confomable (figs.128 and  13).

Kinney Member

The Kinney Member was named by Condra and Upp
( 1931) from exposures along a railroad cut in the center
W/2 sec. 32. T. 2 N., R. 8 E., just east of the now-aban-
doned Kinney railroad siding, in Gage County, Nebraska.
Instead of specifying a stratotype description here,
however, they described it from exposures on the Marple
Farm in sec. 27, T. 2 N„ R. 7 E. in Gage County, Nebraska

(their measured section number 13), which is their type
locality of the Wymore. Condra and Upp also summarily
described facies changes within the member as it was
traced into southern Kansas, but based these rather sketchy
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descriptions on only three widely separated localities in
the state.

The stratigraphic architecture of the Kinney is highly
variable and is perhaps the most complex of all the units
within the Chase Group. Regional correlation of lithic
units in the Kinney has proved difficult, especially in
northern Kansas (e.g., Jewett,  1941 ), because of pro-
nounced facies changes and Condra and Upp's (1931)
sketchy descriptions of the member in Kansas. It was
therefore imperative that we traced the Kinney from its
type locality in Nebraska southward through Kansas in an
attempt to understand its regional stratigraphic develop-
ment. Unfortunately, outcrops at the type locality, as well
as on the Marple Farm where Condra and Upp (1931 )
described the section, are now extremely poorly ex-

posed-in fact, they are virtually nonexistent. Nearby
cutbank outcrops along Plum Creek in see.  15, T.  1  N.. R.
8 E. in Gage County (our proposed principal reference
section for the Wymore [measured section number 148]),
however, expose the section (figs.128,13) that Condra

FIGURE  lo-A)  LocATloN oF pRiNclpAL  REFERENCE sECTloN oF THE MATPIELD  SHALE AT "LooKouT PoINT" iN  BurLER CouNTy.  8)

Havensville to basal  Kinney section on  south  side of the road; the  Speiser and Tl]reemile are exposed to the immediate left (east).
C) View looking south from the road (US-54). The Wreford is exposed in the gully (foreground); the Wymore to the middle
Kinney are exposed in the gullies (arrows) in the center background; the upper Kinney is exposed along the ridge to the right

(west), and along the road to the west (out of the field of view). D) Exposures of the upper Kinncy to basal Florence along the
north side of the road.
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and Upp (1931) regarded as the Kinney. The section of
carbonates here is similar lithologically to the section they
described on the Marple Farm. We therefore propose to
designate these outcrops along Plum Creek as the principal
reference section for the Kinney. However, we believe that
at this and other localities in northern Kansas, the top of
the Kinney should be placed at the top of the section of
dark shales immediately above the carbonates rather than
at the top of the upper limestone (figs.  128,  13). We will
discuss and fully document this revision in the second part
of the paper.

Condra and Upp (1931, p. 37) stated that the Kinney,
as they recognized it, was  12 ft (3.7 in) thick in Nebraska.
However, they illustrated the outcrop on Plum Creek (fig.
128) in their fig. 3 (p. 36), where their Kinney (carbonate)
section is only 7 ft 8 inches (2.3 in) thick. They did not
address this obvious discrepancy in their estimate of
thickness of the member. The lower 2.5 ft (0.8 in) of the
Kinney section here consist of progressively thinner-

FIGURE  I I-LITHOSTRATICRAPHV  0F THE MATFIELD SHALE AT THE

pRINcipAL REFERENCE sECTloN  (measured section number 39,

secs. 5,  8, and 9, T. 26 S., R.  8 E., Butler County, Kansas).

bedded, yellow, shaly, dolomitic limestone (fig.13).
Microfacies in this unit fine upward from porous, oncolitic
biowackestone to packstone in the basal 7 inches ( 17.8
cm), to layered and bioturbated lime mudstone above.
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FIGURE  12-A)  LocATioN  oF pRiNclpAL  REFERENCE sEcmoN oF THE

WyMORE,  KINNEY,  AND  BLUE  SPRINC,S  MEMBERS  OF THE

MATFIELD SHALE IN  GAGE CoUNTy,  NEBRASKA.  8) The upper

Wymore to Florence section at this locality.  More of the
Wymore is exposed down to river level than is  shown  in this

photo. This is the same outcrop shown in fig.  3  in Condra
and Upp (1931 ). Our revised placement of the top of the
Kinney, and that of Condra and Upp (I 931 ), are both shown.



Fossils include crinoids, brachiopod fragments, foramini-
[ers, Aviculopecten spp., Myalina spp., and Septirnyalina
spp. The basal contact with the Wymore is sharp and
conformable. The overlying unit is 2 ft 8 inches (0.8 in) of
splotchy medium-gray and yellow, calcitic, bioturbated
mudrock with bryozoans, Dcrbyrcz spp., Rcfi.cw/cz/I'a spp.,
and A//or!.Sma spp. The upper unit is 2.5 ft (0.8  in) of thin-
bedded, similarly colored, shaly lime mudstone with
crinoids, brachiopod fragments, Avz.cw/apccfc# spp„
A4ycz/i.na spp., and Scp/I.mycz/I.#c} spp. As discussed above
and documented later, we include the overlying 3 ft 8
inches  (1.1  in) of fissile black shale within the Kinney at
this locality  (fig.13).

Blue Springs Member

This member also was formally named and described
by Condra and Upp ( 1931 ) from exposures on the Marple
Farm, in see.  27, T.  2 N., R.  7  E.  in Gage County, Ne-
braska. They noted that the section here comprised 29 ft
(8.8 in) of unfossiliferous olive, red, and gray, partly sandy
shale and minor sandstone. However, Blue Springs strata
also are now very poorly exposed at this locality. Accord-
ingly, we propose to designate the cutbank exposures
along Plum Creek (sec.15, T.  I  N., R.  8  E., Gage County,
Nebraska:  figs.12,13)  as the principal reference section
for the Blue Springs Member. In fact, Condra and Upp

( 1931, p.  38) mentioned that the outcrops of the Blue
Springs here expose the same zones as at their Marple
Fami type locality. This locality (measured section number
148) can also serve as a supplemental reference section for
the entire Matfield Shale. A nearby supplemental reference
section of the Blue Springs, at which the basal contact with
the Kinney is not exposed, is another cutbank along Plum
Creek in the NE NE sec.  30, T.  I  N., R.  8 E.  in Gage
County (our measured section number 147).

Condra and Upp ( 1931 ) defined the top of the Blue
Springs in Nebraska as the top of unfossiliferous shales
beneath the Florence (see their measured sections  13-16),
and they illustrated this contact in their fig.  3  (p.  36)(refer
to our figs.  128 and  13). The basal few feet of the Florence
as so defined at Plum Creek, as well as at other exposures
in Nebraska, are non-cherty carbonates overlain by
mudrock, both fossiliferous, above which are cherty
carbonates (figs.128,13). Although Prosser (1895)
originally named the Florence from an exposure in Manon
County, Kansas, the basal contact with the Blue Springs
was not exposed at this locality, and hence, he did not
specify contact relationships between these two units here.
Although he regionally placed the contact at the base of
the cherty limestones in the Florence in that area, he noted
that the basal  10 ft (3. I  in) of the Florence locally included
beds of mostly non-cherty limestone above Blue Springs
shales (Prosser,  1895). Hence, his definition of the top of
the Blue Springsfoase of the Florence at least locally
agreed with Condra and Upp's ( 1931) placement of the
contact between these units. Subsequent workers, how-
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ever, either placed the contact at the base of the chert in the
Florence where non-cherty  limestones are present (e.g.,
Moore,1920;  Bass,1929;  Moore  et al.,1944,1951a,b;

Bayne.1962), or like Prosser (1895) and Condra and Upp

( 1931 ), placed it at the base of the section of these non-
cherty limestones beneath the cherty carbonates (e.g..
Beede and Sellards,  1905; Condra and Reed,  1959; Twiss
and Underwood,1988; Twiss,1991 ; Archer et al.,1995).
Still  other workers inconsistently picked the contact at
either horizon at different outcrops (Beede and Sellards,
1905;  Bass,1929;  Bayne,1962),  thus  illustrating the

confusion that exists with regard to stratigraphic bound-
anes in this part of the Chase Group.

We agree with Condra and Upp ( 1931 )  in placing the
Blue Springs-Florence contact at the base of the section of
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FIGURE  13-LITHOSTRATIGRAPHV  OF THE WVMORE,  KINNEV,  AND

BLUE  SPRINGS  MEMBERS  OF THE,  MATFIELD  SHAl.E  AT THE

pRINcipAL  REFERENCE  sECTioN  or` THESE  uNiTs  iN  NEBRASKA

(measured section number  148, see.15, T.  I  N., R.  8 E.,
Gage County,  Nebraska).  Note the difference between our
assignment of the top of the  Kinney and that of Condra and
Upp ( 1931 ).
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mostly non-cherty  limestones (figs.  128  and  13) because
such a stratigraphy (i.e., non-cherty carbonates overlain by
cherty carbonates) is readily traceable across the entire
study area (e.g„ Mazzullo et al„  1995). Furthermore,
inclusion of the section of non-cherty limestone and some
fossi liferous mudrock within the carbonate-dominated

(albeit cherty) Florence, rather than in the Blue Springs
(e.g., fig.  13), seems reasonable from a lithologic as well
as fi.jm a paleontologic viewpoint.

As so recognized, the unfossiliferous Blue Springs at
the principal reference section on Plum Creek (fig.  13) is
28 ft 5 inches (8.7 in) thick. This thickness agrees with that

given by Condra and Upp ( 1931) at the type locality on the
Malple Farm. The basal 4 ft ( 1.2 in) consist of green, silty
shale and mudrock. The succeeding 4 ft ( I.2 in) are
dominantly red shale, overlain by a prominent ledge-
foming unit (8 ft 2 inches [2.5 m] thick) of red, silty
mudrock with thin layers of green shale that grades
upward to red, shaly siltstone with prominent green-shale-
filled rootlets at the top (fig.  13). These siltstones likely are
what Condra and Upp ( 1931) had referred to as sandstones
in the Blue Springs at their type locality. The overlying  12
ft 4 inches (3.8 in) pass upward from red to light-green to

yellow shale and mudrock. As discussed in the second part
of this paper, the upper few feet of the Blue Springs are
fossiliferous shales in south-central Kansas. The contact
with non-cherty limestones of the lower Florence is sharp
and conformable at this locality.

BRUNo L"ESTONE BEDlondra and Upp ( 1931, p.
40) introduced the name Bruno limestone in reference to a
thin bed of limestone that occurs about 8 ft (2.4 in) above
the base of the Blue Springs Member where they examined
it. Although named from exposures on Bnino Creek a few
miles northeast of Florence in Manon County, Kansas,
they instead described it from exposures near Burden in
Cowley County, Kansas (their measured section number
16, p. 40; our measured section number 22). Condra and
Upp stated (p. 38) that it could be traced from Burden,
"„.northward beyond Florence and southward to Okla-

homa." Later, however, this unit was not recognized by
Condra and Reed (1959), and has not been discussed
formally by either Kansas or Nebraska geologists since
that time (e.g., ZelLer.  1968;  Burchett,  1988).

We have not identified any carbonate beds in the Blue
Springs Member in Nebraska (e.g., fig.  13) or in Kansas
north of Geary County. However, the northernmost
occurrence of a distinct bed of carbonate that we consider
to be the Bruno. by virtue of its stratigraphic position,
lithology, and regional correlation, is present at the
exposures on the Wayne White Farm in the NE SW see.
28, T.  12 S„ R. 5 E. in Geary County, a few miles west-
southwest of Junction City (fig.14 [measured section
number  Ill I). This bed is about 7 ft (2.1  in) above the base
of the red-shale-dominated, lower Blue Springs at this
locality. It consists of 8 inches (20 cm) of light-yellow,
very silty dolomudstone, with rootcasts and large dolomite

glaebules, and is interpreted as a paleocaliche. A lens of

this bed, developed within red siltstones, appears to be

present in the spillway of Milford Reservoir, which is a
few miles north of the Wayne White Farm. This lens is
likely the bed described by Archer et al.  ( 1995) as `.calcar-
eous shale or mudstone" that is about 9 ft (2.8 in) below
the Florence at this locality. Farther north and east from
here, in Kansas and Nebraska, beds within the Blue
Springs at, above, and below the approximate horizon of
the Bruno are prominent ledges of red, shaly siltstones,
typically with abundant rootcasts and associated with
inferred paleosols.

We have traced the sporadic occurrence within the
Blue Springs  of a typically thin (generally less than 2 ft

[0.6 m]) manne carbonate and/or paleocaliche that we
consider to be the Bruno, south and southeast from the
Wayne White Farm through parts of Moms, Manon,
Butler, and Cowley counties in Kansas (fig.  14). The
thickness of the Blue Springs vanes considerably in these
areas, and accordingly, the Bruno may occur anywhere
from 3 to  10 ft (0.9-3. I  in) above its base (fig.14). The
southernmost occurrence we have found of such a carbon-
ate unit considered to be the Bruno is in the roadcuts along
Cowley County Highway  I  in sees.  8  and  17, T.  35  S.,  R.  5
E. (our measured section number  I), less than  I  mi (I.6
kin) north of the Kansas-Oklahoma border. Although
Chaplin ( 1988) noted the occurrence of lenses of (sandy)
limestone in the Blue Springs in Kay County, Oklahoma,
he apparently did not then regard them to be the Bruno; we
suspect they are Bruno-equivalent strata. Where present,
typical Bruno lithofacies vanously include:  (a) fossilifer-
ous, manne lime mudstone to biowackestone and, at
exposures along the railroad tracks just east of Burden in
Cowley County (the locality at which Condra and Upp
[ 1931 ] described it), fine-grained, foraminiferal
grainstone; and (b) light-colored, shaly lime mudstone or
dolomudstone with rootcasts, calcite glaebules, and
incipient pisoliths and occasional rhizoconcretions,
interpreted as paleocaliche (Mazzullo et al„  1995).

We recommend that the name Bruno limestone bed be
retained in reference to this carbonate rock horizon within
the Blue Springs Member for two reasons. First, although
it is thin we have been able to identify and trace it across
much of central and southern Kansas (fig.  14), and as
discussed above, it may even be present in Oklahoma.
Second, and most importantly, regional aspects of its
occurrence and thickness, which are illustrated and
discussed in the second part of this paper, suggest that it is
a stratigraphic unit of considerable significance in the
inferred sequence-stratigraphic development of the
Matfield Shale. The Bruno limestone bed is not well
exposed in the type area in Manon County defined by
Condra and Upp (1931), and a stratotype was not specified
by them in this area. We therefore propose to designate the
nearby roadcut exposures in the SW NW see. 8. T. 21  S.,
R. 6 E. in Chase County, Kansas, southeast of the town of
Cedar Point, as the principal reference section of the
Bruno  (fig.  15).



At this locality  (shown graphically in fig.17  as
measured section number 83)  the Bruno is  10 inches (25.4
cm) thick and includes lithologies of both manne and
nonmarine aspect that are regionally typical of this unit.
The basal 3 inches (7.6 cm) consist of shaly, orange-

yellow lime mudstone, with glaebules, circumgranular
cracks and blocky texture, interpreted as paleocaliche. The
overlying 2 inches (5. I  cm) are  laminated, medium-brown
shale with comminuted skeletal debris, overlain by 5
inches (12.7 cm) of green-gray,  shaly, in[raclastic lime
mudstone, with foraminifers and fragmented pelecypod
and brachiopod shells, and small vugs filled with green
shale.  Upper and lower contacts with unfossiliferous, gray-

green to brownish-green mudrocks of the enclosing Blue
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Springs are sharp. The top of the Bruno, as well as the

paleocaliche in the lower part of this unit, appear to be
unconformities at this locality.

Barneston Limestone

History of Terminology and Proposed
Revision

The Bameston Limestone was defined by Condra and
Upp ( 1931 ) to include the Florence and overlying Fort
Riley limestones as members; the Oketo Shale Member
was not recognized as a fomal stratigraphic unit at that
time. The type area of the formation was designated to be
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FIGURE  14-CROSS  SECTION  SHOWING  REGIONAL  STRATIGRAPHIC  RELATIONSHIPS  0F THE  BRUNO  LIMESTONE  BED  AND  CORRELATIVE  STRATA  IN

NORTH-CENTRAL  TO  SOUTl+-CENTRAL  KANSAS.
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the bluffs along the  Big Blue River, west and southwest of
the town of Barneston in Gage County,  Nebraska (in T.  1
N„  R. 7 E.), where the formation is now  very poorly
exposed.  Condra and Upp ( 1931 ) did not specify a
stratotype descnption of the  Bameston. Apparently  in
defense of erecting this formation, they  stated (p. 41 ):
"The Florence or lower member is distinguished from the

Fort Riley by Its  abundant chart content.  Otherwise there is
no essential distinction between the two horizons."

Such a statement is, for several obvious reasons,
completely erroneous and misrepresentative of actual
lithostratigraphic  and biotic relationships within and
between the Florence and the Fort  Riley.  First,  as Condra
and Upp ( 1931 ) themselves pointed out, the chert content
of the Florence clearly distinguishes it and the Fort Riley.
Second, although these units commonly are conveniently

grouped together for map|)ing purposes in  Kansas and
Nebraska, both  are sufficiently thick and lithologically
distinct so that they easily can be mapped separately
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OF l`IIF.  I.OWE.R,  NOW-CHERTy  FLORENCE,  lN  CliASE  COUNTY.

KANSAs   8) The Blue Springs, Bruno bed, and basal

Florence  at  this  locality.

(Mazzullo and Teal.1994; Mazzullo et al„  1995). As
discussed and illustrated in the second part of this paper,
both the Florence and the Fort Riley can readily be
subdivided into recognizable lithic units that are mappable
and correlated across large areas of Kansas and Nebraska.
Even early workers such as Bass (1929), Moore et al.

( 1944), and particularly,  Fath ( 1921 ) recognized these
natural  subdivisions  in the Fort Riley,  as did Prosser

( 1895) in the Florence. Third, the biota of the Florence is
dominated by bryozoans with accessory brachiopods,
fusulinids,  and locally, rugose corals.  In distinct contrast,
the biota of the Fort Riley is dominated largely by brachio-

pods and foraminfers, and oncolites are abundant in the
lower part of the Fort Riley throughout most of south-
central  Kansas (Mazzullo and Teal,  1994; Mazzullo et al.,
1995).

We contend that inclusion of the Florence and the Fort
Riley within a formation (i.e., the Bameston Limestone) is
a purely artificial  and stratigraphically meaningless
construction that underscores the stratigraphic significance
of these units. We further contend that these aforemen-
tioned lithologic and biotic characteristics warrant eleva-
tion of the Florence and Fort Riley to formation statiis, and
accordingly, we propose that the name Barneston Lime-
stone be abandoned. Documentation for such proposed
revisions,  and consideration of the assignment of the
intervening Oketo Shale Member, are provided below.

Florence Formation (revised)

The `.Florence flint and limestone" was onginally
named by Prosser ( 1895, p. 772) for exposures  .`.  .  .  along
the Mcpherson Branch of the A.,T.  & S.F.  R.R„ and  in the
Jones' quarries from one to two miles northeast of Flo-
rence," in Manon County, Kansas. These localities are in
the E/2 see.  6, T. 21  S., R.  5  E.  (fig.16A). The Jones

qii       es and exposures along the railroad referred to by
Pro`sser ( 1895) now encompass the large Martin Manetta
Sunflower qualTy in  sec. 6. This quarry and the Florence
Rock Company quarry in adjoining sec. 5 both expose the
upper Florence and the Fort Riley (fig.  168) and are
readily accessible with prior pemission of the operators.
The unit was later referred to as the Florence flint by
Prosser ( 1902),  Prosser and Beede ( 1904), Beede ( 1908,
1909), and Condra and Upp (1931 ).

Although he designated the type  locality.  Prosser

( 1895, p.  773) instead described a composite of several
outcrops in Manon and Riley counties as the stratotype for
the  Florence. The basal contact with the Matfield Shale is
not exposed at the type  locality.  However, Prosser ( 1895,

p. 772) noted that, in some unspecified exposures near
Manon, the main body of cherty limestone (his "Florence
flint") was immediately underlain by,  as discussed above,
a  I 0-ft (3. I -in)-thick section of cherty to locally noncherty
limestone and some shale.  Inspection of Prosser's compos-
ite measured section (p.  773)  shows that he included these
cherty to non-cherty limestones within the "Florence flint"



at these particular outcrops, but he inconsistently did not
do so at all outcrops (i.e., he included the non-cherty
limestones beneath   the "Florence flint" within the upper
Blue Springs at some other localities). As so alluded, the
basal contact of the Florence concurs, at least locally, with
the upper contact of the underlying Blue Springs Member
as defined later by Condra and Upp (1931 ). Accordingly,
Prosser ( 1895) reported the Florence flint to be 22 ft (6.7
in) thick and indicated that it was overlain by a then-
unnamed,  15-ft (4.6-in)-thick section of shaly limestone,
and then, a 5-ft ( 1.5-in)-thick bed of massive limestone
which he (Prosser,1895,1897a,b) referred to as the
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"Florence limestone" (fig. 4). Hence. the total thickness of

the entire "Florence flint and [sic, Florence] limestone"
section was about 42 ft ( 12.8 in) according to Prosser
( 1895,  1897a,b). The upper 5-ft (I.5-in)-thick limestone
bed, however, had earlier been referred to as the "Fort
Riley main ledge," or "Fort Riley limestone," by Swallow
( 1866), Hay (1893), and others. Accordingly, Prosser
(1902) and Prosser and Beede (1904) later included this 5-
ft (I.5-in)-thick bed and some overlying strata, together
with some beds beneath it, within the Fort Riley Forma-
tion, an assignment that was consistent with that of

previous workers (Swallow,  1866; Hay,1893), and which
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was followed subsequently by most later workers (fig. 4).
Hence, the amended thickness of the Florence here was
slightly less than 37 ft ( 11.3  in).

In proposing to elevate the Florence to formation
rank, we see no reason why the original type locality of
this unit (at the Sunflower quarry, rig.  16) should not be
maintained as a unit stratotype because exposures are
excellent and readily accessible (our measured section
number 89  [fig.  17]). The basal contact with the Blue
Springs is not exposed here, although a few feet of strata
across this contact are exposed in a nearby gully on private
landjust north of US-50, in the SE SE sec. 5, T.  21  S., R.
5 E. However, a much thicker, better-exposed, and more
readily accessible section of upper Blue Springs-to-

w
hart'nsM£L#5?2T|s#5®ErQuarry

Manon Co.,  KS
(measured soctton no. 89)

Florence strata is well exposed in the roadside outcrops
southeast of the town of Cedar Point, in the SW SW see. 8,
T.  21  S., R.  6 E„ in Chase County (figs.15,17). This
locality (measured section number 83  [the principal
reference section for the Bruno limestone]) is therefore
designated as a supplemental reference section at which to
examine the lower, noncherty Florence.

The exposed Florence section beneath the Oketo
Shale at the Sunflower qualTy  is 31  ft (9.5  in) thick,  and
the basal 2 ft 5 inches (0.7 in) of section here consist of
cherty biowackestone and medium- to dark-gray, cherty,
fossiliferous mudrock. At the roadcut in  sec.  8, T.  21  S., R.
6 E. in Chase County, the basal 3 ft (0.9 in) of the Florence
beneath the main body of cherty limestones consist of

E

FIGURE  17-LITHosTRATiGRAPHy oF THE FLORENCE LIMESTONE AT THE SuNFLowER QUARRy TypE LocALIT¥  IN MARloN CouNTy (measured

section number 89), and correlation to nearby outcrop in Chase County (measured section number 83, the principal reference
section of the Bruno limestone bed) where the basal non-cherty unit and the lower contact of tlie Florence are exposed.



interbeds of non-cherty limestone (mudstone and
biowackestone) and fossiliferous, yellow mudrock.
Lithologic correlation of the basal Florence sections
between these two locations (fig.  17) suggests a Florence
thickness of about 34 ft ( 10.4 in) in the type area. As
discussed below, however, addition of the Oketo as a
member of the Florence results in a total thickness of 37 ft
(11.3 in) here, which concurs with the amended thickness
of the Florence following Prosser (1902) and Prosser and
Beede (1904).  Fossils in the lower non-cherty beds at this
location include bryozoans, crinoids, echinoid fragments,
Bc//crapfeo" spp., various pelecypods (including
Pct77capfeorws spp.), and the brachiopods Derdyi.a spp.,
Reticulatia spp., Composita spp., ajnd Meekella spp.

The main body of cherty limestone beneath the Oketo
at the Sunflower quarry is 29.5 ft (9.0 in) thick and
consists of mostly light-yellow limestone, including fine-

grained biowackestones and some biopackstones. About 5
ft (I.5 in) below the top is a  I-ft (0.3-in)-thick zone of
interbedded fossiliferous mudrock and shaly lime mud-
stone to biowackestone (fig.  17). Chert occurs as nodules
and layers and generally is lighter in color than in the
Wreford. The chert is typically medium-to light-gray
when fresh and light-gray, yellow, and orange when
weathered. Fossils in the limestones and in many of the
chert layers and nodules in this section mainly include
bryozoans, crinoids, Rcfi.c#/of[.a spp., and accessory
Dcrbyi.a spp„ Compos!./a spp., echinoid fragments, and
coiled gastropods. Fusulinids are common beginning a few
feet above the base of the cherty limestone section here, as
well as throughout nearly all of Kansas. According to
Thompson ( 1954) and Sanderson and Verville (1988),
Pseudoschwagerina texana and Pseudofusulina
morc}"c"s!.S are the common fusulinids in the Florence.
Possible new fusulinid genera collected from the Florence
by us presently are being studied by Charles A. Ross. The
top  I.5 ft (0.5 in) of the Florence directly beneath the
Oketo are non-cherty, light-yellow, oncolitic
biowackestone to packstone with bryozoans, crinoids,
echinoid fragments, Derbyl.a spp„  Comepos!.rcz spp., and
Ampfez.scapfofl spp. The contact with the overlying Oketo is
conformable and mostly sharp as it is at most other
localities in the study area. At the Florence Rock Company

quarry in adjoining sec. 5, and along some quaITy walls at
the Sunflower quarry, however, the upper contact with the
Oketo appears to be gradational over a few inches.

CoLE CREEK MEMBER (NEw NAME)-The tnpartite
division of the Florence into non-cherty limestone and
shale at the t)ase, cherty limestone in the middle, and

generally non-cherty limestone, and locally, shale at the
top is traceable across much of Kansas (fig.  18). The basal
non-cherty unit of the Florence, in particular, persists
through nearly all of Kansas (fig.  18) and into Nebraska

(see figs.128  and  13). The regional persistence, thickness,
and numerous exposures of this section warrant its
recognition as a formally designated member, particularly
considering the confusion that has existed in the past with
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regard to the Blue Springs-Florence contact. This non-
cherty unit is also recognized on electric logs in the
subsurface (see cross section by Tyler Sanders in Mazzullo
and Teal,  1994). At this time we do not advocate naming
new members for the overlying cherty and succeeding
non-cherty limestones and shales in the Florence.

The basal noncherty unit of the Florence is herein
named the Cole Creek Member (new name) for well-
exposed roadside outcrops along Cole Creek Road,
immediately south of Hickory Creek, along the north-
south boundaries between secs.  15  and  16, T. 28 S., R.  6 E.
in Butler County, Kansas (fig.  19). The section here, our
measured section number 46 (figs.  18 and  198) is 8 ft 2
inches (2.5  in) thick. The basal  I  ft 7 inches (0.5  in) are
thin- to medium-bedded, light-gray, bioturbated limestones
that fine upward from biopackstone-grainstone to
biowackestone. This section is overlain by 5  inches (12.7
cm) of fossiliferous, laminated, black shale, which in turn,
are overlain by  1  ft 3 inches (0.4 in) of fossiliferous and
bioturbated, gray, calcitic mudrock to shaly lime mud-
stone.  Next is  1  ft 7 inches (0.5 in) of medium-bedded,

yellow-gray, very coarse grained biowackestone with
conspicuous large, horizontal burrows along bedding

planes. This bioturbated horizon is present at many
outcrops in Butler and northern Cowley counties, and it is
a readily recognizable marker bed useful in mapping. The
succeeding 2 ft 4 inches (0.7 in) consist of thin-bedded,

yellow-gray, fossiliferous, calcitic mudrock to shaly
biowackestone. The top of the member is a  I-ft (0.3-in)-
thick bed of yellow-gray,  biowackestone. Fossils in this
member at this location include crinoids, foraminifers,
bryozoans, small coiled gastropods, pectinid casts,
ALviculopecten s;pp., Myalina s;pp.` Perrrophorus spp..
Dcrdyja spp., and Composz./a spp. The basal contact with
the underlying Blue Springs Shale here is sharp and
conformable, although it is gradational at some localities
in Butler County (e.g., at measured section number 49 [see
Appendix]). The upper contact with the cherty beds of the
Florence also is sharp and conformable (fig.18).

The member is 4 ft to 8 ft 2 inches ( I.2-2.5 in) thick
in Cowley and Butler counties; 2-3 ft (0.61).9 in) thick in
Marion, Moms, Geary, and Riley counties; about 4 ft ( 1.2
in) thick in Marshall County; and about 2 ft  10 inches (0.9
in) thick in Gage County, Nebraska. Regional aspects of
lithofacies and inferred depositional environments of this
member are discussed later in this paper. The member is
not recognized in the extreme southern part of Cowley
County, for example, at roadside outcrops along Cowley
County Highway  1  in secs.  8 and  17, T.  35 S„ R.  5 E.

(measured section number  I) or in the quarry in see. 3, T.
35  S., R.  5 E.  (measured section number 2).

OKETo SHALE-The name Oketo Shale apparently
first appeared in Moore et al. ( 1934) in reference to expo-
sures in the bluffs along  the Big Blue River at a railroad
depot near the town of Oketo in Marshall County, Kansas,

just south of the Kansas-Nebraska state line. This outcrop
appears to be in the SE sec.  14, T.  1  S„ R. 7 E. The Oketo
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was later included in stratigraphic sections, and exposures
of it were mentioned as field stops in a field tnp guidebock

(Moore,  1936). The name subsequently gained acceptance
as a member of the Bameston Limestone (e.g., Condra and
Reed,  1959; Zeller,  1968). The Oketo Shale is present in
all counties in Kansas and Nebraska where Florence-Fort
Riley boundary strata are exposed except in Butler and
Cowley counties in Kansas. The southernmost exposure of
the Oketo that we have found is in unmeasured streambank
exposures in the E/2 SW see.18, T.  21  S„  R. 5 E., in
Manon County, Kansas. This locality is due east of US-
77,  1.25 mi (2 kin) south of the intersection of US-77 and
the A„T. & S.F. railroad tracks in the southwest corner of
the town of Florence and is on pnvate land (fig.  16A).

Outcrops at the type locality of the Oketo defined by
Moore et al. ( 1934) are poorly exposed. Furthermore, they
did not specify a stratotype for the Oketo here, where
bounding contacts are obscure. Because of facies changes
from carbonate to shales in the upper Florence (discussed
later), recognition, correlation, and reported thickness of
the Oketo have in the past been somewhat unclean in many
areas. According to Moore ( 1920), for example, fossilifer-
ous and calcareous shales then included within  the basal
Fort Riley around Oketo, Marysville, and Junction City are
6-9 ft (1.8-2.7 in) thick; by Moore's descnptions, this unit
z.5 the Oketo as currently recognized (e.g„ Zeller,1968).
Later, Jewett (1941) tentatively assigned  17 ft (5.2 in) of
strata to the Oketo at some outcrops in northeastern Riley

FIGURE  l8-LITHOSTRATIGRAPHIC CROSS  SECTION  SHOWING  TRIPARTITE  DIVISION  OF "  FLORENCE:  LOWER  NON-CHERTy  BEDS,  MIDDLE  CIJBRTy

STRATA,  ANI)  iN  CENTRAL AND  souTI+BEN  KANSAs,  uppER  NON-cHERTy  LIMESTONE  AND/oR  sttALE  oR  MUDRCH=K.  Also  shown  is  the  basal

Cole Creek Member (new name) of the Florence.



County, and Moore et al. ( 1944) likewise reported this
maximum thickness of the member. Even later, the
thickness of the Oketo was revised by Moore et al. (1951 a)
to be 5-8 ft ( I.5-2.4 in) thick. Whereas Condra and Reed
( 1959) recognized as much as 3 ft (0.9 in) of Oketo in
southern Gage County, Nebraska. Burchett ( 1988, his fig.
7, p. 58) believed that the Oketo was not present in
Nebraska.

In an attempt to clanfy these problematic relations, we
first propose to designate a principal reference section for
the Oketo to be the two closely spaced roadcuts on US-77
in the NE sec.16 and in the N/2  see.  21, T.  3  S„ R.  7 E.  in
Marshall County, Kansas, just south of Marysville (fig.
8A). These outcrops, composite measured section number
139  (fig. 20), are the closest exposures to the type locality
at which clearly defined Oketo strata and underlying and
overlying units are exposed. The Oketo here is about 8 ft

(2.4 in) thick, and seemingly conformably overlies the
Florence; and in turn, it is confomably overlain by the
Fort Riley. As such, its thickness is the same as that
reported in more recent times by several workers (e.g.,
Moore et al„  1951a). The basal 2 ft 8 inches (0.8 in)
consist of yellow, calcitic and silty mudrock with crinoids,
bryozoans, and brachiopod fragments. This section is
overlain by 4 ft ( I.2 in) of light-yellow, bioturbated, silty,
dolomitic mudrock, with thin lenses of shaly
dolomudstone, with crinoids, echinoid fragments, bryozo-
aas, Derbyia spp., Composita spp., Retlculatia spp.,
Cruritkyris spp., Meekella spp., Allorisma spp., and
Ampfel.scaptia spp. The upper  I  ft 8 inches (0.5  in) of the
Oketo consist of light-yellow, silty mudrock with similar
fossils.

The top of the Oketo here is placed at the base of a 3
ft 3  inches ( 1-in)-thick section of porous, silly and shaly,
dolobiowackestone in the basal Fort Riley (fig. 20). These
rocks contain crinoids, bryozoans, echinoid fragments,
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Aviculoi)ecten spp., Meekella spp., Reticulatia spp.` and
Edmo"dj.a spp.. To the south, this basal Fort Riley section
changes facies to coarse-grained, shaly limestone with
conspicuously abundant echinoid debris and similar
fossils, and in turn, is overlain by fossiliferous, silty
mudrock and shaly biowackestone immediately beneath
the so-called Fort Riley "main ledge" or "rimrock" (fig.
18). We have been able to trace this stratigraphy, including
the prominent echinoid-rich beds immediately above the
Oketo, as far south as Marion County (fig.17). The top of
the Oketo as we define it is regionally correlative and
consistent with that of other workers (e.g., Jewett,1941 ;
Moore et al„  1944,1951a).

One of the outcrops in Riley County at which Jewett

(1941) suggested that the Oketo may be as much as  17 ft
(5.2 in) thick was found to be very poorly exposed, with
contact relationships completely obscure. We located the
other of his two outcrops of presumably thick Oketo (his
measured section number 9), which is a cutbank along
Swede Creek on the Nelson Farm (our measured section
number  131, shown graphically in fig.  18) in the center
N/2 S/2 sec.I, T. 6 S., R. 6 E. in northeastern Riley
County. At this outcrop (fig. 21 A) the Oketo is, by regional
correlation. only 6.5 ft (2 in) thick rather than  17 ft (5.2 in)
thick. Its base is defined by the highest occurrence of
regionally correlative (chertv) limestone in the Florence

(fig.18). Jewett (1941) had even indicated in his measured
section here that this cherty limestone may actually be in
the Florence, which would have reduced his estimate of
Oketo thickness so that it corresponded to ours. His
uncertainty in this regard apparently is what led Moore et
al. (1951a) and subsequent workers (e.g., Zeller,1968) to
lower their thickness estimates of the Oketo. The
mudrocks beneath this cherty limestone that Jewett ( 1941 )
had tentatively included within the Oketo are, by our
regional correlations, Indeed within the upper Florence

(figs.18 and 20A).

8

FIGURE  l9-A) TypE LocALnT oF THE CoLE CREEK MEMBER  (NEw NAME)  oF THE FLORENCE FORMATioN  IN BunER CouNTv,  KANSAs.  8)

Roadcut at this locality (east side of the road)  showmg the Cole Creek Member and adjoining strata.
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TOP OF FLORENCE AND ASSIGNMENT OF 0KET0 SHALE-

According to currently accepted terminology (e.g., Condra
and Reed.1959; Zeller,1968) and some older assignments

(e.g., Jewett,1941 ;  Moore et al.,  ] 944,195 la), the Oketo
is considered to be a member of the Barneston Limestone,
and  its base has traditionally been regarded as the top of
the Florence Member. With our proposed abandonment of
the Bameston Limestone and consequent elevation of both
the Florence and Foil Riley to formation rank, the top of
the Florence Formation and  strat]graphic  assignment of the
Oketo must be clarified.

Where the Oketo is absent (in Butler and Cowley
counties), most previous workers have picked the Flo-
rence-Fort Riley c`ontact at the highest bed of cherty
limestone in the section (e,g., Moore,1920; Fath,1921;

Bass,1929;  Moore et  al.,1944,1951a;  Bayne,1962).

Although this is an ea`y pick, it poses difficulty  on  a
regional  basis for two reasons.  First,  where the Oketo z.b'

present,  it is variously underlain across large areas ot`
Kansas by either cherty limestone or non-cherty  lime-
stones and  mudrocks (e.g.. figs.17,  ]8,  20,  and 22).  In
such areas, picking the top of the Florence at the top of the
chelly limestone obviously  would be inconsistent from

place to place. This inconsistency  is compounded by the
fact that, in northernmost Kansas and in Nebraska, cherts
occur in the upper Florence immediately beneath the
Oketo, but are separated from the main body of underlying
cherty limestone by  mudrocks (figs.18, 20).  Second, in
southernmost Cowley Cour]ty and  in Kay County,  Okla-
homa, where the Oketo is absent,  nearly the entire upper

half of the  Florence,  which is clearly  identified by  its
lithology and biotic content (Toomey,  I 992;  Mazzullo et
al.,1995).  is not cherty.  Picking the top of the Florence at
the top of the chart would therefore result in an arioma-
lously thin Florence sectlon (e.g„  Chaplin,  1994).  Our
studles  (Mazzullo et a]„  1995), as well  as that of Toomey

(1992), have shown that the  Florence-Fort Riley contact in
this area is  lithologically and biotically  gradational and is

not defined by chert content. That is, the sectlon grades
upward from:  (a) cherty, bryozoan-rich  limestones with
occasional fusulinids (Florence  sensu  stricto), through  (b)
the upper non-cherty  limestone beds of` the Florence which
contain  some oncolites and bryozoam (transitional  beds),
to (c) densely packed, oncolitic  limestones (biowackestone
and packstone) with small oncolites and some bryozoans

(identified  as Fort Riley).
Within  the limltation ot` available outcrops,  we have

traced what we believe to be the pinchout of the Oketo
from Mar]on into northernmo``t Butler County  (I.ig.  22).  In
Mflrlon County, the Oketo overlies about 2 ft (0.6 in) of
non-cherty limestone in the Florence that contains rela-
tively abundant bryozoans and  large oncolites, and the
Oketo also contains small  as well as conspicuous  large
oncolites (fig.  218). A similar stratigraphy is present in the

nearby unmeasured streambank outcrops in  sec.18, T.  21
S„  R.  5  E.  in  Marion County  (fig.16A). At streambed
exposures at the head of the Walnut River in the  SE SW
sec.  20, T.  23  S.,  R.  6 E.  in northernmost Butler County

(our measured section  number 79  [shown  in fig.  22]),  non-
cherty upper Florence beds, `sinilarly with oncolites and

FIGURE  2o-A)  LI rHosTRATJc,RAPHy  oF TliF,  oKETo  AND  ADJoiNiNG  STRATA  AT THE  pRINclpAL  REFEREN( F,  sECTloN  IN  MARsliALL  CoiINTy,

KANSAs  (measured  sectlon  number  139.  seL`s.16  and  21,  T  3  S„  R   7  E.).  8) The  Oketo  to  lower Fort  Riley  section  at  this  locality.



relatively abundant bryozoans, are overlain by a few
inches of dark-gray, shaly biopackstone that contains  large
oncolites like those  in the Oketo in Marion County.  We
interpret these dark-colored, shaly, oncolitic carbonates to
be the featheredge equivalent of the Oketo, and they are
overlain here by a section of platy- to medium-bedded,
oncolitic biowackestone and packstone with small
oncolites and only few bryozoans (fig. 22). The same

gradational lithofacies and biofacies pattern that occurs
across the Florencei)keto-Fort Riley contact in Marion
County also occurs across what we consider to be the
Florence-Fort Riley contact in areas to the south where the
Oketo is not present. That is, platy- to medium-bedded
oncolitic  limestones  in the lower Fort Riley commonly are
separated from the underlying section of bryozoan-rich,

generally sparsely oncolitic limestones in the upper
Florence by a zone of stylolites (figs.  2lc,  22).

Based on the aforementioned regional correlations and
lithofacies-biofacies relationships, where the Oketo is
absent we pick the Florence-Fort Riley contact at the base
of a section of vertically continuous beds of densely

packed, oncolite wackestone to packstone, and local
grainstone,  with ,Small  oncolites  (fig.  22). Toomey  (1992)
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and Mazzullo and Teal  ( 1994)  similarly placed the contact
at this level  in Oklahoma based on lithologic and biotic
attributes of the section. This is a datum that usually is
defined by prominent stylolites (fig.  2lc), and which
seems to correlate to the top of the Oketo where it is

present (fig.  22).
Regional correlations, however,  are inconclusive in

regards to assigning the Oketo as a member of either the
Florence or the Fort Riley. On the one hand, the occur-
rence of the Oketo in northern Kansas and Nebraska is
coincident with the appearance of two to three beds of
mudrock in the upper Florence, which thicken to the north

(fig.  18). Accordingly,  the Oketo could be considered a
member of the Florence in the sense that it represents a
continuation of episodic  siliciclastic influx during deposi-
tion of the middle and upper Florence.  In fact, prior to its
recognition as a separate member of the Barneston
Limestone, the Oketo was once included in the Florence

(e.g., Prosser`  1902; Prosser and Beede,  1904). On the
other hand, some workers included beds now regarded as
Oketo within the Fort Riley (e.g„ Beede,1908,1909;
Moore,  1920; and apparently, also Condra and Upp,
1931 )(fig. 4). We consider the Oketo to be a member of the

FIGURE  2 I-A)  PHOTOGRAPH  01-` TllE  OKF.T0  SHAl.E  MEMBER  AND  BOUNDING,  STRATA  AT THE  LoCATloN  ALONG  SWEDE  CREEK  WHERE  JEWETT

( 1941 )  ERRONEOUSLY  CONSIDERED  IT To  BE   17  FT  (5.2  M)  THICK:  NELSON  FARM,  MEASURED  SECTION  NUMBER   131,  RILEy  COUNTY,  KANSAS.

8) Rock slab with  large oncolites  in the Oketo Shale Member, Sunflower quarry (measured t,ection number 89, Manon County,
Kansas);  length of scale  I.5  inches  (3.8 cm). C) Stylolitic contact (pointed out by the arrow on the left and person's hand on the
right) between the  bryozoan-dominated Florence and oncolitic division  I of the basal  Fort Riley;  roadcut, measured section
number 25, Cowley County,  Kansas.  D) Vertical  burrows  in the Fort Riley main  ledge (arrow);  roadcut along  Kl 6. west of the
bridge over Tuttle Creek Reservoir, in NW sec.  23, T. 7  S..  R.  6 E.` Riley County, Kansas.
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Florence Fomation because it seems logical to group
together the typically dark-colored mudrocks in this part of
the section. Such an assignment renders placement of the
contact between the Florence and Fort Riley Formations
straightforward in northernmost Kansas and Nebraska,
where thick sections of mudrock occur in these boundary
sections  (fig.18).

Fort RI]ey Formation (revised)

The names "Fort Riley limestone" and "Fort Riley
main ledg'e" were originally used by Swallow ( 1866)  in
reference to his bed number 52-the 8-10-ft (2.4-3. I -in)-
thick limestone ledge that conspicuously crops out high on
the slopes in the valleys of the Republican, Smoky Hill,
and Kansas rivers, particularly around the Fort Riley
Military Reservation, in Geary and Riley counties, Kansas
(e.g„ fig.  21D).  Hay ( 1896) likewise recognized the Fort
Riley main ledge, although Prosser ( 1895) earlier had
considered it to be the 5-ft ( I.5-in)-thick "Florence
limestone" within his "Florence flint and limestone"
section (fig. 4). According to these workers, the main
ledge was overlain by 3040 ft (9.2-12.2 in) of limestone
and shale that Prosser (1895), for example, included within
a then un-named section of strata beneath his "Manon
flint" (now the Stovall Member of the Win field
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Limestone)(fig. 4). As a unit, the Fort Riley was amended
and defined as a formation by Prosser ( 1902; and later
reiterated by Prosser and Beede,  1904), to include the main
ledge, the overlying 3040 ft (9-12 in) of section, and
some limestones and shales between the main ledge and
what is now regarded as the Oketo Shale (fig. 4).

In describing his bed number 52,  Swallow  (1866)
merely designated a type area only for the Fort Riley main
ledge.  Prosser ( 1902) and Prosser and Beede ( 1904)
specified neither a type locality nor a stratotype descrip-
tion for their amended Fort Riley Formation, but instead,
referred to the type area of the main ledge described by
Swallow (1866).  Likewise, Condra and Upp ( 1931 ) did not
specify a stratotype for the Fort Riley when they included
it within their then newly named Barneston Limestone. In
fact, they may have eIToneously included uppermost
Florence strata in their Fort Riley at some places in
Nebraska (compare their fig. 4, p. 41, to our measured
section number  151  in fig.18).  Despite its subsequent
widespread acceptance as a stratigraphic unit, the Fort
Riley has never been formally described because a type
area for only part of the unit (the main ledge) was ever
designated (Swallow,  1866).

We propose to elevate the Fort Riley to formation rank
from its present status as a member of the Bameston
Limestone. Even earlier workers such as Prosser ( 1902)
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and Prosser and Beede ( 1904) initially recognized the Fort
Riley as a formation because of its obvious, clear distinc-
tion from the Florence (fig. 4). Although natural lithologic
subdivisions within the formation are readily apparent
(illustrated in the second part of this paper), we do not now
propose to subdivide the Fort Riley into formally recog-
nized members. The Fort Riley is well exposed in many
areas of Kansas, although it differs drastically in terms of
lithology in south-central Kansas versus northern Kansas
and southeastern Nebraska. Hence, a single reference
locality would not suffice for descriptions of this unit on a
regional basis.  Nevertheless,  insofar as a principal refer-
ence section should be defined, we so designate it to be the
roadcut exposures along US-77 in the NW sec. 22, T.  11
S., R. 5 E., immediately north-northwest of Junction City
and due north of the Republican River, in Geary County,
Kansas (fig.  23). This location (our measured section
number I loA) is within the original type area of
Swallow's ( 1866) Fort Riley main ledge, and the entire
fomiation, including its upper and lower contacts, is well
exposed. A nearby roadcut along US-77, south of this

principal reference section, also exposes the Fort Riley to
the lower Holmesville (our measured section number
1108). Roadcuts along Tuttle Creek Boulevard (US-24)

just north of Manhattan, Kansas, in Riley County (our
measured section number 127), expose the same section as
at these localities.  Other localities in  south-central Kansas
at which different lithofacies occur in the Fort Riley are
described in the second part of this paper.
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The Fort Riley Formation is about 32.5  ft (9.9 in)
thick at the principal reference section (fig. 24). The basal
2.5 ft (0.8 in) consist of medium-to thin-bedded,  light-

yellow, coarse-grained, silly, oncolitic biowackestone to
packstone that becomes shaly upsection. Common fossils
include echinoids, crinoids, gastropods, Rcfi.cw/afi'a spp.,
Composi'rfl spp., and bryozoans. The succeeding 5 ft 5
inches ( I.7 in) are the massive "main ledge" of prior
usage, or the ``rimrock" of current terminology (fig. 24).
The characteristic stratigraphy of upper Florence to lower
Fort Riley bounding strata, that is:  (a) Oketo Shale, (b)
coarse-grained, echinoid fragment-rich limestone, and (c)
the "main ledge," is recognized from southern Manon
County northward to Marshall County, Kansas, but loses
this characteristic identity northward and southward from
these areas (e.g., compare figs.18 and 22). The main ledge
fines upward from biowackestone and packstone to
biowackestone, and at many localities, has conspicuous
vertical burrows extending downward from the middle of
the unit (fig. 21D).  Readily identifiable fossils include
crinoids,  gastropods, and Avl.cw/apccrcm  spp. The fusulinid

ger\e:Ia Nankinella spp. and Oketaella fryei have been
reported from the lower and basal middle units of the Foll
Riley in Kansas and northern Oklahoma, and locally from
the Oketo, by Thompson (1954), Sanderson and Verville

(1988), and Toomey ( 1992).
The overlying 3 ft 7 inches ( I. I  in) of thick-bedded,

yellow biowackestone to packstone is in turn overlain by 6
ft 2 inches (1.9 in) of yellow to medium-gray (weathers
dark), laminated, sparsely fossiliferous, shaly lime
mudstone with some lenses of biowackestone. Foramini-
fers, crinoids, Derbyi.a spp., Pcr77.apfeorws spp„ and casts
of pectinids locally are common in these beds. This unit
locally changes facies to dark calcitic shale at, for ex-
ample, the outcrops along Tuttle Creek Boulevard near

FIGURE  23-A) LOCATloN oF PRINCIPAL  REFERENCE SECTloNS  OF THE FORT RILEy FORMATloN,  AND ALSo,  OF THE GAGE MEMBER OF THE

DoyLE SiiALE, BOTH IN GEARy CouNTy,  KANSAs. 8) The Oketo Shale Member to basal Towanda Limestone Member section at the

principal reference section of the Fort Riley Fomation in Geary County (measured section number 110A). Sconaceous-
weathering beds compose nearly the upper third of the Fort Riley here.
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Manhattan (measured section number  127). The succeed-
ing  12 ft 8 inches (3.9 in) are generally medium-bedded,
light-yellow,  shaly and silty, calcitic dolomudstone with
abundant golf-ball-size, calcite-lined vugs (inferred
dissolved evaporite nodules). The upper  10.5  ft (3.2 in)
locally weather to a characteristic porous, scoriaceous
appearance (fig. 238) that can be traced northward into
Riley County. Foraminifers, crinoids, and gastropods occur
rarely in this section. The upper contact with the
Holmesville Member of the Doyle Shale is picked at the
top of the succeeding 2-ft (0.6-in)-thick, recessive unit of
unfossiliferous,  laminated, silty and shaly dolomudstone,
also with calcite-lined vugs; a discontinuous but thick

paleocaliche occurs locally in the lower Holmesville
directly above this unit (fig.  24). The immediately overly-
ing Holmesville section is unfossiliferous, gray, yellow,
and red shale and mudrock. Further discussion of the Fort
Riley-Doyle contact appears below.

Doyle Shale

History of Terminology

The Doyle Shale was named by Prosser ( 1902) from
outcrops in ".  .  . vanous places  .  .  ." along the valley of
Doyle Creek, southwest of Florence, in Marion County,
Kansas. He did not specify a stratotype description, or
define a particular type locality for this unit. Prosser and
Beede ( 1904) later referred to this fomation, which
subsequently has become widely accepted in the strati-

graphic literature on the Chase Group. We have not been
able to locate an outcrop in Prosser's specific type area at
which the entire Doyle Shale is exposed. However, the
lower and middle Doyle (Holmesville and Towanda of

present usage) are well exposed in a roadcut along US-77
in the NW see.18, T.  21  S., R.  5  E.  in Manon County

(figs.  16A, 25), which is at the confluence of the valleys of
the Cottonwood River and Doyle Creek due south of
Florence, Kansas. The middle to upper Doyle, including
the  Towanda and Gage Members, and the overlying
Stovall Member and lower part of the Grant Member of
the Win field Limestone, are fairly well exposed a few
miles to the west-southwest, in exposures along the bluffs
of Doyle Creek in the NW NE sec. 28, and in an adjoining
roadcut in the NE NW sec.  28, in T.  21  S„ R. 4 E.  (fig.
16A). These outcrops, and those roadcuts along US-77,
are our measured section numbers 85 and 87, respectively,
which are within the Doyle type area as originally desig-
nated; together they compose our principal reference
section of this fomation (fig. 26). Although the uppermost
Gage to Grant section is fairly well exposed at measured
section number 87, the lower and middle Gage are only
sporadically exposed here, and examination of this section
requires some digging, which the owner of the land might
not appreciate. The reader is therefore referred to the
following outcrops as supplemental reference localities for
the upper Doyle: (a) the high roadcut along 210th Street in

the NW sec.  23, T.  29 S., R. 4 E., in Butler County

(measured section number 42); and (b) the roadcuts along
US-77 north of the town of Rock, in the E/2 see. 8, T.  30
S., R. 4 E., in northern Cowley County (measured section
number 30).

The lower to middle Doyle and underlying Fort Riley
are well exposed along both sides of the road at the US-77
locality (figs.  25, 26). According to some workers (e.g.,
Fath,1921 ; Bass,1929; Condra and Upp,1931; Bayne,
1962; Chaplin,  1988), the contact between these two
formations is gradational.  Fath ( 1921 ) and Bayne ( 1962),
for example, recognized a tripartite division of the Fort
Riley in south-central Kansas (i.e., massive beds at the
base, shaly limestone in the middle, massive "oolitic"
limestone at the top), and included the commonly poorly
exposed section of thin-bedded, shaly limestones above
the "oolitic" beds within the Holmesville. Based on our
regional studies (Mazzullo et al.,  1995), we disagree with
this assignment, and instead, suggest that the Fort Riley-
Doyle contact is best placed at the top of the section of
shaly carbonate that overlies the "oolitic" limestone or its

FIGURE 24-LI"OSTRATIGRAPHy oF THE FORT RILEy AT THE

PRINCIPAL REFERENCE  SECTION  IN  GEARY  COUNTY,  KANSAS

(measured section number  1 loA in  see.  22, T.  I I  S., R. 5
E.).



facies equivalent (fig.  26) because (I)  we can correlate this
actual four-fold division of the Fort Riley across much of
central and southern Kansas (illustrated in the second part
of this paper);  (2)  such a contact is lithological]y and

paleontologically distinct, and therefore,  is regionally
correlative. Whereas it is true that these shaly beds are
lithologically transitional between Fort Riley carbonates
below and Doyle shales above, they nevertheless are
carbonate rocks that carry a Fort Riley-type biota. Such a
contact therefore marks a natural boundary between
dominantly carbonate versus dominantly  siliciclastic
deposition;  and (3) the Doyle as a whole (excluding the
Towanda Limestone Member). and the basal Holmesville
Member in particular, were originally described by Prosser

( 1902) and Condra and Upp ( 1931 ) as being dominantly
shale rather than limestone;  Fath ( 1921 ) and Bayne ( 1962)
incorrectly  included these upper shaly beds  in the
Holmesville because they did not trace this unit regionally.
We therefore take the position that the Fort Riley-Doyle
contact, whether it be shaip or somewhat more grada-
tional, should be placed at the base of a relatively thick
section of shale and/or mudrock overlying a thick section
of dominantly marine or peritidal carbonate rocks.

Accordingly, the base of the Doyle at the roadcuts on
US-77 (fig.  25) is picked  at the top of the  10 ft  10 inches

(3.3-in)-thick section of thin-bedded,  shaly lime mudstone
in the Foil Riley, the upper part of which is shown in figs.
25 and 26. This contact correlates  with that at the proposed
Fort Riley reference   section in Geary County (fig. 24). As
so defined, the basal  14 ft 4 inches (4.4 in) of the Doyle
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(the Holmesville Member) here consist mainly of
unfossiliferous, yellow-brown and green-gray  shales and
mudrocks, locally  silty,  with calcite geodes. A thin layer

(few inches) of intraclastic biowackestone (with pelecypod
fragments and crinoids) occurs about 4 ft ( I.2 in) above
the base, and a  1  ft 8  inches (0.5-in)-thick bed of porous,
shaly, coarse-recrystallized limestone with secondary
calcite  veins and boxwork structure (likely, a replaced
evaporite layer) occurs just below the top of this basal  14
ft 4 inches unit (fig.  26). The overlying  10 ft (3.I  in) of
limestone (the Towanda Member) consist of medium to
mostly thin interbeds of lime mudstone, biowackestone to

packstone, and fine-grained, foraminiferal biograinstone.
At the exposures in sec. 28, T.  2]  S., R. 4 E. (figs.

16A, 26), the Towanda is overlain by about 31  ft (9.5  in)
of strata of the Gage Member. The basal  19 ft (5.8 in) of
the Gage are incompletely exposed, unfossiliferous shales
and mudrocks which are silty and red in the middle, and

green  at the top and base. The overlying 3 ft (0.9 in)
consist of two thin beds of fossiliferous, shaly limestone

(with crinoids, foraminifers, and  CompoL7i'ra spp.)  sepa-
rated by unfossiliferous, yellow mudrock. The upper 9 ft

(2.7  in) similarly are unfossiliferous, yellow to yellow-
brown mudrock in the lower part, commonly rooted; and
sparsely fossiliferous (pectinid casts), greenish-yellow
mudrock in the upper part. The Doyle in the field expo-
sures is overlain by 2.5 ft (0.8 in) of cherty limestone

(Stovall Member),  which likewise is present in the roadcut
where it is overlain by a few feet of the basal Grant Shale
Member of the Winfield Limestone.

FIGURE  25-PHOTOGRAPH  OF  ROADCUT  OF THE  UPPER  FORT  RILEy  To ToWANDA  SECTloN  ALONG  THE  WEST  SIDE  0[.  US-77  SOUTH  OF  FLORENCE

AT MEAsuRED sECTloN  NUMBER  87,  sEc.  18,  T   21  S  ,  R.  5  E„  MARloN  CouNTv,  KANSAs.  A similar section  is  exposed along  the east

side of the road here.
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Holmesvi]]e Member

This member was named by Condra and Upp (1931)
from exposures described as being  1.5 mi (2.4 kin) west
and 0.5 mi (0.8 kin) north of the town of Holmesville, in
Gage County, Nebraska. They described the unit here as
consisting of, in ascending order, 7 ft (2.1  in) of gray
shale,I  ft (0.3 in) of blocky limestone, and  10-11  ft (3.1~
3.4 in) of gray and red shale. We found no outcrops at the
specific location given by Condra and Upp (1931 ),
although we do not know the exact point in town from
which their coordinate location originated. However, upper
beds of the Fort Riley and overlying Holmesville are
exposed in this area in a cutbank of a tnbutary to the Big
Blue River, and in an adjoining roadcut, in the SW sec.  13,
T. 3 N., R. 6 E. in Gage County, Nebraska (fig. 27). This
location (our measured section number 154) may actually

FIGURE 26-LITHOSTRATIGRAPHy oF THE  DoyLE SHALE AT THE

pRINcipAL REFERENCE SEcmoN iN MARION CouNTy (composite

of measured sections 85  and 87).

be the type locality of the Holmesville because there are
no other outcrops around it that expose the same units.
Accordingly, a principal reference section for this member
is not totally warranted. The upper 6 ft 2 inches ( I .9 in) of
what we consider to be the Fort Riley here (fig. 28) are
thin-bedded, medium-gray to light-yellow, very shaly
dolomudstone with calcite-lined vugs (infeITed dissolved
evaporite nodules). These beds are quite similar lithologi-
cally to uppemost Fort Riley strata at the Doyle principal
reference section described above, and to equivalent strata
at the principal reference section of the Fort Riley in Geary
County. The overlying 2 ft (0.6 in) of basal Holmesville
consist of light-yellow, laminated, unfossiliferous, dolo-
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FIGURE 27-A)  THE PRESUMED LoCAT]oN oF CONDRA  AND UPP'S

( 1931 )  TypE  LOCALITY  OF THE  HOLMESVILLE  MEMBER  IN  GAGE

CouNTy,  NEBRASKA (MEAsuRED sECTloN NUMBER  154).  8) The

upper Fort Riley and lower Holmesville at this locality.



mitic mudrock with streaks of red shale.  Condra and Upp

( 1931 ) could easily have mistaken this combined 8 ft 2
inches (2.5-in)-thick section for what they refelTed to as
"gray shale and blocky limestone" in their basal Holmes-

ville, because of their very shaly character, especially

years ago when the outcrops were fresher. The overlying
10 ft (3.1  in) are unfossiliferous, mostly red,  silty shale and
mudrock, with thin layers of green shale at the base and in
the upper 6 ft (I.8 in) of the section. The upper contact
with the Towanda is not exposed at this locality.

The Holmesville mostly is poorly exposed throughout
the study area because of its recessive weathering charac-
teristic.  In Kansas, the entire section is exposed at the
following locations, any one of which can be regarded as a
supplemental reference section: ( 1) roadcuts in the E/2 see.
4, T.  1  S„  R.  8 E. in Marshall County (measured section
number  142); (2) roadcuts along  US-77 in the NTW see. 22,
T.  I I  S., R.  5  E.  in Geary County (measured section
number  110A); (3) roadcuts along US-77 south of
Florence. which were described above (measured section
number 85); and (4) along the north wall of the Martin
Marietta Sunflower quaiTy in see. 6, T.  21  S., R.  5  E.  in
Manon County (measured section number 89).

Towanda Limestone Member

The Towanda Limestone Member was named by Fath
( 1921) for exposures along the bluffs north-northwest of
the town of Towanda in Butler County, Kansas (fig. 29).
He described the member in the county as 5-9.5 ft ( 1.5-
2.9 in) of flaggy-bedded limestones, but did not specify a
stratotype. Outcrops of the Towanda and bounding strata
in this area are found in a roadcut and adjoining small

quany on River Valley Road in the SW and NW sec. 9, T.
26 S„ R. 4 E.  (fig. 29B,C). This locality is oiir measured
section number 69, where the Towanda is about 6 ft 4
inches ( I.9 in) thick (fig. 30A). A nearby, poorly exposed

FIGURE 28-LITHOSTRATIGRAPHy oF TllE HOLMESVILLE AT THE

PRESUMED  TYPE  LOCALITY  lN  GAGE  COUNTY,  NEBRASKA

(measured section number  154, sec.13, T,  3  N.,  R.  6 E.).
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outcrop along  3rd Street in town,  in the NE SW sec. 9  (fig.
29A), is included in fig.  30A for reference.

The upper 7 ft (2.I  in) of the Holmesville at the
roadcut and quarry along River Valley Road are
unfossiliferous,  dark-green-gray shale/mudrock that pass
upward to orange-yellow mudrock. The basal  1  ft 4 inches

(0.4 in) of the Towanda lie conformably on the
Holmesville and consist of two beds of light-yellow,
recrystallized lime mudstone separated by unfossiliferous,

yellow mudrock. The basal contact of the Towanda is a
reasonably persistent datum throughout most of the study
area. The overlying  I.5 ft (0.5  in) of unfossiliferous,

yellow-orange mudrock are in turn overlain by  I  ft 2
inches (0.3  in) of light-yellow, thin-bedded to laminated,
brecciated lime mudstone. This section  is succeeded by 2
ft 4 inches (0.7  in) of medium- up to thin-bedded, yellow-
orange, porous, recrystallized lime mudstone. The contact
with the overlying Gage is  sharp. The Gage is 2 ft 8  inches

(0.8 in) of unfossiliferous, red shale seemingly capped by a
4-inch (10-cm)-thick bed of yellow-orange lime mudstone
with small bivalve fragments  (fig. 29C). At the roadcut on
3rd Street in town, the Towanda appears to be about  10.5 ft

(3.2 in) of light-yellow, hard, fine-grained biowackestone
to packstone with foraminifers and molds of pelecypods
and gastropods (fig.  30A).

As shown in fig.  30A, we can not definitively corre-
late strata, nor can we resolve the apparent differences in
lithology and thickness of the Towanda between the
roadcut and quaITy exposures and the outcrop on 3rd Street
in town. Unfortunately, there are no complete exposures of
the Towanda, with bounding contacts, anywhere in Butler
County that could serve as a principal reference section for
this member. We therefore propose to designate the
exposures in the Martin Manetta Sunflower quarry in
Marion County  (fig.16A) as the principal reference
section of the Towanda Member. At this  locality the
Towanda is about  10 ft (3.2 in) thick (fig.  308, C). The
basal 2.5  ft (0.8  in) are thin-bedded,  light-yellow calcitic
mudrock and lime mudstone to foraminiferal
biopackstone. The overlying 5 ft ( I.5 in) are generally
thin-bedded, yellow, lime mudstone to foraminiferal
biograinstone. The upper 2.5 ft (0.8  in) are thin interbeds
of yellow mudrock and foraminiferal biowackestone to

packstone. Although the upper contact with the Gage is not
exposed here, regional mapping suggests that the Towanda
likely is only  10 ft (3. I  in) thick in this area. The
Towanda-Gage contact is rarely exposed, but where it is, it
either is sharp. or as at measured section number  107 in
Dickinson County,  it is gradational.

Gage Member

The Gage was formally described by Condra and Upp

( 1931, their measured section  number  18) from exposures
between  I  to 2  mi  (1.6-3.2 kin)  south of the west side of
the town of Wymore, in Gage County, Nebraska. This
location encompasses rather poor gully and low roadcut
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exposures in the E/2 see.  31  and the W/2 see.  32 in T.  2 N.,
R. 7 E. They descnbed the unit as greenish-gray, olive, and
red shales and mudstones, locally sandy, that are
unfossiliferous except for the top 5 ft ( I.5  in); they noted
that the contact with the Towanda was concealed here.
There are inconsistencies, however, in their reported
thickness of the member at this locality. For example,
Condra and Upp explicitly stated (I). 45) that the thickness
of the member increases from Nebraska into Kansas, from
".  .  . about 28 to 50 feet." Yet` in their measured section (p.

45) they appear to have indicated that the Gage was 35 ft

(10.7 in) thick rather than 28 ft (8.5 in) thick, and in fact
they described this much section (35 ft  [10.7  m]) of
exposed strata. However, they then noted that there was an
additional  12 ft (3.7 in) of concealed strata at the base of
the section within which the TowandaGage contact

presumably occurred. These figures instead add up to give
a maximum thickness of about 47 ft ( 14.3 in) of Gage
section in Nebraska, and not 28 ft or 35 ft.  Because of the
incomplete nature of the exposures here, and slumping of
strata, we were unable to correlate zones within the
member or to measure the section, and therefore, we were
also unable to verify any of the several thicknesses
reported by Condra and Upp ( 1931 ). We found no other
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outcrops of this member in Gage County that could
supplement this exposure, and only incomplete exposures
were found in nearby Marshall and Riley counties ln
Kansas.

The entire Gage and bounding strata are fairly well
exposed, however, at two closely spaced roadcuts 0.25  mi

(0.4 kin) apall along US-77, in the E/2 see. 29, T.  10 S„ R.
5  E., about  I  mi (I.6 kin)  southeast of the town of Milford
in Geary County,  Kansas (fig.  23A). This locality, our
measured section number  116 (fig.  31 ),  is proposed to
serve as the principal reference section of this member.
The Gage overlies the Towanda (wh]ch is exposed along
the road 0.25  mi  [0.4 km]  to the south), and is 24 ft (7.3  in)
thick. The basal 6 ft ( I.8  in) of light-gray-green mudrock
and shale are overlain by 9.5  ft (2.9 in) of mostly red, silty
mudrock and siltstone with some thin layers of green
shale. A 4-inch ( 10-cm)-thick, discontinuous bed of light-

greenish-gray,  shaly lime mudstone caps this unit. The
upper 8 ft (2.4 in) are light-gray mudrock, poorly exposed
in the upper half of the section. We found no fossils in the
exposed siliciclastics here,  although the upper Gage is
fossiliferous at other outcrops in northern Kansas. The
Gage is overlain here by Stovall, Grant, and lowemost
Cresswell strata (fig.  31 ).

FIGURE  29-A)  FAT[I' S  ( 1921 ) TypE  AREA  OF THE TOWANDA  ALONG  THE  BljuFFS  NORTH  OF THE TOWN  OF TOWANDA  IN  BUTLER  Col/NTy,

KANSAs   8 and C) Photographs of the outcrops of the Holmesville, Towanda,  and Gage along the bluff (8)  and  in the quarry  (C)
at this locality; the rod is divided Into 20-cm  segments.  In photo C,  float blocks of l]me mudstone to the right of and below the
word "Gage" are from a discontinuous (in situ?) layer 2 ft 8  inches (0.8 in) above the Towanda-Gage contact.



Winfie]d Limestone

History of Terminology

The history of stratigraphic temino]ogy of this unit is
most complex.  Prosser (1895) initially recognized the
"Marion chert and concretionary  limestone"  (f-ig. 4),

named from exposures near Marion but described from
(now poor) oiltcrops  near Marion and Bums (p.  773) in
Marion County,  Kansas. This unit included.  in ascending
order, about 4 ft (I.2 in) of flinty  limestone,13 ft (4 in) of

A

33

yellow  shale, and  10 ft (3.I  in) of limestone with ``large,
brown,  ilTegular concretions" (Prosser.s  "sand bricks"). It
is clear that Prosser's "Manon chert" referred to the lower
flinty limestones, whereas the thick, upper limestone was
his "concretionary limestone." He regarded the top of the
latter as the top of the Chase Fomation and proposed the
name Manon Fomiation to include the then-undivided
section of overlying shales and limestones (fig. 4).

Later,  Prosser ( 1897b) referred to the 9-11  ft (2.7-3.4
in) thick, massive limestones exposed around the towns of
Augusta and Douglass,  in  Butler County, as the Win field

MEASUF]ED SECTloN  NUMBER 69

Composite of Poadcut &
quarry along  Biver Valley  Pld

MEASuPIED SECTION
NUMBEB 89

probable top of Towanda

=Z I

9,0
II

I

I

0

/-HolFesv---\
FIGURE 30-A)  LI"OSTRATIGRAPHy oF THE ToWANDA  IN  THE Type AREA (MEASURED  SECTloN  NUMBER 69,  SEC.  9, T.  26  S„  R.  4  E.,  BUTLER

CouNTy,  KANSAs).  a) Towanda at the principal  reference sectlon  in the Martin Manetta Sunflower quarry in Marion County

(measured section  number 89, see.  6, T.  21  S.,  R.  5  E.). C) The Fort Riley to Towanda section in the  Sunflower quarry, north end.
For reference to scale, the Towanda here is  10 ft (3. I  in) thick. The  seemingly iITegular Towanda-Holmesville con[ac[ is a result
of the  irregularity of the exposure.
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Limestone.  He had earlier refelTed to these beds as the
upper "concretionary limestone." Prosser ( 1897c) then
correlated these strata exposed around the town of
Win field in Cowley County to the concretionary limestone
exposed around Marion and Bums in Marion County, and
stated (p. 64) that the term "Marion concretionary lime-
stone" was never intended to be used in a formal  sense.
Accordingly, he withdrew this name and formally pro-

posed the name Win field concretionary limestone for these
beds. The type area of` this unit was designated to be
exposures around the west edge of the town of Winfield, in
the bluffs along the Walnut River.  In this paper ( 1897c),
Prosser made no mention of the underlying yellow shale
and "Marion  flint" that he had described in  1895, and it is
unclear whether he included them within the Winfield
concretionary  limestone.  In  another paper published in
I 897b,  Prosser recognized these beds to be
stratigraphically below the Winfield. Then, in his  1902

paper, he once again redefined the Win field Limestone to
include cherty limestone at the base (his former "Marion
flint"), yellow shale in the middle, and massive concre-
tionary limestone at the top (his former "concretionary
limestone"  [e.g.,  1895]  and/or Winfield Limestone  [e.g.,
1897c]). Prosser and  Beede ( 1904) reiterated this strati-

graphic terminology and regarded the overlying Marion
Formation, which included the Luta at its base, as the basal
unit of the Summer Stage (fig. 4).

Condra and Upp ( 1931 ), recognizing Prosser's ( 1902)
Win field Formation per se,  subdivided it into three

FIGURE  31 -LITliosTRATIGRAPHy oF` THE GAGE AT THE PRINCIPAL

REFERENCE  SECTIC)N  IN  GEARY  COUNTY,  KANSAS  (MEASURED

SECTION   NUMBER   116)

members, in ascending order, the Stovall (= the "Marion
flint" of Prosser), the Grant (= yellow shales), and the
Cresswell (= the "Manon concretionary limestone" or the
"Winfield")(fig. 4). The Luta limestone had earlier been

recognized by Beede ( 1908) as the basal member of the
overlying Marion Stage, an assignment that was followed
later by Moore (1920).  Condra and Upp (1931) included
the Luta as the basal unit of the overlying Enterprise Shale
of the Marion Formation (fig. 4), but it was ". . . not
thought to extend to northern Kansas and Nebraska .  . .'
(p.  57). Where it was present elsewhere in  Kansas,
however, they considered that it may be a facies of the
Odell Shale. As of 1931  the top of the Chase Group was

placed at the top of the Winfield Limestone (fig. 4). Moore
et al.  ( 1934) and Moore ( 1936) later included the Luta,
referred to specifically by that name, as the upper member
of the Winfield Limestone, but subsequently, Moore et al.

(1944,1951a)  included these beds within the Cresswell
Member, thus effectively (but not formally) abandoning
the name Luta. Their revised stratigraphy for the fomation
was adopted by the Kansas Geological Survey (e.g., Zeller,
1968  [fig.  3]).  Even after this change,  however, for some
reason Moore periodically continued to refer to the Luta as
the upper member of the Winfield Limestone (Moore,
1964  [his fig.  3]).  By  1944 the Chase Group had been
revised to include strata to the top of the Herington
Member of the Nolans Limestone. Condra and Reed
( 1959) continued to include the Luta, where present in
Kansas, in the basal Odell Shale (fig. 4), although more
recent descriptions of Chase Group stratigraphy in
Nebraska do not mention the Luta because of its apparent
absence in the state (Burchett,1988).

Although the Winfield Limestone as cuITently
recognized (e.g., Condra and Upp,1931 ; Zeller,1968) is
different than the Winfield Fomation defined by Prosser
(1902), it nevertheless has become a widely accepted
stratigraphic unit within the Chase Group. Yet, a type area
or type locality for the formation as it is recognized today
has never been fomally designated. The argument is that
Prosser (1902) did not, by stnct rules, specify a stratotype
for the formation because he included in it only what is
now recognized as the Stovall and the Grant Members,

plus the Cresswell Member exclusive of the Luta. Al-
though Prosser (1897c) earlier had designated a type area
for his Winfield concretionary limestone (a representative
outcrop of which is in the center W/2 sec. 29, T. 32 S., R. 4
E. in Cowley County  [our measured section number 20]),
this unit, as he defined it, excluded the Luta that is exposed
there. Moore (1936) and Moore et al.  (1934,1944,1951a)
likewise did not formally document their proposed
changes in the stratigraphy of the Winfield. To complicate
this issue even further, Mazzu]lo and Teal ( 1994) and
Mazzullo et al.  (1995,1996) recently  suggested that the
name Luta once again be used in reference to the upper
member of the Winfield Limestone because of its strati-

graphic significance and clear lithologic distinction from
the Cresswell sensu Condra and Upp (1931).



We are somewhat hesitant, however, to formally

propose a new type locality for the Win field Limestone as
is currently recognized in Kansas. Doing so might be
construed as violating the rules of stratigraphic nomencla-
ture because at least part of the formation has already been
defined. Furthermore, it would compound the convoluted
history of stratigraphic teminology that already exists. On
the other hand, the formation as recognized today has not
been formally described, and the suggestion to once again
recognize the Luta by name as its upper member must be
addressed because it has proven to be a viable stratigraphic
unit (Mazzullo and Teal,  1994; Mazzullo et al.,  1995,
1996). The issue of the Luta is particularly significant
because, as was noted long ago by Condra and Upp (1931)
and more recently by Chaplin ( 1988) and Mazzullo et al.

(1995), questions still exist concerning its regional
correlation and stratigraphic assignment because it is, in
fact, a natural stratigraphic subdivision.

In the attempt to resolve these issues, we will first
discuss each of the members of the Win field Limestone as
they are currently recognized. Then, we will consider the
status of the Luta in its stratigraphic and regional context.
Finally, rather than designating a new type locality for the
fomation, which does not appear totally warranted, we
will designate a principal reference section for the
Winfield Limestone as we now recognize it-that is,
including the Luta as its upper member. The reader should
remember that we are not stnctly proposing a revision in
the stratigraphic terminology by doing so. Instead, we are
merely clanfying the definition of the Winfield Limestone
and re-establishing a name that was never formally
abandoned.

Stova]l Member

The Stovall Limestone Member was named by
Condra and Upp ( 1931) from unspecified exposures in the
bluffs along Doyle Creek, about 7 mi ( 11.3 kin) southwest
of Florence in Marion County, Kansas. The field and
roadside exposures of the Stovall in see. 28, T. 21  S„ R. 4
E. in Manon County (figs.  16A, 26) are in this type area,
which is also Prosser's (1902) type area of the Doyle, and
our principal reference section of this formation. In fact,
this is the only locality within Condra and Upp's (1931)
type area where we have found good outcrops of the
Stovall. Hence, this locality can serve as the principal
reference section of this member. Condra and Upp ( 1931)
did not specify a stratotype description of the Stovall in
this area, which we have provided in our measured section
number 85 at this locality (fig. 26). The Stovall is 2.5 ft

(0.7 in) here, and the basal contact with the underlying
Gage Shale is sharp and conformable. The Stovall is light-

yellow biowackestone, the top few inches being somewhat
shaly, with angular nodules of gray-yellow chert; this is
the typical lithology of the cherty Stovall in Kansas (fig.
32A). The upper contact with the Grant Shale is somewhat

gradational. Fossils in the Stovall here include crinoids,
echinoid fragments, bryozoans, and jieJI.cw/a/I.c! spp.
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The Stovall sensu stricto is a cherty limestone that is
not recognized in southern Kansas, specifically, in Cowley
and most of Butler counties (Bayne,  1962; Zeller,  1968;
Mazzullo et al.,  1995), nor in northern Oklahoma
(Chaplin,1988,1994). The southernmost occurrence of the
Stovall we have found is in roadcuts along River Valley
Road in the NW sec. 28, T. 23 S„ R. 4 E. in northern
Butler County, Kansas (our measured section number 78
[shown in fig.  33]).

SANTA Fb LAKE MEMBER (NEw NAME)ndenerally
non-cherty carbonate strata that occur at the same strati-

graphic level as the Stovall are present at many localities
in south-central Kansas (fig. 33), where they are expressed
as subdued ledges on outcrop. We have recognized these
beds as far south as Arkansas City in southern Cowley
County. These strata are thin-bedded to laminated,
vanously unfossiliferous and highly recrystallized lime
mudstones, to sparsely fossiliferous, shaly lime mudstones
to biowackestones (pelecypod casts , crinoids, brachiopods,
and locally, oncolites and foraminifers) that overlie the
unfossiliferous Gage and underlie the fossiliferous Grant.
These limestones, which occur as lenses that locally pass
laterally into calcitic shale/mudrock, occur over a large
area of south-central Kansas.

According to the Code on Stratigraphic Nomenclature
(North American Commission on Stratigraphic Nomencla-
ture,  1983), this section of limestones can be formally
named despite the fact that, like the Stovall, it is not
developed everywhere in the study area, in this case,
because of its lenticular nature. We contend that fomial
recognition of this unit is important for stratigraphic
studies in Kansas in that it serves to clarify regional
stratigraphic relationships within the WinfieLd Limestone.
Where the Stovall is absent in south-central Kansas, for
example, many workers had indicated that either: (I ) the
Grant directly overlies the Gage (e.g., Zeller,1968); or (2)
the Grant is not present, and therefore, the Cresswell
directly overlies the Gage (e.g., Bass,  1929, and Bayne,
1962, who incorrectly included Grant strata within the
Gage in this area). The Grant similarly is not now recog-
nized in northern Oklahoma (Chaplin,1988,  1994),

perhaps because of the earlier opinions of Bass (1929) and
Bayne ( 1962), which were reiterated in Zeller (1968). We
believe these assertions are inaccurate because recognition
of this non-cherry, Stovall-equivalent section assists in
readily identifying and tracing both the Grant and the Gage
at least as far south as the Kansascoklahoma border (fig.
33). Even where this unit is not present, the Grant is
clearly identified by its generally fossiliferous nature,
whereas we have found that the Gage is unfossiliferous
everywhere we have examined it in south-central Kansas.

We therefore propose to name this section of generally
non-cherty limestones the Santa Fe Lake Member and
consider it to be a facies of, and comelative with, the
cherty Stovall Member of central and northern Kansas (fig.
33). We designate its type locality to be the cutbank
exposures of the Gage to Cresswell along Dry Creek in the
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NW see.18, T. 27  S., R. 4 E.,  in Butler County,  Kansas, to
the immediate east of Santa Fe Lake Road (fig. 34). The
Cresswell-to-Luta section also is exposed here, along the
west side of the road in adjoining sec.  13, T.  27  S„ R.  3  E.
The creek bed and roadside outcrops compose measured
section number 55.  which is illustrated graphically in fig.
33. The Santa Fe Lake Member is 3 ft 5 inches (I. I  in)
thick here (fig.  348) and consists of unfossiliferous, thin-
bedded to laminated, light-yellow-gray, shaly lime
mudstone with calcite-lined vugs (presumed dissolved
evaporite nodules). The basal contact with the Gage is
sharp and conformable, and the upper contact with the
Grant is somewhat gradational. Other localities at which
this member is exposed are shown  in fig.  33. A particularly

good oiitcrop of it is the field exposure due west of Buffalo
Road,  in the center of sec.  8, T.  27 S., R. 4 E., Butler
County, between Wichita and Augusta, Kansas (our
measured section number 59). Ripple-forms are common
on bedding planes of the peritidal deposits of the Santa Fe
Lake Member at this locality.

Grant Member

The Grant Shale Member was named by Condra and
Upp (1931 ) for exposures 5-6 mi  (8-9.7 kin) north of
Florence,  in Grant Township.  Marion County; they did not
specify  a stratotype description in this area. We were
unable to locate any decent exposures of the Grant in this
heavily grassed area, and therefore, propose to designate a

principal reference section for this unit. The nearest
outcrop to the type area we have found that exposes the
Grant and bounding strata is in a roadcut along Vane Road
in the NW sec.  25  and adjoining NE sec. 26, T.15  S.,  R.  4
E.  in Dickinson County,  Kansas. just  north of the town of
Herington (fig.  35A). This location is our measured section
number  104, shown in fig.  358. The Grant here is 9 ft (2.7
in) thick and sharply and conformably overlies the cherty
Stovall.  It consists of light-yellow-gray, calcitic mudrock
with  Composi.f# spp.. Dchoyz.a  spp., bryozoans and
crinoids,  and contains abundant calcite nodules in the
upper 2 ft (0.6 in). The contact with  the overlying
Cresswell is sharp and conformable. Nearby outcrops that

FIGURE  32-A)  TYPICAL  APPEARAN(`E OF TllE CIIERTY  STOVALL  IN THE  STUDy  AREA:  MEASURED  SECTION  NUMBER   loo,  MORRIS  COUNTY,

KANSAs  ("E  ROD  Is  DlviDED INTo  20-cM  sEGMENTs).  TiiE GAGE  Is  Fossli,iFF,Rous  HERE.  8) The  Stovall  to  Cresswell  section  at the

cutbank along Wesl Branch of Lyon Creek in Dickinson County.  Kansas (measured  section number  106). A thin  section of the
Luta  is exposed along the crest of the ridge (out of sight in this photograph).  For reference to scale,  the Grant is 9.5 ft (2.9 in)
thick here.  C) Roadcut exposure of the Cresswell  at measured section  number 7 in Cowley County,  Kansas  (rod  ls divided  into
20-cm  segments). The underlying Granl and Stovall, and overlying Luta, were also exposed at the time we measured this  seclion.
D) The  "crusher qua[Ty," type  locality of the Luta in  Marion County,  Kansas (measured section number 92).  For reference to
scale,  the  Odell  is  11  ft  (3.4  in)  thick  here.



expose a similar section of Stovall, Grant, and Cresswell
strata are the roadcuts along Trail Road in see.  3, T.  15  S.,
R. 4 E., and the high cutbank along the West Branch of
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Lyon Creek in sec.  34, T.  14 S., R. 4 E.  (fig.  328), also in
Dickinson County (our measured sections  105 and  106,
respectively).
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FIGURE  33-LITHOsl`RATIGRAPHIC  CROSS  SECTION  SHOWING  PINCHOUT  IN  KANSAS  OF  THE CHERTy  STOVALL  INTO  CORRELATIVE,  NON-Cl]ERTY

LIMESTONEs  oF THE  SANTA FE LAKE  MEMBER  (NEw NAME). The  exposure  along River Valley  Road  (measured  section  number 78)  is

the southernmost occurrence of the cherty Stovall  The measured section at the Santa Fe Lake Road-Dry Creek locality (number
55) is the stratotype of the Santa Fe Lake Member.
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FIGURE  34-A) TypE LacALITT oF THE SANIA FE LAKE MEMBER  (NEw  NAME) oF THE WINFIELD LiMESTONE IN  BUTLER CouNTy,  KANSAs

(MEAsuRED  sECTloN NUMBER 55,  wHlcH  Is  sl+OWN GRAPHicALLy  IN  Flo.  33).  8)  Santa Fe  Lake Member and bounding  strata along Dry
Creek at the type locality of the member; hammer for scale.



38

Cresswell Member

The Cresswell Member was named by Condra and
Upp (1931 ) for exposures along the east side of the
municipal golf course (now the Spring Hill Golf Club),
along the railroad tracks, in the SW NE sec.  18, T. 34 S„
R. 4 E.  in Arkansas City, Cowley County,  Kansas; they did
not specify a stratotype description for this member here.
As so defined, this member did not include beds recog-
nized earlier by Beede (1908) as the Luta. Eleven feet (3.4
in) of Cresswell are well exposed here as massive-bedded,
light-yellow, porous , relatively coarse-grained
biowackestone to grains{one with silicified fossils  (mainly
echinoid spines/plates and crinoid fragments). This
outcrop can still serve as the type locality for the Cresswell
as defined originally by Condra and Upp ( 1931), and
therefore, designation of a principal reference section for
this member is not warranted. A description of the
Cresswell here appears in our measured section number 8.
Basal beds of the overlying Luta are also exposed here,
although the basal contact with the Grant is poorly
exposed.

A nearby locality at which the Santa Fe Lake and
Grant Members, the Cresswell sensu Condra and Upp

( 1931 ), and the Luta sensu Beede ( 1908) are continuously
exposed and more readily accessible is the roadcut in the
NW sec.17, T.  34 S., R. 4 E.  in Cowley County, which is
less than 0.5 mi (0.8 kin) to the east of the Cresswell type
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locality. This  locality is our measured section number 7,
which is shown in figs. 32C and 33. The mostly thick-
bedded Cresswell here is  12 ft 2 inches (3.7  in) thick, and
sharply and confomably overlies about 4 ft ( I.2 in) of
Grant. The exposed 8 inches (20.3 cm) of yellow-orange
mudrock with lenses of shaly lime mudstone in the middle
of the Grant are overlain by  10 inches (25.4 cm) of shaly
biopackstone with conspicuous large oncolites. This bed is
overlain by a  1  ft 2  inches`(0.3  in) of very light gray
biowackestone, also with large oncolites. Because we have
recognized silnilar beds with conspicuous large oncolites
in the upper Grant north of here, in northern Cowley and
southern Butler counties, we have included these lime-
stones within the upper Grant (fig.  33). This correlation is
further discussed in the second part of this paper.

The basal 6 ft 4 inches ( I .9 in) of the Cresswell here
compose a single bed of light-yellow, porous limestone
that rapidly coarsens upward from biowackestone to
oncolitic biopackstone and grainstone. The overlying 3 ft 4
inches ( 1-in) bed is porous biograinstone, with prominent
vertical burrows (figs.  32C,  33) which,  in turn,  is suc-
ceeded by a 2.5-ft (0.8-in)-thick bed of slightly porous,
oncolitic biopackstone.  Oncolites  in the Cresswell are
consistently much smaller than in the upper Grant. Fossils
in the Cresswell include bryozoans, foraminifers, crinoids,

gastropods, Dcrdyi.a spp., and pelecypod fragments. The
Cresswell is conformably and somewhat gradationally
overlain by 5 ft 4 inches ( I.6 in) of thin-bedded lime
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FIGURE  35~A)  LCX=A1`IONS  OF  PRINCIPAL  REFERENCE  SECTIONS  OF THE  GRANT  MEMBER  OF TllE  WINFIELD  LIMESTONE.  OF THE  ENTIRE  WINFIELD

LIMESTONE,  AND  ALsc>,  OF THE  HERINGTON  MEMBER  OF THE  NOLANs  LiMESTONE,  ALL  IN  DlcKINsON  cOuNTy,  KANSAs.  8)  Lithostra-

tigraphy of the Grant Member at its principal reference section (measured section number  104).



mudstone to biowackestone assigned to the Luta (dis-
cussed below).

Luta Member

The Luta Limestone was named by Beede (1908),
who formally described it from exposures in the "crusher

quany" about 5 mi (8 kin) northeast of the town of
Manon, along the Chicago, Rock Island & Pacific Rail-
road, in Manon County. Kansas. This locality, our mea-
sured section number 92, is the now-abandoned quany due
west of US-77, in the NW see.  15, T.  19 S., R. 4 E.  (figs.
32D, 36). Uppermost Cresswell (sensu Condra and Upp,
1931 ) through lower Henngton strata are well exposed in
the quarry, which therefore can still serve as the type
localityoftheLutawithouttheneedofdesignatinga

principal reference section. According to Beede (1908), the
Luta here is 30 ft (9.2 in) thick, which was considered by
Condra and Upp (1931) to be somewhat excessive,
although they did not offer an altemative thickness for it.
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Instead of being limestone, however, as so described by
Beede ( 1908), the Luta here is entirely dolomitic.

At the quarry a few inches of poorly exposed, cherty,
light-gray lime mudstone are overlain by a I -ft (0.3-in)-
thick bed of light-yellow, relatively coarse-grained,
"rough" biopackstone (with Dcrf)yi.a spp., crinoids, and

echinoid fragments) with large, oval, black chert nodules
that weather brown (the "sand bncks" of Prosser,  1895).
That these strata are within the upper Cresswell is con-
firmed by lithologic similarity and correlation to other
outcrops of the Cresswell in the area (fig. 36). By our
measurements, the overlying Luta at this location is 30.5 ft

(9.3 in) thick, which confims Beede's ( 1908) thickness
estimate. The basal 4 ft (I.2 in) of the Luta are medium-
bedded, white to yellow-orange dolomudstone with some
golf-ball-size nodules composed of mixtures of anhydrite,
calcite, and quartz; and then,  I  ft 8 inches (0.5 in) of
medium-bedded, white, dolomudstone to dolobiowacke-
stone (crinoidal) with discontinuous layers of small, black
chertnodules.AsimilarCresswell-to-basa]Lutastratigra-
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phy is exposed in several roadcuts north of the town of
Herington in Dickinson County (e.g.. at measured sections
104 [shown in fig.  36]  and  106), and at a roadcut along
US-77 in southwestern MoiTis County  (in  sec.  29, T.  14
S„ R.  5 E„ Illustrated in fig.  84). The succeeding section  is
9 ft (2.7 in) of mostly thick-bedded,  unfossiliferous,  white
to very light yellow-gray dolomudstone, also with some
anhydrite-calcite-quartz nodules,  and vugs resulting from
their dissolution. The overlying 8 ft 5  inches (2.6 in)
consist mostly of white and light-yellow, dolomitic
mudrock, and beds of dolomudstone. with some chert
nodules and abundant nodules of anhydrite, calcite, and

quartz. Although generally unfossiliferous, the top few
inches of this unit contain abundant coiled gastropods,
ammonites (identified by Darwin  Boardman as Arfi."skz.cz
spp.  and Properr!.#/fcs spp.), gastropods, A//ori.sma spp.,
and Avi.cw/apcc/e„ spp. This unit is capped by a  I  ft  10
inches (0.6-in)-thick lense of medium-bedded,  white,

porous, dolomitic biopackstone,  with caLsts and molds of
gastropods and pelecypods, that passes  laterally (south-
ward) along the west-facing quaITy wall to unfossiliferous
dolomudstone. The upper 5.5 ft (1.7  in) of the Luta are
unfossiliferous, thin-bedded, locally cherty (small  nodules
at the base), shaly, white dolomudstone with scattered
anhydrite-calcite-quartz nodules and vugs resulting from
their dissolution. The Luta is overlain, somewhat grada-
tionally, by green. green-gray, and red shales and
mudrocks of the Odell Shale (fig.  36),  which is anoma-
lously thin at the expense of the thickened Luta section
here (fig.  32D).

Proposed Inclusion of the Luta within
the Winfield Limestone

Since  1944 (Moore et al.,1944), strata formerly
referred to as the Luta have been included within the
Cresswe]l Member (except for Moore,  1964) by the
Kansas Geological Survey (e.g., Zeller,1968) without the
name Luta having been formally abandoned. Prior to then,
after it was removed from the Manon Formation, the Luta
was recognized to be the iipper member of the Win field
Limestone in Kansas, at least for a short period of time

(Moore et al.,1934;  Moore,1936). We (Mazzul]o and
Teal,1994;  Mazzullo et al.,1995,1996) once again
recognized the Luta to be a separate, mappable lithologic
unit distinct from the Cresswell in our regional studies in
Kansas. We now formally propose that the name Luta, as
onginally defined by Beede ( 1908).  be retained as the
upper member of the Win field Limestone, in reference to
the relatively thick and well-exposed section of thin-
bedded carbonates above the Cresswell sensu Condra and
Upp (193 I ) and below tl]e Odell Shale.  Both the Cresswell
and Luta, as we recognize them in this paper, were

previously described formally (Condra and Upp,  1931, and
Beede,1908,  respectively) from well-exposed outcrops
that are still accessible,  and therefore,  principal reference
sections are not warranted for either unit.  Insofar as the
Luta is mostly dolomite in central  and northern Kansas and

in Nebraska,  and limestone in south-central  Kansas,  it
should properly be referred to as the Luta Member rather
than as the Luta Limestone as suggested by Beede (1908).

We believe that the Luta is a natural  stratigraphic unit
that warrants member status once again, separate from the
Cresswell, for the following reasons.  First,  not only is it
lithologically distinct from the Cresswel], but  it also
canes a different biota \`e.g„  Boos,1929;  Condra and
Upp,  1931 ). Throughout most of the study area the
Cresswell, disregarding thickness and local  facies changes,
is a massive-bedded, commonly porous limestone (fig.
32C) with silicified foraminifers, Derdyla spp., echinoid
fragments, and in  south-central  Kansas,  oncolites

(Mazzullo and Teal,1994;  Mazzullo et al„  1995).  In
contrast, the Luta in south-central  Kansas is thin-bedded
and shaly limestone (fig.  32D), and where fossiliferous

(e.g„ in northern Oklal`oma and in Cowley, Summer,
Butler, and parts of Marion, Dickinson, and Moms
counties),  it includes a biota dominated by  Compofi'/a spp.

(Mazzu]lo et al„  1995) and accessory other brachiopods,
mollusks, echinoderm spines and plates, crinoids, bryozo-
ans, gastropods,  and  locally, corals (Boos,1929).  In central
to northern Kansas and Nebraska, the Luta is mainly
medium-bedded dolomite, with some shales, and evaporite
nodules.  Second, as  was indicated in our earlier studies

(Mazzullo and Teal,1994; Mazzul]o et al.,1995,1996),
we can separately trace and map the Luta, with its vanous
changes in thickness, Iithology and biota, acroLss  Kansas
and into Nebraska. These regional relationships, and those
discussed in the next paragraph, are fully documented in
the second part of this paper.

With regard to its stratigraphic assignment, Condra
and Upp (1931) stated (p.  58):  "Whether the Luta should
be correlated with the Win field or with the Manon [now,
the Odell]  has not been determined to the full  satisfaction
of all geologists concerned,  nor is  it agreed that the
member is not a zone of the Cresswell  limestone."
However, they then suggested  (p.  58-59) that, in Ne-
braska, the Luta may be unrecognized because it has
changed facies to Odell-like lithologic aspect.  In many

places the Luta-Odell contact in fact is gradational,
although in other areas it is sharply defined.  In northern
Oklahoma, and in southern Cowley County at the Spring
Hill Municipal Golf Course in Arkansas City  (our mea-
sured section number 8), for example, the upper Luta may
interfinger with the basal Odell  (e.g., Chaplin,  1988;
Mazzullo et al.,1995). At the type locality quarry in
Manon County, the Luta-Odell contact is sharp (fig. 36).
At the Martin Marietta North Manon quarry in Marion,
Kansas (fig.  36), however, the upper 6 ft (I.8 in) of the
Luta overlie 3 ft 4 inches (I  in) of shale of Odell-like
lithology,  a relationship that suggests local interfingering
of the Odell and Luta. Similar interfingering may occur in
Kay County, Oklahoma, where a zone of Composi'/a-r]ch,
shaly ljmestones occurs within the Enterpnse-Odell
section  (e.g., shown in Chaplin,1994).  On the other hand,
although the Cresswell-Luta contact typically is sharp, at
some localities the basal Luta appears to interfinger with



the upper Cresswell (e.g., see our measured section
number  128, which is near the town of walsburg in Riley
County).Hence,dependingonlocation,theLutavanously
appears to be a facies of both the Cresswell and the Odell.
CondraandUpp's(1931)apparentindecisionconceming
the stratigraphic relationships among the Cresswell, Luta,
andOdellaretheresultoftherealstratigraphiccomplexity
of this interval.

We contend, however, that the dominant carbonate
mineralogy of the Luta, and its marine to peritidal facies,
contrast sharply with the terrestrial red and green shales
and mudrocks of the overlying Odell. In fact, despite their
earlier comments, which are quoted above, Condra and
Upp (I 931)  went on to state (p.  58):  "It seems,  however,
that it [the Luta] was developed in the cycle which

produced the Cresswell, in which the deposition changed
from lime to lime and shale, becoming more shaly at the
top as a transition to the lower zones of the Odell." We
agree with this statement and for this reason, and because
of its dominant carbonate mineralogy, we contend that the
Luta belongs within the Win field Limestone rather than in
theoverlyingOdellSha]e.Weconsistentlypickthetopof
theLutaatthehighestoccurrenceofcarbonatebedsinthe
section; we have not observed any carbonate strata,
fossiliferousorotherwise,inthelowerOdellanywherein
thestudyarea.ThebaseoftheLutaisreadilypickedat
most outcrops at the top of the massive-bedded, porotis
and typically oncolitic (in south-central Kansas) or dense
and cherty (in central and northern Kansas), light-yellow
to yellow-brown limestones of the Cresswell. The only
localityatwhichplacementoftheLuta{resswellcontact
iscomp[icatedbecauseofinterbeddingofcontrasting
lithologiesistheroadcutnorthofWalsburg,insec.31,T.7
S., R. 6 E. in Riley County, Kansas (measured section
number I 28). Regional stratigraphic relationships among
the Cresswell, Luta, and Odell are discussed and illustrated
later in this paper.

Principal Reference Section of the
Winfield Limestone

The choice of a principal reference section for the
Winfield Limestone as we recognize it is difficult because
ofthemanyfaciesandthicknesschangesthatoccurwithin
it across Kansas and into Nebraska, and the fact that
exposures of the entire formation, with bounding contacts,
are not very common. We designate the following closely
spaced exposures in Dickinson County, Kansas, just north
ofthetownofHerington,asitsprincipalreferencesection

(fig.  35A):  (I) roadcuts along Union Road in see.  22, T.15
S„  R. 4 E.  [expose the Cresswell and Luta]; (2) roadcuts
along Vane Road  in adjoining secs.  25 and 26, T.  15  S„ R.
4 E.  [expose the upper Gage, Stovall, Grant, and
Cresswell]; (3) roadcuts along K4 in see.  35, T.15  S.,  R.
4 E.  [expose the Cresswell and Luta]. These three locali-
ties compose our measiired section number  104 (shown in
fig. 358), which also includes the previously described

4]
pnncipal reference section of the Grant Member of the
Winfield Limestone; and (4) the Hamm Sand and Gravel

quarry in sec.  2, T.  16 S„ R. 4 E.  (measured section  103)
[exposes the Luta, Odell, and basal Nolans (shown in fig.
36)].

The Stovall along Vane Road is a  I-ft (0.3-in)-thick
bed of yellow-gray, cherty lime mudstone to biowacke-
stone with crinoids and brachiopod fragments. It sharply
overlies about 3  ft (0.9 in) of fossiliferous, greenish-

yellow-brown shale and mudrock in the Gage Member of
the Doyle Shale. The Grant along Vane Road is 9 ft (2.7
in) of fossiliferous, yellow-gray shale and mudrock with
Compof/.fa, Derky[.a, fenestrate bryozoans, and crinoids; it
contains abundant calcite nodules in the upper 2 ft (0.6 in).
The Cresswell at all three roadcuts is a 3  ft 2 inches (0.9-
in)-thick bed of light-yellow, crudely layered and bio-
turbated, lime mudstone and biowackestone with scattered
dark-gray chert nodules. Fossils include crinoids, ramose
bryozoans, Derdy!.#, Compofi./a, echinoid fragments, and
high-spired gastropods; many of these fossils are silicified.
The total thickness of the Luta in this area is about  11.6 ft

(3.5 in) as compiled from the roadcuts along K-4 and
exposures in the nearby Hamm quarry (fig. 36). The basal
5ft(1.5m)aremedium-uptothin-bedded,light-gray,
shaly lime mudstones and some thin lense,s of
biowackestone, with scattered small chert nodules and
upward-decreasing amounts of Derdy!`o, Comz7asl.;a ,
Per"apfeor%s, crinoids, and echinoid fragments. The
overlying section is thin- to medium-bedded, shady lime
mudstone that grades up to shaly dolomudstone, both with

presiimed cyanobacterial 1aminations, nodules of anhy-
drite-calcite-quartz, and toward the top, desiccation cracks.
The upper contact with the Odell Shale is sharp. Total
thickness of the Winfield Limestone in this area is about
25 ft (7.6 in).

Odell Shale

History of Terminology

MARloN FORMATloN-The Manon Formation was
namedbyProsser(1895)toincludewhatisnowrecog-
nized as the Odell and Nolans formations (figs. 3, 4).
Beede(1908)elevatedtheManonFormationtostage
status and included in  it, in ascending order, the Luta
Limestone, Entelprise Shale, and Herington Limestone

(fig. 4). Condra and Upp (1931) later redefined the Manon
Formation to include the Enterprise Shale (which was
subdivided into the Odell Shale, Knder Limestone, and
Paddock Shale) and overlying Herington Limestone.
Where present in Kansas, they assigned the Luta as the
basal unit of the Odell (fig. 4). The names Manon Forma-
tion and Entelprise Shale were abandoned in Kansas

(Moore et al.,1934;  Moore,1936) in favor of current
terminology (fig. 3). In northern Oklahoma, however, the
Odell of Kansas iisage is referred to as the Enterprise-
Odell  Shale (e.g., Chaplin,1988,1994).  Revision of the
stratigraphic assignment of the Luta was discussed above.
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0DELL SHALE-The Odell Formation was named by
Condra and Upp ( 1931 ) from exposures in ravines and
roadcuts along highway N-8, southeast of the town of
Odell in Gage County, Nebraska, the specific locations of
which are the S/2 sec.16 and W/2 see.  21, T.  I  N„ R. 6 E.

(fig. 37A). Roadcuts along N-8 that expose the Odell are
no longer present here, and ravine exposures are relatively

poor, with bounding contacts covered. Instead of describ-
ing the Odell from these exposures, however, Condra and
Upp ( 1931) described it from the roadcut exposures
immediately south of the nearby railroad siding at Knder,
Nebraska (fig. 37A). This location is our measured section
number 152. which is along N-I 12, 0.3ro.45 mi (0.51).7
kin) south of Krider in the E/2 see. 9 and the W/2 see.  10,
T.  1  N., R. 6 E.  (figs.  37,  38A). They indicated that, at the
time, the Odell here was in contact with both the Winfield
and Krider, and stated that the Odell is about 30 ft (9.2 in)
of unfossiliferous gray, green, and red shales. We mea-
sured only about 20 ft (6. I  in) of exposed Odell beneath
the Nolans here (fig. 378), and could not find outcrop of
the basal Odell and its contact with the Winfield.

We were unable to locate oiitcrops of the entire Odell
anywhere in southeastern Nebraska where it was in contact
with both overlying and underlying units. The outcrop
nearest to the type locality where the Odell is in contact
with both the Nolans and Winfield is the roadcut and
adjoining field exposure north of the town of Hanover, in
the NW SE see. 5, T. 2 S„ R. 5 E„ in Washington County,

A

Kansas (our measured section number  144). The Odell
here is about 21 ft (6.4 in) thick, but it is very poorly
exposed. Fulthermore, the basal contact with the Win field,
which is exposed only as a low cut along the shoulder of
the road, most likely will eventually be obscured by
weathering or road work. Several other outcrops of the
Odell occur in the area around Hanover, but generally, they
expose only the lower or the upper beds of the formation,
and we have not been able to correlate these exposures
with certainty so as to define a composite reference section
for this unit here. About 20 ft of the Odell are exposed at
an unmeasured roadcut in the E/2 see. 9, T. 5 S„ R. 5 E. in
Washington County, Kansas, about 6 mi (9.7 kin) south of
the town of Barnes. However, basal beds of the Odell and
the contact with the Winfield are poorly exposed and
complicated by faulting here. Several incomplete outcrops
expose the Odell farther to the south, the nearest one to the
type locality being the roadcut in the S/2 see.  17 and the
N/2 sec. 20, T.12 S„ R. 4 E.  in northern Dickinson
County, Kansas (our measured section number  109). The
outcrops on the bluffs beneath the Spring Hill Golf Course
in Arkansas City, Cowley County, Kansas (measured
section number 8) expose the entire Odell section, where it
is 30 ft 4 inches (9.2 in) thick. This locality is far to the
south of the original type locality, and facies changes have
occurred in the upper part of the formation that are not
represented farther to the north in Kansas and Nebraska.
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Because of the paucity of good outcrops, then, the
roadcuts in sees. 9 and  10, south of Knder, in Gage County

(fig. 37), will serve as the principal reference section for
theOdellbecausetheyareclosetothetypearea,they
expose at least the upper two-thirds of representative
lithologies in the formation, and the upper contact with the
Nolans is clearly defined (figs. 378, 38A). Except for the
top few feet of section, which are light-colored (unfos-
siliferous) shale, the exposed Odel] here is interbedded,
unfossiliferous, red and green mudrocks and shales.

Nolans Limestone

HistoryofTerminology

The Nolans Limestone was named by Moore et al.
(1934),andsubsequentlyrecognizedbyMoore(1936),
Mooreetal.(1944),andinlaterstudiesinKansas(e.g.,
Zeller,1968). Moore and Elias (no date, open-file report,

p.  146) stated that the formation was named after the town

of Nolans, in Washington County, Kansas, and that the
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type locality was the ".  .  . exposures atiout 1  mile north-
west of Hanover, Washington County, which is 2.5 miles
east of Nolans." As far as we are aware, other than the
sketchy descriptions in Moore and Elias (no date, open-file
report), the formation has not been fomally described.

Several closely spaced roadcuts in see.  31, T.1  S., R.
5 E. in Washington County, north of the town of Hanover
(fig. 39A), appear to be the type locality, or at least within
the type area of the Nolans, as indicated by Moore and
Elias.Twooftheseoutcrops,whicharethebestexposures
of the Nolans in this area, compose our measured section
numbers  145 and  146 (rigs. 38B,C, and 398). Although the
sharp and conformable basal contact of the Nolans with
the Odell is exposed in this general area (fig. 388), the
upper contact between the Herington Member and the
overlying Wellington Formation is not exposed. The total
thickness of the Nolans in this general area, however,
based on our mapping and discussion below, is about 25 ft

(7.6 in)(fig.  398).
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The Krider here is 5.5  ft ( I.7  in) thick and consists of
two units of thin-bedded, yellow-orange, shaly
dolomudstone separated by dark-gray to yellow-orange
mudrock. Casts of pectinids, and rare specimens of
Avi.cw/apccrc7t spp. and ScpJ!.mys/I.#a spp.  occur in these
beds at this location, but these fossils locally are more
abundant at other outcrops in this area. The contact with
the Paddock is somewhat gradational over a thickness of a
few inches. The Paddock is 9.5 ft (2.9 in) thick and
consists of sparsely fossiliferous mudrocks and shales,
with rare bryozoans and casts of pectinids. The rocks are
dark gray to yellow in the lower half (where the fossils
occur), and mottled light brown and yellow (and
unfossiliferous) in the upper half. The contact with the
Hermgton is sharp and conformable. Only 7.5 ft (2.3 in) of
Herington are exposed here and consist of thin-bedded,

yellow, shaly dolomudstone (fig.  38C) with golf-ball-size
vugs (presumably dissolved evaponte nodules). A thin

(few-mm) shale near the base contains ostracodes, and
laminae and thin layers of biowackestone to packstone in
the basa]  I  ft 4 inches (0.4 in) of the section contain
Permo|)horus spp., Bellerophon spp., Myalina spp.. and
Avl.c4!/apcc/cm spp. A total of 10 ft (3. I  in) of Herington are
exposed at a nearby roadcut along K-148, 2.2 mi (3.5 kin)
south of the intersection of K-148 and US-36, in the NTW

NW sec.  10, T.  3  S., R.  5  E„ in Washington County. The
contact with the Wellington is not exposed at this locality,
but the Wellington is exposed in the surrounding hills.
Hence,10 ft (3.1  in) appears to be the maximum thickness
of the Herington in this area of Kansas. The top 2.5 ft (0.8
in) of strata here have been added to the 7.5 ft (2.3 in) of
exposed section in sec.  31, T.1  S„  R.  5 E.  so as to produce
the composite thickness of the Herington shown in fig.
398.

Krider and Paddock Members

The Knder and Paddock were named and formally
described by Condra and Upp ( 1931  [their measured
section number 24]) from roadcut exposures immediately
south of the Krider railroad siding in Gage County,
Nebraska, the same locality at which they described the
Odell (fig.  37A). This locality is our measured section
number 152 (fig. 378), at which the units are fairly well
exposed. Accordingly, designation of a principal reference
section is not warranted. Condra and Upp ( 1931 ) described
the Knder here as being 6 ft ( 1.8 in) thick, and consisting
of two limestones (each  I.5 ft thick [0.5 m]) separated by 3
ft (0.9 in) of shale. At this same locality, however, we
measured only 4 ft  10 inches (I.5 in) of Krider and noted
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that the carbonates in the section were thin-bedded, shaly
dolomudstones rather than limestones (figs. 378, 38A),
withsomelingulids,MyoJi.„aspp.andAvi.ck/apecfenspp.,
and casts of pelecypods. Falther south, in central and
southern Kansas, the Knder instead is limestone. Hence,
we refer to this member as the Krider Member rather than
as the Krider Limestone. The Paddock here is  11  ft (3.4 in)
of badly weathered mudrock and shale rather than  14 ft 2
Inches (4.3 in) as reported by Condra and Upp (1931). The
basal4ft(I.2m)aresplotchymediumgrayandyellow
with  some pectinid casts, whereas the upper 7 ft (2.I  in)
areyellowandapparentlyunfossiliferous.Only4ft(1.2
in)ofpoorlyexposedandbadlyweatheredHeringtonare
now exposed at this locality (Condra and Upp reported 6 ft
exposed  [1.8 m]), and consist of thin-bedded,  unfossili-
ferous, yellow, shaly dolomudstone with calcite-lined
dissolution vugs (presumably dissolved evaporite nod-
ules).

Herington Member

TheHeringtonMemberwasnamedbyBeede(1908).
butthespecificlocationofhistype]ocalityfortheunitis
unclear.  Several  workers (e.g„ Jewett,  1941 ; Chaplin,
1988)suggestedthatitisaroundthetownofHerington,in
Dickinson County, fl.om which the unit logically must
havebeennamed.Inhispaper,however,Beede(1908,p.
255) desclibed the section from ".  .  . the Mccally place,
twomilesnorthwestofMarion,Kan."(inManonCounty),
and did not specifically designate or otherwise mention a
type locality by the town of Herington or anywhere else.
WelocatedtheoldMccartyplace,wheretheHenngtonis
verypoorlyexposedinasha]low,mostlyfilledquany
directly east of Manon County Road 853, in the SW sec.
30, T.19 S..  R.  4 E.  The lower Herington is also exposed
less than  I  rm (1.6 kin) to the north, along an unmeasured
roadcutintheSEsec.24,T.19S.,R.3E.IftheMccarty
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place was Beede's type locality, then it is no longer a
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suitable reference section for the Herington.
The Herington is furly well exposed at many localities

around the town of Hermgton, and it is likely, but not
absolutely certain, that Beede (1908) did name jt for
exposures in this area. We therefore propose to designate a

principal reference section for the Herington to be the
roadcut along the east side of US-77, in the SW sec. 24, T.

.16 S., R. 4 E., Dickinson County,  Kansas (fig.  35A), which
is our measured section number  102 (fig. 40). The
Herington here sharply and conformably overlies the
Paddock, and 8 ft 8 inches (2.6 in) are exposed; the contact
with the overlying Wellington is not exposed. This thick-
ness, however, likely is close to the maximum thickness of
the Herington in this area as suggested by regional map-

ping. The basal 4 ft 2  Inches (1.3 in) is thin-bedded,
unfossiliferous, light-yellow, shaly dolomudstone, and
toward the top, thin layers of dolomitic mudrock, both with
scattered golf-ball-size dissolution vugs (presumed dis-
solved evaporite nodules). The overlying  1  ft 4 inches (0.4
in)consistofthinjnterbedsofyellowdolomiticmudrock,
shaly dolomudstone with large vugs, and porous
dolobiopackstone, the latter with molds and casts of

pe]ecypods and coiled gastropods. This skeletal-rich unit is
better developed in the other outcrops to the immediate
north, along the west side of the road. As illustrated later,
we have traced this fossiliferous zone across most of central
and southern Kansas. The upper 3 ft 2 Inches (1.0 in)
consist of thin-bedded, unfossiliferous, yellow, shaly
dolomudstone and dolomitic mudrock. Where we have seen
the Hemgton-Wellington contact at other localities, it
vanes from shalp to gradational (Mazzullo and Teal,  1994).
ExceptforinsouthemCowleyCounty,theHerington
everywhere else that we have examined it is dolomite rather
thanlimestone.Hence,werefertothisunitastheHerington
Member, or the Herington Dolomite Member.

FIGURE40-A)LITHosTRAi`iGRAPHyoFTHEHERINGTONATTHEpR[Nc]pAIREFERENCEsECTloNIND[cKINsoNCourur,KANSAs(measured

sectionnumber102,sec24,T.16S.,R.4E.).8)RoadcutoftheupperPaddackandHeringtonatthlslocality.eastsideofUS-
77.
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Regional Stratigraphy and Depositional Facies
In this part of the paper we discuss regional aspects of

the stratigraphy, thickness, and depositional facies of each
of the formations and component members of the Chase
Group. The lithologic legend shown in fig. 6 pertains to
the vanous cross sections that follow, although additional
symbols for specific sedimentary, diagenetic, and biotic
attnbutes have been added to ensuing illustrations.
Packstones and grainstones are collectively referred to in
the following discussions as carbonate sands, and are
highlighted in blue in cross section figures; micritic
carbonates refer to lime mudstones and biowackestones.

Discussions of the source of siliciclastics, directions
of transgressions, and thickness trends refer to present-day

geographic coordinates. Paleogeographic reconstructions
(Scotese and MCKerrow,  1990; Golonka et al.,  1994) place
the study area slightly north of the paleoequator during
deposition of the Chase Group, with North America
rotated clockwise with respect to its present position. At
that time, potential source areas for siliciclastics would
have included the Appalachianouachita mountains trend
and the Wichita Mountains to the east-southeast and south,
the craton to the north, and Rocky Mountain uplifts to the
west (Rascce and Adler,  1983).

Structural and Sedimento]ogic
Framework

Outcrops of the Chase Group directly overlie the
buried Nemaha Ridge and immediately adjacent areas
along the edges of the Central Nebraska, Forest City,
Salina, and Sedgwick basins (figs.I, 41). The Nemaha
Ridge is a structural feature that was uplifted during the
Late Mississippian to Early Pennsylvanian (Memam,
1963). Its core of Precambrian crystalline rocks is overlain
by strata of Cambrian to Early Permian age, although
lower Paleozoic strata are absent locally on higher parts of
the structure (Mernam,1963). The Nemaha Ridge is
within a few hundred feet of the surface and is quite wide
in northern Kansas and southeastern Nebraska, and is

progressively more deeply buned and becomes narrower
in southern Kansas, where the top of the Precambrian is
3,5004,000 ft (1.068-1,220 in) below the surface. The
Nemaha Ridge is bounded on the east by the Humboldt
fault zone (down-to-east), and throughout most of Kansas,
an adjoining syncline along which Paleozoic rocks have
been structurally depressed. In south-central Kansas, this
syncline is referred to as the Walnut syncline (Mazzullo
and Teal,1994; Mazzullo et al.,1995). In northern Kansas
and Nebraska, the western side of the Nemaha Ridge is
bounded by a down-to-west fault which is not known with
certainty to extend any finher south than central Riley
County (fig. 41).  In subsequent discussions this fault in
northern Kansas and Nebraska is referred to as the western
bounding fault, which defines the eastern edge of the

FIGURE 4 l|TRUCTURE 0N TOP OF THE PRECAMBRIAN  ALONG THE

NEMAHA  RIDGE (FROM  BURcllETT ET Al,..1985); cor`rTouns ARE

iN  FEET ABovB MEAN  SEA LEVEL.  The  stippled line  running

through Riley, Geary, Mom§, and Marion counties repre-
sents the transition between the Nemaha Ridge and the
Salina basin.



Central Nebraska basin and the northern part of the Salina
basin.

Chase Group outcrops in Gage, western Marshall,
Washington, western Riley, and Clay counties are consid-
ered in the following discussions to occur within these
basins. The western edge of the Nemaha Ridge is not
clearly defined, however, in central and southern Kansas
where a bounding fault apparently is not present. Rather,
in this area the ridge passes indistinctly westward into the
Salina and Sedgwick basins. This transition is illustrated in
fig. 41. Outcrops of the Chase Group in Butler and Cowley
counties clearly overlie both the Walnut syncline and the
Nemaha Ridge. In contrast, Chase Group outcrops in
central-eastern Marion, westernmost Moms, and
Dickinson counties are, in the following discussions,
considered to be located along the transition between the
Nemaha Ridge and the Salina basin. Outcrops in Summer
County overlie the transitional zone between the Nemaha
Ridge and the Sedgwick basin. According to `several
authors (DUBois and Wilson,  1978; Burchett et al.,  1985;
Stander,1989; Steeples,1989; Marshak and Paulsen,
1996), movement along the Nemaha Ridge and the
Humboldt fault zone, and subsidence of Paleozoic strata to
the east within the Walnut syncline, have continued to the

present, and periodically affected deposition of strata
during the Pennsylvanian and Pemian (e.g„ Nelson and
Lumm,  1984; Carlson,  1989a,b;  Heckel,  1994; Mazzullo et
al.,  1995).

Strata of the Chase Group were deposited on a broad
ramp that dipped gently to the west and to the south in the
study area (Mazzullo and Teal,  1994; Mazzullo et al.,
1995,  1996). The thicknesses of each of the formations and
members within the Chase Group generally increase to the
west, presumably into the relatively more rapidly subsid-
ing Central Nebraska, Salina, and Sedgwick basins. Local
thickness vanations, however, are superimposed on this

general westward-thickening trend and are discussed in
detail in ensuing sections of this paper. Five principal
sedimentary facies are infelTed in Chase Group strata (fig.
42A): ( I ) telTestrial facies-which include:  (a)
unfossiliferous red and green shales and/or mudrocks,
commonly with paleosols (including paleocaliche) and/or
rooted horizons; and (b) unfossiliferous, typically red, and
locally green, shales and/or mudrocks with nodules
composed of mixtures of anhydrite, calcite, and quartz
(partially replaced evaporites), and locally, cauliflower
quartz geodes interpreted as replaced evaporites (e.g..
Ulmer-Scholle and Scholle,  1994). These deposits are
interpreted as telTestrial sabkha, and possibly, also some

Proximal marginal-marine sabkha facies; (2) marginal-
manne facies~including (a) sparsely fossiliferous to
locally unfossiliferous yellow, light-gray, brown, dark-

green, and black shales and/or mudrocks. These rocks are
interpreted to have been deposited in coastal shallow-
manne environments. The commonly varved to wavy-
laminated black, dark-green, and mottled-black dark-green
shales, in particular, locally may be lagoonal and/or
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swamp deposits, or altematively, lower intertidal to
shallow subtidal deposits. They vanously resemble some
modem muddy deposits on North Sea tidal flats (e.g.,
Reineck,  1975; Evans,  1975) and some modem salt-marsh
deposits (e.g., Reineck,  1967; Frey and Basan,1978);  (b)
shaly lime mudstones and/or dolomudstones, thin-bedded
to laminated, and vanously with presumed cyanobacterial
laminites and desiccation cracks, fenestral fabric, local
intraclasts,  lenticular to wavy bedding of polymictic
lithologies (i.e.,  lime mud and carbonate sand), general

paucity of fossils (where they are present, they commonly
are dominated by high-spired gastropods), and in some
sections, nodules of anhydnte-calcite-quartz, cauliflower
chert nodules, and locally, calcite- or quartz-replaced,
nodular-mosaic textures (former evaporites). Such rocks
are interpreted as tidal-flat (including hypersaline sabkha)
deposits. Some of these strata are characterized by a
hierarchal ordering of lamina thickness that resembles the
tidal rhythmites described by Archer ( 1991 ) and Archer et
al.  ( 1994); (3) tidal-influenced, shallow-subtidal manne
deposits-grainstones with hemngbone cross stratification
(i.e„ bimodal-bipolar dip directions), burrows, and locally,
lime pebble intraclasts with desiccation cracks. These
rocks are interpreted mainly to be tidally influenced,
nearshore. shallow-marine deposits (e.g., tidal bars),
although locally, some sections may include intertidal
facies per se; (4) shallow-subtidal marine facies-richly
fossiliferous wackestone to grainstone (the latter com-
monly cross stratified), commonly bioturbated, either
limestone or dolomite, deposited in shelf environments of
moderate- to high-wave energy; and (5) more offshore
marine facies-generally lime mudstone to fine-grained
wackestone and some packstone, typically cherty and
commonly shaly, associated with condensed sections
(maximum flooding surfaces) of fossiliferous, calcitic,
light-colored mudrock and/or shaly limestone. These beds
are interpreted as relatively deeper-water, offshore-manne
deposits.

Derinitions of Sequence Stratigraphic
Terminology

Three pri ncipal depositional-facies systems tracts
were recognized in those cycles referred to as depositional
sequences by Van Wagoner et al.  ( 1988), and specifically
in carbonate rocks, by Sarg ( 1988). They are the lowstand,
transgressive, and highstand systems tracts (hereafter
abbreviated to LST, TST, and HST, respectlvely [fig.
428]). Heckel (1977,1984,1986,1994), Watney et al.

( 1995), and others applied these same terms to
midcontinent Pennsylvanian cyclothems. In addition, they
also recognized regressive systems tracts (RST) within
these cyclothems, a term that was not included as a
systems tract in classic  sequence stratigraphic architecture.
We likewise follow these workers in describing LST, TST,
HST, and RST's in Chase Group strata but do not neces-
sanly restnct their usage to any particular order of cycle in
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this section. Hence, clanfication of the usage of these
systems-tract terns, and of the term "cycle" as used in this

paper, is in order.
Insofar as systems-tract tens are descriptive and

mutually relative, we concur with Heckel  ( 1984,1986,
1994) that the tern HST is not totally appropriate, and that
the term RST should be applied to some portions of
cyclically deposited strata. For example, where facies

within a marine HST sensu Van Wagoner et al.( 1988) and
Sarg ( 1988) progressively shallow upward, such a pattern
of sedimentation actually defines a section that is objec-
tively recognized as being regressive, regardless of .he
causative process for development of such a facjes pattern.
The fact is that shallowing-upward sections could be

progradational or aggradational deposits formed during
sea-level stillstand or relative rise of sea level. Where a

A
tidally  influenced
carboiiate sands                                                                  TEFI FIESTF`lAL

MARINE                                    J                        MARGINAL-MARINEseaeve                     /       ,gr   : =-I------i  -re:s|a,e

-  F=    _I green shale,    miidrockmudrock-I
yellow, yellow-brown, gray or blackI   - I- -
shale/mudrock and/or fossiliferou§

shaly  IImestone or dolomite

limestone,                              (lncludlng tidal-flat deposits)
§haly linestone to                                               dolomlte
calcllic mudrock                                                                                                                                           -lcoal ovapontes    -

FIGURE 42-A)  lDEALizED  REPRESENTATloN oF INFERRED FAclEs AND  DEposmoNAL ENvlRONMENTs  oF CHASE GRoup STRATA.  8)  ( I )  Position

of lowstand (LST). transgressive (TST), and highstand (HST) systems tracts in depositional sequences following Van Wagoner et
al. (1988); (2) normal regression, wherein a regressive systems tract (RST) defines sections that shallow upward above a

prominent flooding surface, and which grade upward to telTestnal deposits; (3) forced regression. wherein deposits of a HST are
abruptly terminated by an unconfomity resulting from rapid sea-level drop (Posamentier et al.,1992).  Such sections can also
include RST facies.



pronounced unconformity does not define the top of the
sha]1owing-upward cycle, such a stratigraphy would be an
exampleof"normalregression"(e.g.,Posamentieretal„
1992). Although the section is deposited during highstand,
it nevertheless is still regressive in terms of its facies
character. Altematively, shallowing-upward sections can
also be generated during slow, prolonged relative sea-level
fall;insuchinstancesboththestrataandthehistoryofsea
levelareregressive.Instead,if sea-1evelfallwasrapidand
'\L_._,I.I  L_          .               . _ _  ---- `    `` _`,  ``-\,\\1  Cln\
abmptly terminated a in     ne phase of deposition, then a

pronounced unconformity could truncate marine deposits
ofeitheraggradationalorregressivecharacter,depending
on initial water depth and the balance between sedimenta-
tion rate and changes in accommodation. This situation
wouldequatetothe"forcedregression"ofPosamentieret
al.  (1992)(fig. 428).

Asdiscussedinthefollowingsectionsofthispaper,a
complex hierarchy of cyclicity is recognized within the
ChaseGroup,fromlong-term,low-frequencycycles(e.g.,
thesecond-ordercyclesofValletal..1977)torelatively
high-frequency fourth-,rifth-,andevenhigher-order
cycles (e.g., Goldhammer et al.,  1991). We therefore
defineacycleasanystratalsectionofrelativetransgres-
sive-regressivefaciescharacter.Anyorderofcyclici{y
ostensiblycanbedescribedintermsoffacies-systems
tracts, although important details of the architecture of
stratal sections become progressively more obscured and

generalizedwhensuchtermsareappliedtoprogressively
lower-frequencycycles.Inthefollowingdiscussions,
therefore,werestrictourreferencestoLST,TST,HST,and
RST'stobeingarchitecturalcomponentsofmesoscale
cyclesthatareatascaleofresolutionbetweenthatof
depositional sequences and meter-scale cycles. Accord-
ingly,withtheexceptionoftheFlorenceandFonRiley
Formations,thesemesoscalecyclesarenearlyalways
members,orpartsthereof,offolmations.Ourusageofthis
term"mesoscale"willbecomeapparentinensuing
discussions.

InoutcropsoftheChaseGroupwherefaciesgradually

:=a.110:_uP`=_ar_±£Ofnlow:rgapromLfeni-ir=;di==i-e6v`eanut(e.g.,amaximumfloodingsurface),werecognizesucha
sectiontobeanRSTregardlessofthecausativeprocessof
itsdeposition(fig.428).Insuchcases,weconsiderthat
theHSTisrestrictedtothemaximumfloodingsurfaceand
some thickness of immediately overlying strata. The
manne tops of such RST's can be unconformities which
could represent forced regressions (fig. 428). Altema-
tively,theymaygradeconformablyiipwardthrough
marginal-marineandintoteiTestrialfacies,andtherefore,
represent normal regression (fig. 428). In contrast, where
strataoverlyingprominentfloodingsurfaces,including
maximum flooding surfaces, do not gradually shallow
upward, we regard such sections as HST's (fig. 428).
CyclesorsequencesintheChaseGroupwithsuchHST's
commonly ae abruptly terminated by prominent

unconformities and marked facies dislocation, and
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therefore, also represent forced regression (fig. 428).
Furthermore, we wish to make it clear that we

generallyrecognizetwodistincttypesofLSTdeposits
basedonourgeneralmodeloframpfaciesshowninfig.
42A: (1 ) maximum lowstand, which always involves
deposition of terrestrial facies, including unfossi liferous
red and green shales, mudrocks, and paleosols. In ensuing
figures and discussions, such lowstand deposits are
abbreviated as tLST; and (2) mane lowstand, which
involvesmaintenanceofmanneconditions,althoughvery
shallow, and deposition of marginal-manne facies com-
posed of generally fossiliferous shale and/or mudrock and
some carbonates. Such deposits are abbreviated as lnLST.
Thepremisehereisthatrelativehighstandsaealways
represented mainly by carbonates, whereas relative
lowstands are always represented by siliciclastics. We have
never observed a situation where the opposite is tine in
regional mapping of Chase Group deposits.

Wreford Limestone
The Wreford Limestone was traced from the Kansas-

Oklahoma border (Cowley County) to northernmost
Kansas (Marshall County), but we were unable to locate
measurable outcrops of this formation in Nebraska or in
Nemaha County, Kansas. Throughout Kansas the Wreford
varies in thickness from 28 to 41  ft (8.5-12.5 in), and there
are no consistent regional trends in its thickness except
that its maximum thickness appeal.s to be in Marshall
County,ontheedgeoftheSalinabasin(figs.438,44,45).
Previous studies indicated a similar range in thickness of
tlieWrefordinKansasandNebraska(Path,1921;Bass,
1929; Condra and Upp,1931 ; Jewett,1941; Moore et al„
195la,b;  O'Connor et al.,1953; Walters,1954; Bayne,
1962). Because deposition of Pennsylvanian strata
supposedly had reduced antecedent topography along the
Nemaha Ridge to a relatively flat surface (Elias,  1937;
Memam,  1963), it does not appear that the structural or

paleotopographicconfigurationasmappedonthetopof
thePrecambiianexelledanycontrolontheregional
thicknessoftheWrefordinthestudyarea.However,the

f omponent members of the formation vary in several
Important aspects across the state, including their thick-
ness, and these are illustrated in ensuing figures.

Relative [o terrestnal facies in the underlying lower
Speiser and in the overlying Wymore, the Wreford
LimestoneandtheupperfossiliferousbedsintheSpeiser
represent a long-tern cycle of marine deposition, includ-
ing both carbonate and siliciclastic facies. Based on our
facies and sequence stratigraphic models (fig. 42A), the
ThreemileandScliroyerMembersareinteipretedasmajor
HSTphasesofdominantlymannecarbonatedeposition,
each of which is a transgressive-to-regressive facies

package, whereas the intervening Havensville is a major
lowstandphaseofmarginal-marinedeposits(mLST).
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FIGURE 43-A) Lcx=ATloNs oF cRoss sECTloN FiGs. 44, 45, ANI) 48.  Gray-line base map in this and ensuing maps is structure on top of
the Precambrian (CI = 250 ft |76 m]).  8) Isopach of the Wreford Limestone (CI = 5  ft  [ I.5  m]).
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Threemile Member

A lobe of thickened Threemile section ("reef" facies,
discussed below) occurs in adjoining parts of Moms,
Wabaunsee, and Geary counties (fig. 468). Aside from this
lobe, the thickness of the Threemile Member generally
increases from north to south from about 5.5 to 7.5 ft ( I.7-
2.3 in) in Marshall and Pottawatomie counties, to 21  ft (6.4
in) in southern Cowley County (fig. 468). The regional
thickness trend of the Threemile indicates a slight increase
in accommodation from north to south during its deposi-
tion, toward the relatively more rapidly  subsiding
Anadarko basin (e.g., Watney et al.,1989; Heckel`  1994).
An area of relatively thin Threemile strata in adjoining

parts of Riley, Geary, Wabaunsee, and Pottawatomie
counties sits atop a high on the top of the Precambrian and
represents a somewhat positive area during deposition (fig.
468).

A thin, calcitic mudrock (locally shaly limestone) a
few feet above the base of the member is interpreted as a
maximum flooding surface (Mazzullo et al.,1995) at the
top of the TST (figs. 44, 45). The TST is overlain by a
section of dominantly cherty, offshore, and relatively deep-
marine limestones, the HST,  locally with some lenses of
carbonate sand that occur most commonly in south-central
Kansas. These sands compose high-frequency shallowing-
upward cycles that do not appear to be regionally correla-
live across the study area. However, both the TST and
HST are regionally correlative throughout the study area,
and with only local exceptions (i.e„ sporadic lenses of
carbonate sand), depositional facies within each tract (i.e„
relatively shallow-marine facies in the TST, deeper-water
facies in the HST) remain mostly unchanged across the
state. That is, there is no evidence of progressive and

pervasive regional shallowing or deepening of facies
within each of these systems tracts in any direction. Hence,
there does not appear to have been much depositional or
tectonically induced relief along the outcrop belt during
deposition of the lower and middle Threemile.

In northern Kansas the cherty HST of the Threemile is
overlain either shall)ly but conformably, or gradationally
by marginal-marine siliciclastics of the Havensville mLST

(figs. 44, 45, 46A). The top of the Threemile is picked at
the highest occurl-ence of cherty limestones where the
contact is gradationaL.  In this area the Threemile-
Havensville contact appears to define a marked facies
dislocation that records a forced regression, but one that
did not involve  subaerial exposure.  In contrast, the cherty
HST of the Threemile is rather abruptly overlain by a
southward-thickening section of non-cherty to only
slightly cherty carbonate sands in eastern Pottawatomie
County and southward from central Wabaunsee County to
the Kansasroklalioma border (figs. 44, 45, 46A). These
beds, assigned to the upper Threemile, are variably porous
to nonporous, and cross stratified or bioturbated, and they
are interpreted as shallow-water, high-energy deposits of
an RST (Mazzullo et al.,1995). The basal contact of these
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sands with the cherty HST, and the upper contact with the
Havensville, are sharp but conformable to gradational.
Where sharp, the basal contact of these sands also defines
a marked facies dislocation and a forced regressive event,
without subaerial exposure, which may colTelate to that in
northern Kansas.

The RST sands in the upper Threemile, as well as the
underlying HST and TST of the member, show pro-
nounced thickening southward from Chase County. This
thickness trend defines a prominent manne depocenter in
south-central  Kansas (fig. 46A), which may extend into
northernmost Oklahoma, but which then changes facies
farther south in northern Oklahoma to teITestnal
siliciclastics (e.g„ Lutz-Ganhan and Cuffey,  I 979;
Chaplin,1988,1994,1996).  Based on available outcrop
data, the thicker Threemile section in this depocenter
appears to `sit directly atop the Walnut syncline (fig.
46A,B). Although the sand section thins to the north,  it is
traced along the length of the Walnut syncline as far north
as Pottawatomie County, and sands are present on only

part of the Nemaha Ridge in east-central Pottawatomie and
northwestern Wabaunsee counties (fig. 46A).  Sands are not

present, however, in the outcrops farther to the west in
Marshall, western Pottawatomie, Riley, most of Geary, and
western Moms counties, where instead, only chelty HST
facies in the upper Threemile are found beneath the
Havensville (fig. 46A). Lack, of Threemile outcrops along
the axis of the Nemalia Ridge in central and southern
Kansas (fig. 46A) precludes determination of the
basinward extent of these sands.

The areal distribution of shallow-water carbonate
sands in the upper Threemi]e (fig. 46A) can be interpreted
in two ways.   First, that the sands were deposited through-
out the study area, but subsequently were eroded from
along the axis of the Nemaha Ridge prior to the deposition
of the Havensville. This interpretation would invoke the

presence of an unconformity at the top of the cherty
Threemile for which there is  no evidence.  In addition,
basal Havensville strata are mostly marginal-manne rather
than terrestrial deposits as would be expected immediately
above an unconformity. The interpretation that we pres-
ently favor (fig. 47) is that deposition of the sands was
restncted mainly to the Walnut syncline, and that their
western limit of occurrence is a depositional pinchout
against the Nemaha Ridge. Hence, they   represent a
downdip wedge of marine deposits that likely is tempo-
rally equivalent to marginal-mame facies, and locally

perhaps also terrestrial facies,  in the lower liavensville.
Interbedding of the Threemile and Havensville at many
localities support this contention. The updip pinchout of
the sands could mark the approximate paleotopographic
location of a stillstand of sea level during relative sea-level
fall from Threemile into Havensville time. This interpreta-
tion could suggest that the Walnut syncline was subsiding
and submerged, whereas the Nemaha was a more positive
area of marginal-manne deposition, perhaps because of
minor uplift late in Threemile time.  Heckel  ( 1994)
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FIGURE 46-A)  INFERRED FAclEs  AND DEpocENTERs  iN THE THREEMILE MEMBER.  8)  Isopach  of Threemile  Member (CI  = 5  ft  [ I.5  m]).



presented evidence of intermittent reactivation of the
Nemaha Ridge in northern Kansas during the
Desmoinesian.

"Reefing" in the Threemile

The Threemile section thickens to a maximum of
about 26.5 ft (8. I  in) in eastern Morns and parts of
adjoining Wabaunsee and Geary counties (figs. 468, 48).
Hattin ( 1957) and Mudge et al.  ( 1958) interpreted these
rocks as reef facies, but they napped a more extensive
trend than we have. Because of very poor exposures at
some of the localities they described, and which we
examined, we were unable to substantiate the areal extent
that they indicated for this supposed reef. Conversely. we
found that what Hattin (1957) had called "reef' facies at
other localities are actually the southward-thickening
section of carbonate sands in the upper Threemile (figs.
44, 45).

Whether this napped buildup represents one reef, as it
appears by its isopach (fig. 468), or a series of coalesced
reefs can not be resolved on the basis of field exposures.
The presumed reef rocks in the Threemile are non-chelly
to slightly cherty, commonly soft and "chalky," very

porous and vuggy limestone (fig. 49A), and the unit most
definitely has a reeflike geometry (fig. 48). Lithology is
typically biowackestone to packstone, and the dominant
biota are fenestrate bryozoans with accessory ramose
bryozoans, echinoid fragments, crinoids, brachiopods
(Composita spp., CI.onetes spp., 8Ind Reliculalia spp.)` a:nd
locally, rugose corals and gastropods. Hence, this unit may
be a bryozoan mud-mound or bioherm. Similar reefal
deposits are common in many Lower Permian rocks (e.g„
Bosence and Bridges,  1995). To the north, the supposed
reef facies appears to pass laterally into, and hence, likely
is a facies of, the Havensville (fig. 48). Postulated tempo-
ral equivalence of the Threemile and Havensville was
considered above. To the south and west, presumed reef
facies appear to pass laterally into carbonate sands near the
top of the Threemile, and perhaps into the lower
Havensville, thus suggesting a coeval relationship between
these members (fig. 48). This thick reef section is not

West                                                                                                                       East
(or northern  KS)                                                                                     (or southern  KS)

Nemaha  Plidge

lower Havensvl llo
Walnut syncllne and/or
depaenter in south-

central  Kansas

FIGURE 47-POSSIBLE  FACIES  RELATloNSHIP BETWEEN THE  LOWER

HAVENsviLLE  AND  cARBONAm  sANDs  IN  TiiE  uppER TiiREEMTLE  iN

THE  WALNUT  SYNCLINE  AND  IN  SOUTH-CENTRAL  KANSAS.
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believed to be partly coeval with the basal Schroyer as
might be imagined from inspection of fig. 48 because we
have found that the Havensville is always present, albeit
thinned, below the Schroyer.

The reef or reefs are localized on the edge of the
Humboldt fault zone and are present on both the Nemaha
Ridge and in the adjoining syncline (fig. 46). The dramatic
increase in thickness of the buildup here, which is included
within the HST and RST of the Threemile, indicates
localized, abnomally high accommodation rates, which in
turn, suggest the existence of a local depocenter partly
atop the Nemaha and partly within the syncline to the east.
The buildup(s) possibly were initiated on a slight topo-

graphic high that may have resulted from either uplift
along the Humboldt fault zone and concurrent downwalp
in the syncline, or compactional draping of underlying
strata around the fault zone. There is no definitive evi-
dence that the reef was ever subaerially exposed during or
subsequent to its deposition.

Havensvil]e Member

The thickness of the Havensville decreases from north
to south, from a maximum of 23.5 ft (7.2 in) in northwest-
em Pottawatomie County, on the axis of the Nemaha
Ridge, to from 3.5 to 6 ft (1.I-I.8  in) in southern Butler
and Cowley counties, within the Walnut syncline (figs. 44,
45, SOB). This thickness trend is the opposite of the
Threemile and suggests a depocenter of increased accom-
modation on the Nemaha Ridge and the eastern edge of the
Salina basin, in parts of Riley, Wabaunsee, Pottawatomie,
and southern Marshall counties. This area appears to have
been a slightly positive area during deposition of the
Threemile (figs. 468, 508). This trend also suggests a
dominant source of siliciclastics from the north-northeast.
A minor, subdued embayment of slightly thicker
Havensville section occurs in southern Chase and north-
eastern Butler counties, within the Walnut syncline and

possibly extending westward over the Nemaha Ridge. The
member is only a few feet thick over the Threemile reef in
Moms, Wabaunsee, and Geary counties (fig. 50).

The Havensville is interpreted as an overall mLST,
with a relatively thin TST at the top, composed dominantly
of marginal-marine shale and some limestone. On the basis
of some presumed paleosols, Miller and West (1993) and
Miller et al.  ( 1996) inferred eustatically and/or climatically
controlled deposition of cycles of marginal-mar]ne and
terrestrial deposits in the Havensville throughout northern
Kansas. We examined the same outcrops as they did, and
many others throughout the state, and did not find evi-
dence of regionally persistent terrestrial facies, including

paleosols, in this member. Rather, we recognized only
minor and noncorrelative terrestrial deposits. Green shales
and/or mudrocks with paleocaliche, for example, occur at
one locality in Riley County (measured section number
125), and light-colored mudrocks with some rootcasts
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({erres{rial?) and other pedogenic features occur in
approximately the same horizon at measured section
number 80 in Chase County  (fig. 45). These localities,
however, are separated by outcrops in which equivalent
horizons are represented instead by fossiliferous
mudrocks, shaly limestones, and dark-colored, marginal-
marine shales (fig. 45). To the immediate southeast of
measured section number  125,  approximately equivalent
units are cross  stratified limestones (e.g., at sections  122
and  I 23, fig. 44). Northward from Wabaunsee County, this
section is vanously fossiliferous to unfossiliferous,
marginal-marine,  silty mudrocks and some limestones (fig
44). The Havensville passes farther south to dominantly
manne carbonates with no evidence of exposure (fig. 45).
Hence, the sporadic distribution of terrestnal facies in the
Havensville appears to argue for dominant autogenic
rather than eustatic or climatic allogenic controls on
deposition of terrestrial  facies in the section.

S everal high-frequency tram sgressi ve-regres sive
cycles of manne to marginal-manne facies during deposi-
tion of the Havensville are suggested by the occurrence of
beds of fossiliferous manne limestone in the section
throughout the study area (figs. 44, 45). The stratigra-

phically lowest such cycle is correlated throughout
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northern Kansas and may correlate to the basal bed of the
thick section of cross stratified sands at measured section
number  122 in Riley County (fig. 44).  However,  we did
not identify a limestone in the same stratigraphic position
farther to the south, where instead, strata are fossiliferous
mudrocks (fig. 45).  Nonetheless, this lowest cycle,
assuming a lithofacies change from limestone to fossilifer-
ous shale and/or mudrock in a north-to-south direction,
may be of allogenic origin. The immediately overlying,
two additional transgressive-regressive cycles that are
clearly identified at, for example, measured section
number  I 32 in Pottawatomie County are not similarly
recognized in  surrounding outcrops (figs. 44, 45). This
zone of limestone, however, may correlate to the region-
ally correlative zone of fossiliferous, manne limestone in
about the middle of the member as traced from Riley
County southward to Butler County (identified by the
horizontal, bold arrow  at measured section  125  in fig. 45).

Although this zone may be of allogenic origin, it
composes only one high-frequency cycle at, for example,
measured section number 80 in Chase County, whereas
two such cycles are recognized at measured section
number  125  in Riley County (fig. 45).  Likewise, an
additional cycle occurs above this zone only in  Riley and

FIGURE 49-A)  QUARRy  EXPOSURE  OF` THE  NON-CHERTy, TliREEMILE  .`REEF"  AT  MEASURED  SECTION  NUMBER 96.  MORRIS  COUNTy,  KANSAS;

LENcm oF SCALE 5  FT ( I.5  M).  8) Roadcut along new  US-166 in Cowley County  (measured section number 6) showing limestone-

dominated Havensville section  (which is about 6 ft [ I.8  m]  thick). C) Roadcut along  L70 (south side) in Riley County,  Kansas

(measured  section  number  122) showing thick carbonate sands in the basal  to middle Havensville: hammer for scale.  D) Roadcut
along K-38 in Cowley County  (measured  section number  15)  showlng carbonate  sands at the top of the Schroyer; rod divided
into 20-cm segments.
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FIGURE  50-A)  INFERRED  FAclEs  AND  DEpc)cENTERs  IN THE HAVENsviLLE.  8) Isopach  of the  Havensville  (CI  =  5  ft  [ I.5  m]).



Geary counties (fig. 44). These stratigraphic characteris-
tics, therefore, also suggest some degree of autogenic
control on sedimentation of these higher-frequency cycles.

Farther south, in southern Cowley County, the
Havensville changes facies to limestone, specifically,
carbonate sands (figs. 45, 498). These limestones also
were included within the I]avensville by Bayne ( 1962).
The Havensville Member is not readily identified in this
area unless one recognizes this facies change, which may
be the reason why Chaplin (1996) did not subdivide the
Wreford Limestone into its component members in
Oklahoma. The area of occurrence of carbonate sand in the
Havensville defines a wholly manne embayment within
the southern portion of the Walnut syncline that contrasts
the dominantly marginal-manne facies to the north (fig.
50A). Relatively thick sections of carbonate sand overly-
ing lime mudstone occur in the upper Havensville in
Marshall and western Pottawatomie counties, and thick
sands also occur in the lower to middle Havensville in
southeastemmost Riley County (figs. 44, 49C). Together,
these areas define a prominent depocenter of increased
accommodation for the deposition of manne strata, at
these respective times, that sits atop the Nemal`a Ridge.
This depocenter is coincident with the depocenter of
maximum thickness of the entire Havensville (fig. 50).
These depocenters extend northwestward into Marshall
County, where they merge into the eastern edge of the
Salina basin.

At measured sections  132,137, and  137A in
Pottawatomie and Marshall counties (fig. 44), the carbon-
ate sands at the top of the Havensville are cross stratified.
At the former locality (fig. 9), the dip directions of the
stacked cross stratified sets are bimodally and nearly
bipolarly oriented (fig.  51 ), which suggests deposition in a
tide-dominated environment. At these three localities the

00
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FIGURE  51 ~ROSE DIAGRAM 0F CROSS  STRATA DIP DIRECTloNS  IN

CARBONATE  sANDs  IN  THE  irppER  HAVENsvlLLE  AT  MEAsuRED

sEonoN  NUMBER  132  IN PoTTAWATOMiE CouNTy,  KANSAs.
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sands overlie thin-bedded, shaly lime mudstones with
conspicuous lenticular bedding (fig. 9) which, in turn,
overlie unfossiliferous green or yellow shales and
mudrocks. The overlying Schroyer at these localities
consists of cherry, micritic limestones. This lithofacies

pattern is interpreted as a progressive TST to HST of
telTestrial and/or marginal-manne facies, through peritidal
deposits, and culminating in relatively deeper-water,
cherty carbonate facies. The section of partly cross strati-
fied carbonate sand in the lower to middle Havensville at
measured section number 122 in southeastern RIley
County (figs. 44, 49C) vanes in thickness along the length
of the outcrop from 2 ft to  10 ft 8 inches (0.6-3.3 in). This
limestone is not present either to the immediate east (fig.
44) or west (e.g., measured section  125  in Riley County)
of this locality, where instead, presumably coeval strata are
marginal-marine facies (e.g., fig. 45).

Schroyer Member

Regional thickness of the Schroyer is fairly uniform in
a north-to-south direction across the study area (fig. 528),
which suggests uniform subsidence in this direction during
deposition. The member thickens to the west, from about 5
to  16 ft ( I.54.9 in), and its maximum thickness occurs at
measured section number 137 in Marshall County, in the
Salina basin (fig. 528). Slight thickening of the member at
measured section number  135 in eastern Pottawatomie
County, relative to nearby outcrops, occurs within the
syncline to the immediate east of the Humboldt fault zone.
The region of relatively thin Schroyer section in adjoining

parts of Morris, Geary, and Riley counties sits atop the
axis of the Nemaha Ridge, and defines a slightly positive
area during deposition. This feature was present during
deposition of the Threemile, but was part of a depocenter
during deposition of the Havensville (compare figs. 468,
508). The anomalously thick Schroyer section in Marshall
County ( 16 ft [4.9 m]  at measured section number  137) is
located along the eastern edge of the Salina basin.

Throughout most of central and northern Kansas (in
Chase, Geary, and Riley counties), the Schroyer includes a
readily recognizable TST and maximum flooding surface
overlain by an HST of relatively deep-water, cherty
limestones. This section is overlain by marginal-manne
shale and/or mudrock, and in turn, by non-cherty, non-

porous, shallow water carbonate sands (e.g., at measured
sections  113,122,123,  and  125; figs. 44, 45). A relatively

thick lens of shallow-water sand occurs within the upper

part of the HST in this area, and together with the overly-
ing marginal-manne siliciclastic strata here, documents a

pronounced phase of shallowing and development of an
RST. The areas of deepest water during deposition of the
HST therefore appear to have been centered in Chase
County and in adjoining parts of Pottawatomie and
Marshall counties, where no such sands are present in the
cherty HST (figs. 44, 45). Inferred paleowater depth for
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FIGURE  52-A)  DisTRiBUTioN oF cARBONATr:  sANDs  IN THE ScHRo¥ER.  8)  Isopach  of the  Schroyer (CI =  5  ft  I I.5  m]).



these cherty HST limestones is believed to have been less
than that during deposition of the HST facies in the
Threemile Member (Mazzullo et al„  1995). In south-
central Kansas the entire Schoyer, including the cherty to
non-cherty (upsection) TST and HST is dominated by
(locally porous) carbonate sands (figs. 45, 49D), and so,
defines an area of relatively long-lived, shallow-water
deposition (fig. 52A). At measured section number 39 in
Butler County, the pronounced shallowing RST phase
inferred in central-northern Kansas may be represented by
the section of gray, marginal-marine shales that occurs
between the cherty HST limestones below and the non-
cherty carbonate sands above, at the top of the member
(fig. 45). Farther south, in Cowley County, shallowing at
this approximate stratigraphic level may be suggested by
HST sections that coarsen upward. The section at locality
137 in Marshall County that includes cherty, HST lime-
stones overlain by shale likewise may correlate to this
shallowing RST phase. Accordingly, the fact that this RST
can be recognized throughout most of the study area would
suggest that it may be of allogenic origin. However, no
such shallowing is readily evident at measured section
number  132 in Pottawatomie County (fig. 44).

Instead of gradually shallowing upward above this
RST, facies at the top of the Schroyer throughout the study
area instead are shallow-water carbonate sands that,
according to our facies model (fig. 42), are interpreted to
represent another HST, that is, another relatively high-
frequency transgressive cycle (figs. 44, 45). These sands
were deposited both in the Walnut syncline and on the
Nemaha Ridge (fig. 52A), and they are conspicuously
vertically burowed and porous in Cowley County (figs.
45, 49D). Inasmuch as this transgressive event is traced
throughout the study area, it appears to be of allogenic
origin. This section does not necessanly shallow upward
so as to be recognized as an RST. Rather, it is abruptly
tnincated by a prominent unconformity that is recognized
at most localities in the study area by:  ( I) the commonly
irregular upper surface of the member, which at many
localities is either partially replaced or overlain by

palecoaliche (fig. 53A); and (2) the presence of green
shale within intelparticle pores and vugs in the limestones
at the top of the Schroyer (Mazzullo et al.,1995).

Throughout most of the study area, the RST and
overlying HST in the upper Schroyer generally appear to
record a relatively simple history of minor flooding,
deposition of carbonate sands, and forced regression. In
contrast, the depositional history of the thickened RST
section at locality  137 in Marshall County is much more
complex because several shallowing cycles are infelTed
here (fig. 44). These additional cycles may suggest local
autogenic and/or tectonic controls during deposition of the
RST at this locality.
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Matfield Shale

Regional Thickness Trends

The thickness of the Matfield Shale generally increases
from south to north, from about 25 to 41 ft (7.6-12.5 in) in
Cowley County, within the Walnut syncline, to 49nd6 ft
(14.9-20. I  in) in Marshall and Gage counties, on the eastern
edge of the Central Nebraska and Salina basins (fig. 548).
The relatively thick (~50 ft [ 15.3 m]) Matfield section in
adjoining parts of northwestern Butler, southwestern Chase,
Marion, and western Morns counties occurs in the transition
zone between the Nemaha Ridge and the Salina basin. The
excessive thicknesses of the formation reported by Bass
( 1929) and Bayne (1962) in Cowley County (55rfe5 ft
[16.8-19.8 m]), and by Byme et al. (1959) in Manon
County (80 ft [24.4 m]), were not verified by our studies.
Anomalously thick Matfield sections occur in four areas: ( I
and 2)-atop the northwest-southeast-trending graben in
northwestern Wabaunsee-southeastern Riley counties , and
apparently, also in the graben in southern Chase County
(measured sections  124 and 83-84, respectively). In these
areas the fomation is about 50-51+ ft thick (15.3-15.6 in).
Thickness of underlying strata in these areas is not known;
(3Lin a northwest-southeast-trending embayment in
northeastern Butler County, within the Walnut syncline,
where the formation is at least 48 ft (14.6 in) thick (fig.
548). In this area the underlying Schroyer is not anoma-
1ously thin (fig. 528), although the area may have been
somewhat of an embayment during deposition of the
Threemile and the Havensville (figs. 46, 50); and (4)-in
southernmost Cowley County, where the formation is 41  ft
(12.5 in) thick. In this area the underlying Schroyer is not
anomalously thin (fig. 528). The formation thins toward the
Humboldt fault zone and the Nemaha Ridge in south-central
Butler County and is relatively thin atop the Nemaha Ridge
in the southwestern part of this county (fig. 548).

The Wymore and Blue Springs Members of the
Matfield Shale are interpreted as a long-term, dominantly
tLST, whereas the intervening Kinney Member represents a
dominantLy manne HST. Details of this stratigraphy,
however, are considerably more complex, and are discussed
and illustrated below in figs. 56-58 and 61, the locations of
which are shown in fig. 54A. The regional persistence of the
dominantly manne Kinney section suggests fundamental
allogenic control on its deposition.

Wymore Member

Maximum thickness of the Wymore occurs in Gage
County, Nebraska (about 25 ft or more [7.6 m]) along the
eastern edge of the Central Nebraska basin, and the member
thins to a minimum of 5 ft (I.5 in) in southern Cowley
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County, within the Walnut syncline (fig. 55A). This trend
may suggest a dominant source of siliciclastics from the
north-northeast and may reflect decreased rates of accom-
modation from north to south during deposition of the
Wymore. The east-west-trending area of relatively thin
Wymore section in Marshall and northern Riley and
Pottawatomie counties suggests a slightly positive feature
in this area, atop both the Nemaha Ridge and the Salina
basin, during deposition of this member; this area was not
a positive feature during deposition of the Schroyer (fig.
528).

Wholly terrestnal LST facies in the Wymore, repre-
sented by unfossiliferous red and green shales/mudrocks
and paleosols, occur in Marshall and Riley counties, and

are in direct contact with the overlying marine Kinney (fig
56). Such a relationship suggests rapid transgression, with
the initial marine flooding surface occurring at the base of
the Kinney (e.g., evident at measured sections  137 and
138, fig.  56). Similar relationships are also noted at some
localities in Butler County (e.g., measured section number
35, fig. 58). At most localities south of central Riley
County, facies at the top of the Wymore instead are mostly
unfossiliferous, light-colored shales and mudrocks
interpreted as marginal-marine facies. Sparsely fossilifer-
ous mudrocks occur within the upper Wymore only at
measured section  1108 in Geary County (fig. 56). In these
areas the base of the TST instead is believed to occur
within the uppemost Wymore rather than at the base of

FIGURE 53-A) ROADcuT ALONG  US-54 AT MEAsuRED sECTloN NUMBER 39  IN BurLER CouNTy,  KANSAs,  sHowiNG UNEVEN,  uNcoNFORMAB[ I

Top oF THE ScHovER;  ARRows rolNT To THlcK pALEocAIlcHE AT THE Top oF THE MEMBER  AND wliHiN THE BASAL WyMORE.  8) Slab

showing intraclasts with pendant cemerits (small arrows) at the top of the Kinney; bold arrow points to stratigraphic top (length of
scale 3  Inches (7.6 cm)   Sample from measured section number 48,  Butler County, Kansas. C) Roadcut along 82nd Street in
Butler County (measured section number 38) showing uneven, unconformable top of the Kinney and inferred dolines. The
dolines are filled with green shale, whereas the overlying Blue Springs is red shale.
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FIGURE 54-A) I|)cATioN oF cRoss sECTioN FiGs.  56-58  AND 61.  8) Isopach of Matfield Shale (CI = 5  ft  [ I.5  m]).
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FIGURE 55-A) IsopACH oF THE WyMORE (CI = 5 Fr I I.5  M]), AND DlsTRmirrloN oF FAcnas.  8) Isopach of the Kinney (CI = 5  ft [1.5 m]),
and infelTed facies in the upper beds of the member.
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the Kinney.  Such contrasting positions of the initial
flooding surface may suggest transgression from south-
southwest to north-northeast in the study area. Altema-
lively, they may indicate some degree of tectonic or
compactional-induced subsidence late in Wymore time in
that area southward from Riley County so that it was low,
and hence, was flooded earlier than areas to the north. The
southward change from totally terrestr]al si[iciclastic strata
in the Wymore, to terrestrial strata overlain by inferred
marginal-marine shales and mudrocks at the top of the
member, however, does not coincide with location in
respect to the Nemaha Ridge or the Walnut syncline (fig.
55A).

Four thin beds of limestone occur within the Wymore
and are enclosed by terrestrial shales and mudrocks, at
measured section number  115  in Geary County (fig.  57;
see Appendix for details). The stratigraphically lowest and
highest limestone beds here are unfossiliferous, shaly lime
mudstones, the uppemost bed containing plant debris. The
middle bed also is shaly and contains ostracodes. These
beds may be freshwater limestones; the ostracodes in the
middle bed currently are under study. If these limestones
instead are marine, then they might indicate short-lived,
high-frequency marine transgressions that occurred for
some unknown reason only at this locality, a distribution
that would argue against allogenic control on their
deposition. A 2-inch (5. I -cm)-thick bed of unfossiliferous,
brecciated limestone with calcite-lined vugs and secondary
calcite veins occurs about 6 ft (I.8 in) below the top of the
Wymore at measured section number  126 in Riley County

(fig.  56), and it likely represents replaced evaporites
(terrestnal or sabkha?). Other than these occurrences,
limestones are not found in the Wymore anywhere else in
the study area.

Kinney Member

Except for three anomalous areas, the thickness of the
K]nney is mostly unifom in a north-to-south direction
across the study area; the member generally thickens
westward from about 5 to 27.5  ft (I.5-8.4 in)(fig.  558).
Deposition of the relatively thin (9.5 ft  [2.9 m])  Kinney at
measured section  115 in Geary County defines the apex of
an apparent east-west-trending, slightly positive area atop
the Nemaha Ridge which was not in existence during
deposition of the Wymore (figs. 55A, 8). However, a
similar slightly positive feature was present at this location
during deposition of the Schroyer (fig. 528). This thin-
ming. which roughly coincides with a southwest-plunging
nose on the top of the Precambrian, also is reflected in the
isopach of the Matfield Shale (fig. 548). The positive area
that existed immediately to the north, in Marshall County,
during deposition of the Wymore was not present in
Kinney time (figs.  55A, 8). A small positive area may also
be present in central-southern Butler County (figs. 548,
558). The thick Kinney at measured section 36 in south-
eastern Butler County (28 ft [8.5  m]), and at section 2 in

southernmost Cowley County (24.8 ft [7.6 m]), defines
local depocenters of increased accommodation within the
Walnut syncline (fig.  558).

The stratigraphy and facies of the Kimey are highly
complex.  Superimposed on its relative highstand position
within the Matfield Shale, the overall tripartite  lithologic
subdivision of the member (carbonate-siliciclastic-
carbonate), notwithstanding local facies changes, is traced
throughout most of the study area (figs. 56-58), and
therefore, appears to have been allogenically controlled.
This motif involved two relative highstands, represented
by the lower and upper carbonates, separated by a relative
lowstand of marginal-manne facies (mLST). Possible
short-term emergence dunng deposition of the mLST may
be indicated at four widely separated localities in the study
area: ( 1-3)-in presumably correlative strata in the upper

part of the unit at measured sections 34 in Butler County
(fig. 58), 98 in Moms County (fig. 57), and  Ill  in Geary
County (Appendix), where the otherwise sparsely fossilif-
erous section contains thin  lenses of unfossiliferous, red
shale and/or mudrock; and (4)-at measured section
number 84 in Chase County (fig. 57), where relatively
abundant calcite nodules occur in a zone about 8 ft (2.4 in)
above the base of the Kinney, which is stratigraphically
below the section containing red shale at the above-
mentioned localities. These nodules may be paleocaliche,
although whether they are Permian or of more modem
vintage is uncertain. The inability to trace this possible
exposure surface regionally may suggest that it is not of
allogenic origin.  Superimposed on the tripartite cyclicity
of the Kinney, however, is the erratic occurrence of from
one to five, higher-frequency, transgressive-regressive
cycles within the member, which are not correlated
uniformly throughout the study area (figs. 56-58).
Together, such a hierarchy of cyclicity, and the only local
occurrence of possible emergence in the mLST, document
the complex inteli)lay between eustatic and local autogenic

(and possibly,  tectonic) controls on deposition of the
Kinney Member.

Correlation of the tripartite Kinney section, and
recognition of the top of the member at the highest
occulTence of limestone, are relatively straightforward
southward from measured section number  I 15 in Geary
County (figs. 56-58). Northward from here, however, such
relationships are more complex, and resolution of Kinney
stratigraphy is complicated by the fact that only few
outcrops that expose the Kinney and bounding strata can
be found (fig. 56, and Appendix). The tripartite subdivi-
sion of the Kinney is not recognized, for example, at
measured sections  124 in Riley County (fig.  57) and  137-
138  in Marshall County (fig.  56) where the u|)per carbon-
ates are absent. Instead, the section between the basal
limestone of the member and the base of the section of red
and/or green shales/mudrocks in the Blue Springs at these
localities consists entirely of mLST shales.  The tripartite
subdivision of the Kinney is only poorly developed at
measured sections  126 in Riley County and  1108  ln Geary
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County (fig. 56). Yet, carbonates once again are present at
the top of the member to the west, and down-paleodip of,
these two and other localities; compare the following
sections that illustrate these dip relationships: (a) measured
sections  126 and  1108  versus  Ill  (fig.  56). At the latter
locality the upper Kinney is dolomitized and is interpreted
as a nearshore-manne facies that contrasts the more open-
manne carbonate sands farther downdip; and (b) measured
section  124 versus  115  (fig. 57). Based on these observ-
able relationships, we contend that the upper Kinney
changes facies from carbonate sands, in central to southern
Kansas, to marginal-marine shales in northern Kansas (fig.
558). Interbedding of these contrasting lithologies at
several localities (e.g„ measured section number 1108 in
Geary County) supports this contention. The upper
limestone locally changes facies via interbedding with
terrestrial to marginal-marine, green shales and/or
mudrocks (e.g., measured section  126 in Riley County

[fig. 56]). Unless these facies relationships are recognized,
picking the top of the member is most difficult as was
noted by Condra and Upp ( 1931) and Jewett (1941). One
would be tempted to pick the top of the member, for
example, at the top of the lower limestone at those
localities where the upper limestone was absent (e.g., at
measured sections  124 and  137-138). Such a pick is
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erroneous, however, and we defend our facies model of
Kinney stratigraphy on the basis Of the following observ-
able field relationships: ( 1) local interbedding of marginal-
manne shales and limestones; (2) the lower limestone is
regionally correlative and is always overlain by a
siliciclastic-dominated mLST section (locally with
interbedded carbonates that could further complicate the
issue  [fig. 57]) that also is regionally correlative. Through-
out most of Kansas, this mLST lies beneath the upper
limestone; and (3) the upper limestone and its presumed
marginal-marine equivalents (and locally, terrestnal shales/
mudrocks) both overlie this mLST tract, and in turn, both
are always overlain by a regionally correlative section of
terrestnal red and green shales in the basal Blue Springs.
Hence, we agree with Jewett (1941) that the Kinney is a
"zone" of carbonates and fossiliferous shales/mudrocks

that contrasts the dominantly unfossiliferous terrestrial
deposits of the immediately underlying Wymore and the
overlying Blue Springs members. For these reasons we

pick the top of the K]nney at the top of the marginal-
manne shales at the principal reference section in Ne-
braska, rather than at the top of the subjacent limestone
(figs.  128, 56).

Basal transgressive beds of the Kinney are intraclastic
(lime pebbles) and locally oncolitic limestones northward
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FIGURE 59-A)  ouTCRop ALONG  ABANDONED RAILROAD TRACK sHowiNG  ERosloNAL TRUNCATlow oF THE BRUNo BED:  measured  Section

number 3, Cowley County, Kansas. 8) Outcrop of the Kinney, Bruno, and Blue Spnngs at Bannon quarry, measured secnon
number 43, Butler County, Kansas. Note that the top of the regionally recognized Kinney here is overlain by an additional section
of Kinney. which represents part of the lowstand manne wedge shown in fig. 61.
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from measured section number 81  in Chase County. In
contrast, they are prominent Dcri)yi.a-rich limestones,
locally with abundant Composi./tl spp., southward from
Chase to Cowley County (figs. 56-58). The maximum
flooding surface and HST of the member are obscure, but
are believed to occur within the middle to upper part of
this basal carbonate unit (fig.  56). The middle Kinney
consists mainly of marginal-marine siliciclastics northward
from Geary County, and interbedded marginal-marine
siliciclastics and limestones,  and at some localities
telTestrial green and red siliciclastics,  southward to
Cowley County (figs. 56-58). Porous and non-porous,
HST carbonate sands, and locally, RST sections that fine-
upward and also shallow-upward from carbonate sand to
lagoonal or peritidal mud facies, occur in the upper Kinney
over a large part of the study area southward from Riley
County (e.g., measured section 39, fig. 57). The sand tract

passes westward to presumably more offshore, micritic
limestones (fig. 558). The section of carbonate sands
thickens to the south to a maximum of about  11  ft (3.4 in)
in southernmost Cowley County (figs. 56-58), defining a
small depocenter of increased accommodation within the
Walnut syncline that may have been a minor depocenter
during deposition of the Wymore (fig. 55). In central Kay
County, Oklahoma, manne facies of the Kmney are
represented by only a few inches of non-porous, pelecy-

pod-rich carbonate sand which are underlain and overlain
by a thick section of red beds (Mazzullo and Teal,  1994;
Mazzullo et al.,  1995). As discussed above, facies at the
top of the Kinney in northern Kansas instead include
marginal-marine siliciclastics, and locally. terrestrial
sha]es/mudrocks (fig. 558). It does not appear that sands
were deposited and then removed by erosion in these
areas.  Rather,  we call upon facies changes {o explain their
absence.

A prominent unconformity is recognized at the top of
the Kinney at most localities where the upper carbonates
are present (figs. 56-58). Evidence of this unconformity,
which documents abrupt forced regression, includes:  ( I )

green shale within interparticle pores and vugs in the
rocks; (2) apparent erosional thinning of these beds (figs.
56, 57); (3) the local presence of residual  lag gravels, with

pendant calcite cements on the undersides of component
lime clasts (fig. 538); and (4) at several localities,  an
irregular upper contact with small dolines filled with green
shale (e.g„ fig.  53C).  Erosion along this unconformity may
account for the removal of RST facies, which are present
only locally in south-central Kansas (fig.  57). Where
marginal-marine shales instead occur at the top of the
member in northern Kansas and Nebraska, the
unconformity is indicated by the presence of a prominent

paleosol at the Kinney-Blue Sprlngs contact. The Kinney
is everywhere directly overlain by terrestrial red and green
shales and/or mudrocks in the basal  Blue Springs.

Blue Springs Member and Bruno bed

The thickness of the Blue Springs Member ranges
from 5 ft to 28 ft 5 inches ( I.5-8.6 in), and generally
increases from east to west across the study area (fig.
60A). Maximum thickness appears to occur on the edge of
the Central Nebraska and Salina basins in northern Riley,
Marshall, and Gage counties (fig. 60A). This overall trend
suggests, as was the case for the Wymore, maximum
accommodation in the north and a dominant supply of
siliciclastic sediments from the north-northeast; similar
increase in accommodation in this area is not apparent
during deposition of the Kinney (fig. 558). This regional
trend, however, is interrupted by several localities at which
the member is anomalously thick, and as many as five
additional depocenters apparently existed during deposi-
tion of these strata (fig. 60A): ( 1  and 2)cone in north-
central Cowley County and another in central Butler
County, atop the Walnut syncline, at which locations the
member is at least 22 ft (6.7 in) thick. These depocenters
are separated by a sharply defined, intervening positive
area in south-central Butler County within which the
member is anomalously thin  (5-7.5 ft [1.5-2.3  m]). The
depocenter in Cowley County appears to have formed
dur]ng deposition of the Blue Springs insofar as only this
member appears to be thick at this location (compare figs.
55A,B and 60A). Increased thickness of the member here
is related to an expanded section of limestones (i.e., the
Bruno, discussed below). The depocenter in Butler County,
which instead is in filled by siliciclastics, may have begun
to form during deposition of the Kmney (fig. 558); (3)-a
depocenter in southern Geary and western Morns counties,
where the eastward-thickening member is at least 22 ft

(6.7 in) thick atop the transition zone between the Nemaha
Ridge and the Salina basin. This area, also infilled with
siliciclastics, also may have begun to form during deposi-
tion of the Kinney (fig. 558); and (4 and 5-the grabens in
southern Chase and in adjoining parts of Riley and
Wabaunsee counties, along the edge of the Nemaha Ridge,
where the siliciclastic-dominated member is at least  13  ft
and 24 ft thick (4 and 7.3 in), respectively. Because of the
lack of outcrops exposing the entire Matfield Shale at
these locations, whether or not these grabens were depo-
centeTs prior to Blue Springs time is uncertain (fig. 55).

Facies in the Blue Springs from Gage County,
Nebraska, southward to MOITis County, Kansas, are
represented by tLST beds: unfossi]iferous, red and green
shales, mudrocks, and shaly siltstones (figs.  56, 57).
Similar facies persist farther south, although the upper few
feet of the member are mostly fossiliferous mLST
siliciclastics in south-central Kansas (figs.  57, 58). These

pelecypod-dominated strata are a conspicuous, readj]y
mappable horizon in this area of the state (Mazzullo and
Teal,  1994; Mazzullo et al„  1995).

As discussed in the first part of this paper, a thin but
conspicuous bed of carbonate, the Bruno, at or above the
middle of the Blue Springs is recognized at many localities
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southward from Geary County; to the north, presumed
equivalent strata are represented by a zone of terrestrial
siltstones (figs. 56-58). At some localities in Geary and
Moms counties (measured sections  115 and 98, respec-
lively), for example, the Bruno-equivalent horizon appears
to be terrestrial shales/mudrocks with incipient

paleocaliches (fig.  57).  Red siltstones and limestones are
interbedded at some localities (e.g., at measured section
number 1108: fig. 56). Marine lithologies in the Bruno

(fig. 608) include fossiliferous and bioturbated lime
mudstone to shaly biowackestone with brachiopod and

pelecypod fragments. At one locality in Cowley County
(measured section number 22 [fig. 58]), the unit consists of
biopackstone and grainstone dominated by foraminifers,
with accessory crinoids, pelecypod and brachiopod
fragments, and high-spired gastropods. The Bruno is
rooted at some localities (e.g„ measured section number
93, Morns County [fig. 57]) and partially to entirely
calichified at others (e.g., measured sections  Ill  in Geary
County and 39 and 34 in Butler County). An unconformity
at its top is indicated by the presence of: (I ) paleocaliche;

(2) intraclasts and/or lenses of red and green shale filling
vugs and/or dispersed within a carbonate matrix; (3)
rootcasts; (4) locally, an irregular, erosional upper contact

(e.g., measured section 23, Cowley County  [fig.  58]); and
(5) erosional truncation of the unit between closely spaced
outcrops (e.g., fig. 598). At measured section number
1108 in Geary County, the Bruno consists of two thin beds
of lime mudstone (each 3 inches, or 7.6 cm, thick), with
streaks of green shale that are separated, underlain, and
overlam by terrestnal red and green shales (fig. 56). These
relationships suggest that, at least locally, there are
multiple unconformities within this unit related to forced
regressions within a Bruno section composed of two high-
frequency cycles.

An exposure of the K]nney and Blue Springs at the
Bannon quarry in southwestern Butler County (measured
section number 43 [fig. 59C]) provides the opportunity to
view the stratigraphy of this section along a generally dip-

parallel cross section from Cowley into Butler County (fig.
61 ). That the strata exposed in this quany are within the
Matfield Shale is confirmed by detailed mapping in the
area (Mazzullo and Teal,  1994). At the relatively updip
outcrops at the Burden railroad cut in Cowley County
(measured section 22), for example, upper beds of the'
tripartite Kinney are cross stratified and bioturbated,

generally nonporous carbonate sands overlain by about 7 ft
(2. I  in) of concealed lower Blue Springs section described
by Condra and Upp ( 1931, p. 40) as gray shale. The
overlying  1 ft 9 inches (0.5 in) of presently exposed
limestone includes a basal fining-upward bed of
biopackslone to mudstone overlain by 0.5 ft (0.15 in) of
white, nonporous foraminiferal grainstone. This section
was specifically referred to as the Bruno in Condra and
Upp's (1931) definition and description of this unit, the
total exposed thickness of which they reported to be 2.5 ft

(0.8 in). The Bruno is overlain here by terrestnal red and

green shales and mudrocks, and then, by unfossiliferous
yellow-reddish-brown mudrocks, in the upper part of the
Blue Springs. We correlate the tripartite Kinney at this
location based on stratal architecture, lithology, and biota
to that at measured section 23, a few miles to the north-
west and downdip of the Burden railroad cuts (fig. 61 ).
The Kinney here is unconformably overlain by  I  ft 4
inches (0.4 in) of interbedded, unfossiliferous red and

green shales and lime mudstones with green and red shale-
filled vugs and fissures, followed by  1  ft 8 inches to 2 ft

(0.5ro.6 in) of soft, platy-bedded biowackestone to
packstone with green shale-filled fissures and vugs at its
unconfomable top. In turn, this section is overlain by 2 ft
8 inches (0.8 in) of Blue Springs strata which include, in
ascending order, unfossiliferous green, red, and yellow
shale and mudrock beneath the Florence. We correlate the
soft, platy-bedded limestones and overlying siliciclastics to
the Bruno and upper Blue Springs, respectively, at the
Burden railroad-cut exposures (fig. 61 ). We suggest that
the underlying section of interbedded lime mudstones and
red-green shales (directly above the unconfomity at the
top of the Kinney) at measured section number 23 repre-
sents a facies transition within the lower Blue Springs,
beneath the Bruno, from terrestrial strata to the southeast,
east and north, to bioturbated, light-colored, marginal-
marine mudrocks and shaly lime mudstones at the Bannon

quarry to the west, which is the farthest downdip outcrop
of the Kinney and Blue Springs in the study area (fig. 61).
This aspect of correlation is discussed further in the next

paragraph. However, this section possibly could be
included within the Bruno if the Bruno downlapped onto
the top of the Kinney, but we have no definitive outcrop
infomation with which to evaluate this possibility. Future
subsurface studies in this area may assist in resolving this

particular issue.
The basal 7.5 ft (2.3 in) of exposed section at the

Bannon quarry are lithologically and biotically identical to
the middle Kinney limestone-dominated section at, for
example, Lookout Point in Butler County (measured
section number 39 [fig. 57]) and other exposures in south-
central Kansas. Likewise, the overlying 6 ft 8 inches (2 in)
of porous, foraminiferal carbonate sand at the quarry,
which are prominently vertically burrowed in the upper 3
ft (0.9 in), are lithologically and biotically correlated to the
upper Kinney at, for example, measured sections 23 and
the Burden railroad-cut exposures in Cowley County (fig.
61), Lookout Point (measured section number 39 [fig.
57]), and elsewhere in south-central Kansas (Mazzullo and
Teal,  1994; Mazzullo et al„  1995). It is the top of these
strata that are regionally recognized as the unconformable
top of the Kinney throughout a large part of the study area

(e.g., figs. 57, 58). However, these strata at the quaITy are
apparently conformably overlain by an additional Section
that consists of a 6 ft 4 inches (I.9-in)-thick bed of locally
cross stratified and vertically burrowed biowackestone to

porous biopackstone that grades upward to shaly lime
mudstone, with no evidence of an unconformity at its top.



By lithologic colTelation, these beds are considered to be
an "extra" section of the Kinney not recognized elsewhere
in the study area; the top of these beds is therefore
considered to be the top of the expanded Kinney Member
at this locality. In turn, the Kinney is overlain by 5 ft 4
inches (1.6 in) of bioturbated but otherwise
unfossiliferous, yellow-gray mudrock and shaly lime
mudstone which we recognize to be in the lower Blue
Springs Member (fig. 61). By correlation based on
regional stratigraphic position, biota, and lithology, the
overlying Bruno here is 4 ft (1.2 in) of thick-bedded,
bioturbated lime mudstone, with scattered crinoids and
fragmentsofpelecypodsandbrachiopods.Itisoverlainby
3 ft (0.9 in) of exposed unfossiliferous, terrestnal red beds
of the upper Blue Springs.

We interpret the infelTed stratigraphic architecture of
the upper Kinney, lower Blue Springs, Bruno, and upper
Blue Springs as follows. The unconforndty that we
recognize at the top of the Kinney at most localities in the
study area indicates forced regression and subaerial
exposure. The apparent absence of an unconformity at the
top of the correlative carbonate sand section at the Bannon

quaITy indicates that this area was not then subaerially
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exposed. The occurrence of the additional 6 ft 4 inches
(1.9 in) of K]nney section here, confomably overlying the
otherwise regionally correlative top of the Kinney, is
believed to represent a lows[and wedge of manne sedi-
ments deposited in a marine embayment during regional
exposure elsewhere in the study area. The apparent
absence of an unconformty at the top of this expanded
Kinney section suggests this area was topographically low
enough that it was not subaerial[y exposed. In fact, these
marine strata are overlain here by infened marginal-
manne, bioturbated mudrocks in the lower Blue Springs,
which contrast the dommantly terrestrial facies of the
lower Blue Springs to the south, east, and north of this
embayment. It is in this regard that we consider the
interbedded lime mudstones and red-green shales at
measured section number 23 to represent the facies
transition between terrestnal and marginal-manne strata in
the lower Blue Springs in this area (fig. 61). The overlying
Bruno is interpreted as a short-lived, transgressive in     ne

phase (or phases) that covered much of southern and
central Kansas (fig. 608). Ths unit is thin over much of
Kansas, but thickens to 4 ft (1.2 in) at Bannon quany (fig.
61). Hence, the lower Blue Springs and Bruno at the

Bul.a.n nR Cut.
Section 36 T31Sfl6E

fs*egncno;:£s,

SE

FIGURE61-Dlp-PARAILELsEonoNILLusTRAi`INGINFERREDLowsTANDcARBONATEveDGEsINKINNEyANDBRUNo,ANDsTRATIGRAPHlc

RELrmoNSHlps OF THE BRUNO L"ESTONE IN sOuTH-cENmAI KANSAs.



74

Bannon quarry also are nearshore-marine facies. To the
southeast, east, and north of Bannon quarry, the Bruno was
variously preserved as marine deposits, or was calichified,
or it was removed by erosion during a subsequent sea-level
lowstand (forced regression), thus accounting for its erratic
regional distribution and presence of an unconformity at
its top.  Red siltstones at the approximate stratigraphic level
of the Bruno in northern Kansas and Nebraska (fig. 56)
may represent coeval  stream or eolian deposits,  or alterna-
tively perhaps, areas from which the Bruno was deposited
and then totally removed by erosion.  Ensuing deposition of
terrestnal strata followed by  incipient transgression
culminate the depositional history of the Blue Springs
Member.

The regional extent of the marine embayment in
which the Kinney through Bruno lowstand wedges were
deposited is not known because of the lack of other
Kinney outcrops similarly  situated along the western
margin of the outcrop belt. Structure on the Precambrian
shows that at the Bannon quarry, this embayment is
located atop the flank of a high on the Nemaha Ridge (fig.
608).

Florence Formation

The revised Florence Formation includes the basal
non-cherty Cole Creek Member, a middle cherty unit, and
where it is present, the upper Oketo Shale Member (e.g„
figs. 62A and 8, locations of which are shown in fig. 63).
Where the Oketo is absent, the upper Florence generally
consists of a relatively thin section of non-cherty  lime-
stones. The Cole Creek Member is traced from Gage
County, Nebraska, to southern Cowley County, Kansas. It
vanes in thickness across the study area from about  I.8 to
8.2 ft (0.5-2.5  in), and is thickest from central Butler to
central Cowley County.  It either pinches out by
nondeposition in  southern Cowley County, or changes
facies to cherty  shales here (i.e.,  in the basal Florence at
measured section number  1  [fig.  628]).  From the
intraformational correlations shown in fig.  62, particularly
between measured sections  14 to 83-89 and  130-131  to
136,  it appears that the top of the member is a viable
stratigraphic datum rather than an irregularly occuiTing
facies change from cherty to non-cherty lithologies. Facies
in the Co]e Creek generally are represented by fossilifer-
ous mudrocks and micritic limestones, although carbonate
sands occur locally in its lower half, and compose nearly
half of the member in central Cowley County. Pelecypods
are ubiquitous in these rocks, along with various genera of
brachiopods, gastropods, and crinoids. The member is
interpreted (Mazzullo et al.,1995) as a deepening-upward
TST. In south-central  Kansas the base of the TST occurs
within the fossiliferous mudrocks of the upper Blue
Spiings Member. Farther to the north. however, light-
colored, but unfossiliferous, mudrocks and/or shales of a
tLST occur at the top of the Blue Springs from Manon to
Gage County (fig.  62).  In this area the base of the TST

instead is picked at the base of the Florence. Therefore the
Florence sea seems to have transgressed from the south-
southwest to the north-northeast across the study area.

The overlying Florence is traced throughout the study
area and is dominantly cherty and micritic throughout.
Like the cherty Threemile and Schroyer, its biota is
dominated by bryozoans. Lenses of shallow-water
carbonate sand occui. near the base of the unit northward
from Manon and Chase counties, and also at
stratigraphically higher levels at several  localities in
Butler, Chase, and Morris counties (fig.  62). Fusulinids

generally occur in both cherry,  micritic limestones and  in
carbonate sands in the lower to middle part of this unit at
many localities in the study area (fig. 62), and clearly are
not restricted in their occurrence to beds only a few feet
above the base of the cherty section as indicated, for
example, by Moore et al.  ( 1951 b) and Moore ( 1964). A
thin (generally  less than  I  ft [0.3  m]) bed with abundant
rugose corals (Lophopkyllidium spp. zlnd Heritschia spp.) zi
few feet below the top of the F]orence is a regionally

persistent marker horizon in southern Butler and northern
Cowley counties (figs.  62, 63). These corals,  attached to
commonly brecciated hardgrounds (fig. 64), likely
represent a small biostrome. Northward shallowing of
facies in the Florence, but still representing subtidal
deposits,  is indicated by increasing siliciclastic content,
including the Oketo, and regional thinning; this `shallowing
is coincident with the change from limestone to dolomite

(figs.  62, 63). The middle Florence is generally interpreted
as an extended HST of relatively deeper-water, mostly
noncyclic facies, although shallowing-upward cycles are
developed at some localities (e.g., measured section
number 46 in Butler County  [fig.  628]).  Inability to
correlate these high-frequency cycles for any distance
laterally, however,  suggests local autogenic controls on
their deposition. The maximum flooding surface occurs
toward the base of this middle cherty section (fig. 62).
Restnction of siliciclastics to northern Kansas and
Nebraska suggests a source area to the north or northeast.
and periods of local-shallowing to marginal-marine
environments of deposition. We cannot readily correlate
these cycles with, for example, shallowing-upward
carbonate cycles in central and southern Kansas, and
accordingly, we siiggest that they  may be dominantly
related to climatic changes and/or recurrent tectonism in
the source area rather than to dominant allogenic controls
on deposition.

The upper Florence is represented by the Oketo Shale
Member and, where it is absent, a relatively thin section of

generally non-cherty limestones (fig.  62). The Oketo is
present northward from Marion County (fig. 62), where it
vanes in thickness from about 3 [o 8 ft (0.9-2.4 in), and it
is mostly silty. Although correlation of the unit southward
from measured section number  139 in Marshall County
into Marlon County is fairly straightforward, recognition
and correlation are somewhat less certain farther to the
north of section  139, into Nebraska. As shown in  fig.  62.
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the Oketo in Gage County may be as much as 6 ft ( 1.8 in)
thick by our correlation, which presumes that shaly
dolomites in the middle of the unit are equivalent to
dolomitic shales/mudrocks at the same stratigraphic

position at measured section  139 in Marshall County. This
correlation is strengthened by the common occurrence at
both localities of crinoids, bryozoans, and Dcrby!.a. These
dolomitic zones, however, are not present to the immediate
south, at measured section number  136 in southern
Marshall County (fig. 62). Yet, the occurrence of more
manne facies (i.e., shaly dolomite and dolomitic mudrock)
in the middle of the Oketo in Marshall and Gage counties
is in accord with its stratigraphy in Riley to Manon
County, where fossiliferous marine limestones occur at

approximately the same horizon (fig. 62). According to
Condra and Reed ( 1959), however, the Oketo is only about
3 ft (0.9 in) thick in Nebraska, although more recently,
Burchett ( 1988) suggested that the member is absent here;
Condra and Upp (1931) did not recognize the Oketo at the
time of their study. It is possible that only the upper 2 ft 2
inches (0.65 in) of mudrock beneath what we consider to
be the Fort Riley at measured section  151  in Gage County
is the Oketo, or conversely, that the entire upper approxi-
mately 6 ft  10 inches (2. i  in) of section here is Fort Riley,
thus relegating the Oketo to the underlying  1.5 ft (0.5 in)
of dark-colored siliciclastics (fig. 62). Either possibility,
however, creates obvious problems in correlating the
section of shaly dolomite at this location to the dolomitic
mudrocks at section  139 in Marshall County (fig. 62).
Until future studies resolve this issue, we will abide by the
correlation shown in fig. 62.

The Oketo is interpreted to represent culmination of
an mLST of marginal-marine facies, dominantly fossilifer-
ous siliciclastics, within the Florence cycle. In northern
Kansas and Nebraska, this dominantly shallow-water
mLST phase of deposition composes much of the upper
third of the formation (e.g„ see measured sections  136,
139,  150, and  151, fig.  62A). We do not consider this
section a true RST because facies do not gradually shallow
upward. Rather, this mLST, like that in the Havensville.
for example, is punctuated by periods of relatively deeper-
water carbonate deposition (fig. 62A). Where the Oketo is
absent in south-central Kansas, the abrupt onset of
shallowing instead is vanously suggested by:  (1) deposi-
tion of relatively thick sections of carbonate sand and
Composz./a-rich, shallow-water limestones, such as occur
at measured section number I  in Cowley County (fig.
628); and/or (2) the general change from deposition of
bryozoan-dominated, cherty, relatively deep-water
limestones in the middle Florence to open-shelf, high- to
moderate-energy, oncolitic limestones in the upper
Florence and lower Fort Riley. Oncolitic limestones in the
Florence are restncted in their occurrence to Cowley,
Butler, and southern Manon counties, and some represen-
tative measured sections of such are shown in fig. 67; and,
likely (3) deposition of the coral biostrome. Culmination
of the Florence cycle did not result in subaerial exposure

FIGURE 63-lsopAcll oF THE FLORENCE (CI = 5 FT [1.5  M]),

LOCATION  OF FIG.  62,  ARBAL  DISTRIBIITION  OF  CORAl.S  (NEAR THE

Top  oF THE FLORENCE),  ANI)  DOLOMme  iN  TilE FLORENCE.
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insofar as we have not found evidence of an unconformity,
or even of terrestrial facies, at the top of the formation

(either in the Oketo or in correlative limestones) anywhere
in the study area. Rather, the mLST at the top of the
formation, which extends into the basal Fort Riley,
consists of manne depos]ts. Hence, a forced regression
toward the end of Florence deposition is not indicated. The
thick, expanded HST-mLST of the Florence is matched by
a similarly extended HST-mLST in the overlying Fort
Riley (e.g., figs. 66, 67, 69),.and together, the Florence and
the Fort Riley are by far the thickest marine cycles within
the Chase Group. The significance of these observations is
discussed in the concluding section of this paper.

By our correlations and stratigraphic assignments, the
thickness of the Florence increases in an east-to-west
direction from slightly greater than 20 ft to a maximum of
about 44 ft (6.I-13.4 in), and this trend is more-or-less
uniform in a north-to-south direction across the study area;
a minimum thickness of 15.5 ft (4.7 in) occurs in a small
area in central Cowley County   (fig. 63). This thickness
range generally agrees with that reported by previous
workers (e.g., Fath,1921 ; Bass,1929; Jewett,1941;
O'Connor et al.,  1953; Waiters,  1954; Mudge et al.,  1958;
Byme et al„  1959;  Scott et al.,1959; Bayne,1962).
Maximum thickness of the formation is in Marshall
County, on the eastern edge of the Salina basin, and a
depocenter appears to exist in central Butler County,
within the Walnut syncline and extending westward onto
the Nemaha Ridge (fig. 63). This area also was a
depocenter during deposition of the Blue Springs (fig.
60A). A prominent east-west-trending area of thin Flo-
rence section, interpreted as a positive area, extends across
northern Riley and into Clay County, within the Salina
basin; this feature may have begun to form during deposi-
tion of the Blue Springs (figs.  60A,  63).

FIGURE 64-RUGOSE CORALS  IN UPPER FLORENCE ATTACHED TO A

HARDGROUND  (DASHED  LINE),  LENC"  OF SCALE  2  INCHES  (5.1

cM)   White arrow points to stratigraphic top.  Sample from
measured section number 25` Cowley County,  Kansas.

Fort Riley Formation

The thickness of the Fort Riley increases from about
16.5 to 20 ft (5.2nd.1  in) in  northern Kansas, atop the
Nemaha Ridge and along the edge of the Salina basin, to
4247.5 ft (12.8-14.5 in) in Manon and Butler counties,
and then thins to about 31  ft (9.5 in) in southernmost
Cowley County.  within the Walnut syncline (figs.  65A, 66,
and 67, the locations of which are shown in fig. 658).
Maximum thickness of the formation in Marion County
occurs in the transition zone between the Nemaha Ridge
and Salina basin. A prominent area of thin Fort Riley
section, interpreted as a positive feature, defines an east-
west trend in adjoining parts of Riley, Clay, Washington,
and Marshall counties atop both the Nemaha Ridge and the
eastern edge of the Salina basin (fig. 65A). This area also
was a slightly positive feature during deposition of the
Florence (fig.  63).  Bass  (1929) and Bayne (1962) indicated
that the Fort Riley is 55nd5 ft (16.8-19.8 in) thick in
Cowley County, although the maximum thickness that we
have measured here is only aboul 38 ft ( 11.6 in).  Mudge et
al.'s ( 1958) estimate of 67 ft (20.4 in) in Moms County,
and Jewett's (1941) estimate of 35 ft (10.7 in) in Riley
County seem unreasonably excessive. Other than these
instances, oiir measured thickness of the formation is
within the range of values reported by other previous
investigators.

Condra and Upp (1931 ) indicated that the Fort Riley
is 27-30 ft (8.2-9.2 in) thick in Nebraska, and stated (p.
43) that it was "...prominently exposed.„" in the Big Blue
Valley from Beatrice southward to Bameston. Unfortu-
nately, outcrops of this unit are no longer well exposed at
all, and accordingly, we were unable to verify their
estimate of its thickness. They indicated that insofar as the
Fort Riley had been described previously, they felt no need
for further description of it in Nebraska. This was an
unfortunate decision on their part because the formation
had, in fact, not been well described in the past, and a
description of it within the context of its occurrence in the
Barneston Formation (whose type locality is in Nebraska)
would have been appropriate. They did, however, illustrate
the Florence and Fort Riley in their fig. 4 photograph (p.
41) taken "...in [sic, a] quarry east of wymore, Nebr."
Based on the outcrop characteristics shown in this photo-

graph and their general description of its location, we
believe this qualTy may be the one on the Marple Farm in
sec.  27, T.  2 N„ R.  7 E., in Gage County. The stratigraphy
here (our measured section number  15 I ) is compared to
that indicated by Condra and Upp (1931 ) in the inset in
fig. 66. They placed the Florence-Fort Riley contact just
above a conspicuous bed of dolomite with abundant
discontinuous layers of chert (at and just below the number
2 in their photograph), and we identified this same bed at
the Maiple quarry. The overlying section here, however,
includes shales and cherty dolomites that they considered
to be the Fort Riley, an assignment with which, therefore,
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FIGURE 65~A) ISOPACH OF FORT RILEy  (CI =  5  FT  [ I.5  M]) AND AREAL DISTRIBUTIONS oF MAINLy  DOLOMITIZEI) FORT  RILEY  SECTloNS,

CARBONATE  sANDs,  AND oNcoLITEs.  8)  Location  of cross  section  figs.  66,  67,  69,  and 70.



80

ii

.   :!!:;  ,t,i:!!
1!

t. -
i,              i,i,I i      I        ,i       !ti      i11

®aI®

'[  I   I.`1\`1' I  .;'  I.  T  '  '  '  'Jl  '  I  '  '

III 1111.,I    `-.' !!i!&
Ill

a'         ,:   ,,,\!i,,     ,    e`v'1

III

tj,I
3E!co-

'1•-\JII a

`   ` ,`` At,,
.

•,.I+,,.rE'

i:f=_I

•¢1

*:'"v

IE0i-

•!k

iiE

- cO       ,.    -€1) •3„p!:)i

•::

a1J,aaE®~cO3

iii!
II

I'1''111'11
I1'

I

'1II

'

i'ii

J I,   ,

•';

aJ9!IaE]:H >1

®

`ff

!i;    i!i:     fiif

aEi

9

IIi! II I                                                I

I

-3.g03".''
I                                  E

I6r

8a II 1111I

'''1

'

REgr1`

Z

®



81

I ®0g:i--

!!iH

i

£a.a

III
\)``,,Ill\

/:,\\

I/

fl'
11,

1'1'1'11

a,\,\LLl¥9i.i¥£ii.iaii?
Io+\ a

-I   `!`     _    --`     _     `\

:II
''1' I I

'1      5I//

=i !EI, i
_\r_

1111    --11-
I

III

LLJII>cOuL'II0I
>

'ti
_=

{j.,'I             :
III,  ""    "\(\:i:.;\!, I               I                      I                    I,II''

I       ,11,       ,       .      ,       ,       ,       I       ,       ,      ,I ua

!i=j
Z!=LL,

I        I                  Ill III

I
I- !=%.a,,        ,

I                        I                    '11

5381                     "ifl
I,,,,,,

Z

0



82

we obviously disagree.  About 5.5 ft (I.7 in) of what we
consider to be the Oketo overlies these cherty dolomites in
this quarry, above which only a few feet of shaly dolomite
and mudrock within what we refer to as the (basal) Fort
Riley are exposed.

The Fort Riley can be readily subdivided on the basis
of lithology and weathering characteristics into an infor-
mal, four-fold division (I through IV) of strata in south-
central  Kansas (fig. 67).  Division I is a massive-bedded,
non-porous, dominantly oncolitic limestone section. from
6 to  12 ft ( I.8-3.7 in) thick, that is traced from Butler
County to Kay County, Oklahoma (fig. 65A; Mazzullo and
Teal,  1994). This section typically is expressed topographi-
cally as a prominent ledge-fomer, and we believe it
correlates to the mostly non-oncolitic "main ledge" and
immediately underlying Fort Riley strata farther to the
nollh (figs.  66, 67). Division 11 is regionally correlative in
south-central Kansas and is a section of recessive-weather-
ing, sha]y limestones and mudrocks that is  15-23 ft (4.6-
7.0 in) thick. Cross stratified carbonate sands occur locally
within this division in central Cowley County (figs. 65A,
67) and were also recognized by Bayne ( 1962). A 24-ft
(0.6-I.2-in)-thick section of medium-to dark-gray,
sparsely fossiliferous shale to mudrock with Orbi.cw/oi.des
is a prominently developed, mappable bed just above the
base of this division throughout Butler and northern
Cowley counties; Mazzullo and Teal ( 1994) have referred
to this unit as the "gray zone" (fig.  67). We believe this
section correlates to the section of thin-bedded, dark, shaly
carbonates or calcitic shales (labeled "dark" in fig. 66)
above the main ledge in northern Kansas. Succeeding
division Ill is as much as about  13.5  ft (4. I  in) of thick-
bedded, porous carbonate sands (e.g., fig. 68A,B), and is
traced from Butler County southward to northern and
central Cowley County (rig. 65A). These strata are
conspicuously cross stratified throughout much of Butler
and northern Cowley counties (fig.  67). This division
likewise is expressed topographically as a ledge-former
and is characterized by conspicuous sinkholes throughout
the region (Mazzullo and Teal,  1994). Only thin stringers
of carbonate sand occur in southern Cowley County where
this division is thin (fig. 67).  Downdip (to the northwest)
from Butler County into Marion County, the identity of
division Ill is obscured because the Fort Riley thickens
into the Sedwick basin, and upper Fort Riley strata are
represented by low-energy, presumably more offshore,
shaly carbonates overlain by peritidal carbonates (figs. 66,
69).

The uppermost Fort Riley (division IV) is not very
well exposed throughout the study area because of its
recessive character. Earlier workers such as Fath ( 1921),
Bass (1929), and Bayne (I 962) incorrectly, in our opinion,
included these strata (e.g., figs. 68C, D) within the
Holmesville, and accordingly, recognized only a tnpartite
division of the Fort Riley (sensu divisions I-Ill as de-
scribed above). As discussed in the first part of this paper,
we include these strata within the Fort Riley Formation.
Division IV ranges in thickness from about 2 ft, to a

maximum of 13 ft (0.64.0 in) at measured section number
45 in Butler County (figs. 67, 69, 70). Facies are domi-
nantly thin-bedded, shaly, and sparsely fossiliferous

(Composi.ra and echinoid and pelecypod fragments)
limestones. Thin beds of carbonate sand occur locally

(figs.  67, 70), as well as tidal-flat carbonates with
cryptalgal laminites (fig. 68E). At one locality  in Butler
County (measured section number 62), the contact
between divisions Ill and IV is a prominent erosional
scour with nearly 3 ft (0.9 in) of relief (fig. 68D). Above
this erosion surface, division IV strata are very thin
bedded, shaly lime mudstones with scattered small
Composl.fa. This section is conspicuous for its lowLangle
foresets and wedge-out of strata against the erosion surface
(figs. 68D, 70). These beds may have filled a tidal channel,
and their laminated appearance may be indicative of tidal
rhythmites. An irregular contact between divisions Ill and
IV also occurs at nearby measured section number 65 in
Butler County (fig. 70), but elsewhei.e, the contact between
these divisions appears to be conformable. Hence, the
erosional surface at measured section number 62 is of only
local extent, and therefore, is not considered to be a
sequence boundary. Interestingly, both measured sections
62 and 65 are situated atop a very high part of the Nemaha
Ridge in this area (fig.  65A).

Moore et al.  ( 1944,  1951a) also recognized a four-fold
division of the Fort Riley in northern Kansas on the basis
of lithology. Although these divisions are in fact recog-
nized in some parts of northern Kansas, we have found
that they are not recognizable throughout all of this area.
Also, the four divisions recognized by Moore et al. ( 1944,
195 la) do not exactly coincide with the four divisions that
we recognize in south-central Kansas. For example, we
recognize only divisions I and 11, on the basis of gross
lithology, northward from Butler County. The following
discussions refer to fig. 66. At measured section number
110A in Geary County, for example, the basal few feet of
the Fort Riley are thin-bedded and shaly limestones, and
these facies persist, but as shaly dolomites, as far north as
southern Marshall County. In northern Marshall County,
however, this section instead is represented by thick-
bedded carbonate. In turn, this section is overlain by the
typically massive-bedded "main ledge" throughout much
of northern Kansas, which includes some carbonate sands
in Geary, Marshall, and Riley counties. This unit loses its
identity in Mal.shall County, however, where i{ has
changed to dolomite, and also is not recognized in Gage
County, Nebraska (e.g„ fig. 66 inset). Together, strata lip to
and including the "main ledge" compose the lower two
divisions recognized by Moore et al„ but we include them
within division I because we correlate the "main ledge" to
this division in Butler and Cowley counties. We note,
however, that oncolitic limestones, which compose all of
division I in south-central  Kansas, are not present in this
division north of Geary County.

Returning again to measured section number I loA
(fig. 66), middle Fort Riley strata overlying the ``main
ledge" are mostly bedded, shaly limestones which in turn,



are overlain by thicker-bedded dolomitic limestones and
dolomites in the upper Fort Riley. Moore et al. (1944,
1951 a) included these strata in their third and fourth
divisions of the Fort Riley, respectively. This stratigraphy,
however, is not recognized northward from Riley County,
where instead, strata overlying the "main ledge" are
mostly thin-bedded, shaly dolomites with some shales, and
locally, thick beds of shaly dolomite. Carbonate sands,
which compose division Ill in south-central Kansas, are
not present in northern Kansas. We therefore include all
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strata above the .`main ledge" within division 11 because,
like division 11 strata in south-central  Kansas, they mainly
represent low-energy, marginal-marine facies. By these
divisional assignments, we are not necessanly suggesting
any temporal relationships among divisions between
south-central Kansas and areas to the north; these divisions
are merely of a descriptive, lithologic nature.

Fort Riley facies southward from Butler County are
dominantly subtidal deposits, and a few feet of cross
stratified carbonate sand and/or tidal-flat facies are

FIGURE  68-A)  LARGE-SCALE,  CROSS  STRATIFIED  SETS  IN  FORT  RILEy  DIVISION  Ill  BICX3Rj6|INS1`ONES  (ROD  DIVIDED  INTO  20-CM  SEGMENTS).

ROADcuT ALONG US-54 opposite EL DORADo STATE CoRREcmoNAL FAciLITy, MEAsuRED sECTloN  NUMBER 72, BUTLER CoiINTy,  KANSAs.

8)Quanyexposureoflarge-scale,crossstratifiedsetsinForlRileybiograinstoneindivision111,measuredsectionnumber73,
Butler County.  Kansas. Thickness of division Ill strata shown here is 7.3 ft (2.2 in). C) Division Ill and IV strata at Huff quarry,
measured section number 65, Butler County, Kansas  D) Roadside exposure along US-54-K-77 and K-96. south side, showing
erosional truncation between divisions Ill and IV in the Fort Riley  (measured section number 62, Butler County.  Kansas).  For
reference to scale, division IV  strata here are a maximum of 4 ft ( 1 .2 in) thick.  E) Bed of cryptalgal  laminite in division lv  strata
in Huff quarry (measured section number 65). F) Fenestral carbonates in the upper Foit Riley, Martin Manetta Sunflower quarry,
Manon County, Kansas (measured section number 89, north end); hammer for scale.
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recognized at only one or two localities in Cowley County

(within division 11, fig. 67) and in Butler County (in
division IV, fig. 68E). Thick sections of what we previ-
ously ( 1995) have interpreted to be subtidal but tidal-
influenced, porous carbonate sands occur within division
Ill strata at many localities in Butler and northern Cowley
counties (e.g., measured section number 73, figs. 67, 68A).
Thick cross stratified sets with bimodal-biopolar dips are

prominent, and the rocks include tabular intraclasts of
desiccated lime mudstone. Elsewhere in this area, these

porous sands contain few to no intraclas{s, they locally are
extensively bioturbated, and although they consist of thick
cross stratified sets, the dip directions of the cross strata
are not bipolar (e.g„ fig. 688). In contrast, Fort Riley
facies are dramatically different north of Butler County,
where the formation becomes progressively more dolo-
mitic, and thick sections of carbonate tidal flat facies
compose a large part of the formation northward from
Manon County (figs. 66, 68F). Together, these facies
distnbutions define a northward-shallowing platform that
included a relatively thin section of mainly nearshore-
marine and tidal-flat facies in the northern part of the study
area, which passed southward (and presumably westward)
to a thicker section of more open-marine facies, at least
during deposition of divisions I, Ill, and IV (figs.  65A, 66,
67, 69). The formation thickens into the Salina basin (fig.
69). Shaly division 11 thins to the west, into the Salina
basin (fig. 69), and thins both to the north and south of its
maximum thickness in Geary to Butler County (figs. 66,
67),  suggesting a dominant source of siliciclastics to the
east.

Oncolitic division I in south-central Kansas encom-

passes, in ascending order, continuation of the mLST that
is inferred at the top of the Florence, and a rapidly ensuing
TST and HST, the former with a relatively poorly recog-
nized maximum flooding surface of either shale/mudrock
or shaly limestone, depending on location (fig. 67). This
same stratigraphy is recognized in central and northern
Kansas, although a maximum flooding surface is not
readily apparent (fig. 66). Uppermost beds of division I,
and nearly all of division 11 strata in south-central Kansas
appear to be an expanded mLST of mostly low-energy,
nearshore, and marginal-marine mudrocks and shaly
limestones (fig. 67).  High-frequency cyclicity is present in
this section (Mazzullo and Teal,  1994), although most of
these cycles can not be traced for any distance laterally.
We do not consider this section to be an RST because
facies do not gradually shallow upward. In central and
northern Kansas, this mLST appears to be very thin, and
likewise, also includes some high-frequency cycles (fig.
66).  Uppermost beds of division 11, together with divisions
Ill and IV in south-central Kansas are interpreted as an
HST-RST couplet (fig. 67) because facies first deepen and
then shallow-upward from high-energy carbonate sands to
shallow-lagoonal and peritidal carbonate. The expanded
RST in central and northern Kansas, which is composed of
a thick section of carbonate peritidal facies (fig. 66), may

be temporally equivalent to this HST-RST; compared to the
underlying mLST, this section records relative highstand.

We have not found any evidence of an unconformity at
the top of the Fort Riley anywhere in the study area. The
sequence stratigraphy of the upper Fort Riley, together with
the overlying basal Holmesville, define a nomal regressive
section (sensu Posamentier et al.,1992). This is the first
appearance of such a stratigraphy in the Chase Group in that
forced regressions were inferred at the tops of the underly-
ing Schroyer, Kinney, and Bruno. Notwithstanding regional
facies changes, the overall sequence stratigraphy of the Fort
Riley, that is, relative HST-mLST-HST, is traced through-
out the study area and may suggest dominant allogenic
control on deposition of this formation. Superimposed on
this motif, however, are the anomalously thick sections of
apparently aggradational and progradational peritidal
deposits in northern Kansas. Together with the lack of
colTelatability of the high-frequency cycles in the mLST,
they suggest an overprint of autogenic control on deposi-
tion.

Doyle Shale

Regional Thicknesses

Thickness trends of the Doyle and its component
members were difficult to map because of the many
incomplete exposures of this formation in the study area.
Several apparent discrepancies exist between our estimates
of formation and member thicknesses (figs. 71, 72),
especially concerning the Gage, and those of previous
workers. By our estimates, for example, the Doyle is about
60-70 ft ( 18.3-21.4 in) thick in Cowley and Butler counties

(fig.  71A). In contrast, Bass (1929) and Bayne (1962)
estimated its thickness to be about 75-92 ft (22.9-28 in) in
Cowley County, and Fath ( 1921 ) estimated it to be as much
as  105 ft (32 in) thick in Butler County. However, these
workers had included within the Doyle what we refer to as
division IV of the Fort Riley, the Stovall or its equivalent

(the Santa Fe Lake Member), and the Grant Member of the
Winfield Limestone. Subtracting the combined average
thickness of these units reduces the maximum thickness of
the Doyle (by their estimates) to about 83 ft (25.3 in) in
Cowley County and to about 91  ft (27.8 in) in Butler
County, values that are still greater than our estimates.
Although thicknesses of the Holmesville and Towanda are
in general accord in these areas, Bayne ( 1962) estimated the
Gage Member to be 55nd5 ft ( 16.8-19.8 in) thick in Cowley
County, whereas we measured a maximum of only 40 ft
(12.2 in) at our section number  10 (fig. 74), at which upper
and lower contacts of the member were exposed. Likewise,
Fath (1921) estimated the Gage to be 50ndo ft (15.3-18.3
in) thick, whereas we described a maximum thickness of
only about 35  ft (10.7 in) at several localities in Butler
County at which upper and lower contacts of the member
also were exposed (fig. 728). Hence, using our measured
thicknesses of the Gage further reduces previous thickness
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FIGURE 7l-A) REGioNAL ESTIMAIEs or Ti+icKNEss oF THE DOTLE SHALE.  8) Isopach of the Holmesville Member (CI = 5  ft I 1.5  m]),
and areal distribution of recrystallized limestone and locally fossiliferous limestone lenses in the member.
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FIGURE 72-A)  IsopACH oF THE TowANDA  MEMBER  (CI =  5  FT [ I .5  M]),  AND  FAclEs IN THE uppER  BEDs.  8)  Isopach of the Gage  Member

(CI = 5 ft  [ I.5  m]), showing the distribution of fossiliferous and unfossiliferous shales and/or mudrocks  in the member.



estimates of the Doyle and results in general agreement
between our data and previous workers in these counties.

Byme et al. (1959) believed the Doyle was about 80 ft

(24.4 in) thick in Manon County, whereas we have
measured 55 ft ( 16.8 in) of thickness at, for example, our
measured section numbers 85 and 87 (the latter which,
surprisingly, is also the location of one of their own
measured sections of the Doyle). The discrepancy in
thickness anses from their estimate of 45 ft ( 13.7 in) for
the Gage, whereas we have measured only 31  ft (9.5 in) of
Gage strata at locality 85, where upper and lower contacts
are exposed. Moore et al.'s ( 195 lb) estimate of about 62 ft

(18.9 in) for the Doyle in Chase County, and Mudge et
al.'s ( 1958) estimate of about 67 ft (20.4 in) in Moms
County, are in accord with our estimates in these areas.
According to Jewett ( 1941 ), maximum thickness of the
Doyle in Geary and Riley counties is 90 ft (27.5 in), with
the thickness of the Gage here being about 50 ft (15.3 in).
However, we have measured only about 53 ft ( 16.2 in) of
Doyle, and about 24 ft (7.3 in) of Gage at our measured
section numbers  110A and  116 (fig.  73), where upper and
lower contacts are exposed. Walters and Bayne's (1959)
estimate of the thickness of the Doyle in Clay County (65-
70 ft [ 19.8-21.4 m]) is only slightly thicker than ours (53-
65 ft [16.2-19.8 m]), and our estimate for Gage County,
Nebraska, agrees with that of Condra and Upp ( 1931

[about 64 ft ( 19.5 in)]). However, we disagree with Walters
(1954), who indicated that the Doyle was about 80 ft (24.4
in) thick in Marshall County; instead, we have estimated it
to be only about 60nd5 ft (18.3-19.8 in) thick here. Only

part of the (lower) Doyle is exposed in Pottawatomie and
Wabaunsee counties, and hence, we cannot determine total
thickness here.

Based on these data, the thickness of the Doyle
appears to be fairly uniform across the study area, and
there is no indication of any significant local depocenters
of increased accommodation during its deposition (fig.
7lA).

Ho]mesvil]e Member

By our data, minimum thickness of the Holmesville
(4.3 ft [1.3  m]) occurs at measured section number  142 in
northern Marshall County, and maximum thickness of
about 20 ft (6.1  in) occurs to the west of this locality, into
the Central Nebraska and Salina basins, and also in
Cowley County, within the Walnut syncline (fig. 718).
However, the member generally appears to thicken from
east to west within the study area. Fath (1921 ) believed the

member was about 35 ft ( 10.7 in) thick in Butler County,
which we consider to be excessive based on available
outcrop control. Estimates of Holmesville thicknesses in
Geary and Riley counties (Jewett,1941  [20-25 ft or 6.1-
7.6 m]), Pottawatomie County (Scott et al„  1959 [27-33 ft
or 8.2-10.1  m]), and Marshall County (Waiters,1954 [20
ft or 6. I  m]) also are considerably thicker than the regional
trend indicated by our data from the sparse number of
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outcrops and measured sections here. We could not rely on
topographic relationships to estimate thickness of the
member in these counties, as undoubtedly was done by
these authors, because of structural complexity. Hence, we
consider our map (fig. 718) to be tentative. The member
appears to be about 20 ft (6. I  in) thick in Gage County,
Nebraska, a thickness that also was suggested by Condra
and Upp (1931 ).

Throughout the study area most of the member is
composed of unfossiliferous, dominantly tLST
siliciclastics (figs. 73, 74). Thin limestones, separated by
shale or mudrock, are recognized at approximately the
same stratigraphic horizon in the lower part of the member
(fig. 74) at several outcrops southward from Marion
County into Cowley County, at localities that are atop the
Nemaha Ridge, within the Walnut syncline, and along the
eastern edge of the Salina basin (fig. 718). They are shaly
lime mudstones, locally with desiccation cracks, and are
unfossiliferous except at measured section number 87 in
Marion County, where they contain some crinoids and
fragments of thin-shelled pelecypods. A few feet of
recrystallized lime mudstone with evaporite relicts also
occur in the upper Holmesville a[ locality 87 in Marion
County (fig. 74), and similar limestones occur at approxi-
mately the same stratigraphic position in parts of Riley and
Marshall counties (at measured sections  127 and  136,
respectively); these localities are atop the Nemaha Ridge
and the Salina basin (fig. 718). These beds may be tidal-
flat or nonmanne deposits. If all of these limestones are in
fact manne (i.e., peritidal to nearshore), then their pres-
ence indicates as many as four high-frequency marine
transgressions during Holmesville deposition (fig.  74). The
erratic distribution of these carbonates could be the result
of post-depositional erosion insofar as they are each
overlain by apparently forced regressive, tLST deposits.

The contact of the Holmesville and manne beds of the
overlying Towanda is abrupt at all  localities at which it is
exposed. At some localities uppermost Holmesville strata
beneath the Towanda are light-colored, but unfossiliferous,
mudrock which may be marginal-manne, initial TST
deposits (figs. 73, 74). At other localities uppemost
Holmesville strata are terrestnal red and/or green shale/
mudrock, which may indicate either very rapid transgres-
sion, or the existence of local {opogra|)hic highs on the
Holmesville surface.

Towanda Member

The Towanda vanes in thickness from about 5 to  15 ft
( 1.5-4.6 in), generally  increasing in thicleness from east to
west across the study area (fig. 72A). These thickness
values are in agreement with those of previous workers.
No anomalous depocenters appear to have been in exist-
ence during deposition of this member.

Facies in Gage County, Nebraska, and Marshall
County, Kansas, are dominantly porous, coarse-recrystal-
lized limestones with secondary calcite veins, locally with
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FIGURE  73-SECTloN  IN  NORTHERN  KANSAS  AND  NEBRASKA  SHOWING  STRATIGRAPHY,  INFERRED  FACIES,  AND  CORRELATION  0F  IINITS  WITHIN  THE

DoyLE SHALE. Note the gradational contact between the Towanda and Gage Members at measured section number  107  in
Dickinson County.
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thin lenses of breccia (fig.  75A), shallow channel-fills of

peloid and/or biograinstone, and lenses to thin layers of
foraminiferal wackestones; these rocks are interpreted
mainly as aggradational and progradational tidal-flat
deposits (fig. 73). Breccias are interpreted as having
resulted from dissolution of evaporites (Mazzullo and Teal,
1994; Mazzullo et al„  1995,  1996), for which there is
ample evidence of their fomer presence in the rocks (e.g.,
fig. 75C) and also in the subsurface (Mazzullo and Teal,
1994). To the south, facies include nuclear areas of
dominantly cyclic tidal-flat limestones (locally with
breccias) amidst a broad facies tract of low-energy,
subtidal  micritic limestones  interspersed with high-energy,
carbonate sands (fig. 72A). The carbonate sands domi-
nantly are foraminiferal, although oolite grainstones and

prominently cross stratified, gastropod-rich (dominantly
Mwncfei.som!.a  spp.  and Sfcgococ/i.a spp.) packstones to

grainstones occur locally in Butler and Pottawatomie
counties, respectively (figs. 72A, 73, 74, 758). Approxi-
mately the middle part of the Towanda changes from
limestone to unfossiliferous, yellow mudrock and/or shale
in Cowley County (fig. 74), although siliciclastics are also

present in the lower part of the section northward from
Geary County (fig. 73). The upper contact with the Gage is
rarely exposed, although where it is, it mostly appears to
be sharp and conformable, although locally rooted (e.g„ at
measured section number 58 in Butler County [figs. 74
and 75D]). A prominently expressed gradational contact
between the Towanda and the overlying Gage, however, is
well exposed at measured section number 107 in
Dickmson County, Kansas (see Appendix).

The TST at measured sections 58-59 in Butler
County, and also at measured sections 85-87 in Marion
County (fig. 74), are represented by tidal-flat deposits
overlain by oolitic and/or foraminiferal sands, the latter
which represent a maximum flooding surface. At locality
58~59 the HST is overlain by what appears to be an

apparently normal RST (sensu Posamentier et al„  1992) of
presumed low-energy, shallow-subtidal limestones that
grade upward to tidal-flat deposits that are rooted at the
top but which do not otherwise include evidence of a

pronounced unconformity at the top of the member.
Indi vidual, high-frequency, shallowing-upward cycles
could not be identified in this section here, possibly
because of amalgamation of facies (Mazzullo et al.,  1995).
In contrast, numerous shallowing-upward cycles of
carbonate sand and subtidal micritic Limestones are presen`t
above the maximum flooding surface at locality 85-87.
This section appears to be an expanded HST that is not
capped by peritidal facies or obviously truncated by an
unconformity, although it is abruptly overlain by tenestrial
siliciclastics. Cycles in this section likewise can not be
correlated for any distance to the north or south (figs. 73,
74). At measured sections  19 in Cowley County and  142 in
Marshall County (figs. 73, 74), for example, the maximum
flooding  surface is overlain by siliciclastics interpreted as
mLST deposits, and in turn, these are overlain by relative

HST deposits of subtidal to peritidal character, respec-
tively. An even more complex lithostratigraphic scenano is

present at measured sections  I loA and  133 in Geary and
Pottawatomie counties, respectively (fig. 73).

Considerable autogenic control on deposition during
Towanda time clearly is suggested by:  ( I ) the relatively
thick sections of peritidal deposits, particularly in Ne-
braska and northern Kansas; (2) the patchwork mosaic of
numerous centers of tidal-flat deposition (e.g„ Ginsburg,
1971) amidst subtidal facies (fig.  72A); and (3) as dis-
cussed above, the complexity of the inferred sequence
stratigraphy of the section. Relative to the dominantly
tLST of the underlying Holmesville and the overlying
Gage, however, the Towanda is an overall marine-
dominated highstand phase of deposition that is recognized
throughout the study area. We suggest that if this facies
complexity were to be generalized, a "type" stratigraphy of
the Towanda would be represented by the outcrops at, for
example, measured sections  19 or 149 in Cowley and
Gage counties, respectively (figs. 73, 74), where the
stratigraphic motif is, in ascending order. a section
composed of relative HST carbonate, mLST siliciclastic,
and HST carbonate. Despite the difference in scale, this
motif is similar to that in the Wreford, Kinney, and Fort
Riley, and together with the regional persistence of the
member, it suggests relative long-term allogenic control on
deposition of the Towanda.

Gage Member

By our data, thickness of the Gage vanes from about
24 to 40 ft (7.3-12.2 in) across the study area, generally
increasing in an east to west direction (fig. 728). Discrep-
ancies between our data and estimates of member thick-
ness in Butler and Cowley counties by Fath ( 1921 ), Bass

(1929), and Bayne (1962), and in Geary and Riley counties
by Jewett ( 1941), were discussed above. Moore et al.

(195 lb) and Mudge et al.  (1958) indicated that the Gage is
3844 ft ( 11.6~13.4 in) thick in Chase and Moms coun-
ties. Walters ( 1954) indicated a thickness of 45-50 ft

( 13.7-15.3 in) in Marshall County, and Condra and Upp
( 1931) suggested a thickness range of 3446 ft (10.4-14.0
in) in Gage County, Nebraska. We have been unable to
adequately determine the thickness of the member in these
areas because of poor outcrops and/or structural complex-
ity.

Facies in the Gage are red and green shales and
mudrocks, representing a dominantly prolonged tLST,
overlain by a thinner TST of light-colored shales and
mudrocks (figs. 73, 74). These TST deposits are fossilifer-
ous northward from northern Butler County into south-
central Dickinson and southernmost Geary counties, and
also in western Marshall County. but are unfossiliferous
elsewhere (fig. 728). Fossils in these beds include varying
amounts of pectinid casts (including Sapfi.my¢/I."a spp.),
foraminifers, crinoids, bryozoans. echinoid fragments, and
some Dcrdyl.fl spp. and Composl./a spp. Several thin beds



of limestone occur sporadically within the middle to upper

part of the member, and near the base of the member, from
Marshall County southward to Cowley County (fig. 76).
Aphanitic and shaly, unfossiliferous lime mudstones, with
desiccation cracks at the top, occur in central Butler to
Cowley County, and they may be either marine or terres-
tnal deposits. To the north these limestones are mainly
manne biowackestones to packstones with brachiopods
(Composl.rc] spp., Dcrdyi.cz  spp., and some lingulids),
crinoids, and bryozoans. The seeming elTatic occurrence of
at least the unequivocal marine limestones in such sections
suggests several high-frequency, transgressive-regressive
cycles which, by their apparent lack of colTelatibility, are
not convincingly of allogenic origin.

Winfield Limestone

Winfield strata normally vary in thickness from about
20 to 35 ft (6.1~10.7 in) across Kansas, generally increas-
ing from east to west and north to south (figs. 77A and 79-
81). The formation is anomalously thick, however, at and
around measured section number 67 in Butler County
(Peck quarry, fig. 81 ), where the approximate maximum
thickness (based on exposures here and nearby outcrops)
of 45 ft ( 13.7 in) defines a local depocenter to the immedi-
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ate east of the Humboldt fault zone, within the Walnut
syncline (fig. 77A). The formation likewise is about 4243
ft ( 12.8-13. I  in) thick in northeastern Manon County, on
the edge of the Salina basin (fig.  77A). At both localities
the increased thickness of the Win field is the result of
expanded Luta sections (figs. 788, 80,  81 ). A slightly

positive feature existed during deposition of the Winfield
as suggested by the east-west trend of relatively thin
Win field strata across Geary and northern Dickinson
counties, which includes part of the Nemaha Ridge and the
Salina basin (fig. 77A). This feature may have begun to
form during deposition of the Doyle (e.g„ fig. 71 A).
Another small, slightly positive feature occurs atop a
locally high part of the Nemaha Ridge in southwestern
Butler County (fig. 77A).

The westernmost exposure of the Win field that we
have located and examined is in northeastern Summer
County, Kansas, just north of the town of Oxford and
along the bluffs of the Arkansas River within the Churchill
oil field,  in see.  36, T.  31  S„ R.  2 E.  (our measured section
number 155, shown in fig. 81 ). This outcrop was noted by
Bass ( 1929, p. 92), who indicated that the Win field,
Enterprise shale (Luta and Odell of present usage), and
Herington were exposed there. Although we found the
Win field (upper Grant to Luta) and the basal Odell in this

FIGURE 75-A)  ouTCRop oF DlssoLimoN-coLLApsE BREoclA iN Tt+E TowANDA,  EAST siDE oF Auc,USTA  LAKE, MEAsuRED sECTloN NUMBER  61,

BUTLER CouNT¥, KANSAs (PEN FOR SCALE). 8) Quarry exposure of low-angle, cross stratified, gastropod-rich biopackstone to

grainstone in upper Towanda, measured section number  133, Pottawatomie County, Kansas. C) Slab of calcite-replaced, nodular-
mosalc evaporite nodules in Towanda (from measured section number 61, Butler County); length of scale  I  inch (2.5 cm). D)
Slab of lime mudstone with fenestral fabric and inferred vertical rootcasts, top of the Towanda at measured section number 58,
Butler County,  Kansas); length of scale  I  inch (2.5  cm), arrow points [o stratigraphic top.
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FIGURE 77-A)  IsoApcH  oF THE WINFIELD LIMEsroNE  (CI =  5  FT  [ I.5  M]),  AND  LocATloNs  oF cRoss  sECTloN FIGs.  79-81.  8) Isopach  of the

Grant Member (CI = 2 ft [0.6 m]), and areal distribution of the Stovall and Santa Fe Lake Members.



FIGURE 78-A) IsopACH oF THE CREsswELL MEMBER (CI = 2 FT [0.6 M]) AND DlsTRIBUTloN oF INFBRED FAclEs.  a) Isopach of the Luta (CI
= 5 ft  I I .5  m]), and dominant facies.



area, detailed search disclosed that stratigraphically higher
units in fact are not present. Estimated thickness of the
Winfield is about 35 ft ( 10.7 in) at this locality (figs. 77A,
81). Perhaps because of the narrowness of the outcrop belt,
this exposure of Chase Group strata is not included on the
current geologic map of Kansas.

Correlation of the Winfield Limestone across Kansas
is fairly straightforward, notwithstanding facies and
thickness changes in its component members (figs. 79-81).
The Winfield is very |]oorly exposed, however, in Ne-
braska. What we believe may be about 9.5 ft (2.9 in) of
exposed Winfield, as suggested by field relations, is an
outcrop along the streambank at measured section number
153 in Gage County (fig. 79). The Winfieldcodell contact
is sharp to locally gradational, and there is no evidence of
an unconfomity at the top of, or anywhere within, the
formation where we have seen it in Kansas and Nebraska.

Relative to the dominantly tLST of the Gage and the
overlying Odell, the Winfield represents a major manne
HST that is recognized throughout the study area. At a
finer scale of resolution, the tnpartite subdivision of the
Winfield, which is also recognized regionally, is inter-

preted to represent, in ascending order, relative highstand
(Stovall-Santa Fe Lake Members), mLST (Grant Men-
ber), and ensuing dominant highstand (Cresswell and Luta
Members) phases of deposition. This stratigraphic mosaic
is therefore similar to that in the Wreford, Kinney, Fort
Riley, and Towanda, and suggests long-term allogenic
control on deposition of the fomation.

Stova]lrsanta Fe Lake Members

The Stovall Member, that is, cherty limestone, is
clearly recognized from northernmost Butler County to
Marshall County, Kansas (figs. 778, 79, 80). The member
varies in thickness in this area from about  I  to 3.3 ft (0.3-
I .0 in) and generally thins to the north. Maximum thick-
ness of 3.3 ft (1.0 in) occurs at measured section number
91A in northeastern Manon County (e.g., shown in fig.
80). These thickness values agree with those of previous
workers. The Stovall consists mainly of fossiliferous, non-

porous lime mudstones to biowackestones, and local
biopackstones, with relatively abundant Derbyl.a ,
Rerz.cw/a!ja, and bryozoans. At measured section number
153 in Gage County, Nebraska (fig. 79), the presumed
Stovall-equivalent section is a little over 2 ft (0.6 in) of
interbedded, shaly, intraclastic dolomudstones ,
biowackestones, and fossiliferous , light-gray mudrocks
with foraminifera, Permapfeorwf spp., Avz.cwJapccJc" spp.,

Sepfz.mya/jna spp., and some high-spired gastropods. If
indeed this section is Stovall', then these facies suggest

proximity to its northern paleoshoreline. The Santa Fe
Lake Member is sporadically developed throughout Butler
and Cowley counties (fig. 778), where it is about 34 ft
(0.9-1.2 in) thick and composed mainly of thin-bedded,
shaly, and poorly fossiliferous (e.g., some pelecypods)
lime mudstones (fig. 81). A thin bed of oncolitic carbonate
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sand occurs at the base of the member at measured section
number 7 in Cowley County (fig.  81 ).

Regional lithologic and biotic relationships suggest
that the Stovall represents open-manne facies, whereas the
Santa Fe Lake is composed of marginal-manne, and
locally, tidal-flat deposits. We believe that the Stovall is
the deepest-water of facies within the Winfield Limestone
(Mazzullo et al„  1995,1996). The initial TST and the HST
of the Winfield cycle are therefore represented by the
upper Gage and Stovall-Santa Fe Lake Members; a
maximum flooding surface is not readily apparent within
the former members (fig. 80).

Grant Member

The minimum thickness of this member is about 4 ft
(1.2 in) in southernmost Cowley County, although it is as
much as 8 ft (2.4 in) thick at some other localities in the
county (fig. 778). The Grant previously was thought not to
be present in most of Cowley County (e.g„ Bass,  1929;
Bayne,  1962; Zeller,1968), although it is clearly identified
here, as well as in Summer County (at measured section
155), as fossiliferous mudrcoks and shaly limestones
above the Santa Fe Lake Member (where present) and/or
the unfossiliferous Gage (fig. 81) as was demonstrated by
Mazzullo and Teal ( 1994). The thickness of the member
increases to the north, to a maximum of about 15.3 ft (4.7
in) at measured section number 140 in Marshall County,
on the edge of the Salina basin (figs. 778, 79, 80). These
thickness values agree with those of previous workers.
Id)cal thickening of the member occurs at measured
section number 91 in Manon County, within the Salina
basin (fig. 77A). The presumed Grant at measured section
number 153 in Gage County, Nebraska, is 2 ft 4 inches
(0.7 in) of unfossiliferous, black shale interpreted to be
lagoonal deposits (fig. 79). Regional thickness of the Gage
suggests a dominant source of siliciclastics from the north-
northeast.

The Grant consists largely of fossiliferous (Dcrbyi'a
spp., Rcfi.cwJaJjcz spp., crinoids, bryozoans), marginal-
marine mudrocks with some lenses of shaly limestone.
Inferred evaporitic tidal-flat facies (mainly siliciclastic)
occur at the top of the member at several localities in
northern Kansas (figs. 79-81). Presumed paleosols occur
immediately above the Santa Fe Lake Member, at the base
of the Grant, at several localities in Butler County (e.g., at
measured sections 44 and 55, shown in fig. 33). Small
nodules of black chert occur locally in the section in Geary
and Marshall counties (fig. 79).

A prominent and readily mappable, oncolitic lime-
stone section about 3 ft (0.9 in) thick, with red oncolites,
occurs just below the top of the member throughout most
of Cowley County (figs. 81, 82A, 8), and we traced this
unit into Summer County (measured section  155)(fig.  81).
This bed was referred to as the "concretionary zone" by
Bass (1929) and Bayne (1962), and as the "pebble zone"
by Condra and Upp (1931). Bass and Bayne, however, had
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erroneously included this unit within the Gage Member of
the Doyle Shale. In south-central Kansas the uppermost
foot or so of the member is variously fossiliferous
mudrock or a recessive-weathering, shaly, bioturbated
limestone; to the north, the contact is placed between the
underlying mudrock and the massive, commonly cherty
limestone of the overlying Cresswell (figs. 79-81).

Cresswe]] Member

The Cresswell Member is recognized lithologically on
the basis of its light color, local content of chert nodules,
massive bedding, and "rough" weathering appearance due
to the presence of silicified fossils (Prosser,  1897; Condra
and Upp,  1931 ). The upper contact with the Luta is
confomable but locally gradational (fig. 83A). As so
recognized, the Cresswell is readily traced from Riley and
Clay counties southward to Cowley County, where it
increases in thickness from about 3 ft to a maximum of
about 12 ft 2 inches (0.9-3.7 in)(figs. 78A, 79-81). The
thickness of the member drastically increases south of the
latitude of EI Dorado in Butler County, both within the
Walnut syncline and on the Nemaha Ridge (fig. 78A).
These thickness values are consistent with those of other
workers and, considering the relatively uniform thickness
of the underlying Grant Member, suggest increased
accommodation toward the south during deposition of the
Cresswell. At measured section  155 in Summer County the
Cresswell is only 9 ft (2.7 in) thick, and defines a local
high atop the transition from the Nemaha Ridge into the
Sedgwick basin (fig. 78A). The relatively thin Cresswell
section to the immediate east of this locality suggests that
this high is part of an east-west-trending arch that extended
into the Walnut syncline (fig. 788).

In Summer, Cowley, Butler, and southern Manon
counties, the member is dominantly very porous, oncolitic
carbonate sand, deposited on a shallow, high-energy, open-
marine shelf (figs. 78A, 80, 81). This section typically
includes one or more beds with prominent veltical burrows
(locally with the pelecypods Avi'cw/api.""a , Scp/i'mya/I.na ,
and A//on.srrza spp.), and it locally is cross stratified (figs.
81, 82C and D). Foraminifers are abundant in many beds,
and accessory fossils include bryozoans, Dcrdyi.cl spp„
crinoids, and echinoid fragments. At measured section
number 92 in Marion County, the Cresswell is  I.7 ft to,

perhaps, a maximum of 3 ft thick (0.5ro.9 in). and facies
likewise are porous, bioclastic carbonate sands (with
fossils as above), but without oncolites. These sands pass
into more micritic, probably lagoonal lithologies farther to
the north, in Dickinson County (figs. 78A, 79, 80). On the
basis of lithology, the Cresswell is not recognized in parts
of northeastern Dickinson and adjoining Geary and Moms
counties, and in most areas to the north as far as Nebraska
(figs. 78A. 79), where instead, the Luta sits directly on the
Grant (figs. 82E, F). Interbedded Cresswell-type and Luta-
type lithologies are exposed at measured section number
128 in central Riley County, just north of the town of
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Walsburg (figs. 79, 83A). The upper part of the thickened
section of Grant at measured section  140 in Marshall
County, which includes a few feet of tidal-flat siliciclastics
at the top, may be the facies equivalent of the Cresswell
(f,g. 79).

Field observations and correlations suggest that the
Cresswell is absent by nondeposition rather than by
erosion in the northern part of the study area, and is a
facies of the Luta, and locally perhaps, also of the upper
Grant. This area was not emergent  during deposition of
the underlying fossiliferous Grant, although shallowing
during this time is suggested by peritidal facies in the
upper Grant (e.g., at measured section  140, fig. 79). The
Grant is not anomalously thick where the Cressswell is
absent (figs. 778 and 78A). The overlying Luta is present
as a section of peritidal carbonate facies where the
Cresswell is absent (fig. 788). These observations lead us
to conclude that the area where the Cresswell changes
facies to the Luta may have been a somewhat positive area
that may have resulted from a pulse of tectonic uplift.
Compensating for this uplift was increased subsidence
toward the south, where the Cresswell is thick.

Although they were unsure of stratigraphic relation-
ships, Condra and Upp ( 1931) believed that the Cresswell
could be traced from Kansas into Nebraska, whereas the
Luta was absent in northern Kansas and Nebraska. This
same contention was reiterated by Zeller (1968). As shown
in figs. 78A and 79, however, it is our contention that it is
the Cresswell that pinches out long before reaching
southeastern Nebraska, whereas the Luta alone is present
in northern Kansas and Nebraska (fig. 82E, F). In fact,
even Moore and Elias (no date, open-file report) had
earlier questioned Condra and Upp's ( 1931 ) conclusions
regarding these members, and in doing so, precognitively
lended support to our conclusions when they stated (p.
133) "... and that it is the Luta that persists through
Marshall and Washington counties and into Nebraska." By
our comelations (e.g„ fig. 79), the Cresswell likely is a
facies of the lower Luta (and locally, possibly also the
upper Grant) in northern Kansas. Insofar as the Luta in
northern Kansas is mainly tidal-flat facies, the line of
depositional pinchout of the Cresswell (fig. 78A) repre-
sents its paleoshoreline. Figure 84 illustrates the lithofacies
nature of this pinchout where it occurs, for example, across

part of Dick]nson, Geary, and Moms counties. The
Cresswell is dominantly open-manne, carbonae sands
southward from Manon County, and becomes more
micritic marginal-marine facies. and locally, peritidal
facies farther to the north (e.g., figs. 78A, 84) before it

pinches out.

Luta Member

As discussed above, the Luta is traced from Marshall
County southward to Cowley and Summer counties,
Kansas, where its thickness generally vanes from about
3.5 to 20 ft (1. lid.1  in), generally increasing in an east to
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west direction and decreasing to the south  (fig.  788). The
member is anomalously thick in  south-central Butler
County (28.4 ft  [8.7  m]).  within the Walnut syncline
immediately east of the Humboldt fault,  and in northeast-
ern Manon County (31  ft  [9.5  m]) essentially on the
Nemaha Ridge (fig. 788). Two east-west-trending areas of

relatively thin Luta section,  in adjoining parts of northern
Morris, southern Geary, and western Dickinson counties,
and in northern Butler County, are interpreted to be
slightly positive areas that separated depocenters where the
Luta is anomalously thick (fig. 788). A local, but promi-
nently thin Luta section (4 ft  [1.2 m]) defines a slightly

FIGURE  82-A)  ROADCUT  ALONG  K-15  EAST OF  UDALL,  SIIOWING  WINFIELD  SECTION,  AND  PARTICULARLy,  THE  3-FT  (0.9-M)-THICK  ONCOLITIC

("coNCRETioNARy")  ZONE  IN  THE  uppER  PART  or` TliE  GRANT  MEMBER  (iNDlcATED  By  TliE  WHITE  ARRow);  MEAsuRED  sECTioN  NUMBER  26A,

CowLEy CouNTy,  KANSAs).  8) Slab of oncolites from the "concretionary  zone" at this locality; length of scale 2 inches (5. I  cm).
C) Roadcut along Hopkins Switch Road,  west side, showing apparent large-scale foresets (arrows) in the  iipper part of the
Cresswel]; measured section  number 66,  Butler County,  Kansas.  D) Roadcut along US-77 just north of Rock,  east side,  showing

prominent porous,  vert]cally burrowed zone ln the Cresswell  (hammer for scale),  measured  section  number 30, Cowley County,
Kansas.  Nearly the entire thickness of the Cresswell  is shown.  E) Luta directly overlying the Grant.  note  2-ft (0 6-in)-thlck,
crossbedded, dolomillzed oolite grainstone (between  dashed lines);  measured section  number  108,  Dickinson County.  Kansas,
along I-70` south  side   The Stovall  js exposed to the immedlate left (east) of this photo   F) Luta directly overlying the Grant

(hammer for scale); roadcut adjoining Roemer Creek,  measured section  number  140,  Marshall County,  Kansas.



elongate arch in soulhwestemmosl Butler County, atop the
Nemaha Ridge (fig.  788). The Luta is  17.3 ft (5.3 in) thick
at measured section number  155 in Sumner County, along
the eastern edge of the Sedgwick basin (figs. 788,  81).
Bass ( 1929, p. 94) erroneously reported the Luta to be 25
ft (7.6 in) thick at this locality.  Presumed Luta strata
exposed at measured section number  153 in Gage County

(fig.  79) are 5 ft ( 1.5 in) of shaly dolomudstones with
evidence of fomer evaporites (tidal-flat facies).

Throughout Butler, Cowley, and Summer counties, the
Luta consists mainly of non-porous, shallow, nearshore-
manne, micritic and fossiliferous limestones (locally
dominated by Composi.fo spp.) that grade upward into the
Odell (fig.  81 ). A relatively thick section of tidal-flat
limestones occurs in the upper half of the member at
measured section number 60 in Butler County (fig. 81).
Northward from Marion County, the Luta becomes
dolomitic and porous (from the dissolution of evaporite
nodules), and evaporitic tidal-flat deposits compose

progressively more of the member (figs. 788, 79, 80). In
general, these lithostratigraphic attributes suggest that the
Luta dominantly is a normal RST (sensu Posamentier et
al„  1992). Some higher-frequency cycles are evident in
these sections, and some of them appear to be persistent
over large areas (figs. 79, 80), and hence, may be of
allogenic origin. Lenses of relative highstand carbonate
sand (variously oolitic or bioclastic) compose at least one
of these cycles in the upper part of the Luta at measured
sections 91  and 92 in Marion County,108 in Dickinson
County,  116-117 in Geary County, and  140 in Marshall
County (figs. 79, 80, 82E, 83C). The anomalously thick

peritidal deposits in central and northern Kansas likely
reflect autogenic, Ginsburg ( 1971 )-type cycles superim-

posed on long-term allogenically controlled deposition.
The thick Luta section at Peck quarry in Butler

County (figs.  81,  838) is entirely  subtidal, fossiliferous
manne limestones and mudrocks. The overlying Odell
section here is not exposed, but detailed mapping in the
vicinity of this quaITy  suggests it is only about 7 ft (2. I  in)
thick (fig. 85A). The thick Luta at the type-locality quarry
in Marion County (measured section number 92, fig. 80) is
nearly entirely tidal-flat facies and likewise is overlain by
a relatively thin (11  ft  [3.4 m]) Odell section (fig.  85A).
The upper 6 ft ( 1.8 in) of the Luta at the Martin Marietta

qualTy in sec.  28, T.  19 S., R. 4 E.  in Marion County
(measured section nunmber 91, fig.  80) is a locally
developed lens of cross stratified, porous, oolite grainstone

(fig. 788) directly overlying a few feet of dark shale
which, in turn, is underlain by interbedded tidal flat and
shallow-subtidal limestones (fig.  83C); these dark shales
are typical lower Odell-type facies (e.g„ refer to the lower
Odell at measured section number  103, fig.  80). We
correlate the oolite here with a thin section of porous,
fossiliferous carbonate sands at the Luta-type locality

quarry (fig. 80). A similar lens of cross stratified, porous,
oolitic dolograinstone occurs in the upper Luta at mea-
sured section number  108 iTi northern Dickinson County
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(figs. 788, 79, 82E). Most importantly, we have traced a
prominently expressed bed of desiccated, presumed
cyanobacterial laminites (fig.  83D) between the exposures
in these quames and those in the Hamm quarry (measured
section number  103) in Dickinson County (fig.  80).  We
believe this exposure horizon, which is developed only
locally, resulted from aggradational and/or progradational
deposition rather than from a forced regression. By these
correlations, and by available thickness data for the Odell as
discussed above, it appcars that the expanded Luta sections
in Butler and Manon counties occur at the expense of the
overlying Odell. That is, not only  is the Luta locally
interbedded with the underlying Cresswell (e.g., measured
section number  128, fig.  79), but it also locally appears to
be a facies of the Odell as well (as shown in figs.  80, 81 ).

Odell Shale

The Odell is recognized throughout the study area (fig.
85A). Two areas of maximum thickness of from about 29 to
40 ft (8.8-12.2 in) occur in northern Marshall, northeastern
Washington, and southern Gage counties, on the edge of the
Salina and Cent`ral Nebraska basins, and in southernmost
Cowley County  within the Walnut syncline.  In between, its
thickness ranges from. about 7 ft (2. I  in) in central Butler
County (above the thickened Luta at measured section
number 67) to from  11  to 27 ft (3.4-8.2 in), generally
increasing in an east to west direction. This thickness
distribution  suggests two sources of siliciclastics, one to the
north and the other to the south. Approximately 5  ft ( I.5 in)
of basal Odell strata are exposed at measured section
number  155  in  Summer County (fig.  81).

Throughout most of the study area the Odell is com-

posed of a tLST of unfossiliferous, mostly red and green
terrestrial  siliciclastics, and with some lighter-colored
shales/mudrocks and abundant paleosols locally in some
sections (fig.  86). A few feet of light-colored, unfossili-
ferous shales occur at the top of the formation in northern-
most Kansas and Nebraska, and they may be incipient TST
marginal-marine to possible peritidal facies that were
deposited in a topographic low on the edge of the Salina and
Central Nebraska basins. Elsewhere there is an abrupt
contact between manne TST facies of the basal Nolans
Fomation and the terrestrial red and green shales/mudrocks
and paleosols (tLST facies) in the upper Odell from Wash-
ington County southward to central Cowley County (fig.
86). At measured sections 4, 8, and 9 in southernmost
Cowley County, the upper few feet of the Odell consist of
unfossiliferous, laminated black shales (fig. 86) that may t)e
tidal laminites, and hence, the TST of the overlying manne
cycle of deposition.

Nolans Limestone

The Nolans Limestone is relatively poorly exposed in
the study area, where it vanes in thickness from about  18 to
37 ft (5.5-11.3 in), generally  increasing in a northeast-to-



104

southwest direction (fig. 858). Relative to the dominantly
tl.ST of the underlying Odell and the overlying Wellington
Fomation, the Nolans is a marine-dominated section that
defines a long-lived highstand. At a finer scale of resolu-
tion, however, the Nolans is a tripartite section of two
relative HST carbonates (Krider and Herington Members)
separated by mLST siliciclastics (Paddock Member)
within which there is no evidence of regional subaerial
exposure (fig. 86). Such a stratigraphy, which is similar to
that of the Wreford, Kinney, Fort Riley, Towanda, and
Winfield, implies fundamental long-term allogenic control
on deposition of this formation.

Krider Member

The Krider Member varies in thickness across the
study area from about 2.4 to 9.3 ft (0.7-2.8 in), with
maximum thickness in southernmost Cowley County (fig.
87A). The upper contact with the Paddock Shale Member
is mostly gradational within a few inches, and a possible
unconformity is present at the top of the Krider at only one
locality in the study area (measured section number  109 in
Dickmson County, fig. 86) as indicated by the presence of

vertical rootcasts and intraclasts. Except in southernmost
Cowley County, the member is nearly everywhere a
tripartite section of two thin carbonates (HST) separated
by marginal-manne (mLST) mudrocks and/or shales (e.g.,
figs. 388, 86), a stratigraphy that because of its regional
occurrence may represent allogenic cyclicity. Despite the
difference in scale, this cyclicity mimics that of the
relatively lower-frequency cyclicity in the Wreford,
Kinney, Fort Riley, Towanda. and Winfield. Mudrocks
occur in place of the lower carbonate and are interbedded
with the upper carbonate at some localities (fig. 86). The
TST of the Nolans cycle is inferred to include the basal
bed in the Krider, and locally, some strata in the uppermost
Odell; the maximum flooding surface of this cycle is
obscure, but may occur within the basal carbonate. The
middle section of mudrock/shale within the Krider
generally is sparsely fossiliferous (pelecypods), and
variously light-colored to black and/or variegated black
and gray/green.

A thickened section of Krider, composed instead of
three beds of carbonate separated by fossiliferous
mudrocks, occurs in southernmost Cowley County at
measured sections 4, 8, and 9 (fig. 86). We believe that the
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FIGURE 83-A) INTERI3EDDED CREsswBLL AND  LurA LliHOLOGIEs AT ROADcuT ALONG UNioN ROAD NORTH oF WArsBURG,  MEAsuRED sEonoN

NijMBER  128, RILEy CouNTy, KANSAs. The Stova]]  is also exposed at this locality. 8) Thick section of marine facies in the Luta at
Peck quarry, measured section number 67, Butler County, Kansas. C) Luta and interbedded Odell-like shale at Martin Manetta
North Manon quarry, measured section number 91, Manon County, Kansas. The zone of desiccated cryptalgal laminites below the
shale is correlated to nearby outcrops (see next figure). D) Deep desiccation cracks in bed of cryptalgal laminites in the upper Luta
at Hamm quarry, measured section number  103, Dick]nson County, Kansas.



uppermost of these carbonate beds, which is dolomitic, is
an "extra" cycle within the dominant HST of the Krider.
Toomey and Mitchell ( 1986) similarly recognized this
tripartite Krider section here and in northern Oklahoma.
Biotic diversity decreases upward within the Krider, but
increases upward within both the lower and middle
limestones in the section. The basal limestone is generally
a coarsening-upward section of lime mudstone and
biowackestone, with crinoids and high-spired gastropods,
to biopackstone with abundant Derbyj¢, crinoids, fenes-
trate and ramose bryozoans, A4.yfl/I./?a, and large discoidal
oncolites. This limestone is prominently exposed at the
most westerly outcrop along the bluff at the base of the
Spring Hill Golf Course in Arkansas City (measured
section number 8 [see fig. 89A]). At the next outcrop a few
hundred feet to the east, this bed weathers so recessively
that the overlying middle limestone and overlying dolo-
mitic bed can easily be confused for only a bipartite Knder
section (i.e„ two limestones separated by a shale). The
middle limestone also coarsens upward from lime mud-
stone and biowackestone with crinoids, echinoid frag-
ments, and some Dcrbyi'fl, to biowackestone and packstone
with relatively abundant Derdyi.a and accessory
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Composi./tz, echinoid fragments, crinoids, ramose and
fenestrate bryozoans and vertical bulTows, some of which
are occupied by Av!.cwJapi.##a. The uppermost bed is

porous, dolomitic biowackestone with abundant biomolds
and ramose bryozoans. This bed is poorly exposed at the
most westerly outcrop at the Spring Hill Golf Course (fig.
89A), but well exposed a few hundred feet to the east and
at nearby measured sections 4 and 9 (e.g„ fig.  898). Each
of the intervening sections of mudrock between the
carbonate beds generally include abundant large, discoidal
oncolites in the lower half, and very abundant Composjfa
in the upper half.

Carbonate facies in the Krider northward from
northern Butler County are mostly shaly dolomudstones
with micro-intercrystalline porosity which, together with
the intervening mudrocks, carry a sparse and impoverished
biota dominated by pectinids. These rocks are interpreted
as low-energy, shallow-manne deposits. A thin lens of
high-energy, pelecypod-gastropod sand occurs within the
upper carbonate at measured section number  109 in
Dickinson County (fig. 86). In contrast, carbonate facies in
the Krider in Cowley County are more open-marine
limestones (non-porous biowackestones and some

HGURE  84-SECTIon AC`Ross FART oF CENTRAL-NORTHERN  KANSAs sHowING NATURE oF THE CREsswELL-To-LurA TRANSITloN.  Note the  change

from open-manne Cresswell limestone facies, with abundant brachiopods , crinoids, foraminifers and bryozoans (section number
106); to marginal-marine and peritidal (at top), silty, poorly fossiliferous, evaporitic, dolomitic Cresswell (section number  100); to
tidal-flat dolomites in the Luta (section number  117).
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FIGURE  85-A)  IsopACH  oF THE ODELL SHALE (CI  = 5  FT  [1.5  M]),  AND  LocATloN oF cRoss  sEerloN  FIG.  86.  8)  Isopach  of the Nolans

Limestone (CI = 5  ft  [ I.5  m]), and location of cross section fig,  86.
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FIGURE  87-A)  IsopACH  oF TliE KRIDER MEMBER (CI  = 2  FT  [0.6  M]),  AND DlsTRIBUTloN oF DOMINANT FAclEs.  8)  Isopach  of the  Paddock

Member (CI = 5 ft [1.5  m]).



109

packstones) which, together with the  intervening
mudrocks, contain a more diverse biota.

Paddock Meml)er

The Paddock also is recognized throughout the study
area and varies in thickness from 7 to  18 ft (2.I-5.5  in);
maximum thickness is in northwestern Cowley County, on
the edge of the Walnut syncline (fig. 878). Facies gener-
ally are sparsely fossiliferous, light-colored shales and
mudrocks from Cowley County northward to Dickinson
County. In northern Kansas and Nebraska, and at one
locality in northern Butler County, the member consists of
sparsely fossiliferous, dark shale and mudrock overlain by
unfossiliferous,  light-colored mudrock (fig.  86). Pectinids,
and locally, bryozoans, are the most common fossils in the
Paddock. The member is interpreted to represent an mLST
within which there is no definitive evidence of subaerial
exposure. The Paddock generally weathers to form gentle
slopes. At several localities around Arkansas City in
southern Cowley County, however, the member becomes
slightly more calcitic than elsewhere, and locally, weathers
to fom prominem vertical faces (e.g„ at and around
measured sections 4 and 9 [fig. 89C]).

Herington Member

Exposures of the Herington. where it is in contact with
the overlying Wellington Formation (Sumner Group) are
uncommon in the study area because of the recessive
weathering nature of both units. Hence, it was difficult to

precisely determine the thickness of this member. Where
such exposures are present, the top of the Herington is
sharp to locally gradational into the Wellington. Its
thickness generally increases from east to west within the
study area, from about 6 to  13.8 ft (I.84.2 in); a minor
embayment of slightly increased thickness occurs in
southern Cowley County (fig. 88). The member is nearly
entirely dolomite except in southernmost Cowley County,
where it is limestone (fig.  86).

From northern Cowley County into Nebraska, the
Herington is dominantly unfossiliferous, thin-bedded tidal-
flat facies, locally silty, and with evidence of former
evaporites at most localities (figs.  86,  89D). These rocks
are very porous (micro-intercrystalline porosity). A
relatively thick section of porous,   cross stratified, dolo-
mitized bioclastic sands occurs in the lower part of the
member at measured section number 8 in southern Cowley
County (fig.  89E), and a few miles south this section

changes facies to interbedded nearshore-marine lime
mudstones and lime sands (fig.  86). Fossils in the carbon-
ate sands include mainly foraminifers with accessory
crinoids, bryozoans, high-spired gastropods, Bc/Jcrapfoon
spp„ pectinid fragments, A/Jori.a/7ro spp., and Composl.Jc]
spp.   We have been able to trace porous, bioclastic sands
near the base of the member from southernmost Cowley

FIGURE 88-ISOPACH OF THE HERINGTON  MEMBER (CI =  2 FT  [0.6

M]),  AND  DISTRIBUTION  OF  DOMINANT FACIES.
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County north into Washington County (fig. 86), and gen-
erally, these beds contain abundant molds of foraminifers,

pelecypods, and gastropods. We interpret this zone as the
HST, including the maximum flooding surface, of the
Herington cycle; and the overlying, dominantly tidal-flat

deposits, and colTelative subtidal facies in Cowley County,
are intelpreted as normal RST deposits (sensu Posamentier
et al„  1992). The thick sections of peritidal facies in the
Herington may suggest dominant autogenic control on
deposition.

FIGURE 89-A)  ODELL To HERINGTON sECTioN AT THE SpRING HiLL GOLF couRSE IN ARKANSAs CrlT,  MEAsuRED sECTioN  NUMBER  8,  CowLEy

CouNTy, KANSAs. Note the three carbonates in the Knder. 8) Roadcut of Odell to Herington section at "140 Foot Hill," measured
section number 4, Cowley County, Kansas. Note the three limestones in the Krider. C) Massive, cliff-forming character of the
Paddock Shale at measured section number 9, Cowley County, Kansas. Only the upper two limestones in the Krider appear in
this view. D) Typical view of Herington with abundant vugs believed to be dissolved evaporite nodules; rod divided into 20-cm
segments. Measured section number 40, Butler County, Kansas. E) Exposure of cross stratified dolobiopackstone to grainstone in
the basal Herington. Arkansas City golf course, measured section number 8. The thickness of the Herington shown is about 5.5 ft
(I.7  in).
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Summary

Revised Stratigraphy and Regional
Thickness

Figure 90 illustrates the stratigraphy and thickness of
the Chase Group following our proposed revisions in
terminology and assignments. Compilation of measured
sections to produce the four composite sections of the

group shown in this figure purposely did not include
outcrops at which units were anomalously thick. Rather,
the sections included are located mostly along the axis of
the Nemaha Ridge so as to provide data on average
thickness of the group. A composite section of the group in
Nebraska was not constructed because of incompleteness
of exposures. Average thickness of the Chase Group varies
very little along depositional strike within the study area,
from about 270 to 285 ft (84-87 in), and thins somewhat
to the south. This range in average thickness is less than
that reported previously in Kansas by Mazzullo et al.

(1995). Compilation of measured sections from areas
where units are anomalously thick, however (table  I ),
indicates that maximum thickness of the Chase Group is,
as was suggested previously by Mazzullo et al. ( 1995),
about 416 ft ( 127 in).

As discussed earlier, regional westward thickening
into the Central Nebraska and Salina basins and toward the
Sedgwick basin is indicated on the outcrop. rtyler Sanders
had prepared a regional subsurface cross section of Chase
Group strata that runs north-to-south from Marion County,
through Wichita, and into northern Oklahoma. This section

(included in the Kansas Geological Society  1994 field-trip
guidebook) is within the Salina and Sedgwick basins, and
is about  15 mi (24 kin) to the west of the outcrop belt. The
thickness of many of the formations and members within
the Chase Group increases relative to their average
thickness on outcrop in most of the wells along this
section; a representative well along this cross section is
included in table  1  for companson. Such regional west-
ward thickening suggests that the Central Nebraska,
Salina, and Sedgwick basins were subsiding more rapidly
than the area atop the Nemaha Ridge during deposition of
the Chase Group.

Cyclicity in Chase Group Strata

The hierarchy of inferred cyclicity in Chase Group
strata is illustrated in fig. 91, in which the thicknesses of
formations and members of the group are shown at true
relative scale. Lack of well-constrained radiometnc ages in
this part of the section precludes estimation of the dura-
tions of the Chase Group and of the various cycles therein.
However, seven intermediate-frequency cycles can be
readily recognized in this section, and they are labeled

DS-I  through DS-7 in fig. 91.  Mazzullo et al.  (1995) had
earlier recognized only six such cycles in the section.
These cycles are defined as phases of dominant]y
highstand marine deposition (including both carbonates
and siliciclastics) separated by thick sections of domi-
nantly terrestrial lowstand, typically silty shales,
mudrocks, and paleosols (tLST). These cycles compose
the upper Speiser to the top of the Schroyer (DS-1 ). the
Wymore to the top of the Kinney (DS-2), the lower Blue
Springs and the Bruno (DS-3 [this cycle was not recog-
nized previously by Mazzullo et al.,1995]), the upper Blue
Springs to the basal Holmesville (DS4), the middle
Holmesville to the basal Gage (DS-5), the middle Gage to
the lower Odell (Dsnd), and the middle Odell to the basal
Wellington (DS-7). The boundaries between cycles DS-I ,
DS-2, and DS-3 are the prominent unconformities that are
recognized throughout most of the study area at the tops of
the Schroyer, Kinney, and Bruno limestone; boundanes
between cycles DS4 through DS-7 are placed at the base
of thick sections of terrestnal red shales and mudrocks

(rig.  91 ). Nearly the same cycles were defined by Elias
( 1937), who similarly recognized these natural
lithostratigraphic subdivisions of the Chase Group at a
scale greater than that of cyclothems as defined by, for
example, Heckel (1977,1994).

These seven cycles are interpreted as depositional
sequences sensu Mitchum et al. (1977). Three lower-
frequency cycles are recognized on the basis of the general
upward decrease in thickness of stacked depositional
sequences  I-7. These cycles, shown in blue on the right
side of fig. 91, are referred to as cycle A (includes DS-I ,
2, and 3), cycle 8 (includes DS4 and 5), and cycle C
(includes Dsnd and 7). These cycles appear to be third-
order depositional sequences because, in turn, they define
a long-term, even lower-frequency relative sea-level curve

(shown by the bold black line on the right side of fig. 91)
that is consistent with deposition of the Chase Group
during overall decreasing accommodation concurrent with
the second-order cycle of sea-level fall in the Early
Permian (Vail et al.,  1977).  Presumed third-order cycle 8
is anomalously thick, and accordingly, rather than being a

gradually sloping line this second-order curve inflects at
the top of cycle A.  Its resulting shape is therefore similar
to that illustrated by Ross and Ross ( 1988). We therefore
consider the seven depositional sequences (DS-1  to DS-7)
to be either third or fourth-order cycles following the
teminology of Goldhammer et al. (1991).

Higher-frequency, fourth- or fifth-order cycles are
superimposed on these depositional sequences (fig. 91 ),
and they are regionally correlative. Depositional sequences
I, 2, and 4-7 each are clearly of tripartite architecture in
that they are composed of two highstand phases of
dominantly marine carbonate deposition separated by an
intervening lowstand phase of dominantly marginal-
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FIGURE 90-LiTHosTRATIGRAPHic sEc.noN ACRoss  KANSAs  sHowING THlcl(NEss  vARiATloN oF THE CIIASE GRoup,  BASED oN THE FOLLowlNG

MEAsuRED sECTloNs: column  I-numbers  136,137,138,140, and  142 in Marshall County, and  145  and  146 in Washington
County; column 2-numbers  I loA and a,113 and  1 [6 in Cieary County, and  103 and  109 in Dickinson County; column 3-
numbers 39, 40, 46, 50, 53, 55. 58, 59, 64. and 75 in Butler County; and column 4-niimbers  I, 6, 8.  10, and  19 in Cowley
County.  Lithologic sequence is  somewhat generalized because of limitations of scale. Vertical  scale in feet.



manne siliciclastics and minor carbonates (the mLST
described in previous sections) with no evidence of
regional subaerial exposure. These fourth- or fifth-order
cycles are present at both the member and intra-member
scale. For example, the cycles in DS-I  (Wreford Lime-
stone) are represented by the Threemile (HST)-
Havensville (mLST)-Schroyer (HST) package of mem-
bers, whereas those in DS-2 are represented by the upper
and lower limestones (HST) and intervening siliciclastics
(mLST) solely witliin the Kinney Member (fig. 91). These
fourth- or fifth-order cycles are clearly distinct from the

presumed third- or fourth-order depositional sequences
which are thicker and are separated by thick sections of
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terrestrial deposits, including red shales and mudrocks.
DS-3 encompasses the Bruno limestone, and two fourth-
or fifth-order cycles are present at those localities where
the Bruno consists of two thin beds of carbonate separated
by shale and/or mudrock. Erosion may have removed part
of this section at those localities where only one bed of
carbonate is present; altematively, such areas may have
been updip of the maximum extent of either of the two
transgressive phases represented by the fourth- or fifth-
order cycles.

Each fourth- or fifth-order cycle within the Chase
Group is a mesoscale, transgressive-regressive package of
strata that would best colTespond to typical midcontinent

TABLE  I-REGioNAL THlcKNEssEs oF FORMATloNs  AND MEMBERs wrTHiN THE CHASE GRoup (in ft).

Formation/MemL)er                                                                                     Outcrop                                                                  SubsurfaceL

Nolans Ls.
Henngton
Paddock
Krider

Odell  Sh.

Winfield Ls.
Luta
Cresswell
Grant
Stovall-Santa Fe Lake

Doyle Sh.
Gage
Towanda
Holmesville

Fort Riley Fin.

Florence Fin.
Oketo
Cole Creek

Matfield Sh.
Blue Springs

Bruno limestone
Klnney
Wymore

Wreford Ls.
Schroyer

Havensville
Threemile

Average
Maximum

18-37
6-13.8
7-18

2.4-9.3

740

9.5(?H5
3.5-31

0- 1 2 . I
2.3(?)-15.3

04

53-70
24ro
5-15

4.3-20

16.547.5

15.5"
3-8

I.8-8.2

25nd6
5-28.4
0.674
5-27.5

5-24.5+

2841
5-16

3.5-23.5

5.5-26.5

270-285
416

'From the Kewanee Booker No. 8 well, sec. 30, T. 28 S., R.  I  E., Sedgwick County, Kansas.
2Maximum thickness 50 ft in the Fomey Carothers No.  I-21  well, see. 21, T. 33 S„ R.  I  E., Surmer County, Kansas.
3This unit is not present in south-central Kansas, but it is about 6 ft thick in the Allen Dnlling No.  I-3 Suderman well,

see.  3, T.  21  S.,  R.  2 E., Manon County,  Kansas.
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FIGURE 9 I-INFERRED HIERARcl]¥ oF cvcLlclTy  iN THE CHASE  GRoup (MODIFIED FROM MAzzuLLo ET AL.,1995).  Composite

lithostratigraphic  section on the left is from fig. 90, column 2.  Bold,  wavy lines at the tops of sequences  I, 2, and 3 are prominent
unconfomities traced throughout most of the study area. Open arrows point to major transgressive surfaces of fourth- or fifth-
order cycles, whereas the bold arrows polnt to the one such flooding surface that is regarded to be the maximum floodlng surface
within each of the depositional sequences (DS-I  through DS-7) within the section. The second-order sea-level curve is modified
from  Vail  et  al.  ( 1977).



Pennsylvanian cyclothems in terms of scale and deposi-
tional response to eustasy (e.g., Heckel,  1994). However,
typical Pennsylvanian cyclothems, and these presumably
analogous fourth- or fifth-order cycles in the Chase Group,
are significantly different in several respects (e.g„ Watney
et al„  1995), the descriptions of which are beyond the
scope of this study. Even higher-frequency, shallowing-
upward cycles are present within the fourth- or fifth-order
cycles in the Chase Group (MaLzzullo et al.,  1995), and
they may equate to the meter-scale cycles that are common
in many other ancient carbonates (e.g„ Elrick,  1995).

Inferred Controls on Deposition

Several attributes of the hierarchal cyclic stratigraphy
in the Chase Group (fig. 91) are significant in terms of the
inferred origin of the cycles and controls on their deposi-
tion. These attributes are (a) thinning upward from cycle 8
to cycle C superimposed on overall declining accommoda-
tion through time indicated by the second-order sea-level
curve; (b) thinning upward of component DS-I , 2, and 3
within cycle A, and of DS4 and 5 within cycle 8; (c)
thinning upward of the component fourth- or fifth-order
cycles within DS-I  and, in the area of the composite
stratigraphic column shown in fig. 91  (from northern
Kansas), also of DS-2; (d) coincident with this trend is the

general shallowing upward of lithofacies within successive
fourth- or fifth-order cycles within DS-1  and 2, and the
interpretation that the maximum flooding surfaces of these
sequences, and hence, maximum inferred paleowater
depths, consistently occur within the lower of the two
fourth- or fifth-order cycles. These same attributes also
characterize DS4, 5, 6, and 7; (e) the pronounced
asymmetry of the relative sea-level curves of all of the
fourth-or fifth-order cycles, all of the depositional
sequences within which they occur, and of lower-fre-

quency cycles A. 8, and C. Such shapes imply relatively
rapid transgression and slow, prolonged regression similar
to that of midcontinent Pennsylvanian cyclothems (Heckel,
1994); and (D the overall gradual shallowing of the
depositional sequences through time as specifically
suggested by progressively more abundant, and thicker,
sections of peritidal deposits in DS4 through 7, beginning
in the upper Fort Riley; no significant peritidal deposits are
recognized within DS-I  through 3. Furthermore, not only
are all of the third- to fifth-order cycles in the Chase Group

present throughout the study area, but according to Ross
and Ross (1988) and Boardman and Nestell (1993), they

may even be correlated to similar cycles as far away as
Texas. In this regard, however, we point out that we do not
agree with the identification of depositional sequences in
the Chase Group as illustrated by Ross and Ross (1988,
their figs. 4 and 6) because whereas they recognized only
three such sequences, we recognize seven.

Together, these aforementioned attributes appear to
suggest fundamental stratigraphic forcing (sensu
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Goldhammer et al„  1993) via eustatic control. Insofar as
the Early Permian was a time of (waning) glaciation
(Crowell,  1978; Veevers and Powell,  1987; Crowley,
1994), glacio-eustatic forcing is suggested.  Sea-level
fluctuations may have been tied to climatic fluctuations
which affected the nature of carbonate-siliciclastic
sedimentation and the vertical succession of different types
of paleosols in terrestrial lowstand deposits in the lower
Chase Group (Miller and West,1993; Miller et al.,  1996).
Yet, there are some important aspects of the
cyclostratigraphy of Chase Group strata that are inconsis-
tent with such allogenically controlled deposition, and for
the purpose of direct companson, these are discussed
under the same order of sub-headings as above. For
example: (a) the anomalous thickness of third-order cycle
8 relative to thinner cycle A is somewhat perplexing
considering overall deposition of Chase Group strata
during second-order accommodation decrease; (b) there is
no significant thinning upward of slacked Dsnd and 7
within cycle C; rather, these sequences appear to be of
nearly equal thickness; (c) component stacked fourth-or
fifth-order cycles within DS4, 5, 6, and 7 thicken upward
rather than thin upward as they do in DS-I . Except for in
northern Kansas (mainly because of facies change to
marginal-marine siliciclastics) as shown in fig. 91, the
upper limestone in the Kinney always is the thicker of the
two component fourth-or fifth-order cycles within DS-2;
and (d) shallowing upward of lithofacies in the component
fourth- or fifth-order cycles within DS-3, 4, 5, 6, and 7
occurs despite the fact that these cycles thicken upward
rather than thin upward as in DS-1. Furthermore, the very
thick sections of pentidal facies that are major components
of these fourth- or fifth-order cycles in the Fort Riley,
Towanda, Luta, and Herington, as well as the only local
occurrence of highest-frequency (meter-scale?)
shallowing-upward cycles throughout the section , argue
for autogenically controlled deposition (e.g., Ginsburg,
1971 ) rather than for allogenic control. Last, although
forced regression, assumed to have been caused by
eustasy, is inferred during deposition of DS-1, 2, and 3 (on
the basis of the regionally correlative unconformities at
their tops), it is not evident in overlying depositional
sequences that likewise appear to have been stratigra-

phically forced to a large extent.
Based on these stratal characteristics, we contend that

whereas overall deposition of the Chase Group may have
been fundamentally controlled by glacio-eustasy, it must
also have been affected to a large extent by tectono-
eustasy acting on a regional as well as local scale. Re-

gional tectonic control on deposition of midcontinent
Pennsylvanian cyclothems similarly has been proposed
(e.g., Klein and Kupperman,  1992; Klein,1994). That
regional teetonism affected deposition of the Chase Group
is based on the following lines of evidence. First, Chase
Group strata thicken to the west into the Central Nebraska,
Salina, and Sedgwick basins, and there is no evidence (at
least on the outcrop) of increasing paleowater depths in
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this direction. These observations suggest regionally
differential rates of subsidence, possibly related to periodic
uplift of the Nemalia Ridge (a conclusion also reached by
Heckel,  1994).  Regional differential subsidence in Kansas
during deposition of Pennsylvanian cyclothems was most
recently discussed by Watney et al.  ( 1995). Second,
regardless of location with respect to the Nemaha Ridge or
surrounding basins, cycle 8 and component DS4 (the
Florence and Fort Riley Formations) are anomalously
thick and counter the trend of decreasing accommodation
through time as suggested by the second-order sea-level
ciirve.  In contrast, Ross and Ross ( 1988) show the Wreford

(= DS-I  of the present study) rather than the Florence-
Fort Riley to be the thickest cycle in the Chase Group. Fort
Riley strata are all of very shallow water aspect, and the
underlying Florence is considered to have been deposited
in paleowater depths less than those of the Schroyer and
Threemile Members of the Wreford Limestone (Mazzullo
et al.,  1995). Hence, one can not reasonably argue for a
high-magnitude eustatic rise with resulting increased
accommodation as a cause for the anomalous thickness of
this cycle. Rather, we suggest that it is more reasonable to
infer that deposition of this cycle occurred during a time of
abnormally high rates of subsidence within the study area.
Likewise, the observation that Dsnd and DS-7 within
cycle C do not thin upward also argues for a tectonic
overprint on allogenically controlled deposition.

Perhaps the best evidence for local tectonism affecting
deposition of the Chase Group is the existence of numer-

ous small depocenters and positive features (arches) that
appear at different places and at different times during
deposition. Although the formation of these features
conceivably could have been related to differential
compaction of underlying strata, it is difficult to explain
their erratic temporal and spatial development by compac-
tion alone, especially considering the lithologic uniformity
of strata across the study area. The facts are that ( I ) many
depocenters are located atop grabens on the Precambrian
and along or to the immediate west and east of the
Humboldt fault zone; (2) likewise, many positive areas are
located along upthrown fault blocks and/or structural noses
on the Precambrian; and (3) both depocenters and arches
occur within the Walnut syncline and on the Nemaha
Ridge. There is considerable evidence that the Nemaha
Ridge with its bounding faults, as well as similar structures
throughout the midcontinent, have remained tectonically
active throughout the Phanerozoic (Nelson and Lumm,
1984;  Burchett,1988; Carlson,1989a, b; Slander,1989;
Steeples,1989; Heckel,1994;  Marshak and Paulsen,
1996). We therefore contend that I)eriodic tectonic reacti-
vation along the Nemaha Ridge and its bounding faults
offers the most likely explanation for the origin of the
sporadically accurnng, local depocenters and arches that
developed during deposition of the Chase Group. Such
reactivation likely was a response to temporal and spatial
variations in laterally directed stress fields associated with
defomation in adjoining orogenic areas (e.g., Kluth and
Coney,1981;  Kluth,1986).
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Appendix:  Measured Sections in Kansas and Southeastern
Nebraska

Vertical thickness of units was measured in feet and inches. The weathered color of nearly all carbonate rocks in the
study area varies from yellow gray to vanous shades of gray; colors in the descriptions of measured sections are those of
fresh surfaces. The weathered colors of the siliciclastic rocks (which are mostly all silly shales and silty mudrocks) are
mostly the same as their fresh colors. Lithologic descriptions are field descriptions combined with laboratory examina-
tion of prepared rock slabs; carbonate lithologies are described according to the teminology of Dunham (1962). The
most commonly occumng fossils within each unit are listed in order of decreasing relative abundance; the rocks are

apparently unfossiliferous in units where no fossils are listed. Cherts in the Wreford and Florence Fomations are dark
gray to light gray, and variously weather gray, yellow, orange, or white; the color of cherts in other units is specifically
described.

Measured Section Number: 1

Location: Roadcuts, both sides of Cowley County Highway  I,
and on dirt road into, and inside Camp KorHa-Me: in sees.  8 and
17, T.  35  S., R.  5 E., Cowley County, Kansas

Comment: Part of the Threemile Member of the Wreford
Limestone is exposed along the bank of Grouse Creek at the
northern end of this outcrop, but a direct tie-in to the roadcut is
not possible because of cover

FORT RILEY FORMATION
(probable top of the formation)

7 ft 9 inches          Medium-bedded, relatively coarse-grained
I i mestone, biowackestone-packstone,
biofurbated, yellow ; crinoids

5  ft o inches           Thin-bedded, relatively coarse-grained
li mestone, biowackestone, bioturbated, yel low;
crinoids

3 ft o inches          Medium-bedded limestone. biowackestone,

yellow; cri noids
3  ft 2 inches           Basal 8 inches mudrock to shaly limestone,

biowackestone, light-gray.  Overlain by  I  ft 8
inches thin-bedded I imestone, biowackestone,
light-gray.  Overlain by  10 inches mudrock to
shaly limestone, biowackestone,  light-gray. All
rocks contain crinoids

5 ft 4 inches           Thick-bedded:  basal 2 ft 4 inches relatively
coarse-grai ned limestone, bioturbated oncol ite
biopackstone, uneven hard ground at top,

yellow.  Overlying bed finer-grained limestone,
oncolite biopackstone, yellow,  with orange
oncolites.  Rocks contain foraminifers, bivalve
fragments , crinoids

2 ft 3 inches-        Thin-bedded, coarse-grained limestone,
2 ft 8 inches    oncolite biopackstone, yellow, with orange

oncolites: foraminifers, bivalve fragments,
crinoids

4 ft 2 inches           Thick-bedded:  basal  I  ft 9 inches, coarsening-
upward bed of limestone, oncolite biopackstone
with an uneven hard ground at top, light-yellow,
with abundant Composita, crmoids, foramini-
fers, bivalve fragments. Upper bed is coarse-

grained limestone, oncolite bio|)ackstone, light-
yellow, the bed thins along the length of the
outcrop;  contains ramose bryozoans, crinoids.
All oncolites are orange in this 4 ft 2 inches unit

FLORENCE FORMATION

4 ft 6 inches          Bed of highly Jointed limestone,
biowackestone, "ridge-and-furrow" horizontal
weathering in top 8 inches,  light-yellow to
white; abundant Composita, ramose bryozoans

4 ft 8 inches

I  ft 6 inches

Thick-bedded, highly jointed limestone, fines
upward from biowackestone-packstone to
biowackestone, light-orange-yellow in basal 2 ft
2 inches, light-yellow above that; ramose
bryozoans, brachiopod fragments
Bed of limestone. mudstone, brownish-gray;
ramose bryozoans, cnnoids, brachiopod
fragments

I  ft  lo inches        Bed of limestone, mudstone,  light-gray; ramose
bryozoans

I  ft 2 Inches

I  ft 4 Inches

I  ft 5  inches

I  ft 3  inches

I  ft 0 inches

0 ft 4 inches

I  ft 0 inches

Thin bedded limestone, mudstone, yellow, three
layers of discontinuous chert nodules
Bed of limestone, sparse biowackestone, gold-

yellow, small chert nodules; fenestrate
bryozoans, ramose bryozoans, brachiopod
fragments,  spicules
Bed of limestone. mudstone. light-yellow-
brown,  I -inch-thick chert layer at top; foramini-
fers
Bed of limestone, sparse biowackestone,  light-
brownish-yellow, 2-inch-thick chert layer at
top; fusulinids, ramose bryozoans,  brachiopod
fragments, foraminifers
Bed of limestone, sparse biowackestone, light-

yellow, 3-inch-thick fusulinid-beanng chert
layer at top; fusulinids, ramose bryozoans`
brachiopod fragments, foraminifers
Bed of limestone, mudstone to sparse
biowackestone, white, chert layer in middle
Bed of limestone, mudstone, light-yellow, chert
nodules
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I  ft 4 inches Basal 4 inches and top 2 inches of shaly
li mestone , biowackestone-packstone , yellow ;
middle  10 inches yellow mudrock, abundant
chert nodules with fusulinids

MATFIELD SHALE

Blue Spnngs Shale Member

3  ft 3  inches           Sparsely fossiliferous, yellow-brown mudrock;

pectinid and other pelecypod fragments
0 ft 4 inches           Bruno limestone bed:  limestone,  shaly

biowackestone ,  I ight-brownish-yel low;

pelecypod fragments
3 ft 4 inches           Unfossiliferous, grayish-yellow shale;  small,

white nodules of paleocaliche in lower  I  ft 0
inches

3 ft 4 inches           Unfossiliferous, red shale to mudrock

Kinney Limestone Member

3 ft 8 inches          Thick-bedded limestone to platy-bedded
limestone at top, all light-yellow-gray:  fines
upward from poroiis,  fine-grained
biopackstone-grainstone to biopackstone, the
basal 2 ft 4 inches bed with faint cross  strata,
the top few  inches with  streaks of red shale;
foraminifers , crinoids, brachiopod fragments,
scattered Bellerophon

0 ft  lo inches-Thin-bedded,  porous  limestone,
I  ft 2 inches        fine-grained biopackstone [o grainstone,  light-

grayish-yellow  with orange-stained vugs;
foraminifers, crinoids, brachiopod fragments,
includmg Composita, echinoid fragments,
scattered Bellerophon

3 ft 6 inches           Medium-bedded, porous,  fine-grained lime-
stone, biopackstone-grainstone` li ght-grayish -

yellow, graded  layers about 4 inches thick in

Measured Section Number: 2

3 ft 6 inches

I  ft 0 inches

I  ft 7  inches

3 ft 0 inches
I  ft 4 inches

lower half, current-laminated and cross
stratified above that, vertical burrows or
dissolution pipes(?) in top 2 inches; foramini-
fers , crinoids, brachiopod fragments
Thick-bedded limestone, coarsens upward from
mudstone to biopackstone, bioturbated, light-

yellow  with pinpoint dark spots; crinoids,
foramin ifers, brachiopod fragments, bryozoans
Unfossiliferous, gray-green shale to mudrock
with a O.5-inch-thick layer of shaly lime
mudstone in the middle
Unfossiliferous, green to medium-gray shale to
mudrock. top  1  inch of gray,  shaly lime
mudstone
Concealed
Thin-bedded limestone, medium-gray, flues
upward from coarse-grained, oncol ite
biowackestone-packstone with lenses of
foraminiferal biopackstone-grainstone, to
Derbyia-r]ch, fine-grained biopackstone-

gr   nstone; Derbyia, Composita, foraminifers,
crinoids, ramose bryozoans

Wymore Shale Member

I  ft 6 inches           Concealed
I  ft o inches           Unfossiliferous, yellow-green shale
2 ft o inches           Unfossiliferous, red mudrock with abundant

calcite nodules (I)aleocal iche)

WREFORD LIMESTONE

Schroyer Limestone Member

4 fi o inches          Thick-bedded limestone, light-gray, fines
upward from oncolite biowackestone-packstone
in lower  I  ft 4 inches, to oncolite
biowackestone above that; brachiopod
fragments, cnnoids, echinoid spines

Location:   Small, old quarry along now-removed railroad tracks           Kinney Limestone Member
and in adjoining gully, SW eec.  3, T. 35  S„  R.  5  E., Cowley
County,  Kansas                                                                                                              3 ft o inches

FLORENCE FORMATION

I  ft o inches           Bed of limestone, biowackestone,  light-yellow,         3 ft 4 inches
chert nodiiles; ramose and fenestrate bryozoans.
crinoids, brachiopod fragments

2 ft o inches           Sparsely fossiliferous, calcitic, yellow-brown
mudrock,  some chert nodules with fusuLinLds

MATFIELD SHALE

Blue Springs Shale Member

2 ft o inches          Unfossiliferous, yellow-brown mudrock
6 fl 8  Inches           Unfossiliferous, red shale and mudrock

3  ft 7  inches

Medium-to thick-bedded limestone,
biopackstone, current- layered and some cross
strata, light-gray to reddish-gray, red shale-
filled veins, fissures and roo[casts; foraminifers
Thin-bedded:  lower  I  ft 0 inches shaly
biowackestone to calcitic mudrock, yellow.
Overlain by  I  ft 4 inches thin-bedded, reddish-

gray lime mudstone with red shale  streaks and
red shale-filled rootcasts. Overlain by  I  ft 0
inches limestone,  intraclastic biopackstone-

grainstone with red and green  shale  streaks, red
shale-rilled rootcasts and dissolution channels.
The limestones contain foraminifers,  bivalve
fragments
Basal  I  ft 0 inches knobby-weathering  lime
mudstone, light-gray. Top 2 ft 7  inches thin-
bedded limestone, biopackstone-grainstone.



8 ft 0 inches

I  ft 5  inches

graded layers 24 inches thick, yellow.
Limestone contains foraminifers, cnnoids,
encrusting bryozoans, pelecypod and brachio-

pod fragments
Light-gray, calcitic  mudrock with sporadic
lenses of very shaly  limestone (mudstone to
biowackestone). The basal 4 ft of section
contain abundant fossils, in order of decreasing
abundance: Derbyia, Composita, Juresania.
Allorisma, Septimyalina, and are bioturbated;
the upper 4 ft locally have a greenish tinge and
are relatively  sparsely fossiliferous (Derbyia,
Juresania)
Three beds of shaly limestone, fine-grained
biowackestone, light-yellow, with  a thin parting
of light-yellow  shale at the base;  limestones are
bioturbated (with Thalassinoides-type burrows) ,
and contain Derbyia, accessory crinoids,
echinoid fragments, Composita, Juresania,
oncolitically coated bioclasts; shales with finely
comminuted skeletal fragments

0 ft  lo inches        Thin-bedded, shaly limestone, biowackestone-

packstone. I ight-yellow-gray, bioturbated (with
Thalassinoides-type burrows);  Derbyia,
Composita, oncolitically coated bioclasts,
fenestrate bryozoans, crinoids, echinoid

2 ft 4 inches

125

Limestones are medium-gray,  shaly  mudstones
to biowackestones with Derbyia, Composita,
and accessory crinoids, echinoid fragments,
Juresania, bryozoan fragments. Mudrocks are

yellowish-brown, sparsely fossiliferous, with
brachiopod fragments, crinoids
Three beds of shaly limestone, biopackstone,
splotchy light-gray and gray ish-yellow,
bioturbated (with Thalassinoides-type burrows) ;
abundant Derbyia and Composita, accessory
crinoids, echinoid fragments, Juresania,
bryozoan fragments, Myalina

Wymore Shale Member

3  ft o inches           Unfossiliferous, light-gray to greenish-gray/

yellow-gray mudrock with  slicken  sides
(paleosol)

4 ft 6 inches           Unfossiliferous, red shale and mudrock, soil
anticlines at the top (paleosol)

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft o inches           Bed of prominently vertically burrowed
fragments

0 ft 6 inches           Sparsely fossiliferous, yellow, calcitic mudrock;
brachiopod fragments

0 ft  10 inches        Two beds of slightly shaly limestone. fine-

grained biopackstone,  light-yel low-gray,
bioturbated (with Thalassinoides-type bulTows);        I  ft 8  inches
basal bed oncolitic,  upper bed with abundant
Derbyia and accessory crinoids. bryozoan
fragments, echinoid fragments

0 ft  ll  inches        Section grades upward from limestone to
mudrock, then grades upward to limestone.

Measured Section Number: 3

limestone, biopackstone to grainstone, the top
~6 inches finer-grained and not bioturbated,

light-yellow-gray ; cr] noids. brachiopod
fragments, fragments of large pelecypods-
AvicuLopinna?
Medium-bedded limestone, biowackestone, the
basal and top 2 inches of biopackstone;
limestone is highly dissolution-pitted,1ight-

yellow, and contains calcitized chert nodules.
Crinoids, and bryozoan and brachiopod
fragments

Location:  Roadcut along old railroad right-of-way  (now a small
dirt road Into a pasture) in the SE NE see.  4. T.  35  S., R.  5  E.

(very close to measured section number 2), Cowley County,
Kansas

Comment: The remainder of the overlying Blue Springs is
concealed in the  slope, and the lower Florence is exposed at the
cres( of the hill just off the road

MATFIELD SHALE

Blue Springs Shale Member

3 ft o inches          Unfossiliferous, red shale and mudrock
0-8 inches              Bruno limestone bed:  very hard limestone,

mudstone. with conchoidal fracture, possible
rootmolds; pelecypod fragments

2 ft 2 inches           Unfossiliferous, calcite-impregnated, red
mudrock, rootcasts

Kinney Limestone Member

I  ft o inches           Basal 6 inches unfossiliferous red shale.

3 ft 8 inches

Overlying 6-inch bed of limestone,
biopackstone, red shale rna(rix (with foramini-
fers). that pinches out laterally to red shale. This
section is a gradational contact between the
Kinney and Blue Springs
Thick-bedded:  basal two beds of limestone,
biopackstone-grai nstone,  white, red shale
matrix in upper bed (foraminifers, crinoids,
brachiopod fragments). Upper bed
biopackstone, red shale matrix and thin partings
of red shale (foraminifers, crinoids, brachiopod
fragments). All beds are cross stratified, with
bimodal-bipolar dips ("herringbone"). Along
the length of the outcrop this unit thickens to 5
ft 8 inches

I  ft  lo inches        Medium-bedded,  knobby-weathering limestone,
coarsens upward from mudstone to
biopackstone, light-gray, thin partings of red
shale with 3-Inch-thick layer of red shale at top.
This unit thickens along the length of the
outcrop to 2 ft 6 inches
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Measured Section Number: 4

Location:  "140-Foot Hill": roadcuts in SE see.  5, T.  35 S„ R. 4
E., adjoining Camp Quaker Haven, Cowley County, Kansas

NOLANS LIMESTONE

Henngton Member
(probable top of the member)

5 ft 4 inches          Medium-bedded, fine-grained limestone,
biowackestone-packstone, porous, light-yellow ;
foraminifers, bivalve fragments, crinoids

Paddock Shale Member

9 ft o inches          Fossiliferous, yellow mudrock; crinoids, ramose
bryozoan§, bivalve hash

Knder Member

I  ft 8 inches          Bed of limestone, shaly oncolite
biowackestone, gradational top, sharp base,

yellow-brown; crinoids , brachiopod fragments,
foraminifers

0 ft  lo inches        Calcitic mudrock and lenses of coarse-grained,
oncolite biopackstone, yellow ; Derbyia,
crinoids, ramose bryozoans

I  ft 5 inches          Thin-bedded limestone: coarsening-upward
section from biowackestone-packstone (o
oncolite biopackstone, light-gray, gradational
top and sharp base; Derbyia and Composita,
foraminifers, ramose bryozoans

Measured Section Number: 5

I  ft 3 inches

I  ft 4 inches

Calcitic mudrock to shaly limestone, oncolite
biowackestone-packstone, yellow, with large
discoidal oncolites; Composita in upper half Of
section
Bed of shaly limestone, oncolite
biowackestone-packstone, gradational top and
sharp base, yellow ; crinoids, brachiopod
fragments, foraminifers, bryozoans

ODELL SHALE

~28.5  ft                   Unfossiliferous shale, relatively poorly

exposed: see detailed description a[ nearby
measured section number 8

VINFIELD LIMESTONE

Luta Member

4 ft o inches          Poorly exposed, thin-bedded limestone, shaly
mudstone, light-gray ; some Composita, crinoids

Cresswell Limestone Member

lo ft o inches        Bed of porous limestone, biopackstone, light-

yellow,  lichen-covered; oncolites. foraminifers.
crinoids, Derbyia, bryozoans

Grant Shale Member

2 ft o inches          Thin-bedded limestone, shaly biowackestone,
bioturbated, yellow-gray ; crinoids, brachiopod
fragments

Location: Roadcut along cowley county Highway  I  and in creek       I ft 5 inches
bed, in the W/2 sec.  28, T.  34 S., R.  5 E., Cowley County, Kansas

Comment: These outcrops directly adjoin the old "Silverdale

quarry" to the immediate west of the road, which is now a
housing development

FLORENCE FORMATION

I  ft 2 inches          Bed of limestone, mudstone, white, with
fusulinid-bearing chert layer at top

0 ft lo inches        lnterbedded fossiliferous, ca]citic mudrock and
shaly limestone, biowackestone-packstone,
light-yellow-gray, chert nodules ; Reticulatia,
Derbyia. ramose bryozoans, crinoids, fusulinids

Cole Creek Member

0 ft  I 0 inches        Interbedded fossi]iferous, calcitic mudrock and
shaly limestone,  biowackestone-packstone,
light-yellow-gray; Reticulatia, Derbyia, ramose
bryozoans, crinoids

I  ft 5  inches Fossiliferous, calcitic mudrock and lenses of
limestone, shaly mudstone to biowackestone,
light-ye] low-gray; Derbyia, cnnoids

Medium-bedded limestone, sparse
biowackestone, shaly, bioturbated, yellow-gray;
Reticulatia, Composita, crinoids, ramose
bryozoans

MATFIELD SHALE

Blue Springs Shale Member

2 ft o inches          Thin-bedded, unfossiliferous, calcitic mudrock,
light-gray

~9 ft                         Concealed

Kinney Limestone Member

3 ft 6 inches          Medium-bedded limestone, biopackstone. I ight-

gray ; Derbyia
4 ft o inches          Interbedded limestone, shaLy mudstone, dark-

gray, with Derbyia, Juresania; and
unfossiliferous, yellow-reddish-gray shale. The
top  I  ft 4 inches of this unit is highly
bioturbated

3 ft o Inches          Thin-bedded limestone, shaly mudstone,
weathers into brick-shaped blocks, dark-gray;
Derbyia. crinoids
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Measured Section Number: 6

Location:  Roadcut along newly-designed course of US-166, in
the E/2 sec.13, T. 34 S., R. 5 E„ Cowley County,  Kansas

Comment: This roadcut was freshly blasted when we examined it
in  1995

WREFORD LIMESTONE

Schroyer Limestone Member

4 ft o Inches          Bed of limestone that fines upward from
biopackstone to biowackestone-packstone,

porous, prominent vertical burrows, light-
yellow; crinoids, foraminifers, ramose bryozo-
ans, brachiopod fragments. Close to the top of
the member if not the top

0 ft  ll  inches        Thin-bedded limestone, coarse-grained
biopackstone, some chert nodules, yellow;
cririoids , foraminifers, ramose bryozoans,
brachiopod fragments

2 ft 4 inches          Bed of limestone that coarsens upward from
fine- to coarse-grained biopackstone, orange-

yellow. with angular chert nodules that appear
brecciated; crinoids, Reticulatia, ramose
bryozoans, spicules

Havensville Shale Member

I ft o inches          Calcitic mudrack with lenses of coarse-grained
limestone, oncolite biopackstone, light-yellow-

gray; Aviculopecten, echinoid fragments ,
bryozoans, high-spired gastropods

3 ft  I  inches

0 ft 4 inches

I  ft 6 inches

Fining-upward and then coarsening-upward
section from oncolite biopackstone to
nononcolitic biopackstone, to oncolite
biopackstone, light-yellow-gray; crinoids ,
foraminifers , ramose bryozoans ; some echinoid
fragments, high-spired gastropods, and
Aviculopecten at top
Fossiliferous, calcitic mudrock, orange to
medium-gray; brachiopod fragments
Bed of shaly limestone, mudstone, yellow to
medium-gray ; brachiopod fragments

Threemi]e Limestone Member

4 ft 8 inches          Bed of coarse-grained limestone, oncolite
biopackstone, porous, prominent vertical
burrows in basal  1  ft 4 inches,light-yellow;
crinoids, Bellerophon, ALLorisma, Reticulatia,
Aviculopecten, Composita

Measured Section Number: 7

5 ft 2 inches

4 ft 0 inches

2 ft 4 inches

I  ft 4 inches

I  ft 8 inches

2 ft 0 inches

Medium-bedded limestone, biowacke-stone,
very  light gray,  small chert nodules throughout,
and the top of the unit is a prominent, 3-inch-
thick, discontinuous layer of oval chart nodules.
Shaly seams about 0.5 inches thick at  I  ft 4
inches,  2 ft  I  inch and 4 ft 3  inches above the
base. Lower bed with pelecypod fragments,
overlying section with crinoids, ramose
bryozoans, and brachiopod fragments
Bed of very light gray limestone that coarsens
and then fines upward from biowackestone to
fine-grained biopack-stone to biowackestone;
oval, laminated chert nodules toward the base
of the unit;  a 9-inch-thick layer of laminated
chert 2 ft 2 inches above the base. Overlain by a
lo-inch-thick section with  scattered chert
nodules; and a discontinuous,  2-3-inches-thick
chert layer at the top.  Rocks contain crinoids,
brachiopod fragments, ramose bryozoans
Bed of light-gray limestone, biowacke-stone-

packstone; chert nodules in basal  I  ft, promi-
nent discontinuous layers of chert nodules  I  ft
above the base and at the top of the unit, with
angular and brecciated-appean ng chert nodules
in-between. Rocks contain crinoids, brachiopod
fragments, ramose bryozoans
Shaly  limestone, biowackestone, in the lower
half, light-yellow-gray; and fossiliferous,
calcitic, yellow-gray mudrock in upper half.
Composita, Derbyia, and crinoids throughout.,

plus fenestrate bryozoans in upper half
Thin-bedded, shaly limestone,  mudstone,
bioturbated, abundant silicified Composita,
light- to mottled-dark-gray, bedding decreases
upsection ;  accessory crinoids, brachiopod
fragments
Medium-bedded, shaly limestone,
biowackestone, abundant silicified Composita,
calcitized chert nodules following burrows, and
a 0.5-inch-thick discontinuous chert layer at
top; rocks are dark-to light-gray; Composita,
Derbyia, crinoids , ramose bryozoans

SPEISER FORMATION

4 ft 0 inches

I  ft 5  inches

Thin- to medium-bedded,  shaly limestone,
mudstone, dark-gray and yellow-gray (with
time,  will probably weather to interbedded
shaly lime mudstones and calcitic shales)
Unfossiliferous , red mudrock

Location: Roadcut along unnamed paved road in NW sec.17, T,         WINFIELD LIMESTONE
34 S., R. 4 E., Cowley County,  Kansas

Luta Member
Comment: This section exposes nearly all of the Winfield
Limestone and is very close to the type locality of the cresswell          5 ft 4 inches
Limestone Member (Condra and Upp,  1931), which is measured
section number 8.

Thin-bedded, shaly limestone, mudstone-
biowackestone , bioturbated, yellow-gray, minor
replacement of fossils by chert;  crinoids, Composita
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Cresswell Limestone Member

2 ft 6 inches          Bed of limestone,  slightly porous oncolite
biopackstone, locally bioturbated, yellow:
crinoids, ramose bryozoans , brachiopod
fragments

3 ft 4 inches

6 ft 4 inches

Bed of porous limestone, biograinstone,

prominent vertlcal burrows,  yellow; Derbyia,
crinoids , pelecypod fragments
A single bed of orange-yellow, porous lime-
stone that consists, in ascending order of:  (a)  I
ft of biowackestone with some oncolites,
bioturbated; (b) 3 ft of oncolite biopackstone-

grainstone, locally bioturbated; and (c) 2 ft 4
inches oncolite biopackstone, locally
bioturbated. Fossils in this unit include Derbyia,
crinoids, and ramose bryozoans

Grant Shale Member

1  ft 2 inches           Bed of bioturbated limestoTie, biowackestone,
with conspicuous large oncolites, very light

Measured Section Number: 8

gray ; brachiopod fragments , foraminifers,
cnnoids, high-spired gastropods

0 ft  lo inches        Bed ofoncolite biowackestone-packstone,
bioturbated, gray ("concretionary zone") ;
ramose bryozoans, brachiopod fragments

0 ft 8 inches           Unfossiliferous, orange-yellow mudrock and
shaly lime mudstone

I  ft 4 inches          Concealed

Santa Fe Lake Member

3 ft o inches           Thin-bedded section:  basal  I 0 inches is oncolite
biopackstone, gray-orange, with foraminifers
and pelecypod fragments; top 2 ft 2 inches is
laminated lime mudstone and calcitic  shale,
some laminae of foraminiferal  calcisiltite

DOYLE SHALE

Gage Shale Member

0 ft 4 inches           Unfossiliferous, yellow shale

Location: Outcrops along the bluffs on the grounds of the Spring
Hill Golf Course in Arkansas City, which include the type
locality of the Cresswell Limestone Member of the Winfield
Limestone (Condra and Upp,1931):  in the center of see.  18, T.
34 S., R. 4 E., Cowley County,  Kansas

NOLANS LIMESTONE

Herington Member
(probable top of the member)

3 ft 6 inches          Medium-bedded dolomudstone,light-yel low :
top 7 inches laminated, and a 4-inch-thick layer
of burrowed and laminated dolowackestone-

packstone 4 inches above the base,  with large
intraclasts of dolomudstone.  Small, light-gray
chert nodules in upper half of the unit;
foraminifers, fenestrate bryozoans , high-spired

gastropods, pelecypod molds
3  ft 4 inches

Bellerophon.  Overlying section coarsen s
upward from biowackestone in the lower half,
to biopackstone in the upper half with large
biomolds, Composita, Bellerophon, Allorisma,
and fenestrate bryozoans. Thin, erratic lenses of
white chert at the top are replaced, fine-grained
biopackstones; the chert follows burrows.
Accessory fossils in this  1  ft  11  inches-thick

unit include pectinid molds, crinoids, abundant
forammifers, some planispiral and high-spired

gastropods. This unit passes laterally,  to the
west, to a similar thickness of limestone that
coarsens upward from fine-grained to coarse-

grained biopackstone, light-yellow, cross
stratified at the base

Paddock Shale Member

8 ft o inches           Thin-bedded,  fossiliferous, calcitic mudrock
Thick-bedded, porous, cross stratified
do]opackstone-grainstone with bimodal-bipolar
dips ("hemngbone"); this   unit passes laterally

(westward) along the outcrop to porous
dolomudstone-pack-stones, and then, again to a        Krider Member
bed of cross stratified dolopackstone to

grainstone that is only 2 ft 4 inches thick;                      0 ft 8 inches
(foraminifers , gastropods, pe]ecypod molds,
crinoids, fenestrate bryozoans);  at the farthest
west outcrop, only about  I  ft 4 inches of section       2 ft 6 inches
is exposed that represents the basal part of this
unit, and it consists of very fine grained
limestone, biowackestone. Top of this  3 ft 4
inch-thick unit locally has thin lenses of white
chert that has replaced fine-grained
biopackstone

I  ft  I linches          Bed of porous dolomite: basal  6 inches fines
upward from biopackstone to sparse
biowackestone, with Composita and

1  ft 4  inches

with  some lenses of shaly  limestone, sparse
biowackestone,  I ight-yellow-gray ; pectinids,
crinoids

Bed of dolomitic limestone, biowackestone,
light-yellow to tan, abundant biomolds; ramose
bryozoans, bivalves
Coarse-blocky, calcitic mudrock, sparsely
fossiliferous, light-tannish-yellow,  some orange
streaks; orange-stained casts and molds of

pelecypods in upper  10 inches, scattered
Composita, crinoids, ramose bryozoans
Fossiliferous, calciti c  mudrock, orange-yel low,
number of fossils decreases upsection; cnnoids,
Derbyia, ramose bryozoans, echinoid frag-
ments,  small oncolites



0 ft 7  inches-        Bed oflimestone, coarsens upward from
0 ft  lo Inches      mudstone-biowackestone to wackestone-sparse

biopackstone,  locally prominent Aviculopinna
in vertical burrows. granular texture,  brownish-

yellow up to light-gray;  Derbyia, and some
Composita, echinoid fragments, cnnolds,
fenestrate and ramose bryozoans, Avlculoplnna

2 ft 6 inches

I  ft 2 inches

Calcitic mudrock,  yellow;  basal  I  ft 3  inches
weathers yellow,  and contains large, discoidal
oncolites and accessory crinoids, Derbyia, and
Myalina;  middle 6 inches weathers orange-

yellow, and contains scattered crinoids,
Composita, Derbyia,  small oncolites;  top 9
Inches weathers yellow, and contains abundant
Composita and accessory crinoids
Bed of shaly limestone, coarsens upward from
mudstone-biowackestone to sparse
biopackstone,  and biotic diversity increases
upsection,  sharp base and gradational top,
bioturbated,  light-yellow-gray;  laterally along
the outcrop, to the east, this bed weathers very
shaly and recessive.  Basal part with crinoids,
high-spired gastropods.,  from just above the
middle to the top of the bed, abundant Derbyia,
and locally, Aviculopinna, large discoidal
oncolites,  large crinoid fragments, fenestrate
bryozoans. echinoid fragments, oncolitically
coated Myalina)

ODELL SHALE

I  ft 4 Inches-        Unfossiliferous, dark-gray to greenish-gray
I  ft  ll  inches      shale, fissile and laminated; passes laterally

along the outcrop (to the west) to brownish-

Measured Section Number: 9

3 ft 0 inches
4 ft 6 inches

4 ft 0 inches

2 ft 0 Inches
1  ft  2  Inches

I  ft 7 inches
6 ft 9  inches

3  ft 0 inches
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green, blocky mudrock
Unfossiliferous. green mudrock, laminated
Unfossiliferous. green mudrock with reddish
tint ln  lower 2 ft
Unfossiliferous, green  mudrock; a 6-inch-thick,
white-gray palcosol just below the middle, with
orange breccia at its top
Unfossiliferous,  light-gray mudrock
Unfossiliferous, gray  mudrock, with a thin

paleosol  at the top, capped by orange breccia
White-gray paleosol, orange breccia at its top
Unfossiliferous,  light-gray  mudrock, silty to
slightly  sandy
Unfossiliferous, fissile, light-yellow, calcitic
shale with orange streaks, light-gray  in the
upper half (appears to be a thin-bedded,  shaly
llmestone)

WINFIELD LIMESTONE

Luta Member

8 ft o Inches           Poorly exposed, thin-bedded to fissile, fining-
upward section of limestone, from shaly
biowackeslone to shaly mudstone, bioturbated,
I ight-gray ; Composlta, ramose bryozoans.
crinoids

Cresswell Limestone Member

ll  ft o inches        Bed ofrelatively coarse-grained limestone,
mostly oncolite biopackstone, porous, yellow-
orange ; ramose bryozoans, brachi o-pod
fragments , crinoids, foraminifers

Location:  Cliff behind Dopp's Chiropractic Clinic and Orscheln
Tires on US-77, just  north of Radlo Lane in Arkansas City,  ln  the
SE sec.13, T.  34 S..  R.  3  E., Cowley County,  Kansas

NOLANS LIMESTONE

Herington Member
(probable top of the member)

5 ft o inches          Thin-bedded dolomudstone to dolosiltite,

yellow-brciwn, with  small, dark-gray  chert

4 ft  ]O inches        Massive appearing mudrock, yellow,  but with
large  nodular-shaped areas where it is dark-

gray,  scattered large calcite nodules
(paleocaliche), sparsely  fossiliferous  (crinoids)

3  ft 4 inches

Knder Member
nodules in  middle, top 6 inches are laminated

0 ft 8 inches           Unfossiliferous, yellow-brown shale, 0.25-inch-        1  ft 2 inches
thick layer of lime mudstone in middle

I  ft o inches           Basal 3  inches unfossiliferous, yellow mudrock:

overlain by 9 inches yellow-brown

dolomudstone
1  ft 3  inches           A  I -inch-thick bed of dolomudstone at base,

overlain by 6 inches unfossiliferous, yellow
mudrock,  and then,  8  inches dolomudstone,
brown-yellow

Paddock Shale Member

3 ft 2 inches           Poorly exposed calcitic shale, unfossiliferous,
light-yellow

2 f(  8 inches

Mudrock, sparsely fossiliferous (crinoids).

yellow in basal  I  ft 4 inches, overlying  I  ft  I
inch vanously dark-gray or yellow. with a  I -ft-
thick zone of calcite nodules in the middle; top
8 inches yellow

Bed of porous limestone, biopackstone, small
]ight-gray chert nodules in middle, orange,
sharp base and gradatlonal top; brachiopod
fragments, crinoids, ramose bryozoans,
foraminifers
Fossiliferous, yellow mudrock, local calcite
nodules; lower half with abundant pelecypod
molds, upper half with abundant Composita.
The entire unit also contains fenestrate and
ramose bryozoans

I  ft  10 inches        Bed of limestone that coarsens upward from
biowackestone to oncolite biowackestone to

packstone (oncolites are orange), with shap
base and gradational  top; brachiopod fragments,
crinoids, ramose bryozoans
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2 ft 6 inches

I  ft 2 inches

Calcitic,  yellow mudrock, large, discoidal
oncolites in the lower half,  abundant Composita
in the upper half
Bed of shaly  limestone, coarsens upward from
mudstone-biowackestone to biowackestone-
sparse packs[one, bioturbated. light-yellow-

Measured Section Number: 10

gray; crinoids, echinoid fragments, Derbyia,
high-spi[ed gastropods, fenestrate bryozoans

ODELL SHALE

1  ft 0 inches Dark-gray-green, unfosslllferous. fissile and
laminated shale

Location:  Roadcut along boundary between see.  35, T.  33  S., R. 4
E.  and sec. 2, T.  34 S.,  R. 4 E.  (for the Towanda),  and in SW see.
35, T.  33 S„  R. 4 E. (for Gage and Winfield)

WINFIELD LIMESTONE

Cresswell Limestone Member

3  ft  3  inches           Bed of porous limestone, biopackstone-
wackestone, light-yellow ;  foraminifers,
scattered oncol ites, ramose bryozoans

Grant Shale Member

6 ft 8  inches           Bioturbated, calcitic mudrock with lenses of
shaly  limestone, biowackestone, oncolitic in top
3  ft, yellow; crinoids, ramose bryozoans,

pelecypod casts

Santa Fe Lake Member

I  ft 8  inches           Thin-bedded,  shaly limestone, mudstone, gray

DOYLE SHALE

Measured Section Number: 11

Gage Shale Member

2 ft 8  inches
2 ft 0 inches
4 ft 8  inches

0 ft 7  inches
2 ft 4 inches
I  ft 4 inches

-20 ft

Unfossiliferous, yellow-brown mudrock
Unfossiliferous, green  shale
Unfossiliferous. red shale and mudrock, with a
3-inches-thick layer of green shale  I  ft 9 inches
below the top
Unfossiliferous, green shale to mudrock
Unfossi] iferous, red mudrock
Three thin interbeds of ]igh[-gray. shaly lime
mudstone,  with desiccation cracks in the top
bed, and unfossi]iferous, green shale
Concealed

Towanda Limestone Member

I  ft 4 inches

2 ft 8  inches

0 ft 6 inches

Thin-bedded limestone, shaly mudstone,

yellow-brown
Thin-bedded limestone, shaly mudstone,
laminated in lower 2 ft;  secondary calcite veins
and ]aminae of palisades calcite crystals,
scattered small white chert nodules; yellow-
brown
Unfossiliferous , yellow-brown mudrock

Location:  Roadcut in center of W/2 sec. 24, T.  33  S.,  R.  4 E„
along bluffs of Walnut River

Comment: Estimated concealed thickness of the Doyle Shale
from here to the top of the hill, where the basal Win field
Limes(one is exposed, is about 60 ft

FORT RILEY FORMATION
(top of the formation)

4 ft o inches          Medium-bedded limestone, fines upward from
biowackestone-packstone to biowackestone,

yellow; foraminifers, crinoids, bivalve
fragments

2 fi 9 Inches

2 ft 4 inches

4 ft 8 inches

3 ft 2 inches

2 ft 7  inches

Medium-bedded I i mestone , coarsens upward
from biowackestone to biograinstone. light-tan ;
crinoids, bivalve fragments, Derbyia, foramini-         0 ft 9 inches
fers
Thin-bedded shaly limestone, mudstone, and a          3 ft o inches
4-Inch-thick layer of mudrock in the middle,
brownish-yellow

Medium-bedded,  porous limestone, fines
upward from biopackstone-grainstone to, in the
top 8 inches, biopackstone; low-angle cross
stratification, graded layers, yellow.  Rocks
contain Derbyia, foramini fers, accessory
crinoids
Medium-bedded. porous limestone,  mostly fine-

grained lime mudstone. thin-layered to
laminated,  with wavy-bedded lenses of
biowackestone-packstone; and a  1-inch-thick
channel  at the top, filled with biopackstone-

gralnstone , light-yellow.  Rocks contain
crinoids. Composita, foraminifers
Medium-bedded shaly limestone, mudstone.
and thin  interbeds of shale. light-tan, surface-
dissolution pits
Laminated shaly limestone,  mudstone, light-

yellow
Medium-bedded limestone, sparse
biowackestone, Light-tan , pe]ecypod fragments,
crinoids
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Measured Section Number: 12

Location: Roadcuts, both sides. along boundary between sec. 33,         2 ft 6 inches
T.  33  S., R. 4 E. and sec. 4, T.  34 S„ R. 4 E., Cowley County,
Kansas

NOLANS LIMESTONE

Herington Member
(probable top Of the member)

4 fl  I  Inches          ljower and upper part of the section medium-
bedded, mJddle part is thin-bedded: slightly
shaly dolomuds[one with abou(  1  ft of lime
mudstone at the top, light-gray

5 ft 5 inches          Medium-up to thin-bedded dolomudstone,
sligh(ly shaly, yellow-gray

Measured Section Number: 13

Interbedded unfossiliferous mudrock and lime
mudstone, yellow, with calcite geodes and thin
]aminae of gypsum

Paddock Shale Member

4 ft o inches          Mostly unfossiliferous, yellow-brown mudrock
and shale; with lenses of shaly lime mudstone at
base (6 inches thick), and I  ft 4 inches above
base (I.5  inches thick),I  ft 8 inches above base

(I  inch thick), 2 ft 5  inches above base (I  inch
thick), and 2 ft 8 inches above base (I  inch
thick)

Location: Roadcuts along bluffs of Walnut River, in NE sec. 23,
T. 33 S„ R. 4 E„ and gully into the river

Comment: Estimated concealed thickness of the Doyle Shale on
the overlying slope, to the base of the exposed Winfield Lime-
stone, is about 50 ft

FORT RILEY FORMATION
(probable top of the formation)

I ft 7 inches          Bed of limestone, fine-grained biogramstone,

yellow-brown ; foraminifers, crinoids, bivalve
fragments

4 ft o inches          Concealed: float of shaly mudstone to sparse
biowackestone

I  ft 4 inches          Medium-bedded limestone, mudstone,
chocolate-brown

3 ft o inches          Concealed: float of shaly lime mudstone
2 ft 6 inches          Bed of limestone, mudstone, yellow; crinoids,

brachiopod fragments
0 ft  lo inches        Thin-bedded limestone, biowackestone, yellow;

crinoids
4 ft 4 inches          Thin-bedded limestone, shaly mudstone, light-

8ray
2 ft 6 inches          Thin-bedded, shaly limestone, mudstone to

biowackestone, gray ; crinoids
4 ft 4 inches          Progressively thinner-bedded shaly limestone,

mudstone, light-gray

Measured Section Number: 14

I  ft 4 inches

I  ft 3 inches

I  ft 0 inches

6 ft 6 inches

I  ft 3 inches

Thin-bedded,  shaly limestone, fine-grained,
onco]ite biopackstone, less shaly toward top,
medium-to dark-brownish-yellow-gray ;
crinoids, brachiopod fragments
Bed of limestone, oncolite biowackestone,
light-yellow-gray ; crinoids
Thin-bedded ]inestone , oncolite
biowackestone, medium-yellow-brown;
crinoids
Thick-bedded limestone. coarsens upward from
fine-grained to coarser-grained oncolite
biopackstone, yellow-brown ; crinoids, ramose
bryozoans, bivalve fragments
Medium-bedded limestone. oncolite
biowackestone, what appear to be white
intraclasts in upper half are actually fenestrate
bryozoan-encrusted gr   ns, light-yellow; base is
a prominent stylolite

FLORENCE FORMATION

3 ft 4 inches          Bed of limestone, oncolite biowackestone-

packstone, light-yellow ; crinoids, bi valve
fragments

I ft 8 inches          Medium-bedded limestone, mudstone-sparse
biowackestone, light-yellow; crinoids , bryozoan
fragments

Location: Roadcuts and small quarry at intersection of K-38 and
K-15, in SE see.  24, T.  32 S„ R. 6 E., SW see.19 and NW sec.

30, T. 32 S., R. 7 E., west of the BJN Ranch; the top few feet of
the Florence section is measured at the roadcut along K-15 in
adjoining sees. 24 and 25, T.  32 S„ R.  6 E.; all outcrops in
Cowley County, Kansas

FLORENCE FORMATION

1  ft 5 inches          Medium-bedded limestone. biowackestone,
light-yellow-gray ; chert nodules follow

3 ft 4 inches

bunows, a 2-inch-thick chert layer in the
middle. Rocks contain fusulinids, ramose and
fenestrate bryozoans , crinoids
Progressively thinner-bedded limestone,

porous, fine-grained biowackestones, light-
yellow-gray, chert nodules; fusulinids,
fenestrate and ramose bryozoans, crinoids

3 ft 4 inches          Seven beds of limestone, with chert nodules,
that thin upward from about 7 inches thick to 4-
5 inches thick, separated by 2-3-inches-thick
chert layers: mudstone to sparse biowackestone,
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I  ft 7  inches

I  ft 4 inches

I  ft 4 inches

2 ft 2 inches

light-gray; fenestrate and ramose bryozoans,
crinoids
Bed of limestone` sparse biowackestone, light-           1  ft 6 inches

yellow, chart nodules and 3-Inches-thick layers
of chert at top and base; fusulinids,  ramose and
fenestrate bryozoans , crinoids
Bed of limestone, porous biowackestone,

yellow,  small chert nodules;  fusulinids, ramose
and fenestrate bryozoans, crinoids
Thin-bedded limestone,  sparse biowackestone,
light-yellow,  3 ft 4 Inches-thick chert layer in
middle,  1-inch-thick chert layer at top;

fenestrate and ramose bryozoans, crinoids
Platy-bedded shaly limestone , biowackestone,
bioturbated, more shaly at top, yellow, chert
nodules; crmoids, spicules, ramose bryozoans,
Reticulatia, Derbyia

Cole Creek Member

2 ft 4 inches           Basal 4 inches limestone, biowackestone,

yellow, overlain by  8  inches yellow  shale, then
4 inches yellow biowackestone, then  I  ft

yellow-orange shale; crinoids, fenestrates
bryozoans, Reticii latia

I  ft  lo inches        Basal 3  inches calcitic mudrock to shaly lime
mudstone.  Overlying  I  ft 7  inch-thick bed of
limestone, biopackstone-grainstone, pelecypod-
rich, bioturbated, gray.  Other fossils in the unit

Measured Section Number: 15

are crinoids,  Derbyia, planispiral  and high-
spired gastropods
Thin-bedded,  upper and lower limestones
( pelecypod-rich biopackstones) separated by
thin, yellow shale; planispiral and high-spired

gastropods, Composita

MATFIELD SHALE

Blue Springs Shale  Member

5 ft 3 inches           Yellow-brown mudrock, unfossiliferous except
for the top 6 inches, which contains pelecypod
fragments

I  ft 3  inches           Basal  8 Inches unfossiliferous, reddish-green
mudrock; top 7  inches unfossiliferous, reddish~

green to yellow-brown mudrock
ll  ft o inches         Unfossiliferous, red mudrock, occa`sional

streaks of green  and yellow-green shale; top 2
inches is green shale

0 ft 4 inches           Unfossiliferous,  green shale

Kinney Limestone Member

1  ft 4 Inches           Thin-bedded,  but coarsening-upward section of
limestone, reddish-gray:  biowackestone to
sparse packstone at base, to oncolite
biopackstone-grainstone at top, both  with
streaks of green shale. Rocks contain  foramini-
fers, crinoids, bivalve fragments

Location-  Roadcuts on  K-38, and adjoining field lo north of road
on BJN Ranch,  in  secs.  19 and 30, T.  32 S., R.  7 E., Butler
County, Kansas

Comment: There is about 7  inches of concealed section between
the top of the red shale in the Blue Springs, and outcrops of
cherty Florence limestones in the fields north of the road

MATFIELD S HALE

Blue Springs Shale Member

3  ft o inches           Unfossiliferous, red mudrock
3  ft o inches           Unfossiliferous, yellow-brown mudrock
3  ft o inches           Concealed

Kinney Limestone Member

I  ft o inches          Top few  inches is a ledge of bioturbated, dark-

gray, shaly lime mudstone
0 ft  10 inches
4 ft 0 inches

Concealed
Poorly exposed,  medium-bedded limestone,
fines upward from biopackstone to
biowackestone-packstone, bioturbated,
medium-yellow-gray ; Composita,  Derbyia,
oncolites. foraminifers, crinoids, planispiral

gastropods

Wymore Shale Member

5  ft 6 inches           Poorly exposed, unfossiliferous,  red mudrock
0 ft  lo inches        Unfossiliferous, green  mudrock

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft 2  inches           Medium-bedded limestone, coarsens upward
from biopacks[one to biograinstone, yellow-

gray;  foraminifers, i`rinoids, brachiopod
fragments

0 ft  lo Inches        Bed oflimestone,  porous, coarse-grained
biopackstone, conspicuous vertical burrows,

yellow, some chert nodules; echinoid spines,
crinoids, Reticulatia, Composita, fenestrate
bryozoans

3 ft 4 inches          Bed of limestone. coarsens upward from
biopackstone to blograinstone, then fines
upward to biowackestone-packstone, yellow-

gray,  scattered chert nodules and a 2-3-inches-
thick chert layer at the top; foraminifers,
crinoids, ramose bryozoans, brachiopod
fragments, echmoid spines, Reticulatia

0 ft  8 inches           Fossiliferous, calcitic,  yellow mudrock;
Composita

2 ft  I  inches Medium-bedded  limestone, coarsens upward
from fine-grained biopackstone to coarse-



grained biopackstone-grainstone, some vertical
buiTows,  porous, yellow; foraminifers. crinoids.
brachiopod fragments

Havensville Shale Member

3 ft 4 inches           Bed of yellow-gray  limestone:  basal  I  ft 4
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biowackestone. then 5  inches porous
biowackestone, then a 3-inches-thick chert
layer, then  1  ft 5  inches porous biowackestone.
Scattered chert nodules in the limestones, which
contain Reticulatia, gastropods,  spicules,
bryozoans , brachiopod fragments

2 ft 9 inches          Bed of limestone that fines upward from
inches biopackstone-grainstone,  vertical
burrows. Overlain by  I  ft 2 Inches very coarse

grained biopackstone-wackestone with large
brachiopod fragments. Then  10 inches fine-

grained biopackstone with vertical burrows.
Rocks contain foraminifers, crinoids, pelecypod       2 ft 9 inches
and echinoid fragments, Composita, bryozoans

2 ft 4 inches           Basal  lo-14 inches unfossiliferous,  yellow
mudrock;  upper  14-18 inches fissile,  very dark

gray,  laminated, sparsely fossiliferous shale.
Rocks contain high-spired gastropods,
Aviculopecten

Threemile Limestone Member

2 ft o inches           Bed of porous limestone, fines upward from

4 ft 0 inches

3 ft 8 inches

bi owackestone-packstone to biowackestone,

porous,  light-yellow-tan, small angular chert
nodules and an  I I-inches-thick layer of
laminated chert 6 ft 7  inches below the top.,
spicules, bryozoans, brachiopod fragments
Medium-bedded limestone, coarsens upward
from fine-grained biowackestone to
biopackstone, yellow to brownish-gray, angular
chert nodules that appear brecciated;  spicules,
bryozoan s , brachiopod fragments

0 ft  I I  Inches         Basal 6 inches limestone, fine-grained
biowackestone-packstone,  yellow, angular chert
nodules; upper 5  inches yellow calcitic shale to
shaly lime mudstone. Unit contains spicules,

2 ft 9 Inches
biopackstone-grainstone to biopackstone,
vertical burrows in lower half, yellow;
foraminifers, crinoids,  some oncolites
Thick-bedded limestone.  light-yellow:  basal 9
inches coarsens upward from biowackestone to
oncolite biopackstone, with a 2-3-inches-thick
layer of oval chert nodules just below the top.
Overlain by  I  ft 4  inches oncolite biopackstone-       0 ft 7  inches

grainstone, very coarse grained at the top,
vertical burrows. Top  I  ft  11  inches fines
upward from biopackstone-grainstone to
biopackstone. Rocks contain foraminifers ,
crinoids, pelecypod fragments; lower beds also
with spicules, bryozoans, Allorisma,
Aviculopecten
Medium-bedded I i mestone, medium-yellow :
basal  I  ft 3  inches porous biowackestone,  shaly
at top.  Overlain by 4 inches shaly

Measured Section Number: 16

bryozoans, brachiopod fragments
Top  I  inch and basal 2 inches are fossiliferous,

yellow mudrock to shaly lime mudstone.,
middle is a bed of limestone, fine-grained
biowackestone-packstone, bioturbated,  light-

yellow-tan, small  oval cherl nodules in middle.
Unit contains Composita, ramose and fenestrale
bryozoans, crinoids, spicules, Juresania.
Derby,a
Glauconitic li mestone, biopackstone, abundant
silicified Composita, tan-gray., crinoi ds, ramose
bryozoans, Juresania, Derbyia

SPEIS ER FORMATION

6 ft o inches           Interbedded gray, fossiliferous mudrocks and
shaly limestones (biowackestones);  10 inches
below top is 5  inches of very dark gray, calcitic
shale to shaly biowackestone; crinoids,
spicules, brachiopods, with Orbiculoides at the
top

Location:  Roadcut, north side of K-15/US-160, and gully  Into
Silver Creek on south side of the road, in adjoining parts of sees.
19,  20, and 30, T.  32 S., R. 6 E„ Cowley County,  Kansas

FORT RILEY FORMATION

2 ft 0 inches
3  ft 4 inches

2 ft 2 inches          Thick-bedded limestone, biograinstone-

packstone , yellow-gray ; foraminifers, pelecy-
pod fragments                                                                        0 ft 6 inches-

l  ft o inches          lnterbedded shaly lime mudstone and mudrock,            I  ft 4 inches

yellow-gray, bioturbated, fossiliferous ; crinoids,
bivalve fragments

3 ft o inches           Bed of porous limestone, coarsens upward from        2 ft 6 inches
biopackstone to biopackstone-grainstone ,
bioturbated,  yellow: foraminifers, some cnnolds
and bivalve fragments

0 ft  10 inches        Bed of limestone, mudstone, yellow-gray, upper
half greenish; bivalve fragments

Thin-bedded limestone, mudstone, yellow-gray
Limestone, yellow:  basal 2 ft porous, cross
stratified biograinstone,  scattered intraclasts of
lime mudstone.  Overlying  I  ft 4 inches
interbedded mudstone and porous biograinstone
in the lower half, cross stratified, and mudstone
in the upper half.  Rocks contain foramimfers,
bivalve fragments
Basal few  inches of fossiliferous, yellow,
calcitic  mudrock overlain by thin-bedded,

yellow, shaly lime mudstone, erosional top;
bivalve fragments
Thin-bedded limestone, mudstone with lenses
of biowackestone-packstone, light-yellow ;
crinoids

3 ft  I  inches           Thick-bedded limestone, prominent surface-
dissolution vugs, yellow to light-gray. The unit
consists Of layers of lime mudstone with
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desiccation cracks and porous biowackestone-

packstone with clas[s of desiccated mudstone;
contains foraminifers, cnnoids, bivalve
fragments. including gastropods

2ft3 inches          Basal  I  inchyellowshaleoverlainbyabedof
limestone, biowackestone, top 10 inches
laminated, light-yellow ; pelecypod fragments.
crinoids

3 ft 9 inches          Medium-bedded limestone, coarsens upward
from biowackestone to porous biopackstone,
some vertical to sub-vertical burrows, promi-
nent surface-dissolution vugs, locally thick-
bedded along the outcrop; crinoids, bivalve
fragments, and at the top, also high-spired

gastropods
I  ft4 inches          Thin interbeds ofbiowackestone and mudrock,

both fossiliferous, light-yellow-gray; crinoids,
bivalve fragments

2 ft o inches          Calcitic, fossiliferous, yellow mudrock to shaly
limestone, mudstone; crinoids, bivalve
fragments

I  ft 8 inches          Thin-bedded. shaly limestone, biowackestone,
bioturbated, yellow-brown; crinoids, pelecypod
and brachiopods fragments

Measured Section Number: 17

2 ft4 inches          Thin-bedded limestone, fine-gra]ned
biograinstone, top 5  inches calcitic mudstone,

yellow-brown. Limestone with crinoids, some
oncolites, echinoid fragments. ramose bryozo-
ans, Composita; mudrock with crinoids and
brachiopod fragments

2 ft o inches          Thin-bedded, shaly limestone, biowackestone-

packstone in lower half, calcitic mudrock
above, yellow-brown ; crinoids, brachiopod
fragments

I  ft 6 inches          Bed ofoncolite biopackstone-grainstone,
orange-yellow; crinoids, brachiopod and

peLecypod fragments
I  ft o inches          Concealed
I ft o inches          Bed of limestone, biopackstone, light-yellow-

gray; encrusting and ramose bryozoans, some
oncolites, cnnoids, brachiopod fragments

FLORENCE FORMATION

5 fl 4 inches          Medium-bedded limestone, biowackestone,
light-tan-yellow. chert nodules; encrusting
bryozoans, crmoids

Locat]on: Roadcut and gul]y into Snake Creek, S/2 see. 24, T. 32
S., R.  5 E., Cowley County,  Kansas
FORT RILEY FORMATION

3 ft 4 inches          Thin-to medium-bedded, shaly limestone,
mudstone, light-yellow

I  ft 8 inches          Bed of limestone, shaly mudstone, light-yellow-

weathers dark-gray in upper half, light-gray
below but fresh color is medium-gray. Rocks
contain crinoids, brachiopod fragments. This is
the upper part of the "gray zone" referred to in
the text

2 ft4 inches          Thin interbeds of shale and shaly limestone,
biowackestone with some lenses of

gray
I  ft 6 inches          Thin-bedded, shaly limestone, mudstone, light-

8ray
0 ft 8 Inches           Unfossiliferous, calcitic shale to shaly lime

mudstone, fissile, orange-yellow
2 ft 8 inches          Thick-to medium-bedded limestone, mudstone,        I  ft 8 inches

locally bioturbated lenses of biowackestone,
light-yellow-gray; crinoids

I  f( 5 inches          Bed of shaly limestone, biofurbated mudstone,
light-yellow-gray

1 ft lo inches        Medium-bedded, shaly limestone, mudstone,
bioturbated. top 6 inches fissile, light-gray

I  ft 9 inches          Bed of shaly limestone, dark-gray to yellow
along the outcrop, mudstone, abundant vertical
and sub-vertical bulTows filled with coarse-

grained biowackestone ; crinoids, brachiopod
fragments

2 ft 9 inches          lnterbeds of mudrock and shaly limestone.
sparse biowackestone, medium- up to thin-
bedded, sub-vertical burrows in upper half;

I  ft 6 inches
5 ft 4 inches

biopackstone, light-yellow-brown to light-gray

(but upper 10 inches weathers dark-gray);
fenestTate bryozoans, cnnoids, brachiopod
fragments. This is the lower part of the "gray
zone" refened to in the text
Bed of limestone, oncolite biopackstone, finer-

grained and with fewer oncolites than below,
brownish-yellow ; crinoids, foraminifers,

planispiral gastropods
Concealed
Medium-bedded limestone , oncolite
biopackstone, orange-yellow, relatively large
and abundant oncolites; crinoids. foraminifers,

plamspiral gastropods

FLORENCE FORMATION

1 ft o inches          Bed of white limestone, sparse biowackestone;
scattered oncolites and ramose bryozoans
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Measured Section Number: 18

Location: Roadcut on K-15/US-160, centers of adjoining secs.
20 and 29, T. 32 S.. R.  5  E., and railroad cut in N/2 of sec. 30, T.
32 S., R.  5 E., Cowley County, Kansas

ODELL SHALE

0 ft 6 inches          Red, shaly top soil
0 ft 6 inches          Unfossiliferous, light-gray shale, small white

chert nodules (silicified evapontes)
VINFIELD LIMESTONE

Luta Member

2 ft o inches          Thin-bedded shale and shaly limestone,
biowackestone. very abundant silicified
Composita, light-gray

I  ft 6 inches          Basal 7 inches bed of limestone, sparse oncolite
biowackestone, chert nodules (ramose bryozo-
ans. crinoids); overlain by 3  inches fissile,

yellow lime mudstone; overlain by  8 inches
biowackestone as at the base of the unit,
scattered yellow chert nodules

Cresswell Limestone Member

3 ft 4 inches          Bed of limestone, fines upward from oncolite
biopackstone-grainstone to sparsely oncolitic
biopackstone, vertical burrows at base, yellow;
foraminifers. crinoids

Measured Section Number: 19

7 ft 0 inches Thick-bedded limestone, coarsens upward from
biowackestone-packstone to biograinstone,

porous, vertically burrowed in upper 5 ft,
yellow; top 9 inches weathers reeessively, and
has some brown-weathering, oval chert
nodules. Crinoids, ramose bryozoans, brachio-

pod fragments dominate at base; foramJnifers,
and accessory cnnoids and bryozoans dominate
above

Grant Shale Member

I ft 6 inches          lnterbedded mudrock and shaly limestone,
mudstone to biowackestone, all oncolitic except
for topmost mudrock, yellow-brown; crinoids.
Part of the "concretionary zone" refened to in
the text

1  ft  lo inches        Thin-bedded, calcitic mudrock to shaly
biowackestone. oncolitic, brownish-yellow;
ramose bryozoans, crinoids. Part of the
"concretionary zone" referred to in the text

I  ft 3 inches          Thin-bedded, calcitic mudrock to shaly
limestone, mudstone, brownish-yellow ; rare

pelecypod fragments
3 ft 4 inches          Unfossiliferous, greenish-yellow brown

mudrock

Santa Fe Lake Member

I  ft o inches          Laminated, shaly lime mudstone, brownish-
gray

Location: Roadcut on K-15rus-160, both sides, in NE see. 25,
T.  32 S.. R. 4 E., Cowley County,  Kansas

DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

2 ft 2 inches          Thin-bedded limestone, fines upward from
biowackestone-packstone to sparse
biowackestone, bioturbated, thin partings of
yellow shale, brown ; foraminifers, crinoids,
brachiopod fragments

4 ft 0 inches
I  ft 5  inches

Unfossiliferous, fissile shale. light-brown
Thin interbeds of limestone, fine-grained,
intraclastic biopackstone with some grainstone
laminae, orange spots (foraminifers, brachiopod
fragments), and unfossiliferous red-brown-

yellow shale

Holmesville Shale Member

4 ft 0 inches

3 ft 0 inches

I  ft 4 inches
0 ft 6 inches

3 ft 0 inches
1  ft  10 inches

I  ft 8 inches
0 ft 3 inches

o ft 6 inches

Unfossiliferous, yellow-brown-green shale and
mudrock
Unfossiliferous, yellow-green-black shale and
mudrock
Unfossiliferous, green mudrock
Unfossiliferous, hard, green mudrack, minor
ledge-former
Unfossiliferous, green mudrock
Two beds of gray, bioturbated lime mudstone
with green shale wisps, separated by a layer of
unfossiliferous, brown-gray-tan mudrock
Unfossiliferous. gray-green shale
Bed of dark-gray, lime mudstone with desicca-
tion cracks
Unfossiliferous, dark-green shale
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Measured Section Number: 20

Location:  Prosser's type area of the Winfield Limestone:
intersection of US-160 and dirt road to south,  in center W/2 sec.
29, T.  32 S.,  R. 4 E.,  west side of Winfield, Cowley County,
Kansas

ODELL SHALE

I  fl o inches           Unfossilifcrous,  light-gray shale

WINFIELD LIMESTONE

Luta Member

7 ft 8 inches           Thin-bedded limestone, biowackestone in  lower
2 ft, slightly  shaly mudstone above,  light-gray,

scattered small black chert nodules  I  ft 4
inches-5 ft 4 inches above the base; crinoids,
brzichiopod fragments, scattered ramose
bryozoans

Measured Section Number: 21

I  ft  0 inches Thin-bedded limestone,  shaly,  fine-grained
biowackestone, yellow; ramose bryozoans,
crinoids

Cresswell Limestone Member

lo ft 4 inches        Two beds of limestone,  porous  biowackestone-

packstone at base` biopackstone to grainstone
above,  although top few  inches are
biopilckstone-wackestone ,  yel low, scattered
brown-weathering, oval  chert nodules:
foraminifers, bivalve fragments,  bryozoiins,
scattered oncolites,  Derbyia

Grant Shale Member

I  ft 5 inches           Thin-bedded limestone,  shaly biowackestone,

yellow-gray;  crlnoids,  ramose bryozoans,
brachiopod fragments

Location:  Roadcut, south side ofcowley county Highway  l8, on       0 ft 6 inches
side of big hill, NE sec.  7, T.  32 S.,  R. 4 E., Cowley County,
Kansas

DOYLE SHALE

Towanda Limestone Member

(top of Towanda?)

I  ft 8  inches           Bed of limestone,  intraclastic biopackstone-

grainstone, porous,  light-yellow-gray,
intraclasls are yellow,  shaly  lime mudstone;
foraminifers, bivalve fragments

I  ft 6 inches           Unfossiliferous  mudrock to shaly lime

mudstone, yellow

Measured Section Number: 22

Bed of hard limestone, intraclastic
biopackstone,  light-gray, intraclasts  are yellow,
Shaly  lime mudstone; foraminifers

Holmesville Shale Member

I  ft  3  inches

2 ft 6 inches

3 ft 6 inches

3  ft 0 inches

0 ft 2 Inches

Unfossiliferous, yellow mudrock
Unfossiliferous, yellow mudrock with red
streaks,  veinlets of gypsum, glaebules and
brecciated appearance (paleosol )
Unfossiliferous,  light-gray-green shale and
mudrock
Unfossiliferous, red mudrock (quite silly) to
siltstone, gypsum  veinlets
Unfossiliferous,  lighl-gray-green  shale and
mudrock

Location:  Exposures along railroad tracks east of Burden, in
adjoinmg sees.  31  and 32, T.  31  S.,  R.  7 E., and sec.  36, T.  31  S„

R. 6 E., Cowley County,  Kansas

Comment:  This locality is discussed in Bass ( 1929) and Bayne

(1962), and  is the localion at which a measured section of the 0 ft 6 inches
Bruno limestone was given by Condra and Upp (1931).  Compari-
son of the measured sections provided by these authors indicates          I  ft 4 inches
considerable discrepancy among them, particularly within the
Matfield Shale.  Because of poorer exposures now, we were not
able to precisely verify the stratigraphy of the Matfield as given
by any of these workers

FLORENCE FORMATION

6 ft  10 Inches        Thin-lo medium-bedded limestones, in beds 4-
10 inches thick,separated by discontinuous

layers of chert  14 inches thick:  mudstones to
sparse biowackestones, white, chert nodules
also in  lower beds;  "cannonballs" of chert 2
inches below the top.  Rocks contain Composita,
crinoids, fenestrate and ramose bryozoans
Layer of laminated, "cannonball" chert,  with
incl uded fenestrate bryozoans
Thi n-bedded I i mestone,  s|)arse biowackestone,
in 4-8-Inches-thick t)eds separated by 2-inches-
thick chert layers,  the limestones also contain
chert nodules; white.  Rocks contaln ramose
bryozoans, crinolds, brachiopod fragments

2 ft o inches           Three  beds ofequal  thickness of white-light-

yellow  limestone, sparse  biowackestone,
separated by 3-inch-thick layers of chert;
crinoids, brachiopod fragments, fenestrate
bryozoans



Cole Creek Member

3  ft o inches           Basal 4 Inches of limestone,  shaly  mudstone to
sparse biowackestone, overlain by 2 ft 8  inches
of calcitic mudrock with lenses of lime
mudstone to sparse biowackestone, yeuow-
brown; crinoids, bivalve fragments

I  ft  lo inches        Calcitic mudrock with lenses ofshaly  lime
mudstone to sparse biowackestone, yellow-
brown;  pectinids. Derbyia, ramose bryozoans,
crinoids

2 ft 9 Inches           Thin-bedded limestone, bioturbated, coarsens
upward from biowackestone to biopackstone.
light-brown; 4-inches-thick layer of shale 4
inches above the base. Rocks contain foramini-
fers, crinoids, bivalve fragments,  including

gastropods, Aviculopecten , Composita,  Derbyia

MATFIELD SHALE

Blue Spnngs Shale  Member

6 ft o Inches           Unfossiliferous, yellow to reddish-brown
mudrock (poorly exposed)

2 ft o inches           Unfossiliferous, red shale and mudrock
2 ft 6 Inches           Basal  2 inches intraclastic  mudrock (clasts of

black lime mudstone);  overlain by 5  inches

green  mudrock, then 6 inches hard,  similarly
intraclastic, green-gray mudrock; then  I  ft 5
inches light-greenish-gray shale

2ft  ll  inches         Basal  I  inchunfossiliferous.green  shale;
overlain by  2 ft  10 inches unfossi]iferous, red
mudrock

I  ft 9 inches           Bruno limestone bed:  basal  I  ft 3  inches, fining-
upward section from bioturbated biopackstone
(foraminifers, crinoids) to shaly  mudstone,
light-gray.  Overlain by 6-inches-thick bed of
limestone that fines upward from coarse-

grained, laminated biograinstone to mudstone,
white.  Rocks contain foraminifers, crinoids,
brachiopod fragments ,  high-spired gastropods

7 ft o inches           Concealed

Kinney Limestone Member

2 ft 4 inches           Medium-up to thin-bedded limestone, coarsens
upward from biograinstone to coarser-grained
biopackstone-grai nstone, bioturbated,  with
brachiopod shell hash,  light-gray; foraminifers,
crinoids, ramose bryozoans, Composita,
Juresania,  Derbyia

3 ft 4 inches

I  ft 3  inches

Thick-bedded limestone, coarseni ng-upward
section of fine-grained biopackstone-grainstone
to porous biograinstone,  locally cross stratified,

bioturbated, top 6 inches is oncolitic. with
brachiopod shell hash,  yellow-gray., Composita,
Juresania, foraminifers, cnnoids
Thin-bedded, fossiliferous  mudrock and lenses
of shaly  lime mudstone, with a thin tense of
biopackstone in the middle, yellow-gray;
Composita, cnnoids, plani spiral gastTopods

0 ft  lo inches        Bed of limestone. biopackstone-grainstone,
bioturbated,mottled yellow  and medium-gray ;
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planispiral and high-spired gastropods,
foraminifers

Wymore Shale Member

7 ft 8  inches           Poorly exposed shales:  green at base, green-

yellow in middle with white calcite nodules
(paleocaliche)., top  I  ft 6 inches medium-gray
mudrock  All rocks are unfossiliferous

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft 9 Inches          Bed of limestone, coarsens upward from
oncol ite biowackes[one-packstone, with

prominent vertical burrows filled with coarser
sedi ment, to biopackstone-grainstone, porous ,
both units hematitic, orange-yellow; foramini-
fers, crinoids, Allorisma, Composita

2 ft 6 inches

8 ft 6 inches

Poorly exposed, medium-bedded limestone,
fines  upward from relatively coarse-grained,

porous biopackstone to biowackestone, yellow,
chert nodules throughout; foraminifers,
crinoids. bivalve fragments
Concealed:  somewhere within this interval is
the Schroyer-Havensville coiitact, and the
entire Havensville section

Threemile Limestone Member

3  ft 8 inches

4 ft 4 Inches

2 ft 0 inches

3  ft 4 Inches

I  ft 0 inches

2 ft 6 inches

Bed of limestone, yellow, porous:  basal  7
inches biowackestone, erosional hard ground
top (24 inches of relief), with brown-
weathering, oval, laminated chert nodules.
Overlain by coarse-grained, porous, intraclastic
biopackstone-grainstone with vertical burrows
within  10-12 inches of the top, and fines
upward to biopackstone, scattered small chert
nodules throughout.  Rocks contain cr]noids,
oncolites, foraminifers, Derbyla
Thinning-upward beds of limestone with chert
nodules,  separated by  I-2-Inches-thick layers of
chert:  mudstone to sparse biowackestone,

yellow., crinoids, brachiopod fragments,
spicules, fenestrate and ramose bryozoans
Bed of limestone. porous biowackestone to
fine-grained biopackstone, yellow,1.5-inches-
thick layer of chert at the base, brown-
weathering, oval,  laminated chert nodules
throughout; crinoids, bryozoans, brachiopod
fragments
Bed of limestone, biowackestone, with small
angular chert nodules that appear brecciated,

yellow., crinoids, bryozoans,  spicules
Basal  6 inches calcitic mudrock to shaly lime
mudstone, yellow-gray, with cnnoids, bryozo-
uns; top 6 inches sparse biowackestone, yellow-

gray. with Composita, Juresania
Bed of limestone,  slightly shaly biowackestolie-

packstone, yellow, abundant silicified
Composita, chert nodules  in middle., crinoids,
spicules, ramose bryozoans, rare Reticulatia
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0 ft 9 inches Basal 8 inches shaly limestone, biowackestone-        SPEISER FORMATION

packstone. abundant silicified Composita,
yellow, top  I inch fossiliferous, yellow
mudrock., crinoids. spicules, ramose bryozoans,
some Dcrbyia

Measured Section Number: 23

5 ft o inches          Poorly exposed. thin-bedded, fossiliferous
calcitic mudrock and lenses of shaly mudstone-
biowackestone, yellow-gray; small Juresania at
top, and crinoids, brachiopod fragments,
bryozoans throughout

Location: Roadcuts on Cowley County Highway 5. adjoining
secs. 3 and 4, T. 31  S., R. 6 E., Cowley County,  Kansas

FLORENCE FORMATION

Cole Creek Member

0 ft 7 Inches          Bed of limestone, biopackstone, yellow-pink;

pelecypod fragments, small planispiral
ga§tropods

MATFTELD SHALE

Blue Splings Shale Member

2 ft 8 inches          Unfossiliferou§ shale: basal 4 inches green,
overlying 8 Inches red, overlying 4 inches blue-

green, top  I  ft 4 inches yellow
I  ft 8 inches-        Bruno limestone bed: platy-bedded, shaly
2 ft o inches        limestone. biowackestone-packstone, light-gray,

with green shale-filled fissures and veins;

pelecypod fragments
I  ft 4 inches          Thin interbeds of light-gray, shaly lime

mudstone. with green and red shale-filled
fissures and veins (bivalve fragments, foramini-
fers); and unfossiliferous, red and green shale

Measured Section Number: 24

Kinney Limestone Member

2 ft o inches          Bed of limestone, oncolite biopackstone,

porous, medium-gray, vertical and sub-vertical
burrows, some green shale in the matrix;
crinoids, brachiopod fragments

I  ft 8 inches          Bed of slightly shaly limestone, biowackestone-

packstone, light-yellow ; brachiopod fragments ,
crinoids, ramose bryozoans, oncolites

7 ft 2 inches          Sparsely fossiliferous, yellow-brown mudrock

(rare pelecypod molds, Juresania and
Composita), but the top  I  ft 2 inches is
unfossiliferous; 5  ft   above base is a  I -inch-
thick limestone, biopackstone-wackestone,
similar fossils

I  ft 4 inches          Bed ofshaly limestone, oncolite biopackstone,
bioturbated, yellow ; brachiopod fragments,
foraminifers, crinoids

2 ft o inches          Thin-to medium-bedded, shaly limestone, fines
upward from biowackestone-packstone to
biowackestone, bioturbated, splotchy yellow
and medium-gray; Derbyia, accessory
Juresania, crinoids. foraminifers

Wymore Shale Member

0 ft 8 inches          Unfossiliferous, chocolate-brown mudrock

Location: Roadcut along dirt road in NW sec. 25 and adjoining
NE sec.  26, T.  30 S., R. 6 E.; lower 2 ft 7 inches of section
measured in a gully to the south of the road along the center of
the north line of sec.  19, T. 30 S., R. 7 E., Cowley County,
Kansas

FLORENCE FORMATION

4 ft 6 inches           Section of 3-inches-thick limestone beds
separated by 2-3-inches-thick layers to
discontinuous layers of chert : biowackestone-

packstone, light-yellow; the (op 3  ft of the
section is nearly all residual chert. Rocks
contain crinoids, fenestrate and ramose
bryozoans; fusulinids in the basal few inches of
the section

0 ft  ll  inches        Bed of limestone, fine-grained biopackstone,
light-yellow; fusuJinids,  bryozoans

3 ft  I  inches          Section composed of 6-8-inches-thick
limestone beds separated by 2-inches-thick
layers of chert, thickness of limestone beds
increases upsectiom fine-grained biopackstone,
light-yellow, with brachiopod fragments,

1  ft 8 inches

ramose and fenestrate bryozoans, fusulinids at
the top
Thin-bedded, shaly limestone, coarsens upward
from biowackestone to biopackstone, scattered
chert nodules, orange; 3.5 inches thick,
fossiliferous, yellow shale at top. Rocks contain
bryozoans. cnnoids, brachiopod fragments

Cole Creek Member

I  ft 7 inches          Sparsely fossiliferous. yellow-brown mudrock,
with a 4-inches- thick layer of lime mudstone

Just below the middle; brachiopod fragments
2 ft 6 inches          Thin-to medium-bedded limestone, fines

upward from biopackstone-grainstone to sparse
biowackestone, light-gray ; foraminifers,
crinoids , pelecypod fragments, planispiral and
high-spired gastropods

0 ft 6 inches
I  ft 8 Inches

Unfossiliferous, yet low-brown shale
Thin-bedded limestone, biowackestone-

packstone, light-yellow; pelecypod fragments,
high-spired ga§tropods
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MATFIELD SHALE

Blue Springs Shale Member

6 ft o inches          Unfossiliferous. chocolate to yellow-brown
mudrock; basal

I  ft 6 inches          not exposed

Measured Section Number: 25

Kinney Limestone Member

0 ft 7 inches

2 ft 0 inches

Bed of limestone, biopackstone, that passes
laterally to lime mudstone with wisps of green
shale; oncolites, pelecypod fragments
Bed of li mestone, biowackestone, light-gray;
bivalve fragments, including planispiral

gastropods

Location  Roadcuts on both sides of Cowley County Highway 8
in SE see.  7 and NE sec.18, T.  31  S„ R. 5 E„ Cowley County,
Kansas

FORT RILEY FORMATION

8 ft o inches          Thin-to medium-bedded, shaly limestone,
biorurbated mudstone, light-yellow; rare
cnnoids and brachiopod fragments

I  ft lo inches        Bed ofshaly limestone, mudstone with lenses
of biowackestone-packstone increasing in
abundance toward the top, light-gray, vertical
and sutj-vertical burrows, very shaly in the top
I  inch; crinoids, brachiopod fragments

6 ft 2 inches

5 ft 0 inches

2 ft 6 inches
3  ft 4 inches

Thin-bedded, shaly limestone, mudstone with
lenses of biowackestone-packstone, some
locally graded and with conspicuous brachio-

pod shell hash; brachiopod fragments, crinoids,
foraminifers. some high-spired gastropods in
lower beds
Thin-bedded, almost fissile, medium- to dark-

gray, very shaly limestone, bioturbated
mudstone (the "gray zone" refelTed to in the
text) ; rare crinoids, brachiopod fragments, and
Orbiculoides
Concealed
Medium-bedded limestone, fines upward from
oncolite biopacks(one-grainstone to
biopackstone, light-yellow-gray ; crinoids.
bivalve fragments

3 ft o inches          Medium-bedded limestone, oncolite
biopackstone, size of the oncolites increases
slightly upsection, light-yellow-gray; crinoids,
bivalve fragments

2 ft 4 inches Bed of limestone, coarsens u|)ward from
oncolite biowackestone to fine-grained
biopackstone, light-gray, prominent stylolite at
base; what appear to be white intraclasts are
actually fenestrate bryozoan-encrusted grains.
Rocks contain bivalve fragments, crinoids

FLORENCE FORMATION

I  ft  I  inches           Thin-bedded Limestone, oncolite
biowackestone, light-gray, prominent stylolite
at base and near top; what appear to be white
intraclasts are actually fenestrate bryozoan-
encrusted grains. Rocks contain fenestrate and
ramose bryozoans, crinoids, brachiopod
fragments

I  ft 5 inches          Bed of limestone, fines upward from oncolite
biowackestone-packstone to sparse
biowackestone, light-tan; what appear to be
intraclasts are actually fenestrate bryozoan-
encrusted grains ; prominent stylolites at base
and near top. Rocks contain brachiopod
fragments, bryozoans, crinoids

I  ft 8 inches

I  ft 7 inches

I  ft 4 inches

I  ft 4 inches

4 ft 0 inches

Bed of limestone, mudstone to sparse
biowackestone, light-tan, prominen( stylolites at
base and at top; what appear to be intraclasts
are actually fenestrate bryozoan-encrusted

grains, Rocks contain Composita, crinoids
Medium-bedded limestone, light-yellow-
orange, oncolite biowackestone (number of
oncolites decreases upsection), 3  inches thick,
discontinuous layer of chert 8 inches below the
top., what appear to be intraclasts are actually
fenestrate bryozoan-encrusted grains. Rocks
contain crinoids, brachiopod fragments
Bed of limestone, sparse oncolite
biowackestone, light-orange to yellow,

prominent stylolite above the base; crinoids,
bryozoans, brachiopod fragments
Medium-bedded limestone, biowackestone,
light-gray. with abundant rugose corals attached
to wha( appears to be a brecciated hard ground

(coral biostrome referred to in the text), chert
nodules; brachiopod fragments, crinoids,
bryozoans
Medium-bedded limestone. coarsens upward
from sparse biowackeslone to fine-grained
biopackstone, light-yellow, chert nodules
throughout; ramose bryozoans, crinoids,
brachiopod fragments
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Measured Section Numbers: 26A and 268

Location.  Section  26A is the roadcut along both sides of K-15,  in
the SW sec.  31, T.  30 S„ R. 4 E.; section 268  is the quany in the
SE NE see.  2, T.  31  S., R.  3 E„ east of Udall, Cowley County,
Kansas

Comment: Measured section 26A exposes Gage through basal
Luta strata; section 268 exposes upper Cresswell to Luta strata

WINFIELD LIMESTONE

Luta Member
(probable top of the member)

4 ft 8 inches          Thin-to medium-bedded, shaly  limestone,
mudstone to sparse biowackestone, grayish-tan,
scattered small dark-gray chert nodules; ramose
bryozoans, Composita, crinoids

3  ft 4 inches           Thin-to medium-bedded, Shaly limestone,
mudstone to biowackestone, yellow-tan,
scattered small dark-gray chert nodules and thin
interbeds of yellow-tan  shale; ramose bryozo-
ans, Composita, crinoids

Cresswell Limestone Member

2 ft 8 inches           Bed of limestone, porous oncolite
biograinstone, grain size fmes upward,

prominent vertical burrows in lower 6 ft 8
inches, yellow;  crinoids, foraminifers, brachio-

pod fragments
I  ft 4 inches           Bed of porous limestone, oncolite

biograinslone, prominem vertical burrow s ,
weathers reces§ively, yellow; crinoids,
foraminifers , brachiopod fragments

2 ft  lo inches        Bed of limestone, porous oncolite biopackstone,
bioturbated, vertical bulTows in top 4 inches,

yellow to light-gray; crinoids, foraminifers,
brachiopod fragments, including Derbyia

2 ft 6 inches           Bed of limestone, biowackestone-packstone,
bioturbated.  yellow-gray, porous in upper  I  ft;
brachiopod fragments, ramose bryozoans ,
crlno]ds

Measured Section Number: 27

Grant Shale Member

0 ft 7 inches           Bed of shaly  limestone, bioturbated mudstone,

yet low -gray ; cn noids, bryozoans, brachiopod
fragments

3 ft o inches           Medium-bedded, shaly limestone, coarsens
upward from biowackestone-packstone to
oncolite biopackstone, bioturbated, grayi`sh-

yellow  (the "concretionary bed" referred to in
the text);  ramose bryozoans, crinoids, brachio-

pod fragments
4 ft 6 inches           Fossiliferous, calcitic mudrock, greenish-

yellow; bryozoans, Reticulatia, Derbyia,
crinoids

Santa Fe Lake Member

I  ft o inches           Thin-bedded limestone,  shaly mudstone lo

graded calcisiltite,  yellow;  rare crinoids and
brachiopod fragments

2 ft 8  Inches           Laminated,  shaly  lime mudstone,
unfossiliferous ,  light-tan

DOYLE SHALE

Gage Shale Member

4 ft o inches           Unfossiliferous, yellow-brown mudrock with
laminae/lenses of lamJnated. shaly  lime
mudstone in the upper half

3 ft 0 inches

4 ft 4 inches

3  ft 8  inches

I  ft 4 inches

Unfossiliferous, light-tan mudrock with
secondary calcite veins
Unfossiliferous  shale, greenish-tan-brown ,
darker in the lower half
Unfossiliferous mudrock and shale, grades
upward from green to brown-green, some red at
base; calcite nodules (paleocaliche) just below
the middle, within  and above red shale
Unfossiliferous, red mudrock

Location: Two separate roadcuts along K-15, east ofudall, in the       6 ft 6 inches
NE sec.  3, T.  31  S„  R.  3 E.  (south side of road) and in the SW
see.  34, T.  30 S., R.  3 E.  (north side of road), Cowley County,
Kansas

NOLANS LIMESTONE

Herington Member

(probable top of the member)

I  ft 6 inches

4 ft 5  inches

I  ft 4 inches

Thin-bedded, shaly  limestone,  mudstone,

Thin- [o medium-bedded, dolomitic lime
mudstone, scattered calcite geodes, grayish-tan;
some thin lenses of finely comminuted
biowackestone-packstone just above the base

Paddock Shale Member

2 ft 6 inches           Unfossiliferous, grayish-tan mudrock
15  ft 6 inches        Concealed

Krider Li mestone Member

porous  in top  I  ft,yellow-gray
Thin-bedded to laminated lime mudslone, ]ight-         I  ft  I  inches

gray
Bed of recrystallized lime mudstone, calcite

geodes,  yellow

Thin-bedded,  shaly  limestone, coarsens upward
from biowackestone to biowackestone-

packstone, gray; ramose bryozoans, crinoids,
pelecypod fragments



0 ft  lo inches        Fissile, black shale to shaly lime mudstone to
biowackestone ; fenestrate bryozoan§, crinoids,

pelecypod fragments
2 ft  8 inches           Thin-bedded, shaly  limestone. fines upward

from oncolite biowackestone-packstone to
biowackestone, light-gray (with conspicuous
orange fossils);  abundant pelecypod casts,
cnnoids,  high-spired gastropods

Measured Section Number: 28
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0DELL SHALE

I 8 ft o inches        Unfossiliferous, grayish-green to greenish-gray
mudrock, two prominent paleosols 3 ft and 5 ft
below the top

Location:  Banks of Spring Creek due east of US-77. in NW see.
33, T. 30 S.,  R.  4 E., Cowley County,  Kansas

DOYLE SHALE

Holmesville Shale Member

3ft o inches            Unfossiliferous sliale, light-yellow-gray with
brown  splotches

FORT RILEY FORMATION

I  ft 8 inches           Laminated limestone, shaly  mudstone,  light-

gray,  unfossiliferous
2 ft 4 inches           Concealed
1-2 inches              Shaly limestone,  mudstone,  light-gray; crinoids
3 ft 8 inches           Bed of limestone, porous biopackstone,

bioturbated (including some promi nent vertical
burrows), large surface dissolution  vugs,  light-

Measured Section Number: 29

I  ft 0 inches

5 ft 8 inches

3  ft 4 inches

1  ft 8  inches

tan-gray ; foraminifers, cnnoids, brachiopod
fragments
Thin-bedded limestone, biowackestone-

packstone, porous and gastropod-rich in top 6
Inches,  hght-gray ; forami nifers. high-splred

gastropods, Composita, crinoids
Bed of limestone, porous biopackstone, large
surface-dissolution vugs, locally bioturbated
and seemingly  layered (at least in lower halo,
light-tan-gray; foraminifers, crinoids,  bivalve
and brachiopod fragments
Bed of limestone, porous biopackstone, light-

gray ; foraminifers, crinoids, brachiopod
fragments
Thin-bedded. shaLy  limestone, biowackestone ,
bioturbated, yellow-gray ; pelecypod fragments,
crinoids

Location: East bank of Rock Spring, due east of US-77, in the
W/2 sec.  21, T.  30 S., R. 4 E., Cowley County,  Kansas

FORT RILEY FORMATION

4 ft o inches          Medium-bedded limestone, mudstone-
biowackestone with lenses of porous

Measured Section Number: 30

4 ft 0 inches

biowackestone-packstone. bioturbated, light-
tan-gray; crinoids, Composita
Medium-bedded limestone, mudstone-
biowackestone, bioturbated, locally porous,
light-yellow  (dark below river level); crinoids,
brachiopod fragments

Location: Roadcuts on US-77 north of Rock, in E/2 see.  8, T. 30
S., R. 4 E., Cowley County, Kansas

WINFIELD LIMESTONE

Luta Member
(probable top of the member)

2 ft 6 inches          Medium-bedded, shaly limestone, mudstone,

bioturbated,  small white chert nodules,  light-

gray; Composita, crinoids, bryozoans
2 ft 8  inches           Medium-bedded limestone, shaly  mudstone-

biowackestone in 2-5-inches-thick beds
separated by thin  shales, bioturbated,light-gray;
Composita, ramose and fenestrate bryozoans,
crinoids, pelecypod fragments, echinoid spines

Cresswell Limestone Member

I  ft 4 inches           Medium-bedded limestone, oncolite
biopackstone, finer-grained than below,

grayi sh-yellow ; crinoids, ramose bryozoans,
brachiopod fragments, foraminifers

2 ft  lo inches        Recessive bed of porous, oncolite
biograinstone, promi nent vertical burrows,

gra]n  size increases up-section, grayish-yellow;
crinoids , brachiopod fragments, foraminifers

I  ft 4 inches

2 ft 3  inches

Bed Of limestone, porous oncolite
biopackstone-gra] nstone , prominent vertical
burrows, yellow-gray; cririoids, bivalve
fragments, foraminifers
Bed of limestone,  slightly bioturbated:  basal  1  ft
very porous, coarse-grained biowackestone-



142

2 ft 0 Inches

packstone, upper  I  ft 3  inches porous oncolite
biopackstone, fine-grained, yellow ; ramose
bryozoans, crinoids, foraminifers, Derbyia
Bed of limestone, slightly porous biopackstone,
bioturbated, yellow-gray ; ramose bryozoans,
crinoids, brachiopod fragments

Grant Shale Member

I  ft 2 inches           Bed of shaly  limestone, bioturbated
biowackestone, light-yellow; cnnoids, brachio-

pod fragments, ramose bryozoans, some
oncolites

5 ft o inches           Poorly exposed:  thin interbeds of shaly lime
mudstone and calcitic mudrock, bioturbated,

Measured Section Number: 31

light-yellow-gray, fossiliferous ; crinoids,
bryozoans, brachiopod fragments, some
oncolites

15 fto inches        Concealed: the santa Fe Lake Member, and
Doyle-Winfield contact are present in this
concealed interval

DOYLE SHALE

Gage Shale Member

4 ft o inches          Unfossiliferous green mudrock
ll  ft o inches        Unfossiliferous, red mudrock and shale, some

layers of silts[one

Location: Roadcuts and field exposures along Cole Creek Road,
south of Clay Center, near the Blair Ranch, in the NW sec. 27, T.
29 S., R. 6 E., Butler County, Kansas

FLORENCE FORMATION

5 ft 6 inches          Section of 3-5-inches-thick beds of limestone
separated by layers of chert nodules 24 inches
thick:  mudstone-biowackestone,  white ;
fusulinids, clinoids, fenestrate and ramose
bryozoans, some Reticulatia

5 ft o inches          Section of limestones where there is an upward
decrease in bed thickness from 6 inches to 34

6 ft 5 inches

2 ft 4 inches

inches separated by 2-3-inches-thick layers of
chert nodules: biowackestone, white. Rocks
contain ramose bryozoans, crinoids, scattered
fusulinids in lower two beds, Reticulatia
Section of limestones where there is an upward
decrease in bed thickness from 6 inches to 34
inches separated by 2-3-inches-thick layers of
chert nodules:  biowackestone, white. Rocks
contain fenestrate bryozoans and crinoids in the
lower half; fu§ulinids, fenestrate bryozoans,
crinoids, and Reticulatia in the upper half,
beginning at lowest of two prominent stylolites
in the section
Medium-bedded limestone, biowacke-stone-

packstone, white, thin layers of chert, 2-inch
layer of biowackestone at the top; fusulinids,
crinoids , ramose bryozoans, brachiopod
fragments

0 ft  ll  inches        Thin-bedded, white lime mudstone, thin layer
of chert in the mJddle, and 2~3-inches-thick
layer of chert at the top; fusulinids at the top

0 ft 7 inches

1  ft 0 inches

0 ft 8 inches

Bed of limestone, biopackstone-grainstone,
white, chert layer at the top ; bryozoans,
crinoids
Bed of limestone, biowackestone, light-grayish-
white. chert nodules;  spicules, brachiopod
fragments, ramose bryozoans, Reticul atia
Basal 2 inches biowackestone, white, chart
nodules; overlain by 6 inches fossiliferous,

0 ft 8 inches

0 ft 4 inches

yellow mudrock; spicules, cnnoids, brachiopod
fragments
Fossil iferous, bioturbated, yellow mudrock;
crinoids, brachiopod fragments
Bed of limestone, mudstone-biowackestone,
light-gray, chert nodules; ramose bryozoans,
brachiopod fragments

Cole Creek Member

0 ft 5 inches          Bed of limestone, shaly mudstone, light-gray;
Reticulatia

1 ft 5 inches          Bed of limestone, mudstone. white; high-spired
and planispiral gastropods, bivalve fragments,
crinoids

2 ft o inches          Thin-to medium-bedded limestone, fine-

grained biopackstone-grainstone,1 -inch-thick
calcitic shale at the top, light-gray; prominent

pelecypod casts in the middle; bivalves,
crinoids , foraminifers, high-spired gastropods

0 ft 8 inches          Bed of limestone, biowackestonc, light-gray;

pelecypod molds , gastropods, crinoids,
encrusting foraninifers

0 ft 9 inches           Fossiliferous black in basa] 6 inches, fossilifer-
ous, laminated and yellow-brown above;

pelecypods
0 ft  lo inches        Bed of limestone, biowackestone-packstone,

yellow-gray ; pelecypods, planispiral gastro-
pods, crinoids

MATFIELD SHALE

Blue Spnngs Shale Member

7 ft 6 inches          Poorly exposed: top few inches pelecypod-rich,

yellow mudrock

Kinney Limestone Member

2 ft o inches          Poorly exposed limestone, biograinstone;
foraminifers
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Measured Section Number: 32

Location:  Roadcuts on Cole Creek Road immediately south of
Clay Center, in NE sec.  21, T.  29 S., R. 6 E„ Butler County,
Kansas

MATFIELD S HALE

Kinney Limestone Member

3 ft 2 inches          Medium-bedded limestone, biopackstone-

grainstone, current-layered, prominent surface
dissolution vugs (horizontal),  light-yellow-gray ;
foraminifers, crinoids

Measured Section Number: 33

2 ft  10 inches
2 ft 3  inches

6 ft 4 inches

3 ft 2 inches

Concealed
Medium-bedded, shaly  limestone, mudstone-
biowackestone, bioturbated, splotchy yellow
and medium-gray; Derbyia, Allorisma
Mostly concealed:  sparsely fossiliferous, yellow
mudrock ; pelecypods, brachiopod fragments
Medium-bedded,  shaly limestone.
biowackes[one-packstone, bioturbated, light-

gray  to yellow-gray;  Derbyia, Juresania,
Composi ta, Meekella, Myalina, Allorisma,

gastropods

(probable base of the member)

Location: Guthrie Farm, on tributary to Rock Creek, just north of
Clay Center, in see.  21, T.  29 S., R.  6 E., Butler County,  Kansas

lhrREFORD LIMESTONE

Schroyer Limestone Member

2 ft 4 inches          Medium-bedded limestone, biopackstone, light-
tan-yellow, small chert nodules; crinoids,
ramose and fenestrate bryozoans, brachiopod
fragments , echinoid spines

0 ft 7 inches          I.ayer of dark-gray chart; bryozoans, spicules
O ft 4 inches          Bed of limestone, biowackestone-packstone,

light-yellow ; bryozoans. crinoids. brachiopod
hagments

1  ft o inches          Thin-bedded limestone, biowackestone, tan,
chert nodules; spicules, fenestrate and ramose
bryozoans, Reticulatia, cnnoids

Havensville Shale Member

1  ft 4 inches           Calcitic mudrock with lenses of shaly
biowackestone, bioturbated, light-gray ;

Measured Section Number: 34

0 ft 8 inches

2 ft 0 inches

2 ft 8 inches

crinoids, ramose bryozoans, Composita
Bed of shaly limestone, biowackestone-

packstone , bioturbated, I ight-gray ; Composita
Calcitic mudrock with lenses of shaly
biowackestone-packstone, bioturbated, light-

gray; crinoids, fenestrate and ramose bryozo-
ans,  gastropods, Allor]sma, brachiopod
fragments
Concealed

Threemile Limestone Member

4 ft o inches          Bed of limestone, biopackstone-grainstone
wherein grain size decreases upsection, locally
bioturbated, with chert along burrows, yellow-
brown; crinoids, some oncolites, Composita,
Derbyia, ramose bryozoans

I  ft 2  inches Medium-bedded limestone, coarsens upward
from oncolite biowackestone to biowackestone-

packstone, bioturbated, yellow-gray, chert
nodules, vertical burrows; ramose bryozoans,
crinoids

Location: Spillway at Butler county state Fishing Lake, NW sec.        I  ft4 inches
8 and SE sec. 5, T.  29 S„ R. 7 E., Butler County,  Kansas

Comment: The base of the cherty Florence is poorly exposed in
the hills around the lake, and lake level at the spillway is the top
of the Cole Creek Member.

FLORENCE FORMATION

Cole Creek Member (full thickness)

0 ft 6 inches          Bed of limestone, mudstone-biowackestone,
bioturbated, yellow ; Reticulatia, Allorisma,
crinoids, bryozoans

I  ft 4 inches          Thin-bedded limestone, biowackestone-

packstone, basal 2 inches of shale,  light-gray;
pelecypods , high-spired gastropods, cri noids,
fenestrate bryozoans, brachiopod fragments

0 ft 7 inches

Thin-bedded limestone, fine-grai ned
biopackstone, light-yellow to medium-gray;

pelecypods, foraminifers , crinoids , high-spired
gastropods
Fossiliferous, calcitic mudrock and lenses of

gray biowackestone-packstone; pelecypods ,
foram i nifers, cn noids, high-spired gastropods

0 ft  ll  inches        Thin-bedded limestone, biopackstone, light-

gray, middle bedding plane with pelecypod
casts; foraminifers, crinoids, high-spired

gastropods
0 ft  lo inches        Basal 6 inches laminated yellow and black

shale overlain by 4 inches black shale, all
fossiliferous ; pelecypods

I  ft 2 inches           Bed of limestone, shaly at the base,
biopackstone, light-to medium-gray; pelecy-

pods. crinoids, small planispiraL gastropods,
Myalina, Derbyia
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MATFIELD SHALE

Blue  Springs Shale Member

3 ft  I  inch               Fossiliferous, yellow  mudrock; pelecypods
0 ft 9 inches           Probable Bruno limestone bed equivalent:

yellow-gray  mudrack, red streaks,  horizontal
calcite veins, unfossiliferous  (paleosol)

I  ft 8  inches           Unfossiliferous, green mudrock

Kinney Limestone Member

1  ft 4 inches-        Bed ofplaty to massive-bedded limestone,
I  ft  lo inches     coarsens upward from biowackestone-

0 ft 8  Inches           Light-yellow, calcitic mudrock, fossiliferous in
lower few inches (crinoids)

3 ft 4 inches           Thick-bedded limestone. fines upward from
biograinstone to biopackstone, current-layered,
surface dissolution vugs (honzontal), abundant
horizontal bunows  I  ft 8  inches below the top,
light-yellow ; foraminifers , crinolds, foram-
coated grains, bivalve fragments

I  ft  ll  Inches         Unfossiliferous, yellow-green shale and

mudrock, red  streaks in top  I  ft, calcite nodules
in middle (paleacaliche)

0 ft 9 inches

I  ft 4 inches

packstone to biopackstone,  light-yellow;  top  1-
3  inches intraclastic biopackstone,  yellow shale
matnx and green  shale in vugs, birds eyes, and
sheet cracks. The unit has a scalloped, erosional        3  ft o inches
top, and contains foraminifers, crinoids,

pelecypod fragments

Measured Section Number: 35

Fossiliferous, yellow-green  mudrock, red at the
base; pelecypod fragments, crinoids
Fossiliferous, yellow-green  mudrock,  lenses of
shaly biowackestone-packstone ; oncol ites ,
crinoids, brachiopod fragments, forami nifers,
ramose bryozoans, pelecypod fragments
Medium-bedded, shaly limestone.
biowackestone-packstone,  bioturbated, splotchy

yellow-gray; Derbyia, Allonsma, oncolites,
cnnoids, foraminifers, Myalina

Location:  Roadcuts on Stony Creek Road in secs.  22 and 23, T
28  S., R. 7 E„  with a supplemental  section for the upper Kinney
in the roadcut in the NW sec.  25, T. 28 S.. R.  7  E., Butler County,
Kansas

FLORENCE FORMATION

Cole Creek Member

0 ft 4 inches           Poorly exposed limestone, biowackestone-

packstone, orange-yellow ; pelecypod fragments

MATFIELD SHALE

Blue Springs Shale  Member

5  ft o inches           Concealed

Kinney Limestone Member

2 ft 3  inches           Bed of limestone, biopackstone-grainstone,
current-layered, surface-dissolution  vugs

(horizontal ), light-yellow-gray ; foraminifers,

gastropods
2 ft 6 inches           Fossiliferous, yellow-green shale,  some red

shale  streaks and calcite concretions;  pelecypod
fragments, crinoids , bryozoans

0 ft  I I  inches        Fossiliferous,  yellow-green  shale; brachiopod
fragments, Myalina

0 ft 6 inches

5 ft  I  inches

2 ft 8  inches

Bed of shaly limestone, mudstone-
biowackestone,  splotchy yellow and medium-

gray; Derbyia
Fossiliferous yellow-gray mudrocks and thin
lenses of gray,  shaly  lime mudstone; Derbyla,
Allolisma, crinoids
Medium-bedded,  shaly limestone, mudstone-
biowackestone, bioturbated,  splotchy yellow
and medium-gray;  Derbyia, Composita,

AIIorisma, high-spired gastropods, echinoid
spines, fenestrate bryozoans, foraminifers,
foram-coated grai ns

Wymore Shale Member

2 ft o inches           Unfossiliferous, yellow-green mudrock, some
calcite nodules  (paleocaliche)

I  ft 9 inches           Unfossiliferous, red mudrock, calcite  nodules

(paleocaliche)
0 ft 8  inches           Unfossiliferous, green  shale, calcite  nodules

(paleocaliche)
6 ft o Inches           Unfossiliferous, red mudrock and shale,

scattered lenses of green  shale
3  ft o inches           Unfossiliferous, green  mudrock with calcite

nodules (paleocaliche)

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft 6 Inches          Thick-bedded limestone, coarsens upward from
biopackstone in basal  3 inches,  to
biograinstone; foraminifers, cr]noids, bryozo-
ans, bivalve fragments

7 ft 6 inches           Poorly exposed section:  some ledges in the

gully on the west side of the road of cherty
biowackestone-packstone ;  spicules , bryozoans,
crinoids

2 ft 6 inches           Thin-to medium-bedded limestone,  fines
upward from biowackestone-packstone to
biowackestone, yellow, chert nodules; crinoids,
bryozoans,  spicules

Havensville Shale Member

3  ft 4 inches           Unfossiliferous, yellow-green mudrock;  a 2-
inches-thick layer of gray, oncolite



biopackstone-wackestone in the middle

(brachiopod fragments, cri noids)

Threemile Limestone Member

I  ft 4 inches           Bed of limestone, flnes upward from oncolite

2 ft 0 inches

1  ft  6  Inches

I  ft 8 inches

0 ft 6 inches

biopackstone-grainstone to finer-grained
oncolite packstone,  shaly,  minor grainstone,

yellow; brachiopod and pelecypod fragments,
crinoids, high-spired gastropods, bryozoans
Medium-bedded I i mestone, biowackestone,

yellow-gray, abundant chert "eggs"; cnnoids,
ramose bryozoans, spicules, brachiopod
fragments
Thi n-bedded limestone, biowackestone-
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I  ft  lo inches        Bed of limestone, biowackestone-packs[one,
very light tan, chert nodules; spicules, ramose
and fenestrate bryozoans, cnnoids, brachiopod
fragments

I  ft 5  inches

I  ft 8 inches

Medium-bedded limestone, biowackestone-

packstone ,  yellow, large semi-coalesced chert
nodules in lower part, chert layer in upper half;
spicules, ramose bryozoans , brachiopod
fragments, crinoids
Thi n-bedded, lamLnated limestone ,
biowackestone-packstone, yellow, anastomos-
ing chert nodules; ramose bryozoans, spicules,
some brachiopod fragments and crinoids

SPEISER FORMATION
packstone, very light tan, prominent stylolite
near the base; ramose and fenestrate bryozoans,         I  ft 4 inches
crinoids , brachiopod fragments
Thi n-bedded limestone , mudstone-
biowackestone,  light-gray; fenestrate bryozo-             2 ft 2 inches
ans, crinoids, spicules
Layer of light-gray, laminated, fossiliferous
chert with fenestrate bryozoans, crinoids,
spicules

Measured Section Number: 36

5 ft 6 inches

Thin-bedded, shaly limestone, bioturbated,

yellow-gray (recessi ve) ; Composita, pelecypod
fragments, ramose bryozoans
Fossiliferous,  yellow-gray mudrock, lenses of
shaly biowackestone ; pelecypod fragments,
cTinoids. Composita
Green to dark-gray, fossiliferous mudrock and
shale and lenses of shaly, gray mudstone-
biowackestone ; Derbyia, crinoids, echinoid
spines

Location: Roadcut on Stony Creek Road, east side, in NW sec.
11, T.  28  S., R.  7 E., Butler County, Kansas

MATFIELD SHALE

Blue Springs Shale Member

0 ft 2 inches           Unfossi]iferous, green shale

Kinney Limestone Member

0 ft  lo Inches        Knobby-weathering limestone,  biopackstone,

0 ft 4 inches
I  ft 6 Inches

3  ft 2  inches

yellow-tan; crinoids, pelecypod fragments
Unfossiliferous, light-tan shale
Bed of limestone, biopackstone-grainstone that
fines upward in top 2  inches to biowackestone,
root casts  in upper 5  inches, gray. prominent
stylolite at base;  foraminifers, pelecypod
fragments, cr]noids
Bed of limestone, oncolite biopacks[one-

grainstone, grain  size coarsens upward, current-
layered, surface-dissolution  vugs (horizontal),

yellow; foraminifers, crinoids, bivalve
fragments

2 ft 0 inches

0 ft 2 inches
9 ft 0 inches
I  ft 0 inches

0 ft 8 inches

I  ft 0 inches

Medium-bedded limestone, biopackstone.
orange; foraminifers, bivalve fragments,
crinoids
Unfossiliferous, yellow shale
Concealed
Bed of slightly shaly limestone. biopackstone,
relatively coarse-grained, bioturbated, yellow-

gray; Composita, Derbyia, cripoids, foramini-
fers, foram-coated grains, ramose bryozoans,

planispiral  and high-spired gastropods
Bed of limestone, fines upward from coarse
brachiopod shell hash to biopackstone. yellow;
Composita, Derbyia, Juresania
Bed of limestone , biopackstone-grainstone,
bioturbated, light-gray ; brachiopod and

pelecypod fragments ,  foraminifers , high-spired
and planispiral gastropods, crinoids, echinoid
spines, ramose bryozoans

Wymore Shale Member

0 ft 2  inches           Unfossiliferous, yellow shale
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Measured Section Number: 37

Location: Composite of three roadcuts on K-96 west of Beau-
mont, in sees.  30 and 31, T.  27  S., R.  8 E„ Butler County, Kansas

FLORENCE FORMATION

I  ft 3  inches

3 ft 0 inches

3 ft 3  Inches

2 ft  I  inches

I  ft 3 inches

2 ft 8 Inches

0 ft 8 inches

3 ft 8 inches

I  ft 8 inches

Medium-bedded limestone, biowackestone,
light-gray,  scattered chert nodules  in lower part:
crinoids, bivalve fragments, ramose bryozoans,
some oncolites
Bed of limestone, fine-grained biopackstone,
very light gray,  scattered "cannonball" chert
nodules; crinoids,  fenestrate and ramose
bryozoans ,  Reticulatia
Medium-to thick-bedded limestone, porous
biowackestone-packstone ,  very I ight gray,
layers of chert nodules,  prominent stylolite at
base; fenestrate and ramose bryozoans,
fusulinids, crinoids
Medium-bedded limestone, porous
biopackstone,  very light gray,  scattered chert
nodules and a 2-inches-thick layer at  1 .5 ft
above the base., fenestrate and ramose bryozo-
ans, crinoids, spicules, Reticulatia
Bed of limestone, porous biowackestone,  very
light gray, chert nodules and a layer of chert at
the top; crinoids, spicules, fenestrate and
ramose bryozoans
Two beds of limestone of equal thickness, fine-

grained biowackestone-packstone, bioturbated,
porous, light-gray, chert nodules and layers of
chert at the top; crinoids, fenestrate bryozoans;
fusulinids at the base
Bed of limestone, fine-grained biopackstone,

porous,  very  light gray, chert nodules, promi-
nent stylolites at the top; fenestrate and ramose
bryozoans, crinoids, fusulinids
Medium-bedded limestone, fi ne-grained
biopackstone, bioturbated, very light gray,
scattered chert nodules; ramose and fenestrate
bryozoans, crinoids
Bed of limestone, fi ne-grained biopackstone,
very  light gray, layers of chert nodules;

Measured Section Number: 38

I  ft 4 inches

2 ft 7 inches

fusulinids, ramose bryozoans, crinoids,
Reticulatia at top
Bed of limestone, fine-grained biopackstone-

grainstone, very light gray; bryozoans, crinoids;
fusulinids at the top
Medium-bedded limestone, coarsens upward
from mudstone-biowackestone to fine-grained
biopackstone, bioturbated, very light gray;
bryozoans, cri noids, Derbyia, Reticula(ia;
rugose corals at the top

Cole Creek Member

I  ft 8  inches           Basal  I  ft shaly biowackestone, overlain by  8
inches calcitic shale to shaly lime mudstone,
with some chert nodules at the very top; tan-

gray; crinoids, fenestrate bryozoans, Reticulatia
0 ft  lo inches        Bed oflimestone, fines upward from

biowackestone to oncolitic mudstone,
bioturbated, yellow;  cnnoids. ramose bryozo-
ans, brachiopod fragments, Myalina, planispiral
and high-spired gastropods at the base;  bivalve
fragments and oncolites at the top

0 ft 9 inches           Basal 4.5-inches layer of regularly graded
limestone , biograinstone to wackestone,
overlain by 4.5  inches yellow, calcitic shale;

pelecypod and brachiopod fragments, crinoids ,
planispiral  and high-spired gastropods

0 ft  lo inches        Unfossiliferous, olive-green  shale, laminated in
basal 6inches

I  ft 0 inches

0 ft 5  inches

0 ft 6 inches

I  ft 5  inches

Bed of limestone, biopackstone with lenses of
biograinstone. white;  high-spired gastropods,
foraminifers, pelecypod fragments
Basal 4 inches biopackstone with lenses of
biograinstone,  white, overlain by  1  inch tan-
brown shale;  high-spired gastropods, foramini-
fers, pelecypod fragments
Tan-brown shale, unfossilifeTous,  with laminae
of biograinstone, white; foraminifers, high-
spired gastropods, pelecypod fragments
Bed of limestone, biowackestone, orange-gray ;

pelecypod and brachiopod fragments , high-
spired gastropods

Location:  Roadcut on  82nd St. center of the NE se.  13, T.  27 S.,
R. 7 E., Butler County, Kansas

MATFIELD SHALE

Blue Spnngs Shale Member

4 ft o inches          Unfossiliferous, red mudrock, with a 610-
inches layer of green  shale al the base infilling
dolines

Kinney Limestone Member

0-I  ft 3 inches     Medium-bedded limestone, fines up from
biograinstone to packstone, light-gray, with red

4 ft 6 inches

and green  shale in mterparticle pores and vugs;
top is a marked unconformity with  I  ft 3 inches
of relief, defining a series of shallow dolines.
Rocks contain foraminifers, bivalve fragments,
crinoids
Thick-up to medium-bedded limestone: basal 3
ft 7 inches bed coarsens upward from
biograinstone to coarse-grained biograinstone,
culTent-layered, surface-dissolution  vugs

(horizontal), very light gray; a hard ground a
few inches below the top.  Upper  I I  inches is a
bed of si in ilarly coarse-grained biograinstone,
very light gray, with red and some green shale
in  interparticLe pores.  Rocks contain foramini-
fers, crinoids, bivalve fragments



4 ft 6 inches          Fossiliferous, green, calcitic mudrock and
layersnenses of shaly lime mudstone-
biowackestone, splotchy yellow and medium-

Measured Section Number: 39
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gray, bioturbated; white calcite nodules in upper
2-ft shale bed (paleocaliche). Shale contains

pectinids;  limestone with pectinids. Derbyia,
Juresania, fenestrate and ramose bryozoans

Location: Roadcuts along US-54 at Lookout Point, and field to
immediate south, in the N/2 sec. 9, SE sec. 5, and NE see.  8, T.
26 S., R.  8 E., Butler County, Kansas

Comment: The Blue Springs section is relatively poorly exposed
along the north side of the road in secs. 5 and 8, but a little
digging readily exposes it

FLORENCE FORMATION

3 ft o inches          Chert rubble

Cole Creek Member

I  ft  I  inches          Bed of limestone, biopackstone, light-gray to
red; pelecypod fragments

MATFIELD SHALE

Blue Springs Shale Member

2 ft o inches           Fossiliferous, calcitic yellow mudrock;

pelecypod fragments
5 ft 4 inches          Unfossiliferous, yellow shale and mudrock
3 ft o inches          Unfossiliferous, red shale and mudrock, with a

prominent 6-8-inches-thick, beige paleocaliche
at the top (B"no equivalent)

Kinney Limestone Member

2 ft 6 inches          Thin-bedded, shaly limestone, mudstone. light-

gray (poorly exposed)
4 ft o inches          Medium-bedded limestone, biograinstone, very

light gray; foraminifers, bryozoans, crinoids,
brachiopod fragments

8 ft o inches          lnterbedded shaly limestone, mudstone to
biowackestone, blue-gray. and fossiliferous

gray shales; black shale occurs in the basal  I  ft
of section; thin-bedded grading up to medium-
bedded. Rocks contain Derbyia, Reticulatia,
Composita. pelecypod fragments, Allorisma

2 ft 8 inches          Medium-bedded, shaly limestone, coarsens
upward from biowackestone to biowackestone-

packstone, yellow-gray ; Derbyia, crinoids ,
bryozoans. high-spired gastropods, foram-
coated gra]ns

Wymore Shale Member

8 ft o inches          Unfossiliferous mudrock and shale, green in
lower half, yellow in upper half

4 ft o inches          Unfossiliferous, red mudrock and shale,
abundant laminae of palisades calcite

5 ft lo inches        Unfossiliferous, green mudrock and shale,
abundant laminae of palisades calcite

I  ft 8 inches          Unfossiliferous, yellow-green mudrock

(maximum            with beige calcite nodules (paleocaliche)
thickness)

\VREFORD LIMESTONE

Schroyer Limestone Member

2 ft 2 inches-       Bed of limestone, oncolite biowackestone-
3 ft 4 inches        -packstone at base grading up to biowackestone

in middle, light-gray, capped by beige

paleocaliche
I  ft 2 inches           Unfossi]iferous light-gray shale,  secondary red/

green discoloration
5  ft 6 inches           Thick-to thin-bedded (upsection) limestone,

biopackstone, yellow, with discontinuous layers
of chert ~3  inches thick separating limestone
beds 6-8  inches thick in lower two-thirds,
scattered chert nodules above that; prominent
bed with Composita about 3 ft above base;
crinoids, ramose and fenestrate bryozoans
throughout

Havensville Shale Member

3 ft o inches          Very sparsely fossi]iferous, yellow-brown-green
shale to mudrock

0 ft 9 inches          Bed of limestone, mudstone-s|)arse
biowacke§tone, light-gray ; crinoids, Derbyia

4 ft o inches          Sparsely fossiliferous, bioturbated, fissile,
brown-gray shale; Composita, bryozoans

Threemile Limestone Member

1  ft 2 inches          Bed of limestone, biopackstone-grainstone,
vertical burrows, light-gray ; foraminifers,
crinoids, oncolites, brachiopod fragments

1  ft 5 inches           Unfossi]iferous  mudrock to shaly lime
mudstone. bioturbated, yellow-green

2 ft 7 inches          Bed of limestone, coarsens upward from
oncolite biopackstone to grainstone, minor
erosional base, passes laterally (westward)
along the outcrop to a somewhat thinner section
of biowackestone-packstone, light-yellow ;
foraminifers, bryozoans, crinoids. brachiopod
fragments

I  ft 7  inches           Thin-bedded to fissile, calcitic shale and lenses
of shaly mudstone-biowackestone, yellow,
scattered chert nodules ; bryozoans, crinoids ,
brachioped fragments

4 ft 4 inches Medium-bedded limestone, biowackestone-

packstone, light-yellow:  layers of chert nodules
in top 2 ft 8 inches. underlain by a 2-3-inches-
thick layer of laminated chert (with an uneven
top), underlain by  I  ft 5 inches of slightly
thinner-bedded limestones with 2-inches-thick
layers of laminated chert at the base and 4



]48

3 ft 4 inches

inches above the base. Racks contain fenestrate         I  ft 6 inches
and ramose bryozoans, brachiopod fragments,
spicules; rare high-spired gastropods near the
base
Medium-bedded limestone, mudstone-
biowackestone, light-yellow:  layer of chert

Bed of limestone, sparse biowackestone,

yellow, small chert nodules and a 3-inches-thick
layer of chert 5  inches below the top; ramose
bryozoans, cnnoids, spicules

SPEISER FORMATION
nodules 3 inches below the top, remainder of
unit contains irregularly disposed chert nodules         8 ft o inches
that are angular and which appear brecciated.
Rocks contain ramose bryozoans, crinoids,
spicules

Measured Section Number: 40

Thin-bedded, calcitic and fossiliferous
mudrocks and thin  shaly biowackestones,
bioturbated, gray to yellow-gray; Derbyia,
Reticulatia, crinoids, pelecypod fragments

Location:  QualTy on Crowdis Farm, sec.  15, T.  29 S., R.  3 E„
Butler County, Kansas

NOLANS LIMESTONE

Herington Member
(probable top of the member)

2 ft o inches          Thin-bedded limestone, shaly mudstone,

porous, calcite geodes, yellow-gray
2 ft o inches          Medium-bedded, shaly calcitic dolomudstone,

laminated, calcite geodes, gray
0 ft 9 inches          Bed of shaly limestone, mudstone, laminated,

gray

Measured Section Number: 41

2 ft 6 inches          Medium-bedded, shaly dolomudstone,
laminated. yel low-gray

I  ft 6 inches           Bed of shaly dolomudstone, faintly laminated,
calcite geodes, yellow-gray

Paddock Shale Member

2 ft 5 inches          Unfossiliferous, gray-yellow mudrock with
lenses of shaly lime mudstone and calcite

geodes

Note:  in a roadcut in nearby sec.10 (at the entrance to the drive
that heads south to the Crowdis Farm), there is a section of lower
Herington and upper Paddock that exposes 4 ft 2 inches of
Paddock shales.

Location: Quarry along Walnut River due west of Douglass
(immediately east of Adams Road), and adjoining roadcuts at
intersection of Adams Road and 210th  St,  in SW see.18 and N/2
see.19, T.  29 S., R. 4 E., Butler County,  Kansas

ODELL SHALE (roadcuts)

3 ft o inches          Unfossiliferous, red shale with abundant quartz

geodes (silicified evapontes)
3 ft o inches           Unfossiliferous, light-gray shales, with

abundant calcite and quatz geodes and laminae
of palisades calcite (replaced evaporites)

5 ft o inches          Unfossiliferous, green shale with abundant
layers of pallsades calcite and some quailz

geodes (replaced evapontes)

WINFIELD LIMESTONE ( in quarry)

Luta Member

7 ft 8 inches Medium-bedded, shaly mudstone to sparse
biowackestone, bioturbated, grades upward to
very thin bedded,  shaly lime mudstone to very
calcitic shale, unfossiliferous;  both llght-gray.
Fossils in the lower half of section only  include

crinoids, Composita, ramose bryozoans. some
Orbiculoides

Cresswell Limestone Member

2 ft  lo inches        Thick-bedded limestone, fines upward from
oncolite biograinstone (slightly finer grained
than below) with prominent vertical burrows,

porous,  to oncolite biopackstone-wackestone,
yellow; ramose bryozoans, crinoids,  foramini-
fers, brachiopod fragments

I  ft 2 inches

3 ft 4 inches

0 ft 7 inches

Bed of limestone, oncolite biograinstone,

prominent vert]cal burrows,  weathers reces-
sively. yellow; ramose bryozoans, crinoids,
foraminifers , brachiopod fragments
Bed of limestone, coarse-grai ned biopackstone,

yellow, appears to have an erosional  base (but it
could be a joint); crinoids, ramose bryozoans,
brachiopod fragments
Bed of limestone, fine-grained biopackstone-
wackestone. porous, bioturbated, yellow;
crinoids, ramose bryozoans, brachiopod
fragments
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Measured Section Number: 42

Location:  Steep roadcut, south side of 210th St east of Douglass,
in the NW see.  23,  .  29 S., R. 4 E., Butler County, Kansas

WINFIELD LIMESTONE

Cresswell Limestone Member

~3 flo inches        Too high to reach:  massive cresswell limestone

Grant Shale Member

~4 fto inches        Too high to reach: shales and limestones

DOYLE SHALE

Gage Shale Member

0 ft 8 inches          Yellow-green grading rapidly up to dark-green
mudrock. unfossiliferous, compact (upper part

Measured Section Number: 43

is a paleosol)
14 ft 4 inches        Unfossiliferous, fissi]e, jointed shale,  light-gray

to slightly  yellow-gray, forms a vertical face on
the outcrop

3 ft o inches           Unfossiliferous shale, brownish-green except in
the top 8 inches, where it is dark-gray-green,
and a zone 8-16 inches below the top, which is
red

14 ft o inches        Unfossiliferous red shale and mudrock, silty in
the basal  I  ft, with scattered layers throughout
of green shale and mudrock as much as  1  ft
thick. The green §hales/mudrocks locally are
rooted; gypsum veinlets occur sporadically
throughout the section

I  ft 2 Inches Interbedded unfossi]iferous, red and green shale
and two thin beds of limestone, light-gray
mudstone with desiccation cracks

Location: Bannon (Southwest Butler) quarry, center of S/2 sec.
29, T. 28 S., R. 4 E., Butler County, Kansas

MATFIELD SHALE

Blue Springs Shale Member

3 ft o inches          Unfossiliferous. red mudrock
4 ft o inches          Bruno limestone bed: Thick-bedded. shaly

li mestone,  mudstone. bioturbated, yellow-gray;
crinoid§ and fragments of pelecypods and
brachiopods

5  ft 4 inches           Highly weathered,  yellow-gray, calcitic
mudrocks and slialy lime mudstones (beds of
which occur at the top and base of this unit),
bioturbated but otherwise unfossiliferous

Kinney Limestone Member

6 ft 4 inches          Bed of limestone that fines upward from locally
cross stratified biowackestone-packstone, to

Measured Section Number: 44

3 ft 0 inches

7 ft 6 inches

locally bioturbated mudstone, light-gray ;
foramJnifers, crinoids, brachiopod and

pelecypod fragments, gastropods. This is the
"1owstand carbonate wedge" referred to in the

tex(
Bed of limestone, porous biopackstone-

grainstone, prominent vertical bulTows, yellow-
gray ; foraminifers, crinoids. pelecypod and
brachiopod fragments , Aviculopecten,

planispiral gastropods. As referred to in the text,
this bed is the regionally recognized upper
Kinney limestone
Medium-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, dark-blu] sh-gray ;
crinoids,  Derbyia, Reticulatia, pelecypod
fragments, including Allorisma. As referred to
in the text. this is the middle Kinney

Location:  Roadcuts (both  sides) on  170th St.  at the intersection
with Hopkins Switch Road,  in the SE sec.  25  and the NE sec.  36,
T.  28 S., R.  4 E„  Butler County,  Kansas

VVINFIELD LIMESTONE

Cresswell Limestone Member

Comment: According to topographic relationships, there is about        2 ft 3 inches
50-55 ft of concealed Doyle section between the top of the Fort
Riley and the base of the Winfie]d Limestone in this area;
uppemost Fort Riley strata are exposed at measured section
number 45, and in a ditch along the sou(h side of the road ( 170th
St) approximately 0.55 ft west of the outcrops that compose
measured section number 44

6 ft 8  inches

Bed of limestone, porous oncolite biograinstone
with prominent vertical  burrows, light-yellow-
tan; crinoids, Derbyia, ramose bryozoans
Bed of limestone:  basal  2 ft is slightly porous,
bioturbated biopackstone with a hint of cross
stratification, and a thin layer of shaly
biowackestone at the base,  light-yellow-tan.
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The overlying  1  ft is very porous, bioturbated
biopackstone. fine-grained, light-yellow-tan.
The upper 3 ft 8 inches is porous, coarse-

grained biograinstone, biorurbated, some
oncolites. light-yellow-tan. Rocks contain
cnnoids, ramose bryozoans, foraminifers,
Derbyia

Grant Shale Member

I  ft  I  inches          Fossiliferous and biofurbated, yellow, calcitic
mudrock and lensesAayers of shaly
biowackestone, grayish-yellow; crinoids,
ramose bryozoans, Derbyia

2 ft4 inches          Gray-yellow, calcitic and oncolitic mudrock;
this is the "concretionary zone" referred to in
the text; echinoid spines, Reticulatia

0 ft  lo inches        Unfossi]iferous, tan shale, laminated in the
basal  I.5 inches, and thicker-layered above

(may be the Santa Fe Lake Member)

Measured Section Number: 45

Kansas

0 ft 8 inches          Unfossiliferous. dark mudrock, root-mottled

(paleosol)
0 ft 8 inches          Unfossiliferous, tan. calcitic mudrock, root-

mottled (paleosol)

Stovall Limestone Member

I  ft 8 inches          Thin-bedded, recrystallized lime mudstone,
very porous, with abundant secondary calcite
veins and laminae of palisades calcite, yellow

DOYLE SHALE

Gage Shale Member

4 ft o inches          Unfossiliferous shale, fissile, almost varve-like.
olive-green. The top  I  ft consists of hard shales,
the lower 3 ft contains laminae of palisades
calcite

Location: Roadcut on Hopkins switch Road due north of l70th           FORT RILEY FORMATION
St (measured section number 44), and due south of the Little
WalnutRiver. in the NW see. 30, T. 28 S., R. 5 E., Butlercounty,        13 ft o inches        Thin-bedded, shaly lime mudstone, sparsely

fossiliferous, locally bioturbated, light-gray;

pelecypod casts, crinoids

Measured Section Number: 46

Location: Roadcuts on Cole Creek Road, both sides, and in gully
to southeast of bridge, in secs.15 and  16, T.  28  S., R. 6 E.,  Butler
County, Kansas

Comment: Farther south on Cole Creek Road. within a mile of
this outcrop, one can see poorly exposed outcrops across the
Florence-Fort Riley contact on the east side of the road,
including the rugose coral biostrome near the top of the Florence

FLORENCE FORMATION
(within a few feet of the top of the member)

contain fenestrate and ramose bryozoans,
crinoids, Reticulatia

3 ft 5 inches          Thin-to medium-bedded limestone, mud§tone
to fine-gTained biopackstone, white, layers of
chert nodules separate limestone beds that are
~6 inches thick; fusulinids, crinoids, bryozoans,

Reticulatia
2 ft o inches          Basal 5 inches ofcalcitic shale. yellow-gray,

overlaln by  I  ft 7 inches of thin-bedded

2 ft o inches          Thin-bedded, very cherty limestone, mudstone-
biowackestone, yellow, chart nodules; abundant       2 ft o inches
rugose corals, accessory bryozoans, crinoids.
This is the coral biostrome refened to in the
text

2 ft o inches          Medium-bedded limestone, biowackestone.

yellow-gray ; some rugose corals, and fenestrate
bryozoans, crinoids

13 ft o inches        Medium-bedded limestone, biowackestone to
fine-grained biopackstone, white, discontinuous
layers of chert nodules separating beds of
limestone that are ~1  ft thick; fenestrate and
ramose bryozoans, crinoid§ , Reticulatia;
abundant fusulinids in basal 5 ft

4 ft 3 inches          Thin-to medium-bedded linestone, porous
biowackestone to fine-gTained biopackstone,
white, with  I-inch-thick shales at the top and
base of the unit; layers of chert nodules separate
limestone beds that are ~6 inches thick. Rocks

limestone, biowackestone-packstone beds
separated by thin shales, all bioturbated;
fenestrate bryozoans, crinoids, brachiopod
fragments
Bed of limestone, biowackestone, bioturbated,

yellow-gray; discontinuous layer of chert
nodules 3 inches thick about 5 inches below the
top. Rocks contain fenestrate and ramose
bryozoans, crinoids, spicules , small gastropods,
Reticulatia

Cole Creek Member

3 ft  ll  inches        Basal  I  ft 7 inches medium-bedded limestone,
biowackestone, very coarse-grained and
bioturbated (conspicuous horizontal burrows).
Overlain by 7 inches of calcitic shale to shaly
biowackestone. Top  I  ft 9 inches of thin-bedded
biowackeslone. shale partjngs; all yellow-gray.
Rocks contain pelecypod fragments, gastro-

pods, foraminifers, crinoids



I  ft 8 inches           Basal  5  inches black, fossiliferous shale, top  I  ft       1  ft 4 inches
3 inches gray. calcitic mudrock to shaly lime
mudstone, bioturbated; brachiopod and bivalve         4 ft 3 inches
fragments

I  ft 7 inches          Medium-to thin-bedded limestone, fines
upward from biopackstone-grainstone to
biowackestone, bioturbated. gray ; pelecypod
fragments , cTinoids, foraminifers, gastropods,
brachiopod fragments

MATFIELD SHALE

Blue Springs Shale Member

2 ft o inches          Fossiliferous, calcitic mudrock, bioturbated,

yellow-gray ; pelecypod fragments, Myalina

Measured Section Number: 47
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Bruno limestone bed: tiiowackestone, shaly and
bioturbated, yellow-gray ; peleeypod fragments
Unfossiliferous mudrock, yellow-green in lower
half. yellow-green-gray-red in upper half

Kinney Limestone Member (in the gully)

5 ft o inches          Bed of limestone that coarsens upward from
biopackstone to biograinstone, surface-
dissolution vug§, light-gray; foraminifers,
bivalve fragments

Location: Creekbank and roadcut to immediate east of                            1  ft 8 inches
MacGregor House on  138th St., in the SE sec. 9. T.  28 S., R. 6 E.,
Butler County, Kansas

MATFIELD SHALE

Kinney Limestone Member

I  ft 6 inches          Bed of limestone. porous biopackstone-

grainstone, current- layered, surface-dissolution
vugs (horizontal), yellow-white; foraminifers,
crinoids

4 ft o inches          Concealed
0 ft 8 inches           Bed of shaly  limestone, biowackestone-

packstone, medium-gray ; Derbyia, crinoids,
some oncolites, foTaminifers, ramose bryozoans

Measured Section Number: 48

4 ft 0 inches

2 ft 2 inches

2 ft 8 inches

Altemating thin beds of slightly shaly lime-
stone, biowackestone-packstone, and very shaly
mudstone-biowackestone, bioturbated, splotchy

yellow-gray ; Derbyia, foraminifers, crinoids
Fossiliferous, yellow-brown mudrock, with a 1-
inch-thick bed of biowackestone at the base;

pelecypod fragments , Derbyia, crinoids
Basal  I  ft 2 inches fossiliferous, green mudrock
overlain by  I  ft of fossiliferous, yellow-brown
shale; pelecypod fragments, Derbyia, crinoids
Medium-bedded, shaly limestone, coarsens
upward from biowackestone in lower third, to
coarse-grrined, oncolite biopackstone,
bioturbated. yellow-gray., Derbyia, foraninifers,
crinoids, ramose bryozoans ; high-spired

gastropods common in iipper part of the unit

Location: Hickory Hollow Ranch, due west of Cole Creek Road
along Hickory Creek,  in the NE see.16, T.  28  S., R.  6 E., Butler
County, Kansas

Comments: The section was measured behind the main house,
and east of it, along the dirt road leading out to Cole Creek Road.
This section ties in with that at nearby measured section number
46

MATFIELD SHALE

Blue Springs Shale Member

Kinney Limestone Member

I  ft 6 inches

3 ft 4 inches

0 ft 6 inches          Bruno limestone bed: bed of limestone,
biowackestone, light-gray; pelecypod fragments       I  ft 2 inches

2 ft 0 inches

4 ft 0 inches
Concealed
Poorly exposed: unfossiliferous. green shale
and mudrock I  ft 0 inches

6-8 ft

Thin-bedded limestone, fines upward from
biopackstone to biowackestone, light-gray ; top
is brecciated, with green shale-filled vugs and
incipient paleocaliche ; pelecypod fragments,
foraminifers, crinoids
Bed of limestone, fines upward from
biograinstone-packstone. current-layered,
surface-dissolution vugs (horizontal). to fine-

grained biopackstone-grainstone in top 4
inches, very light gray ; foraminifers. crinoids,
bivalve fragments, high-spired gastropods,
ramose bryozoans
Medium-bedded limestone, biograinstone.
light-yellow-tan ; foraminifers, crinoids. foram,
coated grains, bivalve fragments
Bed of limestone, biopackstone,light-tan-gray ;
crinoids, bivalve fragments, ramose bryozoans,
foraminifers

Concealed (includes the lower Kinney and
Wymore Members)
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WREFORD LIMESTONE

Schroyer Limestone Member

3 ft 6 inches          Bed of limestone, coarsens upward from
biopackstone to biograinstone, and then fines

Measured Section Number: 49

I  ft 2 inches
0 ft 3 inches

upward in the top 6 inches to biopackstone with
abundant Derbyia, some vertical  burrows, light

yellow;  foraminifers, crinoids
Unfossiliferous, yellow-brown shale
Chert rubble

Location.  Two closely spaced roadcuts on K-96, both sides (but
mainly on the north side).  in the NW sec. 27, T.  27 S„ R. 6 E.,
east of I.eon, Butler County, Kansas

FLORENCE FORMATION
(within a few feet of the top of the formation)

0 ft 7 inches          Bed of limestone, biowackestone, yellow, chert
nodules;  rugose corals, foraninifers, brachio-

pod fragments, crinoLds. This is the coral
biostrome referred to in the text

0 ft 6 inches

2 ft 8 inches

2 ft 6 inches

2 ft 8 inches

Basal 3  inches biowackestone, yellow, top 3
inches concealed ; brachiopod fragments,
ramose bryozoans, crinoids
Highly weathered chert rubble; in situ limestone
is mudstone-biowackestone, and basal 4 inches
is fossiliferous shale to shaly biowackestone,
light-yellow-gray ; bryozoans, crinoids ,
brachiopod fragments
Medium-bedded limestone, biopackstone-
wackestone, light-gray, layers of chert nodules ;
bryozoans. crinoids, brachiopod fragments
Medium-bedded limestone, biowackestone-

packstone, porous , light-gray, chert nodules;
fusulinids, crinoids, ramose bryozoans

9 ft 2 inches          Bedded porous limestone, fine-grained
biopackstone,  light-gray,  prominent stylolite
about  1  ft above the base; bed thickness
increases upsection from 6-inches-thick
limestone beds  separated by 2-inches-thick
layers of chert nodules in the  lower  I  ft of
section,  (o 8-12 inches thick Limestone beds
separated by 2-3 inches thick layers of chert
nodules above; top 6-8 inches is chert rubble.
Rocks contain foraminifers, crinoids, brachio-

pod fragments, including Reticulatia, Tamose
and fenestrate bryozoans

3 ft  ll  Inches        Medium-bedded limestone, fine-grained
biopackstone, with 2-inches-thick layers of
calcitic  shale (fenestrate bryozoan-rich) at top
and base,  light-gray;  section consists of 6-
inches-thick limestone beds separated by 2-3
inches thick layers of chert nodules.  Rocks
contain cr]noids, fenestrate bryozoans,
brachiopod fragments, including Reticulatia,
crinoids

I  ft 5  inches

2 ft 2 inches

Thin-bedded limestone, fine-grained
biopackstone, light-gray, layers of chert nodules
in middle and at top. 3-inches-thick layer of
chert at base; fusulinids, crinoids,  bryozoans
Medium-bedded limestone, porous, fine-

grained biopackstone, light-gray, chert nodules
at base`  3-Inches-thick chert band in middle;
fusulinids. crinoids,  foraminifers

1  ft 2 inches Bed of limestone,  fine-grained biopackstone,
white-yellow, chert nodules; crinoids, brachio-

pod fragments, foraminifers, spicules
I  ft  I  inches           Calcitic mudrock to shaly  lime mudstone-

biowackestone,  yellow,  scattered chcrt nodules;
cmoids, brachiopod fragments, foraminifers,
spicules

0 ft 8 inches           Bed of limestone,  biowackestone,  light-gray,
chert nodules; pelecypod fragments, brachiopod
fragments, some oncolites, crinoids, bryozoans

Cole Creek Member

2 ft 7 inches           Basal 7  inches is bed of limestone,
biowackestone.  with abundant pelecypod casts.
Overlain by a thin layer of yellow, calcitic
shale, and then, 2-ft bed of limestone,
biowackestone-packstone, horizontal burrows,
conspicuous coarse pelecypod hash near base,

yellow-gray. Rocks contain pelecypod frag-
ments, brachiopod fl.agments, some oncolites,
bryozoans, crinoids

1  ft 5 inches          Bed of limestone, biowackestone-packstone.
conspicuous bed of coarse pelecypod hash in
middle, yellow to tarnish-gray; pelecypod
frngments , crinoids , gastropods

I  ft 6 inches           Fossiliferous, laminated, yellow  shale:

pelecypod fragments
3 ft o inches           Fossiliferous, chocolate-grown mudrock, with a

2-inches-thick layer of biowackestone 7  inches
above the base in the center of the outcrop, but
which thickens to  I  ft of pink,  pelecypod-rich
biowackestone to packstone along the west  side
of the outcrop; pelecypod fragments

Note:   the basal 4 ft 6 inches of this member was erroneously
included within the Blue Springs in  Mazzullo and Teal  ( 1994)
and Mazzullo et al.  ( 1995)

MATFIELD SHALE

Blue Springs Shale Member

0 ft  10 inches

I  ft 4 inches
1  ft 2 Inches

4 ft 8 inches

I  ft 4 inches
I  ft 8 inches

6 ft 8  inches

Fossiliferous  mudrock to shaly  biowackestone,

yellow; pelecypod fragments
Unfossiliferous, brown  shale
Unfossiliferous, brownish-yellow mudrock and
lenses of shaly lime mudstone

Unfossiliferous, brownish-yellow shale and
mudrock
Unfossiliferous, greenish-gray shale
Bruno equivalent:  Paleocaliche,  yellow-gray in
upper part, red in  lower part
Unfossiliferous, red mudrack;  basal  I  ft is green
shale with splotches of red and yellow shale



Kimey Limestone Member (south and north sides of road)
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1  ft  lo Inches        Thin-bedded,  shaly limestone, mudstone to
sparse biowackeslone,  light-gray ; pelecypod

0 fl 7 Inches           Bed of limestone, biowackestone, bioturbated
and chalky in upper part,  light-gray; pelecypod          I  ft 5  inches
fragments, foraminifers, crinoids

Measured Section Number: 50

fragments, crinoids
Bed of limestone, fines upward from
biograinstone to biopackstone,  light-gray ;
foraminifers, some cri noids, bryozoans,

pelecypod fragments

Location:  "Browntown" quarry, NE see.  9, T.  28  S., R. 4 E.,
Butler County, Kansas

FORT RILEY FORMATION

Comment: Very close to the top of the formation; see measured
section number 53 for the remainder of the uppermost part of the
formation at a nearby outcrop

2 ft 6 inches           Thin-to medium-bedded,  shaly limestone,
mudstone-biowackestone , bioturbated (sub-
vertical burrows), gray, with a  loinches-thick
zone at the base of fissile,  light-gray  shale;
brachiopod and pelecypod fragments

6 ft o inches           Thick-bedded limestone, porous biopackstone-

grainstone, cross stratified in the upper half,
surface dissolution vugs, yellow; foraminifers,
crinoids , brachiopod fragments

3 ft o inches           Thin-bedded,  shaly limestone,  mudstone-
biowackestone, tan-gray ; cnnoids ,  brachiopod
and pelecypod fragments, some echinoid spines

16 ft o inches        Cliff face:  thin-bedded limestone,  shaly
mudstone-biowackestone and interbedded
calcitic mudrocks, bioturbated, light-gray ;
brachiopod and pelecypod fragments, crinoids

2 ft o inches          Thin-bedded, calcitic shale to mudrock, dark-

gray ; scattered brachiopod fragments ,
Orbiculoides. This is the "gray zone" referred to
in the text

2 ft o inches          Thin-bedded, shaly limestone, biowackestone,

gray; pelecypod fragments,  crinoids, foramini-
fers, bryozoans

Measured Section Number: 51

3 ft  lo inches        Bed of limestone, fines upward from oncolite
biopackstone-grainstone with large oncolites ln
the basal  2 ft 8 inches, to finer-grained oncolite
biowackestone-packstone above, li ght-tan;
crinoids, bivalve fragments, foraminifers,
bryozoans , brachiopod fragments

I  ft  lo inches        Bed of limestone, fine-grained, oncolite
biowackestone-packstone (orange oncolites),
tan; cnnoids, bivalve and brachiopod frag-
ments , bryozoans

FLORENCE FORMATION

4 ft  lo inches        Bed of limestone, fines upward from oncolite
biowackestone-packstone in lower half, to
oncolite biowackestone in upper half (orange
oncolites). The basal  I  ft 6 inches is soft,
chalky, and white, the remainder of the unit is
light-yellow-tan; chert nodules  I  ft above the
base. The top and base of the unit are defined
by prominent stylolites, and there are stylolites
within. Rocks contain bivalve fragments,
bryozoans, crinoids

I  ft  10 inches        Medium-bedded limestone, oncolite
biowackestone to fine-grained packstone, light-
tan, 2-inches-thick layer of chert at the top,
chert nodules throughout; bival ve fragments,
bryozoans

2 ft 3  inches Medium-bedded limestone, oncolite
biowackestone,  light-tan, chert nodules ;
bryozoans, rugose corals, crinoids. This bed is
the coral biostrome referred to in the text

Location:  Composite of roadcut on Diamond Road and adjoining
streambank exposures along Four Mile Creek, in the SW sec.17,
T. 28 S„  R.  4 E.; a small quarry in the SW sec.  8 and adjoining
NW see.  17, T.  28  S.,  R.  4 E.; and exposures along a dirt road
leading to pumpjacks in the NE see.  17, T.  28 S., R. 4 E„ Butler
County, Kansas

FORT RILEY FORMATION

3 ft o inches          (maximum) Bed of limestone, porous, cross
stratified and bioturbated biopackstone-

grainstone, orange-yellow, locally with  8-
Inches-thick lense of porous biowackestone at
the base ; foraminifers

15  ft o inches        Thin-bedded,  shaly mudstone-biowackestone,
scattered lenses of biopackstone, bioturbated,

4 ft 0 Inches

I  ft 5 inches

2 ft 0 inches

I  ft 4 inches

2 ft 8 inches

I  ft 8 inches

gray-tan; brachiopod and pelecypod fragments ,
crinoids
Fossiliferous,  calcitic  shale to mudrock, dark-

gray, the "gray zone" referred to in the text;
brachiopod fragments,  including Orbiculoides,
crinoids
Thin-bedded limestone, shaly biowackestone,
tan ; crinoids, brachiopod fragments
Bed of limestone, oncolite b`opackstone,

yellow; crinoids
Thin-bedded limestone, oncolite biopackstone-

grainstone, tan; cnnoids
Bed of limestone, oncolite biopackstone, tan;
crinoids, pelecypod fragments, bryozoans
Bed of limestone, oncolite biopackstone,  white
to tan; crinoids, pelecypod fragments
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FLORENCE FORMATION

I  ft 2 inches          Thin-bedded limestone, oncolite
biowackestone, tan, three closely spaced
stylolites at the top; ramose bryozoans,
brachiopod and pelecypod fragments, crinoids

2 ft 2 inches          Bed of limestone, oncolite biopackstone,

prominent brachiopod shell hash at top, yellow-
tan; crinoids, pelecypod fragments, ramose
bryozoans

Measured Section Number: 52

1  ft  10 inches
2 ft 4 inches

Concealed
Thin-bedded limestone, mudstone-
biowackestone, yellow-tan and gray, chert
nodules, locally with silicified rugose corals;
Reticulatia, crinoids. ramose bryozoans. This
bed is the coral biostrome referred to in the text

3 ft o inches          Medium-bedded limestone. mudstone, gray-

yellow, chert nodules

Location: Quarries behind Lytle House, NW see. 35, T. 27 S., R.          2 ft4 inches
4 E., Butler County, Kansas

FORT RILEY FORMATION

13 ft o inches        Thin-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, tan to light-gray;
brachiopod fragments, including Composita,
crinoids

5 ft 7 inches          Bed of limestone, fines upward from oncolite
biopackstone in basal  1 ft, to finer-grained
oncolite biowackestone-packstone above,

yellow-tan; crinoids, bryozoans, forammifers,
bivalve fragments

Measured Section Number: 53

Upper part of a single bed of limestone, fine-

gralned oncolite biowackestone-packstone,
light-tan, prominent stylolite at the top; crinoids,
brachiopod fragments

FLORENCE FORMATION

3 ft o inches          Lower part of a single bed of limestone,
mudstone-biowackestone, scattered oncolites,
light-tan, promJnent styLolite at top, and two
styLolites below ; crinoids, brachiopod fragments

0 ft  I 1  inches        Thin-bedded, oncolite biowackestone-

packstone, light-tan ; bryozoans, crinoids.
brachiopod fragments

Lacation: Roadcut on US-77 and adjoining small north-south
road to the immediate east, immediately south of the bridge over
the Walnut River, in the SW NE see. 34, T. 27 S., R. 4 E., Butler
County. Kansas

Comment: The Florence-Fort Riley contact likely is present on
the southern bank of the Walnut River to the immediate northeast
of this outcrop, but was not exposed at the time this section was
measued

FORT RILEY FORMATION (upper part)

3 ft o inches          Thin-bedded limestone, mudstone-
biowackestone, prominent vertical and sub-

Measured Section Numt)er: 54

I ft 8 inches

5 ft 4 inches

1  ft  1  inches

I  ft 6 inches

vertical burrows at the top, light-grayish-tan;
crinoids, brachiopod fragments
Thin-bedded. shaly limestone, mudstone-
biowackestone, tannish-yellow; crinoids.
brachioped fragments
Thick-bedded limestone, biopackstone-

grainstone, porous, bioturbated, some cross
stratification, yellow ; foraminifers
Medium-bedded limestone, biowackestone-

packstone, bioturbated, yellow ; foraminifers
Thin-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, tannish-gray.,
brachiopod fragments, crinoids

Location: Roadcut, both sides of US-54 west of Augusta, in NT\h/
sec. 29, T.  27 S„ R. 4 E., Butler County, Kansas

VVINFIELD LIMESTONE

Cresswell Limestone Member

2 ft 8 inches          Bed of limestone, porous oncolite
biograinstone-packstone, prominent vertical
burrows, yellow ; chnoids, ramose bryozoans,
Derbyia

4 ft 8 inches          Thick-bedded limestone, relatively coarse-

grained, porous biowackestone-packstone,
locally vertically bioturbated, and cross
stratified in the upper half, Light-yellow;
crinoids, ramose bryozoans. brachiopod
fragments

Grant Shale Member

0 ft 10 inches        Thin-bedded, shaly limestone, biowackestone,

yellow-gray, with calcite geodes ; crinoids,
ramose bryozoans, brachiopod fragments

1  ft 2 inches          Thin-bedded, shaly limestone, fines upward
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from biowackestone to mudstone, some calcite         DOYLE SHALE

geodes, yellow ; crinoids, brachiopod fragments,
high-spired gastropods, ramose bryozoans

4 ft o inches          Fossiliferous, calcitic mudrock and lenses of
shaly biowackestone. yellow-gray; crinoids,
brachiopod fragments, high-spired gastropods,
rare oncolites

Measured Section Number: 55

Gage Shale Member

12 ft 8 inches        Unfossiliferous shale and mudrock, yellow-

green; a 3-8-inches-thick bed of shaly,
fossiliferous biowackestone occurs approxi-
mately 7 ft below the top of the section, and
contains pelecypod fragments

Location: Roadcuts on Santa Fe Lake Road (both sides) and
streambank exposures along Dry Creek to the immediate east of
the road, in the NW see.18, T.  27  S., R. 4 E.  and the NE see.13,
T. 27 S., R. 3 E., Butler County, Kansas (east of Santa Fe Lake)

VINFIELD LIMESTONE

Luta Member
(probable top of the member)

3 ft 2 inches          Medium-and thin-bedded, shaly limestone:
basal 4 inches is biowackestone-packstone, the
overlying section is mudstone, very thin bedded
in top  10 inches, light-gray with mottles of
medium-gray ; Composita. echinoid fragments.
crinoids

1  ft o inches          Thin-bedded. shaly limestone, mudstone-
biowackcstone, light-yellow-gray ; Composita,
crinoids

Grant Shale Member

I  ft  I  inch              Thin-bedded, shaly limestone, mudstone. with
lenses of biowackestone. bioturbated, light-

grayish-yellow; brachiopod fragments,
bryozoans, crinoids

3 ft 2 inches          Mudrock: dark-gray-green in the lower 8
inches, unfossiliferous; light-yellow-gray and
fossiliferous (in the middle part) in the upper 2
ft 8 inches (pelecypod and brachiopod frag-
ments, crinoids)

Santa Fe Lalce Member

3 ft 5 inches          Laminated to thin-bedded, shaly lime mud-
stone, unfossiliferous, somewhat gradational
(op and sharp base, calcite-lined vugs. Iight-

yellowish-gray

Dour SHALE
Cresswell Limestone Member

Gage Shale Member
9 ft  1  inch              Very thick bedded limestone: basal 2 ft 4 inches

is porous,light-yellow biowackestone. Overlaln       9 ft o inches          Unfossi]iferous shale and mudrack, light-

0 ft 8 inches

by 2 ft 8 inches of bioturbated biowackestone-

packstone, porous in lower  I  ft  1  inch, which in
turn is ; overlain by 4 ft  linch of porous, light-

yellow, oncolite biopackstone, that grades
upward to sparsely onco]itic biowackestone in
the top 8 inches, prominent vertical burrows in
lower half. Rocks contain foraminifers,
crinoids, ramose bryozoans , Derbyia
Bed of shaly limestone, biowackestone, light-

yellow; crinoids, bryozoans, brachiopod
fragments

Measured Section Number: 56

greenish-yellow in the lower half, greenish-
yellow-brown in the upper half

I  ft 2 inches          Thin-bedded, very porous, recrystallized
limestone, secondary calcite veins

5 ft o inches          lnterbedded green and red mudrocks,
unfossiliferous

Location: Roadcut along us-54 and gorge to the immediate west       0 ft 8 inches          Thin-bedded, shaly dolomudstone with
of the santa Fe Railroad tracks, both on the south side of the                                                   abundant laminae of palisades calcite
road, in sec. 25, T  27 S., R. 3 E., Butler county, Kansas (east of          I  ft 8 Inches          Unfossiliferous, light-brown mudrock
Andover)

NOLANS LIMESTONE
WELLINGTON FORMATION

Herington Member
"Pearl Shale"

2 ft 8 inches          Unfossiliferous, red mudrock with "cauli-
flower" chert nodules (replaced evaporites)

0 ft  lo inches        Unfossiliferous, yellow-brown mudrock

I  ft 9 inches          Thin, shaly dolomudstone beds at the top and
base of this unit, separated by unfossiliferous,

yellow-brown shale (gradational Herington-
Wellington contact)
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2 ft 0 inches Thin-bedded, calcitic and shaly dolomudstone.
some shale partings, calcite geodes, yellow-
brown

Measured Section Number: 57

1  ft 0 inches Basal 3 inches of yellow-brown dolomudstone,

porous. with small calcite geodes; overlying 9
inches unfossiliferous. yellow  shale

Location:  Roadcut along both sides of US-54`  west of Augusta,
along the center lines of secs.  21  and 28. T.  27  S., R. 4 E., Butler
County, Kansas

FORT RILEY FORMATION

2 ft  I 0 inches        Thick-bedded limestone. porous biograinstone,
hint of cross stratification, bioturbated, surface-
dissolution vugs, yellow; foraminifers, crinoids,
brachiopod fragments

12 flo Inches        Thin-bedded,  shaly lime mudstone-
biowackestone, scattered lenses of
biopackstone, and calcitic shales , bioturbated,
tan-gray ; brachiopod fragments,  including
Derbyia, cnnoids, some foraminifers

3 ft 4 inches

3 ft 4 inches

I  ft 4 inches

I  ft 8 inches

Thin-bedded, shaly limestone, mudstone with
wavy  layers of calcitic  shale, bioturbated,  some
lenses of biowackestone, light-gray ; cnnoids ,
brachiopod fragments
Medium-bedded limestone, upward decrease in
bed thickness:  shaly mudstone, some lenses of
biowackestone, bioturbated, light-gray to light-
tan; crinoids, brachiopod fragments
Thin-bedded, shaly limestone, mudstone,
bioturbated, light-gray ; crinoids, brachiopod
fragments
Calcitic mudrock to shaly lime mudstone,
bioturbated, dark-gray ; brachiopod fragments,
Including Orbiculoides, crinoids. This is the
"gray zone" refelTed to in the text

Measured Section Number: 58

2 ft 8 inches

7  ft 8 inches

Thin-bedded limestone. biowackestone-

packstone, bioturbated,  light-tall ; crinoids,
brachiopod fragments, foraminifers
Thick-bedded limestone, fines upward from
oncolite biopackstone-grain stone to oncolite
biowackestone-packstone, surface-dissol ution
vugs, tan to white; bryozoans, crinoids,
brachiopod fragments, some foraminifers

FLORENCE FORMATION

2 ft 8 inches           Bed of limestone, oncolite biowackestone-

packstone, yellow-tan, prominent stylolites at
the top; what appear to be intraclasts are
actual ly fenestrate bryozoan-encrusted grains.
Rocks contain bryozoans, crinoids, brachiopod
fragments, foraminifers

1  ft 6 inches

1  ft 5  inches-
I  ft 8 inches

Bed of limestone, oncolite biowackestone, soft
and chalky, light-tan;  what appear to be
intraclasts are actually fenestrate bryozoan-
encrusted grains. Rocks contain bryozoans.
crinoids
Bed of limestone with uneven top (erosion-
al surface?):  onco] ite biowackestone-packstone,

yellow-tan. scattered chert nodules; crinoids,
foraminifers, bryozoans , brachiopod fragments

1  ft  lo inches        Thin-bedded limestone, biowackestone,  yellow-
tan ; crinoids, bryozoans, brachiopod fragments.
foraminifers

Location:  Roadcut, west side, in the sE sec.17, T.  27 S.. R. 4 E.,         3 ft 8 Inches
Butler County,  Kansas

DOYLE SHALE

Towanda Limestone Member

(probable top of the member)

3 ft 8 inches          Thin-bedded, shaly lime mudstone, cryptalgal-
laminated, calcite geodes. rootcasts at top,

yellow-gray

Measured Section Number: 59

I  ft  10 inches
I  ft 2 inches

I  ft 8 inches

Thin-to medium-bedded (upsection),  shaly
lime mudstone, faintly cryptalgal-laminated.
lower 8 inches porous, yellow-gray
Thin-bedded, shaly lime mudstone, yellow-gray
Bed of limestone, ool ite packstone-grai nstone,
lenses of biopackstone with conspicuous white,
macerated skeletal fragments (pelecypods) at
the top
Medium-bedded, coarse-recrystallized
limestone,  with lenses of breccia (clasts of
recrystallized I imestone),orange-yellow ;  some
foraminifers

Location: Fields immediately west and east of Buffalo Road,
center of sec.  8, T.  27 S., R. 4 E., Butler County, Kansas

WINFIELD LIMESTONE

Santa Fe Lake Member
Comments:  I-The outcrops in the field to the west of the road
abut againsuhe Myers quarry, measured section number 60. 2-         2 ft o inches
There is a well-exposed thrust fault in the iipper Doyle along the
base of the cliff in the fields on the west side of the road

Thin-bedded,  shaly limestone,  mudstone:  basal
4 Inches of interlaminated mudstone and fine-

grained foraminiferal calcisi[itites;  middle part
of the section has ripple forms on bedding

planes, light-gray



DOYLE SHALE

Gage Shale Member

8 ft o inches           Unfossiliferous, fissile,  light-yellow-gray  shale
I  ft 8 inches           Unfossiliferous,  medium-bedded, yellow-gray

mudrock (paleosol?)
4 ft 8 inches           Unfossiliferous mudrock:  along the length of

the outcrop the basal 2 ft appears medium-
bedded, and yellowish-gray  (paleosol?). This
section  is overlain by. and passes  laterally  into,
sl ightly greenish-gray  mudrock

Measured Section Number: 60
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13  ft o inches        Unfossiliferous. red mudrock and shale, the top
5 ft with~4-inches-thick layers of light-reddish-

gray,  silty mudrock with abundant laminae of
palisades calcite interbedded with red shale
locally with desiccation cracks. The top of this
unit is distorted by soft-sediment deformation
and elastic dikes. There is an 8-inches-thick
layer of green mudrock  I  ft below the top

Towanda Limestone Member (east side of the road)

4 ft o inches           Thin-bedded, porous, coarse-recrystallized
limestone,  light-yellow-gray

Location:  Myers qualTy at 2] st St and Diamond Road east of
Wicliita, in the NE sec. 7, T.  27  S., R. 4 E., Butler County,
Kansas (west of Diamond Road)

Comment: Section measured along the eastern wall of the quarry

ODELL SHALE

0 ft 2  inches           Recrystallized, white limestone
4 ft o inches           Thin-bedded to fissile, unfossiliferous shale

with abundant marble-size anhydri(e nodules,
brownish-tan

3 ft o inches           Fissile,  unfossiliferous  shale,  abundant marble-
size anhydrite nodules, brownish-gray

VVINFIELD LIMESTONE

Luta Member

6 ft 6 inches           Thin-bedded, shaly lime  mudstone and calcitic
mudrocks. abundant calcite geodes and marble-
size anhydrite nodules, brownish-gray

2 ft 6  inches

I  ft 0 inches

Medium-bedded,  shaly limestone,  mudstone,
light-gray
Fissile, fossiliferous, calcitic  shale, grayish-

yellow;  Derbyia

Cresswell Limestone Member

4 ft 2 inches           Bed of limestone. fines upward from oncolite
biogralnstone to less oncoLinc biopackstone,

prominem vertical burrows, apparent large,
northwest-dippi ng foresets, light-yellow ;
crinoids, ramose bryozoans, Derbyia

I  ft  I  inches           Bed of limestone, biowackestone-packstone,
bioturbated, yellow; crinoids, Derbyia

4 ft 6 inches           Bed of limestone, biopackstone, porous in the
middle, relatively fine-grained, yellow;
crinoids, brachio|)od fragments, ramose
bryozoans

Grant Shale Member

I  ft 4 inches           Bed of shaly limestone, mudstone, bioturbated,

gray ; crinoids, brachiopod fragments

Measured Section Number: 61

Location:  East side of Augusta Lake, in NE sec.15. T.  27 S.,  R.  4
E.,  Butler County,  Kansas

Comment: The middle and upper Fort Rilcy are exposed in the
spillway on the southern end of the lake, and some Towanda
strata are exposed at the extreme northern end of the lake

DOYLE SHALE

Towanda Limestone Member

(probable top of the member)

I  ft 6 inches
I  ft 4 inches

I  ft 0 inches

5  ft o inches           Poorly exposed section  of thin-bedded strata:
calcitized evaporite nodule-bearing bed at base,          I  ft 8  inches
overlain by ~6 inches of biowackestone-

packstone-grainstone (pelecypod fragments ,
crinoids, foraminifers), the overlymg section
mostly shaly  lime mudstone
Concealed
Bed of limestone, mudstone to biowackestone
at the base,  partly  brecciated, overlaJn by gray
biowackestone passing  laterally  Into coarse-

grained biopackstone with conspicuous white,
macerated pelecypod fragments ( see measured
section number 58); foraminifers, crinoids,

gastropods, pelecypod fragments
Bed of coarse breccia, clasts of lime  mudstone
cemented by coarse calcite. gray-orange (likely
evaporite dissolution-collapse breccia)
Bed of coarse-recrystallized I imestone,
brecciated, calcite geodes, orange
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Measured Section Number: 62

Location: Roadcut on US-54-77 east of Augusta, on the south
side of the road beginning immediately east of the bridge over
the Walnut River,  in sec.  26. T.  27 S., R. 4 E., Butler County,
Kansas

DOYLE SHALE

Holmesville Shale Member

3 ft o inches          Unfossiliferous, red shale passing upward to
topsoil,  with marble-size caLcite nodules

2 ft 8 inches           Unfossiliferous, orange to greenish-yellow
mudrock

FORT RILEY FORMATION

4 ft o inches           (maximum thickness) Fis§ile, fossiliferous,
shaly lime mudstone,light-gray, with large-
scale, east-dipping foresets; Composita. This
unit is refelTed to in the text as a possible tidal
channel-filling deposit

Measured Section Number: 63

0-I  ft4 inches     Bed of limestone, erosional top beneath
overlying unit:  coarse-grained biograinstone,
intraclastic. porous. yellow-gray; foraminifers

3 ft o inches          Medium-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, light-gray.
erosional top beneath the tidal channel-filling
deposit; pelecypod and gastropod fragments,
cnnoids

4 ft o inches          Bed of limestone, fine-grained biograinstone,

porous, light-gray; foraminifers
15 ft o inches        Thin-bedded, shaly limestones, mudstones-

biowackestones and interbedded calcitic

5 ft 4 inches

5 ft 0 inches

mudrocks, bioturbated, gray ; brachiopod and

pelecypod fragments, crinoids
Thin-bedded, calcitic mudTock and shaly
mudstone to biowackestone, dark-gray ;
brachiopod fragments, including Orbiculoides ,
crinoids. This is the "gray zone" refeiTed to in
the text
Thick-bedded limestone, oncolite biopackstone-
wackestone, light-yellow; crinoids, brachiopod
fragments

Location: Roadcut along 80th st. and adjoining field exposures to      5 ft o inches
the south, in the SE sec.  8 and NE see.  17, and bedding plane
exposures along the road (80th St.) in the SW sec.  9, T.  27 S., R.
5 E„ Butler County, Kansas

FORT R]LEY FORMATION (uppemost beds)

2 ft o inches           Medium-bedded,  shaly and calcitic
dolomudstone, lalninated (cryptalgal), calcite

geodes, light-yellow-gray
2 ft 8 inches           Medium-bedded,  shaLy and calcitic

dolomudstone, laminated (cryptalgal), porous,
light-yellow-gray

Measured Section Numt)er: 64

I  ft 2 inches

Thin-bedded to fissile, faintly  laminated,  shaly
limestone. mudstone, light-gray. prominent 9-
inches-thick, dark-gray, bioturbated beds (with
Planolites)  I  ft above the base; bryozoans,
brachiopod fragments, pectinid casts
Thin-bedded li mestone, biowackestone-

packstone, light-gray; foraminifers, brachiopod
fragments , crinoids

I  ft  lo inches        Thin-bedded limestone, biopackstone-

gr   nstone, light-gray; foram]nifers

Location: "P`impjack IIill" on US-54-77/K-96, north side, in the
E/2 see.  27, T. 27 S., R.  5 E.,  Butler County,  Kansas

DOYLE SHALE

Holmesville Shale Member I  ft 3  inches

2 ft o inches          Red, clayey topsoil
3 ft 4 inches          Unfossiliferous, green-yellow mudrock, with a         3 ft o inches

1  ft 4 Inches-I  ft 8 Inches thick bed of light-

gray paleacaliche at the top
4 ft o inches          Unfossiliferous, orange-yellow shale and

mudrock with calcite geodes and laminae of

palisades calcite
3 ft 4 inches          Unfossiliferous, green-gray mudrock with

calcite nodules (paleocaliche)

FORT RILEY FORMATION

3 ft 2 inches           Basal  I  ft 9 inches white, calcitic
dolomudstone,  laminated (cryptalgal),  with long

3 ft 4 inches

casts of evaporite crystals and possible
embryonic tepees; overlain by 5 inches of light-

gray, fine-grained biograinstone (foraminifers);
top  I  ft of light-gray lime mudstone (pelecypod
fragments)
Thin-bedded, shaly limestone, biopackstone,
light-gray ; brachiopod and pelecypod frag-
ments, planispiral gastropods
Dark-greenish-gray shale at the base, grading
up to black, shaly lime mudstone and
interbedded dark-greenish-gray mudrock. The
entire section is bioturbated and sparsely
fossiliferous; Composita, crinoids, pelecypod
casts
Thin-bedded, shaly limestone, mudstone,
bioturbated, yellow-gray ; crinoids , brachiopod
fragments
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Measured Section Number: 65

Location;  Huff quarry on Haverhill Road,  sec   10, T.  27  S.,  R.  5
E., Butler County,  Kansas

DOYLE SHALE

Holmesville Shale Member

I  ft 4 inches           Unfossilifcrous, yellow-orange shale

FORT RILEY FORMATION

I  ft 4 inches           Thin-bedded, sha]y limestone, mudstone,

possibly cryptalgal, light-gray
I  ft 4 inches           Medium-bedded, shaly  limestone, laminated

(cryptalgal) mudstone, light-yellow-gray
5  ft 2 inches           Thin-bedded to fissile, shaly limestone,

mudstone, top  10 inches  is light-gray, underly-
ing section is very dark gray, bioturbated,
locally with Planolites;  rare Orbiculoides,
Composita, pelecypod casts, Bel lerophon

0 ft  10 inches-Bed of limestone, biopackstone, yellow-

Measured Section Number: 66

I  ft 4 Inches

3  ft 2  inches

5  ft  1  Inch

0 ft 9 inches

I  ft 3  inches

8 ft 0 inches

tan; foraminifers, crinoids, brachiopod and

pelecypod fragments
B ed of limestone, biopackstone-grainstone,
bioturbated, yellow-tan; foramini fers. crinoids,
brachiopod fragments
Bed of limestone, coarsening upward section
from mudstone at base, to mudstone-
biowackestone  in middle, to biowackestone-

packstone at the top, bioturbated, grayish-tan,
foramnifers, crinoids, brachiopod fragments
Thi n-bedded limestone, biograinstone-

packstone, brownish-tan; crinoids, brachiopod
fragments
Thin-bedded limestone, biopackstone-

grainstone with clasts of lime muds[one that are
desiccated,  light-gray., foraminifers , crinoids
To pond level:  thin-bedded,  shaly limestone,
mudstone-biowackestone and calcitic mudrack,
bioturbated, light-gray; prominent 4-inches-
thick layer of coarse brachiopod hash about 2 ft
below the top; Derbyia, crinoids

Location: Roadcut on Hopkins Switch Road, west side, beneath
overpass of US-54-77, in sec. 25, T. 27 S., R. 4 E„ Butler
County, Kansas

WINFIELD LIMESTONE

Cresswell Limestone Member

grayish-yellow. Top  10 inches biowackestone,
yellow.  Rocks contain cnnoids, ramose
bryozoans, foraminifers , locally sil icified
Derbyia

Grant Shale Member

I  ft  1  inch               Thin-bedded,  shaly limestone,  mudstone-
2 ft 6 inches           Bed of porous limestone, oncolite

biogra]nstone, coarse-grained, prominent
vertical burrows and large sweeping, northwest-       4 ft o inches
dipping foresets ,  light-yellow ; forami nifers ,
cnnoids, locally silicified Derbyia

biowackestone, calcite geodes, yellow; cnnoids,
bryozoans , brachiopod fragments
Fossiliferous, fissile,  light-yellow, calcitic
shale; crinoids, Composita, Derbyia, Allorisma,

pectinid casts, bryozoans
I  ft 4 inches          Thin-bedded limestone, oncolite

biowackestone-packstone, bioturbated, grayish-        DOYLE SHALE

yellow; cnnoids, ramose bryozoans. Derbyia
4 ft  lo inches        Bed of limestone: basal 2 ft 4 inches                              Gage shale Member

biowackestone-packstone, grayish-yellow.
Overlying  I  ft 8 inches porous biowackestone,          7 ft o inches           Unfossiliferous, fissile,  medium-gray  shale

Measured Section Number: 67

Location: Peck qiiarry, along south bank of walnut River, and
low field exposures to the east,  in the SE and SW sec.  24, T. 27
S., R. 4 E., Butler County, Kansas

NOLANS LIMESTONE

Herington Member

2 ft o inches          Thin-bedded limestone, laminated mudstone,
calcite geodes ,  light-gray

15 ft o inches        Concealed paddock and Krider Members, and
Odell  Shale

WINFI ELD LIMESTONE

Luta Member

2 ft o inches          Medium-bedded limestone, mudstone-
biowackestone, porous at top, abundant silicified
crinoids ,  light-yellow

10 ft o inches        Thin-to medium-bedded, shaly limestone,
mudstone-biowackestone, bioturbated,  light-

yellow; Composita, crinoids
12 ft 4 inches        Medium-bedded,  shaly limestone,  mudstone (beds

~10 inches thick),  and in[erbedded calcitic

mudrocks (beds ~5  inches thick), light-gray to
tannish-gray: rare crinoids, Composita,  planispiral
and hi gh-spired gastropods, bryozoans
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I  ft 8  Inches

2 ft 2 inches

Thin-bedded, Shaly limestone, biowackestone,           Cresswell Limestone Member

yellow-gray; ramose and fenestrate bryozoans,
Composita, crinoids
Thin-bedded, shaly  limestone, biowackestone-

packstone, bioturbated, light-yellow ; crinoids,
Composita, ramose bryozoans; Derbyia at base

Measured Section Number: 68

3  ft 7  inches           Thick-bedded limestone, oncolite biopackslone,
shaly at top,  surface-dissolution vugs, light-

yellow; crinoids, brachiopod fragments,

2 ft  I  inch
Including Derbyia
Bed of limestone, oncolite biopackstone-

grainstone, light-yellow: crinoids.  Derbyia

Locatio" Roadcut and field to west, south of Kansas Tumpike
overpass,  in sec.  28, T.  26 S„  R. 4 E., Butler County,  Kansas

WINFIELD LIMESTONE

Grant Shale Member

I  ft  lo inches        Medium-bedded limestone, biowackestone,
calcite geodes, yellow and gray; crinoids,
brachiopod fragments

7 ft 8 inches           Sparsely fossiliferous, gray-brown and yellow-

greeni sh-gray-brown mudrocks, calc itic ;
brachiopod and pelecypod fragments

Measured Section Number: 69

DOYLE SHALE

Gage Shale Member

15  ft o Inches         Unfossiliferous,  yellow-green shale and

I  ft 0 inches

3  ft 0 inches
2 ft 0 inches

mudrock,  with a 3-inches-thick layer of black
mudrock 3 inches below the top (paleosol)
Bed of limestone, very hard biowackestone,
brownish-orange; crinoids,  ramose bryozoans,
brachiopod fragments
Unfossi liferous, green-gray mudrock
Unfossiliferous, red mudrock

Location:  Fath's (192l) type area of the Towanda, roadcut along         Holmesville shale Member
the bluffs and in a small quaITy north of the town of Towanda, in
theNWsec.9.androadcutson3rdst.  intown,  intheswsec.9,        6ftoinches
T.  26 S„ R. 4 E., Butler County, Kansas

Roadcut along Bluffs and quaITy:

DOYLE SHALE

Gage Shale Member

0 ft 4 Inches           Thin bed of limestone, laminated mudstone,

yellow-orange ; (pelecypod fragments)
2 ft 8 inches           Unfossiliferous, red shale

Towanda Limestone Member

2 ft 4 Inches           Medium-to thin-bedded (upsection) limestone,

I  ft 2 inches

I  ft 6 inches
I  ft 4 inches

porous, recrystallized mudstone, calcite geodes,
yellow-orange
Thin-bedded, shaly Limestone, laminated to
brecciated mudstone,  layers of palisades calcite
at the top
Un fossil iferous , yellow-orange mudrock
lnterbedded thin layers of recrystallized
limestone,  yellow-orange, and unfossiliferous,

yellow mudrock

Basal  I  ft 6 inches dark-gray-green shale,  iipper
I  ft 6 Inches orange-yellow mudrock,  middle
section not exposed

I  ft 4 inches           Bed of recrystallized limestone, porous, calcite

geodes. yellow

Roadcut in Town:

DOYLE SHALE

Towanda Limestone Member

I  ft 6 inches           Thin-bedded limestone,  laminated and
recrystall ized mudstone, hard, orange-tan

5 ft 0 inches

I  ft 5  inches
0 ft 7 inches

2 ft 0 inches

Thin-bedded limestone, fine-grained
biowackestone-packstone, porous,  tan to light-

yellow-gray ;  pelecypod and gastropod
fragments
Concealed
Bed of limestone, fine-grained biopackstone,
recrystallized, hard, porous, yellow:  foramini-
fers, bivalve fragments
Thin-bedded limestone, fine-grained
biowackestone-packstone, hard,  local ly
recrystallized,  light-yellow; foraminifers,

pelecypod and gastropod fragments



Measured Section Number: 70

Location.  Composite of roadcuts at intersection of Kechi Road
and Ohio St.  in  NW sec.  I 4 (lower to middle part of the section),
and nearby creekbank exposures  in the NW see.15  (middle to
upper part of the  section), both  in T.  26 S., R. 4 E„ Butler
County, Kansas

FORT RILEY FORMATION

1  ft o inches           Bed of limestone, porous biograinstone;
foraminifers

4 ft o inches          Thin-bedded limestone, mudstone-
biowackestone, bioturbated.  light-gray;  1  t`t 6
inches thick lense of biowackestone-packstone

Measured Section Number: 71

3 ft 4 inches

at base,  light-yellow.  Rocks contain crinoids,
brachiopod fragments
Medium-to thick-bedded limestone, porous
biograinstone, bioturbated, crinoid-rich, yellow ;
foraminifers, Derbyia

I I  ft 6 inches        Thin-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, yellow-gray ;
crinoids, brachi opod fragments

3 ft 6 inches           Calcitic, fossiliferous shale to mudrock, gray;
crinoids, brachiopod fragments, Including
OI.biculoides. This is the "gray zone" referred to
in the tex(

Location:  Roadcut on US-77-54 (southbound lanes),  south of EI
Dorado, in sees.13 and  14, T.  26 S.,  R.  5  E., Butler County,
Kansas

FORT RILEY FORMATION

2 ft 8 inches           Bed of limestone, porous biopackstone-

grainstone, bioturbated, yellow-tan;  foramini-
fers

I  ft  lo inches         Bed of limestone, mudstone, yellow-tan;
foraminifers, crinoids, brachiopod fragments

3  ft 3  Inches           Thin-to medium-bedded.  shaly limestone,
mudstone-biowackes[one, orange-tan ; forami ni-
fers, crinoids, brachiopod fragments

2 ft 6 inches           Bed of limestone:  along the roadcut on the

eastern side, this unit is represented by  a section
that coarsens upward from  mudstone-
biowackestone at the base, to porous

2 ft 4 inches

I  ft 2  inches

2 ft 6  inches

(foraminifers). This unit ls correlated to the
basal part of the cross stratified, upper Fort
Riley  section at measured section number 72
Bed of limestone, biowackestone, grayish-tan ;
brachiopod fragments, including Derbyia,
crinoids. foraminifers
Yellow,  unfossiliferous, calcitic  shale
Medium-bedded,  shaly  limestone, mudstone-
blowackestone, medium-gray ; crinoids ,

gastropods, Composita,  Derbyia
0 ft  ll  inches        Thin-bedded, shaly limestone, mudstone-

biowackestone, bioturbated,  light-gray ;
cnnoids, gastropods, Composita, Derbyia

2 ft 3  Inches           Thin-bedded,  shaly limestone, biowackestone-
mudstone, with a lens of biopackstone-

grainstone near the top, bioturbated, tan;
crinoids, Composita,  Derby ia

3 ft  lo Inches        Thin-bedded,  shaly limestone,  mudstone-
biograinstone in the middle, to biopackstone at
the top, tan (foraminifers, high-spired gastro-

pods, Composi[a, Derbyia). At the southern end
of the roadcuts on both the eastern and western         6 ft 2 inches
sides of the road,  this unit changes facies to a
thick bed of porous, cross  stratified limestone
with clasts of desiccated lime mudstone, tan

Measured Section Number: 72

biowackestone and thin, wavy layers of shale,
bioturbated,  light-tarnish-gray; cnnoLds, high-
spired gastropods , brachiopod fragments
Medium-bedded.  shaly  limestone, mudstone
and minor lenses of  biowackestone,
bioturbated, upward decrease in bed thickness
from 8 inches to 34 inches, light-gray, sparsely
fossiliferous ; crinoids, brachiopod fragments

Location: Two closely  spaced roadcuts on both sides of US-54
on the eastern edge of EI Dorado, opposite the EI Dorado State
Correctional  Facility, in sec.  6, T.  26 S., R. 6 E„  Butler County.
Kansas

Comment.  Prior permission from the  warden ol` the colTectional
facility  is required to stop and examine the roadcuts on the south
side of the road,  which  are within the jurisdiction of the prison

FORT RILEY FORMATION
(close to the top of the formation)

0 ft 9 Inches           Bed of limestone, bioturbated biowackestone,
Light-gray ;  brachiopod fragments, ctinoj ds

3  ft 6 inches           Bed of limestone. porous biograinstone with
large-scale. cross  stratified sets with bimodal-

I  ft 8  Inches

2 ft 0 inches

I  ft 8  inches

bipolar dips ("hemngbone"), and some
interbeds and clasts of desiccated lime
mudstone, light-yellow;  foraminifers, accessory
brachiopod and pelecypod fragments, some
Bellerophon and ammonite fragments
Thin interbeds of mudstone, commonly
desiccated and/or vertically bioturbated at the
tops of Individual  layers, and porous, cross
stratified biograinstone with clasts of desiccated
lime mudstone, light-gray; foraminifers
Thin-bedded, shaly limestone, mudstone-
biowackestone, bioturbated, yellow-gray ;
crinoids, brachi opod fragments
Bed of limestone, porous biograinstone,  large-
scale, cross stratified sets with bimodal-bipolar
dips ("herringbone"), yellow-tan,  foraminifers
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I  ft  6  inches

-20 ft

3  ft 0 inches

2 ft 4 inches

Thin-bedded,  shaly limestone, mudstone-
biowackestone, bioturbated, yellow-gray ;
cri noids. brachiopod fragments
Concealed
Medium-bedded I imestone, porous oncolite
biopackstone-grainstone, surface-dissol ution
vugs,  yellow-tan; some crinoids
Bed of limestone, oncolite biopackstone,
surface-dissolution  vugs ,  light-yellow-gray ;
some crinoids, Reticulatia

FLORENCE FORMATION

2 ft 8 inches           Bed of limestone, oncolite biowackestone,
surface-dissolu(Ion vugs. light-yellow-gray,

prominent stylolites at top;  some Reticulatia,
crinoids, rare tabulate corals

I  ft 6 inches           Bed of limestone. oncolite biowackestone,  local
cross  strata,  surface-dissolution  vugs, gray,

prominent styloli[e at the top;  some crinoids,
Reticulatia

Measured Section Number: 73

0 ft  lo inches        Thin-bedded limestone, oncolite biopackstone,
light-grayish-yellow, 2-3-inches-thick chert
layer at the top., fenestrate and ramose bryozo-
ans. crinoids, brachiopod fragments

I  ft 2 inches           Thin-bedded limestone, biowackestone, white
to light-yellow, chert nodules: bryozoans,
crinoids, brachiopod fragments

0 ft  ll  inches        Very thin bedded limestone, biowackestone-

packstone, white; bryozoans, crinoids, brachio-
pod fragments

2 ft 2 inches           Medium-bedded limestone, oncolite
biopackstone-wackestone, white, chert nodules
in upper half; fenestrate and ramose bryozoans,
crinoids , brachiopod fragments

2 ft 3  inches           Bed of limestone, biopackstone-wackestone,
white, chell nodules; ramose and fenestrate
bryozoans, crinoids, Reticulatia, rugose corals.
This bed is the coral biostrome referred to in the
text

2 ft 2 inches                     Medium-bedded limestone,
biowackestone-packstolie,  white,  smal I chert
nodules; fene§trate and ramose bryozoans,
crinoids, Reticulatia,  fusulinids

Location: Quarry due south of US-54 east of EI Dorado, in the
NW NE sec. 9, T.  26 S., R. 6 E., Butler County,  Kansas

FORT RILEY FORMATION
(probable top of the fomation)

2 f[ 0 inches           Medium-bedded limestone, biowackestone-

packstone, with abundant horizontal trace
fossils, light-gray; foraminifers, crinoids,
brachiopod fragments

0 ft 8 inches

7 ft 4 inches

4 ft 0 inches

I  ft 4 inches

4 ft 3  Inches

Bed of limestone, fines upward from
biopackstone to mudstone, gray; pelecypod
fragments, crinoids
Thick-bedded limestonc, porous , coarse-grained
biograinstone, each bed is a large-scale, cross
stratified set,  yellow-tan;  some layers and
intraclasts of commonly desiccated lime
mudstone, light-gray.  Rocks contain foramini-
fers,  some crinoids
Fossiliferous, calcitic mudrock, bioturbated,
with lenses of lime mudstone to intraclastic
biowackestone. gray ; crinoids, brachiopod
fragments
Basal  I  ft of fossiliferous, calcitic, yellow-gray
mudrock; top 4-inches-thick bed of limestone,
mudstone to rine-grained biopackstone ,
bloturba[ed, gray. Rocks contain crinoids,
foraminifers , brachiopod fragments
Thin-bedded, shaly limestone, mudstone to
sparse biowackestone and thin interbeds of
calcitic shale, gray,  possible hard ground at the
top (which is correlated to the equivalent

6 ft 0 inches

4 ft 4 inches

2 ft 8 inches

5  ft 0 inches

2 ft 6 inches

section at measured section  number 74);
scattered crinoids and brachiopod fragments
Thin-bedded, shaly limestone, mudstone. Iight-

8ray
Thin-bedded to fissile, fossiliferous and calcitic
shale, some lenses of mudstone-biowackestone ,

gray (some crinoids and brachiopod fragments);
this bed is the "gray zone" referred to in the text
Very thin bedded, shaly limestone, mudstone-
biowackestone,  light-tan ; brachiopod frag-
ments, crinoids
Thin-to medium-bedded limestone, fines
upward from biopackstone with large oncolites,
to biowackestone-packstone with scattered
smaller oncolites, tan to yellow-gray; crinoids,
brachiopod fragments, bryozoans, foraminifers
Medium-bedded, gray limestone, oncolite
biopackstone,  size of the oncolites (which are
orange) decreases upsection; what appear to be
intraclasts are actually fenestrate bryozoan-
encrusted grains.  Rocks contain crino]ds,
brachiopod fragments , bryozoans

FLORENCE FORMATION

4 ft 8 inches           Medium-bedded limestone, oncolite
biowackestone, tannish-gray, prominent
styloLites at the top;  what appear to be
intraclasts are actually fenestrate bryozoan-
encmsted grains. Rocks contain crinoids.
bryozoans

0 ft 9 inches           Bed of limestone,  oncolite mudstone-
biowackestone, yellow, chert nodules; crinoids,
bryozoans
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Measured Section Number: 74

Location: Dolese Bros. quany north of the railroad tracks in secs.        8 ft 8 inches
5  and 6, T. 26 S., R. 6 E., Butler County.  Kansas

FORT RILEY FORMATION
(close to the top of the fomation)

3 ft 6 inches          Medium-bedded limestone, mudstone-
biowackestone with lenses of locally cross
stratified biopackstone-grainstone, some
desiccation cracks yellow ; foraminifers,
crinoids, brachiopod fragments, high-spired

gastropods
I  ft 5  Inches

I  ft 4 inches

I  ft 8 inches

2 ft 6 inches

4 ft 8 inches

Bed of limestone, mudstone-biowackestone

6 ft 0 inches

0 ft 8 inches
I  ft 6 inches

with a lens of cross stratified biopackstone-

grainstone, yellow; top few inches of yellow-
gray, calcitic shale. Rocks contain foraminifers,        6 ft 4 inches
crinoids, high-spired gastropods
Bed of limestone, biowackestone, with
conspicuous layers of Derbyia shell hash, light-

grayish-tan; crinoids, foraminifers
Thin-bedded limestone, coarsens upward from
mudstone to coarse-grained biowackestone with       2 ft 6 Inches
Derbyia shell-hash layers, light-tan-gray ;
crinoids , foraminifers
Medium-bedded limestone: basal 4 inches
coarsens upward from mudstone to
biogramstone; upper 2 ft 2 inches is mudstone
to biowackestone, cross stratified in lower 2
inches, light-tan. Rocks contain crinoids,
foramnifers , Derbyia
Thin-bedded, shaly lime mudstone, with lenses
of biopackstone-grainstone with intraclasts at
the top of the section, and interbeds of shale,
bioturbated, light-gray ; brachiopod fragments,
crinoids

Measured Section Number: 75

Thin-bedded, shaly limestone, mudstone and
interbedded mudrocks , bioturbated. gray,

possible hard ground at the top of the section
(which correlates to the equivalent zone in
measured section number 73); scattered
brachiopod fragments
Thin-bedded, shaly limestone, mudstone-
biowackestone with some lenses of
biopackstone, bioturbated, light- to medium-

gray; some brachiopod fragments; this bed is
the "gray zone" referred to in the text
Bed of limestone, mudstone, tan
Fossiliferous, calcitic shale with lenses of shaly
lime mud§tone, bioturbated, tan; brachiopod
fragments
Thin- to medium-bedded limestone: basal few
inches are oncolite biowackestone-packstone
with an apparent erosional base; middle part is
oncolite biowackestone-grainstone; iipper  I  ft is
oncolite biowackestone, tan.  Rocks contain
crinoids, bryozoans
Medium-bedded limestone, oncolite
biowackestone-packstone, large dissolution
vugs filled with red soil, yellow to grayish-tan;
crinoids, foraminifers, bryozoans

FLORENCE FORMATION

4 ft 8 inches

3  ft 2 inches

Bed of limestone, oncolite biopackstone, light-
tan, prominent stylolites at the top and
immediately above the base; crinoids, bryozo-
ans
Thin- to medium-bedded limestone, coarsens
upward from biowackestone to biopackstone
with oncolites at the top, tan-gray, chert nodules
and thin layers of chert at the top; crinoids,
bryozoans, foraminifers

Location: Streambank exposures along Four Mile Creek in NE
sec. 4, T.  25 S., R. 4 E., Butler County, Kansas

NOLANS LIMESTONE

Herington Member

I  ft 4 inches          Bed of fine-grained dolobiowackestone-

packstone, intraclastic , yellow; pelecypod
fragments, planispiral gastropods

2 ft 2 inches          Thin-to medium-bedded (upsection)
dolomudstone with a bed of porous,
dolowackestone-packstone in the middle,

yellow; the porous bed contain molds of
foraminifers, pelecypods, and gastropods

I  ft lo inches        Thin interbeds ofdolomudstone and shale,
calcite geodes, yellow ; scattered Aviculopecten

Paddock Shale Member

6 ft o inches           Unfossiliferous mudrock,  slightly greenish-gray
in the lower half, light-yellow-gray in the upper
half

4 ft o inches           Sparsely fossiliferous shale and mudrock,
splotchy yellow and dark-gray; pectinid casts,
fenestrate bryozoans, Derbyia, Composita

Knder Limestone Member

2 ft o inches          Basal 9 inches and upper 8 inches bed are

yellow, shaly dolomudstone, middle 7 inches is
yellow mudrock; Aviculopecten in the basal
dolomite

I  ft o inches           Sparsely fossiliferous calcitic mudrock,  mottled
dark-gray and yellow-gray ; Myalina

0 ft  10 inches        Bed of shaly dolomudstone.  light-yellow-gray;
Aviculopecten

0 ft 9 inches           Unfossiliferous, light-yellow, dolomitic
mudrock with hint of fenestral fabric
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0DELL SHALE

2 ft 7 inches           Unfossiliferous mudrock. light-green in  lower
half, yellowish-green in upper half:  at the base
of this umt is a few inches of siltstone

Measured Section Number: 76

3 ft 0 inches
I  ft 0 inches

Unfossiliferous, green mudrock
Unfossiliferous, red shale

Location: Roadcut on us-77, east side, in the centerN/2 see. 26,        Cresswell Limestone Member
T 24 S., R.  5 E.,  Butler County, Kansas

WINFIELD LIMESTONE

Luta Member

I  ft 6 inches           Thin-bedded limestone, sparsely fossiliferous
biowackestone, light-gray ; Composita

Measured Section Number: 77

4 ft o inches           Bed of limestone, biowackestone-pack-stone,
light-yellow, with brown-weathering oval  chert
nodules; crinoids, bryozoans,  some oncolites

Grant Shale Member

5  ft o Inches           Light-yellow-gray, fossiliferous mudrock;
Derbyia, Composita, crinoids, bryozoans

Location:  QualTy in NE Sw sec. 6, T.  24 S., R. 4 E., near potwin,        2 ft o inches
Butler County,  Kansas

NOLANS LIMESTONE

Henngton Member
(likely the full  thickness of the member)

I  ft o inches           Thin-bedded, shaly dolomudstone, yellow,
scattered small, dark-gray chert nodules;

pelecypod molds
I  ft 4 inches          Thin-bedded,  shaly dolomudstone and

dolomitic mudrock,  yellow, calcite geodes,
scattered small, dark-gray chert nodules

Measured Section Number: 78

Thin-bedded section that fines upward from
shaly dolomudstone in the lower half, to
dolomitic mudrock in the upper half, yellow,
abundant calcite geodes and scattered small,
dark-gray chert nodules

0 ft  ll  inches        Bed ofdolomudstone, light-yellow, calcite

geodes  and small. dark-gray chert nodules
2 ft 6 inches

I  ft 4 inches

Medium- to thin-bedded (upsection)
dolomudstone,  lightly yellow-gray, calcite

geodes
Bed of dolomite, fine-grained biopackstone,

porous, yellow; molds of pelecypods and
gastropods

Location: Roadcut on River Valley Road, north of Potwin, in the
SW SW sec. 21  and NW sec.  28, T.  23 S., R. 4 E., Butler County,
Kansas

Comment: This locality is the southernmost occurrence of the
Stovall Member. A down-to-north fault likely separates the
outcrop in see.  28 from that in see. 21

WINFIELD LIMESTONE

Luta Member

7 ft 6 inches           Highly weathered and soft, unfossiliferous,
light-yellow, calcitic mudrock or shaly lime
mudstone

Cresswell Limestone Member

3 ft 4 inches           Bed of limestone that coarsens upward from
sha]y  ]ime mudstone in the basal  3  inches,  (o
relatively coarse-grained and porous, oncollte
biopackstone-grainstone above; and then fines
upward in the top few inches to oncolite

biopackstone, light-yellow; some black (brown-
weathenng), oval chert nodules.  Rocks contain
foraminifers, cnnoids, Al lor] sma, Derbyia

Grant Shale Member

8 ft o inches          Concealed

Stovall Limestone Member

I  ft 4 inches           Bed of limestone,  fine-grained biopackstone,
light-yellow-gray, abundant angular, gray chert
nodules; foraminifers, crinoids,  Reticulatia.
Derbyia

DOYLE SHALE

Gage Shale Member

5 ft o inches           Very thin bedded, fossiliferous,  light-yellow,
ca]citic shale,  very abundant large, curved,
brown-colored,  flattened horizontal burrows;
echinoid fragments,  Derbyia.  Reticulatia,
crinoids
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Measured Section Number: 79

Location Streambank exposiires along the Walnut River, SE SW
sec.  20, T.  23  S„ R   6 E„  Butler County,  Kansas

FORT RILEY FORMATION

0 ft 8  inches           Fossiliferous,  light-yellow, calcitic mudrock;
fenestrate bryozoans , Derbyia, Retieulatia,
echinoid fragments

0 ft  lo inches        Bed of limestone that fines upward from
sparsely oncolitic biowackestone-packstone to
biowackestone, yellow; cnnoids, foraminifers,
Derbyia, Composita

0 ft  ll  inches        Bed of limestone, oncolite biopackstone, light-

yellow-gray; crinoids, foraminifers, Derbyia,
Composita

2 ft 6 inches          Platy-bedded limestone, fines upward from
oncolite biopackstone to less oncolitic mud-

Measured Section Numl)er: 80

stone-biowackestone. I ight-yellow ; crinoids,
fenestrate and ramose bryozoans, echinoid
fragments

FLORENCE FORMATION

I  ft 4 Inches           Bed of limestone that first coarsens upward
from biowackestone to oncolite biowackestone-

packstone, with relatively large oncoli[es, light-
yellow to light-gray; and then fines upward in
the top few inches to very dark gray,  silty and
shaly oncolite biopackstone with very large
oncolites; this dark limestone is considered to
be the Oketo-equivalent.  Rocks contain
Derbyia, crinoids

Location:  Roadcuts on Kansas Tumpike`  north and south sides, at
mile marker  ]01, in SW see.16, T.  22 S., R   8 E.. Chase County,
Kansas
Comment: Pnor permission to stop and examine roadcuts on the
tumplke must be obtained from the Turnpike Authonty

WREFORD LIMESTONE

Schroyer Limestone Member
(likely very close to the top of the member)

I  ft 6 inches           Poorly exposed: float that flnes upward from
very coarse grained, porous biograinstone to
finer-grained biograinstone , white ; foraminifers,
crinoids, plani spiral gas(ropods

2 ft 4 inches

I  ft 4  inches

I  ft 3 inches

2 ft  I  inches

2 ft 0 inches

Thin-bedded, shaly limestone, coarsens upward
from mudstone to less shaly, bioturbated
biopackstone,  light-yellowish-gray ; foramini-
fers, crinoids, brachiopod fragments
Bed of limestone, biowackestone, light-gray;
crinoids, brachiopod fragments
Lower half of the section is a bed of shaly  lime
mudstone, light-gray; upper half is yellowish-

gray, calcitic mudrock. Rocks contain cnnoids,
fenestrate bryozoans, Reticulatia, echinoid
fragments
Thin-bedded,  shaly limestone:  basal 5  inches  is

porous biowackestone with a layer of chert at
top,  light-yellow (crinoids, spicules,
Composita). Overlying beds are lime mudstone
to sparse biowackestone, light-yellow (fenes-

Irate bryozoans, crinoids, Reticulatia, echinoid
fragments)
Medium-bedded limestone, mudstone, I ight-

yellow; a  I -inch-thick layer of chert 2 inches
above the base, a 6-inches-thick layer  I  ft above
the base,  and a 3-inches-thick layer at the top;
crinoids, brachiopod fragments

Havensville Shale Member

3  ft 0 inches

0 ft 9 inches

I  ft 0 inches

I  ft 3  inches

4 ft 4 Inches

I  ft 8 inches

I  ft 8 inches

Sparsely fossiliferous,  very dark gray mudrock;

pecti nid casts
Fossiliferous, light-gray shale and mudrock.,
crinoids. pelecypod and brachiopod fragments
Fossiliferous, dark-gray shale; Composi[a,
ramose and fenestrate bryozoans, crinoids,
echinoid fragments
Bed of dolomite,  shaly  and silty mudstone, with
white calcite-anhydrite-qualtz nodules,
unfossiliferous
Unfossiliferous, light-gray,  silty and calcitic
mudrock,  some rootcasts; top 6  inches is fissile
and very dark gray
Fossiliferous, dark-gray to black shale, fissile,
with a concentration of coarse skeletal hash in
the middle; cnnoids, fenestrate and ramose
bryozoans, Composita,  Derbyia, echinoid
fragments , trilobite debris
Very fossiliferous, dark-gray, calcitic mudrock
to shaly biowackestone,  less fossiliferous at the
top; crinoids, brachiopod fragments, ramose
and fenestrate bryozoans, planispiral gastropods

Threemile Limestone Member

0 ft  ll  inches        Fossiliferous, medium-gray shale with chert
nodules overlain by a bed of shaly
biowackestone, medium-gray. chert nodules;
crinoids. ramose bryozoans , brachiopod
fragments

I  ft 9 inches           Bed of limestone, bioi)ackstone, very light

yellowish gray, chert nodules in the upper half:
fenestrate and ramose bryozoans , crinoids,
brachiopod fragments

2 ft  I I  inches        Medium-bedded limestone, mudstone, very
light gray, prominent stylolites in the middle
and at the top, chert nodules; crinoids, brachio-

pod fragments, bryozoans
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4 ft 0 inches

I  ft 4 inches

Medium-bedded limestone, fines upward from
biowackestone-packstone to mudstone, light-

gray: discontinuous layers of chert nodules,
many laminated. Rocks contain fenestrate
bryozoans, crinoids, spicules, brachiopod
fragments
Basal 8 inches bed of shaly limestone,
biowackestone-packstone, upper 8 inches of
fossiliferous, bioturbated, light-yellow mudrock
with some chert nodules. Rocke contain
spicules, fenestrate and ramose bryozoans,
Composita

2 ft 6 inches          Bed of limestone, biowackestone-packstone
with increasing skeletal content upsection, very

Measured Section Number: 81

light gray, layers of anastomosing chert nodules
following burrows ; bryozoans , crinoids,
brachiopod fragments

SPEISER FORMATION

5 ft o inches           Poorly exposed:  fossiliferous, calcitic mudrock
and lenses of shaly mudstone-sparse
biowackestone, yellow-gray ; Composita.
Derbyia, crinoids

4 ft o inches          Unfos§iliferous, red mudrock and shale with a
concentration of calcite nodules  I  ft 4 inches
below the top (paleocaliche)

Location: Texaco Hill,  SE see.  35, T.  22 S., R. 9 E., Chase
County, Kansas

Comment: This location marks the point of facies change in the
lower Kinney from Derbyia-rich beds to the south, and
intraclastic beds to the north

MATFIELD SHALE

Kinney Limestone Member

I  ft 8 inches          Bed of limestone, porous, fine-grained
biograins(one, current-Layered, surface-

Measured Section Number: 82

dissolution vugs, light-gray ; forammifers,

pelecypod and brachiopod fragments , crinoid§
0 ft 8 inches          Bed of limestone, porous biopackstone, light-

yellow ; foraminifers, crinoids, fenestrate
bryozoans, planispiral gastropods

I  ft 7 inches          Medium-bedded, shaly limestone. coarsens
upward from mudstone to porous biopackstone,

yellow with dark spots; foraminifers, crinoids,
brachiopod fragments

4 ft 2 inches
0 ft  10 inches

Concealed
Bed of limestone,  intraclastic (orange),
Derbyia-rich biopackstone, light-yellow ;
foraminifers. crinoids, high-spired gastropods

Location: Roadcut on Kansas Turnpike, at mile marker  107,
south side, in SE see.  30, T. 21  S.,R. 9 E., Chase County, Kansas

FLORENCE FORMATION

Cole Creek Member

0 ft  lo inches       Thin-bedded limestone, fines upward from
intraclastic biopackstone to biowackestone, and
then coarsens upward to biopackstone, yellow-
orange ; pelecypod fragments, foramihifers

MATFIELD SHALE

Blue Springs Shale Member

0 ft 7 inches          Fossiliferous , light-yellow mudrock; pelecypod
fragments

6 ft o inches          Unfossiliferous, fissile shale. green in the lower
half, progressively yellow-green to yellow
toward the top, which has some splotches of red
shale and calcite nodules (paleocaliche)

K]nney Limestone Member

which is light gray; prominent stylolite just
above the base. Rocks contain foraminifers,
crinoids, pelecypod fragments

0 ft  lo inches        Stylolite-bounded, thin beds of limestone,
coarsens upward from biowackestone to
biograinstone, white ; foraminifers, crinoids,

pelecypod fragments
0 ft  lo inches        Bed of limestone, coarse-grained biograinstone,

white; foraminifers, crinoids
2 ft o inches          Bed of limestone that coarsens upward from

mudstone to fine-grained biopackstone to
biograinstone, and then fines upward to shaly
biopackstone. light-yellow ; foraminifers.
crinoids

0 ft 8 inches
I  ft 2 inches

I  ft 9 inches
I  ft 4 inches

1  ft 8 inches

I ft  lo inches        Medium-bedded limestone, coarsens upward
from biopackstone-grainstone to biopackstone.          3 ft 6 inches
with a 0.5-inch-thick layer of fenestral lime
mudstone in the mddle; green shale in vugs and
interparticle pores in the upper half of the unit.

Fossiliferous. calcitic, yellow shale; cnnoids
Bed of limestone, fine-grained biopackstone
that becomes shaly and fmer-grained in the top
1  inch, light-gray; foraminifers. crinoids
Unfossiliferous, yellow-brown mudrock
Fossiliferous, very dark gray mudrock; crinoids,
brachiopod fragments
Fining-upward section from basal  I-ft bed of
medium-gray, shaly limestone, biowackestone

(foraminifers, crinoids, some oncolites) to
fossiliferous, calcitic, medium-gray mudrock

(crinoids. foraminifers)
Sparsely fossiliferous. fissile, calcitic shale,
dark gray in the lower part, lighter gray above;
crinoids, Derbyia
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Measured Section Number: 83

Location: Roadcut along dirt road that leads north to Cedar Point,
in SW NW see.  8, T.  21  S„ R.  6 E„ Chase County,  Kansas

Comment: The uppermost Florence. including the Oketo. and the
basal Fort Riley are exposed in a small quarry 0. I  mi to the east,
along another dirt road that intersects this outcrop at its southern
end

FLORENCE FORMATION

6 ft o inches          Bed of limestone, sparse biowackestone, light-
yellow, with angular, brecciated-appearing chert
nodules throughout; bryozoans, crinoids,
Reticulatia

3 ft o inches          Bed of limestone, biowackestone, white to
light-yellow, with partly discontinuous layers of
chert; crinoids, bryozoans

0 ft 8 inches          Two beds of limestone, light-yellow
biopackstone with small chert nodules, each

grading up to  I  inch of yellowish-green,
fossiliferous shale ; bryozoans, spicules

0 ft  lo inches        Bed of limestone, sparse biowackestone, light-

gray, bioturbated, and with chert nodules, that
grades up to  I  inch of yellow-brownish-green,
fossiliferous shale; crinoids, echinoid frag-
ments, ramose and fenestrate bryozoans,
Derbyia, Composita, Reticulatia, Meekella

Cole Creek Member

I  ft 3 inches          Thin-bedded, shaly limestone, mudstone-
biowackestone, light-gray, overlain by 7 inches

Measured Section Number: 84

I  ft  I  inches

of very fossiliferous , yellow-orange mudrock;
cnnoids, echinoid fragments, ramose and
fenestrate bryozoans, Derbyia, Composita,
Reticulatia, Meekella
Basal 7  inches shaly limestone, light-yellow
mudstone, overlain by 6 inches fossiliferous,

yellow mudrock; ramose bryozoans, Derbyia,
crinoids, Bellerophon, Pemophonis

MATFIELD SHALE

Blue Springs Shale Member

3 ft 9 inches

I  ft 2 inches

3 ft 0 inches
0 ft  10 inches

4 ft 7 inches

Thin-bedded layers of splotchy yellow-orange,
calcitic shale and thicker layers of less calcitic,
light-yellow mudrock, fossiliferous and
bioturbated throughout; Permophorus,
Aviculopecten, Allorisma, Derbyia
Fossiliferous, compact mudrock, light-yellow-

green at base, light-yellow at top; Pemophorus,
Aviculopecten
Unfossiliferous, brownish-green mudrock
Bruno limestone bed: basal 3 inches orange-

yellow paleocaliche; overlain by 2 inches
laminated, medium-brown, fossiliferous shale ;
top 5 inches shaly, intraclastic lime mudstone to
biowackestone, greenish-gray, with foramini-
fers , pelecypod fragments
Unfossiliferous mudrock, grayish-green at the
base, becomes  slightly light-grayish-green
toward the top, with the top 8 inches being

yellow-grayish-green

Location: Roadcut on US-50, and railroad cut to the immediate
south of the road, in SW NE NE sec. 31, T. 20 S., R. 6 E., about 1
mi northeast of Cedar Point, Chase County, Kansas.   Outcrop has
since been destroyed by highway work

MATFIELD SHALE

Blue Springs Shale Member

4 ft 7 inches          Unfossiliferous mudrock, basal 7 inches bright

green, overlying section red

Kinney Limestone Member

3 ft o inches          Medium-bedded limestone. light-yellow to

2 ft 0 inches

light-gray :  basal  I  ft biopackstone-grainstone,

middle  I  ft 4 inches biowackestone, upper 8
inches biowackestone; green shale in vugs and
fissures in the top two beds. Rocks contain
foraminifel.s, crmoids, pelecypod and brachio-

pod fragments
Recessive unit of limestone, yellow: basal 4
inches bed fines upward from biopackstone to
mudstone, overlying  I  ft 8 inches bed coarsens
upward from mudstone to biowackestone;
foraminifers

6 ft 6 inches Poorly exposed shale, medium-greenish-

gray at the base, grayish-green with yellow tint
at the top, sparsely fossiliferous; pectinid casts,
Derbyia

3 ft  lo inches        Fossiliferous, calcitic mudrockwith lenses of

0 ft 5 inches

shaly lime mudstone. yellow-brown; prominent
ledge of Derbyia-rich shale from 0 to  I  ft 4
inches above the base; conspicuous thin lenses
with abundant fossils, including curved spines.
in upper 2 ft 6 inches of the unit. Rocks contain
echinoid spines , ramose and fenestrate
bryozoans. crinoids
Two inches of fossiliferous, yellow-brown shale
overlain by 3 inches bed of shaly
biowackestone, light-yellow; Derbyia, crinoids,
foraninifers

I  ft 6 inches          Basal 4 inches of fossiliferous. yellow mudrock
overlain by  I  ft 2 inches of thin-bedded
biowackestone-packstone, light-yellow ;
Derbyia, crinoids, foraminifers

I  ft o inches          Bed of limestone. biowackestone-packstone,
surface-dissolution vugs, hint of cross stratifica-
tion at the top, very light yellow: foraminifers,
lesser pelecypod and brachiopod fragments,
crinoids, planispiral gastropods
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4 ft  10 inches Poorly exposed mudrock, yellow-brown,
sparsely fossiliferous but unfossiliferous in the
top 8 inches which includes abundant calcite
nodules (paleocaliche);  some crinoids, Derbyia

I  ft  I  inches          Thin-bedded,  shaly limestone, fincs upward
from biowackestone to mudstone, splotchy
medium-gray and yellow;  Derbyia, Composita

I  ft o inches           Calcitic  mudrock to shaly biowackestone,

bioturbated,  light-yellow;  Derbyia
I  ft 2 inches           Bed of shaly limestone, biowackestone-

packstone, bioturbated, splotchy yellow and

Measured Section Number: 85

medium-gray; Derbyia, Composita, echinoid
fragments, crinoids, spicules, ramose bryozoans

0 ft  lo inches        Basal  5  inches bed ofshaly  limestone,  mud-
stone,  light-gray, overlain by  5  inches fossilifer-
ous. calcitic  mudrock to shaly mudstone, gray;
crinoids, Derbyia

Wymore Shale Member

4 ft o inches           Poorly exposed  mudrock,  unfossiliferous,
medium-greenish-gray  in the  lower part,

yellowish-brown  in the  upper part

Location:  Bluffs along Doyle Creek in the NW NE sec.  28, and
roadcut to immediate  west in NE NW sec.  28, in T.  21  S.,  R. 4 E„
Manon County, Kansas

WINFIELD LIMESTONE

Grant Shale Member

3 ft o inches          Poorly exposed shale

Stovall  Limestone Member

2 fl 6 inches           Bed of limestone, light-yellow biowackestone
with abundant angular, brecciated-appeanng,
light-yellow and gray chert nodules;  Re[iculatia,
ramose bryozoans , crinoids

DOYLE SHALE

Gage Shale Member

5 ft 4 inches           Sparsely fossiliferous mudrock, ]ight-to

medium-greenish-yellow;  pectinid casts
I  ft 5  inches          Unfossiliferous mudrock, yellow-brown,

Measured Section Number: 86

0 ft  10 inches
I  ft 5  inches

3 ft 0 inches

4 ft 0 inches
10 ft 0 Inches

5  ft 0 inches

underlain by a  I -Inch-thick bed of shaly  lime
mudstone with  lflminae of palisades calcite
Unfosslliferous, yellow to medium-brown shale
Unfossiliferous, light-yellow, calcitic  mudrock
with rootcasts
Basal 4 inches of shaly  limestone, inlraclastic
biowackestone-mudstone (forami ri iferal ) ,

yellow-orange. Overlain by  2  ft of
unfossiliferous, calcitic, yellow mudrock. Top 8
inches of thin-bedded,  shaly limestone,
biowackestone,  dark-gray and orange (wlth
crinoids, Composita)
Unfossiliferous, green  shale and mudrock
Basal  5  ft not exposed; upper 5  ft of
unfossiliferous,  red mudrock
Poorly exposed, unfossiliferous, green shale
and mudrock

Towanda Limestone Member

I  ft o inches          Thin-bedded limestone,  fine-gralned
biopackstone, medium-gray and yellow;
foraminifers

Location:  .`Indian Guide" (Townsend Memorial):  roadcut and
adjoining field exposures and outcrops along  Doyle Creek in SW
sec.  30, T.  21  S., R. 4 E., Marion County,  Kansas

NOLANS LIMESTONE

Herington Member

I  ft 9 inches           Thin-bedded dolomitic limestone, mudstone,

yellow

Paddock Shale Member

KTider Member

I  ft 8  inches Thin-bedded, shaly limestone, yellow mud-
stone,  with a 2-inches-thick layer of mottled
dark-gray  and yellow, fossiliferous and
bioturbated shale  8  inches above the base;

pectinid casts
0 ft 8  Inches           Sparsely fossiliferous, calcitic  mudrock,

mottled dark-gray and yellow; fenestrate
bryozoans, pectinid casts

I  ft  ll  Inches         Thin-bedded, very shaly  limestone,  highly

jointed mudstone, yellow with orange
splotches, gradational top.  shap base;  pectinid

8 ft 6 inches           Thin-bcdded to fissi]e shale..  mottled dark-gray
and yellow in the basal 4 ft,  whlch is sparsely
fossiliferous (pectinid casts, Derbyia, fenestrate       ODELL SHALE
bryozoans), and yellow-orange and
unfossiliferous in  the upper 4 ft 6 inches,  which        2  ft 6 inches
Includes scattered calcite nodules

Unfossiliferous,  fissile, yellow to light-green
shale,  laminated,  numeroLis layers with halite
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crystal casts, including large hopper crystals. A          I  ft 3  inches

I  ft 6 Inches

2 ft 6 Inches

3-inches-thick layer of yellow-orange

paleocaliche occurs  I  ft below the top
Unfossiliferous mudrock, color is lighl-

greenish-gray  in the basal 4 inches,  and grades
upward from dark-greenish-gray to lighter-

greeni sh-gray above
Unfossiliferous, medium-to dark-grayish-

green shale,  splintery
7  ft 6 inches           Unfossiliferous, red mudrock wlth layers ot`

green  shale at  I.5  inches,  3 ft, and 6 ft 6 inches
above the base

I  ft 2 inches           Unfossiliferous, green shale
1  ft 3  inches           Thin-bcdded, hard, reddish-brown mudrock,

unfossiliferous
I  ft 2 inches           Unfossiliferous, green mudrock

Measured Section Number: 87

Unfossiliferous,  fissile shale, color grades
upward from medium- and dark-greenish-gray
to yellow-brown

0 ft 8  inches           Unfossiliferous, light-yellow-gray  shale,  fissile
2 ft 4 inches           Unfossiliferous,  light-brownish-gray mudrock
6 ft o inches           Concealed

WINFIELD LIMESTONE

Luta Member

lo ft o inches          Medium-bedded, shaly limestone,  mudstone,
light-gray (too covered with lichen to detemine
fossil content)

Location: Roadside outcrops along us-77 near the confluence of       6 ft o inches
the Cottonwood River and Doyle Creek, ,south of Florence, in
NW sec.  18, T.  21  S., R.  5  E., and a supplemental  section  (of the
Fort Riley) in a gully in the center S/2 of this  section east of the
highway, Marion County, Kansas

DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

5  ft o Inches           Thin-bedded limestone, mudstone and
interbedded/admi xed  lenses of biopackstone-

grainstone,  medium-gray; foraminifers, some
crinoids and brachiopod fragments

Oft  ll  inches         Basalbed  is  limemudstone,upperbedis

Thin-bedded, unfossiliferous, calcitic shale,
light-yellow-gray  in the lower part, grading up
to yellow-brown. In the middle of this unit is a
6-inches-thick bed of dark-greenish-gray
mudrock. The basal  I  ft of section contains
calcite geodes, which also are developed
sporadically  throughout the section. A few
inches of shaly  limestone occiirs near the top,

and is intraclastic mudstone at the base, grading
up to biowackestone (pelecypod fragments)

FORT RILEY FORMATION

5  ft o inches           Thin-bedded,  shaly limestone,  mudstone,  light-

yellow-gray
5 ft  10 inches        Thin-bedded section:  basa[  I  ft 4 inches fines

coarse-grained, intraclastic biopackstone with
an erosional base, yellow; foraminifers and
some cnnoids, gastropods, Derbyia

2 ft o inches           Thin-bedded to laminated limestone, mudstone
with a lense of fine-grained biopackstone at the
base, yellow; foraminifers and some crinoids,

gastropods, Derbyia
2ftolnches           Thin-beddedlimestone,basal  I-ftbedsofshaly         I  ft2  Inches

limestone,  intraclastic mudstone,  yellow;  upper
two beds coarsen lipward from fine-grained
biopackstone to intraclastic biograinstone,

yellow,  the top of the unit is an erosional
surt`ace.  Rocks contain foraminifers, crinoids,
and brachiopod, pelecypod and gastropod
fragments

Holmesville Shale Member

3  ft 4 inches           Unfossiliferous mudrock, light-greenish-gray  in

the lower half,  yellow in the upper half
I  ft 8 inches           Thin-bedded,  shaly limestone, porous and

recrystallized mudstone with laminae of

palisades calcite, calcite geodes, yellow to
brownish-green

2 ft  1  inch

I  ft 3  inches

Unfossiliferous, splintery shale, dark-greenish-

8ray
Unfossiliferous, hard,  yellow-brown, calcitic
mudrock

upward from shaly biowackestone to mudstone.
light-brownish-yellow. The overlying 3 ft  10
Inches is lime mudstone with Planolites, light-

gray (Myalina, crinoids, brachiopod fragments);
the top 8  inches of this unit is dark-gray,
fossiliferous, calcitic  shale (Derbyia, high-
spired gastropods)
Bed of shaly limestone, mudstone, that coarsens
upward to more of a shaly biowackestone, light-

grayish-yellow;  Derbyia, Myalina, echinoid
fragments

5  ft o Inches           Fossiliferous, calcitic  mudrock to shaly lime
mudstone, abundant Planolites, some lenses of
shaly biowackestone, dark-gray ; forami nj fers,
crinoids, brachiopod fragments

6 ft 4 Inches           Thin-bedded to laminated, shaly limestone,

mudstone, with Planolites burrows filled with
foraminiferal biowackestone-packstone, light-

yellow-gray, although the basal 2 ft weathers a
prominent dark gray.  In the upper half of the
section the laminites are physically deposited
lamlnae, locally with desiccation cracks and
intraclasts. Along the southern end of the
outcrop of this unit. the mudslone passes into a
2-ft-thick lense of porous, coarse-grained,
intraclastic biopackstone to grainstone that
occurs from  1  ft  10 inches to 3 ft  10 inches
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below the top of this unit. The unit as a whole
contains some crinoids, foraminifers, and
Composita; the packstone-g[ainstone lenses
contains foraminifers
In the gully exposures in see.18, this equivalent
horizon is represented by 2 ft 8 inches of

Measured Section Number: 88

promnently large-scale cross stratified
biopackstone. porous, yellow, with foraminifers
and bivalve fragments

4 ft o inches          Thin-bedded, shaly limestone, mudstone,
bioturbated, light-gray, the top 3 inches is a bed
of light-brown biowackestone ; crinoids ,
Derbyia

I.ocatiom Roadcut in the extreme NE see.16, T.  21  S., R.  5 E.,
~0.5 mi south of the Cottonwood River, Manon County, Kansas

MATFIELD SHALE

Blue Springs Shale Member

6-7 ft                      Concealed section beneath cherty Florence
along the road

Measured Section Number: 89

Kinney Limestone Member

I  ft 4 inches          Medium-bedded limestone, biopackstone-

3 ft 4 inches
grainstone, light-gray ;  foraminifers
Thick-bedded limestone, coarsens upward from
biopackstone to biogralnstone, surfacc-
dissolution vugs, stylolites near the top, light-

gray; foraminifers, and some cnnoids and
brachiopods

Location : Martin Marietta Sunflower qualTy (formerly Jones

quaITy), SE sec. 6, T. 21  S„ R. 5 E., Manon County, Kansas
(Prosser`s type locality of the Florence)

Comment: The upper Florence and lower Fort Riley are exposed
directly across the road, to the east, in the W/2 sec. 5 in the
Florence Rock Company quarry

DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

2 ft 8 inches          Thin-bedded, shaly limestone, biowackestone-

packstone, and thin interbeds of unfossiliferous
shale, yellow ; foraminifers

I ft 7 inches          Interbeds of limestone, biograinstonc, and
unfossiliferous shale, yellow ; foraninifers

0 ft 8 inches          Thin-bedded limestone, biograinstone, yellow;
foraminifers

0 ft 7 inches           Basal 6-inches bed of limestone that grades
upward from mudstone to biograinstone, and
which is overlain by and passes laterally into a
maximum of 7 inches of shaly limestone,
mudstone, yellow; foraminifers

I  ft 4 inches          Thin-bedded limestone, mudstone, yellow
I  ft 9 inches          Thin interbeds of yellow, calcitic and

unfossiliferous shale and limestones, beds of
the latter which fine upward from biopackstone
to biowackestone; the basal few Inches of shale
in this unit are fissile and black. Rocks contain

pelecypod fragments, foraminifers
0 ft 8 inches          Bed of shaly limestone, mudstone, yellow

Holmesville Shale Member

5 ft o inches           Unfossiliferous mudrocks:  basal  I 1  inches are
ligh( brown; overlain by 2 inches dark green,
and then,  I  ft 2 inches of light-brown mudrock,
then  2 ft orange gray, top 9 inches is light

yellow tan

I ft 2 inches
2 ft  11  inches

0 ft 8 inches
0 ft 9 inches
2 ft 0 inches

Unfossiliferous. dark-green shale
Unfossiliferous, light-yellow-green mudrock
Unfossiliferous, dark-green shale
Bed of shaly lime mudstone
Unfossiliferous, dark-green mudrock with
rootcasts

FORT Rn.Ey FORMATION

4 ft o inches          Thin-to medium-bedded, shaly limestone,
mudstone. laminated (cryptalgal ), with fenestral
fabric and abundant celestite molds, light-

yellow
3 ft  lo inches        Medium-bedded, shaly limestone, mudstone,

vaguely laminated, with abundam calcite-lined

geodes and celestite molds, light-yellow-tan
0 ft 8 inches          Unfossiliferous shale, orange-brown grading up

to dark-green
8 ft  10 inches        Thin-bedded, shaly limestone,  mudstone,

abundant calcite-lined geodes, light-gray ; rare
crinoids

7 ft 4 inches          Thin-to medium-bedded, shaly limestone,
mudstone, rare mm-thick lenses of
biowackestone-packstone, generally light-gray
(although the section from 2 ft 6 inches to 5 ft 6
inches above the base conspicuously weathers
dark gray) ; brachiopod fragments, crinoids

2 ft 7 inches          Thin-bedded limestone, mudstone with
Skolithos and some desiccation cracks, and
erosional-based layers of intraclastic
biowackestone-packstone, yellow ; crinoids,
brachiopod fragments, foraminifers

3 ft 7 Inches          Medium-bedded, shaly limestone, mudstone,
with upward-thinning layers of biowackestone-

packstone, some Skolithos,  light-gray; crinojds,
brachiopod fragments

0 ft 8 inches          Basal 3 inches of dark-gray shale with
Planolites; upper 5 inches of laminated, shaly
Lime mudstone, yellow

I  ft o inches          Bed of shaly limestone that fines upward from
biopackstone to graded layers of mudstone and



2 ft 4 inches

1  ft 4 inches

I  ft 4 inches

4 ft 0 inches

biopackstone, yellow ; foramimfers, crinoids,
brachiopod fragments, ramose bryozoans
Basal 2 ft  I  inch of medium-bedded limestone,          1  ft 9 inches
mudstone. bioturbated, light-yellow; overlain
by  3 inches of light-yellow, fossiliferous shale;
crinoids , brachiopod fragments
Bed of limestone, sparse biowackestone,
bioturbated,light-yellow ; crinoids, bracl`iopod
fragments
Bed of limestone, fines upward from sparse
biowackestone to shaly, sparse biowackestone,
light-yellow ; crinoids, brachiopod fragments,
foraminifers
Bed of limestone, biowackestone, prominent
sub-vertical burrows at the top, light-yellow;
crinoids, brachiopod fragments, ramose
bryozoans

3 ft 4 inches          Bed of limestone, mudstone, light-yellow;
brachiopod fragments, crinoids. ramose
bryozoans

I  ft 4 inches           Bed of limestone, mudstone, light-yellow,
stylolites a( base,  middle, and top; clinoids,
brachiopod fragments

I  ft 4 inches          Bed ofshaly limestone, biopackstone, silly,
light-yellow; abundant echinoid spines, and
Reticulatia, crinoids, Composita, Derbyia,
fenestrate and ramose bryozoans

FLORENCE FORMATION

3 ft  I  inches

5 ft 4 inches

2 ft 4 inches

3 ft 0 inches

3 ft 9 inches
Oketo Shale Member

2 ft 9 inches          Highly fossiliferous, dark-gray up to dark-and

yellow-gray, silly mudrock, bioturbated ;
Composita, Amphiscapha, gastopods, crinoids,        3 ft 4 inches
echinoid fragments , ramose bryozoans ;
oncolitic in lower half, including large oncolites

Middle part of the formation

1  ft 6 inches           Bed of limestone, oncolite biowackestone-

packstone, light-yellow; contact with Oketo is
somewhat gradational ; ramose and fenestrate
bryozoans. crinoids, Derbyia

3 ft 5 inches          Bed of limestone, biowackestone, very light

yellow, with discontinuous layers of chert
nodules and scattered nodules throughout;
fenestrate bryozoans, spicules, crinoids.
Reticulatia, ramose bryozoans

I  ft o inches          lnterbedded light-yellow. fossiliferous mudrock
and shaly limestone, mudstone-biowackestone;

Measured Section Number: 90

2 ft 5  inches
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crinoids, fenestrate and ranose bryozoans,
echinoid fragments, Composita, Derbyia
Bed of limestone that coarsens upward from
mudstone to biowackestone-packstone,
bioturbated, very light gray, layers of discon-
tinuous chert nodules ; ranose bryozoans,
crinoids , Composita, planispiral gastropods.
some rugose corals
Bed of limestone, biowackestone, very light

gray, with 3-inches-thick layers of discontinu-
ous chert nodules; spicules, ramose bryozoans,
crinoids, fenestrate bryozoans, Derbyia
Bed of limestone that coarsens upward from
sparse biowackestone to biopackstone, very
light gray, with 3-inches-thick layers of
discontinuous chert nodules and scattered small
chert nodules throughout; prominent stylolite
about I  ft above the base. Rocks contain
spicules, ramose and fenestrate bryozoans,
Derbyia. Reticulatia
Bed of limestone, sparse biowackestone, ligh(-

gray, abundant small vugs in the lower part;
crinoids. This bed likely is the "cellular"
limestone refelTed to by Ptosser ( 1895)
Bed of limestone, sparse biowackestone, very
light yellowish-gray, with orange-stained vugs,
and 3 -inches-thick, discontinuous layers of
chert nodules and nodules throughout;
fenestrate bryozoans. brachiopod fragments
Bed of limestone, biowackestone, very light

yellow gray, dissolution vugs in upper part.
with 3-inches-thick, discont]nuous layers of
chert nodules; ramose and fenestrate bryozoans,
crinoids, Derbyia
Medium-bedded limestone, fines upward from
biopackstone to slightly shaly biowackestone-

packstone. light-gray: limestone beds are 8-9
inches thick, separated by layers of chell ~3
inches thick. Rocks contain fenestrate bryozo-
ans, crinoids, brachiopod fragments ; fusulinids
in the upper half
Fining-upward section: basal 9 inches of shaly
limestone, biowackestone, bio(urbated, dark-

gray, chert nodules. Overlain by 8 inches dark
gray, fissile, fossiliferous shale. Top  I  ft of
medium-gray, fossiliferous mudrock,
bioturbated, chert nodules. Rocks contain
ramose and fenestrate bryozoans, cnnoids,
Derbyia, Allen sma, Amphiscapha

Location: Presently inactive Martin Manetta quany, SE see. 4. T.
21  S„ R. 4 E., Marion County, Kansas

VINFIELD LIMESTONE

Luta Member

7 ft o inches          Thin-to medium-bedded limestone, shaly,
mostly all bioturbated (horizontal, some vertical
burrows),  light-yellow, scattered small,  light-

gray chert nodules throughout (typically
replacing burrows). Few inches of laltiinated

(cryptalgal) and desiccated lime mudstone
about  I  ft 6 inches above the base. Rocks
contain scattered echinoid spines, planispiral

gastropods , crinoids, Reticulatia
4 ft 6 inches           Thick-bedded limestone, Light-yellow. slightly

shaly at top, mudstone. The top 5 inches is thin
bedded to laminated, and the rest of the unit is
bioturbated ; calcite geodes throughout and a
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thin, discontinuous layer of light-gray cheit at
the base. Rocks contain rare crinoids

4 ft 6 inches          Medium-bedded, shaly limestone, mudstone,
light-yellow, scattered silicified fossils and

Measured Section Number: 91

small, light-gray chert nodules with evaporite-
crystal relicts:  some crinoids, brachiopod
fragments, bryozoans

Location: Martin Marietta North Marion quarry, NW see. 28, T.
19 S., R. 4 E., Manon County, Kansas

Comments: This is an active quarry, and some parts of the quarry
where we have measured sections have since been in filled. The
descnptions below are a composite of sections measured in the
northeast, southeast, and southwest palls of the quarry during
1995 and  1996

Nearby measured section number 9lA supplements this exposure
with outcrops of the Gage Member of the Doyle Shale up to the
Cresswell Member of the Winfield Limestone.

ODELL SHALE

6 ft o inches           Along the presently  active southeast wall of the

quarry, this unit is unfossiliferous, red shale
capped by top soil

WINFIELD LIMESTONE

Luta Member

6 ft 0 inches

34 inches-
3  ft  10  inches

Along the southwest wall of the quarry this unit
is medium-bedded limestone, porous and cross
stratified biograinstone, partly oolitic, coarse-

grained and with some intraclasts of lime
mudstone, light-gray. Along the southeast wall
of the qi]arry, this unit is represented by,  in
ascending order:  (a)  I  ft  10 inches of thin-
bedded, shaly lime mudstone with evaporite
nodule molds. and small intraclasts of lime
mudstone at the top, light-gray:  (b)  10 inches of
thin-bedded, fine-grained oolite grainstone,
some intraclasts of lime mudstone. light-gray;

(c) 6 inches of thin-bedded, shaly lime
mudstone , recrystallized, with evaporite nodule
molds, light-gray;  and (d)  I  ft 4 inches of
breccia:  clasts of light-gray lime mudstone with
evaporite nodule molds; the unit has an
irregular top
Unfossiliferous shale:  along the south-
west wall, this unit is mostly  light gray with a
6-inches-thick layer of red shale at the top, and
includes abundant anhydrite nodules and a thin

Measured Section Number: 91A

tense of lime mudstone just below the top.
Along the  southeast wall this freshly exposed
unit is light gray and calcitic. Along the now-
covered northeast wall of the quarry, this unit
was 2 ft 3 inches (overlying the desiccated,
cryptalgaL  laminites of the Luta:  see underlying
unit) of unfossiliferous, dark-greeni sh-gray
shale; this unit is the "Odell-like shale" referred
to in the text

16 ft o inches        Thin-to mostly medium-bedded,  shaly
limestone,  mudstone:  bioturbated and with
small, light-gray chert nodules throughout
except for in the top 2 ft, which is  a conspicu-
ous bed of cryptalgally laminated mudstone
with large desiccation cracks, and on the top
bedding plane, large-diameter (2-3 ft) desicca-
tion polygons. Anhydrite nodules are common
throughout, but increase dramatically in
abundance in the top 2 ft 2 inches of the unit.
There is an 8-9-inches-thick bed about 6 ft
above the base with desiccation cracks. The unit
contains rare crinoids below the top.

Cresswell Limestone Member

0 ft  lo inches        Bed ofshaly limestone, oncolite
biowackestone,  light-gray; some crinoids

I  ft 8 inches-        Bed of limestone, oncolite biopackstone-
2 ft  1  inch            grainstone, yellow,  with large, oval, black chert

nodules that weather brown; crmoids, some
bryozoans

Grant Shale Member

~ll  ft o inches     This unit was exposed along the northeast end

of the, but is now in filled. There, it was
fossiliferous mudrock and shaly mudstone-
sparse biowackestone, bioturbated, dark-gray,
with calcite and chert geodes; the top 3 ft of this
unit is unfossiliferous. gray shale with anhydrite
nodules (exposed along the southwest wall of
the quarry).  Fossils included brachiopod
fragments,  including Derbyia, fenestrate
bryozoans, crinoids, echinoid fragments

Location:  Streambank outcrop immediately west of us-77, in the      WINFIELD LIMESTONE
SE SE sec. 3, and roadslde outcrop along dirt road in the NE NE
see.  10, in T.  20 S.,  R. 4 E,, Marion County,  Kansas (a few  miles
southeast of measured section number 90)

Comment: This outcrop exposes the thickest Stoval]  section we
have seen anywhere in the study area

Cresswell Limestone Member

2 ft 8 inches           Bed of limestone, sparse oncolite biopackstone,
light-brown. with oval  nodules of black chert
that weather brown: crinoids, some ramose
bryozoans



3  ft 3  inches Concealed contact between the Grant and
Cresswell

Grant Shale Member

2 ft 9 inches           Sparsely fossillferous,  light-gray  mudrock with         0 fl 7  inches
abundant golfball-size chert nodules;
Reticulatia,  Derbyia, crinoids. echinoid
fragments

1  ft  ll  Inches         Basal  I  ft2  inchesbedofshaly  limestone,

biowackestone,  light-yellow.  with  silicified
fossils; overlain by thin-bedded, shaly  lime-
stone, mudstone, with scattered  silicified
fossils,  light-yellow`  and calcite-lined geodes.
Basal  I  ft 2  inches with abundant Composita
and lesser Reticulatia, crinoids, echinoid
fragments; overlying  beds with considerably
lesser numbers of the same fosslls

Stovall  Limestone Member

2 ft 8  Inches           Bed of limestone, dense biowackestone,  light-

gray, with  light-gray, angular chert nodules

Measured Section Number: 92
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except in the top 3  inches  (which, instead,
includes abundant silicified fossils);  very

abundant Composita,  and crinoids. ramose and
fenestrate bryozoans` echinoid spines,
Re[iculatia

Bed of limestone, coarse-grained
biowackestone, light-yellow-gray, siliclfled
fossils, angular chert nodules at the  very top;
crinoids, some brachiopod frngments

DOYLE SHALE

Gage  Shale Member

I  ft  I  inches

I  ft 8  inches

Bed of shaly  limestone,  biowackestone.  Iight-

yellow,  small anhydrlte-calcite nodules;
crinoids, brachiopod fragments
Sparsely fossiliferous,  light-gray to yellow
mudrock, sllghtly calcitic to more calcitic
toward the top; pelecypod casts, crinoids,
Orbiculoidcs

Location:  Luta type locality quarry ("cmsher quaITy"),  in W/2
NW see.15, T.19 S., R. 4 E„ Marion County,  Kansas

Comment:  Part of the Luta section  is also exposed  in the creek
valley that crosses the dirt road to the  immediate north of the

ql]arry

NOLANS LIMES1`ONE

Herington Member

I  ft o inches           Thin-bedded, calcitlc dolomite, coarsens
upward from mudstone to porous, fine-grained
biowackestone, yellow;  molds of foraminifers,

pelecypods, and gastropods

Paddock Shale Member

7  ft o inches           Poorly exposed:  sparsely fossillferous.  mottled
dark-gray and yellow shale and  mudrock  in
lower half (Derbyia, crinoids),  yellow and
apparently  unfossiliferous mudrock in upper
half, with calcite nodules

Knder Member

0 ft 8  inches Thin-bedded, shaly dolomudstone,  splotchy

yellow-orange;  fenestra[e bryozoans,  pelecypod
fragments, Composita

0 ft  I I  inches         Fossiliferous, calcitic  mudrock, splotchy dark-

gray and yellow; pectinid casts
0 ft  lo inches        Thin-to medium-bedded,  shaly dolomudstone.

splotchy yellow-orange; Aviculopecten,
PeTmophorus

ODELL SHALE

2 ft 6 inches

0 ft 9 inches
4 ft 0 inches

Unfossiliferous mudrock and shale, yellow-

green at base.  slightly darker-green above,
becoming greenish-yellow toward the top
Unfossiliferous, splintery green shale
Unfossiliferous, dominantly red mudrock,  with
thin layers of green  shale and/or mudrock  I  t`t,I
ft 6 inches, and 3  ft above the base

I  ft  lo inches        Unfossiliferous mudrock, dark-green-gray

grading up to red and green
0 ft 5  inches           Ledge of medium-gray. calcitic and

u nfossi I iferous mudrock
I  ft 4 inches           Unfossiliferous mudrock,  medium-gray gradlng

up to reddish-green

WINFIELD LIMESTONE

Luta Member

5  ft 6 inches           Thin-bedded,  shaly dolomudstone,  white,
scallered calcite-quartz-anhydrite nodules and
vugs from their dissolution;  scattered light-gray
chert nodules  in the lower beds; the top  I  ft 5
inches  is very thin bedded and very  shaly

I  ft  lo Inches         Medium-bedded, calcitic dolopackstone,  white`

pinches out to the south along the west-facing
wall of the quarry, where it is replaced by
dolomudstone; pelecypod and gastropod
fragments

2 ft 6 Inches Dolomitjc  mudrock, white,  with calcite-quartz-
anhydrite nodules, and a discontinuous,  I -inch-
thick layer of light-gray chert at the base.
Highly fossiliferous at the top (planlsplral

gastropods, ammonites  [Perrinites or
Propemnites], Allorisma,  high-spired gastro-

pods, Aviculopecten)
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I  ft 4 inches Bed of very shaly dolomudstone, cryptalgal 3 fi 9 inches
laminated, light-yellow ; scattered lighi-gray
chert nodules at the base, calcite-quartz-
anhydri(e nodules and vugs from their dissolu-          1  ft 8 inches
tlon

4 ft 7 inches          Dolo     tic mudrock, light-yellow. with

0 ft 8 inches

I  ft 9 inches

increasing amount of calcite-quartz-anhydrite
nodules upsection, and vugs from their
dissolution. Locally bioturbated (but otherwise
unfossiliferous), with some small. light-gray
chert nodules (some of which follow bulTows)
throughout. An 8-inches-thick bed of more
resistant shaly dolomudstone at the base
Bed of shaly dolomudstone, very light yellow

gray, some calcite-quartz-anhydrite nodules
Bed of shaly dolomudstone, very light yellow

gray. some calcite-quartz-anhydnte nodules
2 ft  lo inches       Bed of shaly dolomudstone, light-yellow,

scattered calcite-quartz-anhydnte nodules and
vugs from their dissolution

Measured Section Number: 93

4 ft 0 inches

Thick-bedded. shaly dolomudstone, white.
crudely lamimted, calcitequartz-anhydnte
nodules and vugs from their dissolution
Medium-bedded, shaly, calcitic doLomite, white,
fines upward from sparse biowackes[one to
mudstone, discontinuous layers of small, black
chert nodules (crinoids)
Medium-bedded. shaly dolomudstone. white
and yellow-orange. some calcite-quartz-
anhydrite nodules

Cresswell Limestone Member

1  ft o inches          Bed of limestone, relatively coarse-grained
biopackstone, light-yellow, with oval, black
chert nodules that weather brown ; crinoids,
ramose bryozoans

0 ft 4 inches Thin-bedded limestone, muds(one. nodules of
black chert

Locat]on: Roadcuts. both sides of K-177,  I.3 mi south of the
intersection of K-177 and US-56, in SW SE see. 23, T.  16 S., R.
8 E., Morns County, Kansas

Comment: This section was measured from only the Klnney to
the base of the Florence; an additional few feet of norence are

present here on the east side of the road

MATFIELD SHALE

Blue Springs Shale Member

I  ft lo inches        Unfossiliferous, yellow to brownish-green
mudrock with calcite nodules (paleocaliche)

I  ft 9 inches          Bruno limestone bed: bed of §haly limestone,
mudstone, greenish-yellow, rootcasts through-
out

2 ft I I  inches        Unfossiliferous, light-green mudrock
4 ft 6 inches          Unfossiliferous mudrock: interbedded green

and red in the basal  1 ft, red above

Measured Section Number: 94

Kinney Limestone Member

2 ft  lo inches        Medium-bedded limes(one, fine-grained and

2 ft 0 inches

1  ft 6 inches

porous biograinstone, cross stratified, some
intraclasts of Lime mudstone. The top 8 inches
fines upward from biopackstone to mudstone
with foram-encrusted intraclasts of green, shaly
mudstone with Large quartz grains. On the east
side of the road the top of the member is light
gray, intraclastic, shaly, and dolomitic.
Prominent stylolite about 1  ft 4 inches below
the top. Rocks contain foraminifers, pelecypod
fragments
Two beds of limestone, fine-grained, porous
biopackstone. bioturbated, intraclastic (lime
muds(one) at the top, light-yellow-gray ;
foraminifers, pelecypod fragments
Fossiliferous, yellow-brown mudrock to shaly
lime mudstone; pelecypod fragments

Location: Roadcuts on US-56, north side, in SW sec.  I I, T.16
S., R. 9 E., Morns County, Kansas

Comment: This section exposes facies of the Threemile that do
not include "reef ' deposits as in other measured sections of the
Wreford in this county

WREFORD LIMESTONE

Havensville Shale Member

0 ft 6 inches          Very fossiliferous, gray, bioturbated mudrock,
large horizontal burows; ramose bryozoans,
crinoids, Derbyia, Reticulatia, Chonetes,
Composita. fenestrate bryozoans, Amphiscapha

ThreemiLe Limestone Member

I  ft 2 inches

0 ft 6 inches
3 ft 0 inches

Thin-bedded, shaly limestone. biowackestone,
large skeletal fragments, lighi-yellow-gray,
chert nodules; ramose bryozoans, crinoids ,
Derbyia, Reticulatia, Chonetes, Composita.
fenestrate bryozoans , Amphiscapha
Layer of chert
Medium-bedded limestone, coarsens upward
from biowackestone through fine-grained and
then very coarse grained biopackstone, very

porous (blade-shaped pores),white; rare chert
nodules, and a thin layer of chert  I  ft below the
top. Racks contain crinoids. fenestrate and
ramose bryozoans, brachiopod fragments ; very
abundant ramose bryozoans at the top



3 ft  1  inches

0 ft 8 inches

2 ft 0 inches

Thick-bedded limestone, coarsens upward from
mudstone to biowackestone to packstone,

porous, white; scattered round to discoidal chert
nodules, and a 4-inches-thick layer of chert at
the top. Rocks contain fenestrate and ramose
bryozoans, crinoids, brachiopod fragments
Chert layers at top and base separated by white,

porous lime mudstone with blade-shaped pores;
fenestrate bryozoans, crinoids, brachiopod
fragments, gastropod§
Medium-bedded limestone, mudstone, light-

yellow at base, white at top; chert nodules  in
lower bed, prominent layer of chert in the
middle. Rocks contain crinoids, brachiopod
fragments

1  ft 8 Inches           Fossiliferous, calcitic mudrock in lower half,
calcitic mudrock to shaly biowackestone in

Measured Section Number: 95

2 ft 4 inches
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upper half, yellow; crinoids, bryozoans
Mediiim-bedded limestone, coarsens and then
fines upward from mudstone (basal bed) to
biowackestone (middle two beds) to
biopackstone-wackestone (upper bed), light-

gray, layers of chert and chert nodules; crinoids,
bryozoans, brachiopod fragments

S PEISER FORMATION

2 f[ 0 inches

2 ft 0 inches
2 ft 0 inches

3 ft 0 inches

2 ft 0 inches

Fossiliferous, yellow shale (crinoids, Derbyia,
echinoid fragments)
Concealed
Unfossiliferous mudrock, green grading upward
to yellow-green
Unfossiliferous, red mudrock, becomes yellow-

green at the top
Beige paleocaliche

Location:  Composite of four closely spaced localities:  (I ) roadcut       2 ft o Inches
on US-56 east of Council Grove,  SW see.11, T.15  S., R.  9 E.;

(2) roadcut on US-56 east of Council Grove, SW see. 7, T.  16 S.,
R. 9 E., NE see.13, T.16 S., R.  8 E., and NW sec.  18, T.16 S.,
R. 9 E.; (3) roadcut on K-177, about  I.5  mi north of Council

Thin-bedded,  shaly limestone,  mudstone, Light-

gray, the top 3 inches-12 inches being a lense
of fossiliferous and calcitic mudrock,  scattered
chert nodules; crinoids, Composita; and also
echinoid fragments at the top

Grove,  in SE see.  2, T.16 S.,  R.  8 E.; and (4) roadcut on K-177,
in sw see. 23, T.15 S., R. 8 E„ Morns county, Kansas                           Havensville shale Member

lhrREFORD LIMESTONE

Schroyer Limestone Member
(top of the member)

3 ft  I  inch              Bed of limestone, coarsens upward from fine-

grained biopackstone to biograinstone, with a
hint of cross stratification, with green shale in
interparticle pores and vugs at the top, light-

gray ; foraminifers, pelecypod fragments ,
crinoids, Derbyia

3 ft 4 inches          Thin-bedded, shaly limestone, mudstone, white,
rare small chert nodules, and some thin beds of
shale (I-2 inches thick) in the top  10 inches;
crinoids, pelecypod and echinoid fragments,
Composita, Reticulatia

2 ft 4 inches          Bed of limestone, fines upward from very
coarse grained biopackstone-grainstone to
biowackestone with lenses of biopackstone,
very light gray, surface-dissolution vugs ;
bounded at top and base by prominent stylo-
lites. Rocks contain crinoids, some brachiopod
fragments

0 ft 7 inches          Basal 3 inches of unfossiliferous, yellow shale
overlain by 4 inches of yellow lime mudstone
with dark speckles

3 ft o inches          Medium-bedded limestone, very cherty (almost
completely replaced by thick layers of chert:
slightly shaly mudstone-sparse biowackestone,
light-yellow. The top 5  inches is noncherty and
nonshaly biowackestone-packstone, very light

gray. Fossils in the lower half of the unit are
Composita, crinoids, fenestrate and ramose
bryozoans; in the upper half, crinoids and
brachiopod fragments

2 ft o inches          Fossiliferous, yellow-brown mudrock; pectinid
casts , brachiopod fragments

I  ft  lo inches        I.edge of thin-bedded, shaly limestone,
mudstone-sparse biowackestone, becomes more
shaly upsection, medium-gray grading up to
very dark gray in the top 6 inches; crinoids,
brachiopod fragments, ramose and fenestrate
bryozoans, echinoid fragments

1  ft  ll  inches         Sparsely fossiliferous, light-yellow-gray,
calcitic mudrock; cnnoids, rare casts of

pectinids

Threemile Limestone Member

1  ft o inches          Thin-bedded, shaly limestone, mudstone, white
to light-gray; crinoids

I  ft 8 inches           Platy-bedded limestone, biowackestone. white,
small chert nodules, and a thin layer of chert at
the base; cnnoids, brachiopod and echinoid
fragments, ramose and fenestrate bryozoans

I  ft 5  inches           Bed of limestone, biowackestone,  white,
scattered chert nodules ; bryozoans, crinoids,
Composita: "reef facies" referred to in the text

3 ft ll  inches        Bed of]imestone, very porous, layers oframose
bryozoan-rich biowackestone and packstone,
very light yellow to white; crinoids, Chonetes,
fenestrate bryozoans; in the top 3  inches, also
with echinoid fragments, some Reticulatia and
Tugose corals:  "reef facies" refelTed to in the
text

3 ft 0 inches Bed of ramose bryozoan-rich limestone, porous,
light-yellow grading up to white:  basal  I  ft 3
inches of biowackestone-packstone, the lower 9
inches of which weather recessively and contain
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abundant celestite molds   Overlying facies are
biowackestone. with scattered, small chert
nodules at the top;  two prominem stylolites in
the middle of the unit. Rocks contain crinoids,
Chonetes, fenestrate bryozoans:  "reef facies"
referred to in the text

5 ft 2 Inches           Medium-bedded limestone, fines and then
coarsens upward from sparse biowackestone to
mudstone, and then to biowackestone-

packstone,  light-and white; layers of chert in
lower half,  and some chert nodules near base.
Rocks contain crinoids, bra.`hiopod fragments,
spicules, bryozoans

I  ft 8 inches           Basal  lo inches fossiliferous,  fissile, calcitic

shale, yellow-gray (spicules, lesser fenestrale
bryozoans, crinoids, Reticulatia, Chonetes,
Composita,  Derbyia, echinoid fragments);
upper  10 inches calcitic mudrock to shaly
biowackestone, yellow (crinoids, bryozoans,
spicules)

Measured Section Number: 96

2 ft 4 Inches           Thin-to medium-bedded limestone, coarsens
upward from mudstone in the basal bed to
biowackestone in the overlying two beds, and
then fines upward from biopackstone to
biowackestone in the upper bed, light-gray.
layers of chert near the base and top, scattered
chert nodules  in the  middle; crinoids, spicules,

fenestrate bryozoans,  high-spired gastropods

S PEIS ER FORMATION

2 ft o inches           Fossiliferous,  yellow mudrock;  crinoids,

2 ft 0 inches
2 ft 0 inches

3 ft 0 inches

2 ft 0 Inches

Derbyia, ramose bryozoans, pectinid casts
Concealed
Unfossiliferous,  green mudrock, yellow-green
at the top
Unfossiliferous,  red  mudrock, yellow-green at
the top
Bed of beige paleocaliche

Location:  Quarry  in NE sec   11, T.16 S„  R.  8 E., to the immedi-
ate north of the  Karisas Instruments Buildmg, due east of K-177,
about  1.5  mi  north of Council  Grove, MorTis County,  Kansas

WREFORD LIMESTONE

Threemlle Limestone Member (probable lop of the member)

5 ft 6 inches           Bed of limestone, porous ramose bryozoan-rich
biowackestone, white, thin layers of chert;
Composita, echinoid fragments:  "reef facies"
referred to in the text

7 ft o inches           Bed of limestone,  very porous, ramose
bryozoan-rich layers of biowackestone and

packstone.  very light yellow to white, rare chert

Measured Section Number: 97

4 ft 6 inches

I  ft 6 inches

nodules;  Composita, echinoid fragments:  "reef

facies"  referred to in the text
Bed of limestone, porous:  basal  1  ft 3  inches of
I ight-yel low biowackestone-packstone , the
lower 9 inches of whlch weathers recessively
and contains celestite molds. Overlying rocks
are white biowackestone, scattered  small chert
nodules;  two prominent stylolites at and just
below the middle, brachiopod fragments,
cryozoans, cmoids, echinoid fragments
Ttiin-bedded  limestone, biowackestone-

packstone, light-yellow and white,  thin  layers of
chert at top and in the middle; brachiopod
fragments, crinoids, some bryozoans

Location. Two closely spaced roadcuts on K-177, in the NW sec.
26. T.15  S.,  R.  8  E ,  MOITis County, Kansas

MATFIELD SHALE

Kinney Limestone Member

2 ft o inches           Thin-bedded limestone,  intraclastic

0 ft 8 inches

biopackstone-grainstone, top 2 inches of
mudstone with lenses of biopackstone;
intraclasts are yellow,  shaly  lime mudstone.
Rocks contain foramiuifeTs, some crinoids and

pelecypod fragments
Two beds of limestone,  intraclastic
biowackestone-grainstone, yellow,  i ntracl asts
are yellow, shaly  lime mudstone; foraminifers,

pelecypod fragments, crinoids, Composita,
Derbyia

Wymore Shale Member

lo ft o inches         Unfossilil`erous, light-gray, calcitic mudrock,
abundant ca]cite nodules in the top 4 ft

(paleocaliche)
2 ft  I  inch                Unfossiliferous, green mudrock, with a 7-

inches-thick paleosol at the top
2 ft 4 Inches           Unfossiliferous. red mudrock
2 ft 6 inches           Concealed:  likely, green shale/mudrock

WREFORD LIMESTONE

Schroyer Li mestone Member

3  ft o inches           Bed of limestone, coarsens upward from

0 ft 2  Inches

biowackestone-packstone at the base to
biograinstone at the top,  with green shale in
viigs and interparticle pores,  light-gray;
foraminifers, some crinoids and pelecypod
fragments
Bed of limestone,  mudstone,  light-yellow with
dark spots
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Measured Section Number: 98

Location.  Roadcut and streambank exposures along the Middle
Branch of Munkcr Creek,  SE sec.  31  and SW sec.  32, T.14 S„  R.
9 E.,  Morris County,  Kansas

FLORENCE FORM ATION

4 ft o Inches           Thin-to medium-bedded limestone,  very cherty
mudstone,  light-yellow:  limestone beds about 3
inches thick separated by  ~3-Inches-thick layers
of discontinuous chert nodules. Rocks contain
crinoids, brachiopod fragments, ramose and

0 ft 9 Inches

3 ft 8  inches

I  ft  8 inches

2 ft 5  inches

2 ft 4 Inches
0 ft 8 Inches
2  ft  8 inches

6 ft 0 Inches

Unfossiliferous. gray-green  shale in  lower part.

grades up to yellowish, light-gray-green
mudrock with abundant calcite nodules

(paleocaliche) in  upper part
Unfossiliferous,  light-green-gray mudrock
Unfossiliferous, greenish-red shale
Unfossiliferous  shale,  imerbedded red and red-
tinted green;  prominent 4-inches-thick ledge of
red, silly mudrock at the top
Unfossillferous, green mudrock with a reddish
tint, crumbly

fenestrate bryozoans
Basal  3-inches-thick layer ofchert overlain by  6       Kinney Limestone Member
inches of fossiliferous.  yellow, calcitic mudrock
with chert nodules;  crinoids, brachiopod                         I  ft 7  inches
fragments
Thick-bedded limestone  (three beds that thin
upsection),  light-yellow:  basal bed fines upward        8 ft 5  inches
from coarse-grained biopackstone to
wackestone,  middle bed is lime mudstone,
upper bed  is relatively coarse-grained
biowackestone,  scattered chcrt nodules, and
layers of chert separate the three limestone
beds   Rocks contain fenestrate bryozoans,
brachiopod fragments, cri noids, spicules,
ramose bryozoans in lower beds; crinoids,
brachiopod fragments, and bryozoans  in  upper
beds
Fossiliferous, calcitic  mudrock, bloturbated,

yellow-brown;  scattered chert nodules in top 8
inches.  where the shale  includes  very coarse

grained skeletal hash.  Rocks contain crinoids,
echinoid fragments, Derbyia, Composita,
Reticulatia, ramose and fenestrate bryozoans

Cole Creek Member

I  ft 4 inches           Thin-bedded, shaly limestone, biowackestone;
crinoids, Chonetes, fenestrate bryozoans,
Reticulatia, Composita

MATF[ELD SHALE

Blue Springs Shale Member

I  ft 8 inches           Concealed
I  ft 6 inches           Unfossiliferous, green shale,  splintery

Measured Section Number: 99A and 998

0 ft 7  inches

I   ft  I   inches

2 ft 2 Inches

I  ft  10  inches

0 ft 4 Inches

Two beds of shaly  limestone that fine upward
from biopackstone to mudstone, light-yellow-

gray; pelecypod fragments, crinoids
Unfossiliferous  mudrock and shale:  yellow-
brownish-green in the lower part, darker-

grayish-green  in upper pan with sporadic  layers
of red shale in the upper 3 ft
Bed of limestone, coarsens upward from
intraclastic biowackestone to packstone,
abundant brachiopod hash at the top;  Intraclasts
are yellow, shaly  lime mudstone.  Rocks contain
Derbyia, Composita, Juresania, foraminifers,
ramose bryozoans, curved spines
Fossiliferous,  light-yellow-brown mudrock;
crinoids, echinoid fragments,  Derbyia
Bed of limestone, coarsens upward from
intraclastic biopackstone with disrupted layers
of deslccated lime mudstone,  to intraclastlc
biopackstone-grain stone, light-yel low-gray ;
intraclasts are yellow,  shaly  lime  mudstone.
Rocks contain foraminifers, crinoids, brachio-

pod fragments; Aviculopecten  at the top
Unfossiliferous, fissile, yellow-brown shale
Ledge of shaly limestone, intraclastic
biowackestone, yellow; intraclasts are yellow,
shaly lime mudstone   Rocks contain spicules,
some crinoids,  foraminifers, brachlopod
fragments

Wymore Shale Member

9 ft 4 inches
2 ft 8  inches

0 ft 6 inches

Unfossiliferous,  yellow-brown shale, fissile
Unfossiliferous,  green mudrock
Unfossiliferous,  red shale

Location:  Composite:  measured section 99A encompasses the
roadcuts on US-56, about 9  mi west of Council Grove, in SW
sec.15  and NW sec.  22` T.16  S., R.  7  E.  Measured section 998

FORT RILEY FORMATION

I  ft 4 inches

encompasses r(]adcut and streambank exposures along Ralls
Creek,  in NW sec. 9 and NE sec.  8. T.  14 S  ,  R.  6 E.  Oust south of
Skiddy),  and the roadcuts  in  lhe NE see. 5, T.14 S„ R. 6 E.  (due          4 ft o inches
northeast of Skiddy), in Moms County, Kansas

Medium-bedded limestone,  sparse
biowackestone. porous, light-gray; Derbyia,
Composita, crinoids
Bed of limestone, porous, light-yellow:  basal 2
ft  is vertically burrowed biopackstone (fora-
minlfers, some crinoids, oncolites. ramose
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bryozoans); upper 2 ft fines upward from
biowackestone to mudstone (crinoids, brachio-

pod fragments. ramose bryozoans). This bed is
the Forl Riley main ledge referred to in the text

I  ft  lo inches        Platy-bedded,  shaly limestone. biopackstone,
light-yellow; abundant echinoids and lesser
crinoids, ramose bryozoans, brachioped
fragments , Allorisma

FLORENCE FORMATION

Oketo Shale Member

2 ft o inches           Sparsely fossiliferous, yellow to greenish-
brown mudrock: ramose bryozoans, Allorisma,
Derbyia, crinoid§

3 ft o inches           Fossiliferous, yellow-brown  mudrock, calcitic;
ramose bryozoans, Allorisma, Derbyia, crinoids

Middle part of the formation

3 ft 8 inches

2 ft 0 inches

I  ft4 inches          Thin-bedded, shaly limestone, coarsens upward        6 flo inches
from mudstone to biowackestone. light-yellow ;
crinoids, Derbyia, locally abundant ramose
bryozoans

2 ft 0 inches

2 ft 8  inches

2 ft 8 inches

Poorly exposed limestone, mudstone, light- to
medium-gray, rare chert nodules at the top
Medium-bedded limestone, biowackestone,
light-yellow, with layers and scattered "balls"
of chert; ramose and fenestrate bryozoans,
echinoid fragments, crinoids, Reticulatia
Medium-bedded I imestone, biowacke-stone-

packstone, light-yellow, with discontinuous

Measured Section Number: 100

layers of large chert nodules at 3 inches and 2 ft
2 inches above the base, and chert "balls"
scattered throughout, especially abundant 7
inches above the base; fenestrate and ramose
bryozoans, echinoid fragments, crinoids.
Reticulatia
Thin-bedded limestone, coarsens upwal.d from
mudstone to sparse biowackestone, to
biowackestone-packstone at the top, light-

yellow; conspicuous chert "balls" and dumb-
bell shaped chert nodules (the latter following
burrows), and prominent chert layers at 6
inches,  I  ft, 2 ft, and 3 ft above the base. Rocks
contain Composita, crinoids, ramose bryozoans ,
Reticulatia. Aviculopecten
Thin-bedded I imestone, mudstone, with
conspicuous blade-shaped pores and abundarit
stylolites,  white to light-yellow;  white
intraclasts  in the middle of the unit.  Rocks
contain pelecypod fragments , lesser Composita,
Reticulatia. echinoid fragments
Thin- to medium-bedded limestone, very cherty
mudstone, with sparse biowackestone in (he top
2 ft, light-yellow; limestone beds ~3  inches
thick separated by ~3-inches-thick layers of
discontinuous chert nodules. Rocks contain
crinoids, brachiopod fragments, fenestrate and
ranose bryozoans

Cole Creek Member

0 ft 3 inches           Fossiliferous, calcitic mudrock, yellow;
brachiopod fragments. crinoids

Location:  Roadcut on K-10,  in SW see. 25, T.14 S., R.  5 E., ~8
mi southwest of Skiddy, Morris County, Kansas

WINFIELD LIMESTONE

Cresswell Limestone Member

2 ft o inches          Bed of dolomitic limestone, shaly and silly
mudstone. light-brownish-yellow,  abundant
calcite-quartz-anhydrite nodules at the base and
scattered throughout, appears laminated at the
top; ramose and fenestrate bryozoans, crinoids,
Derbyia

Grant Shale Member

9 ft 6 inches          FossiLiferous, light-gray mudrock, bioturbated.
but the top  I  ft 6 inches is unfossiliferous and
contains abundant calcite-quartz-anhydrite
nodules ; Derbyia, Composita, chnoids, ranose
bryozoans

Stovall Limestone Member

I  ft  lo inches        Bed of limestone, biowackestone, light-gray,
small and larger, anastomosing chert nodules.

gray ; crinoids, echinoid fragments. fenestrate
and ramose bryozoans, Reticulatia

DOYLE SHALE

Gage Shale Member

7 ft  lo inches        Greenish-yellow mudrock. fossiliferous at least
in the upper half; Derbyia. crmoids. fenestrate
and ramose bryozoans, echinoid fragments,
Composita

I  ft o inches          Prominent ledge of orange. calcitic mudrock
with abundan( calcite veinlets and lined vugs,

porous and fossi]iferous; foraminifers, brachio-
pod fragments

1  ft  ll  inches        Unfossiliferous, yellow mudrock, with a

prominent ledge in the lower half with vertical
root tubules

4 ft 7 inches          Unfossiliferous, yellow-brown mudrock with
sporadic layers of fossjJjferous, green shale in
the upper half of the unit; pelecypod fragments,

planispiral gastropods
12ftoinches        Basal4ftnotexposed;upper8ftis

unfossiliferous. redmudrock with a  I  ft 2 inches
thick layer of green mudrock 2 ft 6 inches
below the top



179

Measured Section Number: 101

Location: Roadcut in SW NW sec. 6, T.  14 S., R. 6 E., just
southwest of Skiddy, Morns County, Kansas

DOYLE SHALE

Towanda Limestone Member

I  ft o inches          Shaly limestone, mudstone, laminated
(cryptalgal), light-gray

Oft 8.5 inches       Basal  I.5 inches ofshaly lime mudstone
overlain by 7 inches of biopackstone, Light-

gray: foraminifers, some crinoids and pelecy-
pod fragments

0 ft 8 inches          Breccia, clasts of yellow, shaly lime mudstone

Measured Section Number: 102

0 ft 7 inches

1  ft 4 inches

Basal  I  inch of shaly lime mudstone overlain by
6 inches of yellow, unfossiliferous shale
Thin-bedded limestone, biopackstone at top and
base.  shaly Lime mudstone in the middle,

greenish,gray ; foraminifers, pelecypod
fragments

0 ft  lo inches        Thin-bedded, shaly limestone, coarsens upward
from lime mudstone to biopackstone, green-
gray ; foraminifers

I]olmesvilLe Shale Member

5 ft o inches          Unfossiliferous, yellow mudrock
1  fl 6 inches          Unfossiliferous, olive-green mudrock

I.ocation: Roadcut on US-77 in SW see. 24. T.16 S., R. 4 E„
southeast end of Herington, Dickinson County, Kansas

NOLANS LIMESTONE

Herington Member
(probable top of the member)

0 ft 4 inches          Bed of calcitic dolomudstone, brecciated and
calcite-cemented. light-yellow

2 ft lo inches       Thin-bedded, shaly dolomudstone and
dolomitic mudrack, light-yellow

0 ft 8 inches          Basal 4 inches of dolomitic shale overlain by 4
inches of interlayered shaly dolomudstone and

Measured Section Number: 103

flne-grained, porous, dolobiopackstone; molds
and fragments of pelecypods and gastropods

0 ft 8 inches          Bed of dolomite that fines upward from porous,
fine-grained dolobiopackstone to shaly
doLomudstone with vugs. light-yellow; molds
and fragments of pelecypods and gastropods

4 ft 2 inches          Thin-bedded, shaly dolomudstone, and toward
the top. thin layers of dolomitic mudrock, both
with vugs, light-yellow. The top bed is sparsely
fossiliferous (molds and fragments of pelecy-

pods and gastropods)

Paddock Shale Member

I ft o inches          Unfossiliferous, light-yellow mudrock

Location: Hamm's sand and Gravel quarry. SWNE sec. 2, T.16         Krider Member
S., R. 4 E„ ~  I  mi north of IIerington, Dickinson County, Kansas

Comment: The upper Luta to basal Herington section is exposed
along the south wall of the quarry; the upper Luta to Odell is
exposed along the west wall of the quarry, where exposures of
the Luta ac superb

NOLANS LIMESTONE

Herington Member

I ft 6 inches          Basal 8 inches light-yellow dolomuds.one-
wackestone with vugs; upper 10 inches is

porous, fine-grained dolobiopacks{one
(fragments and molds of pelecypods, gastro-
pods. brachiopods)

Paddcok Shale Member

lo f( 0 inches        Altemating yellow and gray mudrock.
unfossiLiferous in basal 4 ft, sparsely fossilifer-
ous above (Derbyia)

I  ft 6 inches          Thin-bedded, shaly dolomudstone, light-yellow;
rare pectinid casts

I  ft 3 inches

ODELL SHALE

I  ft 3 inches
9 ft 0 inches

I ft 6 inches

I  ft 4 inches
4 ft 0 inches

Basal 2 inches of light-yellow-gray, shaly
dolomudstone with fenestral texture; top  I  ft  I
inch of unfossiliferous, medium- to light-green
mudrock

Unfossiliferous, light-green mudrock
Unfossiliferous mudrock: 9 inches of red
siltstone at the base. overlain by interbeds of
silly, red and green mudrock; thin interbeds
with calcite nodules (paleocaliche) just below
the middle
Basal 6-inches-thick ledge of light-gray, calcitic
mudrock overlain by light-grayish-green
mudrock, all unfossiliferous
Unfossiliferous, medium-gray-green mudrock
Unfossiliferous mudrock. light-grayish-green in
the lower and middle par( of the umt. dark-

green in the top 1  ft 6 inches. At the western
end of the quarry, the basal  I  fl of this unit is
light-greenish-gray shale, overlain by red shale
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WINFIELD LIMESTONE

Luta Member

2 ft 8  inches           Medium-bedded, shaly dolomudstone. thinly
layered. the basal  I  ft with thin laminae with
finely comminuted skeletal debris (including
recognizable crinoids), very light gray; small
vugs filled wlth green  shale

0 ft 9 inches           Unfossillferous, green shale-mudrock,  lower
half calcitic and rooted

0 ft 7  Inches           Bed of shaly, dolomitic  limestone,  mudstone,
cryplalgal-laminated, desiccation cracks, very
light gray

Measured Section Number: 104

2ft9  inches           Basal  I  ft  I  inchesbedofvery  lightgray,  shaly

calcitic dolomudstone, cryptalgal-laminated,
with abundant calcite-quartz-anhydrite  nodules;
upper  I  ft 8 inches-thick bed of very  light gray,
shaly calcitic dolomudstone. cryptalgal-
laminated and with prominent desiccation
cracks, in the top 8  Inches.  Some bedding

planes with trace fossils and wisps of green
shale (crinoids, gastropods)

5 t`t o inches           Medium-bedded, shaly  limestone, mudstone,
light-gray, some small,  light-gray to white chert
nodules (heavily calcitized);  sc`attered crinoids

Location'  Composite of the following closely  spaced roadcuts:

(1)  along Union  Road,  In  SE  NE  see.  22, T.15  S„  R.  4  E.;  (2)
along K4  in SW SE sec.  35, T.15  S.,  R. 4 E. and in NE sec.  2,
T.16 S., R. 4 E.;  and (3) along Vane  Road, in NE see,  26,  and

adjoinmg NW see.  25, T.  15  S.,  R. 4 E„ north of Herington,
Dickinson County.  Kansas

WINFIELD LIMESTONE

Luta Member

4 ft 0 inches

2 ft 0 inches

I  ft 8  Inches

3 ft 4 inches

Thin-bedded,  shaly  limestone, mudstone.
cryplalgal-laminated,  I ight-gray
Bed of limestone,  mudstone, with abundant

pea-to golfball-size, calcite-anhydrite nodules,
I,8h[-gray
Thin-bedded, shaly  limestone,  mudstone,  wavy
laminated and bioturbated (partly cryptalgal),
light-gray,  scattered small light-gray chert
nodules; crinoids,  Derbyia, echinoid fragments
Medium-bedded, shaly limestone,  mudstone
with thin (<1  inch)  layers of biowackestone, the

Cresswell  Limestone Member

3  ft 2  Inches           Bed of limestone, crudely layered mudstone
and biowackestone, bioturbated,  light-yellow;

scattered dark-gray chert nodules, some
following burrows, and chert nodules along the
top bedding plane.  Rocks contain  crinoids,
ramose bryozoans, Derbyia, echinoid frag-
ments, Composita, high-spired gastropods

Grant Shale Member

9 ft o inches           Fossiliferous,  light-yellow-gray mudrock,
abundant calcite nodules  in the top 2 ft;
Composita,  Derbyia, fenestrate bryozoans,
crinolds

Stovall  Limestone Member

I  ft o inches           Bed of limestone, mudstonc to sparse
biowackestone, yellow-gray, scattered chert
nodules; crinoids, brachiopod fragments

most promment one at  I  ft above the base,
light-gray; discontinuous,  I.5-inches-thick layer       DOYLE SHALE
of chert at 2 inches above the base, and
scattered small, oval  chert nodules (light-gray)          Gage shale Member
in the basal  10 inches of this  unit.  Rocks
contain echinoid fragments, cnnoids,  scattered          3  fl o inches
Derbyia. Composita, Pcrmophorus

Measured Section Number: 105

Fossiliferous, greenish-yellow-brown mudrock;
Derbyia, fenestrate bryozoans, Edmondia,

pectinid casts, echinoid fragments, Compositfl

Location:  Roadcut on Trail  Road, east side, in sec.  3, T.15  S„ R.
4 E., Dickinson County.  Kansas

Commenl: This section complements the nearby cutbank
exposures along Lyon Creek (measured sec[ion number  106)

WINFIELD LIMESTONE

Cresswell  Limestone Member

2 ft 2 inches           Medium-bedded limestone, biowackestone with
Inclined lenses of, and burrows filled with,
biopackstone,  porous,  yellow, crinoids,
echinoid fragments, Derbyia

Grant Shale Member

9 ft 6 inches           Poorly exposed mudrock,  fossiliferous and
bioturbated  in the top 5  ft 6 inches,  light-

yellow-gray; Derbyia, crinoids, echinoid
fragments, Allorisma

Stovall Limestone Member

2 ft 6 inches           Bed oflimestone, fines upward from
biowackestone to shaly  mudstone, light-yellow-

gray, chert nodules;  crinoids,  bryozoans,
brachiopod fragments



DOYLE SHALE

Gage Shale Member

8 ft 4 inches           Fossiliferous,  light-yellow-gray, calcitic
mudrock with lenses of shaly lime  mudstone,
bioturbated. The upper 5  inches is gradational
with the Stovall and consists, in ascendmg
order, of 4 inches of light-yellow, shaly
biowackestone overlain by  I  inch of shale.
Rocks contain Chonetes, Allorisma, large
ramose bryozoans, Derbyia, Juresania, crinoids,
fenestrate bryozoans, Composita

I  ft 4 inches
rltwo beds of shaly limestone:  basal bed

mudstone, mottled yellow-gray, upper bed

Measured Section Number: 106

6 ft 8 inches
4 ft o inches

5  ft 0 inches
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intraclastic biowackestone-packstone, fine-

grained, yellow. This unit has a gradational
lower contact and a sharp upper contact;
brachiopod fragments
Unfossiliferous, greenish-yellow mudrock
Poorly exposed, unfossiliferous red and green
shale and mudrock, and some 3-inches-thick
layers of red,  shaly siltstone in the middle
Unfossiliferous,  silty red mudrock,  some thin
layers of green shale. The top of this unit has
been soft-sediment deformed into a diapir-like
structure that passes laterally  into deformed,

green shale/mudrock

Location: Cutbank on West Branch of Lyon Creek, in SW SE sec.
34, T.  14 S„ R. 4 E„ just north of  1300 Ave.  near Woodbine,
Dickinson County,  Kansas

WINFIELD LIMESTONE

Luta Member

1  ft 4 inches           Thin-bedded, shaly  limestone, mudstone, with
laminae of porous biowackestone, very light

yellow, foraminifers, cnnoids

Cresswell Limestone Member

5 ft 6 inches          Thick-to medium-bedded, light-yellow
limestone: basal 2-3 inches of shaly mudstone,
overlain by  3 ft 3  inches of coarse-grained
biowackestone with inclined lenses of, and
bulTows filled with, porous biopackstone.
Overlain by 7  Inches of porous biopackstone,
and then  1  ft 4 inches of bioturbated mudstone
with lenses of biowackestone, porous.  Scattered
chert nodules, and a thin layer of chert below
the top.  Many of the fossils are silicified;
cri noids, fenestrate bryozoans, Derbyia,
echinoid fragments

Grant Shale Member

9 ft 6 inches           Fossiliferous, yellow-gray mudrock,
bioturbated, and lenses of shaly lime mudstone;
abundant large, sub-honzontal, brown-
weathering burrows in the top 5 ft 6 inches.
Rocks contain Derbyia, Composita,
Aviculopecten, echinoid fragments, crinoids,

fenestrate tiryozoans , Septimy alina

Stovall Limestone Member

2 ft  lo inches        Bed of limestone, fines upward from
biowackestone to, in the top 8 inches, shaly
mudstone, light-yellow, angular light-gray chert
nodules; Reticulatia, Derbyia, echinoid
fragments, crinoids

DOYLE SHALE

Gage Shale Member-several feet of poorly exposed shale down
to river level

Measured Section Number: 107

Location: Roadcut on K-209 east of Woodbine, north side, in
see.  25, T.  14 S„ R.  4 E.,  I.0 mi west of the intersection of K-209
and US-77, Dickinson County, Kansas

Comment:  This outcrop is the east-dipping limb of an anticline
whose crest is to the immediate west; the Towanda reeks of
hydrocarbons

WINFIELD LIMESTONE

Cresswell Limestone Member

2 ft 8 inches           Thin-bedded llmestone,  mudstone,light-yellow

Grant Shale Member

9 ft 6 inches           Poorly exposed, fossiliferous mudrock, light-

gray  and calcitic; Derbyia, crinoids, echinoid
fragments

Stovall Limestone Member

2 ft 5 inches          Bed of limestone, fines upward from
biowackestone to mudstone-sparse
biowackestone, light-yellow,  irregular and
angular, light-gray chert nodules; Reticulatia,
crinoids, echinoid fragments,  Derbyia,
fenestrate and ramose bryozoans

DOYLE SHALE

Gage Shale Member

14 ft o inches        Poorly exposed mudrock, light-gray, upper part
sparsely fossiliferous; Derbyia, cnnoids,
echinoid fragments
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4 ft 0 inches Unfossiliferous, silty. green and red mudrock.
and Some layers of red, shaly siltstone: section
is highly defomed

8 flo inches          Unfossiliferous, silty. red and green mudrock,
some layers of red. shaly siltstone: section is
highly defomed

6 ft 8 inches          Basal  10 inches-I  ft 8 inches layerofhard, red

abundant biomolds. Rocks contain biomolds
and fragments Of foraminifers, gastropods

I ft o inches          Light-gray. silty mudrock, top few inches
calcitic and with abundant biomolds of
foraninifers and gastropods

3 ft o inches          Very light gray mudrockand thin (~l  inch)

mudrock that appears brecciated; overlain by 5
ft of silty, red mudrock with sporadic  1-2
inches thick layers of light-gray or red, shaly
siltstone. hard, and Some layers of green shale,          2 ft 3 inches
all unfossiliferous: section is deformed

4 ft o inches          Unfossiliferous. red, silty mudrock, discontinu-
ous 2-inches-thick layer of hard, yellow,
mudrock with red shale streaks and cellular
texture at  I  ft 5 inches above the base

Towanda Limestone Member

2 ft4 inches          Basal  I  ft I  inches of very light gray mudrock
with thin (~1  inch) layers of calcitic mudrock
with abundant biomolds; overlain by a 3-
inches-thick bed of coarse-grained. intraclastLc
dolobiopackstone-wackestone, yellow-gray
(clasts of dolomudstone); then  I  ft of very thin
bedded, Light-gray, hard mudrock and thin
interbeds of light-gray, calcitic mudrock with

Measured Section Number: 108

layers in the lower half of very light gray, shaly
dolowackestone to dolomi{ic mudrock with
abundant biomolds of foraminifers and
gastropods. some pelecypods
Very light gray shale, unfossiliferous, thin hard
layers of calcitic mudrock in the lower half

I  ft ll  inches        Bed of porous breccia, orange mudrock clasts in
a matnx of dark-gray, porous biowacke§tone;
foraminifers, other unidentifiable allochems

1 ft lo inches        Thin-bedded, shaly limestone, mudstone, the
top 9 inches laminated, light-gray (but locally
weathers dark gray)

I ft 9 inches          Thin-bedded, shady limestone, fine-grained
laminites of biowackestone and packstone,
bioturbated, some intraclasts of lime mudstone,
light-gray ; foraminifers, cnnoids

Holmesville Shale Member

I  ft 4 inches          Unfossiliferous, yellow-green mudrock

Location: Roadcut. south side of I-70 immediately west of Exit
286, -I  mi north of Chapman, in the S/2 sec.19. T.12 S., R. 4
E., Dickmson County, Kansas

Comment: There is no Cresswell at this locality
VINFIELD LIMESTONE

Luta Member

lo ft 3 inches        Medium-up to thin-bedded, shady
dolomudslone, light-yellow, scattered small,
dark-gray chert nodules. At 4 ft 9 inches above
the base is a 2-ft-thick bed of dolomitized,

porous oolite grainstone with large foresets that
dip to the west

Measured Section Number: 109

2 ft 9 inches          Medium-bedded, shaly dolomudstone,
secondary calcite veins, light-yellow

Grant Shale Member

9 ft o inches          Sparsely fossiliferous, yellow-gray mudrock,
the upper 6 ft with abundant `.cauliflower" chert
nodules and Jaminae of palisades calcite. and
lenses with some fossils; rare I)ectirids

Stovall Limestone Member

0 fl 8 inches          Bed of limestone, mudstone-sparse
biowackestone, light-gray, with light-gray chert
nodules; crinoids, bryozoans, brachiopod
fragments

I.ocation: Roadcuts on 28cO Aye. in s/2 see.17 and Nre see. 20.          4 ft o inches
and along Rain Road in NW SE sec.17, T.12 S., R. 4 E..
Dickinson County, Kansas

NOLANS LIMESTONE

Herington Member

6 ft o inches          Thin-bedded, shaly dolomudstone, top 2 ft
laminated (cryptalga]), light-yellow, scattered
calcile-lined geodes

Medium- to thin-bedded (upsection), shaly
dolomudstone, light-yellow, calcite geodes and
fenestral fabric in the top I  ft; some pectinid
casts, crinoids, fenestrate bryozoans in middle
strata of thJs unit

I  ft o inches          Thin-bedded. shaly dolomudstone, light-yellow ;
some bivalve fragments and crinoid8

2 ft o inches          Platy-bedded, coarsening-upward section from
shaly dolomudstone with abundant dark-gray
cherl nodules in the basal few inches, to
noncherty, porous dolobiowackestone, light-

yellow; pelecypod and gastropod molds and
fragments, crinoids



Paddock Shale Member

15 ft o inches        Concealed

Knder Member

I ft 4 inches

2 ft 0 inches

Thin-bedded, shaly and sit(y dolomite: coarsens
upward from dolomudstone to intraclastic
dolobiopackstone (clasts of desiccated
dolomudstone), and then fmes upward to
similarly intraclastic doLomudstone with
vertical roots. Light-gray ; pelecypod and

gastropod molds, including abundant high-
spired gastropods
Dark-green, unfossiliferous mudrock in the
lower 8 inches. light-yellow, unfossiliferous
siltstone in the upper  1  ft 4 inches

Measured Section Number: 110A and 1108
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0DELL SHALE

14 ft o inches        lnterbedded. unfossiliferous. red and light-green
mudrocks (equal thicknesses of both), some red,
shaly siltstones; the top 6 inches is a light-gray

paleocaliche
2-3 ft                     Concealed

WINFIELD LIMESTONE

Luta Member-few inches Of light-gray lime mudstone exposed in
the road diteh

Location: Composite of several roadcuts along US-77, both
sides: measured section  I loA-NW see. 22 and SW sec.15, T.
11  S.. R. 5 E.; measured section  I loBiE see. 3 and NE sec.
10. T.13  S., R.  5 E., Geary County, Kansas

DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

4 ft 6 inches          Thin-bedded, shaly limestone, mudstone, pea-
size vugs and fenestral fabric, light-yellow

I  ft 9 inches          Progressively thinner-bedded section of shaly
lime mudstone, yellow; the basal bed is 6
inches of porous, intraclastic (clasts of
desiccated lime mudstone) biowackestone-

packstone, locally cross stratified, that thickens
and thins along the length of the outcrop. Rcx:ks
contain crinoids. pelecypod fragments

1 ft  lo inches        Ptogressively thinner-bedded upsection: basal 6
inches of porous biopackstone-grainstone.
overlain by biopackstone. light-grayish-yellow;
high-spired and planispiral gastropods,
foraninifers

1  ft 9 inches          Thin-bedded, very fine grained biopackstone
(size of allochems increases upsection).
laminated, porous. light-yellow-gray ; foramini-
fers, pelecypod fragments. gastropod at the top

I  ft 10 inches        Bed ofshaly mudstone, weathers platy,
intraclas[ic at base (clasts of lime mudstone),
light-yellow-gray; pelecypod fragments

1  ft o inches          Basal 4 inches shaly lime mudstone overlain by
8 inches of unfossiliferous, calcitic mudrock,

yellow
0 ft 8 inches          Unfossiliferous, calcitic mudrock, yellow
I  ft o inches          Bed of limestone that fines upward from fine-

grained biopackstone to shaly mudstone, light-
yellow ; crinoids

4 ft 6 inches
3 ft 0 inches

Unfossiliferous, medium-gray shale. splintery
Unfossiliferous, deep red mudrock; along the
outcrop it locally passes in(o red mudrack with
lenses Of dark-green shale

5 ft 8 inches          Unfossiliferous. medium-gray shale/mudrock,
locally with splotches of red and yellow; most
of this unit is replaced by white, soft

paleocaliche, the top of which is highly
irregular, and has what appears to be fractures
or dikes filled with paleocaliche

FORT RILEY FORMATION

2 ft o inches          Thin-bedded. shaly and silly dolomudstone,
laminated (cryptalgal?), with calcite-lined

geodes. light-yellow
lo ft 6 inches        Medium-bedded, shaly and silty, calcitic

dolomudstone and dolomudstone, porous,
abundant calcite-lined geodes, weathers to a
sco   aceous appearance. light-yellow; sparse
crinoids, high-spired gastropods

2 ft 2 inches          Bed of caLcitic dolomite, laminated,light-

yellow, calcite-lined geodes:  5 inches below the
top is a I.5-inches-thick layer of porous
mudstone-biowackestone. Rocks contain
foraminifers and some crinoids at the top;
Septimyalina, Permophorus, Aviculopecten and
crinoids below

6 ft 2 inches          Laminated and fissile, shaly limestone,
mudstone, some lenses of biowackestone,

yellow to medium-gray (weathers dark-gray);
pelecypod casts [Permophorus?I common in
beds-5 ft above the base. and some foramini-
fers. crinoids, Derbyia

3 ft 7 inches          Thick-bedded limestone, two beds of
biowackestone-packstone. shaly at the base,

yellow; brachiopod and echinoid frogments.
crinoids, foraminifers in the lower bed;
crinoids. brachiopod fragments, fenestrate

HOLmesville Shale Member

I  ft8inches          Unfossiliferous.yellowmudrock,thinlenseof         5ft5inches
red shale just below the top

bryozoans, echinoid fragments. and
Amphiscapha in the upper bed
Bed of limestone. fines upward from
biowackestone-packstone, with some lenses of
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2 ft 6 inches

porous biopackstone, to bioturbated
biowackestone,  light-yellow, crinoids,

Avicu lopecten , high-spired gastropods
throughout; oncolitcs, crinoids, fenestrate and
ramose bryozoans, high-spired gastropods,
Retlculatia, and Composita in the basal  few
inches. This bed is the Fort Riley main ledge
referred to in the text
Medium-to thin-bedded (upsection),  shaly
limestone,  coarse-grained biopackstone-
wackestone, silly and bioturbated, more shaly
upsection,  light-yellow;  oncolites,  crinoids,

fenestrate and ramose bryozoans, high-spired

gastropods,  Reticulalia and Composita

FLORENCE FORMATION

Oketo Shale Member

5  ft 6 Inches            Fossi]iferous mudrock,  silty and i'alcitic,

bioturbated,  medium-  to dark-gray (although
some lenses are light yellow);  a 2-inches-thick
bed of medium-gray, shaly  lime mudstone-
biowackestone at 3  ft 2  inches above the base.
Rocks contain Allorisma, Amphiscapha,
CruTithyris, cTinoids,  bryozoans, echinoid

fragments

Middle part of the fomation

2 ft 8 inches           Medium-to thin+bedded (upsection)  limestone,

I  ft 4 inches

2 ft 3  inches

coarsens upward from mudstone to
biowackestone,  light-yellow, chert nodules  in
the lower half,  and a thin layer of chert just
above the base; fenestrate and ramose bryozo-
ans, accessory crinoids, echinoid fragments,
Reticu latla, Derbyia
Fossiliferous,  yellow-brown, calcitic  mudrock

(increase  in the amount of fossils upsection:
fenestrate and ramose bryozoans, accessory
crinoids, echinoid fragments, Reticulatia,
Derby,a
Medlum-bedded limestone, sparse
biowackestone, light-yellow, chert nodules, and
thin  layers of chert in the lower half; fenestrate
and ramose bryozoans, accessory crinoids,
echinoid fragments,  Reticulatia, Derbyia

I  ft 4 inches           Fossiliferous, yellow-brown. calcitic  mudrock;
Reticulatia, Composita, fenestrate and ramose
bryozoans, crlnoids, echinoid fragments

2 ft 8  Inches           Bed of limestone,  sparse biowackestone, light-

yellow, chert nodules,  many of them round;
Derbyia, AIlorisma,  ramose and fenestrate
bryozoans, crinoids, echinoid fragments

0 ft  lo inches         Fossilil`erous, yellow-brown, calcitic mudrock;

Reticulatia,  crinoids, bryozoans
7 ft o inches           Bed of limestone,  sparse biowackestone, basal

I 0 inches  with biomoldic porosity,  light-yellow;

layers of chert in the upper half (the basal one
laminated), and disconlinuous layers of chert
nodules throughout;  basal  I  ft bed noncherty.
Rocks contain t`enestrate and ramose  bryozoans,
accessory crinoids,  Reticulatia

3 ft 4 inches Bed of limestone,  sparse biowackeslone with
biomoldic porosity,  light-yellow, chert nodules

and discontinuous layers of nodules: fusulinids
in the  middle of the unit;  fenestrate and raniose
bryozoans, accessory cnnoids  and  Reticulatia
throughout

6 ft 8 inches           Medium-to thick-bedded limestone,  fines
upward from blopackstone at the base,  with
conspicuous red brachiopod and bryozoan
fragments  in the basal 4 Inches: to
biowackestone-packs[one ,  to biowackestone.
biomoldlc  porosity  in the top  I  ft 4 inL`hes,
light-yellow;  chert  nodules  in  basal  I  t.I  6

inches, which  is capped by a stylolite,  layers of

chert  from  I  ft 6 inches to 4 ft above the base,
and chert nodules  above that,  with a thick  layer
of chert  I  ft 6 inches  below  the top.  Rocks
contain ramose bryozoans, accessory fenestrate
bryozoans, Composita, Derbyia and crinoids  in
the basal  beds; +`enestrate and ramose bryozoans
and accessory crinoids and brachiopod
fragments above;  fusulinids  in the middle

1  ft  4  inches Basal  9 inches of fossiliferous.  light-yellow,
calcitic  mudrock overlain  by 7  inches of
biopackstone, with chert nodules and conspicu-
ous red brachiopod and bryozoan  fragments;
fenestrate bryozoans. echinoid fragments,
Derbyia, Composita

Cole Creek Member

1  ft 4 inches           Thin-bedded, shaly  limestone. fines upward

from intrac]astic biopackslone to mudstone,
bioturbated,  intraclasts of lime mudstone,  IIght-

yellow;  foraminifers, brachiopod fragments,
crinoids, high-spired gastropods,  Composita,
Derbyia, ramose  bryozoans, echinoid fragments

MATFIELD SHALE

Blue Springs Shale Member

2 ft 4 inches           Unfossiliferous, calcitic mudrock with  lenses of

shaly  lime mudstone, mostly  light-yellow-gray,
fissile  but jointed;  I ~inch-thick  layer of hard,

light-yellow lime  mudstone 6 Inches  below the
top, and the top 3  inches of the unit is  very dark

gray  shale
5 ft 8 inches           Unfossiliferous, alternating  layers of compact,

sllty, light-green  mudrock and recessive-
weathering,  soft,  darker-green  shale

I  ft 3  Inches           Unfossiliferous red mudrock. with a layerof

green shale in  the middle
4 ft 4 inches           Unfosslliferous mudrock,  mostly red but with a

2-inches-thick layer of green  shale at the base.
and an 8-inches-thick layer  I  ft 8  inches above
the base

I  ft 5  inches           Bruno limestone bed:  3-inches-thick beds at the

top and base of the  unit of light-green,  shaly
lime mudstone with streaks of green shale;
middle  11  inches of light-green  shale overlain

by red shale,  unfo.`siliferou``
0 ft  lo inches         Unfossiliferous, light-green  shale



I  ft  lo  Inches         Unfossiliferous,  grayish-green  shale  in the
lower half, grayish-green  mudrock in the upper
half

I  ft o Inches           Unfossiliferous, red shale
I  ft 3  inches           Unfossiliferous, green and dark-grayish-green

shale
2 ft 2 Inches           Unfossiliferous, dark-gray  shale

Kinney Limestone Member

I  ft 3  inches           Basal thin-bedded,  shaly limestone,
biowackestone, light-yellow. overlain by 7
inches of fossiliferous shale, dark-gray with

green splotches; Derbyia, Composita, crinoids,
echinoid frngments,  ramose and fenestrate
bryozoans. Permophoms

4 ft o inches           Unfossiliferous,  very dark gray shale, fissile

Measured Section Number: 111
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6 ft o inches           Generally  unfossiliferous, fissile, black shale;

juvenile Composita in the top few inches
I  ft 5  inches           Fossiliferous, calcitic  mudrock to shaly  lime

mudstone, grading up to fossiliferous, calcitic
mudrock, yellow-brown; Derbyia. curved

2 ft 2 Inches
1  f(  6  inches

spines, crinoids

Unfossil iferous, yellow-brown mudrock
Bed of shaly limestone.  intraclastic  (lime
mudstone, yellow), partly oncolitic,  light-

yellow:  graded layers of biowackestone-
packstone and mudstone-biowackestone, platy-
bedded in  upper part.  Rocks contain cTinoids,
Derbyia, Aviculopecten at the base; Derbyia-
nch at the top

Wymore Shale Member

8  ft 8 inches           Fissile, yellow to light-gray, calcitic shale,
weathers as a promment vertical face

Location:  Roadcut and field exposure on  and immediately around       5 ft 4  inches
Wayne White Farm,  NE SW, and center south, of sec.  28. T.  12
S„ R.  5  E., Geary County,  Kansas

FLORENCE FORMATION

4 ft o inches           Thick-to medium-bedded (upsection) lime-
stone, mudstone to sparse biowackestone,
layers of chert,  some nodules at the base;
crinoids, bryozoans, Reticulatia

0 ft 8  Inches           Fossiliferous, yellow, calcitic  mudrock;
echinoid and brachiopod fragments, crinoids,
bryozoans

I  ft 4 inches           Medium-bedded limestone,  rines upward from
intraclastjc biopackstone to biowackestone,
bioturbated,  light-yellow, chert nodules;
foraminifers, cnnoids, fenestrate bryozoans ,
Reticulatia, echinoid fragments,  Derbyia,
ramose bryozoans

Cole Creek Member

2 ft 5  inches           Basal  I  ft  I I  inches ofcalcitic, yellow mudrock

and thin  lenses of shaly lime mudstonc with
desiccation cracks, sheet cracks,  incipient
tepees. the basal  bed with intraclasts of green
sliale and lime  mudstone; top 6  inches of

Unfossiliferous, red mudrock,  with a 3~inches-
thick layer of green  shale  1  ft 4 inches below
the top and a  lo-inch-thick layer of massive,
red siltstone at the top

I  ft 3  Inches           Unfossiliferous, light-yellow-green mudrock

Kinney  Limestone Member

2 ft  lo inches        Thick-bedded carbonate:  basal  I  ft 9 inches bed

I  ft  5  inches

0 ft 4 inches
2 ft 5  inches

2  ft 4 inches

5  ft 8  Inches

coarse-grained, fossiliferous, olive-green
mudrock with red fossils, clasts of shale.  Rocks         0 ft 8 inches
contain  brachiopod fragments, crinoids,  high-
spired gastropods

MATFIELD SHALE

Blue Springs  Shale Member

5 ft o inches           UnfossilifeTous  mudrock,  interbedded light and
dark-green

0 ft 8  inches Bruno equivalent:  very silty dolomudstone with
root traces,  glaebules, light-yellow

(paleocaliche)

2 ft 0 inches

of white, calcitic dolomudstone with root traces,
unfossiliferous.  Overlying bed of porous, light-

yel low, dolobiopackstone-grainstone with green
shale in  the matnx and clasts of silty, light-gray
shale in the top 6 inches.  Rocks contain

pelecypod fragments, foraminifers , plani spiral
and high-splred gastropods
Unfossiliferous, I ight-yel low-green mudrock
Unfossiliferous, red mudrock
Sparsely fossiliferous (in the lower half), fissile,
lamlnae of dark-gray and light-gray  shale;
Derbyia
Fossiliferous, light-  to medium-gray, calcitic
mudrock, with a prominent 2-inches-thick layer
of coarse brachiopod hash at the base;  Derbyia.
accessory  ramose bryozoans, curved spines,
Composita, Juresama,  Septimyal ina
Unfossiliferous,  medium-gray shale and
mudrock
Thin-bedded, shaly limestone. biowackestone,
bioturbated, medium-grayi sh-yel low ; Derbyia,
Sepnmyalina, pectinid casts, crinoids, gastro-

pods
Medium-gray, fissile  shale with splotches of

yellow. fossiliferous in only the top  10 inches.,
Derbyia, Septimyalina, pectinid casts, crinoids,
curved spines

I  ft  lo inches         Basal  I  ft 2 inches bed ofintraclastic (orange,
shaly  lime mudstone) biowackestone-

packstone, intraclasts as much as  8 inches in
length. Overlain by 6.5  inches of fossiliferous,
bioturbated,  yellow, calcitic  mudrock. Top  I  ft
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of very coarse grained, intraclastic (lime
mudstone) biopackstone, light-yellow. Rocks
contain crinoids, pelecypod frogments.
Allorisma, echinoid fragments. Derbyia.
Myalina; top  I  inch also with some oncolites

Measured Section Number: 112

Wymore Shale Member

2 ft4 inches          Fissile shale, chocolate-brown grading up to
brownish-yellow, unfossiliferous except for in
the top few inches (brachiopod fragments)

Location:  Roadcut on Frank's Hill. N# see.  9, T.12 S., R. 6 E..
Geay County, Texas

MATFIELD SHALE

Wymore Shale Member

2 ft o inches          Unfossiliferous, light-yellow, calcitic mudrock,
weathers recessively

6 f( 2 inches           Sparsely fossiliferous. light-yellow, caLcitic
mudrock. weathers as a prominen( cliff wall;
rare pectinid casts, Permophorus in basal 2 ft

1 ft 4 inches          Unfossiliferous mudrock, light-yellow and
calcitic, weathers as a minor ledge

5 ft 5 inches          Unfossiliferous mudrock, dark-grayish-green in
the lower half, yellowish-green above

4 ft o inches          Unfossiliferous. red mudrock

Measured Section Number: 113

WREFORD LIMESTONE

Schroyer Limestone Member

~1  ft 6 inches        Basal  1 ft bed of limestone, coarsens upward

from biowackestone to packstone, and is
overlain by float of biograinstone, ligh(-gray ;
foramnifers

I  ft 8 inches          Sparsely fossiliferous, light-gray to yellow-gray
mudrock; crinoids. brachiopod fragments

2 ft 6 inches          Thick-bedded, slightly shaly limestone, ligh(-

gray biowackestone, increase in size of skeletal
particles upsection, chert nodules and a thick
layer of chert below the middle; crinoids.
brachiopod fragments, spicules, fenestrate
bryozoans

0 ft  lo inches        Sparsely fossiliferous, yellow-brown mudrock;
crinoids, brachiopod fragments

0 ft 3 inches          Lime mudstone, chert nodules, light-yellow

Location: Roadcuts on I-70, in N# see. 34 (south side of road)
and extending into the SE see. 27, (north side of the road), T.  I I
S„ R. 6 E., Geary County, Kansas

MATrmLD SHALE

Kinney Limestone Member

4 ft  I  inches          Basal 3 ft  I  inches bed of limestone, intraclastic

(yellow, shaly lime mudstone) biopackstone;
fines upward to top  I  f( of thin-bedded
limestone, graded layers of mudstone and partly
oncolitic biopackstone, green shale in vugs and
fissures in the top 6 inches. The rocks are Light-

yellow-gray with dark spots ; foraminifers,
crinoids, brachiopod fragments ; also echinoid
fragments at the top

0 ft 5 inches Unfossiliferous, yellow-brown, fissile, calcitic
shale

2 f(  I  inches          Calcitic mudrock to shaly lime mudstone in the
lower half, fossiliferous. yellow: and lamimted,
shaly limestone in the upper half, intraclastic
and silty, fine-gTained biopackstone with
Skolithos. yellow. Rocks contain foraninifers.

pelecypod fragments, Myalina

Wymore Shale Member

I  ft 9 inches          Unfossiliferous, yellow, calcitic mudrock
6 ft 2 inches          Sparsely fossiliferous, fissile, yellow, calcitic

shale. weathers &s a prominent verdcal face;
rare pectinid casts, Permophorus

3 ft 6 inches          Unfossiliferous mudrock, green in the lower
half, yellow above

5 ft  lo inches        Unfossiliferous, red mudrock, calci(e nodules in
the lower two-thirds of the unit (paleocaliche)

4 ft 8 inches          Unfossiliferous, green mudrock

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft o inches          Thin-(o medium-bedded limestone, coarsens
upward from mudstone to porous biopackstone,
the top bed with green shale in interparticle

pores. light-yellow-gray to Light-gray ; foramini-
fers

0 ft 7 inches          Basal 4 inches of cherty lime mudstone overlain
by 3 inches of unfossiliferous, yellow-brown
shale

2 ft o inches          Basal 3 inches of sparsely fossiliferous shale,

greenish-yellow-brown. overlain by  1  ft 6
inches of fossiliferous, yellow-brown mudrock
with anhydrite nodules ; Derbyia, ranose
bryozoans, Composita

0 ft 8 inches          Thin interbeds of limestone and layers of chert:
the unit coarsens upward from mudstone to
biopackstone; crinoids. ramose bryozoans,
brachiopod fragments

4 ft o inches          Medium-bedded, shaly limestone. coarsens
upward from mudstone to biowackestone, light-

gray and yellow with dark spots; layers of chert
I ft above the base and at the top of the unit,
chert nodules near the top; a few inches of
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yellow shale occurs 2 ft above the base. Rocks
contain small Composita, echinoid fragments,
crinoids, fenestrate bryozoans, rare rugose
corals

Havensville Shale Member

4 ft 4 inches          Calcitic, yellow-brown mudrock, sparsely
fossiliferous at the very top.  I  ft 3 inches thick
zone 8 inches below the top with abundant
anhydrite nodules; brachiopod fragments at the
top

I ft 2 inches

I  ft  10 inches
2 ft 4 inches

I  ft 7 inches

4 ft  11  inches

I  ft 8 inches

Bed of shaly limestone, mudstone, platy bedded
al the top, light-brown; crinoids, Derbyia

0 ft 9 inches Thin-bedded limestone, shaly mudstone,

yellow-gray, chert nodules
4 ft o inches          Bed of limestone, coarsens upward from

mudstone with blade-shaped pores in basal 2-3
inches, to sparse biowackestone. very light

yellow; scattered chart nodules. but top  I.5 ft of
the section is a thick bed of chert. Rocks
contain brachiopod fragments, crinoids,
fenestrate bryozoans

2 ft 9 inches          Thick-to medium-bedded (upsection) lime-
stone, mudstone, conspicuous blade-shaped

pores, very light yellow; crinoids, brachiopod
fragments, ramose bryozoans

0 ft 9 inches          Basal 7 inches of fossiliferous, yellow-gray
Unfossiliferous, yellow-brown mudrock
Thin interbeds of fossiliferous, yellow, calcitic
mudrock and shaly lime mudstone, yellow-gray
to yellow-brown; the second limestone bed
below the top contains abundant vertical
rootcasts. and the topmost limestone bed is fine-       I  ft o inches

grained biopackstone-grainstone. Rocks contain
foramimfers. Derbyia. Myalina. pectinid casts
Sparsely fossiliferous, yellow-brown mudrock;

pectinid casts, Myalina
Unfossiliferous shale, very dark gray, fissile
Sparsely fossiliferous, very dark gray, fissile
shale, top 2-inches-thick layer of shaly lime
mudstone-biowackestone, yellow-brown ;
crinoids, Dcrbyia

Threemile Limestone Member

0 ft 7 inches          Basal 5 inches of yellow, calcitic shale with
chert nodules, top 2 inches of shaly lime
mudstone with chert nodules

Measured Section Number: 114

mudrock, top 2 inches of biowackestone-

packstone, yellow-gray ; Chonetes, Derbyia,
Reticulatia, Composite. fenestrate and ranose
bryozoans in the limestone, fenestrate bryozo-
ans in the shale, crinoids throughout
Bed of limestone, mudstone, very light gray,
rare chert nodules, layer of chert at the base;
crinoids, brachiopod fragmen(s, ramose
bryozoans

I ft 8 inches          Bed of limestone, mudstone, very light gray.
some chert nodules at the top; Composita,
crinoids

SPEISER FORMATION

I  ft 8 inches          Fossiliferous. gray mudrock; crinoids, Derbyia,
Composita. ramose and fenestrate bryozoans

Location: Two closely spaced roadcuts on K-177, in NW SW
and the center-west of see. 9, T.12 S., R.  8 E., 2.5-2.9 Ini south
of the intersection of KS-177 and I-70, Geary County, Kansas

FLORENCE FORMATION

Cole Creek Member

2 ft o inches          Yellow-gray, calcitic mudrock and lenses of
shaly mudstone-biowackestone, intraclastic

(lime mudstone) at base; crinoids, brachiopod
fragments

MATFIELD SHALE

Blue Springs Shale Member

2 ft 8 inches          Basal 2 ft 4 inches of Light-yellow mudrock
with abundant calcite nodules (paleocaliche);
top 4 inches dark-green shale, all
unfossiliferous

5 ft 6 inches
7 ft 8 inches

Unfossiliferous, light-green shale and mudrack
Unfossiliferous mudrock. interbedded green
and red (layers of red mudrock thicker than
layers of green mudrock). Two prominent

3 ft 0 inches
0 ft 9 inches

ledges of silly Ted mudrock (each 9 inches
thick)  I  ft 8 inches below the top
Unfossiliferous. light-green mudrock
Basal 7 inches of unfossiliferous, light-green
mudrock overlain by 2 inches of lighi-gray

paleocaliche

Kinney Limestone Member

I  ft 8 inches          Bed of limestone. coarsens upward from basal
few inches of light-gray biowackestone
(weathers thin-bedded) to porous, white
biopackstone, with green shale in the matnx;
foraminifers, some high-spired and planispiral

gastropods
I  ft o inches          Unfossiliferous. light-grayish-green to green

shale
12 ft o inches        Poorly exposed:  unfossiLiferous, yellow-brown

mudrock in the basal 8 ft, dark-greenish-gray
mudrock in the top 4 ft

2 ft 2 inches          Medium-bedded limestone, porous
biopackstone-wackestone, biofurbated. light-

yellow-gray, coarsens upward in the top 4
inches to orange, very coarse grained
biopackstone; brachiopod fragments, fenestrate
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bryozoans, crinoids
O ft 7 inches           Fossiliferous, calcitic, yellow mudrock,

bioturbated ; Allorisma
0 ft  ll  inches        Two beds ofshaly limestone, intraclastic at base

(orange, shaly lime mudstone), biopackstone,
mottled medium-gray-yellow; crinoids,
brachiopod fragments

Measured Section Number: 115

Wymore Shale Member

2 ft o inches           Unfossiliferous, fissile shale, brownish-green

grading up to yellow

Location:  Composite of several roadcuts  in NE see.  3, T.12 S„
R. 7 E. on and around Tully Hill Road and Meadowlark Lane,
west of MCDowell Creek Road (south of I-70), Geary County,
Kansas

FLORENCE FORMATION

~3 fl o inches        Medium-bedded limestone, cherty (too high and

steep to reach

Cole Creek Member

~3  ft o inches        Fossiliferous, calcitic  mudrock and shaly

limestone (too high and steep to reach)

MATFIELD SHALE

Blue Springs Shale Member

2 ft  lo inches        Unfossiliferous, yellow-green  mudrock
I  ft 4 Inches           Unfossiliferous, yellow-green  mudrock with

calcite nodules (paleocal iche)
5 ft 2 inches           Unfossi]iferous,  yellow-green mudrock and

shale
6 ft o Inches           Unfossiliferous,  mainly red mudrock;  layers of

green shale and mudrock 24 inches thick at  I
ft 6 inches, 3 ft 4 inches. and 5 ft below the top

I  ft 6 inches          Unfossiliferous, green and red mudrock (green
at top, red at the base)

0 f[ 9 Inches           Unfossiliferous, green  shale

Kinney Limestone Member

3  ft 4 Inches           Bed of shaly, calcitic dolomite, mudstone to
biopackstone.  porous  8 inches below the top,
ligh[-greenish-gray grading up to light-yellow
with dark spots; foraminifers, gastropods,

pelecypod fragments
4-5 ft Concealed
I  ft 6 inches           Thin-bedded limestone,  intraclastic (orange,

shaly lime mudstone), oncolite biowackestone-

packstone, light-yellow; Derbyia, crinoids,
echinoid fragments

Wymore Shale Member

4 ft 0 inches
0 ft 3 inches

3 ft 4 inches

3  ft 4 inches

Unfossiliferous, yellow-brown mudrock
Layer of shaly  lime mudstone with plant debris,
light-yellow-green :  lacustrine?
Unfossiliferous, yellow to browni sh-green
mudrock
Unfossiliferous, red shale and mudrock,
abundant calcite nodules ~ 1  ft 4 inches above
the base  (paleocaliche)

0 ft 7  inches

3  ft 4 inches

Maximum thickness of a bed of shaly  lime-
stone, biowackestone, erosional top, light-

greenish-brown; ostracodes:  Iacustrine?
Unfossi]iferous shale and mudrock:  light-green
in basal 7 inches, darker-green grading up to
lighter-green in  overlying 2 ft, interbedded red
and green in top 8 inches

VVREFORD LIMESTONE

Schroyer Limestone Member

0 ft 9.5  inches       Basal 4 inches unfossiliferous, green shale,

2 ft 0 inches

~1  ft 0 inches

6 ft 0 inches

overlain by  1  inch of shaly lime mudstone;
overlain by  2 inches of unfossiliferous, green
shale; top 2.5  inches of shaly lime mudstone;
limestones are light gray
Medium-bedded limestone, coarsens upward
from biowackestone-packstone to grainstone,
culTent-layered,  some green shale in interpar-
ticle pores in the grainstone,  ligh(-yellow to
light-gray,  scattered chert nodules at the base;
foraminifers, crinoids, brachiopod fragments
Cherty lime mudstone, yellow-brown
Concealed Havensville-Schroyer contact

Basal  Havensville

2 ft o inches           Unfossiliferous, grayish-yellow-brown
mudrock

Threemile Limestone Member

0 ft 4 inches           Basal  3  inches of fossiliferous, yellow-brown
mudrock overlain by  I  Inch of cherty, light-gray
lime mudstone; Reticulatia, echinoid fragments

1  ft 8  Inches           Thin-bedded, very cherty  hmestone, mudstone-
sparse biowackestone, hght-gray, some of the
chert is  laminated; crinoids, echinoid and
brachiopod fragments, ramose and fenestrate
bryozoans

I  ft 5  inches

2 ft 7  inches

I  ft 0 inches

Bed of limestone, porous biowackestone,
surface-dissolution  vugs, almost white; ramose
bryozoans, crmoids, spicules, brachiopod
fragments , fenestJate bryozoans
Bed of limestone, coarselis upward from
biowackestone to porous, coarse-grained
biowackes[one-packstone, ye] low-gray to
while,  layers of chert; ramose  bryozoans,
crinoids,  spicules, brachiopod fragments,
fenestrate bryozoans
Fossiliferous, calcitic,  yellow-brown  mudrock;
Reticulatia, Composita, cnnoids, pelecypod



I  ft 5 inches
fragments, Derbyia
Bed of limestone, coarsens upward from
biowackestone to biowackestone-packstone.
light-gray, chert nodules and layers of chert at
top and base; crinoids, brachiopod fragments,
spicules, echinoid fragments

SPEISER FORMATION
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yellow-brown in the top  I  ft; a  I.5-inches-thick
layer of shaly lime mudstone  1  inch below the
top. Fossiliferous zones with crinoids, Derbyia

6 ft o inches          Unfossiliferous, red mudrock; 3 inches below
the top is a 4-inches-thick layer of green shale

I  ft 7  inches Basal  8 inches of reddish-green, unfossiliferous
shale overlain by  11  inches of beige

paleocaliche

3 ft o inches          Mudrock, dark-gray-green and unfossiliferous          Funston Limestone at the base of the exposure
in the basal 2 ft, fossiliferous and greenish-

Measured Section Number: 116

Location: Roadcut, east side of US-77, in SW NE sec. 29, T.  10
S., R. 5 E., ~ I  mi southeast of the town of Milford, Geary
County, Kansas
VINFIELD LIMESTONE

Cresswell Limestone Member

I  ft o inches          Thin-bedded limestone, mudstone to sparse
biowackestone, light-yellow; echinoid flag-
ments, crinoids

Grant Shale Member

8 ft o inches          Calcitic mudrock with lenses of shaly mudstone
and biowackestone, bioturbated and fossilifer-

Stovall Li mestone Member

1  ft  I  inch               Bed of limestone, mudstone, light-gray. with
light-gray chert nodules; Derbyia, Reticulatia,
fenestrate and ramose bryozoans

DOYLE SHALE

Gage Shale Member

8 ft o inches          Light-gray, unfossiliferous mudrock
9 ft 6 inches          Unfossiliferous, red mudrock and siltstone,

some layers of green shale; sporadic 4-inches-
thick lenses of light-greenish- gray, shaly lime
mudstone at the top

ous, yellow-gray; Derbyia, Composita, crinoids,       6 ft o inches

planispiral gastropods, ramose and fenestrate
bryoroans

Measured Section Number: 117

Unfossiliferous. light-grayish-green mudrock,
local aureoles of red shale

Towande Limestone Member-xposed in the roadcut 0.25 mi to
the south along US-77

Location: Roadcuts, both sides of us-77, in sE NE see. 7,T.10         6 ft o inches
S., R. 5 E., Geary County, Kansas

Comment: There is no Cresswell at this locality

WINFIELD LIMESTONE

Luta Member
(probable top of the member)

2 ft o inches          Very thin bedded, shaly dolomudstone, light-

Iray
3 ft o inches          Thin-bedded, shaly dolomudstone, some

calcite-quartz-anhydrite nodules and vugs from
their dissolution; the rocks are laminated
(cryptalgal) in the upper I  ft 4 inches, with
layers of foraminiferal-intraclastic
dolopacketone, light-gray

6 ft 6 inches          Thick-bedded dolomudstone, cryptalgal-
laminated. abundant calcite-quartz-anhydrite
nodules and vugs from their dissolution, light-

gray

Very thick bedded dolomudstone, the top 1  ft 4
inches with calcite-quartz-anhydrite nodules
and vugs from their dissolution. Iigh(-gray; rare
brachiopod fragments

Grant Shale Member

8 ft o inches           Sparsely fossiliferous (in the basal 2-3 ft) silty
mudrock, light-yellow-gray with orange streaks,
altd the upper 5 ft contains abundant "cauli-
flower" quartz geodes and laminae of palisades
calcite; pectinid casts

Stovall Limestone Member

I  ft I  inches          Bed of limestone, mudstone-sparse
biowackestone, light-gray, with light-gray cher(
nodules., Reticulatia, Derbyia, fenestrate
bryozoans
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Measured Section Number: 118

Locatlon; Exposures along Illinois creek on Bryce Hunt Farm, in        16 ft o inches
NW NE sec.  35, T.  13 S., R.  9 E., Wabaunsee County,  Kansas

Comment: In the slope above this outcrop is a few feet of
concealed Havensville section (perhaps as much as 34 ft), and
then rubble of cherty (Schroyer) limestone

WREFORD LIMESTONE
7 ft 0 inches

Threemile Limestone Member: "Reef facies" referred to in the
text

2 ft 6 inches          Bed of limeslone, porous, fine-grained
biowackestone, soft and chalky, light-yellow ;
ramose bryozoans, lesser crinoids and brachio-

pod fragments

Measured Section Number: 119

Bed of porous limestone that coarsens upward
from fine-grained, sparse biowackestone in the
basal to middle  12 ft, to fine-grained
biowackestone-packstone in the top 4 ft; soft
and chalky, light-yellow.  Rocks contain
fenestrate bryozoans and lesser ramose
bryozoans , crinoids , foraminifers, brachiopod
fragments
Bed of limestone, porous, fine-grained, sparse
biowackestone, soft and chalky;  light-yellow;
appears to be syndepositionally brecciated at
the top;  the basal 4 ft weathers recessively
along the creek bed. Rocks contain fenestrate
and ramose bryozoans. lesser crinoids and
brachiopod fragments

I  ft o inches          Bed of sparse biowackestone, porous,light-

gray, chert nodules ; brachiopod fragments,
crinoids , bryozoans:  nonreef facies

Location:  Roadcuts, SW SE sec.  24, T.13 S., R. 9 E., near Bryce
Hum Farm, Wabaunsee County, Kansas

WREFORD LIMESTONE

Threemile Limestone Member

5 ft 6 inches          Bed of limestone, very porous and appears to be
brecciated, fines upward from biowackestone at
the base to mudstoTie in the middle, and then
coarsens upward to sparse biowackestone, soft
and chalky, light-yellow ; fenestrate bryozoans,
lesser crinoids, brachiopod fragments, ramose
bryozoans , high-spired and planispiral gastro-

pods. This bed is the "reef facies" referred to in
the text

I  ft 4 inches

2 ft 0 inches

crinoids, brachiopod fragments, i ncluding

juvenile Composita
I  ft  lo inches        Thin-bedded limestone, sparse biowackestone,

light-yellow, layers of chert; crinoids and
brachiopod fragments, lesser fenestrate and
ranose bryozoans

I  ft 8 inches          Bed of limestone, porous biowackestone,
brownish-yellow.  slightly  shaly ; brachiopod
fragments, crmoids, bryozoans

I  ft 2 inches           Thin-bedded limestone, biowackes[one,  light-

yellow, layers of chert; crinoids, brachiopod
fragments

SPEISER FORMATION

3 ft 8 inches          Fossi]iferous, yellow mudrock; Derbyia,
Bed of limestone, biowackestone to fine-

grained packstone, porous, light-gray, chert
nodules at the top and a thin layerofchert at the       2 ft 4 inches
base; bryozoans, crinoids, brachiopod frag-
ments
Bed of limestone, mudstone-sparse
biowackestone, light-yellow, chert nodules;

Measured Section Number: 120

I  ft 2 inches
3 ft 0 inches

Reticulatia, crinoids, echinoid fragments,
ramose and fenestrate bryozoans
Unfossiliferous. light-yellow-green mudrock
Unfossiliferous, green mudrock
Unfossiliferous, dark-red mudrock

Location:  Roadcut on I-70, north side, in sec. 29, T.  I I  S., R.  10
E., 3.75 mi east of the Wabaunsee-Riley County line, Wabaunsee
County, Kansas

ih/REFORD LIMEsroNE

Havensville Shale Member

I  ft 4 inches          Platy-bedded, shaly limestone, biowackestone,

basal  10 ft: dark-gray  in the basal  10 ft,
brownish-yellow in the top 6 ft

I  ft 4 inches          Basal 8 inches of dark-gray, fossiliferous
mudrock, overlain by 8 inches of thin-bedded,
shaly limestone, coarse-grained biopackstone,
medium-yellow-gray ; crinoids, Derbyia, high-
spired gastropods , Septimyalina. Aviculopecten

Threemile Limestone Member
splotchy yellow-gray; brachiopod fragments

16 ft o inches        Mostly concealed, silty mudrock and shale, not         0 ft 8  Inches           Thin-bedded, shaly limestone, coarse-grained
obviously fossiliferous but with narrow                                                             biopackstone, yellowi sh-light-gray ; crinoids,
horizontal burrows on bedding planes in the                                                  brachiopod fragments



2 ft 4 inches

2 ft 2 inches

Bed of limestone, sparse biowackestone, white.        0 ft 7 inches
abundant spherical, angular and oval chert
nodules, some laminated in the lower half of the
unit; crinoids, brachiopod fragments
Thick-bedded limestone, porous mudstone-
sparse biowackestone, white, abundant
spherical chert nodules in the basal bed;
crinoids , brachiopod fragments

1  ft  lo inches        Medium-to thin-bedded limestone, fines
upward from coarse biopackstone in the basal
few inches, to biowackestone above, whi[e;
chert nodules in the lower half, layers of chert
in the upper half. Rocks contain crinoids,
brachiopod fragments

Measured Section Number: 121
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Fossiliferous.  light-gray mudrock;  brachiopod
fragments, cnnoids, echinoid fragments,
bryozoans

I  ft ll  inches        Bed of limestone, shaly biowackestone in basal
2 inches,  light-yellow-gray, overlain by white,
sparse biowackestone that coarsens upward to
biowackestone-packstone ; layers of chert
nodules throughout the section. Rocks contain
crinoids, bryozoans, brachiopod fragments

SPEISER FORMATION

I  ft o inches          Fossiliferous, gray mudrock; Derbyia, crinoids,
bryozoans

Location: Roadcut on Clay County Road 857, west side, in NE
see.  19, T.10 S., R. 4 E„ Clay County,  Kansas

VINFIELD LIMESTONE

Cresswell Limestone Member

3 ft 4 inches           Basal 5 inches of thin-bedded limestone,  sparse
biowackestone, light-yellow, overlying bed Of
sparse biowackestone with lenses of
biowackestone-packstone, bioturbated, light-

Measured Section Number: 122

yellow ; crinoids, Derbyia. Composita,
Reticulatia, echinoid fragments, fenestrate
bryozoans

Grant Shale Member

6 ft o Inches          Badly weathered, calcitic mudrock and shaly
limestone, mudstone-biowackestone, fossilifer-
ous, gray; Derbyia. pectinid casts, echinoid
fragments , crinoids, Aviculopinna

Location:  Roadcuts on I-70,  south side, in center of sec.  29, T.  I I
S., R.  9 E.  (5.7 mi east of the intersection of I-70 and K-177),
Riley County. Kansas

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft o inches          Thin-bedded, very cherty limestone.
biowackestone, light-yellow-brown, layers of
chert; crinoids, echinoid fragments, Chonetes,
Composita

I  ft 3  Inches           Thin-bedded limestone, sparse biowackestone,
light-brown,  silicified fossils. nodules of soft,
white calcite and quartz; fenestrate bryozoans,
Composita, Reticulatia. echinoid fragments

~3 ft 6 inches        Concealed Havensville-Schroyer contact

Havensville Shale Member

I  ft 8 inches          Platy-bedded, shaly limestone, mudstone,
silicified fossils, splotchy medium-gray and

yellow ; crinoids , brachiopod fragments
2 ft o inches-       Thick-bedded, light-yellow limestone,

10 ft 8 inches      porous biopackstone-grainstone, current-
layered and locally low-angle cross stratified;
some yellow shale in the rna    x at the top of the
unit, and a few inches of shaly biopackstone at
the base. The unit thins to the west along the
outcrop. Upper beds with Derbyia, Juresania,
Chonetes, Reticulatia, Aviculopecten,

Bellerophon; remainder of the unit with
foraminifers , Reticulatia, Chonetes, Composita.
cnnoids , bryozoans, gastropods, fenestrate and
ramose bryozoan§ , pelecypod molds

I  ft  11  inches        Fossiliferous mudrock, dark-gray in the lower
few inches, grading up to splotchy yellow-gray
to yellow shale; Derbyia and Composita at the
base, Derbyia and crinoids in the middle,
crinoids at the top

Threemile Limestone Member

3 ft o inches          Basal 2 ft 8 inches bed of sparse
biowackestone, white, abundant spherical,
angular and oval chert nodules, some of them
laminated in the lower half of the unit; top 4
inches is shaly, thin-bedded muds[one. Rocks
contain ramose bryozoans, crinoids, brachiopod
and echinoid fragments

2 ft 2 inches          Thick-bedded limestone, porous mudstone-
sparse biowackestone, white, chert nodules,
spherical  in the basal bed: crinoids, echinoid
and brachiopod fragments, spicules, fenestrate
bryozoans

1  ft  L0 inches        Medium-to thin-bedded limestone, fines
upward from coarse-grained biopackstone in
the basal few inches, to biowackestone, white;
chert nodules in the lower part, layers in the
upper part. Rocks contain Juresania. Composita,
crinoids, fenestrate bryozoans. echinoid
fragments, spicules
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0 ft 7 inches

1  ft  I I  inches

Basal 4 inches of fossiliferous, gray shale,
overlain by 3 inches of coarse-grained, shaly
biopackstone, yellow-gray; ramose bryozoans
and crinoids in the shale; Derbyia, Composita,
Reticulatia. crinoids, and echinoid fragments in
the limestone
Bed of limestone, fines upward from shaly
biowackestone in the basal 2 inches to sparse
biowackestone above, and then coarsens

Measured Section Number: 123

upward to fine-grained biopackstone, white,
chert nodules ; crinoids, Composita, bryozoans

SPEISER FORMATION

I  ft o inches          Fossiliferous. gray mudrock; Derbyia. crinoids,
echinoid fragments, bryozoans

Location: Roadcuts on I-70, north side, in center W/2 see. 7, T.
I I  S„ R. 9 E., 0.85 mi west of the Riley-Wabaunsee County line,
Riley County, Kansas

WREFORD LIMESTONE

Schroyer Limestone Member

0 ft lo inches        Float of porous biopackstone, white; foramini-
fers

I  ft 2 inches          Thin-bedded limestone, biowackestone,
biorurbated, yellow to white, chert nodules at
the (op replace burrows; echinoid fragments,
lesser cnnoids and brachiopod fragments

1  ft 4 inches          Fossiliferous. calcitic,  light-yellow mudrock;
crinoids. juvenile Composita

Measured Section Number: 124

2 ft 2 inches          Thin-to medium-bedded (upsection) limestone,
fines upward from biopackstone to
biowackestone-packstone, light-yellow to
white, layers of chert ; fenestrate bryozoans,
Composita, Derbyia, Reticulatia, echinoid
fragments

0 ft 6 inches           Fossiliferous, light-gray shale; crinoids,
Composi,a

1 ft  lo inches        Medium-to thin-bedded limestone, mudstone.
white, layers of chert, porous above the first
chert; crinoids, brachiopod fragments

Havensville Shale Member

0 ft 6 Inches          Unfossiliferous, greenish-yellow shale

Location: Roadcut on Kansas-177, east side, in SW see.  21. T.  I I
S., R.  8 E., Riley County, Kansas

FLORENCE FORMATION

4 ft o inches          Thick-to medium-bedded limestone, mudstone-
sparse biowackestone, very porous in middle,
light-yellow, discontinuous layers of chert;
fenestrate bryozoans, cnnoids, Reticulatia

I ft 4 inches          Medium-to thin-bedded (upsection) limestone,
fine-grained biowackestone, light-yellow. chert
layers ; crinoids, fusulinids. bryozoans,
brachiopod fragments

2 fl 6 inches          Bed of limestone, porous mudstone-sparse
biowackestone, light-yellow, chert nodules to
discontinuous layers; crinoids, brachiopod
fragments

I  ft o inches          Fossiliferous, calcitic, yellow-brown mudrock,
chert nodules in the upper half; crinoids,
Reticulatia, Derbyia, Composita

Cole Creek Member

I  ft 6 inches          Basal  I  ft  I  inches of fossiliferous, yellow,
calcitic mudrock. Overlain by 5-inches-thick
bed of shaly lime mudstone, light-yellow. Shale
with Reticulatia, fenestrate bryozoans,
Aviculopecten; limestone with rare crinoids and
brachiopod fragments

MATFIELD SHALE

Blue Springs Shale Member

0 ft 8 inches          Fossiliferous, orange-green shale; Chonetes,

planispiral and high-spired gastropods
I  ft 8 inches          Unfossiliferous, hard, light-gray mudrock with

orange-stained roots, 4-inches-thick layer of

green shale just above the base (paleosol)
4 ft o inches          Unfossiliferous, light-green mudrock; at  I  f[ 6

inches above the base is a 7-inches-thick,

prominent ledge of hard, compact, light-green
mudrock with rootcasts (paleosol)

7 ft 5 inches

I  ft  1  inch

I  ft 4 inches

2 ft 8 inches

Unfossiliferous, red mudrock: 7-inches-thick
layers of heavily rooted, silty red mudrock  I  ft,
2 ft 5 inches, and 3 ft above the base. separated
by green shale; and a I  ft 8 inches thick layer of
the same at 5 ft above the base. with large
rootcasts and glaebules (these are paleosols)
Unfossiliferous mudrock:  I-inch-thick ledge of
hard, green mudrock at the base, and two  L-
inch-thick ledges of green mudrock at the top,
separated by red mudrock
Basal 9 inches of heavily rooted, red mudrock
(paleosol) overlain by 7 inches of green
mudrock with haloes of red. all unfossiliferous
lnterbedded, unfossiliferous shale : basal layer is
black, overlying layers are green, interspersed
with layers of compact, light-green mudrock

(paleosols)



I  ft 8 inches           Unfossiliferous, green mudrock with hai'd
layers of palisades calcite

2 ft 2 inches          Unfossiliferous, yellow-green mudrock with
laminae of palisades calcite

I  ft 4 inches          Unfossiliferous mudrock with laminae of

palisades calcite, gray-green, the top 5  inches
with a redd]sh tinge

Kinney Limestone Member

6 ft 6 inches          Dark-gray mudrock, abundantly fossiliferous in
the basal  3 inches,  less so above, to rare fossils
at the top; basal 3 inches with Derbyia,
Juresania, ramose bryozoans, curved spines,
tnlobite fragments, j uvenile Composita;
overlying beds with Aviculopecten,
Septimyalina, top few inches with brachiopod
fragments

4 ft 8 inches

I  ft 8 inches

Sparsely fossiliferous , dark-gray mudrock
capped by  a 3-inches-thick layer of shaly  lime
mudstone, medium-gray ; scattered Derbyia
(maximum thickness):  Basal  1  ft of light-
yellow, calcitic, fossiliferous mudrock overlain
by 0-8  inches Tense of yellow-brown limestone
that coarsens upward from intraclastic

Measured Section Number: 125
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biopackstone to coarse-grained biograinstone:
A]torisma. Edmondia in the mudrock; foramim-
fers and lesser crinoids, oncolites, and brachio-

pod fragments in the limestone
2 ft  lo inches        Basal 2 ft 4 inches bed of limestone, coarsens

upward from intraclastic biopackstone (clasts of
lime mudstone) to coarser-grained
biowackestone-packstone, light-yellow-gray ;
the top 6 inches of this unit is flaggy-bedded,
shaly biowackestone, light-yellow-gray.
Brachiopod fragments, crinoids , Derbyia and
Allorisma in the massive bed; top 6 inches with
crinoids ,  Septimyalina

Wymore Shale Member

7 ft o inches          Unfossiliferous, laminated, silty mudrock,

3 ft 8 inches
0 ft 6 inches

calcitic, light-yellow
Unfossiliferous , light-green mudrock
Basal 4 inches of unfossiliferous, red shale
overlain by 2 inches of bright-green  shale,
unfossiliferous
Very close to the base of the Wymore because
the Schroyer is exposed a few hundred yards to
the north

Location: Roadcuts, both sides of K408 along Scenic Drive, in
SW SE see   15, T.10 S„ R. 7 E„ Riley County,  Kansas

MATFIELD SHALE

Wymore Shale Member

I  ft o inches          Unfossiliferous, light-green mudrock

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft  ll  inches        Thick-bedded limestone, very porous, very light

gray, coarsens upward from basal few inches of
mudstone up to biopackstone and then, at the
top, bio-grainstone with green shale in
interparticle pores ; pelecypod and brachiopod
fragments, ostracodes, crinoids ; gastropod-rich
at the top

I  ft 6 inches          Thin-bedded section: coarsens upward from
mudstone to biopackstone, almost white, chert
nodules, then fines upward to 4 inches of
fossiliferous, greenish-yellow shale ; brachiopod
fragments, crinoids, ramose and fenestrate
bryozoans

I  ft  I  inches           Fossiliferous,  yellow, calcitic mudrock;
Composita, crinoids, fenestrate and ramose
bryozoans, Chonetes, Reticulatia, echinoid
fragments

2 ft 8 inches          Bed of limestone, biopackstone, very light gray,
thick layers of chert; brachiopod fragments,
crinoids, ramose bryozoans

1  ft 2 inches           Recessive bed of limestone, mudstone-sparse
biowackestone, light-gray, chert nodules ;

brachiopod fragments, crinoids, curved spi nes,
ramose bryozoans

Havensville Shale Member

3 ft 6 inches

I  ft 0 inches

I  ft 4 inches

1  ft  10 inches

I  ft 7 inches

I  ft 2 inches

5 ft 0 inches

5 ft 0 inches

0 ft 8  inches

Varved light-yellow and dark-gray shale,
sparsely fossiliferous in the lower half,
scattered "cauliflower" quartz geodes through-
out;  lingulids

Unfossiliferous shale, varved dark-gray and

ye]]Ow
Bed of shaly limestone, fines upward from
biowackestone to mudstone, platy-bedded at
top, yellow; brachiopod fragments, crinoids,
ramose bryozoans, oncolites. ramose and
fenestrate bryozoans, Derbyia
Basal 2 inches layer of sparse, shaly
biowackestone, overlain by sparsely fossllifer-
ous, medium-to light-gray mudrock; crinoids.
LinguLids

Sparsely fossil]ferous,  silty shale, grades
upward from dark-greenish-gray to black ;

pelecypod molds
Thin-bedded limestone, fines upward from fine-

grained biopacks(one to mudstone. ye]]ow-gray;
brachiopod fragments , crinoids, Permophorus,

pectinid casts
Un fossil iferous, light-yellowish-green mudrock,
calcite nodules (paleocaliche); top  I  ft 8 inches
contains thin layers of knobby, calcite-cemented
shale (paleocaliche)
Very sparsely fossiliferous, very dark greenish

gray to black shale to mudrock; Permophorus
Fossiliferous mudrock, mottled light- and dark-

gray ; unidentifiable skeletal fragments
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Threemile Limestone Member

I  ft 3 inches          Bed of limestone, space biowackestone, light-

gray, chert layers in lower half; ramose
bryozoans, lesser crinoids, brachiopod and
echinoid fragments

2 ft 0 inches

2 ft 4 inches

Medium-bedded limestone,  very porous
biowackestone, very light gray (orange-stai ned

pores), scattered chert nodules in upper half;
crinoids, brachiopod fragments, ramose
bryozoans, echinoid fragments
Medium-bedded limestone` fines upward from
biowackestone-packstone in basal few inches,
to biowackestone, porous in the middle, very
light gray, chert layer at top, discontinuous
layers and nodules below; crinoids, Composita.
fenestrate bryozoans,  spicules

0 ft  lo inches        Basal 6.5  inches ofunfossiliferous, yellow shale
overlain by 3.5 inches of fossiliferous, calcitic,

Measured Section Number: 126

I  ft 8 inches

yellow mudrock, chert nodules; large samples
of crinoids, Chonetes, Derby i a, Reticulatia,
Composita
Bed of limestone, mudstone, very light gray,
chert nodules in lower half, thick layer of chert
toward the top; crinoids, brachiopod fragments,
foraminifers, sp]cules

SPEISER FORMATION

2 ft 8 inches

0 ft 8 inches

3 ft 0 inches

9 ft 0 inches

Fossiliferous, calcitic, yellow-gray mudrock;
Chonetes, Derbyia, Reticulatia, cnnoids,
ramose and fenestrate bryozoans, pectj mid casts
Bed of shaly hmestone, fine-grained
biowackestone-packstone, bioturbated,  light-

yellow ; brachiopods, crinoid fragments
Unfossiliferous, yellow-green and gray
mudrock, abundant calcite nodules
(paleoca]iche)
Interbedded red and light-green mudrock,
unfossiliferous

Location: Roadcuts, "Top of the World," on K-I 13, west side, in
SE NW sec.  35. T. 9 S., R. 7 E„ Riley County, Kansas

Comment: The section continues up to include some cherry
Florence limestone,  which was fully described at measured
section  127

FLORENCE FORMATION

Cole Creek Member

2 ft o inches          Poorly exposed, fossiliferous, calcitic mudrock
and shaly mudstone-biowackestone; pelecypod
fragments

MATFIELD SHALE

Blue Springs Sliale Member

5 ft 8 inches          Unfossiliferous, green mudrock
ll  ft o inches        Interbedded red and green mudrock

Kinuey Limestone Member

I  ft 4 inches          Thin-bedded,  shaly limestone, porous, coarsens
upward from mudstone to biopackstone, very
light gray, green  shale in the matnx; foramini-
fers. pelecypod and gastropod fragments and
molds

4 ft 0 inches

6 ft 0 inches

Unfossiliferous, light-yellow-green shale,
locally  varved;  I  ft below the top is a 2-3-
inches-thick layer of porous,  intraclastic
biopacketone (clasts of shaly lime mudstone).

yel low-gray (foraniinifers)
Unfossiliferous, dark-gray mudrock and shale,
some layers are tarnish-yellow; at the base are
4-inches-thick lenses of very hard,  shaly lime
mudstone, yellow to medium-gray

3 ft 8 inches
I  ft  1  inches

0 ft 8 inches
2 ft 0 inches

Unfossiliferous, fissile, dark-gray shale
Thin-bedded.  shaly limestone, intraclastic

(orange,  shaly lime  mudstone) biopackstone,
porous, light-yellow-gray ; foraminifers,
gastropods, pelecypod fragments
Unfossiliferous, medium-gray to yellow shale
Bed of shaly limestone, intraclastic Tnudstone

(yellow,  shaly lime mudstone),  mottled light-

yellow and gray; crinoids, brachiopod frag-
ments

Wymore Shale Member

6 ft 2 Inches

1  ft  10 inches

1  ft 6 inches
2 ft  10 inches

I  ft 7  inches

I  ft 3  inches
4 ft 0 inches

Basal 2 inches of brecciated, very porous, shaly
lime mudstone, with calcite-lined vugs and
secondary calcite veins; overlying 6 ft of poorly
exposed, light-yellow, calcitic mudrock.
unfossiliferous
Unfossiliferous, light-yellow-green  shale, fissile
to I)laty

Unfossiliferous, green mudrock
Basal  I  ft 6 inches unfossiliferous, green
mudrock overlain by  I  ft 4 inches light-gray,
vertic paleosol
Unfossiliferous. red mudrock and shale. paper-
thin calcitic laminae in the basal half
Reddish-green-gray paleacaliche
Unfossiliferous mudrock. green, with some
layers of red in the upper half

WREFORD LIMESTONE

Schroyer Limestone Member

I  ft 6 inches           Bed of limestone, porous bio|}ackstone, yellow;

gastropod-rich



Measured Section Number: 127

Location: Roadcut on US-24 (Tuttle Creek Boulevard). both
sides,  in NW SE sec.  21, T. 9 S.,  R.  7 E„ Riley County,  Kansas

DOYLE SHALE

Holmesville Shale Member

2 ft  lo inches        Bed of very porous limestone, coarse-recrystal-
Lized. calcite-filled and/or lined vugs,  yellow-
brown

I  ft 8 inches           Thin-bedded limestone, hard, coarse-recrystal-
lized mudstone, calcite-filled and/or lined vugs.

yellow-brown
5 ft o inches           Unfossiliferous, light-yellow, calcitic shale,

laminated

FORT RILEY FORMATION

I  ft 7  inches           Thin-bedded,  shaly calcitic dolomite, interbeds
of dolomudstone with desiccation cracks and
dolobiowackestone-packs[one, fining upward to
dolomud§tone, poroiis ,  light-yel low; pelecypod
molds and fragments, crinoids. gastropods,
Permophorus

2 ft 4 inches          Thin-bedded, shaly dolomudstone, laminated
and porous, celestite molds and calcite-lined
vugs, yellow

I  ft 2 inches           Very thin bedded shaly limestone,  mudstone,
laminated, porous, light-yellow

I  ft 8  inches           Sparsely fossiliferous, medium-gray, calcitic
shale,  locally varved, fissi]e;  lingulids

2 ft o inches          Bed of limestone, very porous biopackstone,
orange; crinoids

2 ft 4 inches          Thin-to medium-bedded, shaly calcitic
dolomudstone, porous (likely from the
dissolution of evaporite nodules),intraclastic at
base, highly jointed. light-yellow

2 ft 8 inches-
3 ft 0 inches

I  ft 7 inches

Medium- to massive-bedded limestone,

porous and jointed, bioturbated, fines upward
from biopacks[one to biowacke-stone, I ight-

yellow; prominent stylolite at the base.  Rocks
contain forami nifers, crinoids, Composita,
Derbyia, ramose bryozoans, echinoid frag-
ments, Reticulatia. This bed is the Fort Riley
main ledge referred to in the text
Fining-upward section from thin-bedded, sha]y
limestone, biowackestone. to fossiliferous,

yellow, silly mudrock; Derbyia, Reticulatia,
Composita, crinoids, echinoidfragments,
ramose bryozoans

0 ft 8 inches           Sparsely fossiliferous,  silly, yellow-brown

mudrock; crinoids, brachiopod fragments
I  ft 4 inches          Thin-to medium-bedded, shaly limestone, fines

upward from biopackstone to biowackestone,
splotchy medium-gray and yellow; brachiopod
fragments. crinoids

FLORENCE FORMATION

Oketo Shale Member

5 ft 8 inches           Very fossiliferous and silty  mudrock, generally
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dark-gray although some lenses are yellow-

gray; 4-inches-thick layer of shaly, silty
biowackestone, yellow-gray, just below the
middle. Rocks contain ramose bryozoans,
crinoids ,  Re[iculatia, high-spired gastropods,
Derbyia, Meekella, Composita, Amphiscapha,
Allorisma, Crurithyris

Middle part of the formation

I  ft  lo inches        Bed of limestone, biowackestone with large
fossil fragments, weathers platy-bedded at top,
light-yellow, chert nodules in the lower half;
echinoid fragments, lesser crinoids and
bracliiopod fragments

2 ft 3 inches           Fossiliferous, calcitic, yellow  mudrock; curved
spines, echinoid fragments

3  ft 8 inches           Medium-to thick-bedded (upsection) lime-
stone, bioturbated biowackestone-packstone,
shaly at base, some vertical burrows in the
middle bed (replaced by chert), yellow, chert
nodules; brachiopod fragments and crinoids,
lesser ramose bryozoans and echinoid frag-
ments

I  ft  ll  inches         FossilifeTous, calcitic mudrock to shaly lime
mudstone in the lower half,  all  mudrock in the
upper half, yellow; ramose bryozoans, crinoids,
Composita, Derbyia,  Reticulatia, fenestrate
bryozoans

3  ft 6 inches

I  ft 6 inches

4 ft 8  inches

I  ft 6 inches

Bed of limestone, biowackestone, I ight-yellow,
chert nodules; ramose bryozoans and crinoids,
brachiopod fragments, fenestrate bryozoans
Very  shaly lime mudstone in the basal half,
caLcitic mudrock in the upper half. bioturbated,

yellow, fossiliferous; ramose bryozoans,
brachiopod fragments , crinoids
Medium-bedded limestone, biowackestone,
light-yellow, chert nodules and layers; crinoids,
ramose bryozoans, brachiopod fragments
Medium-[o thin-bedded (upsection) limestone,
very porous mudstone, very light gray; crinoids,
brachiopods, ramose bryozoans, rare riigose
corals

5 ft  lo inches        Basal 2 inches ofcalcitic, yellow shale overlain
by medium-bedded limestone, porous mud-
stone-sparse biowackestone, very light gray to

yellow-gray, discontinuous layers of chert and
cheil nodules in the middle; ramose bryozoans,
cn noids , brachiopod fragments , fenestrate
bryozoans, spicules

4 ft 0 inches Medium-bedded limestone, fi nes upwal'd from
biowackestone to mudstone, porous in basal
half, very light gray to yellow-gray, discontinu-
ous layers of chart, some chert nodules near the
top; fenestrate bryozoans, echinoid fragments ,
crinoids, Derbyia, Reticulatia, Composita,
ramose bryozoans: Chonetes and fusulinids at
the top

I  ft  ll  inches        Basal7  inchesandtop4inchesofcoarse-

grained biowackestone-packstone with red
fossils,  light-yellow, separated by 4 inches of
fossiliferous, yellow, calcitic mudrock ; Derbyi a,
Reticulatia, Composita, Chonetes, crinoids ,
fenestrate and ramose bryozoans
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Cole Creek Member

I  ft  lo inches        Basal 5 inches ofshaly limestone, intraclastic
biowackestone, bioturbated, medium-grayish-

yellow; overlain by  I  ft 5 inches fossilife[ous
calcitic mudrock to shaly lime mudstone,
bioturbated, light-yellow. Rocks contain
Derbyia,Reticulatia, Composita, crinoids,
ramose and fenestrate bryozoans

Measured Section Number: 128

MATFHLD SHALE

Blue Springs Fomation

I  ft 8 inches          Basal 4 inches unfossiliferous, green shale
overlain by 8 inches fossiliferous, calcitic.

yellow-brown mudrock ; pelecypod fragments

Location: Roadcut on Umon Road, east side, 0.6 mi north of
Walsburg, in SW NW sec. 31, T. 7 S., R.  6 E„ Riley County,
Kansas

WINFIELD LIMESTONE

Luta Member

7 ft 6 inches           Medium-to thin-bedded (upsection) shaly
limestone,  mudstone,  with vugs, tight-yellow,
thin lenses Of biowackestone in the bed 2 ft
below the top; crinoids, brachiopod fragments

lnterbedded Cresswell and Luta

1  ft  lo inches        Bed of limestone, porous mudstone (Luta
lithology) with lenses of biowackestone.

biowackestone-packstone, light-yellow ; upper
half is Luta lithology-light-yellow, shaly lime
mudstone. Rocks contain crinoids, brachiopod
fragments

Grant Shale Member

8 ft o Inches           Fossiliferous, light-greenish-gray  mudrock;
crinoids, echinoid fragments, Composita,
Derbyia. Reticulatia

Stovall Limestone Member

I  ft 3 inches          Bed of limestone, biowackestone, light-gray,
chert nodules ; ramose bryozoans , echi noid
fragments, fenestratebryozoans, brachiopod
fragments

bioturbated, light-yellow (Cresswell lithology) ;
crinoids, lesser echinoid fragments, Composita,        DOYLE SHALE
Derbyia

1  ft o inches          Bed of limestone, shaly mudstone, light-yellow-       Gage shale Member

gray:  Luta lithology; crinoids
2 ft 4 inches          Thick-bedded, shaly limestone: basal  I  ft 4

inches is Cresswell lithology-porous

Measured Section Number: 129

8 ft o inches          Mostly concealed, light-yellow-gray mudrock

Location: Exposures along North Otter Creek, center E/2 SW sec.
17, T.  6 S., R. 6 E., Riley County, Kansas

MATFIELD SHALE

K]nney Limestone Member

2 ft o inches          Very thin bedded, shaly limestone, fines upward
from lime mudstone to very shaly mudstone-
calcitic shale, light-yellow-gray; crinoids,

WREFORD LIMESTONE

Schroyer Limestone Member

2 ft 4 inches          Medium-bedded limestone, porous, coarsens
upward from biopackstone in basal  I  ft 8
inches, to biograinstone with green shale in
interparticle pores and vugs, yellow to light-

gray ; foraminifers. crinoids
2 ft 4 inches

brachiopod fragments
2 ft 2 inches          Bed of shaly limestone, biowackestone-

packstone, bioturbated, intraclastic at base
(clasts are orange, shaly lime mudstone), light-          1  ft 2 inches
yellow ; crinoids, brachiopod fragments

Wymore Shale Member

7 ft 0 inches

7 ft 0 inches

1  ft 0 inches

Unfossiliferous mudrock, top 2 ft 8 inches

yellow, dull-grayish-green below
UnfossiLiferous, deep-red mudrock, some thin
layers of green shale
Unfossiliferous, green shale

Unfossilferous, dolomitic mudrock, the basal  1
ft I  inch dark-gray and the top  I  ft 3 inches is
light-gray ; calcite-quartz-anhydrite nodules
throughout
Thin-bedded limestone, biowackestone-

packstone, light-gray, chert nodules ; crinoids,
fenestrate and ramose bryozoans, echinoid
fragments, Composita, Reticulatia. Derbyia

o fi  lo inches        Fossiliferous, medium-gray shale; Chonetes,
crinoids, Derbyia, Composita. echinoid
fragments

I  ft 3 inches Layers of chert at top and base, limestone in the
middle, biopackstone,  light-gray; crinoids.
brachiopod fragments
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Measured Section Number: 130

Location:  Streambank exposures  along Swede Creek, on the
Nelson Farm, in W/2  sec. 6. T.  6 S., R.  7  E„ due south of Toburen
Road and due west of Flat Rock Road, Riley County, Kansas

FLORENCE FORMATION

7 ft 9 inches           Thick-to medium-bedded (upsection)  lime-
stone.  sparse biowackestone,  light-yellow, basal
3  inches with angular nodules of brecciated-
appearing chert, overlying section with large
chert nodules:  ramose bryozoans, brachiopods

4 ft 3  inches           Thick-bedded limestone.  spal.se biowackestone.
light-yellow, discontinuous layers and nodules
of chert; ramose bryozoans, brachiopod
fragments, fusulinids in the  middle

Cole Creek Member

0 ft  lo inches         Fossiliferous, light-yellow, bioturbated
mudrock, rare small chert nodules at the top

(extending down from overlying limestones);
crinoids, ramose and fenestrate bryozoans,
Chonetes

3 ft 8 inches           Basal  1  ft 2 inches bed of intraclastic

MATFIELD S HALE

Blue Springs Shale Member

I  ft  5  inches

6 ft 4 inches

I  ft 0 inches

0 ft 8  Inches

2  ft  I I  Inches

I  ft 6 inches

biowackestone-packstone (clasts of yel low
shale and gray  mudstone-foraminiferal
wackestone),  vugs, yellow.  Overlying thick bed         I  ft o Inches
of shaly lime  mudstone, light-yellow-gray.
Rocks contain Allorisma, crinoids,  Reticu|atia            I  ft 8  inches

Measured Section Number: 131

Unfossiliferous mudrock, basal  I  ft very coarse
blocky, light-greenish-gray, top 4-5  inches black

paleosoI
Unfossiliferous, green mudrock and shale;

prominent 8-inches-thick layer of llght-greenish-
gray, calcitic mudrock with coarse blocky texture,
the top of which is 32 inches below the base of
the Florence (paleosol)
Unfossiliferous  mudrock, basal 34 inches green,
silty and red above
Unfossi I iferous, light-grayish-red, silty mudrock
with glaebules, green shale-filled rootcasts

(paleosol)
Unfossiliferous mudrock, basal 3  inches soft.

green;  overlying 2 ft 8 inches is a ledge-foming
bed of red, silty mudrock, the top 2-3 inches of
which is oxidized to light gray and with rootcasts.
Green shale-filled rootcasts throughout the
section (paleosol)
Unfossiliferous,  red, silty mudrock, ledge-former,
breaks into large blocks, fines upward to shale;

green  shale-filled rootcasts throughout (paleosol)
Unfossiliferous, green mudrock, coarse blocky
texture
Unfossiliferous red, silty mudrock, ledge-fomer`
coarse blocky texture

Location: Cutbank exposures on Swede Spnng, on Nelson Farm,
in center N/2 S/2 scc.  I , T.  6 S., R. 6 E„ due north of Toburen
Road, Riley County,  Kansas

FORT RILEY FORMATION

0 ft 4 inches           Bed of porous  limestone, biopackstone-

grainstone,  orange; foraminifers, crinoids,
brachiopod fragments

4 ft o inches           Thick-bedded, very porous limestone,
biowackestone,  bioturbated,  light-yellow  in
lower half,  light-yellow-gray in upper half;
crinoids, foraminifers,  Derbyia, echlnoid
fragments. This bed is the Fort Riley main
ledge refelTed to in the text

I  ft 6 inches           Basal  8 inches platy-bedded,  sparse
biowackestone, yel low-brown, bioturbated; top
10 inches  is  fossiliferous, yellow-brown,
calcitic mudrock to shaly biowackestone. Rocks
contain crinoids, Reticulatia, Derbyia, echinoid
fragments, Amphiscapha

FLORENCE FORMATION

Oke[o Shale Member

4 ft 5  inches           Fossiliferous, yellow-brown mudrock with
lenses of shaly lime mudstone to sparse
biowackestone, mottled medium-gray and

0 ft 8  inches
I  ft 5  inches

yellow-brown; the mudrocks are fossiliferous  in
only the upper half of the unit.  Rocks contain
crmoids,  pectinid casts, Reticulatia, Derbyia
BIack,  silly mudrock; rare crinoids
Fossiliferous  (except in basal few Inches),
calcitic mudrock to shaly biowackestone,
medium-gray;  crinoids, echinoid fragments,
Meekella, ramose bryozoans, Derbyia

Middle part of the formation

I  ft 5  inches

I  ft 8  inches

I  ft  I  inches

2 ft 9  inches

Bed of limestone, coarsens upward from shaly
muds[one  in basal 6 inches` to coarse
biowackestone-packstone above, medium-gray,
scattered chert nodules: echinoid fragments,
crinoids,  fenestrate and ramose bryozoans,
some oncolites, Derbyia, Reticulatia, Myalina
Unfossiliferous,  very dark gray to black, silty
shale, top 7  Inches with thin layers of skeletal

debris ; crinoids ,brachiopod fragments,
fenestrate and ramose bryozoans
Basal  10 inches of fossiliferous, yellow-brown,
calcitic  mudrock.  Overlain by  3  inches shaly
lime mudstone, dark-gray. Rocks contain
crinoids, brachiopod fragments
Platy-bedded, shaly  limestone, biowackestone,
light-gray,  scattered chert nodules; top 6 Inches
fairly hard and compact, and mottled gray-

yellow.  Rocks contain cnnoids,
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Derbyia,Reticulatia, echinoid fragmen(s.
ramose and fenestrate bryozoans

Measured Section Number: 132

0 ft 6 inches          Almost pervasively silicified limestone,
mudstone

I.ocation: Hillsides due east of private road along Swede Creek,
in E/2 see. 4, T. 7 S., R.  7 E„ two closely spaced outcrops,
Pottawatomie County, Kansas

WREFORD LIMESTONE

Schroyer Limestone Member

34 ft                      Thin-to thick-bedded (upsection) limestone,
coarse-grained biograinstone, very porous,
light-yellow ; crinoids and pelecypod fragments,
foraminifers

4 ft 6 inches          Thin-bedded limestone, mudstone, light-gray,
chert nodules; thin calcitic shale near the base;
brachiopod fragments, crinoids, bryozoans

Havensville Shale Member

4 ft 6 inches          Thick-bedded limestone, porous oolite

gralnstone, helTingbone cross stratification,
light-yellow; some lenses silicified

5 ft o inches          Thin-bedded, shaly limestone, mudstone, wavy
to lenticular bedded. light-yellow ; rare
Composita and Derbyia in iipper half

5 ft o inches          Unfossiliferous mudrock, very dark gray to
black in basal  I  ft (shale), yellow-green and
silly above

2 f( 4 inches          Medium-to thin-bedded (upsection). shaly
limestone, biowackestone with a lense of
biowackestone-grainstone at 4-10 inches above
the base, above which it fines to mudstone,
bioturbated, brownish-yellow-gray ; foramini-
fers, pelecypod and brachiopod fragments,
crinoids. cured spines

3 ft 6 inches          Basal 2 inches light-gray, shaly lime mudstone;
overlain by 3 ft 4 inches unfossiliferous, silty

Measured Section Number: 133

3 ft 0 inches

mudrock with a 6-inches-thick layer of silly
biopackstone  I  ft 4 inches below the top; the
mudrock below this limestone layer is yellow-
medium-gray with orange streaks, above this
layer it is very dark gray to black
Sparsely fossiliferous mudrock to shale, dark-
gray with yellow-orange mottles in the lower
half, very dark in the upper half; Derbyia,
Chonetes. fenestrate bryozoans

Threemile Limestone Member

0 ft 4 inches          Essentially a layer of dark chert, minor lime
mudstone

0 ft 9 inches          Basal 4 inches of lime mudstone, overlain by 5
inches of fossiliferous, calcitic, light,gray to

yellow mudrock; fenestrate and ramose
bryozoans, Derbyia

3 ft 4 inches          Two beds of limestone, porous mudstone-
sparsebiowacke-stone, white, thin chert layer at
the top and separating the two limestone beds;
brachiopod fragments

0 ft 5 inches          Lower half lime mudstone, white, upper half a
layer of chert

0 ft 8 inches          Basal 5 inches limestone. sparse
biowackestone, gray, chert nodules, overlain by
3 inches of fossiliferous, calcitic, yellow shale;
Amphiscapha

0 ft 5 inches          Fossiliferous, calcitic, yellow shale; Reticulatia,
crinoids, ramose bryozoans, Composita

I  ft o inches          Bed of limes(one. sparse biowackestone. white,
chert nodules; crinoids, brachiopod fragments

SPEISER FORMATION

2 ft o inches          Fossiliferous, calcitic, yellow-gray mudrock;
echinoid fragments, crinoids, Derbyia

Location: Quarry at intersection of Case Ravine Road and Booth
Creek Road, SE SE sec.10, T. 7 S., R. 7 E., Pottawatomie
County. Kansas
DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

I  ft o inches          Thin-bedded, shaly limestone, mudstone,

yellow
2 ft 4 inches Medium-bedded limestone, relatively thick

interbeds of porous biowackestone and

packstone in the lower half, and biowackestone
and grainstone in the upper half, the beds
arranged in large foresets that dip to the east,

yellow; foraminifers. and at the top, planispiral
and high-spired gastropods and lesser pelecy-

pod fragments, foraminifers. brachiopod
fragments, crinoids

0 ft lo inches        Bed of porous limestone, biowackestone-

packstone, yellow ; foraminifers, and lesser
crinoids, brachiopod and pelecypod fragments

6 ft 8 inches Thin-bedded. shaly lime mudstone, light-yellow



Measured Section Number: 134

Location; Roadcuts, both sides of K-99,  I.8 mi south of the
intersection of K-16 and K-99, in SW SW sec.  3. T.  7 S., R. 9 E„
south of Blaine, Pottawatomie County, Kansas

VVREFORD LIMESTONE

Schroyer Limestone Member

0 ft 3 inches          Poorly exposed, cherty limestone

Havensville Shale Member

15 ft o Inches        Top 4 ft of light-yellow mudrock with lenses of
shaly, recrystallized I imestone, unfossiliferous
except for the top few inches (pelecypod and

0 ft 4 inches

2 ft 0 inches

biopackstone ; Derbyia,  Reticulatia, foramini-
fers, crinoids
Unfossiliferous , orange-brown and yellow-

green mudrock

Threemile Limestone Member

I  ft 8 inches          Thin-bedded limestone, coarsens upward from
white mudstone to yellow-brown biopackstone ,
chert layers; crinoids, brachiopod fragments

I  ft 0 inches
2 ft 8 inches

I  ft 0 inches
brachiopod fragments) , calcite nodules
throughout. Underlying 2 ft 8 inches of light-

yellow, unfossiliferous mudrock with calcite
nodules at the top, lenses of fossiliferous, shaly
dolobiowackestone in the middle (porous due to       0 ft 9 inches
abundant pelecypod and gastropod molds), and
orange shale at the bottom; underlying section

Bed of limestone, porous mudstone, white
Medium-bedded limestone, porous mudstone ,
white, scattered nodules and layers of chert;
brachiopod fragments, cnnoids
Basal 5  inches of fo§siliferous, calcitic, yellow
mudrock, overlain by 7 inches bed of
biowackestone,  yellow, chert nodules  ; crinoids,
brachiopod fragments; some rugose corals in
the limestone
Bed of limestone, biowackestone-packstone,
medium-gray, layer of chert in the middle,
crinoids, brachiopod fragments

is yellow-greenish-brown, unfossiliferous
mudrock with lenses of recrystallized limestone        SPEISER FORMATION
Bed of limestone that coarsens upward from

greenish-gray mudstone to brownish-yellow

Measured Section Number: 135

I  ft o inches           Fossiliferous mudrock,  yellow; crinoids,
brachiopod fragments

Location:  Roadcuts along Knd3,  in NW SW sec.  35, T. 6 S., R.
12 E„ and field exposures due west of Knd3  in NE SE sec.  3, T.  7
S., R.  12 E„  Pottawatomie County, Kansas

Comment: The roadcut in  see.  35  is Condra and Upp's ( 1931)
type locality of the Havensville, where only the Schroyer is
exposed now. The field outcrops in see.  3 expose the Speiser to
basal  Havensville

WREFORD LIMESTONE

Schroyer Formation

I  ft o inches           Basa]  7-inches-thick layer of chert overlain by 5
Inches of thin-bedded limestone, sparse
biowackestone, light-yellow-gray ; fenestrate
bryozoan§, brachiopod and echinoid fragments,
crinoids

I  ft o inches           Fossiliferous, calcitic, yellow mudrock;
crinoids, Derbyia

2 ft 0 inches

0 ft 7  inches

Bed of heavily silicified limestone (thick band

of chert in lower to middle part of the unit),
fines upward from fine-grained biopackstone to
biowackestone-packstone, light-yellow, some
chart nodules; ramose bryozoans, Derbyia,
Composita, Reticulatia, crinoids, fenestrate
bryozoans, spicules
Basal few inches of yellow shale overlain by
bed of biowackestone, light-yellow ; Reticulatia,
Composita, crinoids, fenestrate and ramose
bryozoans , echinoid fragments, Amphiscapha

I  ft  lo inches        Medium-bedded limestone, coarsens upward
from mudstone with lenses of biowackestone,
to biowackestone, porous in the middle, light-

gray, layer of chert in the middle and chert
nodules above;  brachiopod fragments, cnnoids,
spicules, echinoid fragments, bryozoans, high-
spired gastropods

I  ft  lo Inches        Yellow-brown mudrack and 3-inches-thick
lenses of calcitic mudrock to shaly  lime
mudstone, "cauliflower" chert nodules; the
mudrocks are fossiliferous in only the upper 8
Inches (brachiopod fragments , crinoids )

I  ft o inches           Bed of shaly limestone, biowackestone,
medium-gray, small chert nodules; ramose
bryozoans, brachiopod fragments, cri noids

Havensville Shale Member

~14 ft o Inches      Concealed.  in the field exposures in  sec.  3,

there are float blocks ~3 ft of thick-bedded,

porous limestone (biopackstone-grainstone ,
with foraminifers, crinoids, pelecypod frag-
ments) that lie stratigraphically  somewhere
within the Havensville Member. We could not
locate outcrops where this unit was exposed in
its proper stratigraphic context,  and Condra and
Upp ( 1931) did not mention this unit. These
strata likely are equivalent to the limestones in
the Havensville elsewhere in northern Kansas

0 ft 4 Inches          Bed of limestone that coarsens upward from
light-greenish-  gray mudstone to very coarse
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grained, brownish-yellow, intraclastic
biopackstone; Derbyia, Reticulatia, pectinid
casts, Permophorus, crinoids,  spicules` high-
spired gastropods. fenestrate bryozoans,
foraminifers

2 ft o inches           Sparsely fossiliferous,  green shale;  pectinid
casts

Threemile Limestone Member

0 ft 7 inches           Thin  interbeds of chert and light-gray lime-
stone, fine-grained biopackstone , brachiopod
fragments. crinoids, ramose and fenestrate
bryozoans, echinoid fragments, some
Composita

2 ft 8 Inches           Medium-bedded  limestone,  mudstone-sparse
biowackestone,  very light gray, chert nodules;
brachiopod fragments, including Composita,
crinoids, ramose and fenestrate bryozoans,
echinoid fragments

Measured Section Number: 136

2 ft  I  inches Medium-bedded limestone, fines upward from
relatively coarse-grained bi opackstone to sparse
biowackestone,  Ilght-yellow-gray,  chert
nodules.,  the top 2  inches of tliis unit is yellow,
fossiliferous, calcitic  shale.  Rocks contain
crinoids,  spicules,  fenestrate bryozoans,
echinoid fragments,  Derbyia, Composita

S PEISER FORMATION

0 ft 4 inches

3 ft 8 inches
4 ft 0 inches

Fossiliferous,  orange-brown shale; cnnoids,
brachiopod and echinold fragments, pectinid
casts, Amphiscapha
Concealed
Unfossiliferous  mudrock, dark-gray grading up
to light-gray; the top 2 inches is a bed of fine-

gralned biowackestone, light-gray

Location:  Roadcuts on US-77, southern outskirts of Waterville,
in NW sec.  27, T. 4 S„ R.  6 E„ Marshall County,  Kansas

DOYLE SHALE

Holmesville  Shale Member

1  ft 4 inches           Basal  I  ft of unfossiliferous, dolomitic
mudrock, light-yellow-gray, overlain by a 4-
inches-thick bed of porous, coarse-recrystal-
lized limestone, yellow-brown

FORT RILEY FORMATION

4 ft o inches          Laminated, very shaly dolomudstone, light-

ye'low-gray
1  ft  lo inches        Thin-bedded to laminated, shaly dolomudstone,

light-yellow-gray; a 4-inches-thick bed at the
top of dolomudstonc with vugs, light-yellow-

8ray
0 ft  lo inches        Bed ofshaly dolomudstone with calcite-lined

vugs, I ight-yellow-gray
I  ft  ll  inches        Very thin bedded.  shaly dolomudstone,  light-

yellow-gray; some PermophoTus at the top
I  ft  I  inch               Thin-bedded, porous dolobiopackstone that

grades upward to shaly dolomudstone, light-
yellow-brown;  foramlnifers, lesser brachiopod
fragments, crinoids, pectinid casts, gastropods

2 ft 8 inches

2 ft 4 inches

Bed of porous dolomite, coarsens upward from
dolomudstone-sparse biowackestone to
dolobiopackstone to fine-grained
dolobiograi n stone, bioturbated, yellow-brown ;
foraminifers,  lesser brachiopod fragments and

gastropods. This bed likely  is the Fort Riley
main ledge referred to in  the text
Medium-bedded dolomite, coarsens u|)ward
from dolomudstone with vugs to porous,  fine-

grained dolobiopackstone. light-yellow:  some
pelecypod molds and casts

0 ft 6 inches
I  ft 8  inches

Unfossiliferous, yellow, dolomitic  mudrock
Thin-bedded,  shaly dolomudstone, light-
brownish-yellow

FLORENCE FORMATION

Oketo Shale Member

2 ft o inches           Unfossiliferous, calcitic  mudrock,  grades
upward from mottled dark-gray and brown to
light-brownish-yellow

4 ft o inches           Unfossiliferous, black to very dark gray, silly
mudrock

Middle part of the formation

1  ft 6 inches           Platy-bedded,  shaly dolomudstone, earthy-
brown

5 ft o inches           Poorly exposed, unfossiliferous mudrock:  top 2

1  ft 4 inches

4 ft 0 inches
1  ft  10  inches

ft 8  inches very dark gray to black,  silly;
underlying  seclion earthy-brown, dolomitic,
with lenses of shaly dolomudstone
Thin-to med]um-bedded dolomudstone, light-

yellow, quartz-filled geodes (coarse crystals of
opaque, white quartz)
Unfossiliferous, calcltic mudrock,  yellow-gray
Thin- to thick-bedded dolomudstone, light-

yellow-gray, small chert nodules and quartz-
filled geodes (coarse crystals of opaque,  white

quartz) in the lower third of the section;
MeekeLla,  some Reticulatia

0 ft  lo inches        Bed of porous dolomudstone,  light-yellow,
some chert nodules and quartz-filled geodes

(coarse cryslals of opaque,  white quartz);
ramose and fenestrate bryozoans, Reticulatia,
Derbyia

3 ft 0 inches Basal 2 ft 4 inches thick bed of shaly
dolomudstone with  laminae of bioclastic debris

(crinoids and brachiopod fragments), light-

yellow, some chert nodules; top 8  Inches  is  a



layer ol. chert
I  ft  ll  inches        Thin-bedded, shaly dolomudstone,  porous,

chert layers and nodules., crinoids,  fenestrate
and rariiose bryozoans

0 ft  lo inches        Bed ofchert with a thin layer ot`porous,  shaly
dolomudstone at the base

4 ft 7 inches           Basal  3  ft  lo inches thick bed of porous
dolowackestone wlth  some thin  lenses of

4 ft 7  inches

dolopackstone (Reticulatia, fenestrate and
ramose bryozoans. crinoids), light-yellow,
discontinuous  layers of chert and a thick layer
of chert just below the top.  Overlying 9 Inches
is shaly, bioturbated dolomudstone,  lLght-

yellow,  with laminae of skeletal debris
(crinoids,  Derbyia)
Thick-bedded, mostly porous
dolobiowackestone-packstone, but the top  I  l`t 4
inches is calcitic dolomite, light-yellow;  large

Measured Section Number: 137

4 ft 0 inches
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fronds of fenestrate bryozoans at the base; chert
I ayers and angular, brecciated-appeari ng chert
nodules.  Rocks contain  Reticulatia,  fenestrate
and ramose bryozoans;  abundant crinoids at the
top
Medium-bedded dolobiopackstone, porous,
light-yellow, chert nodules and thin  layers to
discontinuous layers; Reticulatia, fenestrate and
ramose bryozoans; fusulinids  in the second bed
from the top

Cole Creek Member

I  ft  lo inches        Medium-bedded, shaly dolomudstone.
bioturbated,  light-yellow; crinoids and
brachiopod fragments

This bed  likely  is the base of the Florence Formation; the Blue
Springs  is concealed in the grass-covered slope here

Location:  Roadcut along East River Road in  SE sec.  6, and

quarry  in  adjoining sec.  5  to the immediate east, T.  4 S., R.  7  E.,
just south of the Alcove Spring parking lot (which was Condra
and Upp's  [ 1931 I type locality of the Schroyer), Marshall
County,  Kansas (east bank of the  Big Blue River)

Comment:  The Funston to basal  Schroyer section is exposed
along the road,  and the section  up to the basal  Kimey  is exposed
in the quarry. An outcrop of the upper Havensville is also
exposed at Alcove Springs Park,  which is a no-hammer stop
because  it is a protected,  histoncal  site
MATFIELD SHALE

Kmney Limestone Member

0 ft 6 inches           Thin-bedded`  shaly  lime mudstone, light-yellow

Wymore Shale Member

0 ft 8  inches           Beige paleocaliche
4 ft 6 inches           Unfossiliferous, red mudrock, scattered calcite

(paleocaliche) nodules
5  ft  lo inches        Unfossiliferous, red mudrock:  the basal  8

inches are light-yellow paleocaliche, and the
top  I  ft 5  inches contain abundant light-yellow
calcite nodules  (incipient paleocaliche) and

green  shale-filled rootcasts.   There is  I  inch of
green  shale directly above the basal
paleocaliche

WREFORD LIMESTONE

Schroyer Limestone Member

I  ft 5  inches           Along the east wall of the quarry:  medium-
bedded limestone. coarsens upward from
intl`aclastic biopackstone-gralnstone (clasts of
lime mudstone) to sparsely intraclastic
biograinstone, with green  shale in interparticle

pores, yellow-orange, foraminifers, some

3 ft 0 inches

4 ft 0 inches

I  ft 0 inches

I  ft  3  inches

0 ft 9  inches

I  ft  8 inches

I  ft  3  Inches

I  ft  3  inches

crinoids, brachiopod fragments, high-spired

gastropods
Shaly dolomudstone to dolomitic mudrock,
very  light gray,  top 2 Inches is light-green  shale;
sparsely fossiliferous;  pelecypod molds,
crinoids, brachiopod fragments
Unfossiliferous mudrock:  basal  1  t`t 4 inches is
black, overlying section is greenish-yellow-
brown; the entire unit contains calcite-
anhydrite-quartz nodu les
Two beds:  basal  shaly biowackestone, dark-

gray,  upper bed is chert; ramose bryozoans,
cnnoids, brachiopod fragments
Fossiliferous mudrock, dark-gray  with yellow
splotches, upper few  inches calcitic; Composita,
crinoids, ramose bryozoans, Chonetes,
Reticulatia
Two beds:  basal  bed mudstone-biowackestone,
light-yellow, upper bed chert; cnnoids,
brachiopod fragments
Thin-bedded limestone, relatively coarse-

grained biowackestone, white, chert layers,  and
nodules in the top bed;  brachiopod fragments,
crinoids, ramose bryozoans
Bed of limestone, sparse biowackestone, white,
chert nodules; brachiopod fragments, crinoids,
I`enestrate bryozoans
Fossiliferous,  yellow, calcitic mudrock:
Reticulatia, crinoids, Composita, ramose
bryozoans

0 ft  10 inches        Bed of limestone, relatively coarse-grained
biopackstone, porous, I ight-yellow-gray, chert
nodules; crinoids, brachiopod fragments` high-
spired gastropods

Havensville Shale  Member

3 ft 8 inches           ln the roadcuts.  bed of limestone, biopackstone-

grainstone,  some cross stralification, porous,
light-gray. basal  I I  inches bioturbated.   Along
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the east wall of the quarry:  medium-bedded,
light-gray biowackestone to packstone and
lenses of porous biograinstone.  AT both
localities the rocks contain foramnifers,
brachiopod and pelecypod fragments

3 ft 2 inches           Thin-bedded,  shaly limestone, light-yellow:  the
basal  5  Inches fines upward from fine-grained
biopackstone to mudstone and is overlain by 2
inches of bioturbated biowackestone. The

6 ft 5  inches

4 ft 0 inches

remainder of the unit is shaly and silty
mudstone.  Rocks contain pectinid casts,
foraminifers, Permophorus , Edmondia,
Aviculopecten
Very thin bedded, calcitic shale,  silly,  sparsely
fossiliferous at the top (pectinid casts), yellow
Fossiliferous, yellow mudrock;  I  ft 5  inches
below the top is a 5-inches-thick layer of
limestone that fines upward from orange-brown
biopackstone to shaly  and silty mudstone.
Septimyalina and Aviculopecten in the
mudrock, Edmondia in the limestone

Threemile Limestone Member

4 ft  ]O inches        Basa]  3  Inches offossiliferous, gray shale

(crinoids, Composita, echinoid fragments,
fenestrate and ramose bryozoans). Overlain by
medium-to thin-bedded (upsection) limestone
that coarsens upward from white, sparse

Measured Section Number: 137A

I  ft 4 inches

biowackestone in the basal  3 ft 4 inches, to

yellow-gray, shaly biowackestone above, layers
of chert (fenestrate and ramose bryozoans,
crinoids, spicules, juvenile Composita)
Basal 4 inches of fossiliferous, gray  shale,
overlain by a bed of limestone that fines upward
from biowackestone to sparse biowackestone,

yellow-gray, chert layers ; Chonetes, crinoids,
Composita and Derbyia in the shale:
Composita, Derbyia. Reticulatia, crinoids,
fenestrate and ramose bryozoans in the
Limestone

I  ft o inches           Thin-bedded limestone, biowackestone, light-

gray, thick layer of chert in the middle;
brachiopod fragments , crinoids , foraminifers ,
high-spired gastropods

SPEISER FORMATION

3 ft o inches          Poorly exposed mudrock, yellow-brown and
fossiliferous in the top  I  ft; Derbyia, crinoids,
Composita

2 ft o inches           Light-gray paleosol with rootcasts
2 ft 4 inches          Unfossiliferous green mudrock, thin layer of

red mudrock just below the top
5 ft 6 inches          Unfossiliferous, deep red mudrock

The Funston is exposed at the base of this outcrop along the road

Location: At Alcove  Spring, in the exposures along the creek
bank immediately west of the spring. the roadcuts along East
River Road where the creek crosses the road, and the creek bank
cliffs in the field due west of the road:  E/2 sec.  3] , T. 3 S., R. 7
E., Marshall County,  Kansas

WREFORD LIMESTONE

Schroyer Limestone Member

I  ft 3 inches           Bed of limestone, biowackestone,  light-yellow,
the top 3  inches of which is a layer offossilifer-        7  ft o inches
ous, dark-gray chert; Reticulatia, fenestrate
bryozoans, and large ramose bryozoans

2 ft 5 inches           Recessive unit of yellow, calcitic shale;
abundant Reticu]atia,  lesser crinoids, ramose
bryozoans, and rare Composita

1  ft  ll  inches        Thin-bedded,  shaly limestone, fines upward
from dense biowackestone to less-dense
biowackestone, light-yellow:  ramose bryozo-
ans, brachiopod fragments

Havensville Shale Member

4 ft4 inches          As measured along the road:  basal  I  ft 4 inches
bed of bioturbated, very coarse grained
limestone, biograinstone, fines upward to
coarse-grained biopackstone, medium-gray with
splotches of yellow. Overlying 2-ft bed of

porous  limestone,  biograinstone, faint low-

angle cross  strata,  very light gray.  Upper  I-ft
bed of limestone, fines upward from coarse-

grained biograinstone to coarse-grained
biopackstone, light-yellow, with abundant
orange-colored ramose bryozoans. All of these
rocks contain brachiopod fragments, foramini-
fers, high-spired gastropods, and pelecypod
fragments, and at the top, ramose bryozoans. At
the spring:  4 ft 4 inches bed of porous lime-
stone, coarse-grained biograinstone,  low-angle
cross strata, light-gray or yellow (same fossils)
At the spring and in creek bank exposures to the
immediate west:  basal 2 ft  I 1  inches of thin-
bedded to fissile, shaly limestone,  mudstone,
medium-gray, few foraminifers at the top,
which is laminated. Overlying 2 ft 4 inches of
thin-bedded limestone,  shaly mudstone, light-

gray, some partings of black shale, some
foraminifers; there is a 2-Inches-thick lens at
the base of round- and flat-pebble conglomerate
(clasts from below) in a matrix of foraminiferal
packstone-this unit thickens to 8 inches father
west along the creek bank, where the conglom-
erate is overlain by cross stratified foraminiferal

packstone-gra]nstone;  the top 6-inches-thick
bed in this unit varies along the outcrop at the
spring from mudstone to foraminiferal

packstone, and is disrupted into fairly large,
truncated, curled desiccation polygons-farther
downcreek, this disrupted unit consists of thin



I  ft 8 inches

jnterlayers of desiccated mudstone and
foraminiferal packstone. Top  I  ft 9 inches of
thin-bedded limestone, shaly and bioturbated
foraminiferal wackestone-packstone, mottled
light-yellow and medium-gray, with high-spired

gastropods, pelecypod fragments, and small
Composita.
At the roadcut the upper 3 ft of this 7 ft 0 inches
thick unit has changed facies to, in ascending
order:  (a) basal  I  ft 6 inches of medium-bedded,
fine-grained foraniniferal wackestone,
bioturbated, mottled light-gray and medium-
gray; and (b)  I  ft 6 inches bed of bioturbated to
syndepositionally deformed layers of mudstone-
wackestone and foraminiferal peckstone, light-
and medium-gray
Alongthecreekbankdownstreamofthespring;
blocky, light-yellow, shaly lime mudstone to
calcitic shale, unfossi]iferous

Measured Section Number: 138

Location: Roadcut and field exposures along East River Road,
NE SE see.  31, T.  3 S„ R.  7 E., Marshall County,  Kansas (east
bank of the Big Blue River)

MATFIELD SHALE

Blue Springs Shale Member

1  ft 6 inches          Badly weathered, unfossiliferous, yellow

mudrock
1  ft 2 inches          Unfossiliferous, yellow-green mudrock
ll  ft 6 inches        Unfossiliferous mudrock. mostly red but with

some layers of green; promnent  I-ft-thick
ledge of red si]tstone in the middle, with
incipient pisolites, glaebules, and green shale-
filled vertical rootlets (paleocahche)

7 ft o Inches          Unfossiliferous,light-greenish-gray mudrock,

bright-green in the top 2 ft

Kinney Limestone Member

2 ft 4 inches          Fossiliferous,light-brownish-yellow. calcitic

mudrock; Derbyia, curved spines, high-spired

Measured Section Number: 139

Location: Roadcuts on US-77 in NE sec.  16 and N/2 sec. 21, T. 3
S„R.7E.,MarshallCounty,Kansas(southofMaysville)

FORT RILEY FORMATION

I  ft 6 inches

2 ft 2 inches

Thin-bedded. shaly dolomite, coarsens upward
from dolomudstone to porous, intraclastic
(clasts of dolomudstone) dolobiowackestone,
then fines upward to dolomudstone with
anhydnte nodules, light-yellow, calcite-lined

geodes ; pelecypod fragments, foraminifers
Thin-bedded, shaly dolomudstone, very light
yellow, calcite-lined vugs
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1  ft 4 inches          Along the creek bank downstream of the spring

and in west-facing cliff to the west of the road:
two beds of hard limestone, shaly mudstone,
splotches of light and medium-gray,
unfossiliferous

5 ft 9 inches          At west-facing cliff to the west of the road.

concealed
I  ft 7 inches          At west-facing cliff to the west of the road:

fissile black shale, the basal 3 inches of which
are mottled light-yellow and black,
unfossiliferous

Tlireemile Limestone Member

3 ft 1  inches          At west-facing cliff to the westofthe road:

medium- up to thin-bedded limestone, very
light yellow mudstone, with layers and nodules
of black chert; a thin, yellow shale occurs just
below the top 2-3-inches-thick bed of cherty
limestone at the top of the section

gastropods, echinoid fragments , crinoids
Ledge of indurated, fossiliferous, light-0 ft  10 inches

brownish-yellow mudrock; Derbyia, curved
spines, high-spired gastropods, echinoid
fragments, crinoids

7 ft 4 inches           Fossiliferous, light-brownish-yellow, calcitic

mudrock; Derbyia, curved spines, high-spired

gastropods, echinoid fragments, crinoids
I  ft 6 Inches          Bed of limestone, coarsens upward from shaly,

intraclastic mudstone (clast§ of orange, shaly
lime mudstone) to sparse biowackestone,
bioturbated, light-yellow ; Sept]myalina,
cllnoids, brachiopod fragments, foram-
encrusted grains

Wymore Shale Member

I  ft 6 inches          Unfossiliferous, yellow mudrock at base

grading up to ca]citic and fissile yellow shale in
the top 6 Inches

1  ft 4 inches          Unfossiliferous, dark-grayish-green mudrock
1  ft  I  inches           Light-tanpaleosol
5 ft o inches          Unfossiliferous, red mudrock

0 ft 8 inches          Ledge ofvuggy, shaly dolomudstone. fenestral

fabnc, light-yellow
1  ft  10 inches        Thin-bedded, shaly dolomudstone, calcite-lined

vugs, very light yellow
2 ft 7 Inches          Two beds ofdolomite, fines upward from

intraclastic (clasts of lime mudstone)
dolobiopackstone with prominent vertical
burrows in the basal bed, to finer-grained,

porous dolobiopackstone in the upper bed,
yellow-orange ; foraminifers, some
Aviculopecten, gastropods. This unit likely is
the Fort Riley main ledge referred to in the text
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3  ft 3  inches Medium- to thick-bedded, porous,  silty and

shaly,  sparse dolobiowackestone, vugs, light-

yellow-gray; Aviculopecten,  Meekella,
Reticulatia, Edmondia, crinoids, fenestrate and
ramose bryozoans

FLORENCE FORMATION

Oketo Shale Member

I  ft 8 inches           Fossiliferous, silly, light-yellow mudrock;

4 ft 0 inches

2 ft 8 Inches

pelecypod molds, criuoids, echinoid fragments,
ramose and fenestrate bryozoans, Derbyia,
Composita,  Reticulatia
Dolomitic  mudrock to shaly dolomudstone silly,
wavy laminae, bioturbated, fossiliferous,  lighl-

yellow; crinoids. echinoid fragments, ramose
and fenestrate bryozoans, Derbyia, Composita,
Reticulatia
Recessive unit of sparsely fossiliferous, calcitic,

yellow,  silly mudrock,  gradational top; crinoids,
fenestra[e and ramose bryozoans, brachiopod
t`ragments

Middle part of the formation

5 ft o inches          Very thin bedded to laminated, medium-gray,
silty and calcitic, fossiliferous shale, scattered
chert nodules; crinoids, brachiopod fragments

3 ft 4 inches           Fossiliferous, calcitic mudrock, light-to
medium-gray; the size and number of skeletal
fragments decreases upsection, where the
mudrocks become silly; ramose bryozoans,
crinoids, brachiopod and echinoid fragments

3 ft 6 inches

I  ft 4 inches

Two thin beds of dolomitic limestone at the top
and bottom separated by a thick bed of
dolomite:  silty mudstone, light-yellow, the
middle bed with abundant chert nodules,  some
of which follow  short,  vertical burrows;

brachiopod fragments
I  ft  ll  inches         Bed ofdolomitic limestone, biowackestone

wherein particle size decreases upsection, light-

yellow, discontinuous layers of chert,  a layer at
the base; cnnoids, some 1`enestrate bryozoans
and brachiopod fragments

4 ft 3  inches

3 ft 4 inches

Bed of limestone, coarse-grained
biowackestone, orange; thin, discontinuous
layers of chert at the base, thick layers in the
middle,  nodules at the top;  fenestrate and
ramose bryozoans, crinoids, brachiopod
fragments
Medium-bedded, dolomitic I imestone ,
biowackestone, light-gray. biomoldic pores in
basal  two beds; thin  layers of chert in  lower
half, nodules and discontinuous  layers above.
Rocks contain crinoids, ramose bryozoans,
Reticulatia

0 ft  lo inches        Bed ofdolobiowackestone, yellow. chert
nodules and a thin layer of chert at the top;
cnnoids, brachiopod fragments,  ramose
bryozoans

Cole Creek Member

4 ft 2  inches           Bed of limestone, coarsens upward from  shaly
mudstone, orange-yellow (with  Septimyalina
and ramose bryozoans); to crudely layered and
bioturbated, porous, shaly biowackestone,
orange-yellow, with calcite-quartz-anhydrite
nodules (with  pelecypod fragments, ramose
bryozoans, Reticulatia).  I  ft 6 inches below the
top is a 3-inches-thick layer of bioturbated
cr]noid packstone. This unit weathers  ln
exfol iating fash]on

MATFIELD S HALE

BIue Springs Shale Member
crinoids, brachiopod fragments
Thin-bedded limestone,  sparse biowackestone,          4 ft o inches           Unfossiliferous, dark-to medium-grayish-green
light-yellow-gray, chert nodules at the base, 3-                                             mudrock
inches-thick layer of chert at the top; crinoids,            I  ft o inches           Unfossilil`erous, red mudrock

Measured Section Number: 140

Location:  Streamcut on Roemer Creek and adjoining roadcuts

(both sides) to the immediate south, in N/2 SW sec.  10 and SE
see.  9, T. 2 S„  R.  6 E., Marshall County, Kansas

Comment: There is no Cresswell at this locality

ODELL SHALE

lo ft o inches        Unfossiliferous, red shale and mudrock
4 ft o inches           Unfossiliferous, yellow-green and yellow

mudrock, some layers of red shale in the middle

Note: total thickness of the Odell in this area is about 3040 ft

WINFIELD LIMESTONE

Luta Member

3 ft 2 inches

2 ft 6 inches

Thin-bedded, shaly dolomudstone: basal  I  ft 2
Inches very  light gray,  with pea-to marble-size
calcite-anhydrite-quartz nodules and vugs from
(heir dissoLu(Ion. Overlying 4-inches bed of
dolomudstone,  in turn overlain by 6-inches
mudstone with golf-ball-size, calcite-lined

geodes. The top  I -ft bed fines upward from
gastropod dolopackstone to dolomudstone
(high-spired and planispiral  gastropods),
Medium-bedded, yellow dolomudstone,  shaly,
with abundant pea- to marble-size calcile-



anhydrite-quartz nodules and viigs from their
dissolution; top  I -inch- to 8-inches-thick tense
of porous dolobiopackstone (with Myalina,
Aviculopecten, Edmondia) on the west side of
the road

Grant Shale Member

7 ft 8 inches           Light-yellow, calcitic mudrock, lower half
fossiliferous,  with small  gray chert nodules at
the base (Allonsma, Derbyia, ramose bryozo-
ans, crinoids,  Reticulatia, echinoid fragments,
Composita, pectinid casts).  Upper half
unfossiliferous (but bioturbated in the top 2-3
inches) and silty,  with abundant pea- to marble-
size nodules of calcite-anhydrite-quartz

I  ft 8 inches

4 ft 0 inches

2 ft 0 inches

Fossiliferous, fissile, dark-gray shale; ramose
and fenestrate bryozoans, crinoids, Derbyia
Sparsely fossiliferous, light-gray mudrock;

pelecypod fragments, crinoids
Fossiliferous, very dark gray shale mudrock;
cnnoids, Derbyia, ReticuLatia

Measured Section Number: 141
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Stovall Limestone Member

0 ft  lo inches        Bed of limestone,  mudstone-sparse
biowackestone,  light-yellow-gray, dark- and
light-gray chert nodules; Derbyia, fenestrate
and ramose bryozoans, Reticulatia

DOYLE SHALE

Gage Shale Member

2 ft 4 inches          Fossiliferous mudrock, dark-to medium-gray

grading up to light-gray; Derbyia, crinoids
I  ft 0 inches

2 ft 6 inches

2 ft 6 inches

I  ft 0 inches

Bed of shaly limestone, biopackstone, yellow;
Derbyia. crinoids
Fossiliferous, medlum-to dark-gray mudrock,
interbeds of fossiliferous, yellow mudrock in
the middle; crinoids, echinoid fragments,
ramose bryozoans, oncolites, Derbyia,
Reticulatia
Unfossiliferous, light-yellow-gray, calcitic and
silty mudrock
Unfossiliferous, I.ed, silly mudrock

Location: Roadcut, edge of Horseshoe creek, center west line of         Holmesville shale Member
see. 6, T.  2 S., R. 7 E.,  Marshall County,  Kansas

DOYLE SHALE

Towanda Limestone Member

3 ft o inches          Thick-bedded, porous, recrystallized limestone,
the top 8 inches foraminlferal biograinstone,

yellow

Measured Section Number: 142

6 ft o inches          Poorly exposed mudrock, red anhe base.

yellow-green in the middle, yellow at the top,
unfossiliferous

Location: Two closely  spaced exposures:  in the ravine immedi-
ately west of the road in a tributary to Mission Creek, and
roadside outcrops to the  Immediate north, in E/2 see. 4, T.  1  S.,
R. 8 E„ Marshall County, Kansas
DOYLE SHALE

Towanda Limestone Member
(probable top of the member)

12 ft o inches        Thin-to medium-bedded,  shaly, coarse-
recrystallized limestone, porous, secondary
calcite laminae and veins, highly distorted,
orange-yellow

2 ft 3 Inches           Unfossiliferous, greenish-gray  mudrock
I  ft o Inches           Bed of shaly dolobiopackstone, light-yellow;

crinoids, foraminifers, pelecypod and gastropod
fragments

Holmesville Shale Member

I  ft 2 Inches          Unfossiliferous, greenish-tan mudrock
0 ft  lo inches        Unfossiliferous, fissile, calcitic,  light-tan shale

2 ft 4 inches Unfossiliferous, dolomitic mudrock, calcite-
lined vugs, yellow-brown

FORT RILEY FORMATION

3 ft 8 inches

0 ft 7 inches
I  ft 5 inches

5 ft 0 inches

Very thin bedded, shaly dolomudstone, light-

gray. abundant calcite-lined vugs. biomolds of
bivalves in the basal few inches
Thin-bedded, shaly dolomudstone,  light-gray
Thin-bedded, shaly dolomite:  basal 3  inches

porous, I ight-gray, dolobiowackestone-
packstone. Overlain by 5  inches of coarse-
grained dolobiopackstone, yellow-orange.
Over]ain by 4 Inches dolomudstone with lenses
of dolobiopackstone, light-gray. Top 5 inches
shaly dolomudstone with calcite-lined vugs,
I ight-gray. Rocks contai n gastropod and

pelecypod fragments
Thick-bedded, shaly limestone, mudstone,
abundant calcite-lined vugs; a 4-inches-thick
recessive zone in the middle of the unit, more
shaly than the surrounding rock
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Measured Section Number: 143

Location: High cutbank on Mission Creek, south side, in NE SE
see. 3, T.  I  S., R. 8 E., Marshall County, Kansas

Comment: We could not measure any higher than we did because
of the steepness and inaccessibility of this cutbank exposure. We
corrcla.e the top bed here with the basal bed at measured section
number  142

FORT RELEY FORMATION

5 ft o inches          Bed of shaly limestone, mudstone. calcite-lined
vugs; a 4-inches-thick recessive umt in the
middle. shalier than the surrounding rock

I  ft lo inches        Unfossiliferous, light-to medium-gray mudrock
2 ft o inches          Thick-to thin-bedded (upsection), shaly

dolomudstone, porous. yellow-brown
4 ft 6 inches          Basal  I  ft 4 inches of thin-bedded section that

coarsens upward from shaly dolomudstone to

Measured Section Number: 144

fine-grained dolobiopackstone. porous, yellow ;
middle thicker-bedded section that fines upward
from porous, fine-grained dolobiopackstone to
grainstone to sparse dolobiowackestone,
yellow; upper thin-bedded section that fines
upward from porous. sparse dolobiowackestone
to dolomudstone, yellow. Rocks contain

pelecypod molds

FLORENCE FORMATION

Oketo Shale Member

7 ft 3 inches          Thin-bedded, light-to medium-and dark-gray,
dolomitic mudrock, sparsely fossiliferous,
bioturbated, vugs (some filled with coarse,
opaque white caLcite spar); partings of
unfossiliferous, black shale. Rocks contain rare
Derbyia, pectinid casts

Lcea(ion: Small roadcut (of the Luta), and hillside exposures (of         4 ft o inches
the Odell) in NW SE see. 5, T. 2 S., R. 5 E„ Washington County,
Kansas

Unfossiliferous, medium-gray mudrock, light-

green at the lop

WINFIELD LIMESTONE
Comment: The top of the exposed Odell section here is the base
of the Nolans as indicated by poorly exposed Krider limestone on       Luta Member
the hillside

ODELL SHALE

~2l  ft o inches     Mostly concealed section: unfossiliferous and

red mudrock exposed a few feet below the top
Note:  see the equivalent section at measured
section number 145

Measured Section Number: 145

2 ft o inches          Medium-bedded, shaly limestone with abundant

pea- and marble-size nodules Of calcite-
anhydrite-quartz and vugs from their dissolu-
tion, light-yellow

Location:  Roadcut, SE NE sec.  31, T.  I  S„ R.  5 E., noith of
Hanover. Washington County, Kansas

NOLANs LIREsroNE

Herington Member

2 ft 7 inches          Thin-bedded, shaly dolomudstone, the top  l ft 4
inches with pea-(o golf-ball-size vugs; thin
shale with ostracodes a few inches above the
base, and thin laminae of biowackestone-

packstone sporadically in the lower half of the
section, yellow. Carbonates contain rare
Permophorus, Bellerophon. Myalina,
Aviculopeeten

Paddock Shale Member

9 ft 6 inches          Mudrock, dark-gray with yellow splotches in
the lower half, which is sparsely fossiliferous
(pectinid casts. fenestrate bryozoans); and
mottled ligh(-brown and yellow in the upper
half, which is seemingly unfossiliferous

Krider Member

2 ft 6 inches Medium-bedded, shaly dolomudstone,
bioturbated and slightly porous, somewha(

gradational top, light-yellow with orange wisps ;
Aviculopecten, Septimyalina

2 ft 2 inches          Sparsely fossiliferous mudrock. dark-gray with
splotches of yellow; rare pectinid casts

o fu I  inches       Thin-bedded, shaly dolomudstone, gradetional
top, yellow with orange wisps; pectinid casts

ODELL SHALE

3 ft 2 inches          Unfossiliferous mudrock. grades upward from
basal few inclies of gray-green to reddish-

yellow to ye]]ow-browli, then greenish-yellow
at the top; the top 3 inches is notably hard and
blocky

6 ft  lo inches        Unfossiliferous mudrock. mostly red but with
~8-inches-thick layers of light-gray shale

throughou,
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Measured Section Number: 146

Location:  Roadcut in E/2 NW sec. 31, T.  1  S., R. 5 E., north of
Hanover; with a supplemental section of the uppermost Herington
along K-148, east side, in NW NW see.10, T.  3  S., R.  5 E„
Washington County, Kansas

NOLANS LIMESTONE

Herington Member

9 ft 8 inches          Thin-bedded, shaly dolomudstone, yellow,
abundant vugs above the basal  1 ft 3 inches, thin

Measured Section Number: 147

shale with ostracodes above the base; basal few
feet of the unit contain some Aviculopecten,
Bellerophon and Myalina

Paddock Shale Member

3 ft o inches          Unfossiliferous, yellow-brown mudrock

Location: High cutbank on plum creck, NE NE see. 30, T.  I  N..         4 flo inches          Interbedded red and green mudrack,
R. 8 E., Gage County, Nebraska

FLORENCE FORMATION

3 ft 6 inches          Thin-to medium-bedded, porous
dolobiowackestone-packstone, light-yellow-

gray, chert nodules ; brachiopod fragments,
ramose bryozoans

Cole Creek Member

1  ft 9 inches          Fossiliferous, calcitic, yellow mudrock;
brachiopod fragments, crinoids, ramose
bryozoans

I  ft 5 inches          Thin-bedded, shaly dolomudstone, medium-

gray ; crinoids, brachiopod fragments

MATFIELD SHALE

Blue Springs Shale Member

I ft 4 inches          Unfossiliferous, yellow mudrock
5 ft 8 inches          Unfossiliferous , light-green mudrock

Measured Section Number: 148

unfossiliferous
2 ft o inches          Ledge of unfossiliferous, dull-red, shaly

siltstone
0 ft 8 inches          Unfossiliferous, light-green shale
I  ft 3 inches          Ledge of unfossiliferous, dull-red, shaly

silts'one
0 ft 9 inches          Ledge of unfossiliferous, blocky, dull-green,

silty mudrock
I ft 4 inches          Unfossiliferous, green mudrock
3 ft 6 inches          Unfossiliferous, red mudrock
0 ft 9 inches          Unfossiliferous, light-green shale
0 ft 8 inches          Unfossiliferous, red shale
2 ft o inches          Unfossiliferous, dark-grayish-green mudrock

grading up to bright-green mudrock, with a thin
stringer of red shale a few inches above the
base

0 ft lo inches        Basal 3 inches of red shale overlain by 7 inches
of light-gray, compact paleocaliche with green
shale in vugs/fissures, and glaebules

Location: High cutbank along plum creek, NW sec.15, T.  I  N.,          5 ft 4 inches
R. 8 E., Gage County, Nebraska

3 ft 4 inches
FLORENCE FORMATION

~4 ft o inches        Cherty limestone (too high to reach)

Cole Creek Member

~2 ft o inches       Fossiliferous, calcitic. yellow mudrock (too

high to reach)
I  ft 6 inches          Shaly, thin-bedded dolomudstone (too high to

reach)

MATFIELD SHALE

Blue Springs Shale Member

I  ft 4 inches          Unfossiliferous, yellow mudrock
5 ft 8 inches          Unfossiliferous, light-green mudrock

3 ft 2 inches

Unfossiliferous, red mudrock, band of green
shale ~8 inches above the base
Ledge of red. silty shale to shaly siltstone,
unfossiliferous, abundant green shale-filled
rootcasts in the upper half (paleosol)
Unfossiliferous mudrock; basal 9 inches and top
4 inches are green, the remainder of the unit is
red and silly

5 ft 8 inches          Unfossiliferous mudrock, mostly red but with
thin bands of green; top I  ft 8 inches is silty

I  ft 10 inches        Unfossiliferous mudrock: basal  I  inch hard,

pale-green paleosol overlain by 4 inches dark-
green mudrock, then light-green mudrcek up to
the top of the unit

2 ft  I  inches          Unfossiliferous, pale-green mudrock

Kinney Limestone Member

3 ft 8 inches           Fissile, unfossiliferous shale: basal  1  inch

green, overlain by ~ I  ft black shale with green
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shale pallings, the remainder of the section is             Wymore shale Member
black shale

2 ft 6 inches          Thin-bedded,  shaly limestone,  mudstone,
medium-gray with yellow  splotches; crinoids,
brachiopod fragments, Aviculopecten,

2 ft 8 inches

2 ft 6 inches

4 ft o inches           Unfossiliferous, mostly green mudrock:  top 4
inches is a minor ledge of fissile, pale-

yellowish-green  mudrock beneath wlijch is  1  ft
Septimyalina
Fossiliferous , calcitic mudrock, bloturbated,
medium-gray with yellow splotches; fenestrate        6 ft 9 inches
bryozoans, Derbyia, Reticulatia, Allorisma
Progressively thinner-bedded upsection:  fines            0 ft 8  inches
upward from porous, yellow, dolomitic
limestone, oncolite biowackestone-packstone in        ll  flo inches
the basal 7  inches, to layered (locally
bioturbated),  medium-gray and yellow, shaly
dolomitic lime mudstone; crinoids, brachiopod
fragments, Aviculo-pecten, Septi myalina,
foraminifers

Measured Section Number: 149

8 inches dark-green mudrock, the upper half of
which is laminated (shale)
Unfossiliferous, red mudrock,  some streaks of

green shale
Unfossiliferous, red mudrock overlain by green
shale
Unfossiliferous mudrock:  basal  7  ft interbedded
red and green, top 4 inches red shale;  ~3-
inches-thick paleosols at the top and  ~3.5  ft
below the top

2 ft o inches           Unfossiliferous, pale-green  mudrock with
conchoidal fracture

Location:  Roadcut, NW sec.  I I  and adjoining NE see.  10, T.  I
N., R.  7 E„ Gage County, Nebraska

DOYLE SHALE

Towanda Limestone Member

4 ft o inches          Thick-bedded, coarse-recrystallized I i mestone,
orange, porous; basal bed with a lense of fine-

grained biowackestone (foramlnifers) ,  I ami-
mated, which passes laterally to ~1  ft 6 inches of

Measured Section Number: 150

breccia (clasts of recrystallized limestone  in a
matrix of with red shale)

3  ft o Inches           Thick-bedded, very porous, coarse-recrystal-
lized limestone, orange, calcite-lined vugs and
secondary calcite lammae and  veins; 6 inches
below the top is  a 4-5-inches-thick lense of

gray, peloid grainstone
I  ft 0 inches

0 ft 2 inches

Bed of porous, coarse-recrystallized limestone,
Orange
Unfossiliferous, yellow  shale (Holmesville?)

Location:  Roadcuts in W/2 SW sec.  29 and E/2 SE sec.  30, T. 2 N.,     1  ft 3  inches
R. 8 E„ Gage County, Nebraska

FLORENCE FORMATION

3 ft o inches           Thin-bedded, porous (biomoldic) dolo-
wackestone, light-yellow ; brachiopod fragments ,
ramose bryozoans

Cole Creek Member

1  ft 7 inches           Fossiliferous, calcitic, yellow mudrock;  brachio-

pod fragments, ramose bryozoans, crinoids

Measured Section Number: 151

Very thin bedded, shaly dolomudstone, dark-

gray ; crinoids, brachiopod fragments

MATFIELD S HALE

Blue Spnngs Shale Member

lo ft o inches        Poorly exposed,  unfossiliferous mudrock:  red
with layers of gray-green in the basal 7 ft,

yellow-green grading up to yellow in the top 3
ft

Location: Quarry on Malple Fami, in SW NE sec. 27, T. 2 N„ R.
7 E.,  immediately east of the railroad tracks and the Big Blue
River (to the northwest of the famhouse), Gage County,
Nebraska

Comment: This general locality is Condra and Upp's ( 1931) type
locality for the Wymore and Blue Springs Members

FORT RILEY FORMATION

2 ft o inches           Poorly exposed, calcitic  mudrock,  light-yellow
0 ft  lo inches        Thin-bedded,  silly dolomudstone, calcite-lined

geodes, light-yellow; pectinid casts, DeTbyia

FLORENCE FORMATION

0keto Shale Member

4 ft 0 inches

1  ft 6 inches

Progressively thinner-bedded,  silty and shaly
dolomudstone in the lower half, grades upward
into fossiliferous, dolomitic mudrock in  the top
2 ft 2 inches,  with nodules filled with coarse
crystalline calcite;  light-yellow; Aviculopecten,

crinoids, fenestrate bryozoans, Derbyia,
Meekella
Sparsely fossiliferous,  silty mudrock,  mottled
dark-gray and yellow-brown; Aviculopecten



Middle part of the formation

2 ft 0 inches

3 ft 4 inches

2 ft 8  Inches
2 ft 6 Inches

I  f[ 2 inches

0 ft 9 inches

Progressively  thinner-bedded,  silty  and shaly
dolomudstone, gradational  top,  light~yellow;

pelecypod molds, lingulids, Aviculopecten
Thick-bedded,  shaly dolomudstone:  basal 2 ft 4
Inches medium-to dark-gray  with abundant

(dark-gray) chert nodules,  some of which have
replaced short, vertical burrows; top  I  ft light-

yellow, with  small chert nodules and a few
white chert geodes. Rocks contain brachiopod
fragments, cri noids
Medium-gray.  unfossiliferous, calcitic  mudrock
Thin-bedded dolomudstone, light-yellow. chert
layers; brachiopod fragments, crinoids
Basal 7  inches of unfossiliferous, calcitic,  dark-

gray shale; overlying 7  inches dolomudstone,
yellow,  thin chert layer at the base
Bed of dolomudstone, yellow  with orange
bands

Measured Section Number: 152

3 ft 0 inches

4 ft 8  inches

I  ft 9 Inches

I  ft 8 inches
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Thick-bedded dolomite,  sparse biowackestone :
very dark gray and porous in the basal  8  inches,
light-yellow and nonporous in the overlying 7
inches,  medium-gray and nonporous atiove that;
chert layers at the base and top.  Rocks contain
brachiopod fragments, crinoids,  spicules
Medium-bedded, porous dolomite, sparse
biowackestone, yellow-gray, chert layers and
nodules; crinoids, ramose and fenestrate
bryozoans , high-spired gastropods, Derbyia
Bed of very porous dolomudstone,  light-yellow-

gray. chert layers; cr]noids,  spicules, fenestrate
and ramose bryozoans
Medium-bedded dolomudstone, medium-gray

grading up to yellow-gray, chert nodules at the
top; rare crinoids, brachiopod fragments,

pelecypod molds

Location:  Roadcuts along N-I 12, 0.3+).45  mi  south of the
Krider railroad slding, Condra and Upp's  ( 1931 ) type locality for
the  Krider and Paddock Members: W/2  sec   10 and E/2  see.  9, T.
I  N., R. 6 E., Gage County,  Nebraska

NOLANS LIMESTONE

Herington Member

4 fl 4 inches           Basal 4 inches  ledge of yellow,  shaly
dolomudstone, overlain by badly weathered,
thin-bedded,  yellow dolomudstone, calcite

geodes

Paddock Shale Member

ll  ft o Inches        Badly weathered mudrock:  basal 4 ft sparsely
fossiliferous and medium-gray with yellow
splotches (rare pectinid casts); upper 7 ft
unfossiliferous, yellow

Measured Section Number:  153

Krider Member

I  ft 3  inches

2 ft  I  inches
I  ft 6 Inches

ODELL SHALE

3  ft 4 inches

I  ft 8 inches
5  ft  10  Inches

8  ft 0 inches

0 ft 8  inches

Thin-bedded, shaly dolomudstone, light-yellow,

gradational top;  Myalina, some Aviculopecten
U nfossil iferous, grayish-yellow mudrock
Thin-bedded,  shaly dolomudstone, lighl-yellow ,
lingulids

Unfossiliferous,  silty mudrock, grades upward
from gray-green to yellow
Unfossiliferous. red mudrock
Unfossiliferous, red mudrock, few inches of

green shale at the top, base, and above the
mlddle
Poorly exposed, unfossiliferous mudrock and
shale,  mostly red with thin layers of bright

green
Basal 2  inches of yellow, unfossiliferous shale
overlain by 4 inches of yellow-gray mudrock,
and then,  2 Inches of green-gray shale;
unfossiliferous

Location:  Cutbank along Big Indian Crock,  SW sec.  36 and east
edge of SE sec  35, T. 2 N„ R. 6 E„ Gage County, Nebraska

Comment:  We have tentatively identified this section as the Gage
to Luta based on field relationshlps

QUATERNARY

3 ft o inches           lndurated gravelly  sandstone, cross stratified

(glacial  dril`t)

WINFIELD LIMESTONE

Luta Member

vugs, some paper-thin  laminae of palisades
calcite,  unfossiliferous, light-yellow

Grant Shale Member

2 ft 4 inches           Unfossiliferous, black shale

Stovall Limestone Member

I  ft 2  inches           Basal bed of shaly, porous dolobiowackestone,
overlain by  fossiliferous, light-gray mudrock;
top 5-inches-thick bed of shaly, porous
dolobiowackestone,  the top 2 Inches of which is
black and  intraclastic; foraminifers,
Permophorus, Aviculopecten, gastropods.

5  ft o inches           Very thin bedded, dolomitic mudrock to shaly
dolomudstone, calcite-lined geodes and smaller        0 ft  lo inches

Septimyalina
Recrystallized dolom ite, yellow-gray, contorted,
becomes shal ier upsection
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DOYLE SHALE

Gage Shale Member

0 ft ll  inches        Basal 4 inches of laminated, light-gray,
unfossiliferous shale, overlain by 7 inches of
medium-gray-green shale, unfossiliferous

Measured Section Number: 154

5  ft 4 inches

I ft 0 inches

Unfossiliferous, medium-gray-green, silty
mudrock
Unfossiliferous, red mudrock

Location: Creekbed and adjoining roadcut, SW see.  13, T. 3 N.,
R. 6 E., west Of Holmesville, Gage County, Nebraska

Comment: This outcrop may be Condra and Upp.s (1931) type
locality of the Holmesville

DOYLE SHALE

2 ft o inches          Laminated, dolomitic shale, unfossiliferous,
Light-yellow with red laminae, brecciated in
upper beds

FORT RILEY FORMATION

3 ft 2 inches

Holmesville Shale Member

loft o inches        Unfossiliferous mudrock and shale, mostly red,        3 ft o inches
with ~1  inch of green shale at the base, and
some I -2-inches-thick layers of yellow-green
shale in the top 6 ft of the unit

Measured Section Number: 155

Very thin bedded lo laminated, very shaly
dolomudstone to dolomitic shale,
unfossiliferous, vugs, mostly light-yellow, some
red laminae
Medium- to thin-bedded (upsection), shaly
dolomudstone, medium-gray, small calci(e-
lined vugs. red stains along bedding planes

Location: Churchill oil field, north of the town Of Oxford, along
the west bank of the Arkansas River, E/2 NW see. 36, T. 31  S., R.
2 E., Summer County. Kansas

QUATERNARY

Eolian sand

ODELL SHALE

5 ft o inches          Unfossiliferous, light-gray, locally calcitic, silly
shale and mudrock

VVINFIELD LIMEsroNE

Luta Member

4 ft 7 inches          Thin-bedded, shady limestone. light-gray: basal
9 inches is mudstone (crinoids, Derbyia);
section from 9 to 22 inches above base is
mudstone to biowackestone (crmoids , Derbyia,
Composita, ramose bryozoans); overlying 2 ft 5
inches i s apparently unfossiliferous mudstone ;
upper 4 inches is sparse biowackestone
(crinoids, Derbyia, Composita, ramose
bryozoan§)

Cresswell Limestone Member

2 ft 8 inches          Bed of porous limestone, light-yellow, fines
upward from oncolitic biowackestone-

packstone to nononcolitic mudstone-
biowackestone; foraminifers. crinoids

I ft 6 inches          Bed of vertically burrowed limestone, porous,
9 ft 6 inches          Thin-bedded, shaly limestone: basal  1 ft 3

inches dark-gI`ay and unfossiliferous lime
mudstone, locally mechamcalLy laminated with         4 ft 8 inches

quartz silt; overlying  I  ft 6 inches light-gray,
possibly silty lime mudstone, small chert
nodules (light-to medium-gray) , scattered
Lingula, thin partings of light-gray shale;
overlying remainder of the section very shaly,
light-gray, unfossiliferous lime mudstone,

progressively more shaly upsection
1  ft 8 inches I.edge-foming bed of shaly limestone, sparse

biowackestone, medium-gray, with scattered
small chert nodules (light- and dark-gray);
Derbyia, Composita, crinoids, fenestrate and
ramose bryozoans

I  ft 10 inches        Recessive unit of thin-bedded, shaly limestone,
mudstone. bioturbated, medium-gray ; crinoids,
Derbyia; local concentrations of Reticulatia ~5
inches above the base

dense oncolite biopackstone to grainstone,
light-yellow; crinoids
Bed of porous limestone, light-yellow, its top

picked as the top of a prominently vertically
burrowed zone that extends downward ~1  ft 5
inches; section coarsens upward from mud-
stone-biowackestone to biopackstone; crinoids,
echinoid fragments, ramose bryozoans,
Composita, Derbyia. rare oncolites

Grant Shale Member

2 ft 8 inches          Thin-bedded, shaly limestone, bioturbated,
light-gray; basal 8 inches is biopackstone

(crinoids, bivalve fragments) ; overlying section
is the "concretionary zone" which contains
large oncolites, especially in the section  11~19
inches below the top
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