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GEOLOGY OF THE FORAKER AREA, OSAGE COUNTY, OKLAHOMA
CHAPTER I
INTRODUCTION

The area under investigation, designated as the For-
aker Area, lies in the extreme northwest corner of Osage
County, Oklahoma. It includes Townships 28 and 29 North,
Ranges 6 and 7 East and part of Range 5 East. The north and
west boundaries are the Kansas State Line and the Kay County
Line respectively., The area is named for the small village
of Foraker in the southeast. Fileld work was done between
the middle of June and the last part of October, 1952.

| The purpose of this investigation is to map the areal
geology and to make‘a detailed study of the units that crop
out within the Foraker area, Emphasis is placed on the as=
pect of the units along the strike, progressing from north
to south. Outcropping units within the area consist of rocks
of the Wolfcampian Series (Lower Permian) and of the upper
Virgilian Series (Upper Pennsylvanian).

The most striking topographic features in the area
are the east-facing escarpments west of Beaver Creek in the
northwest corner and similar escarpments (see Fig. 2) in the
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eastern part roughly paralleling the eastern border. The
western escarpment is rimmed by the Wreford limestone, while
the Foraker limestone forms the top bench of the eastern
escarpment, Both of these limestone formations contain cone
siderable chert, making them more resistant to erosion than
the softer strata which lie both above and below them. In
contrast to these sharp, eastward facing escarpments, the
area between is composed of what appears to be a broad, flat
area. This area, in reality, is a series of low, step-like
benches with a few outliers of Cottonwood and Neva limestones
which support a gently sloping, grass-covered surface. These
surface features are attributable to the diversity in COmpo=
sition and to the variety of types of rock that crop out in
the area, With few exceptions, the entire columnar section
is an alﬁernaﬁimn of limestone and shale. The limestone beds
form the benches and the shales form the slopes of the east-
ward-facing escarpments. Where there is an influx of chert,
as in the Wreford and Foraker limestones, there is also equal
incraase in resistance of the limestone, consequently making

gharper escarpments.
This area is the southern extension of a series of

hills known as the Flint Hills of Kansas., In central Kansas
the Florence limestone is the capping rock layer. Farther
south, throughout much of Cowley County, Kansas, the Wreford
limestone forms the principal rim of the Flint Hills. In
southern Cowley County and northern Oklahoma, the chief



Figure 2. BEHastward facing escarpment cap-
Eed’?b% Foraker limestone in SW/L sec. 23, T, 29 N.
L4 Ld
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bench is lower at the top of the Foraker limestone.

In years of slight rainfall, all streams in the area
are intermittent. The central area, which is the largest
watershed, is drained by Salt Creeks It heads a little
south of the Kansas-Oklahoma line, and flows southward
through the center of the area a few degrees wést of south.
Elm Creek, a tributary of Salt Creek, drains the eastern
portion of this central area. Subordinate streams ares
Beaver Creek, draining the western area; Buck Creek, Sand
Creek, and the headwaters of numerous other small streaus,
draining the eastern margin of the area., The streams flow
in a general southerly direction.

The regional dip of 40 to 45 feet per mile to the
northwest was determined by the three-point method. Out~
crop points and estimated elevations from the Us 84 Geologi~
cal Survey topegraéhic map of the Foraker Quadrangle, edi-
tion of 1916, reprinted in 1945, were used in applying this
method.

Stratigraphic sections were ﬁeasured by a rule gradu~
ated to tenths of a foot, and the hand level and tape method,
Sections that were impractical to measure by these methods
were estimated by using elevations taken from the topographic
map, making allowance for the dip if the horizontal distances
were over a mile. When the hand level and tape method was

used in measuring thicknesses, the dip was disregarded.



6

Previous work in this area was dbna by H@ald,l who
mapped the structure of the Foraker Quadrangle in the period
of 1915 to 1916; This bulletin was published with the
specific purpose of recommending the most ideal locations
for oil prospecting. A few key beds, used for mapping struc-
ture, were described. Heald named the Foraker limestone for
the village of Foraker, and the Red Bagle limestone was
named from exposures near Red Eégla School. This school was
located southwest of Foraker, but since 1916 has been des-
troyed. Heald described the Foraker limestone as being 74
feet thick. This thickness probably included the interval
down to the base of the Brownville limestone, which is now
accepted as the topmost bed in the Virgil series of the
Pennsylvanian system of the northern Mid-Continent area. A
type section is designated for the Foraker limestone and
correlative names applied to those beds which lie below it.
This will be dealt with in other parts of this thesis.

In 1929, Bass® mapped and described in detail the
key beds of Cowley County, Kansas, which borders the Farakér
area on the north., This work deals principally with oil and

gas fields of the county. Subsequent work by R, Ce Moore,B

1&. Cs Heald, "The 0il and Cas Geelagy of‘tne Foraker

: Quaﬁrangla_ Osag@ Ccunty Oklahoma,”™ United States Geolog
oy, Bulletin 641-B, 1916,
zﬁ. W» Basa, "The Geology of Cowley County, Kansas,"
sag Ceolopics irvey, Bulletin 12, 1929.

" Kansas




7
and others has revised and added much to the nomenclature
used by Bass. _
80il Conservation photo-index sheets and topographiec
maps were used in mapping formational contacts. The contacts
were transferred to a base map drawn on a scale of 2.1 inches
to the mile, Roads are good, but few transverse the large

ranches.



CHAPTER II

STRATIGRAPHY AND LITHOLOGY

The Virgilian series includes those Upper Pennsyl-
vanian formations from the unconformity at the top of the
Missourian series to the unconformity at the base of the
ovaélying Wolfcampian, It includes beds from the base of
the Tonganoxie sandstone to the base of the ghannel=-filling
Tndian Cave sandstones The Pennsylvanian-Permian boundary
is distinguished prineipally by this locally prominent channel
sandstone. Although reported to be well developed in south-
eastern Cowley County, Kansas, evidence of its presence in
the Foraker area is lacking. The youngest Pennsylvanian
unit,.well developed in the designated area, is the Drown-
ville limestone, and all beds overlying it will be treated
as Permian or transitional in age.

The Virgilian series is divided into, in descending
order: Wabaunsee, Shawnee, and Douglas groups. Only beds of
the upper Wabaunsee group crop out within the Foraker area.
Tt is divided into Richardson, Nemaha, and Sacfox subgroups,
of which only beds of the upper two (Richardson, Nemaha )

8



erop out within the area.,

The stratigraphical units of the Virgilian series,
as a whole, are consistent units transversing the region
from Oklahoma across Kansas into Nebraska. These units are
mainly alternations of limestone and shale, and marine and
non-marine deposits. Bvidence of e¢yclieal sedimentation is
present in this area but has been obscured by poor exposures
and missing units. DMNorthward in Kansas, the evidence of
sedimentation is much clearer, especially in the Wabaunsee
and Shawnee groups. Sandstone is present in all of the
Virgilian groups, but is not so prominent in the Wabaunsee
and Shawnee groups as it is in the Douglas group. Sandstone

beds increase from the Kansas-Nebraska line into Oklahoma,

Wabaunsee Group
The Wabaunsee group was originally described by
Prosser® in 1895 as the interval from the base of the Cotton=
wood limestone down to the Osage coals, This was redefined
in 19325 by moving the lower boundary down to the top of the
Topeka formation and the upper boundary down to the base of
the Americus limaatona. By eliminating beds that are now

46. Se Preaser, "The Classification of the Upper
Palezoic Rocks of Central Kansas," Jourpal of (¢ 14
3; 1695; Pn 689&

5R. C. Moore,"A Reclassification of the Pennsylvanian
Syatam in the Northarn MidContinent Region,™ Kansa plogical
¢ Guidebook 6th Annual Field Cenference 1932’, Pe Oles
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6 restricted the Wabaunsee group

considered Permian, Condra
to beds lying below the top of the Brownville limestone and‘.
above the Topeka formation, This classification was followed
by Moore’ in 1936, and the usage, as defined, has been ac-
cepted by most geologists for the last 18 years.

As previously stated, the Wabaunsee consists of
three subgroups. These divisions are based primarily on
their contrasting topographic expressionses The Nemaha sub-
group is composed of beds that make good escarpments, while
the other two, which lie sbove and beleow, are predominately
easlly eroded beds that have poor autcrops. In Kansas and
Nebraska, the Richardson subgroup includes beds from the
Brownville limestone down to the top of the Tarkio limestone,
The Tarkio limestone is the upper unit of the Nemaha sub-
group, while the base is drawn at the bottom of the Burlingame
limestone., However, the Tarkio limestone has not been recog~
nized south of northern Lyon County, Kansas, and the question
arises as to where the line should be drawn in Oklahoma for
the Richardson and Nemaha subgroups. Since the divisions
are based primarily on the nature of their outcrops, it seems
logical to lower the base of the Riehardsan subgruup to the

66. Es Condra, “Geelegic Crass Sectian, Forest City,
Misaﬁuxi to Dubols, Nebraska,™ Hebraska Geological Surve
Paper 8, 1935, ppe 9-11,

7&, Cs Moore, "3tratiyraphic 01ass*fiearicn of tha
Pennaylvanian Rocks of Kansas," Kansas CGeological Survey,
Bulletin 22, 1936, pes 224 '
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top (Elmont limestone member) of the Stonebreaker formation,
In this thesis, the Richardson subgroup of Oklahoma will be
recognized as the interval between the Brownville limestone
down to the top of the Stonebreaker limestone, and the Nemaha
from the top of the Stonebreaker down to the base of the
Burlingame limestone.

: Shalet The Auburn shale ineludes the inter=-

val between the Cryptozoon limestone, whieh is equivalent
in part to the Wakarusa limestone of Kansas, and Stonebreaker
linestone, Exposures are poor and are restricted to the
banks of Duck Creek in sec. 25, T. 29 Ns, Ry 7 E, of the
designated area. ' '

Along Buck Creek it is composed of two relatively
thin limestone units, cross-~bedded and platy sandstone, and
intervening shale which is sandy in the upper part (see
Measured Section V, Appendix), The lowest unit of the Au=
burn shale exposed in the area is a bluishe-gray, fine to
coarse grained limestone, This bed contains a thin shale
break which divides it into a lower bed of 1.2 feet thick=
ness and an upper bed which is 0.4 foot thiek., The lower
bed contains a few fusulinids, Cryptozoa, and crinoid and
brachiopod fragments. It is fine grained and weathers to
rectangular bleckss Probably as the result of the presence
of algal rem&ina; the upper surface is uneven, The upper
bed is coarser grained than the lower, has thin shale part-
ings, is ferruginous, and has few fossils other than crinoid
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fragments. A dark blue shale, containing pelecypods, under-
lies this unit. This limestone unit is exposed in the bed
of Buck Creek on the township line and lies approximately
57 feet below the Reading limestone.

The overlying shale section, although poorly exposed,
- is composed of blue shale which contains brachiopods, crinecids,
and mollusks. It grades upward into a greenish-yellow shale
which is non-fossiliferous. This axposﬁre comprises about
half of a 28 foot interval of which the upper half is covered
by soils It is probably a continuation of the yellow shale,
since immediately below the upper limestone unit of the
Auvburn shale a amail exposure of fossiliferous yellow shale
is present.

The upper limestone unit is 1.1 feet thick and is a
massive, fossiliferous bed., The lower part is shaly and
contains an abundance of pelecypods and fragments of brachio-
pods. The upper part is clean, fine grained and only
sparsely fossiliferouss This bed is characterized by its
yellow weathered surface,.its erumbly nature on weathering,
and by the clean, blue-gray color of the upper part., It
lies about 30 feet below the Reading limestone.

The upper part of the Auburn shale is made up of 25
feet of gray and yellow, calcareous, sandy shale with a
eross-bedded, channel-filling sandstone occurring near the
middle. Above the cross~bedded sandstone, the shale is
gray, sandy and slightly calcareous, gréding upward into a
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yellow shale which in turn becomes gray, calcareous and
fossiliferous near the base of the overlying Stonebreaker
formation,.

The Stonebreaker limestone

was named by Healdg from exposures on the Stonebresker ranch
in Te 29 Ne, Rs 8 Es Barly reports by Kansas geologists re-
ferred to equivalent beds found in Kansas as the Bmporia
limestana.g The name Emporia has been discarded and replaced
by Elmont 1imeshaaa; Harveyville shale, and Reading limestone,
in descending order. These beds are traceable into the
Stonebreaker limestone of COklahoma, and are clearly defined
in Ty 29 N., R, 8 é;, east of the Foraker area.

Outerops of the Stonebreaker formation are restricted
to sections 2&; 25, and 36, Ts 29 Ny, Re 7 Eo in the area of
investigation. Outcrops are few and poor in this area and‘
mich of the material gathered for this thesis was obtained
from the western part of T. 29 Ns, Re & E., east of the
designated areas

The Reading limestone member can be divided into
three limestone units and twe shale units (see leasured Sec-
tion III, Appendix)., The middle limestone unit (see Fig. 3)
is by far the most easily reaagniz@d, due principally to

BK. Ce Heald, ”Gealegic Structure of the Horthwestern
Part of the Pawhuska Quadrangle, Cklahoma," U,S3. Geological
e letin 691, 1918, pp. 63-64,
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Figure 3+ HMiddle unit of
Reading limestone member in NW/L sec.
%ﬁa Te 28 Nai R« 8 E, Note thin coal
e o

at position of pick.
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its excellent outcrops and its general overall character.
This middle unit occurs as three limestone beds with inter-
vening thin, fossiliferous shales., The oldest bed is 342
feet thick, is fine to medium grained, and consists of blue-
gray colored limestone. It is easily recognizable by the
abundance of fusulinids, In most outerops the fusulinids
weather white in contrast to the yellowish-brown color of
the weathered bed. The bottom part of this bed is fine
~ grained, and has a weak conchoidal fracture, the upper part
is medium=-grained and contains more limonite and fusulinids
than the lower part. The middle limestone is thinner but
its lithology closely resembles that of the lower bed.
Fusulinids are present but do not ocecur in quantity as they
do in the lower bed. Cryptozoa are found in this bed but
not in such abundance as in the overlying, thin limestone
bede This upper thin limestone bed, characterized by Crypto=-
zoon remains, but lacking fusulinids, is rarely found. The
Cryptozoa are usually formed around bryozoan or erincid frag-
ﬁents. The complete thickness of this unit is 5.6 feet, and
it has a distinctive rhombohedral jointing pattern which is
evident at.all outecrops, It is brown in color, stained by
yellow blotches caused by the limonite. Due probably to
algal remains, the bed weathers at places to small thin slabs.

Underlying the middle fusulinid-bearing limestone
and overlying the Auburn shale, is a limestone containing a

few pelecypods and brachiopods, but consisting principally
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of well rounded crinoid plates. The upper surface is wavy,
probably resulting from algal remains, Below this bed, in
secs 25, T4 29 Nuo, Ry 7 E,, is a mound-like accumulation of
algal and crinoid remains which is suggestive of a biohermal
limestone (see Fig. 4)s The limestone bed appears to be dis-
torted upward across this accumulation, No other occurrence
was found in this or the adjacent area.

Gray, sparsely fossiliferous, calcareous shale oc~
cupies the position betweén the lower and middle units, A
thin but persistent coal bed occurs near the middle of the
shale at all exposures.

A seven foot greenish-gray shale with thin lenses of
maroon shale lies above the middle unit, Fossils are not
plentiful. The uppermost limestone member (see Fig. 5) is
characterized by its crumbly nature and by algal remains
which are found strewn along the ground as fine grained,
yellow limestone boulders. This bed averages l.3 feet thick
and is excellently exposed along one of the tributaries of
Buck Creek in sece 25, Ts 29 Noy Re 7 E.

The thickness of the Reading limestone member averages
about 20 feet in this general area, It is a continuous lime-
stone unit cropping out from Oklahoma northward into Nebraska.

The Harveyville shale member includes the beds be-
tween the Reading and Elmont limestones. The description
and thickness of this shale were taken from the excellent

expasﬁra along the north bank of Sand Creek in sec. 30, T.



Figure 4+ Lowest bed of Stonebreaker
formation ahowing biahermal limestone accumulation,
NW/L secs 25, Te 29 Ne, Re 7 B,

Figure 5, Upper bed of Reading limestone
mewber overlain b¥ Harveyville shale member as seen
in S’ﬁ/lp 593. 36’ 2% N,, RQ “‘3 Eg

UNIVERS!TY OF OKL AE—’OMA
LIBRARY
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28 No, Re 8 E,

The Harveyville shale is best described by dividing
it into three zones (see Measured Section I, Appendix). The
lower zone overlies the upper bed of the Reading limestone
and is a gray, calcareous shale, It is 2,5 feet thick and
has at its top a thin coal bed and a poorly developed under-
clay. The middle zone is dark-gray, almost black, calcareous
shale with thin, platy limestone beds near the middle, An
abundance of the brachiopod Chonetes, was found in this zone.
At the top of this zone there appears to be a thin and poorly
developed underclay (see Figs 3). (A definite conclusion
was not reached as to whether it is an underclay.) The upper
zone is predominately black shale and carries a few
brachiopods,.

The upper unit of the Stonebreaker formation is the
Elmont limestone, which has two limestone beds and an in=-
tervening shale (see Measured Section I, Appendix). Although
the Elmont limestone is poorly represented within the area
of investigation, it is well exposed (see Fig., 6) in the
adjacent area to the east, Tpse. 28 and 29 N., Re 8 Es The
two limestones have distinctive characteristics and are
readily recognized where exposed. The lower bed is thin and
closely resembles the upper layer of the middle Reading lime=-
stone unit, They both carry a profusion of Cryptozoon, but
the lower Elmont bed is fusulinidubearinnghile the other

limestehe is not.
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The shale between these two limestone beds is pre~
dominately black and is barren of fossils except in the
upper part., The lower part is carbonaceous, grading upward
into the top part which is gray and calecareous. The upper
part contains an abundance of Crurithyris plas

Limestone concretions are present in the upper part about

1.5 feet below the upper limestone bed, The break between
the shale and the upper limestone bed is gradual, resulting
in little faunal change in the lower part of the limestone,
In the upper part, however, bryozoans, ¢rinoids, and several
species of brachiopods are present. Some are fragmental and
all are tightly embedded in the matrix, making it impractical
to obtain specimens for laboratory identifications The bed
is gray, weathers yellow, and is somewhat arenaceous, The
Elmont limestone is well exposed on the east side of the
ereek which runs through the western half of sec., 18, T. 28
Ne, Re 8 Eu (see Fige 4)e

The Stonebreaker formation has an aggregate thick-
ness of 31 feet,

les In southern Kansas and northe-

ern Oklahoma, this shale and sandstone section consists of
beds that lie between the Elmont and Dover limestones and

represents a combination of three shales, In northern

e

lQR. Ce lMoore, “Divisions of the Pennsylvanian Sys-
tem in Kansas," State Ceolc Survey o sag, B
83, 19&9, pp. 18-7.




20
Kansas these shales are recognizable as distinet beds
separated by the iarkia and Maple Hill limestones. In north-
ern Kansas, the Langdon shale overlies the Maple Hill lime~
stonej the Willard shale occupies a position subjacent to
the Tarkio limestone, and the Pierson Point shale lies be-
tween the Willard and Tarkio limestones.

South of a point in Lyon County, Kansas, the Tarkio
limestone disappears, resulting in a merging of the two
shales and the unit is called the Willard-Pierson Point shale,
South of Emporia, Kansas, the Maple Hill limestone has not
been positively identified, and the three shales coalesce
into one and this unit is recognized in the Foraker area as
such, This shale and sandstone interval is the Willard-
Langdon shale,

?bé Willard~Langdon shale is poorly exposed in the
general area of Osage County (see lMeasured Sections VII and
XI, Appendix)s It is predominately shale and sandstone with
two thin limestones near the top. The lower limestone is
thin and eﬁisﬁs only as float along the grass covered slope.
The Willard-Langdon ahala(ia exposed at the base a&d top

sk the middle consistently covered throughout the area.
The lower part is composed of yellow, sandy shale with a
coal bed lying 4 feet above the Elmont limestone., This is
the thickest and best developed coal in the columnar section
that crops out within the Foraker area (see Figs 7)s This

coal was not found in the designated area but good exposures
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Figure 6., Upper limestone and shale beds
ﬁf glgcnt limestone member, NW/4 sec. 19, T 28 N,

Figure 7. Coal bed at base of Willard-
Langdon shale, NW/4 sec. 19, T 28 No, R. & Es
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are found in sec, 18, T. 28 N,, Re 8 E, (see Fige 5)¢ The
top part of this shale is made up of maroon and gray sandy
shale, A good exposure is found in secs 13, T. 28 He, Re
7 E« The upper limestone of the Willard-Langdon shale is
also exposed at this same location in the bed of the small
ereek that runs through the sections This limestone is
gray, compact, and weathers buff with red blotches caused
by the overlying marcon shale. Its most distinguishing
characteristiecs are fossil content and algal remains.
Myalina of the lMyalina su
pelecypods, brachiopeds, bryozoans and ecrinoids that are

ata type outnumber other

present.
The middle part, although covered at most places,

consists of three sandstone ledges. The average thickness
for each of these beds is two feet. Some are probably
channel=filling, but proef of this is lacking., The sand=-
stone. lying about 20 feet above the Elmont limestone has
oscillation ripple-marks and plant remains. The other sand-
stone beds are smooth and evenly bedded with the exception
of the bed that lies near the top, which is locally cross~
bedded, These beds are fine grained, poorly indurated, and
weather to rectangular blocks that lie strewn along the
grasg-covered slopes. 8ilicified wood was found along the
ravines and creeks that drain this gandstone zones

The thickness of the Willard-Langdon ghale is about

120 feet and is remarkably constant. The only noticeable



23
variation in the section was a definite increase in the

amount of sandstone in the southern part of the area.

The Dover Limestone consists of two
limestone beds and an intervening sandy shale (see Measured
Section XVI, Appendix). Although the Dover limestone avers
ages about 18 feet, it consists mostly of sandy micaceous
shale and soft, sandy limestone, Outcrops of this limestone
were not found south of seecs. 13 and 24, Ts 28 Ny, Re 7 Ee

in the Foraker area, In sec. 13, T. 28 Ns, Re 7 Es the out-
crops are good, with the lower member resting on the Willard-
Langdon shale. The lower bed (see Fig. 8) is blue~gray,
arenacecus, fossiliferous, and has a thin inconcistent shale
break near the middle. Large well-preserved specimens of

stus americanus are dispersed throughout the 3.5

foot bed. Other brachiopods and bryozoans are also present
but not in a good state of preservationj a few fusulinids
are found at the top. Upon weathering this bed takes on a

puff color and locks like a fine grained sandstones.
The upper limestone bed is 1.3 feet thick, brownish=

gray weathering to brown., This bed is characterized by the
fusulinids it carries, which, at places, are plentiful.
Fragments of brachiopods and pelecypods are also present,
the latter being more prevalent, This bed grades downward
into a micaceous sandstone which makes up almost half of
the entire thickness of this Eed. The shale lying between
the upper and lower beds is yellow and sandy, with thin,
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platy sandstone beds occurring near the top.

It is doubtful that the Dover limestone is exposed
or present south of the Foraker area. A quick reconnaissance
~ south of the Foraker area near Shidler and Fairfax, Oklahoma,
revealed that the stratigraphical position of the Dover lime-
stone is occupied by sandstone, indicating that it might grade
laterally southward into sandstone, Future detailed mapping

of these areas will disclose whether the Dover is present.

The inverval between the top of the
Dover limestone and the base of Crandhaven limestone is
known as the Dry shale.ll In the Foraker area this interval
exists only as a grass-covered slope near the base of the
steep escarpment caused by the Foraker limestones The
measured thickness, when the Dover limestone is present, is
about 20 feet.

In the southern part of the area, where the Dover
limestone is not recognizable, this shale is indistinguishable
from the underlying Willard-Langdon shale. Following R. Ce
Moore's method of naming beds, the sandstone and shele inter-
val between the Elmont and Grandhaven limestones should be
referred to as the Willard-Dry shale.

The Orandhaven limestone com=

prises two beds in Kanaas,lg but in Oklahoma only the upper

11Mbore “Stratigraphic Classification of the Penn-
sylvanian Rocks 'of Kansas," opas Gite, Pe 236.

127pid., pe 237-238.
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is recognizables In the northern part of the area, sec. 25,
Te 29 Nu, Re 7 B¢, where it reaches its maximum thickness,
it is ah easily recognized bed (see lMeasured Section VIIT,
_Appendix)s In this section it is a cross~bedded calcarenite
with a maximum thickness of 2 feets Its color is tan to
gray, mottled by the various colored limestone pebbles it
contains, In certain places in this section, it is strongly
ferrugincus, giving the bed a bright red color. Fossils

are mostly fragmental, but a few'large pelecypods are found
| that are well preserved.

Progressing southward along the strike, the Grandhaven
thins rapidly to about 0.5 foot in seec. 24, T. 28 Ny, Re 7 Eo
where it is exposed in a c¢reek bed. At this exposure it is
evenly bedded, red in color and has retained its calcarenitic
texture, Rarely a large pelecypod is found. This bed, with.
the éxaaﬁtion of its northern exposures, is inconspicuous and
is located by reference to its stratigraphical position,
wﬁich is between 14 and 20 feet below the overlying Jim Creek

limestones
The Friedrich shale is well exposed

on the east bank of the small creek running through sece 24,
f, 28 Ne, Re 7 B+ It includes the beds from the base of the
overlying Jim Creek limestone down to the Grandhaven lime=
stone, Its thickness is consistent in the Foraker area,
varying only a few feet from the average thickness of 16 feet

(see Maasﬁrad_aaction XIII, Appendix),
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The Friedrich shale consists of gray, arenaceous,
micaceous shale with thin laminated beds of calcareous sand-
stone, The lower 5 feet is dark gray and not so sandy, and
is overlain by an interbedded series of shales and thin cal-
careous sandstones. Four feet below the overlying Jim Creek
limestone is a thin coal bed. Above the c¢oal and below the ; 
Jim Creek is a gray, calcareous, fossiliferous shale,

The Jim Creek limestone is the

best Pennsylvanian marker bed that crops out within the area
of iuvestigation. It is very persistent and can be recognized
by its own characteristics alone, but its value as a marker
is further enhanced by a thin consistent coal bed that lies
about 4 feet below it.(see Figs 9)s It has a bluish-gray to
tan color on fresh surface and weathers to a yellowish-brown
color., It is fusulinid~bearing and carries fragments of
braehiepads, erincids and bryozoa. In the southern part of
‘the area, secs 26, Te 28 N4, Re 7 Bs, it is slightly more
akenacéoua and contains more limonite than it does in the
northern parts.

In Kansas, the Jim Creek is a single massive bed,
attaining a thickness of not over 2 feety there it is classed
as a formaniqn.lB In the northern part of the Foraker area,
near the Kansas line, the Jim Creek appears as a single bed

2 feet thick. However, the bed increases slightly in thick-

1
BIhin. pe 240-241.
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ness in the southern area, where its maximum thickness is
2.8 feet (see Measured Section XIX, Appendix).. This in=
crease is probably due to a thin shale break near the middle
of the bed. At most outerops it appears as a massive bed

that weathers to small shelly fragments,

In the Foraker area, the French
Craek shale h forms a grasa~covered slope lying between the
Nebraska City limestone and the Jim Creek limestone. It has
an average thickness of 14 feet. Only in the southwestern
part of sec. 25 and the northeastern part of sec. 26, Ts 28
" Ne, Re 7 Es is there any indication as to what types of rock
make up the interval (see lMeasured Section XIII, Appendix).
Here is it a gray, calcareous shale with limestone concre-
tions occurring at about the middle. Elsewhere in the same
vicinity there occurs a laterally discontinuous l.5 foot
thick bed that is made up of three zones. The upper zone is
a yellow, sandy, 0.3 foot calcarenite which grades downward
into a 0.7 foot clean, white, sandy limestone. This in turn
grades into a 0.5 foot sandy, yellow limestone., It is a
massive bed with no shale breaks or fossils., Evidence of
the middle gzone was not found north of sec. 13, Ts 28 No, R,
7 E. Traveling southward along the strike from sec. 13, %
28 Ne, Re 7 Ea, it is found above the Jim Creek as fraguments
intermixed with those of the upper and lower zones. In sec,

:u"MS s Pe 2hle
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26, Ts 29 Ne, Re 7 E., this bed is exposed along the south
bank of Sand Creek in the northwest part of the section,

ebraska Ci Limestone: Named for Nebraska City,
Nebraska, by Gandra,l5 the Nebraska City limestone extends
from Nebraska across Kansas into Oklahoma., It is not resis-
tant and does nat aruﬁ out prominently in the Foraker area.
It is exposed in the road cut in the southwestern part of
secs 25, Ts 28 N,, Re 7 Es where its maximum thickness of
3.5 feet is represented by three limestone layers and inter-
'vening thin shales (see Fig. 10). This is the only place in
the area where the lower beds are found in place (see Measured
Section XX, Appendix). In other pérts of the area they are
found strewn along the grass-covered slopes.

The lower layers are calcarenites containing small
limestone pebbles and possibly some shale pebbles, Apparently
these calcarenite layers disintegrate on prolonged weathering
because only a few fragments are found anywhere in the area.
Where found they have a distinctive spotted, weathered sur-
face and are valuable in identification of the Nebraska City
limestone. The upper bed is an algal and molluscan bed that
is more resistant and is found with less difficulty than the
lower calearenites. In secs 25, Ts 28 No, Rs 7 E., this bed

is a coquina made up almest entirely of small gastropods.

156, E. Condra, "The Stratigraphy of the Pennsylvanian
System in Nebraska," Nebraska Geolo Survey, Bulletin 1,
2nd Series, 1927, pe :
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In the northern part of the area it is a massive bed with a
tan colored fresh surface weathering brown. It is ferruginous,
contains nodules of limonite, and carries a small pelecypod
that is generally composed of pink material, During summer
months when vegetation is plentiful, the Nebraska City lime-
stone is not easily found, but by referring to its strati-
graphical position in regard to the Jim Creek limestone,
some evidence of its presence is almost always evident.,

In Kansas the Nebraska City limestone is treated as
'a molluscan bed belonging to the transgressive phase of the

Caneyville limestones The Caneyville limestonelé is

a cyclo~
them which includes the Nebraska City limestone, a fusulinid-
bearing limestone, and the Crayhorse limestone, which is the
regressive part of the Caneyville c¢yclothems Neither the
coal bed nor the fusulinid bed are found in the Foraker area,
cansequently it will not be treated as such in this thesis,
The interval between the Nebraska City limestone and Gray-
horse limestone has not been named and the need for naming

it is negligible. It will be referred to as the shale in-
terval between the Nebraska City limestone and Grayhorse
limestones This interval is covered throughout the area. A
0«3 foot iimestone, composed of thin alternating layers of

calearenitic limestone and clean, dense, almost lithographic

16Moere,_”8tratigraphie Classification of the Penn-
sylvanian Rocks of Kansas,"™ op. git., s 241-243.
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limestone occurs approximately L4 to 6 feet above the Nebraska
City limestone., This bed weathers yvellow and is easily re-
cognized where found on the slbpas of this interval, In the
upper part, approximately 4 feet bglow the Grayhorse lime-
stone, yellow sandy limeetone boulders are found intermittently
along the strike of the Grayhorse limestone, These are
probably weathered remains of limestone coneretions, In the
southern area, thin, discontinuous, algal beds are present
and the correct position of these beds is both impractical
and impossible to ascertain except to say they occur some=
where near the middle of the interval.

egtones The Grayhorse limestone was

originally named by Bowent/ from its excellent exposures on
the crest of the Little Grayhorse anticline in the northwest
part of see., 11, Ts 24 N,, Ry 6 E« It first appeared in
print in K. Cs Heald'sla report on an adjacent areas

In the Foraker aiea, the'Grayhorse limestone is best
exposed in the bed of a small creek in the southeast part of
gsece 16, Ts 29 M., Re 7 E (see Fig, 11)s In this area it is
made up of two limestone beds separated by oue foot of green~

ish-gray shale with intercalated beds of limestoue. The

; v eport on Tp&.’ 2 25 and 26 N. Ra
Cv B ® BOWGII, R ; » ;]
‘&!’1 ? ) P @ 5 ‘ 6 9 Re 5 E:! I . 2(" Nﬂ, Re & E?!

18K. C. Heald, "Structure and Oil and Gas §esourcea
of the Osage Reservation, Okla.; Te 27 Ne,. Re 7 Ee," Us S.
3eols . B 686 K, 1918, pe 130,
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Figure 10, Exposures of Nebraska City linme~
stone in road~cut in sec, 25, T 28 N., R, 7 E,

Pigure 1l. Outerop of Grayhorse limestone
in sece 16, T 29 Ne, Re 7 E,
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upper bed is 0.6 foot thick, and is a dark gray, ferruginous| -
limestone with thin shale partings. On weathering it Le-

comes slabby and takes on a grayish-brown color, At localized
spots, it appears as a calcarenite filled with small yellow
and white limestone pebbles that give the surface a spotted

appearance, Well preserved fossils are fewy of these,

alina is the most common. Tiny fraguments of brachiopods,
erinoids and other fossils lie parallel to the bedding planes,
»:and weather in relief to the bed.
1 The lower bed is 1.3 feet thick, f{ine~grained, gray ;
ilimastane that weatliers tan. Fossils have been replaced by
}dark coarsely crystalline calcite, and in some instances the
%fa&sils and fractures have been filled with limonite. Fos= |
;sila are practically all fragumental at this exposure, but at
other outcrops in the same gemeral vicinity this lowsr bed
is filled with pelecypods that are fairly well yreserved,
| South of sec. 16, T+ 29 Ns, Re 7‘E. the Grayhorse
flimaaﬁeua is never completely exposed in the Foraker area.
;It lies &yprnximately 15 feet above the more resistant Jim
Creek limestone, and by referring to this marker bed, the
%Grayharsa can be traced across the entire area. With the
exception of a few partial exposures in drainage ditches and
along the road in sec, 13, Ts 28 N,, Re 7 Es, the Grayhorse
limestone appears as gray, fine-grained, dense, angular to
rounded baaiders near the middle of the ¢astward facing
escarpment that transverses the eastern margin of the area
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"from north to south.
\
‘ In Kangas the Grayhorse is considered the top membern

iand regressive phase of the Caneyville eyclothem., At preseﬁt
' the Caneyville formation is not recognized in Oklahoma.

' Pony Creek Shalet Thn thickness of the Pony Creek
Jshalelg varies from a minimum of 42 feet near the Kansas-
Oklahoma 1ine to a maximum of 51 feet near the southern
;1imits of the Foraker area, showing a slight thickening to-
wards the southe It consists for the most part of yellow
.5aandy shale, but contains a sandstone near the middle of

ithﬁ lower part and a thin coal bed near the top of the in=
‘terval,

i The Pony Creek shale is poorly exposed in the Foraker
areas The only known exposure for the interval below the
‘sandstone is in the SE/4 of secs 16, Ts 29 Ne, R 7 B (see
'E@aaured Seetion X, Appendix), The interval lying above the
aandstone is exposed along road cuts in secs. 16 and 23, T,
i29 Ne, Re 7 Bs (see Measured Section VIII, Appendix) and sec,
'13, Te 26 No, Re 7 Bs The coal bed is exposed at the last
1twu locations.

; The interval below the 5andstana averages 14 feet,
It is a continuous gradation upward from yellow, slightly

sandy shale to yellow, gray and graen. sandy, micaceous sandn

1960ndra "The Stratigraphy of the Pannsylvanian
‘System in Hebragka, OPs Cite, Ps €1,
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stone near the taps The contact surface with the base of thé
overlying sandstone is irregular, with the maximum depth of |

|
{
|
|

channeling not over two feets

The cross~bedded, channel-filling sandstone varies

in color from buff to dark brown, weathering to a brown eeloﬁ,
Tt averages 3#5 feet thick and is found along the strike
across the entire area., It is poorly developed in the south
%uh serves as a marker bed in the northern part of the area
where at a few places it forms a small bench, It is the

Pnly prominent sandstone bed in the stratigraphical section i
%atwaen the Foraker limestone and the Jim Creek limestone.

En a few ocutcrops it has a gray, micaceous and calcareous
ﬁresh surface, Probably its most distinctive charaeteristic&
%rw the cross~bedding and the abundance of tiny limenite
Lpota found on the fresh surface.

i The interval overlying the sandstone averages 34
ﬁ@at, consisting predominately of shal&. Near the top of
mhs.s shale interval, a thin coal bed is éaund about 10 feet
halaw the Brownville limestone. It is also found in southern
%&nsaa» South of secs 13, Te 28 N,, Re 7 Ee, the Pony Creek
%hale is covered and the coal bed is not seen again in the
@braker areas

The Brownville limestone,

named by Gandra and Bengstonzo from auzerops in southeastern

QQG. E. Condra, and Ns A Bengston, "Tha Pannsylvanian
F@rm&%iens of Southeastern Nebraska," lebragska Agag
, Pube vols 9, 1915, Ppe 17«




36
fﬁ%ﬁ?ﬁéﬁ&;'Iémfﬁgéiaéﬁmaa“ﬁﬁé"hp@@%ﬁ&éﬁ“&ﬁrﬁﬁigréphiﬁ"ﬁﬁit'af
[ths Wabaunsee group and of the Pennsylvanian System in nortﬁ~
iarn Oklahoma, Kansas, and Nebraska. In Kansas and Nebraska,
the Brownville limestone is reported to consist of a fusulinid~

bearing bed overlain at places by an algal and mollusean bed.
‘The algal-molluscan bed is reported by Moore2l to be found
occasionally in Chautauqua County, Kansas, which lies ad~
Jacent to the northeast c¢orner of the Foraker area, This
iwaa not.taunﬂ in the Foraker ares, but a bed filled with
pelecypod remains is found below the fusulinid~bearing bed
ﬁor the Brownville and will be considered part of the Brown-
?ville limestone (see lMeasured Section X, Appendix)s This
?bea is 1.9 feet thick, brittle, compact, and is found conw-
\siatantly below the fusulinid-bearing bed throughout the
faraag The only measurable exposure found for this lower
‘coquinoid bed is along the west side of the road in SW/L of
‘secs 16, T, 29 Ny, Re 7 Bs It lies 2 to 3 feet below the
‘overlying massive bed, separated by yellow-drab shale. This
iinterval appears to be thinner in the southern part of the
areas

i The fusulinid-bed is 4 feet thick, ineluding a thin
%shale break near the top (see Fig, 12)s It is massive,

fossiliferous, ferruginous, slightly arenaceous, and weathers

2lyoore, "Divisions of the Pennsylvanian System in
‘Kansas," op, ¢it., ps 196,
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te 8labby or rounded fragments, An abundance of large fusu-
-&1nida iayfeund in the upper part of the bed, while the
?ewar part contains only a few small fusulinids. The lower |
@nrt is yellowish-tan in color, grading upward into a darker
&n&diahﬁbrewn color near the top. It normally weathers
%rﬁwn, but it is grayish~brown in the southern part of the
areas The fusulinids are very noticeable since they are
white and usually weather in relief to the beds Large
erinoid plates and stems are also characteristic of the
'middle and upper zones,
| The Brownville limestone is an excellent marker;
hﬁwﬁver, ites value as such is somewhat diminished in the
_ ?orakar area by the overlying Foraker formation, The Brewn~§
%ﬁlie limestone forms the most abrupt bench of all the Penn-
Qyivanién rocks that crop out within the Foraker area, This
ﬁeneh can be traced with ease across the entire area, until
&t reaches the middle part of secs 26, T, 28 No, Re 7 B,
?aar the southern boundary, where the bench is not so pro-
%auneed. South from this peint to the edge of the area, the
érownville limestone serves at its maximum as a marker bed,
&his is not due to better exposures of the bed, because con~
%rary conditions exist. Near the center of the eastern part
éf Te 28 No, Ry 7 E., there is a sudden divergence of the
;utarcp belt, probably caused by a flattening of the beds,
iateral‘widaning of the surface contacts between the Foraker,

ﬁrewnvilla, and Jim Creek limestones continues southward to
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‘the southern limits of the Foraker area, Here the outcrop
belt §aa more than tripled its former horizontal distanece.
Not only does the outerop belt widen, but the sharp eastward

facing escarpment disappears along with the excellent ex-

‘posures and bench of the Foraker limestone, It is due to

étha disappearance of both the geological and topographical

expressions of the Foraker limestone and the widening of the

outcrop belt that the value of the Brownville as a marker
bed is increased.

| J . |
| The Wolfcampian Series ineludes the older Permian or
| |

ftr#naitianal rocks., It is made up mainly of limestones and
%sha&ea in the northern MidContinent region. In'the Foraker
iarm most of the shales are marocon and some contain thin
!g&aty sandstonas, while the limestone beds are pradominately
;gray. The Wolfcampian limestone units differ from the under—
élying Virgilian limestone units in calor, lithology, and
@hieknsaa. The limestone beds of Wolfcampian age commonly
iaanﬁa&n discontinuous lenses or concretions of chert, are
»*gray in color and some are as much as 20 feet thick. In
contrast to this, Virgilian limestone beds are void of chert;
mm&thar to a brown or tan color and are thin, commonly not
%ver 3 feet thick, These contrasting visible features fbund
in the Foraker area help to differentiate Virgilian beds
from Wolfeampian beds.
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- The Wolfecampian series, formerly called the Big Blue
serdies of Kansas, is divided into three groups. In dese

cending order, they ares Chase, Council Grove, and Admire

Broupss The VWreford limestone is the only member of the
Eﬁhaaa group present in the Foraker area, while members of
%tha Counell Crove group cover over 75 percent of the area
Eand form the broad featureless area between the Foraker

}and Wreford limestones. Beds of the Wolfcampian series play
an important part in forming the Flint Hills of Kansas.

Admire Group
The Admire group was sriginélly defined in 1903 by |
Adans®® as the Admire shale, He defined it as a 40 foot |
interval iying below the Americus limestone and above the

Emporia limestone (Stonebreaker). :This constitutes an exw

Fremaly erroneous measurement for the thickness between the
Stonsbreaker and Americus limestones., In the Foraker area,
khia thickness is about 256 feet, which clcgely corresponds
Qith’the thickness in Kansas. OCondra®’ interpreted Adams!
?e&eriptian as wmeaning the interval lying between the Americus

Fnd Brownville limestones, thus restricting the Admire shale

223, 1. Adams, G. H, Girty, and David White, "Stratig-
Upper Carboniferous Rocks of
ological Survey, Bulletin 211,

taphy and Paleontology of the
the Kansas Section,® Us S, e
:'%3 2 p‘ 530

| 23Gondra, "The Stratigraphy of the Pennsylvanian
Bystem -in Nebraska," ORs Cil., Pe 724
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to this interval. Condra® in 1935 and Meore?s in 1936
raised it to group status. Presumably this was done on the
fbaaﬁn of lithalagy, differentiating Wolfeampian beds that
iare-similar to Virgilian beds but differ from beds of the
overlying Council Grove Group.

| Condra and Moore have given nsmes to nine units that
wmake up the Adwmire groups Of these, only the three members
of the Hawlin shale and the Five Point limestone can be
identified in the Foraker areas The Houchen Creek limestone,
';mamber of the Hamlin shale, is the only unit found south of
?saa; 16, Ts 29 Ns, Re 7 Bs Along the read cut in the south~
zwaat part of sec. 16, Ty 29 Nu, Rs 7 Es, less than one mile
1eauth of the Kansas line, all four units are present, but
%yaarly exposed. The Admire group averages 50 feet in the
inraker area, of which well over half is occupied by the
|upper four units. The interval below the Five Point lime-
‘aﬁana is indivisible in the Foraker area and will be referred
,te as the lower shale division of the Admire group. It is
lap@reximataly 20 feet thick.

When Gwndraze raised the Admire to group status, he

-
EACQndra "Geologieal Cross Section, Forest City,
Missouri, to nuﬁais, Nebraska,” ops Cits, pe B

25ﬁnare ”$tratigraphia Classification of the Penn~-
3ylvanian Rocks of Kansas,® ops cite, pe 240~248.

| 26pondra, "Geological Cross Section, Forest City,
M&aaeuri to DuBois, Nebraska," ope Cibts, Pe Ee
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also divided the Hamlin shale into three memberss In des-
cending order, they are: Oaks shale member, Houchen (reek i
limestone, and Stine shale, The Hamlin shale is the upper- |
most formation of the group underlying the Americus lime-

stones The Oaks shale member is 2,7 feet thick and is gray |
&aa%hering to a drab yellow colore. Black, carbonaceous .
ishal@ gstreaks are present near the tops. Fossils are either
rare or absent.

| The Houchen Creek limestone can be divided inte an
upper and lower part (see Measured Section X, Appendix).

khe upper part is a series of thin limestones, limestone
nodules, and shales.s The limestones average 0.5 foot thick |
gnd the shales O.7 foot thicke 4 dirty, soft, porous,yellow
ﬁimeﬁtone, 2+1 feet thick, makes up the lower part.

% The limestones of the upper part are gray, clean,
#nd fine grained, almost lithographic. The upper and lower
bada of this division are fossiliferous and the shales are
#arren, The lowest layer is 0.9 foot thick and carries a
few brachiopods and tiny helicoid gastrapods. These are
#vidant only on the weathered surface. The topmost bed 1s
b.é foot thick and is sparsely populated with tiny inarticu-
#aﬁe-braenioyods.

| The yellow, dirty, porous limestone of the lower
ﬁart is barren of fossils, It is the only complete bed of
the Admire group that can be identified south of secs 13, T.
é& He, Re 7 Eo It and the upper three feet of the Stine
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shale member are excellently exposed along the road-cut in
secs 13, Te 28 Noy, Re 7 By This three feet of dark cal=
careous shale is the only exposed portion of the 20 foot

| interval that makes up the Stine shale., Elsewhere this

;ahala is nothing more than a grassg~covered slope lying near
the top of the eastward facing escarpment rimmed by the
iForaker limestones In the southern portion of the ares,
 where the underlying Five Point limestone is not found, the

Stine shale can not be differentiated from the lower shale

division of the Admire group. It is in this part of the

area that the entire Admire group can be justifiably des-

eribed as contained in a grass-covered slope overlying the
 Brownville limestone and underlying the Aumericus limestone.

% The Five Point limestone is 2 feet thick, gray to
 reddish-brown, massive, dense, ferruginous and fossiliferous.
' The upper 0.5 foot is a coquinite made up almost entirely
of small gastropods, loosely cemented by goarsely crystalline
%ealeite. The Five Point limestone is in a younger strati-
%graphiaal position but at a few places slumps to about the
position of the Brownville limestones Because of this, and
the close resemblance in color and lithology to the Brown=

' ville, attention should be placed on the main identifying
 features that characterize each bed, The Five Point 1s

: ;diatinguished by a coquinite at the top, whereas the Brown=

‘ ' ville is characterized by an abundance of large fusulinids.
‘ﬁFasulinida are also found in the Five Point limestone, but
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they are small and rare. The Five Point limestone is rarely
found south of T. 29 N., Re 7 E. in the Foraker area, but is
found with little difficulty in the northern part of the

areas
| The lower shale division of the Admire group is made
%up predominately of gray and yellow shale with a soft poroua;
;silﬁy, yellow limestone near the middle and 2.5 feet of
lthin ¢alcareous sandstone intarbedded with silty calcareous
Jah&le near the bottom. This shale division has a consistent
ithieknaaa of about 16 feet, It overlies the Brownville limes
;atane and underlies the Five Point limestone. Exposures are
Elimitaﬁ to the road~cut in sec. 16, T. 29 H,, Rs 7 Es These
iara spotty and partially covered by soile. South of this
:laeation, this interwval is not exposed again in the Foraker
1area.
| Council Grove Group
| The three lowest formations of this group are thick
%and massively bed&e& while those lying above are thin but |
iperaistant, Generally beds of this group are well represented
iand can be traced across the entire afea, having an outerop
belt that covers well over 75 percent of the Foraker area,
Prior to lowering the Pennsylvaniaanermian boundary
’fram the base of the Cottonwood limestone to the top of the
Braanvilla limestone, the Council Grove group included beds

fram the basa of the Wreford limgstone to the top of bhe
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{é&krzage*snaxe.“*xg 1932, Moore®?! expanded this group to
*inalude beds down to the Americus limestone.
| The Council Crove group has an average thickness of
}3&# feet in the Foraker area.

| Foraker Limestone Fc i The Foraker limestone
waa named by Healdzs for the village of Foraker in the souths
3east corner of the area. Although poorly exposed in the
lvieinity of Foraker, it is excellently exposed in the roade
cut in SW/4 of seecs 16, Ts 29 No, R. 7 Es: This outerop is
}deaignabed as the standard type section for the Foraker
yrﬁrmation. In Heald's deseription of the Foraker limestone,
%ha referred to it as being 74 feet thick. This thickness
undoubtedly ineluded all of the interval that is now recog=
niged as the Admire group and Brownville limestone.

In 1935, Gondra®’ earrier the Foraker name into

northwest Missouri and scutheast Nebraska and called it a
‘1imsstane formation. He defined it as underlying the John-
Isan shal@ and overlying the Hamlin shale and divided it inta,
Qin descending ordert Long Creek limestone, Hughes Creek
iahale, and Americus limestone, With the exception of

27M0ere #) Reclassification of the Pennsylvanian |
isystam in the Northern MidContinent Region,™ op, cits, Pe 95,

| 2€ji¢ald, "The 0il and Cas Geology of the Foraker
Quadrangl@, Osage County, Oklahoma," ope Cite, Pe 25

‘ agcondra ”Geolaglc Cross Section, Forest City, Miss-
@uri, to DuBois, Nebraaka gn**gig., Pe é
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Ehahging Hﬁghéé Creek shale mﬁﬁﬁérAié”Hughaa Creek limestone
ember, all names and members designated by Condra will be |
ed in this thesis (see Measured Section X, Appendix),
i Because of its topographical ekpressien (see Fige
PE), chert content, and abundance of fusulinids, it is the
hast easily re@egniaad bed in the area, An 11 foot, massive,
cherty limestone bed of the Hughes Creek member forms the |
ledge of the eastward facing escarpment that transverses the
partheaatevn and eastern marging of the Foraker area.
'} The type locality for'tha Americus limestone is south-
rest of Americus, Lyon County, Kansas. In the Foraker area
ﬁt occurs as two limestone beds separated by 6.5 feet of
gray, fossiliferous shale that weathers to a yellow drab
kalar; Numerous cylindriecal objects, probably animal bure
rows, are fbuad straﬁn along the partly covered surface of
&hia shale., Underlying this shale is the lowest and most
diatinative unit of the Americus limestone (see Fig. 13).

“
main ledge

|
!

&t is a gray, massive, fusulinid-bearing limestone bed separw
gtad near the middle by a very thin but consistent ghales
This thin shale break separates the bed into two distinct
1ayars that differ from each other in color and texture.

: &hﬁ upper layer is l.4 fee@ thick, dense, fine grained, and
has a blue~gray fresh snrfnee that weathers gray. The con=
traa%iﬁg white color of the fusulinids against the dense,
blue-gray groundmass makes it easy to identify. The lower

layer is 2¢é—£eetAthiekfAeearsewgraineé, light gray and -
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E&sail&feroﬁs. Pusulinids are abundant but are not prolific
Fs in the upper layer. Crinoid stems and plates and frag- |
ﬁents of brachiopods and other fossils are present but few
ﬁn number. At the type section, in sec. 16, Te 29 Ny, Re 7
E., & thin, somewhat shaly zone containing an abundance of
xuaulinids occurs near the middle of this lower bed. South
from this point, along the road-cut in sec. 20, Ts 28 N., R
7 B,, where this bed is agailn exposed, a thin, poorly de~
weloped,ahala ia'faund;  Apparently this zone and the shaly
‘fusulinid zone found at the tyﬁa'seqtiwﬁ are correlatives.
§ - A dark gray; shaly, arenaceous, fossiliferous lime-
'%tone is the uppermost unit of the Amerilcus limestone members,
?oasilﬁ are fragmentary and weather in relief to the bed.
&h@ maximum exposed thickness is 1.4 feet in the Foraker ared.
bisaﬁyearaﬁce of thia bed southward is probably due to a-

pateral gradation into shale,
The lower massive bed of the Americus limestone crops

mut axtaanivaly along the strike balaw the overlying Hughes
Creek membera At most places it breaks into large slabs
that are aithar rectangular or rhombohedral in shapes

| The Hughes Creek limestone member is 23,3 feet thick,
equal to the combined thicknesses of the other two members.

' Over half of its thickness is made up of resistant, cherty

- limestone, AsS would be expected, the Hughes Creek plays the
| most important part in the top@graphieal-axpression of the
Foraker formation. Chert is found throughout the formation
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Figure 12. Quteraé of Brownville limestone
at road-cut in sec. 16, Ts 29 N,, Re 7 Es The Fore
aker limestone forms the overlying benchs

Figure 13+ Ixposure of Americus limestons,
Oaks shale member and upper beds of Houchen Creek
1imestone member at road-cut in gsecs 16, Ts 29 He,

Re 7 Eo
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%ﬁh not in such quantity as is present in this member,
E The lower unit of this member is covered by soil and |
Lgraﬁs. It is 5.5 feet thick and 1s presumably gray shale.
Overlying this covered interval is 12,8 feet of massive,
ichsrty, coarse-grained, fusnlini&*bgaring~1imestone (see Pigs
%14). A thin shale break oceurs 1,5 feet above the base and
is the only shale in this bed., The lower 1,5 feet is soft,
fusvlinid-bearing and waatharsvuhdar the overlying bed and
is rarely seen. The overlying 11 feet is light bluish-gray,
@spotted white by the profusion of fusulinids, and forms the
ﬁadge that rims the eastward-facing escarpment. Near the
%aae it is dark gray, ferruginous ind porous. The concre=
tiana and lenticular beds of chert that characterize this
bed are irregular and discontinuous. Theae chert beds lie
1parrallel to the bedding plane and are bluewgr oy, spotted
Mhite by fusulinids, These and tka thin shale break near
the buse are th&~¢nly*hrﬁak&,iavﬁale%hﬂrwiﬁa continuous lime«
ktane bed,.
| The uppermost unit of the Hughes CUreek is a 2 foot,
gray, massive, ferruginous, fusulinid-bearing limestone bed,
?Xt is separated from the underlying massive, cherty bed by a
O+5 foot shale break.
| The Long Creek limestone member is the youngest mem=
%ber of the Foraker formation. Its aggregate thickness is 12
kaat and is composed of soft, arenaceous, fossiliferous lime-

stone beds alternating with thin fossiliferous shales., With
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Figure lie Roadw~cut through
cherty bed at Hu%hes Creek limestone
member in sece 16, Ts 29 No, Re 7 Ee
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the exception of'exposures at the type section, this bed is
rarely exposed (see Fig, 15),

Measurements were taken from exposures in the road-
cut that cuts through the type section of the Foraker forma-
tion. Elsewhere in the area this member is rarely exposed,
grading upward into the overlying Johnson shale, and with
it forming a grass-covered slope. The beds are coarse-
grained, somewhat porous, ferruginous, gray to buff on
fresh surface weathering predominately to a light buff color.
Large fusulinids are extremely prolific in these beds and
occasionally are found concentrated in pockets.

Near Foraker in the southeast part of the area, the
Foraker formation is nowhere prominently expoéed nor topo-
graphically expressed as it is in the northern part. North;
east of Foraker, a small anticlinal structure was mapped by
Heald?© in 1916. Tt is probably the slight reversal of dip
on the east flank and the general flattening of the beds
over this small structure that has reduced the once prominent
ridge to a low, rounded, grass~covered slope. South of the
Foraker area, the Foraker formation once again resumes its
position as a prominent ridge maker.

Johnson Shale: Beds that are now defined as Johnson
shale, formerly were identified as the lower part of the

30Hea1d, "The 0il and Gas Geology of the Foraker
Quadrangle, Osage County, Oklahoma," op, cit., pe 3%
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ﬁimdale shale. In 1935, Condra’l discarded the nama'ﬁiéééié”
Fnd applied the present nawe to these beds lying between the
Foraker and Red Eagle limestones.
; Outcrops of the Johnson shale are similar to all
@ther shale intervals present in the Foraker area. Similar,
ﬁn that it is predominately covered throughout the area. In
Kansas, just north of sec. 13, Ts 29 Ne, Re & E, of Oklahoma,
the Johnsen shale is partially exposed (see Measured Section
IXI, Appendix) along the bank of the small stream that heads
in Oklahoma. It is predominately gray shale weathering to a
&allaw drab eolor, A thin consistent bed of maroon shale
ﬁs found approximately 10 feet below the overlying Red Eagle
ﬁiméﬁtans along outerops i: the northern edge of the area,
% soft, yellowish-tan, marly limestone that becomes pitted
ynd porous after weathering, is found a few feet below the

roon shale. Delow this limestone bed, 8,5 feet of gray
gnﬁ greenish-gray shale intervening, is another limestone
%@d. It is a gray, soft and fine-grained limestone containe
kng fusulinids, braehiopeés; erinoid plates and Iragments of
thasa and other fasaila. The lower part of the Johnson
ahala is an interbedéed series of shales and thin platy
;imastona.
| Along the northern edge of Te 29 Ne, Re 7 Es, the

p 3

Blcandra “Ganlngic Cross Section; Porest City,
Missouri, to DuBois, Nebraska," op, Cite, Po e
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Johnson shale forms steep, prass-covered slopes along the
banks of the numerous gnlehes, Southward, the topegraphy

flattens and the Johnson shale appears as s broad, gently

sloping surface,

L Barle Lime 2t The Red Eagle limaatone was
' named by %aald32 for &ts sxcellent exposures near Red Hagle |
Sghooles At the time Heald did his work on the Foraker

| quadrangle, the Red Eagle School was located in the extreme
west central part of secs 20, Te 27 Ne, Re 6 Eay but it has

i

since been destroyed. In 1935, Condra’? extended the name
into northwest Missouri and southeast Nebraskas Here he |
defined it as underlying the Roea shale and overlying the |
Johnson shale and divided it into three members. These are,
" |in descending ordery llowe limestone, Dennett shale, and |
&lenraekslimmatone¢ ‘ |
A1l but the Glenrock limestone member have been |
‘identified in the Foraker area (see Measured Section XIII, |
Aypendix)‘ It is possible that tha-&lenraak-ia present,
but outerops we such in this area that the basal part of

the formation is never sxposed,
i Tha boundary between the Bannett limestone and the
1ovarly1ng Howe limestone is not well defined in the Foraker

| Bzvaald "The 01l and Cas Gaology of the Foraker
,demngle, Gmga County, Oklahoma,” gRe @ile, Pe 2bs

338@:36!?3 "ﬁeolagic Cross Sectiom, Forest City, Niss-
nuri to DuBois, 'Nebraska," Ops GiLe, Pe o
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Figure 15, BExposure of Long Creek
limestone member at road-cut in sec. 16, T. 29
Nﬁ, RQ 7 E‘

Figure 16, Exposure of Red Eagle lime~
stone as seen in Kansas one mile north of sece
13, % 29 N., Re 6 Ee, Oklahoma s
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S

Sl
areas For convenience in mapping and description the

Bennett limestone, as used in this thesis, is restricted to |

lbeds that form the main outcrop ledge of the Red Bagle 1ima~§

stone, Beds lylng above this are more closely related to
each other, forming a more practical grouping than if an

attenpt was made to pick the boundary somewhere in these

poorly exposed, locally absent bedss Due to this, the re-
!parted measurement for the Bennett is in all probébiliby less
‘than actual thickness. This, in turn, has resulted in a

ialightly greater thickness for the Howe.

In the type area, the Bennett is predominately shales
!However, in southern Kansas and northern Oklahoma the Bennett
changes facies to an almost complete limestone section, whicﬂ
is referred to as a limestone member instead of a shale mem= |

ber (see Fig. 16},
The Bennett limestone forms the main ledge of the Red

Bagle outcrops (see Fige 17)s The upper 6,5 feet is somewhat

thin bedded with beds averaging 1 to 2 feet in thickness.
;Fresh surface is light gray, slightly spotted tan by limonite
and has a distinctive, finely erystalline appearance, con=
!taining numercus small voids that are partially filled by
élimonite. Upon weathering, the surface becomes crumbly and
rough, turning to a dull powdery gray colors It contains a
few brachiopods, erinoid stems and fragments of these and
other fossils, It is this upper part of the Bennett that
‘plays the important role in forming the characteristie ledge
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f the Red Eagle formation,

Bnderlying the upper part of the Bennett is 1.5 feat5
1f thin bedded limestone that is c¢oarser grained than either
#f the upper or lower beds, This bed is lighter gray in
@alor than the underlying bed, and has a characteristic tan
%eatherad»snrface. Being softer than either the upper or
iower beds, it weathers back in the rock ledge, separating
@he Bennett into three units. Along the northern boundary
bf the arvea, these three beds are easily recognizable,
%outhward along the strike, only the upper bed is prominently
#xposed¢
% The lower division of the Bennett is L feet thick.
%o&sils are mainly fragmentary and rare., This bed is similar
te the upper bed. |
5 The top member of the Red Bagle is the Howe limestones
?he upper boundary for the Red Eagle can be drawn conclusively
#y referring to the distinctive arenaceous tan colored lime=~
#tone bed found at the top of the Howe limestone, This bed |
#s never found completely exposed in the Foraker area, but
#umerous smooth, slabby, rounded, tan colored fragments are
éommonly found at the top of the covered slope of the Howe
iimestoneo
| Outerops of the Red Eagle are prominent in the north-
ern part of the area where it is exposed near the top of the
numerous gulches found along the state line in T. 29 Ne, Ra
7 B, WNear the middle of this township the distribution
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Figure 17 Typical outcrop of Bennett
limestone mambar,‘ﬂxfi’aaa.VIB. Tgﬁag No, Re 6 Ey

Figure 18, Exposures of Sa;%zarga
»

limestone and Roca shale, NE/4 sec. e 29 Ny

Re 6 E,
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'fﬁﬁémeserbéﬁié,&isappearing completely in sece 34, Te 29 |

o; Re 7 Be It reappears in secs 3, Ts 28 Ne, Re 7 By, and |

s econtinuous throughout the southern part of the areas
Fher& it is partially exposed along road-cuts and in low,
?oum&nd benches,
| Roea Shalet The Roeca shale is overlain by the
@renala formation and underlain by the Red Eagle formation,
Kt‘waa classified previously as the upper division of the
hew discarded Elmdale shale., It is excellently exposed in
ﬁhe NW/4 of secs Lhy; Te 29 No, Re 6 Es, just south of the |
Ptate line (see Fig. 18)s This is the only exposure of thisl
shale found in the designated area, The Roca consists of
'&1¢5 feet of non-fossiliferous waroon shale overlain by 6
faat of yellow-drab shale.
! gzgawlgugigggxgagz Condra and Buﬁby3“ named the
branala formation for Grenala, Elk County, Kansas, and de-
Einad it as 1ying below the Eskridge shale and above the
ﬁaea shale, It was divided inte, in descending order ﬁeva.
limestone, Salem Point shale, Burr limestone, Legion shale,
;nd Sallyards limestone. This is now the accepted sequence
ng the Grenola formation.
| Shale intervals below the prominent Neva limestone
Qre poorly exposed throughout the area. The interval known

7 3,
G R Gﬁndra and C E Busby, "The Grencla Forma=
bion," Nebraska Geolozieal Survev, Paper 1, 1933, ppe 9-10.

i
o
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s the Salem Point shale is not exposed, while the Legion |
hale is only partially exposed. The Sallyards and Burr
31mestmnes are exposed in the northern and southern parts

Ft the area, FElsewhere they are occasionally found in
drainage ditches and as fragments along grass-covered slopes.
| The Sallyards limestone (see Fig, 18) is approximately
3 feet thick, of which the lower foot is composed of gray
maaai?e limestone that weathers buff in color (see Measured
Bection XXIV, Appendix)s This lower zone contains numerocus
émall fossil fragments, fusulinids and tiny helicoid gastro-
%@ds. Lying above this is a fine-grained, sandy limestone |
%hiah grades upward into ealecareous siltstone, It is un-
@vanly bedded, contains no fbﬂﬂilﬁ, and weathers gray with
{hin, inconsistent streaks of tan.

E Overlying the Sallyards limestone, is a series of
#hin,ehalea and clean, fine-grained, gray limestone. The
limestone beds are barren of fossils and weather white with
;allawiahwtan stains, Upon weathering, the shales are
%ﬁll@ﬁiahngray, These limestones and yellow shaleg make up
ihe Legion shale member,

| The Burr limestone is 9 feet thick in the Foraker
érea (see Measured Section XXIII, Appendix)s. The lower part
¢onsists of a gray, massive, coarse~-grained, fossiliferous
limestone that weathers alwost white (see Fig. 19). Fossils
are mostly fragmentary and microscopic in size. The upper -
part, composed of thin limestones interbedded with shale, is
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rarely exéééed. The topmost layer is a coquinite of frag-
Fmanhary fossils with an exposed thickness of 0.6 foot,
' The overlying Salem Point shale member is never ex-
posed, but the entire thickness is believed to be made up
of shales

| The Neva limestone is the most prominent member of
she Gremola formittons Diffsring free the uaderiyfng thick
linestones found in the Council Grove group, the Neva has
‘been subjected to aroaian; leaving only remnants of the
i?oa:ml member exposed in the northern part. In the southern
T@art it is excellently developed and exposed. In the north-
ern part, it occurs as outliers with only the basal member
@@reaant, Hear &ma;nala, the Neva crops out along the west
ibank of Salt Creek., Southward the Neva outerop and Salt
QCraek run parallel to each other with the Neva progressively
?increaaing in thickness until it raaehaa the west central
'4%part of sees 26, T4 28 N,, Re 6 Be This increase in thick-
énass is due merely to the praaana&iaf the upper members in
the southern part. However, on the east side of Salt Creek,
‘the upper b&d& of the Neva are abaant,‘and, as in the north~
‘ern part of the area, only scattered fragments of the basal
unit are left to delineate a series of outlierss

| Continuous outerops of the Neva in the northern part
of the area; as reprasanted on the map compiled by Bec?with 35

354 @ 8aekwith “Geology of Osage Cownty, leahoma
homa Ge __;_; _Survey 2din 4O-T, Plate 1‘30. 1928:
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Figure 19, Outcrop of Burr limestone
found Just south of Kansas-Oklahoma line in

NE/4 secs 1k, Te 29 N, Rs 6 E.

Figure 20, Complete exposure of the
soft, soluble upper bed of the Neva limestone
member., Taken along the west bank of Salt Creek
in sec. 28, T. 28 N., Ry 6 E, Note thin cherty
bed at the bottom of this bed.
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more aceurately follows the outerop of the Burr limestones
' Thia probably resulted from misinterpreting the basal Neva |

' as upper Neva and the underlying Burr limestone member as

basal Neva,

| The maximum thickness of the Neva is 26 feet (see
%Mﬁasured Section, XXIV, Appendix)s The upper bed (see Fig.
3207 is gray, sparsely fossiliferous and soluble. It is |
grarely seen in its entirety. Where found, it is easily re?
;aognized by its characteristic jagged and porous surface
{(sae Fige 21)s Underlying this bed is 2.5 feet of chert
intarbadded with dolomitic limestone, The chert is tan and
18 a valuahle aid in mapping since the soft upper bed is
‘absent khﬁwughaut mich of the areas Below the chert bed and
rabave %hﬂ'lﬁﬂQT bed is a series of gray to blue fassiliferoqs
,1imastonas interbedded with fossiliferous shales, Near the
;midéla of the Neva is a shale zone containing the fusulinid
gudoschwagering. The basal bed of the Neva is L5 feet
Ithiek, gray, and somewhat dolomitic, After weathering, it

,beeom&s rough and porous, but never reaches the degree of
%irregularity that is shown by the upper bed. Irregular
tahape@ masses of liminite are dispersed throughout the upper
;part of this bed.
id 3 The name Eskridge was suggested by

Presaer36 and used by Beede37 to inelude beds underlying the

30p, 8. Prosser, Unpubliahed Manuscriyt.

37J, Ve Beede, "Coal Measures Faunal Studies, II,"
i SAtli82 Sed.boe o VQJ—‘ I NQQ 7‘ Saptig 1902’ p. 1810




Figure 21, Exposure of top bed of Neva
limestone showing Jjageged and porous nature of
weathered surface, secs 28, Ts 28 N,, R4 6 E,
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Cottonwood limestone and aﬁerlying éhérﬁééa limestone, 'ﬁaha&
from exposures near Eskridge, Wabaunsee County, Kansas, the |
Eskridge shale was formerly considered the uppermost unit
in the Wabaunsee group.

The Eskridge is apprcximaﬂaly 67 feet thick and con-
ﬁiﬁts of four relatively thick, alternating beds of maroon
and yellowish-gray shales (see Measured Section XXV, Appen-
dix)s The upper gray shale is calcareous, contains thin,
irregular limestone bads; is fossiliferous and is character-
ﬁaed by oumerous eylindrical roda found near the tope These
%ﬂd~like objects are helpful in identifying the overlying |
Cottonwood limestones A caleirudite, consisting of rounded
limestone pebbles cemented by a coarse-grained matrix and
barrying fragments of Myali

na, brachiopods, gastropods,
erinoids, and probably numerous other unidentifiable fossils,
ﬁa approximately 20 feet below the overlying Cottonwood limew
stones A few feet below this calecirudite is a cross-bedded
?alear@aﬁs sandstone, Progressing southward from T. 29 N,
Re 6 E., the outcrop of the Bskridge occurs as broad, flat
Er rolling plains surrounding outliers of Cottonwood lime=-
stone. Occasionally the upper gray, caleareous shale is ex~-
b@ﬁeﬁ below thé Cottonwood limestone. In the SH/L of sec.
ké, Te 28 Ne, Re 5 Es, the previously mentioned thin cross-
beddad sandstone has increased in thickness to at least 10
faet (see Piz, 22)e It is extremely cross-bedded and con-
glomeratie at its base, These are the only exposures of the
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‘Bskridge found in the southern part of the area,
The beds lying below the upper gray; calearesous shale
are seldom exposeds A few thin, platy sandstones are found |
:naar the middle of the section otherwise it is made up of
two maroon #halaﬂhﬁda-a@paraﬁeﬁ by a yellaﬁiah?aray'ahalaa

: _ tie Limestone: The Beattie limestone was named
‘rrcm the town of Beattie, Marshall County, Ransag, It in-
cludes two limestones and one shale member. In descending
arder, they arey MNorrill 11m93haaa, Florena shale, and
Cottanwwod limestone. ’
; The Cottonwood limestone is the most familiar member
%ef the Beattie formation. 4t a relatively early date, this |
?hhin baﬁ remarkably persistent bed was traced from Nebraska
?craas Kansas into Oklahoma. It was chosen by ?resser38 in
ﬁé@ﬁ as the basai member of the Pernian system, This was
%enerally accepted until 1934 when Moore and Moss>? found
bvidenae of a aﬁr&@igraghiaai break above the Brownville
limeﬁﬁanaa

The Cottonwood has thinned from a reported thickness
of 10 feet in Cowley County, Kansas, to a maximum of 2.5 feet
in northern Oklahoma (see Fige 23)s In the area of investi-
éatimn, the guﬁcrep pattern of the Cottenwood is similar to

336. Se Preaser, "The Classification of the Upg
Paleozoic Rocks of Central Kansas," gpe cibs, ppe 764=766,

39R¢ e« Moore and Re G Moss, “Parn;an~?ennaylvanian
Boundary in the Northern MidContinent Area," Proc, Geol, Soc
Americs, 1933, p. 100,




Figure 22, Ixposure of cross-bedded
ﬁangsgen@ in Eskridge shale, sec. 26, T. 28 H,,
%9 e

Pigure 23, Railroad cut exposing the
lower bed of the Cottonweood limestone and upper
part of Eskridge shale. Located in SW/l sec.
21, T. 29 %‘35, 1‘:“5' é‘ Em
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that of the Neva limestones, In T, 29 N., R 5 and 6 E,, and
southward along the west side of Beaver Creek, it crops out E
as a continuous bed. However, east of Beaver Creek and south
of Te 29 Ny, R8s 5 and 6 B,, it occurs as a series of out=
liers. Although not forming a broad dip slope as does the
‘Fbraker, the Cottonwood limestone transverses the Foraker

farea in a belt that occasionally reaches a width of three
miles. Much of this width is the result of the numerous
outliers,

% | A one foot massive limestone containing thin maroon
knd greenish-gray shale breaks is found immediately above

the Eskridge shale and persists throughout the area. Fresh
‘surfaces are light gray; weathering gray to tans Small
&usulinids.aru found at some outcropss The uppermost unit

of the Cottonwood, a l.5 foot thick gray limestone, is oc¢c~
casionally found in the northern part of the area. It
%uathera light gray to white, and into smooth rounded haulde?a
that eontain small cylindrical holes. Fusulinids are found
&bunﬁanﬁly'aﬁ some localities in this bed. The thickness

Enr this bed was approximated because it was never found
hamplataly exposed (see Measured Section XXVI, Appendix).
| Near the state line, the Florena shale and Morril
limestone are exposed along the creek in north central part
»r sece 13, Te 29 Ny, Re 5 Es The Florena shale is made up
of 21 feet of dark brownish-maroon shale and 6 feet of

interbedded thin calcarenites and shale. The calearenites
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are composed of shale and rounded limestone pebbles with
very little cementing material., The intervening shales are
predominately maroon with streaks of gray and graenishwgvay.\
This interval gradually becomes more caleareous towards the
top, grading into the overlying Morrill limestone., Brachio-
pods, pelecypods, gaéﬂr@g@ﬁa, and crinoid fragments are
found in this zone.

The overlying Morrill limestone is gray with blotches
of maroon stains, 8maoﬁh; well-rounded, tan to gray lime-
stone pebbles are commonly found on the weathered surface.

ﬁhﬁ Morrill limestone and the upper caleareous zone of the
Florena shale produce a small, rounded bench near the Kansas

line. Approximately one mile south of the state line, the
kﬁn@h disappears. From this point the Florena comntinues
acreoss the western part of the area as a grass-covered slope
littered by fragmanﬁs'frbm the Morrill limestone and over-

lying limestones.

The interval, occupled predominately by poorly exposed shales
b@parmted by thin limestones, is topographically expressed
$a the eastward facing esvarpment capped by the Wreford
h&mastmne (see Fige 24)s Beds occupying the interval repre-~
kent the upper divisions of the Council Gruve groups They
are, in descending order: Speiser shale, Funston limestone,
Blue Rapids shale, Crouse limestone, Hasly Creek shale, Bader
iimaa&enn and the Stearns shale (see Measured Sections XXVII
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and XXVIII, Appendix). Of these, only the Crouse limestone
is well exposed or tepagraphigally expressed.

The general northeast-southwest strike of the beds =
has resulted in a limitation of the outerop for these beda; |
jia the Foraker area. This, combined with poor exposures,
has caused diffieulty in obtaining complete and accurate
deseriptions and definitions of the exact limits for some

of these unitss The Bader limestone, consisting of two lime-
stone units separated by a shale member, and the underlying (?)
&paisar shale are especlally noted for this condition, In

%ha Foraker area, the positions of the Middleburg limestone,
?aaaar shale and Eiss limestone members of the Bader forma-
%ian have been approximated as accurately as possible by re~
kerriag to their correlative stratigraphic positions in
?ansaa*
E The Stearns shale is covered but is believed to con=-
#iah predominately of gray shale with thin gray limestone beds
pear the top., The overlying Eiss limestone meuber, repart@d
in Kangsas and Nebraska to consist of two limestone units
#aparaﬁed by shale, is rapr@aantaé in the Foraker area by

only one partially axyaaed gray, f{ine-grained fossiliferous
%adg The Hooser shale, middle member of the Bader formation,
is three feet thick, consisting of gray shale. The liddle~
burg limestone member, like the Eiss, is reported in Kansas

to consist of two limestone units separated by shale, but is
rgpresented by one limestone unit in the area e: investigatbion,.
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. This bed is » fine-grained, greenish-gray linestone with

vodds filled by coarsely-crystalline caleite and limonite. |
The Easly Creek shale, overlying the Bader formation|

and underlying the Crouse limestone, consists of gray shales

 in the lower part and marcon shale in the upper part. Thin

beds of sandstone are found in this non-fossiliferous shale,

The Crouse limestone was named by Haaldho from ex~

. posures on Crouse Hill, Forasker Quadrangle. This limestone
lies approximately 60 feet below the base of the UWreford

limestone and forms the only censplcuous benech below the
Wreford limestone and above the Cottonwood limestone (see

Fig. 26)s At the buse of the Wreford outlier in the NE/L

of secs 23, Te 29 He, Re 5 Bs, the entire thicknass of the
(rouse, as it appears in the Foraker area, is excellently
exposed, The lower part consists of four feet of gray,
shaly; fossiliferous limestone. Tusulinids are abundant,
$mail; rounded, shaly limestone pebbles are observed on the

weathered surface. The comparative soltness of this lower |

| part to the upper massive bed is evident by the under-cut

% notch found at other outcrops of the Crousas The upper bed

18 2.3 feet thick and is characterized by numerous disting~

' tive, vertical, cylindrical holes (see Fig. 25), These

| smooth holes are aonspieumualy evident along the outerop,

59Haa1ﬁ wThe 0il and Gas Geology of the Foraker

' Quadrangle, Dsage County,™ oRs Gile, 1916, p.22.
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Figure 24. Eastward facing escarpment
capped by Wreford limestone. Lower bench is
fome% by Crouse limestone, sec. 22, T. 29 N.,
Re § B,
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making it a very easily recognizable bed. The fresh surface
is spg&klad_hy tiny disseminated particles of limonite on a
white, fine-grained ground mass, PFossils and fossil frage
ments are rare,

Overlying the Crouse is the Blue Rapids shale., Only
‘the upper 2 or 3 fest of this 15 foot shale are exposed in
;the Foraker area., This exposure is found immediately below

the Funston limestone along the northwest slope of the Wre-
ford outlier in the NE/L of secs 23, T. 29 No, R 5 E. This
1iimited exposure consists of yallawish;gray shale,
j The Funston limestone c¢rops out as two thin lime-
stones separated by shale., Outcrops occur as fragments
éstr$wn along the slopes of the outliers and eastward facing
escarpment formed by the Wreford limestones It is absent
hr covered at some localitiess Neither bed is completely
éxposad. Tha lower bad has an axpnsad thickness of one foot
and is gray, massiva, and medium grained., The upper bed has
an exposed thickness of 0.3 foot and is faaailifervus and
gray in color, s

The uppermost formation of the Council CGrove group
ﬁs the Speiser shale., As defined in 1927 by Gandra,&l this
&nﬁerval included beds between the Crouse and Wreford lime-

atane, which is a practieal ¢lassification for the beds

5lcandra, "The Stratigraphg of the Pennsylvanian
System in Nebraska,™ Op, Cile, P 2
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; SO e

Figure 25, Crouse limestone showing
verticalweylindrical holes, NE/L secs 23, T.
29 No, Re 5 E,

5
i

Figure 26, Typical outerop of Crouse
limestone as seen in NE/4 secs 23, T. 29 Ns, R
5 Ea
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fTound in the Foraker aéé&;m’ﬁaﬂ@v@};”iﬁ’igji;‘cgﬁdra'agam" |
Upph? restricted the Speiser to beds lying between the Funs=
ton limestone and Wreford limestone. With the exception of
a thick, massive sandstone exposed in the railroadéaut near
tha base of the Wreford outlier in SE/4 of sec. 23, T, 29

\Hq, Be 5 Ee, the Speiser shale is completely covered by
grasse This sandstone found in the shale has an exposed
mhiaknﬁas of seven feets It is a very fine grained, poorly
&aéuratad sandstone that is pradaminataly light tan in aalorq
xﬁ becomes darker brown toward the top, turning red at the
@ayu Fresh surface is light tan, spotted by tiny grains of
ﬁrewn limonites This bed is too soft te form a prominent |
beneh, but it is ocensionally found in large slabs aieag

#he grass-covered slopes,

% Chase Group
? The Chase group consists of alternating beds of

! eatane; in part cherty, and shale, In Cowley County,
kanaa& Eaaag3 gava a total thickness of approximately 275
}aet, The two types of reock form about equal parts of the
upe The abundant chert, found chiefly in the lowermost
nd middle limestone formations; is probably the most chare

ﬁateriatic feature of the group, The Wreford limestone is

| hﬁg Es Condra and Jo E. Upp, "Correlation of the
Eﬁg Blue Seri.es in ﬂebmsn:aé liebragka Geols oy, 2nd
series, Bull. 6, 1931, ppe 23 and

“‘BEMB, QRs Silia, Pe 67.
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the lowest formation of the group and the Winfleld limestone
is the topmost formation, The Wreford limestone is the
only formation of the Chase group that crops out in the
Foraker area,

In Cowley Gounty; Kansas, the Wreford limestone
forms the backbone of the Flint Hills. It is mainly from
the chert yielded by the Wreford formation that the Flint
Hills are named, In the northwest part of the Foraker area,
;1t rims the prominent eastward facing escarpment, The re-

éliaf‘and steepness are less than those of the escarpment
?aay@ed by the Foraker limestone,

| Basalk reported that the Wreford varies little from‘
ﬁz feet in thickness across Cowley County, Kansas, The 31
&aat measured along the road cut southeast of Hardy in Kay
bgunty, Oklahoma, shows little change in thickness (see
%ﬁaaurad Section XXIX, Appendix)s It is never completely
bxpesed in the Poraker areas MNoore™® has divided the Wreford
kmh@, in desgending order: Schroyer limestone member, Haveng=
%ille shale member, and Threemile limastanavmgmherg In |
%@gtharn and eentral Kansas, these three members are easily |
fdentifisble, However, in southern Kansas and northern Okla=-
ﬁama the Wreford comprises a more or less continuous lime=-
stone section that is difficult to divide into units

*1bide, pe 70. ,
45ﬁbnre, "The Kansas Rock Calamn,”,eg,‘eit.. Ps 45,
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eorrelative to these found in northern Kansas,
The Wreford is distinguishable by the abundance of
chert and silieified fossils, by its weathered buff color,

and by its pronounced influence on surface features (see

Fige 2h)s East of the main outerop, in the northwest corner
of the area, the Wreford forms two outliers, The upper part
of the Wreford limestone appears to consist of alternating
‘beds of thin, 1ight gray 1im9at¢ﬁa:and ghales. This bed
weathers back from the underlying resistant bed, forming a
'grasamgavareﬁ‘axmpe 1ittered by white to light-gray lime-
‘s@ans fragmentss

| The upper boundary of ‘the Wrafbr& is rather poorly
ﬁéefinad in the Foraker areas Lim@ataaa‘badn~unﬁerlyiﬂg the
upper part average about 2.5 feet thick, are [ine grained,
Egray, and weather to a buff colors Fossils found in these
linestones ave smleww and being more resistant than the

ﬁmbadding limestone, weather in relief. (Composita gubtilita,
ans and a few other brachiopods,

t ,

‘erinoids and corals ar@_prominantly displayed along the
[wnashered gsurface.

Slightly below the middle of the Wreford, is a thick

eharhwbearing peds, The lower three feet are filled by chert

i

'=in a random pattarn, while the upper part contains two thin
layers of smll chert nodules (see Fig. 27)s These are not
acentiﬂunus beds of chert, but merely individual nodules that

seem to be laterally persistent, They are separated by 0.6



Figure 27. Exposure of Wreford
limestone located 1/4 mile south of Hardy
in Kay County, Oklahoma.
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' foot of limestone, This thick, cherty bed forms the main
‘ledge of the Wreford outerops The lower boundary of the
‘Wreford is sharply defined along the roadwcut two miles
southeast of Hardy, Oklahomas

The abundance of chert found in the viecinity of the
‘?arakar and Wreford outerop areas rarely fails to arouse the
1inqui$itiveneas of the observer. Chert is especially abunQ
dant in all of the stream beds, making its use as road
‘materﬁal practieal and economicals
| In 1919, Twanh@felhé made a study of the origin of
%tha cherts found in the Foraker and Wreford limestones
‘along the Kansas and Oklahowa State Line. He described the
;ahart as being quite porous, r&suiting from the removal of
‘some organic remains. In relation to the limestone, the
,iehart oceurs as isolated nodules, commonly with the longest
axia parallel to the beddinge. The chert in the Wreford
oceurs in four or more zones, the chert in esch gone éifferw
'ing from that of the others and being wide in horizontal

|

| distribution. He believes that it is possible that these

cherts developed through direct precipitation of siliea,
'althauvh the facts do not support such an origin, Twenh@fai
| econcludes that the origin is best explained by the “rﬁplacﬁd
imanz of unconsolidated limestone, the silica being derived

hég H. Twenhofel, ”Tga Cheggngf %hgaﬁrafarddaggla
Alo the ta&s e 0 nsas an -
howa . Aperican dowrna) of Selence, Vels XLVII, Arts XIVIL,
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from siliea in solution which was mingled with the sediments,
tmm silica in solution in the sea water, and from solution
ieaf organic or other silica, or silicates deposited in some
form with sediments,™




CHAPTER IIX

REGIONAL CEOLOGY

| Hegionally, the Poraker area is situated on the ?rai;
rie Plains homocline on the western flank of the Ozark up-
?lift. Pennsylvanian and Permian rocks form long parallel
;helt$ of outcrop across this areas They extend without ine
terruption from southeastern Nebraska across Kansas into
;aouth~eentral Oklahoma. In the northeastern part of this
iragian, the direction of dip is to the northwest, and in the
iaauthaastern part, in whieh the Foraker area is located, the
idip is toward the west-southwest.

| Pennsylvanian deposits which occur in northern Okla=~
hema and Kansas are characterized by features of sedimenta=- %
tion on stable platform areas. Rock formations of the coum=
paratively even~gsurfaced platform region are mostly thin, |

| but have remarkable lateral uniformity throughout large areaa.
Southward, these thin beds grade laterally into the red beds
of central and south~central Oklahoma. In contrast to these

|

Ethin, persistent limestone beds of the stable platform ar@g':

gaasynalinal éapasita of southern leahama are distinguished:

Fi
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by great thicknesses of sandstones and chert conglomerates.
These rock units are not traceable for long distances, be=
cause they are either lenticular in form, or grade laterally
into different types of deposits.

The limestones and shale divisions of the Pennsylvan-
ian, together with less important.sandstone and coal beds,
are arranged in alternating succession. The limestones and
some of the shales and sandstones are marine, while coal beds,
some of the shales and sandstone are non=marine. Arranged
in constant alternating sequence, they are recognized as
cyclothems. Cyclical sedimentation is indicative of the
pontinuous or spasmodic movements that occurred throughout
?ennsylvanian time., Since the stable platform was almost a
topographically featureless plain in upper Pennsylvanian
time, comparatively minor fluctuations of either the sea or
@éntinent resulted in notable changes in depth and extent of
the Pennsylvanian sea.

Tn the Foraker area, at least five coal beds are
recognized, representing a withdrawal of the seas a like
number of times. Evidence of corresponding marine cycliecal
phases is found for all but one coal bed. Cyclothems formed
in Reading, Jim Creek and Brownville time, most nearly ap=-

proach the ideal cyclothem described by Weller.*” However,

“7M. J. Weller, "The Conception of Cyclical Sedimen-

tation During the Pennsylvanian Period,"™ Illinois State
g? ko3 Sgrve Bull. 60, Pte 5, 19314
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at least one phase of each transgressive and regressive part
of these cyclothems is missing.

Permian beds in the Foraker area were probably de-
*p@sitaﬁ without interruption, Apparently this area is
sltuated along the southern edge of a basin located in Kane
8a8s Southward, these marine limestone beds grade laterally
into the red beds of central and south central Oklahoma.
Northward into the Porest City Basin, there is a noticeable

facies change from predominantly limestone to shale.

b d GRS 2 AR L L ot ARG LY

Aecérﬁin@ to Bass,® the Fort Scott limestone has a
‘total fall of a little more than 2700 feet from its point of
?autarap to the Hainbow Bend oil field, in Cowley County,
fKansaa, a distance of 110 miles. This is an average com-
?ponent dip of 25 feet te the mile, Deviations from this
‘homoclinal dip are manifested by the numercus local steeper-
iiﬁgs and reversal of dips. Pawarsag écncludas that the
%domimant type of structure for this general area are "anti-
galinea and folds of the anticlinal type, the most common of
_gwhiah is the néaa‘“, ;
Anticlines and other surface folds can be classed as

‘wreflected and surficisl types."sn The amount of closure of

48Bags, opa gilie, Ps 117

| Qgsidnay Pewaia,fﬂﬁtgnanura% ga?laﬁ«
ginent Region, a Field for Hesearch,” Ugols
gaeBulle Volo 36, 192, pe 301

‘"wmﬁﬁigggz"
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the reflected folds increases in propertion te the depth,
while the surficial type usually die out in the Pennsylvanian
shales. The average fold can be enclosed within an area of
one square mile., Jost of tha‘antiélinal folds are irregularly
disposed, without known system, both on the surface and sube
surface, except that some are connected underground to form
elongate antielinal ridges,

it is evident by the westward dip, as shown in sur-
face ex?asurea of the Permian beds, that uplift occurred
&fﬁer tho deposition of these beds. Less evident in the
Foraker area, but disclesed by other workers from well data
and other surface studies in the general region, is the oc~ |
harrﬂnne of earlier important structural movements., The
fallawing statements are based upon reports dealing with this
%hasa of peology in the Mid-Continent region, |
| The basement crystalline surflace was a peneplain of
&aw relief, with small rounded hills, a few sharp, small
%ﬁﬂaﬁnaeks, and some major low ridges. Following d@pﬁsiti@n?
;f Cambrian and part of Ordovician strata over this surface,
g pronounced uplift that centered near the present Ogark |
Nﬁuntaiﬂs affected an extensive region in northeastern 6kla~w
hama and eastern Kansas¢5l Sedimentation continued in Ordo-

Viaian until another uplift ended the period, The folding
ﬂuc

| “1L¢ He White, "Sabsgrﬁiee Q%aﬁzggyzieg andaggr§51a~;
h Fre*chattanaa;a eries © ieastern ahoma ,*
tioﬁ Of 1 9 . i e t&g"‘B 3‘926 p; l@. » j

T
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which accompanied and followed this sedimentation rejuvenated
the former hills and made anticlines, No anticlines which
extended downward into the Ordovician are known to have been
formed later; the subsequent perinds of folding merely re=-
Juvenated those established at the close of the Ordo-

‘ "Vi@i&ﬂp ’2

After uplift, folding, and eresion of Ordovician
strata, the land was again submerged by the seas and Silurian
and Devonian sediments were deposited. They did not cover
all of the anticlines, and there is a thinning of sediments

over those that were covereds Following slight folding and
eroslion, Mississipplan strata were depositeds Preceding the
‘ae&plate inundation of loeal and regional anticlines by I

Permsylvanian sediments, the Mississippian strata were sub~

 jected to broad warping, faulting, and erosion. Novement

laf these buried anticlines was either continuous or spasmodic

throughout Pennsylvanian and Permian time. Soue anticlines
and small folds in the Pennsylvanian were formed between ﬁhd
reflected folds after Permian sedimentation. This surficial
type of structure of course dissppears in depth. OSome dise

‘appear in the thick Pennsylvanian shalesj others extend down

‘to topographic hills on top of the eroded Mississippi lime-

stones

Anticlinal struectures in the Foraker area apparently

-

52powers, ops cite, Pp. 382-385,
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conform to the general description given above, Heald”>
mapped and deseribed six anticlines in the Foraker area.

Beaver Ureek antiecline, located in the northwest
corner of the area, is the most pronounced fold in the
Foraker areas It is the only antieline in the area that is
readily detected by the observer, This is one of several
small structures that make up the Dexter-Otto anticline of
Kansass Clark and ﬂoopar54 have traced this large asymmetri-
ceal fold southwestward from Dexter, Kansas, through the
Mervine and Ponea anticlines of Kay County, Oklahoma. This
anticline or ridge is similar to those described by mears55
as consisting of groups of swall anticlines and domes. The
‘eastward dip of this fold is about 120 feet to the mile, and
it has 60 feet of closures

Haalé56 maopped five other small anticlines in the
Poraker area, They aret Lone Tree dome, located in sec. 28?
Ty 29 Ne, Rse 6 Bej Grainola anticline, located in sec. 32,
Te 29 le, Re 6 Eoj Brooks anticline, located in sec. 28, T.

| 53naald “The 0il and Cas Geology of the Foraker
Quadraﬁgla, Osage County, Oklahoma,™ ops cite, Ppe 33-40. |

o 0. Ce Clark and C, L. Cooper, "0il and Gas G@Qlag)
of Kay, Grant Garfield, and Noble Counties,"™ Oklahoma Geol
Survev. Bull. 40-H, 1927, p. 21,

55Powara ops cits, pe 382,

| 56¢, ¢, Heald, "The 0il and Gas Geology of the
Foraker Quadrangle, Osage County, Oklahoma," op, cite, Ppe
x 30&}4, .

| i
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28 N., Re 6 Eo3 Elm Creek anticline, located in W/2 of secs
9, Te 28 W,, Re 7 Bey and FPoraker anticline located in sece

"21_, ?‘ 28 ﬁn, Rr. 7 g.

All except the Foraker anticline have less than 15
feet of closure and are small in areal extent. The Foraker

anticline is slightly over one square mile in area and has

‘over 25 feet of closure, It is the second largest structure

in the Poraker area, and is the only one from which oil has

been produced, These small upwarpings can probably be

classed as surficial folds.

Faulting or evidence of faulting has not been found

by work on surface exposures in the Foraker area.

This area is awong the least drilled parts of Osage

' County., The lack of initiative to drill has undoubtedly

!

resulted from poor returns on all previous attempts to
recever oil. At the present time, only one well in the aresa
is producing. A

In sections 16 and 17, Ta 29 Ne, Re 6 Es, a total
of 15 wells has been drilled, These wells, known as the
Frankfort pool in Oklahoma, are the southern devalopmant ef
the Fall City field of Kansas. All of the wells in the

| ?raﬁkfort field have been abandoned.

Tests have been made on every atruatnre mapped by




86

" Heald.?? With the exception of the small producing well on
the Foraker anticline, all have proved te be either dry or.
such small producers that they h&v&.bean abandoned after a
short peried of production, |

There are no other mineral resources that are of any

eammercial importance. Road surfacing material is plentiful
for the needs of this area, but would meet strong competition

from the Burbank Gravel Company outside of the area.

| 57K, G, Heald, "The 01l and Gas Geology of the |
Foraker Qnaéraﬁgla, Gaaga County, Oklahoma,"™ op, cit, pp.
33-40,
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AFPENDIX

MEASURED STRATIGRAPHIC SECTIONS

Secs 31, Ts 28 Na, Re € BEe HMeasured from exposures
- along north bank of 8S8and Creek in northwest corner

of sections

STOUEBREAKER formationg
Elmont limestone member?

Limestone, massive, algal in upper part,

color is gray weathering to a &fatinetive
bright yellow. Fine grained, somewhat

sandi. Weathers to thin small slabs.
Possiliferous, an abundance of fossil
Crurithvris oceurs in this bed sescscssasssvnne
Covered interval, probably shale, about secsees
Limestone, grag weathering to yellowish~

tan color, easily recognized by the abundance
of ®Cryptozoon®™ and fusulinids. Coarse to
medium grained R R R R R R R

Harveyville shale members

Ii.

Shale, gray, caleareous, weathering to a
yellowish~tan ecolor, Upper part is poorly
exposeds A poorly developed underclay oceurs
near the middle. Lower part contains thin,
platy, shaly limestone interbedded with
calcareous shale. An abundance of Chonetes
peours in this ZONE sssesesvecsccnsosssscscrane
D001 cevsessvsssteessasessonsoesstosessnsonssesss
Shale, gray, calcareous. Poorly developed
underclay in upper parte Barren of fossils ...

Reading limestone memberi

Limestone, bluish-gray in upper part,

yellow color in lower part. Contains a

wide variety of fossils, almost all frag-
mentary. Lower part is predominately algal,
shaly, and sonewnat sandy ssowvssessanasssssnes
Shale, not measureds gy

Secs 25, Te 29 Ns, Re 7 Es leasured along south bank

of Buck Creek, in the center of section.

640

0.5

540
0.5 |

2:5 |

1.0
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STONEBREAKER formations
Reaﬁin§ limestone member, not measured,
W shaleg

AUBURN

Shale, greenishegray, weathering drab
yellow, sparsely fossiliferous near top,
19wer part barren and silty tnseessrssevenresnse Liel
Sandstone, gray, caleareous, weathering to
a light buff, thin and platy, interbedded
with silty shale, GCrades laterally into a
cross-bedded, channel sandstone, Contains
& few plant imfrints, SBDOUL swessunninesensaons 340
Shale, light b uish=gray, sandy, somewhat

aalearaous PersscvcnrrveIrnssnteensenssncInsnse Sald
Limestone, thin, shaly, blue=gray, contains
fragments of large pelecyped, weathers to

rown color SOBEBIOINITIBBLOIOIN NGNGB OONABBORES 0&5l
Shale, gray, barren of fossils sesovessecssnses sl

21
111, 8ecs 25, Ty 20-Nu, Re 7 E. Measured in one of

tributaries running into Buck Creek at approximately

| the middle of the west section line,

STONEBREAKER formationt

| Reading limestone members
hale, not measured.
Limestone, gray, weathering yellowishe
brown, fine grained and shaly, weathering to
hard, rounded boulders which are probably j
algai forus. Fossils are few and fragmental .. 1.9
Shale, greenish-gray weathering to drab -
yellow, has a maroon streak near the
middle, fossiliferous Sesnassescsessssnsscsnsess [el
Limestone, fine to coarse grained, gray
weathering to brownish-gray, Contains
an abundance of fusulinids, especially in
lower half. Upper part contains brachiopeds,
horn coral, "Cryptozcon,™ and a few :
fusulinids, shows prominent vertical joints ese 4e7
Shale, bluish=gray Ses0sesvessensessssosnessnes Ll
Coal MABORIBINBNOIICESINESRONUDONOOPIPIODDEDES G 0.3
Shale, gray weathering yellow sesesessesassases  1e0
Linmestone, gray to brown color, weathering l

} gray, surface is irregular and wavy,

| suggestive of algal content sesesescssssssoncss 240

AUBURN shales

ZHB Yellow calcareous shale., Contains large,

| round boulders, probably algale. Fossil
are predominately rounded crinoid plates ssesss 4ae0

| ece 31, Ts 28 Ne, Ry 8 E, Measured from exposures
- :gg;anértg bank of Sand Creek in northwest corner




STONEBR

89

of section,
EAKER formationt

Reading limestone members

Ve

hale, not wmeasured.

Limestone, gray weathering brown, contains

an abundance of "Cryptogzoon,® and other algal
remains, Very few fusulinids. This bed

is rar@ly exposed or present sesssenssssensenses Usl
Shale, light gray, ca careous, contains

fﬂﬁﬁliﬂidﬂ, but no other 088118 snsesavscnssnse 042
Limestone, gray weathering yvellowish=brown
with bleotches of yellow. Contains

"Cryptozoon® and fusulinids, Weathers to
rectangular blocks, vertical jointing is ,
prominent SOBEP OGN N NSNS AVIBENEREIINBNOORERSSY Lad
Shale, gray, fusulinids and crinoid plates :
and stems, calcareous tessessncsvsnsensevosreass sl
Limestone, gray weathering to yellowishe
brown, fine grained, harde A very thin,
wavy, shale occurs near the middle.
Fusulinids are abundant near the top, not

80 abundant near the baABEe sesssesssovsassssssoss o2
Shale, gray, slightly calcareous, barren
of fossils GedsussesrsestensesnsaNteRRIsEaesenas Lal
Coal E NI PO NP PR RN NN NS ORI IREEBOBEORRSIRES e )
Shale, gray, barren of fossils cesssssensssnsses 1ob
Limestone, gray, shaly, weathering to round
fragm@nts tssesssesnsssRsseRIBOIROBIRSRRORBEERORSE Lol

Sece 25, Te 29 Ne, Rs 7 Es Measured up south bank
of Buek Creek on township line near widdle of east
se¢tion line,

WILLARD-LANGDON shales

STONEBR

Sandstone, light tan, weathering to dark

brown, limonitic stains on broken weathered

surfaces, not entirely exposed sevseesssssreress 240
Covered 1nterval, ADOUL seveensesssssnssnnnssnse 3240
Sandstone, buff, weathering brown, contains

plant imprints, has ripple marks, weathers ..

to angular blocks, not measureds,. . . . . ....... il |
Covered interval, aboul sseceesssvsssusssssvosesns 3300?
EAKER formation?

Reading limestone member:i

AUBURN

Light brownish-gray, fine to coarse grained,
fuguliniaa are abunéant, weathers alabby,
ANOUL 0 seueeeressossssitinnnesessssscisnsesaness k&O‘

shales L
Govered interval, near the middle freagments

of sandstone, containing a few plant

imprints, about Qit*tlti#dii‘hiﬁ##iltf?f{tffﬁﬁnQ‘SSQQJ
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Limeatgne, gray weathering dirty-yellow,

lower part shaly grading inte underlying

shale, extremely fossiliferous, most of which :
are fragmental SHBOPOINBLIEINNOININIRIOBIRIRORSIOSELSE Lol
Shale, upper part graeniﬁhwgra{ weathering

to dull yellow, lower part is light bluishe-

gray and calcareouss Near the top it is
fﬁasilif@r@uﬁ $essvesavsessevonoessassnsansases 2Cal
Limestone, bluishegray, weathering to light

gray, contains fusulinids and Cryptozoon ssesse 1g2

VI, gggﬁ é?, Ts g@iﬁ., g;hs E% M:gsu§ad algng the east
1 treek in northeast part of section
WILLARD-LANCDON shale: B 4
Sandstone, poorly expesed, not measured.
Shale, upper part covered, lower part is
8ilty and weathers yellow, about sesssssssnsses 1840
Conl e R o S PP o0
ggdir@lgglinodvmiiguﬁﬂﬁau&-&ctaqsnont&tgnu&#&n: %tg
A le LOW, BL. CUPOIBRVISRIDIEIIOENTOABE S *
STONEBREAKER formations s j
Elmont limestone members ; ;
Limestone, light bluish-gray, weathering
to brown with blotches of yailow;..&haly
in lower part. Fossils have been replaced
by coarsely-erystalline calecite. Crurit
ceecurs in abundance in lower shaly fa  sesness Ll
Shale, yellowish=gray, marly and galeareous,

containg an abundance of §g§;g§gg;1g in upper
part. Lower half containg limestone con=
eretions interbedded with limonitic~yellow
shale, OSame fauna dcecurs throughout this
SECtioN wssssnsenssnnesunsosnisssssasnssrsnenes 20
Shale, black with gray shale streaks, same |
fauna a8 beds aDOVE sessesssssussssssssnosssens 1.5
Shale, carboniferous black shale, barren 1
Of 088118 sssesvesevssesssnsesanssnnscnssssnne lo5 |
Limestone, light blue wsathering to reddishe-
bro'ﬁﬁ'l, very shal ’ fosgiliferous BOEEHBIOBOBE DS 0.3 |
Shale, fissile black, barren of fos88ils seesess 2,0
Limestone, gray mediumwgrainad weathering |
to somewhat darker graye. Fusulinids are |
rare but "Crtypt.emoon“ is abundant ssessesenssan 045 |

1 Harveyville shale members

1 'sgzle, gray, grades downward into a black

f platy shale, measured to water level ssasensnns 140

VII. Sees 18, T¢ 28 Ny, Re & By, and Sece 13, Ts 28 N,
Re % E,' %Qasure&'an the ésuth bank of creek in tﬁe
extreme northwest corner of sec, 18, T 28 N, R,




e ey

21

¢ B, to the top of outlier in northeast corner of
| 3&@; 13 TQ 28 N.. R_’ 7 E.
JIM CREEK limestone?
Brown to yellow, abundant fusulinids, not
neasured, ‘
Covered Intarval, about suiudds v arii i e ey 16,8
Sandstone, fragments occurring along grasse
gﬁv&reg z%gpa, §§t gaaaured¢ N
WOVere @rVal, ADOUL sessvvescvscssesvnvsensnsns 19,
DOVER limestonet ’ A
Gray, weathering brown, containg fusulinids.
Qgeurs as fragments along grass-covered
glnpe. Tgis %siuppar mam%ar,age evidegge of
| , ower nmember bein esent, not measured,
WILLARD~-LANGDON shales = 0. ! |
Covered interval, aboub sesesssssssnansssennsse 42.0
Limestone, occurs as fragments along grass~
covered slope, very fossiliferous, gray
weathering to yellowish-brown, not measured,
Covered interval sesesssssesssssasnssnsnssnanss 195
Limestone, gray weathering almost white
contains a few fragmentary fossils, easily
recognized by its pyrite nodules which
have weathered to onite, very thin,
ADOUL sseewsssvsvsssvsssssnenssssssnsonsssnesss e
Covered interval, abOUT ssvessencosssnssnrssses 2244
Sandstone, tan, evenly bedded, contains
limonite stain giving it a brown weathered :
surface, not entirely exposed sessnesccsssvsses 2.0
Covered interval, angular blocks of brown,
| ripple-marked sandstone are strewn along
3 'bhzﬁ grass-govered SlOPe sasssssscesssosssovses 3440
? Limestone g@ebab&y Elmont, gray weathering
yellow, slabby fragments occur along the
rass-covered slope, not measured.
‘ overed interval, aéﬂﬂt sssssesnassrsssancasans 18,2 |
STONEBREAKER formatioms
| Heading limestone member: |
Hot measured, i

. VIIT. Secs 26, T 29 N,, Re 7 Es leasured up eastward

i facing esearpment on north side of train in southwest
| rt of section, _ |
BRQWNVIL?% limestone, not measured.
PONY CREEK shales i
g 8hale, yellow S118Y essosecevsssesnscsssscanses L1002
| Coal and pocrig developed underclay sesvececsss ﬁ.g |

Govered, probably silty shale sssseessessssscss 2040

| Sandstone, cross-bedded, tan weathering to
f brown, contains limonite stains and mica,
t”,“.ﬂ”Hggpgﬁgdwthinnﬂasmit#it’tf#itf#&&4*¢i*##4*4¢§§%~m1+5w3



92

Gavaredtinterval. AbOUL sessevscsssrsnsosssnes

GRAYHOR3SE limestone:

Gray weathering gray with blotches of yellow,
dense and hard, fossils are fragmentals

14.0

Appears as fragments on the slope, not measured.

mmmef%%?ﬁiiﬁ§§§§§%’ about. saesssencrnseuravesses el

Dull gray weathering brown, ferruginous,
contains small limestone pebbles which
weather to different colors, giving the

rock a afettad appearance, not measured,
Covered interval, about sessessssssvoncnsconnse

JIM CREFK limestones

Gray weathering to yellowish~brown, a few
fusulinids are present at this locality.
Massgive, somewhat sandy, weathering to thin
slabse This limestone is an excellent

nmarker throughout the 87rea ssssssssssssssssses
;ﬁovar&d iﬂﬁ&?@al, 2DOUL sevensesssascsssvsrsssresvoses
GRANDHAVEN limestones

Gray, strongly ferruginous and cross~bedded.
Weathers red in some outcrops. A calearenite
containing shale and limestone pebbles. Few
fosgils other than a large pelecypod,
ggabably_gyf,;@g_,n@arly,aluaya replaced by
arge ealeite erystals., This linestone is
rarely yaed in southern part of area,
thing ra dly soubhward seesssssesssvcvsssvess

%3

Govered interval, oDOUL seescesssssssasvsscsssennsssse
DOVER limestonet |

Gray weathering to brown, contains frag-
ments of fossils, a few fusulinids are present

WILLARD~-LANGDON shales

Covered AINberval ssesesssssesnascsssssssssncoes
Sandatone, not measured.

Govered interval sessesssssssesssssssssssssoses
Limestone, buff weathering to light brewn,
fragments of brachiopods and erinoids are
presents A large pelecypod, probably

Sy Lina . is the most common fossil spsBasBBBaS
Limestone, gray to buff weathering buff,

an extreme abundance of fusulinids ocecur in
this bed, Limonite stains are common and
appear to £ill voids left by weathered
fusulinids. Some chert is found ssessssssves
Shale, calcareous, buff colored, contains a
fow fusulinids sesesessssssnessssssosssssscses
Limestone, buff weathering, gray, coarse-
grained, fusulinids and brachiopod fragments

are present ssessssssseccosnsonsessesssccssnes

-

11.2

240
1440

2.0
2245

Oe5
0e5 |
, 2748 |

1.0

2.8
0.2 |

0.7
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@haleé caleareous, interbedded with thin
limestone, Shale is yellow with a few
Streaks of oranges Limestones are gravy.
?ﬂﬁgliﬁida AYE COHDON sns s habssosssnsvsssssese
kimeshone, gray, coarse grained, a few
fusulinids, Bryogoans, corals, erineid
flatas are mere abundant, especially in

LOWED PAYL suvsvsssonssvoovsonsssnssssassonans
Shale, yellow, drab calcareous shale,
fusulinids and other fossils are either
absent or rare PRI N AN I AN IR RINORINBORBEN
Limestone, buff, coarse-grained, fusulinids

ATS AbUNAANE Sunsensosnnnen s sshsrinsnsnbanssis

Hughes Creek limestone members

!_ Americus limestone membert

IX,

 FORAKER
' Lo

Shale, yellow drab shale, contains large
fu&ulinids in great quantities ssssesvesssenss
Limestone, gray massive, coarse-grained,
somewhat sandy, limonite £ills volds seeseeses
Shale, yvellow drab, barren of fosslls swevevese
Limestone, gray massive, medium to conrse-
grained, contains fnsulinids in large
numberss Chert nodules contalning fusulinids
oceur as irregular lenses, Porms the main
l&d%e of the Foraker bench FUABBBBEPERBERBOEIE
Shale, yellow drab, barren of foBsile sseessns
L&maaéena, light gray, massive, coargely
erystalline, uppe u§art is sparsely
fapulateﬁ with fusulinids, while lower part

8 made up alwost entirely of fusulinide.
Lower part is much softer, weithering back
under the upper parleseessssssssssesscsossssas
Covered interval, probably grey calcareous

;ﬁhale R

~“Limestone, gray, cardy and shaly, crineid

gtems and fragments of cther fossils

weather in relief siessvesvssnsesrssnvssssanse
Shale, vellow, drab, contains numerous
r@d«like objects that are grnbably burrow
fillinge, barren of other {08slls seesvevsssne

Limestone, blue-gray, dense, f{ine-grained
weathering light blue, Fusulinids are

COUNIOYT] 2000000000830 00 8080888008383 08880 den

1.0

1.5

1e6 |
545

Lok

640

Tak ?

Secs. 26 and 35, Te 29 He, B 7 E;' Measured in
drainage ditch up the east~fucing escarpment that
transverses the south central part of sec. 26 and

north central part of sec. 35.

formationst
Creek limestone members

Eoge ,ﬁngsnaywtnMgellnﬂ,ﬁsanﬁy,mﬂﬁnﬁainsmfnanlinidsm“wﬁmmm@m,
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in abundance. Occurs as fragments on Erags~
 covered slope, about MM ™
Hughes Creek limestone member: |
Gray, massive, coarse~ rained, contains
chert nodules, fusulinids are abundant,
. % out BRSO BIERIIDOIIIONSBIPRNEITEBNIOOIDINPERED
Americus linmestone member:
Cray, fine to coarsely crystalline, abun-
dant fusulinids, POOrly eXposSed ceeessesssssse
With the exception of the Americus limestone,
measurements Ior the other membersz of the
formation are estimates, The Foraker lime=
stone as a composite unit was accurately
measured I T I T
ﬁﬂ?é?&d 1ntarval PRIV IIEBODIPOINNBIOOR NSO RO DB ERD S
fiouchen Creek limestone members
Soft, porous, silty, impure, color is
| yellow, not measured,
‘chareﬁ interval L Ty R T I™™
BROWNVILLE limestone?
Poorly exposed, brown, massive, fine to
coargse-grained, slightly arenaceous
fusulinids are common, exposed thickness sesee
PONY CREEK shales L
Covered 1nterval ssssvssssscnsasachsnavisnnees
Sandstone, brown, slightly cross~bedded, -
exposed LHACRNEAS sasessissinnnsssisencsssnens
, Covered interval sesascssssssesnessssssssnssne
CEAYHORSE limestonet
Gray, dense, weathering gray with blotches
| of {imnnitiewyallaw, not measured.
Covered interval, aboubl sssessssessessssnnsasnsessnnss
NEBRASKA CITY limestonet
Gray weathering brown, ferruginous, not
measureds
Covered interval svesscecsscsssssssssssscesssasssssass
JIM CREEK limestone? :
. Tan weathering te yellowish brown,
: Pfusulinids are Present sissosccvssscrsenssonnes
FRIEDRICH shale
Shale, gray, caleareous, contains broken
ents of large pelecypod, probably

T T e T T T T T

1 c;sticn-ouiuuwiio--nhtﬁtsvtgt;QOﬁgaac-acq
Shale, yellow drab, silty, barren ssseeeesssss
1 Covered interval Pe00sesEssoAsIRIUIRIARINITINS
GRANDHAVEN limestone! ,
| Gray, eross~bedded calearenite sesacsnssscrnne

18,0
30,0

15

5040
15.0

364k
Le5

3646

240
13.2

1545

11.2

1.9

“§¢ Sece 16, Ts 29 Nu, Re # E., Measured up west side

of road-cut in southwest part of section.
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PORAKER formationt
Long Creek limestone membert B
Limestone, tan, sandy, soft, fusulinids
are abundant weathering in relief of the
bed»“"Q*‘.OOIQ'Qi‘ﬁOOQIOﬁnt.tbiﬁ!ibtl‘idoﬁtt
Shale, gray, calearsous, made up almost
entirely of fusulinids sesesssssssssnsrssssnse
Limestone, gra{ eoarsely crystalline and
nassive, Fusulinids are not 80 numerous
and evident as in upper beds A few frag~
ments of brachiopods are present. Crincid
plagea and stems also are present in small
: DUMDSI'S 0eesssoessnssnesrsssnessosansnsnssssssd
HAMLIN SHALE formationt iy
Osks shale members
Gray to brown shale with thin lenses of
~ black, carbonaceous shale, non-fossiliferous .
Houchen Creek limestone members
Limestone, fine grained, dense, massive,
dark gray, weathering to a dirty gray.
Contains a small phosphatic brachiopod ecosnsee
Shale, black, fissile in lower part,
caleareous in upper PATT cevvceveocosnsnnsosss
Linestone, extremely fine grained, pure,
dark gray, barren of fos88ils sesesossccesnnnne
Shale, eaigareaus, yellow to gray,
barren of 088118 seesssscsnssssssvssnssscnsss
Limestone, massive, pure, dense, dark ‘
gray, weathering ligh% EVAY esesncsssnsossvoce
Shale, gray, calcareous, Darren seesssssesesse
Limestone, graz,_fussi iferous, shaly, }
contains tiny helicoid gastropods, fraguents
of brachiopods sesssesssssessssssesssssesescas
Shale, black, fissile, contains lobate
algal forms, also eylindrical objects which
are prebably burrow filliﬂgﬁ_inittuttth.d;nd;.
Limestone, sandy, soft, porous, yellow,
1im9ni$i$ ABOOHPRB VO BN RN RBSODRDIOPVBODBARBDED
Stine shale member: ‘
Covered, probably yellow shale sssesscscscsnes

PIVE POINT limestonet

Gray to reddish brown weathering dark brown,
fine grained, massive to slightly cross-
bedded, The top 0.5 feet is a conuinite,
erinoid plates and a few fusulinids oceur

| in lower part. Limonite nodules are common ..
| Shale, dark,'graygghuélua, platy, barren of fossils,

ABOUD se0se06ssasssnssaonesssssesentssssosinssssnsecss

| estone, soft, impure, porous, yellowish-tan,
| gigtheriné yelléﬁ, eant&ins a zﬁin shale break

—of fo88ils sevenssensvsnsssses Lol

1.0
042

2.6
4 R

\\\

247

0.6
046
Ue3
1.3
047
0e5

1.0

046 |

2.1

20,0

2el
5.0

e

/

v“\ﬁ‘u‘: (e,

pﬂ'\'\c\bl.lr)

o
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Shale, gray, weathering to yellow-drab, barren sveesss
Sandstone, calcareous, interbedded with silty
@aigamaugaha;e,‘ L
Eﬁﬁ?ﬁéﬁlzggggmixgn;;"f"‘“"““‘f“ﬁf““-*‘"fff",
Limestone, gray, weathering yellowishetan,
Containg a few small fusulinids, crinoid
stems and fragments of othed £os5ils cescsnces
ghalé! @Tﬂ?, Galﬁafﬁﬁﬁﬁ SHNGIOEELBIOBGEEHORS O
Limestone, reddish-brown weathering brownishe
gray, slightly arenaceous. ggfer zone of bed
has an abundance of large fusulinids: lower
zone is a~;rmaxyugaynlaﬁad-wiﬁh them sessseves
Shale, yellow drab, Darren seciiessssessssssnse
Limestone, organie¢ calcarenite, tan weathere
ing gray to brown. Hard, coarse-grained
with thin shale lentils dispersed through it .
PONY CREEK shale: afils ' ‘
Shale, yvellow drab, 8ilty to Sandy seseveseees
Sandstone, gray to tan, weathering buff to
brown. Upper part thinly laminated while .
lower part is cross~bedded and channel-like,
Soft and friable in weathering while fresh .
surface is cemented by calcite and is well
indurateds Contains muscovite and biotite eee
Shale, yellow, siiﬁy, 1lcaceous svesescsssnnss
GRAYHORSE limestones : gt N L
Gray weathering brown. Contains fossil
fragments, weathered surface is spotted due .
to fossil fragments and small limestone »
pebbles. Weathems to thin slabs, shaly in
‘ ggwar parte Exposed portion 18 ssesssvsssoves
Covered 1&“8??&1 T R T T R R s
HEBRASKA CITY limestones ;
Gray to-tan, weathering to bufl, coarse-
grained, fossils are rare, replaced by . ..
aragonite. Stroengly ferruginous, poorly
BXPOSOT sncsssasessssosssssssvransssssossssnses
Covered Iinberval seeesssessssseevssonscssssvvassessess
‘JIM CREEK limestones N
Dark gray to tan, weathering buff, Coarse-
grained, sandy and shaly in parts. DBryozoan,
and crinoid and brachiopod fragments are
present as wall as fusulinids sceovssssssvsesne

27

1e9
7.0

LeQ
12,8 |

1.8
14*05

16,6 |

19

XI. Sece 31, T, 28 %ai ?; 8 Es HMeasured up the south

bank of Sand Cree
1 te the road running on the township line.
WILLARD-LANGDON shalet ‘

Limestone, gray, weathered brown, with blotches

northwest corner of seetion

—————of red, sandy, nedium grained; containing
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tiny fragments of fossil shells, poorly

CXPONEd, ABOUL seusssisutssanstnnsoneinsssinse
Covered interval, sbouMb susssnssesnbusssnsnsss
Sandstone, massive, even~bedded, fine
grained, tan, weathering brown, not measured.
COversd Antarval sessseanesssasenssssnesnssuss
Sandstone, tan, weathering brown, crosse
bedded, fresh surface is covered with
limonite stains, also ¢ontains mica, fine
grained, aboub ssvssensvnessvesssssssasiossnsy
Shale, gray to green, barren of fossils,
BDOUL sessessvinbiibnissisrsnsrisnsbuiossisand
Shale, METOOD sausessvasssssivesisstasssnssss
Sandstone, gray weathering brown, cal=
careous on fresh Surface sessssssssssssssosses
Covered interval R Y R Y
Sandstene, tan weathering te brown, ripple-
marked, containg imprints of fossil plants ...
v Covered interval ssssscesssasnscsvossencnsesss
ELMONT limestone, not measured.

1.0
16,8

1440

50

12.0
Sek

240
1L.8

2.0
20,0

XII. Secs 24, Te 28 He, Re 7 B, HMeasured up outlier

that lies in the northeast part of section.
JIM CREEK limestone, not measured, : 2
Covered interval, probably gray, sandy shale seeeeesss
Sandstone, massive, eres&*bed&eé, fine~grained, buff
to brown., Upper part is evenly bedded while lower
part is cross~bedded and ehannalwfillin%i This is
- only outerop that shows this channel~filling. Bed
 thins rapidly north and south of this exposure,
 ADOUD snseeseseesonssesssssesasratstssecsnvsassnssconsas
- Covered Interval seeessssssssssevsssvsovssssssnssscane
DOVER limestonet
| - Limestone, gray, weathering brown with
blotches of limonitvic stainss Tiny fossil
fragments give weathered surface a spotted
@p?ﬁ&z'an@ﬂy fusulinids AYE A€ sesscasesessas
Covered interval, probably thin platy sande
stone and silty 8hale seessessssssncsscsnnssne
Limestone, blueegray, weathering buff with
limonitic staine, sandy and slightly cross-
bedded, containg fusulinids that are rare ssse
WILLARD-LANGDON shales
Shale, greenish-gray, silty, has a few
thin streaks of maroon 8hale sssssvsvesssssnse
Limestone, buff, weathering li%ht brown,
stained red praﬁably from overlying
marcon shale, dirty and shaly, containing
numerous fossils, a large pelecypod is the
most prevalent, probably I s nkes b e ePREN

28,0

11.0
21,0

1.0
11.2

1.8

540
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Shale, yellow drab with thin sandstone and
marcon shale, not measured,

ZIII. Secs 2k, Te 28 Ne, Re 7 B, Measured up east bank
of ecreek that runs through the south central part

, of section,
JIM CREEK limestones
Hard, massive, gray weathering yellow.
Fuﬁ-iinida,ara glgnkiful‘ “Other fossils are
poorly represented cesssssescvan "
,FﬁIEﬂRIﬂg aha{a£ap ' sessvseessvssnsssasnrIsnenns
| Shale, gray, £o8siliferous iiseisisssassrisses
Caal R A R T Y
Shele, gray, sandy, calcareous, contains thin
tedded calcareous sandstone interbedded with
_ silty shale, barren of £083118 sssesusassessars
GHANDHAVEN limestone:s '
Gray weathering, red to purgle, only fossil
present is large [Myalinae This is a ey
CAlearenite sessvvssnconsosnvssnssssnennssnnenis
Water level.

2.0
3.0
Ol |

20k

05

XIV, Seow 13, T« 28 Hyy, Re 7 By Measured up eastward
facing escarpment in southwestern part of sections

BROWKVILLE limestone, not mesastureds
Covered inkerval sseecscessssssesoscsnsosssnscsonssonse
Sandstone, tan weathering brown, evenly bedded, nrot
measureds ‘ i ‘ S rRREe
Coverod interval sessesscssnsecssssesvasssssssscssnsans
CRAYHORSE limestone!

Gray weathering to light gray, medium frainad,

massive, somewhat sandy, sparsely fossilifer-

ous, not measured. ROl ' P
Covered interval "‘gﬂ‘giﬁé*.‘;i““‘*'é‘iéﬁ'ii"‘-".'
Limegtone, gray, weathering yellow, contains lime~
gtone and'ahala’fabbleﬁ interbedded with clean, pure
denge limestong lenses ssecesosssssesssssessrssssscsnse
Covered IntOITaL svescescssssnsstosssssssossssstensesse
NEBRABEA CITY linestones

Rluish~gray, weathering light gray, medium

to coarse~grainéd, not noasured. :
ﬂOVG?@d interval PPEVIINISENSINUONSGINNIOIBNBSNIERNIONIS
Limestone, yellow, soft, impure, silty, not measured.
Coverad INLOIVAL sesvvesvevsvssscsssssssssonsnssssonses

JIM CREEE limestone, not m@asured.

360k

14.0

1440

043
53

2.0
16.6

IV, Sece 13, T+ 28 No, Re 7 B+ Measured up south bank

of eroek near center of section, about 1/8 mile
gouth of ranch house. ,

Limestone, white, weathering light gray, sandy, clean,

Wieh no fossils; not measureds —
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Covered Inberval sessssvevisseus PR |
Jm GREEK 11&@&1}@2‘1@; fon ltuc&woQtt»ﬁ.qmfio&i*paata#:nat 11.2
Tan to gray, weathering yellow, fusulinids
are common, not measured.
gggggad interval, probably sandy shale and thin sand- 6
e DB IBOBB G snaene T s B es B e san R
MVER li%g}zt&ué;‘"‘.*”' shessanne ctﬁf seBBOsBEROTED 3 0‘{»
Limestone, gray, somewhat sandy, weathering
brown, fusu%ggiéa are common, about ssssessese 1o0
Covered interval, probably sandy, gray
shale with thin-bedded sandstone, about seeess 21.0
Limestone, blue-gray, weathering buff,
sandy, massive, with thin shale break near
middles Upon weathering this bed logks like
a sandstone, containag a few large wells
pmmg&d tibﬁaiga’ ?{axiﬁg ’ DLYOG L OHLUD
THRAr T w a 1ew Ius NidE8 ssssvsssnesnenns Jok
WILLARD-LANGDON shalet !
Shale, gray to green, weathering gray, silty.
Fossils are either rare or absent sssesssseees 1540
Shale, maroon, barren of £088118 sesevssveesns Sk
Linestone, gray, weathering yellowish-
brown, contains numerous brachiopod and
molluscan fragments, particularly a large
gﬁlea d whieh is probably lys seansenens a7
ater level.

IVI. Sections 35 and 36, T, 26 Na, Re 7 Bs Dlsasured up
east facing escarpment near the middle of section
line which separates the two sections.

GRAYVHORSE limestones ,
Gray, weathering almost white with irregular
bloteches of tan. Fossil remains are frag-
mentary and sre mostly of brachiopods and
crinoids. OCuterop is poor and not measured.
Covered Interval ssssssessassessesssvsasssesssnssncsane 1440 |
Limestone, gray to yellow, weathering lemon yellow, |
eomposed- of thin alternating beds of calcarenite £l |
and pure, almost lithographie, linestone, no fossils « 0.3
Covered immmi P T e R R R R R R L R R 54.6 ;
NEBRASKA CITY limestonel c |
Light gray, weathering buff to brown,
appears as a @@quinita~wﬁaﬁherin§ to slabby
fragments on the grass-covered slope, not
|  measured.’ |
Covered 1nterval sesesecsesssesssscsscassssssssennnree 840
Limestone, sandy, yellow, Usually present as
fragments along the grass-covered slopes, not
measureds
| Covered interval secesesssssessesasssvassssonssossenes 610;
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JIf CRE
Cover PX Jimestons, |
Sandgggnin%@rvﬁla??g not measured
Statns, Astropo satnoamesseses
TipylawmarkurﬂpﬁdﬁQastzrin@ ﬂ&rk‘ggg‘*ﬁtwwq.,‘.‘ s :
ggg-mﬁﬁauragd o ﬂﬂnﬂaiﬁgdiﬁaiga afgn with vod 10.0
4 ered interv: #ins imprints common, als
Gm@fﬁ?ﬁﬁtiggit;‘ SR ERE - plam;é’ :
gyg;étggg 'g'éaﬁhari | ;;;%amuq-u;uucnaa.,,. 7 0
ine wit. PANE ALTTY =Dy .
giving 1% rdvrmes small, row buff, Coarsel
. Py i 5 | rounded pebhiss
b?aahiﬁﬁggﬁi ﬂﬂntainapgearaﬂﬂ@ on we ga,
and pﬁa&xﬁﬁ’ erinoids 'hv*rieﬁy of fa,hﬁring,
ceeur in _1¥ a fow fﬁéﬁlyyﬁﬁﬁaag mﬂ§§ailﬁ,
are diffiggfgaga algﬁg”tiﬁiggg %A:;:,ug%s
LVIT. Sees 26, T o recognize o g ossils
v o ey by g s WIEAAR ux 1
BROWNVILL el g B Sk £6 top Bl asured i
| TLLE limes part of 0 top sl d from wa
o e e oo measured ope in the morth
Sovered i PP o
Sendston nterval »
lstone, s probably sand
S SR
" s;izaghguz the gﬁdﬁﬁags are §§§§"fina cevaes 2840
GPATHORSE Jimestonet e i s
G{x,ar 8 ‘ .az ] -#.ﬂa_g‘«.'*".“- ":»Qlézg,“‘.*‘ .
Covered fﬁ$§*1§e§§2ﬁ§iﬁg light gra ey s Zi:g
g B e Ty ey '
O w;"wm«.,,.,,' e et
c@girs cf “*ﬁﬁamnﬁmw ?@lim‘;“’i"’““ o *‘,.‘.
\ﬁs%mrg(éf@%?alg. P “*"1%::212&32‘??;&”3 sossnses Bof
‘ : : ' li}g@. sessdsnans e, eston
G Limestone sassansnsas £ wws
| 1§&§§n§2§tmin§ brown w“"“"""“-u:::: 223
fur this bed i shaly in part Weathersd surfag '
ngﬁred interval 5 & m‘a&an@a;ug'_ At this lg'aae
Limestone, Yﬁlia&~§rabab}‘y'yél [ D8 sssnseeas sty
gﬁﬁ bé zoned by v, “y Whi’bgt a 1ig shale ”"Qlt:’..“." 07
St ameeeda”) VA S e s
grades clesn, white, R s i o s ot |
B e 1ists Sy, stiv Doy ey
| §%%"§ég§§"im£° ?ﬁaﬁﬁaﬁl?ea' ;a.ff?f;?f:m lime~
; , or sa0008 g EEETLE '
:?]aﬁar 1&1{@1* one, not mga;‘;;,;&:.“’Qfﬁagt’:::::::::‘ ?:;g
- - » |
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XVIII. Sece 13, Ty 28 N,, Re 7 E, Heasured up east facing
: escarpment on gouth side of road in northeast part
/ of section,
FORAKER formationg
flughes Creek limestone, not measured.
Covered interval Ssesesnsenvavesssenenssssansnanss Seb
... Americus limestone, not measured
HAMLIN shale formation?
?ovared,intarval, ADOUL sesssessnsnnsnssansswssnss 7a0
Houchen Creek limestone?
gellgg, soft, porous, impure, barren of g
2 fls OESLLE evssvsnvsosssssnsssnessssononcasssnsnss
BROWHVILLE limestonet i
Limestone, tan to gray weathering dark brown,
fusulinide are plentiful, forms a prominent
beneh, not measured,
Shale, gray, not neasured.
Limestone, yellowishebrown, sandy weathering
to thin slabs, coquinoid, bed is made up
almogt entireiy of fragments of lMyalina,
not measureds
PONY CREEK shale:
Shale, yellow sandy, barren of f0881l8 sesessssnss 740
Coal GeesNessPsaseR N ARSI RROsARIEUNSTES IR Ressnns el
Shale, yellow, sandy, thin beds of
SandstoNe seessssssnscssssssssnsasesscnsrssssssnses L2Deld
Sandstone, brown, fresh surface filled with
tiny limonite SpOotS sesesesvecssvssososonsssscenses Lol
Shale, vellow, 8andy sssseesssesascvssssssessesone Bol
GRAYHORSE limestone:
Blue-gray, weathering to light gray, slightly
sandy, fragments of fossils are plentiful,
medium to coarse grained, partially exposed s+ 1a3
Shale, yellow, fossils are rare or absent ssessseeeesr 4ol
Limestoune, yailow, gandy, erumbly, not measured. i
Jovered Interval sesccsssssssasoconssnsossessansonsssne 840
| NEBRASEA CITY limestoned
| Appears as fragments along the grass-
covered slope, gray with streaks of tan,
weathering gray, not measured.
ﬁovared.interval BIBPEISOIHAVIBOBIRERNIDININLOPINEEBERS lh.@
JI¥ CREEK limestonel
Gray, weathering gray with blotches of
yellow and gurple, fusulinids are
plentiful, brachiopods and crinoid stems
. are present but in lesser nunbers cssessesesss 245
 FRIEDRIC!H shalet
; Shale, gray covered by so0ll aboul seeescvecsss 40
COOL ss0evaossecssssssosssessssnnnesssnssonssne 0;5
Shale, gray, weathering yellow in lower
; parttw$&ndm§nd—5ilt¥_4§44*f#&f*#ti%&*&*Q#f&*#ﬁ”m?fs
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gg§g§e§1g223§§:% ttnoon-o»focvbOQQQohtagnguntyaancnvo-
Dark gray to blue-gray, weathering brown.
Dictvoelostus is found sparingly through

the bed} a few fusulinids are found near the
top of the bed. Weathers to slabby frag-
ments, sandy, slightly cross-bedded in
places, not completely exposed sesseesescssose

X1Xe BSecs 26, Te 28 No, Re 7 BEs leasured about
1/10 mile north of road running east from
the village of Foraker in the southeast corner
: of section,
Shale, gray, weathering yellow, barren of fossils,
net measureds
Linestone, yellow, sandy, appears only as rounded
boulders on slope, not messured.
Shgle, YEIIGW R R R
JIM CREEK limestone! _
Tan to gray westhering brownish-yellow,
massive, top weathers to small, slabby
fragments, Contains fossils in abundance,
3. kb s 5 S TELNLE £ s L O LA LE3 50 L4 63

nodules
FRIEDRICH shales il

Shale, gray, calcareous, fossiliferous;

Choj , Compogita and other brachlopods
oeccur in thi ALE ss0ssens8s086090800000B00e
Coal SEBRENNREIRDOVNUBBANGRIIORSRBIRNANNAIBRIGBOW
Shale, gray, not measured.

Water level.

XX, Secs 25, Te 28 N,
north side of roa
of sections '

8hale, not measured.
NEBRASKA CITY limestone!
 Gray to brown, calearenite, interbedded with
calcareous shale. Pebbles are rounded to
sub-angular, They are predominately lime~
stone pebbles with some shale pebbless Top
member is thickest and is a coquinite in
upper Part esssevcesrssscavesssssvasscnncsinses
Shale, gray, sparsely f0881i1iferous seseessssssesssssse
Covered interval, probably gray shale containing
iimestone aneretiens SAGOPLEANDBONGNOINADAIBGIGED RN S
JIi CREEK limestone, not measureds :
Covered interval ssescesssssnscscsssesassnecresinsenee
GRANDHAVEN limestones

,<Grayﬁmﬁath@;ingwbrgyg,fapgibad4wr§dmatains-""vm

2243

2.8

640

2e8

240
0e5

Re 7 E4 KNeasured at rnad~eut on
& in the extreme southwest corner

3¢5
o0

7e2
1648
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are common, a large pelecypod, probably
ﬁxg;igg, 18 present esvesecccssensssssanesnsone Ou8

/XXIs Sece 13, T4 29 N., Ry 6 Es Measured up creek

starting in Kansas and ending in northeast
gorner of section near junction of state line and
township line which separates He 6 and Re 7 of

- EA&L%k%ahoma.

VLU BAG ‘ormation, not measur

JOHNSOH shalet - i
Shala, yellow drab, DArren seeesessvsvsssesssecs 10.0
Sh&le, WAIGOI sesetsssssonssesssnstsssncsnvennsas 1Q§
sh&lﬁ, gray, weathering velloWw sescesssssscsces 346
Limestone, soft, cream-colored, impure,
marly e R R R R R R R R R R R 206
Shale, tan weathering yellow, sandy, con-
taing thin, sandy 1ineslone seeecssssscasssnsosnse 740
Shale, greenish-gray WORBENNOIEVGINEIEBOIGRERED 1.5
Limestone, gray, soft, fine grained, weathers
to irregular fragments, fossiliferous.
Fogsils have been replaced by dark coarsely
arystalline Callile ssesssnsesssssvscnsnncsssos 3¢5
Shale, interbedded with thin limestones,
fusulinids are pregent sssessescscsssvssssesone 545

FORAKER formation, not measured.

¥XIT. Sece 13, T 29 He, Re 6 Es Iessured up west bank

of ereek on Oklahomg~Kansas Line in northeast part
| of section.
RED BAGLE formationg
Howe limestone members?
Gray to tan, westhering nearly white, Top
bed is buff to yellow, slightly arenacecus.
Outerop is poor, appearing as thin weathered
g8labs. ;
ponnett limestone members

Limestone, light gray weathering to darker
gray, forms the main ledge of the Red Eagle
ocuberope Finely crystalline calcite is
typinag of upper part of this bedj limonite
and finely crystalline calcite £111 the void
SDOACED +980e¢sesessscrsssecsassssnesssssscnesany 6;5 f
Lgmestone, gray weathering to buff, soft,
weathering under overlying resistant beds,
PossliliferoUus seesesessvsescrcsssscnsasscacssns 1.5
Limestone, gray weathering somewhat darker
gray, fine to coarse secondary calcite is
typical of this beds Also limonite and
limonite gtains, thin bedded ssessasescssscesas 440

} L vy e ie T o A S EVRIRSEE L 1
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XXITI, Secs 14, T, 29 Ny, R. 6 By Measured up escarpment
! gg@gzgaaa*Oklahcma Line in northeast corner o
; - e
GRENOLA formationt
Heva limestone member, not measured,
Salen Point shale member, covered, probably
lshala PSP Ee NN sNNIRORsIRIRSARIERRIBREIADS Lol
Burr limestone member:
Covered, thin fossiliferous limestone
fragments are strewn along the grass-covered
slope, probably interbedded shale and '
imestone L R R R R e 546
Limestone, gray, weathering white, massive,
coarse grained, fossiliferous sssesesssssnsssos 3e5
Legion shale member:
Interbedded series of thin limestone and
Bhale sessasvensessarnvsnssnnssnsnnsnsannvanens 40
Sallyards limestone membert
Gray, weathering gray to buff, fossiliferous
in lower part, sandy, grading upward into
calesreous 311@&%039 LB BORARBBOBHENBANESOBB DB 3.0
ROCA shales
Shale, gray, weathering buff, barren sseseesess €0
5h&18, maroon, DAYTON sevesssnasesssssnsvesssss Lled

IXIVe Sec. 28, T, 28 N,; Rs 6 E., JMeasured along the west
bank of Salt Creek in the west central part of the
section.

GRENOLA formationt
leva limestone membersg
Limestone, gray, massive, coarsely erystalline,
weathers gray to white, Weathered surface
rough and jagged, few 088118 seesessessscssses 549
Chert and thin dolomitic limestone sesessecsceas a5
Shale, yellow to cream coleored, fossilifer-
OUS eaenesssesnttseessssisntnsdnsngssnessessnse 0;5
Linmestone and shale gray, fine grained
dense, has clear calcite stringers running
through it, shales are ¢alcareous, fossil=-
iferous and yellowish=tan. Near the middle
is a shale gone that contains Pgeudo-
SGCHNWATSTIIN 8000000804008 808C0009AROBSIRAIROYRS 9'5 ;
Limestone and shale, Limestones are coarse
rained and gray in color seeesssscsscscnssnsss 242
%imastana, gray massive, coarse grained sssesee 2,0
Limestone and shale., Limestones are shaly, 1
cﬂarsamgrainad and blue sesesssensessisnscrasce 2a5 |
Limastoneé gray, wmassive, somewhat dolomitic,
i

Limonite 118 void in this bed seevsensescesss Leb
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XXV, See, 29, T, 29 N,A Re 6 E, Measured up the north

facing slope which is about 1/8 mile east of northe
west corner of sectione

BEATTIE formationt

Cottonwood limestone member
ESKRIDGE shale: : ; hot measured.

Shale, gray westhering buff to yellow,
fo&siiiferoua, ealcareous, few thin -
fossiliferous 1limestones ssecosvonsossncsscons 1648
Sandstone, cross~bedded, gray, calcareous,

not measured.

shale, WATOOT, LATTEN seseossssassecsssssensas 16.8
Sandstone, greenish~gray, fine grained,

not measureds.

Shale, vellow dral cesvessssssesssssesscencsss 1l.2
Shala, maroon, DArIell esssssoscocnssssscssssse 2264

CRENOLA formationt
lleva limestone member, not measureds

IXVie

Sece 17, Te 29 M., Re 6 E, Measured along south
bank of drainage ditch near the‘centervof section,

BEATTIE formationt
Cottonwood limestone members$

Linestone, gray, weathering chalky-whiite.

Surface weathers smooth with sma

cigindrical holes, fusulinids are present,

AUOUD 0299008999200 003 04000630000 BRARBORIDIORS 1.0
Limestone, gray to tan, surface weathers

roughe Contains thin stringers of maroon

and yellew 8halé sesssncssnsccsssncecssovsness 1e5

ESKRIDGE shalet

 XXVII.

CROUSE limestones
l
:
L

Shale, maroon in lower part, grading upward

into drab-gray calcareous shale, Fossile |
iferous in upper part. Caleareous rod-like - |
objects, whieh are probably animal burrows, ' |
are common in upper PArL sescssssvcessssescses 2064 |
Limestone, caleirudite, made up almost |
entirely of rounded limestone pebbles.

Weathers brown. Fragments of a large

specimen of liyaling wmost characteristic

Fo88il cevesscsssnsssssnsssssssoseassssosenans 0;5 ‘
Shale, marcon, with thin sandstones which |
are greenish-gray, not measured. |

Secs 13, Te 29 Ney Ra 5 Ee Messured up the west
bank of creek in north central part of section.

Limestone, white spotted brown, weathering

to gray, massive, fine graineds Vertical |
cylindrical holes are typical of this bed. |
A few fossil fragments ogeur in upper part sss 2e3 |

L
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- Limestone, shaly, fossilifercus, gray,
soft, weathering under overlying resistant
mgLY QREEQ ;ﬁ;ié;tlt0@'.*‘Q‘O-"bﬁ‘”&b‘ﬂ"#QIQQ‘CDQ"Q'Q‘Q l"ﬂa
Shale, maroon, DAPTON saes st sss st sasisssessssn 300
Sandstone, marcon, fine grained, evenly
bedded L L L R R T R T R T Oed
Shale, partially exposed probably gray
shale P BBAIS LI NNUNIINN NS NRNEOINNOPABOIEDBEIRY 5;6
$andstone,~buff color, cross~bedded sessessess Ol
' 8 I'8Y svssscnass asnessene s . e
EADER:f@rm&tién% Y sesnessasaunssnsvenenconnane Lad
~ Hiddleburg limestone members _
Greenish-gray, weathering gray, fine grained
with coarsely erystalline caleite and
i limonite f1lling vold wusevessssessssesunonnss Lol
Hiocser shale members
Light EYAY seessanacoccscsessssssasnesasannoes el
Eiss limestone members} ,
Gray, weathering gray; has fossil fragments .« 0.7
STEARNS shalet
Covered interval with thin, gray slabs of
limestone strewn on the slope} probably
interbedded shale and limestone sesssssssocses 11a2
BEATTIE formations :
Vorrill limestone members
Gray weathering gray with streaks of pink.
Fresh surface is gray, fine to medium
grained with streaks of maroon shale eeseesses 1le§
Florena shale members: : -
Interbedded series of calecarenites and X
shale, Color is greenish-gray near the | v
bottom, maroon calcareous shale at tOP seessse 60
Shale, dark, brownish-maroon sessesssssssssess 21.0 |
Cottonwood limestone member, not measured.

XXVIZI. Secs 23, Te 29 Ne, Re 5 Es DHNMeasured up the south-
| west side of the Wreford outlier in the southwest
part of the sections, 7This traverse started below
and on the southwest side of the railroad cut.
WREFORD formation, not measured.
SPEISER shalet
‘ Covered interval, probably shale sssecssscscne 2245 |
Sandstone, very fine grained, massive,
not well indurated, tan. Soft, forming
smooth, rounded shoulder on the slope, ,
axposeé Lhickness ssesesesesssssesssnsssssccess 7ol |
| Covered interval, probably shale esessssescses 940
PUNSTON limestonel ~
| Limestone, gray, fossiliferous, exposed |
L #hicknosS eesesessssernravesseesesTINSRFORTIIRSST e
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Covered interval PHVDEBOBIRIELIINOIDCIEIDIBOCIER S
Limestone, Bray, Dassive sesssssvssscsssvvsncne

CROUSE limestone, not measured,

2,0
1.0

D8 shala; covered inﬁerval_...,c...g,.q.....a; 15,0

IXIXe Secs 29, Te 29 Nu, Re 5 By Measured along road-cut

WREFORD

SPEISER

approximately 3/l mile southeast of Hardy in Kay

County, Oklahoma.

limestones - S

Alternating beds of thin, gray to white
limestones and shale., Forms grass-covered
slope R s S T
Limestone, gray, massive, with thin stringers
of yellow shale., Fossils are siliceous and
weather in relief to the bed cesvesessnssnsanss
Shale and shaly limesStone sssessssssssensssscas
Limestone, gray to white weathering buff,
DBreaks up into thin slabs upon weathering.
Fossils are siliceous, weathering in relief

£o the bed sssvsessvensssnsvassvesnsnsnsssssses
Shale, buff, non-fossiliferous #sss00s0800000ne
Limestone, 11 it tan, weathering buff,

finely crystalline, fossiliferous and

chert bOaATINE ssavesvrvesssssnssnnnssnssssenans

Shale, yellow. anngﬁésa.ﬁnhkiliﬁn
characterizes this Ghale sesssssesssisonansnsns

Limestone, buff to gray, fine-grained,

fossils are siliceous and are mainly
fra-'ental BONDENBNEOIL NGOV IBNBIVEIORBNGINANA
Shale, calcareocus, tan., Fossils are rare

OF abSent ssessscsssssosnsssssasssssasnansansss
Limestone, buff, massive, fossiliferous ssseeee
ghalel ol o 8
Shale, gray, barren of foS8ilS sssssssessssesss
Shale, maroon, barren of fossils, exposed cesee
Covereds

840

: Be3

243

3.0
0.2
2.3
1.0 |
1.5
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