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" INTRODUCTION

This stratigraphic report of Elk county, Kansas, embraces
an area of 651 square miles and is based on field studies
carried out during the summer months of 1949 and 1950. This
particular county was selected for this study because it
contains some of the best exposures of upper Pennsylvanian
and lower Permian rocks in Kansas. It was hoped that a
detailed study of the stratigraphy in Elk county would
contribute additional information concerning lateral changes
which occur in these age&‘of rocks southward along their
strike from the dominantly marine Pennsylvanian and Permian
rocks of the Kansas River Valley to the increasingly non-
marine clastic section in Oklahoma.

Exposures throughout the county, embracing the entire
thickness of rocks represented, were measured in detail and
correlated with the better known Pennsylvanian and Permian
rockse in central and northern Ransas. The group boundaries
and the contacts of the more prominent limestones and shales
were mapped on air photographs in the field. The accompanying
areal geologic map was made by transferring the field data

from the photographs to a base map by the use of a grid



system. QGeneralized sections of the groups and detalled
cross-sections, with individual sections arranged from north
to south along the strike, were drafted and are presented in
the appropriate place throughout the text. Over 300 fossil
collections, including both limestone and shale samples, were
made. However, as the purpose of this investigation is
stratigraphic in nature, nothing resembling an exhaustive
palpontologic study was made. The faunal lists given in the
ﬁi&; represent only the more common genera. The detailed
locations, lithologies, and thicknesses of the measured sec-

tions are to be found at the end of this report.
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GENERAL CONSIDERATIONS

Elk county is located in southeastern Kansas and is in
the second tier of counties north of the Kansas-Oklahoma
boundary and in the fourth tier of counties west of the
Kansas-Missouri boundary. The accompanied index map (Fig.
1) shows the location of Elk county and the adjacent coun-
ties to which reference is made in the report. JRlk county
is rectangular in shape, with a north-south dimension of 21
miles and an east-west dimension of 31 miles, embracing an
area of 631 square miles. Elk county comprises townships or
parts of townships 28 to 31 south in ranges 8 to 13 east.

Elk county lies within the physiographic subdivisions
known as the Osage Prairie and the Flint Hills Upland. The
latter subdivision occupies the extreme western edge of the
county and consists of a series of relatively high esc:pp-
ments, the eastern edge of which is held up by the westerly
dipping chert-bearing Foraker limestone. The remainder of the
county lies within the Osage Prairie subdivision. The t¥po-
graphy of this subdivision consists mainiy of a series of
low, north-northeast trending cuesta-like ridges, formed by

the outcropping thin Pennsylvanian limestones. The interven-



FIG. I. OUTLINE MAP OF KANSAS SHOWING THE LOCATION OF ELK COUNTY
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ing valleys are somewhat asymmetrical in cross-section, their
floor being defined by the dip slope of the gently dipping
limestones for the most part, but being terminated rather
abruptly on their western edge by the relatively steep shale
slope underlying the next higher limestone. The outstanding
topographic features of the Osage Prairie are the relatively
high escarpments formed by the thick Plattsmouth and Ervine
Creek limestones and the rounded hills and ridges formed by
the massive sandstones in the Kanwaka and Lawrence shales.

The relief of Elk county is about 750 feet, the lowest
point in the county being the surface of the Elk River,
southeast of QOak Valley, which is somewhat less than 850
feet above sea level. The highest point in the county
occurs in the extreme northwestern corner, where the chert
capped Flint Hills have an elevation of slightly more than
1,600 feet. .

The two largest streams in Elk county are the Elk and
Fall rivers, tributaries of the Verdegris River. The only
extensive alluvial deposits are found in the valleys of the
Elk and Fall rivers and along Indian Creek. The extent of
the alluvium is shown on the accompanying areal geologic
map (Plate 1).



STRATIGRAPHIC SUMMARY

The exposed rocks in Elk county belong to the upper part
of the Pennsylvanian and the lower part of the Permian
Systems. These rocks, which have a combined thickness of
about 1,600 feet, strike north - northeast across the county
and dip gently to the west. The dip is slight, being only
about 30 to 40 feet per mile. The only exposed rocks in
the county which are not upper Paleozoic in age are the
thin, scattered, high level chert gravels believed to be
Pleistocene and the alluvial terraces and flood plain de-
posits in the ma jor stream valleys. A stratigraphic table
of the outcropping Paleoszoic rocks of Elk county is given
on page 27.

The Pennsylvanian System is represented by about 1,100
feet of rocks belonging to the Pedee group of the Missourian
Series and to the Douglas, Shawmee, and Wabaunsee groups of
the Virgilian Series.

The Missourian Series crops out in the extreme south-
eastern corner of the county and is represented only by the
exposed upper part of the Weston shale. The Iatan limestone,
which overlies the Weaton shale and is the top formation of
the Pedee group in other parts of Kansas, is not present in
Elk county.



The Virgilian Series in Elk county is about 1,050 feet
thick and comprises the outcropping rocks over the great
ma jority of the area of the county. The base of the Vir-
gilian Series, which is by definition, the disconformity
occurring between the Stanton limestone and the Stranger
formation, is not strikingly pronounced in Elk county. This
disconformity, which is drawn at the base of the channel-

filling Tonganoxie sandstone, is obscure, because the Tonganoxie

sandstone thins to less than 2 feet in southeastern Elk county
and 1s locally absent in the area just to the south. This
tiinning and local absence of the Tonganoxie sandstone is
probably the result of a thinning of sandstone deposition
over the divides between the channels cut into the underlying
Weston shale. Although the base of the Tonganoxie sandstone
is not exposed northward from T. 31 S., the member is known
to thigken considerably to the north, where it is presumed to
be a channel-filling deposit. Similar thickening is reported
to occur locally in Chautauqua county to the south.
Similarly, the upper boundary of the Virgilian Series
(also the top of the Pennsylvanian System) is defined as the
disconformity at the base of the channel-filling Indian Cave
sandstone member of the Towle shale. In Elk county, the beds
immediately above and below the Brownville limestone appear
to be conformable, with the only suggestion of a discon-
formity immediately above the Brownville limestone being a
ali;huﬁdilcolored gone in the lower part of the Towle shale.
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However, lower in the section, within the French Creek shale,
a locally prominent channel-filling sandstone occurs. Else-
where in Kansas, channel-filling sandstones have been reported
in the Pony Creek shale, in a stratigraphic position which
is intermediate between the Indian Cave sandstone and the
sandstone in the French Creek shale. It would appear from
this, that the upper Pennsylvanian, as now defined, was a
time of local unrest during which channels were cut at several
different stratigraphic positions in the upper Pennsylvanian
rocks of Kansas. The upper Virgilian boundary is drawn at
the top of the Brownville limestone, the persistent formation
which underlies the Towle shale.

locks of the Douglas group in Elk county are between 225
and 250 feet thick. They crop out along the esastern edge
of the county, and the entire outcrop belt of the group is
present only in the southeastern corner of the county. The
Stranger formation, the lower formution of the group, is
characterized by lateral variations in thickness and lithology
which make correlation from ocutcrop to ocutcrop somewhat
difficult. Litholcgigally, the only persistent member is
the Haskell limestone: a thin, massive, algal bearing lime-
stone.

The lowest member, the Tonganoxie sandstone, thins
southward across Elk county and is locally missing in the
area immediately south of the county. The Westphalia lime-
stone 1s also locally absent, being found only in the north-
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eastern corner of §lk,county and in the northeastern coraer
of Chautauqua county. In an excelkent exposure of the lower
part of the Douglas group in southeastern Elk county, the
Westphalia limestone is missing. From the exposures of the
Westphalia limestone in this area, it seems that the follow-
ing generaliszation can be made;vwhoro the underlying Tong-
anoxie sandstone is thickest, and presumably represents &
channel-filling deposit, the Westphalia limestone is present.
This suggests that the marine invasion responsible for the
deposition of the Westphalia limestone was relatively shallow
and that the occurrence of the member, as seen on the outerop
in klk end adjacent counties, represents limestone deposi-
tion in marine embayments that extended into the areas
formerly occupied by the stream valleys. Evidently, the
marine invasion was not sufficiently deep over the pre-
existing divides between the stream channels to allow contin-
uous limestone deposition over the entire area. This condi-
tion, however, was attained somewhat higher in the section
when the thin but persistent Haskell limestone was deposited.
The upper member of the Stranger formation, the Robbins shale,
is a thick, sandy to clayey shale which locally coantains deep
channels in its upper part. These channels were cut prior

to the deposition of the overlying Lawrence shale and are
filled by the massive sandstones (Ireland sandstone) of the

lower part of that formation.
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The Lawrence shale is also variable in thickness, being
up to about 170 feet thick where the basal Ireland sandstone
fills deep channels cut into the underlying Robbins shala.
The upper part of the Lawrence shale, above the fusullnid
bearing Amazonia limestone, 1s a sandy to clayey shale which
contains a persistent thin coal in the upper part. A gen-
eralisé%ébn aogtlon of the rocks of the Douglas group is
illustrated im figure 2, The lateral variations found in
the ameasured sections of the Douglas group are presented in
the cross-sections of Figure 3.

The rocks of the Shawnee group in Elk county are about
500 feet thick and crop out in a belt averaging about 12
miles in width and trending north-northeast, with their west-
ernmost boundary running approximately through the center of
the county. Lithologically, the Shawnee group is unique,
being composed of beds which display a distinctive type of
cycl;c deposition. This type of deposition, termed mega-
cyclggﬁun by Moore (1936a), is characterized by a repetition
in which distinctive types of limestones are repeated in the
same order in the four liwmestone formations of the group.

The nature of the typical Shawnee magacyclothem is well known
and should not require lengthy repetition at this time.
However, a brief discussion of each of the formations as they
exist in Elk county and their variations from the more nearly
complete megacyclothems of north and central Kansas will be

given. A generalized section of the rocks of the Shawnse
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group is given in Figure 4.

The Oread limestone in Elk county contains the "lower®,
*middle”, "™upper”, and "super” limestones which characterige
the formation to the north in Kansas. However, the "lower®
and “super" limestones vary considerably from their counter-
parts in northern Kansas.

The Toronto limestone member ("lower™ limestone) thins
markedly across Elk county, being reduced to two thin lime-
stones separated by a thin shale in the southern part of the
county. The thinning is accompanied by a pronounced faunal
change. Fusulinids, which dominate the fauna of the member
in its type area, are found in its limestone phase only in
the most northerly outcrops in Elk county. In T. 30 S., the
thin limestones and shales contain brachiopods, bryosgoans,
corals, and ostracods, with the fusulinids being restricted
to the shale below the lower limestone bed of the member.
Here, the fusulinide occur in great abundance only a foot
or so above a coal and about a foot below the limestone.

The Toronto limestone is reported to be represented by a
gingle limestone bed in outcrops in Chautauqua county to
tie south.

The Snyderville shale member, above the Toronto lime-
stone, is about 65 feet thick in Elk county, representing
an increase of approximately 50 feet over the thickness

raported Hr the member in northern Kansas.
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The Leavenworth limestone ("middle” limestone) and over-
lying Heebner shale members are very persistent and maintain
approximately the same thickness and lithology as is found
in northern Kansas.

The "upper" limestone, the Plattamouth limestone member
maintains its l;thologic and faunal development southward
into Elk county§ however, the member is slightly thinner
in Elk county, being on the average about 15 feet thick.
Southwest from Toronto, in Greenwood county, the Platts-
mouth limestone is locally missing, with the interval im-
mediately above the persistent Heebner shale being occupied
by a fossiliferous shale which closely resembles the Heumader
shale of northern Elk county.

The Heumader shale member can only be differentiated in
the northern outcrops in Elk county, as the XKereford limestone.
wmember, which defines the top of the Heumader shale, is not
persistent south of T. 29 S. The Kereford limestone ("super"
limestone) was not found on the outerop south of T. 29 S.

In the southernmost exposure of the Kereford limestone

studied in Blk county, the member is very thin and apparently
represents the feathering edge of the limestone. However,
channeling in the lower part of the Kanwaka shale was observed
to cut down to the top of the Kereford limestone in Greenwood
county and may be responsible for local cutting out of the

Kereford limestone in parts of Elk county. Sxposures in
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T. 33 8., Chautauqua county, do not show evidence for the
Kereford limestone having been removed by erosion, and it 1is
assumed that the Kereford limestone was never deposited that
far south. Lateral variations found in the measured sec-
tions of the Oread limestone are shown in the cross-sections
in Figure 5.

The Kanwaka shale, which represents the terminus of the
Oread megacyclothem and the beginning of the Lecompton
megacyclothem, thickens southward, being about 4O feet thick
in northern Kansas and about 140 feet in northern Chautauqua
county. This thickness is of the combined Heumader-Kanwaka
shale. The marine limestone member of the Kanwaka shale,
the Clay Creek limestone, was not cobserved on the outcrop in
southern Elk and northern Chautauqua counties. %s the
Kereford limestone is also missing south of T. 29 S., the
entire interval from the top of the Plattsmouth limestone
to the base of the Spring Branch limestone cannot be sub-
divided and is referred t¢ zs the Heumader-Kanwaka shale.

In the parts of Elk county where the Clay Creek limestone is
present, and where the Jackson Park and 8tull shale members
can be distinguished, the former is found to contaln & massive,
channel-tilling sandstone deposit, the Elgin sandstone. The
literature reports that the Elgin sandstons is found in
southern Kansas within the Stull shale. This was not found

to be the case in Elk and Chautauqua counties. As this

sandstone has been regarded as the initial phase of the
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Lecompton megacyclothem, it would seem that this cyclic event
took place somewhat lower in the Kanwaka shale in southern
Kansas than to the north, where a thick sandstone is re-
ported to be present in the Stull shale in the vicinity of
the lower Kansas River. The variations found in the measured
sections of the Kanwaka shale are shown in the cross-sections
shown in Figure 6.

The Lecompton limestone, which is about 50 feet thick
in Elk county, clearly displays the same type of cyclic de-
position encountered in the Oread limestone below. In general,
the Lecompton limestone differs from the Oread limestone in
being a considerably thinner formation in which the interven-
ing limestones are thinner and more variable. The four ma jor
limestone types are found, but they display the typical
lithologic features somewhat less perfectly and are more
variable along the outcrop than are the limestones of the
Uread limestone. In Elk county, the lower limestons member,

the Spring Branch, is persistent but quite variable, often

ey no
teing ﬁ(somawhat 1mpure algal limestone which contains E,Q }&Ji‘
_—— Oleercamdee
{sparse fusullnid fauna. Across Zlk county and into Chautauqua
iLz'

‘u‘r\-&u

county, the lower part of the Lecompton limestone is charac- g
terized by a southward thinning of the Doniphan shale and @f&ﬁﬁ:‘w
Big Springe limestone members and by a southward thickening ‘uésiiilk
of the Queen Hill shale member. The "upper"™ limestone of

the Lecompton limestone, the Beil, is a persistent and fos-

siliferous limestone which clearly displays the . wavy-bedded
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character of this member of the magacyclothem. The Avoca
limestone member, which is algfi in its upper part and fusul-
inid bearing below, thins séﬁ;;ward from central Elk county
inte Chautauqua county. The variations found in the measured
sections of the Lecompton limestone are shown in Figure 6.
The Tecumseh shale, which is about 70 feet thick in the
vicinity of the Kansas River, averages about 45 feet in
thickness in Elk and northern Chautauqua counties. Because
the Ust limestone member of the Tecumseh shale is not per-
sistent and may not even ke present in Elk county, the
formation i2 not divisible into the members recogniged in
northern Kansas and Hebraska. The Ust limestone may be repre-
sented by the thin ostracod bearing limestone which occurs
in the middle of the Tecumseh shale in sec. 10, T. 30 8.,
R. 11 E. The sandstone in the upper part of the formation,
which has been regarded as the initial deposit of the Deer
Creek megacyclothem, is represented by 10 to 20 [feet of sand-
stone in the upper part of the formation in Elk county.

//ff\\ The rocks of the Deer Creek limestone, which are about |(c4 i«

(::0 f&et thick in Elk county, alsc display the cyclic repeti- jikmru“
ion found in the Oread and Lecompton limestones. With the ;|Ef“73i:
exception of the relatively greater thickness of the Ervine Zbﬁiﬁjégb

Creek limestone member (up te about 35 feet), the wenbers of
thisformation are very closely similar to thelr counterparts
in the more northerly exposures in Kansas, indicating remark-

eble persistence of the members of this fermation.
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The Calhoun shale, which is about 45 feet thick in the
vicinity of the Kansas River, thins southward and is repre-
sented in Elk county by 2 te 10 feet of sandy to clayey
shales. ¢S

The Topeka limestone, which is about hOlfeet thick in
Elk county, represents the last of the typical Shawnee mega-
cyclothems. The members of this formation are less persistent
across Kansas than the members of the formations below. The
meuvers of the lopeka limestone are correlated southward
across central Kansas with some difficulty. The Hartford
limestone, perhaps the most persistent member of the forma-
tion, displays sowme of the characteristics of the "lower"
limestone unit ol a megacyclothem. The Coal Creek limestone,
as developed in Llk county, is clearly the equivalent of the
"middle"” limestones of the other Shawnee limcstone formations.
The intervening limestones and shales oif the Topeka limestone
in &lk county are less readily correlatved with either the
units ol & typical megacycle or with the Getter known expos-
ures oi the Topeka limestone in the Kansas River area. 1In
the cross-sections of the measured exposures of the Topeka
limestone in Lik county (Fig. &), 1 have suggested what seems
©0 be the most plausible correliation between the Topeka lime-
stone in northern Kansas and the formation as developed in Elk
county.

The wabaunsee group, which in Elk county is slightly

less than 450 feet thick, crops cut in a belt averaging about
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9 miles in width. The eastern edge of the outcrop belt runs
north-northeast approximately through the center of the
county, with the western boundary being very irregular but
terminating in the lower slopss of the sastern edge of the
Flint Hills.

The group is characteriszed by the relative preponderance
of shales, most of which are silty or sandy. The limestones
are thin but very persistent, with little difficulty encoun-
tered in correlating most of therm with their counterparts
© the rorth in Kansas. The cyclic deposition displayed by
the rocks of the Wabaunsee group is strikingly different from
that of the underlying Shawree group. Inr the ¥Wabaunsee group,
the rocks fit into an alternating patterr of marine znd non-
marine unite which apparently do not conform to any larger
megacyclic arrargement. The group has been divided into a
nurber of shale and limsstone forrations, with the forumer
including the shalss, coals, snd sandstones whick are inter-
preted as rapresenting ths ending ard beginning phases of
ad jacent cycles. The limestone formations include the lime-
stones and intervening shales, which zre regairded as repre-
sgnting the middls part of each cycle. A generslized section
of the rocks of the ¥abaunsee group is shown in Figure 9.

In Elk county, the rocks of the Waubaunses zroup, ap
to the top of the Elmont limestona, ars readily correiated
yith the rocks of the section in north Kansas., Hcwever, in
hli county, the interval between the top of thz kElmont and

the base of the Dover limestones is occupied by an average of
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only 9 feet of rocks of variable lithology, including coala,\
underclays, shales, and thin somewhat unusual limestones.
The comparable interval to the north, in the vieinity of
Emporia, is occupied by three shale and two limestone
formations, with a combined thickness of about 100 feet.
Evidently, during this time, the general area of Elk county
remained relatively ciose to sea level or at least received
oniy minor amounts of sedimerts. The presence oi three
fin coals in the wWillurd-Langdon shale in sec. 2, T. 3U S.,
ke 9 E. suggests that the area, at least locally, was suffi-
ciently above sea level at various times to allow coal form-
ing vegetation to grow and accumulate. Korthward, the area
evidently was more deeply subuerged ior longer periods, as
up to 10U feet of sediments, including two marine fusuiinid-
bearing lismestones, were deposited in the arce of Lyon county.

The Dover iiuestone in bik county cousists of three
limestones sepurated by sheles, with a combined thickness of
about 20 feet. In northern Kansas, oniy the middie fusulinid
bearing unit is present. 7o the south, the formation is
expanded to0 inciude & higher algal limestone and a lower,
massive, brachiopod-bryozoan limestone. Ihe upper algal bed
is reported to be {irst observed in the section south of the
Kansas hiver, while the lower limestone bed is first observed
still farther to the south in Greenwood county.

The interval between the Dover and Jim Creek limestones

in Elk county contains several thin and rather undistinctive
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limestones separated by shales in which one persistent and
several apparently local coals are present. The interval is
not well known as it is usually rather poorly exposed. The
rocks of this interval are usually rather badly covered as
they crop out at the base of the slope along the frnnp of the
Flin? ﬁillﬂ. Small isolated o%zzuxzf 2;E*Eften soong how-
ever, ﬂhe rather similar and pendiugeewic nature of the
limestones does not favor the construction of entirely de-
pendable composite sections. The correiations and varia=-
tions of the rocks of this interval are shown in the cross-
sections iliustrated as Figurs 1l.

The French Creek shale in Elk county contains a rather
prominent chamnnei-filling sandstone in the upper part. This
sandstone is the thickest and most prominent sandstone in the
uppermost Pennsylvapnian and lower Peraian rocks in Elk county.
The possible relationship of this sandstone to the Indian
Cave and other slightly lower sandstones in the section in
other purts of Kansas is discussed above.

The Caneyvilie limestone thickens siightly to the south
across blk county, with two or three thin limestones making
their appearance in the extreme southern part of the county.
Of these thin lxmcstones, which &ppear between the Nebraska
City and Grayhorse limestone members, evidently only the upper-

most fusulinid bearing limestone bed persists southwaid across

Chautauqua county.



21

The upper boundary boundary of the Wabaunsee group, core
responding also to the top of the Pennsylvanian System, is
drawn at the top of the Brownville limestone. The channel
filling-sandstone which occurs in the lower part of the Towle
shale in other parts of Kansas is not present in Elk county.

The Permian System in Elk county is represented by about
525 feet of rocks belonging to the admire, Council Grove,
and Chase groups of the Woifcawpian Series. The Permian
rocks crop cut in a nerrow belt along the western wargin
of the county. Because ©i the relativeliy thick limestones,
some chert bearing, the Permian rocks crop out in a series of
hkigh escarpuents known as the Flint Hilis, and the doziinant
topographic feuture of southeastern he&nsas. The group
bourncaries and the lower contacts of the more prominent
limestones are mapped on the accoupanylvg arcal geologle
wap. Generslized sections and crouss-sections of the Permian
rocks of LElk county ars giveu in the text foiliowing these
geueral stratigraphic considerations.

The .duire group ir olk county averages about 1i0 feet
ir. thicknesa. The rocks of this group, which are predomin-
ately shély;, crop out as the upper part ci the slope ia-
mediately below the firet me jor ééég;bméht of the Flint
Hills. The group crops out in & very narrow belt, generally
le¢ss than one-half mile in widthe 4ll of the named subdivi-

siong cof the greap are recognized in Elk county. However,
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the Aspinwall and Falls City limestones are not well de-
veloped. The Five Point limestone, occurring about in the
middle of the group, is the only pcrniatontxmqpablt forma-
tion. A generalised section of the rocks of the Admire group
is illustrated as Figure 12.

Rocks of the Council Grove group, averaging about 315
feet in thickness, occupy the great majority of the Permian
outerop belt in Elk county. The lower part of the group
consists of thick limestone formations which crop out as the
lower escarpmants of the Flint Hills. Stratigraphically higher,
the limestones of the group are thinner, but because of the
increased thickness of the intervening shales, they are well
exposed and form distinct, though minor, benches which can
be traced across Elk county. The limestones of the upper
part of the group are very well suited for mapping on areal
photographs, as the slight but distinct benches are readily
traced with the use of a stereoscope. A generalized section
of the rocks of the Council Grove group is.illustrated as
Figure 1l4.

The Foraker limestone, which is about 55 feet thick in
Elk county, is characterised by its abundant fusulinid fauna
and by the presence of highly fossiliferous blue chert nodules.
Southward from Wabaunsee county, the limestone element of
the formation becomes incrasasipgly more proaminent, comprising
over 55 per cent of the thickness of the formation in Elk

county as contrasted to 20 or 25 per cent of the formation
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farther to the north.

A similar southward increase in the limestone content
is seen in the Réd Eagle limestone. To the north, the forma-
tion consists of 2 limestone members separated by up to 1li
feet of shale. In Elk county, the intervening shale, the
Bennett, is missing, and the Glenrock qnd Howe limestone
members occur together. However, the ;u; limestone members
can be distinguished on the basis of lithology.

The Roca shale and the somewhat higher Eskridge shale
are very distinctive formations in Elk county. Being thick,
reddish, clayey shales for the most part, they are readily
identified on the outcrop. The middle part of the Eskridge
shale contains a hard, dense, bluish-green, algal limestone
which is very persistent across Elk county.

The Grenola limestone is about 4O feet thick in Elk
county. As the formation is both overlain and underlain by
relatively thick shales, it outcrops well and forms a dis-
tinctive bench across the county. Until recently, the Kansas
Geological Survey considered the Sallyards limestone and the
Legion shale as subdivisions of the Roca shale; however,
Moore (1951) redefines the Grenola formation in accordance
with the usage of the Nebraska Geological Survey and includes
the Sallyards limestone ami the Legion shale as the lower mem-
bers of the Grenola limestone. The Neva limestone member
of the Grencla limestone is almost completely a limestone

unit in southwestern Elk county. The member is characterised
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by its prolific fusulinid fauna. The Keva represents the
lowest reported occurrence of Paraschwagerina in Kansas, a
faunal occurrence which has been regarded by some as suffi-
ciently significant to warrant considering the Neva limestone
as the base of the Permian in Kansas.

The Beattie limestons is well represented in Elk county.
The most significant variation occurring in the formation is
the a99thuard change in the character of the Cottonwood lime-
-tonef changing from a massive, white to light grey, fusul-
inid bearing, prominently outcropping limestone to the north
in Kansas to a poorly outcropping unit consisting of thin to
nodular limestones interbedded with shale in Elk county.

The middle shale member of the Beattie limestone, the Florena
shale, 1s the most highly fossiliferous interval of the Perm-
ian in Elk county, containing a large variety of excellently
preserved fossils. The Morrill limestone, which is decidedly
less conspicuous than the Cottonwood limestone to the north,
thickens to about 8 feet in Elk county and is one of the

most persistent outcropping limestones of the Council Grove
group. Long slender specimens of Schwagerina occur in the
Morrill limestone in Elk and Cowley counties.

The remaindsr of the Council Grove group, with the
exceptions of the algal, thin-bedded but relatively thick
Crouse and the variable Funston limestones, consists pre-
dominantly of varicolored shales with minor :2mounts of
thin to nodular, sparingly fossiliferous limestones. The
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Speiser shale, the uppermost formation of the group, consists
of varicolored, clayey to sandy shales with local thin sand-
stones. The formation is highly fessiliferous in the upper
part, possessing a persistent szone containing abundant large
specimens of Derbya, Juresania, and Aviculopinna.

The rocks of the Chase group are found mly in scattered
outliers along the western margin of Elk county. The group
is represented by about 100 feet of rocks comprising the
Wreford limestone, Matfield shale, and the lower part of the
Florence limestone. Because of the high chert content and
massive character, the thick limestones of the lower part
of the Chase 3roup aro very resistant and form some of the
more prominent oacarpnenta of the Flint Hills in southern
Kansas. A generalized section of the rocks of the Chase group
in Elk county is illustrated as Figure 16.

The Wreford limestone is by far the most widespread of
the lower Chase group formations in Elk county. The forma-
tion caps about a dozen small outliers along the western
margin of Elk county. In most instances in Elk county, only
the lower few feet of the formation are bedded, with the upper
part being reduced by weathering to a chert rubble. The total
thickneas of the formation, about 30 feet, is present only in
the extremes northemstern corner of the county. In general,
the Wreford limestone consists of massive to thin beds of
cherty - limestone and bedded chert, with only minor thick-
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nesses of shale. Because of the couthnard;ii;ing:ﬁp of the
formation, the members which have been reco&hizaﬂxao the north
in Kansas are not clearly distinguishable in Elk and Cowley
counties.

The Hatfield shale and the lower part of the Florence
limestone are found to occur only in the extreme northwestern
cﬁrh&r of Elk county, where the highly cherty rubble of the
lower part of the Florence limestone caps two small out-
liers. These outliers represent the highest topographic
points in Elk county, being slightly higher than 1,600 feet
above sea level. The Florence limestone, like the lower
occurring Wreford limestone, is a very cherty, massive lime-
stone which is characterigzed by very abundant fusulinids.

The Florence represents the lowest reported stratigraphic
horizon in Kansas to contain Pseudoschwagerina.

The following table gives the names and stratigraphic
positions of all the Pennsylvanian and Permian rocks found

to outerop in Elk county:
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TABLE I

Stratigraphic section of the outcrogping Peunsylvanian
and Permian rocks in Elk county,
Kansas

PERMIAN SYSTEM
Wolfcampian Series

Chase group
Barneston limestone
Plorence limestone member
Matfield shale
Blue Springs shale member
Kinney limestone member
Wynore shale member
Wreford limestone

Council Grove group

Speiser shale

Funston limestone

Blue Rapids shale

Crouse limestone

Easly Creek shale

Bader limestone
Middlebury limestone member
Hooser shiale member
Eiss limestone member

Stearns shale

Beattie limestone
Morrill limestone member
Florena shale member
Cottonwood limestone member

Eskridge shale

Grenocla limestone
Neva limestone member
Salem Point shale member
Burr limestone member
Legion shale member
Sallyards limestone member

Roca shale

Red Eagle limestone
Howe limestone member
Glenrock limestone member

Johnson shale

Foraker limestone
Long Greek limestone member
Hughes Creek shale member
Americus limestone member



Admire group
Hamlin shale
Oaks shale member
Houchen Creek limestone member
Stine shale member
Five Point limestone
West Branch shale
Falls City limestone
Hawxby shale
Aspinwall limestone
Towle shale

PENNSYLVANIAN SYSTEM
Virgilian Series

Wabaunsee frouf

Brounville limestone

Pony Creek shale .~

Caneyville limestone
Grayhorse limestone member
Nebraska City limestone member

French Creek shale

Jim Creek limestone

Friedrich shale

Grandhaven limestone

Dry shale

Dover limestone

Willard-Langdon shale

Elmont limestone

Harveyville shale

Reading limestone

Auburn shale

Wakarusa limestone

Soldier Creek shale

Burlingame limestone

Silver Lake shale

Rulo limestone

Cedar Vale shale

Happy Hollow limestone

wWhite Cloud shale

Howard limestone
Utopia limestone member
Wingeler shale member
Church limestone member
Aarde shale member
Bachelor Creek limestone member

Severy shale

28
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Shawnes group
Topeka limestone
Coal Creek limestone member
—Holt shale member e,
Du Bois limestone member\? (1A
_+ Turner Creek shale memben ?
Sheldon limestone member
Jones Point shale member
rzon limestone member
Hartford limestone member
Calhoun shals
Teer Creck limestone
Ervine Creek limestone member
Larsh-Burroak shale member
Rock Bluff limestone member
Oskaloosa shale member
Ozawkie limestone member
Tecumseh shale
Lecompton limestone
Avoca limestone member
Ring Hill shale mewmber
Beil limestone member
Queen Hill shale member
Big Springs limestone member
Doniphan shale member
Spring Branch limestone member
Kanwaka shale
Stull shale member
Clay Cresck limestone member
Jackson Park shale member
Elgin sandstone
Oread limestone
Kereford limestone member
Heumader shale member
Plattsmauth limestone member
Heebner shale member
Leavenworth limestone member
Snyderville shale member
Toronto limestons member

Douglas group

Lawrence shale
Amazonia limestone member
Ireland sandstone member

Stranger formation
Robbing shale member
Haskell limestone member
Vinland shale member
Westphalia limestone member
Tongancoxie sandstone member

ﬁx‘u wqu



Missourian series

Pedee group
wWeston shale
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PENNSYLVANIAN SYSTEM

The Pennsylvanian System in Elk county is represented by
about 1,100 feet of rocks belonging to the Migsourian and
Virgilian Series. The Missourian Series crops out in the
extreme southeastern corner of the county and is represented
only by the single formation, the Weston shale cf the FPedee
group. The outcrop belt of the Virgilian Series, averaging
only slightly less than 30 miles in width, includes approxi-
mately five-sixths of the total area of Elk county. The
Virgilian Series is about 1,050 feet thick and contains the
following groups, in ascending order: Douglas, Shawnee, and
Wabaunsee.

The areal extent of the outcropping rocks of the recog-
nized groups of the Pennsylvanian System is shown on the ac-
ompanying areal geologic map (Plate 1). The names and strati-
graphic positions of the outcropping rocks of the Pennsylvan-
ian System in Elk county are given in the stratigraphic table
of the outcropping rocks of Elk county, page 27.
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Missourian Series

The name Missouri stage was proposed by Keyes (1894)
to replace the term "Upper Coal Measures" and included the
beds between the "great limestone™ at Winterset, lowa, and
the base of the Cottonwood limestone. Although the Missouri
or Missourian was at various times given the rank of series,
formation, stage, division, or group, the approximate strati-
graphic usage of Keyes was generally adhered to for many
years. Moore (1932) redefined the base of the Missourian
Series to coincide with the regional disconformity which
occurs from 5 to 10U feet below the Hertha limestone, and
lowered the upper boundary of the series to coincide with
the widespread disconformity which occurs between the Stanton
limestone and t he Stranger formation of the Douglas group.

The rocks of the Missourian Series in Kansas have been
divided into the following groups, in ascending order:
Pleasanton, Kansas City, Lansing, and Pedes.

In Elk county, the only Missourian rocks exposed belong
®© the upper part of the Pedee group. The approximate top
of the Missourian Series in Elk county is mapped on the accom-
panying areal geologic map (Plate 1) and its position is
indicated by the dashed line identified by the symbol We.
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Pedee group

The Pedee group was defined by Moore (1932) to include
the beds betwesn the top of the Stanton limestone and the
disconformity which defines the base of the Virgilian Series.
The group includes only two formations, the Weston shale
and the Iatan limestone. The thickness of the group across
Kansas averages about 90 feet (Moore, 1951).

In Elk county, the Pedee grgpp is represented by the
exposed upper part of the Weston shale. The Iatan limestone

was not found to outcrop in southeastern Elk county.

Veston shale

The Weston shaie was named by Keyes (1899) from exposures
near Weston, Platte county, Missouri. The name was applied
to the shaly beds occupying the interval between the Stanton
and Iatan limestones. Locally, where the Iatan limestone is
missing, as in southeastern Elk county, the top of the Weston
shale is defined by the disconformity at the top of the
Missourin Series.

Across Kansas, the Weston shale is8 a dark-bluish to
biuish~grey shale which locally contains thin fossiliferous
limestones and sandstones. The shale commonly contains
numerous concretions. The formation varies in thickness

from a featheredge up to about 200 feet (Moore, 1951).
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ithologic racter and thickness.--- The maximum thickness
of the Weston shale found to be exposed in Elk county was
located in sec. 21, T. 31 8., R. 13 BE. Here, the exposed
upbor part of the Weston shale measures about 22 feet in
thickness and consists of grey to greenish, clayey to silty
shale which contains numerous small limonitic concretions.
In T. 32 S., R. 13 E., southeast of Elk City, the Weston
shale consists of about 55 feet of grey clayey shale. The
approximate position of the top of the Weston shale is
mapped on the accompanying areal geologic map (Plate 1) and
its line of outcrop is indicated by the symbol We.
Fauna.--- No fossils were found in the exposures of the
Weston shale that were measured.

For measured sections of the Weston shale, see section

5 at the end of this report.

Virgilian Series

The Virgil Series was originally named by Moore (1931)

to include beds from the base of the Americus limestone to the
top of the shale overlying the latan limestone. Moore (1936a)
redefined the Virgil Series and included the beds from the un-
conforrity which occurs between the Stanton limestone and

the Stranger formation up to the unconformity marked by the
channel sandstones above the Brownville limestone. The

seriog is subdivided into the following groups, in ascending
ordcr{ Douglas, Shawnee, and Wabaunsee. The type exposures
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are along the Verdegris River in Greenwood and Wilson coun-
ties, Kansas. The name was derived from the town of Virgil,
Greenwood county, Kansas. The ending -ian is used in this
report in accordance with the policy of the Geological

Survey of Kansas.

Douglas Group

The Douglas formatiorn, named for Douglas county, Kansas,
was defined by Havorth {(1898) to include the Lawrence shales
and the Uread limestone. The lLawrence shale was then defined
as including all beds from the top of the "Garnett limestone”
to the base of the Oread limestone. Moore (1932) restricted
te Douglas group to the beds between the unconformity at the
top of the Missourian Series and the base of the Oread lime-
stone.

In Elk county, the Douglas group is 225 to 250 feet thick
and consists mainly of thick sandstones andvmicacooul, sandy
shales with two or three thin algal or fusulinid bearing
limestones. The group outcrops in eaatern Elk county and its
line of outcrop is characterized by steep gided, scrud oak
cove.ed sandstone hills which are held up by the massive Ire-
land sandstone. The outcrop belt of the Douglas group is
shown on the accompanying areal geologic map. The top of
the group is very well dafined£ however, the base of the
group is exposed only in the extreme southeastern part of

the county and is mapped with difficulty as it is defined
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by a sandstone of variable thickness. A generalized section

of the rocks of the group is illustrated as in Figure 2.

Stranger formation

Although the name Stranger formation had been used
previously, it was formally described by Newell (1936) as
including the beds between the unconformity at the top of the
Pedee group and the base of the Haskell limestone. Moore
(1936a) redefined the formztion and raised the upper boundary
to the discouformity at the base of the Ireland sandstone
member of the Lawrence shale.

In Elk county, the formation varies from 65 to about 130
feet in thickness.

Tonganroxie sandstone member

The Tonganoxie sandstone was named by Moore, Elias, and
Newell (1934). The type area is located east of Tonganoxie,
Leavenworth county, Kansas. Throughout Kansas, the Tonga-
noxie sandstone is highly variable in thickness, ranging from
a featheredge to almost 100 feet (Moore, 1936a). In the
wore northerly outcrop area, the Tonganoxie sandstone con-
tains several thin, discontinuous coal beds. The discon-
formity at the base of the sandstone has been reported from
many localities throughout eastern Kansas and is the ma jor
critorﬁm for placing the Missourian-Virgilian boundary at
this stratigraphic position.
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Lithologic character and thicknesg.--- In Elk and immedi-

ately adjacent counties, the Tonganoxie sandstone varies
from a minimum of slightly less than 2 feet to over LO feet
in thickness. 1In sec. 21, T. 31, S., R. 31 E., the Tonga-
noxie sandstone consists of a 1.6 foot massive bed of grey
to greenish, calcareous, brown weathering sandstone which
possesses many worm borings and castings. In westz:central
Wilson county, sec.ll, T. 29 S., R. 13B., the Tonganoxie
sandstone consists of over 4O feet of grey to light brown,
fine grained micaceous, massive to cross-bedded or thin-
bedded sandstone which contains scattered concretions, iron-
stone, bands, and plant fragments (H. C. Wagner, personal
communication).

The thin Tonganoxie sandstone in southeastern Elk county
possibly represents a thin veneer of sandstone which was
deposited over a divide between channels, as was suggested
by Moore (1936a) for a similar occurrence a few miles west of
Elk City. In the latter instance, Moore reports that in
sec. 15, T. 32 8., R. 13 E., the lower Stranger formation
does not contain a basal sandstone and that shales of Stranger
age rest directly upon shales believed to be the Weston
shale of upper Missourian age.

In southeastern Elk county, where the thin Tonganoxie
sandstone is exposed, the disconformity below the member is
obscure but may be represented by the somewhat irregular

base shown by the member in this area.
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The Tonganoxie sandstone is exposed in the extreme
southeastern and northeastern corners of the county£ how-
ever, the base of the member is exposed only in the south-
eastern outcrops where the sandstone is very thin. The
base of the Tonganoxie sandstone is mapped on the accompany-
ing areal geologic map (Plate 1) and its line of outcrop
marks the position of the Missourian-~Virgilian boundary in
Elk county.

For measured sections of the Tonganoxie sandstone, see

sections 2, 4, and 5 at the rear of this report,

Westphalia limestone member

The Westphalia limestone was named by Moore and Newell
(1936a) from exposures near the town of Westphalia, Andevscn
county, Kansas. The limestone has not been recognised north
of T. 19 8. but is reported by Moore (1944) to be faifly
persistent throughout southern Kansas. Newell (1934) des-
cribed Iriticites secalicus var. orysziformig from the lime-
stone in Anderson county.. ..Comparison of the original
description and illustrations with thin sections of the fusul-
inids collected in Elk and Chautauqua counties show them to
be very closely similar.
Lithologic character and thicknegs.--- In Elk county and
immediately adjacent areas, the Westphalia limestone is a
discontinucus, shaly to sandy, fusulinid bearing algal lime-
stone which averages slightly less than 3 feet in thickness.
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In sec. 3, T. 32 S., R. 13 E., the member is just over 2 feet
thick and consists of 1 foot of dark grey, sandy to silty,
dirty, irregular platy limestone underlain by a 0.9 foot,
more massive, dark grey, mottled, red to brownish weathering
limestone which contains abundant Osagia, Triticites, and a
few coaly fragments. The lower 2 to 3 inches consist of
grey, shaly, caleareous plates. In the cutcrops in the
northwastern corner of the county, the member is a little
thicker, ranging from 3.1 to about 4.8 feet. In a well ex-
posed section of the lower Stranger formation in sec. 2}.
T. 31 S., R. 13 E., the Westphalia limestcne is missing;
however, about 3 miles to the south, the member iz well
exposed along an east~west county road in the extreme north
east corner of Chautauqua county. The discontinuocus nature
of the member in Chautauqua county was noted by Moore (1937).
Although the Westphalia limestone is fusulinid bearing
and seemingly represents the maximum marine invasion of the
lowermost c¢cycle in the Stranger formation, it is interesting
to note the relatively great abundance of clastic material
present (coaly fragments, mica flakes, silt, and fine sand)
which seems to suggest an environment of deposition in shal-
low waters relatively near shore.
Jaupa.~-- The following fossils were collected from the lime-
stone in sec. 3, T. 32 S., R« 13 B.; 1;;§;g;§gg, Neogpirifer,
Juresania, Osagia, erincid stems, and many small shell
fragments. ‘
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The lateral variations found within the Westphalia lime-
stone are shown tn the cross-sections illustrated in Figure 3.
For measured sections of the Westphalia limestone, see sec-

tions 2, 4, and 8 at the end of this report.

Vinland shale member

The Vinland shale was named by Patterson (1933) in his
Master's Thesis at the University of Kansas. Moore, Elias,
ani Newell (1934) published a stratigraphic chart in which

the position and stratigraphic relationships of the Vinland
shale were shown. Originally, the Vinland shale included

t he beds between the Sibley coal and the Haskell limestone;
however, Moore and Hewell (1936a) restricted the member to the
beds between the Westphalia limestone and the base of the
Haskell limestone. Throughout Kansas, the members is a

grey, clayey, to calcareous, sandy shale which locally con-~
uins sandstones and which varies from 9tto 50 feet in thick-
ness (Moore, 1¢51).

Lithologic charactser and thickness.--- Im Elk county and

ad jacent areas, the Vinland shale averages about 18 feet in

tickness, ranging from about 4 feet in west-central Wilson
county (H. C. Wagner, personal communication) to about 35
feet in northeastern Chautauqua county. In sec. 21, T. 31 S.,
R. 13 E., the Vinland shale is 15 feetthick and consists of
yellowish to grey shales in its upper part to greenish-grey.
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clayey shales in its lower part. There is a thin sone of
pelecypods in the upper few inches in this locality. In a
measured section furnished by H. C. Wagner, in sec. 11,
T. 29 S., R« 13 E., the Vinland shale consists of a little
over 4 feet of thin, variable, shaly to carbonaceous lime-
stones and a thin sandstone.
Fauna.--~ The upper part of the shale in southeastern Elk
county contains numerous poorly preserved specimens of
Myalina. In northeastern Elk county, the member is more
calcareous and is somewhat more fossiliferous, with Myalina,
fenestellid bryozoans, crinoid stems, and a few small brachi-
opods being present.

The lateral variations found within the Vinland shale
are shown in the crossesections illustrated as Figure 3.
For measured sections of the Vinland shale, see sections 2, 4,

and 5 at the end of this report.

Haskell limestone member

The Haskell limestone was named by Moore (1932) from
«posures on the eastern edge of Lawrence, Kansas. The name
was derived from the Haskell Instiute, Lawrence, Kansas.

In the more northerly outcrops, the member consists in
general of a main algal bearing unit which possesses an upper
and a lower ocolitic phase (Moore, 1936a). The member, which
varies in thickness throughout Kansas from a featheredge to

about 10 feet, is reported to be cut out and overlapped by
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the Ireland sandstone in some localities (Moore, 1944).
Lithologic character and thicknesg.--- In Elk county and
ad jacent areas, the Haskell limestone is a persistent, mas-
sive limestone bed which averages about 1.5 feet in thick-
neas. The member thins southward from about 2.6 feet in
west-central Wilson county (H. C. Wagner, personal communica-
tion) to about 0.8 feet in the northeastern corner of Chau-
tauqua county. In sec. 21, T. 31 8., R. 13 E., the Haskell
limestone is well exposed and is a dark blue-grey, hard,
brownish to buff weathering, massive limestone bed which is
l.4 feet thick and which contains abundant black to dark
grey, irregular banded algae referred to as iy

the Haskell limestone crops out only in the north-
eastern and southeastern corners of the county and is the only
consistent stratigraphic horigzon in the Douglas group. The
base of the member is mapped on the accompanying areal
geologic map (Plate 1) and its line of outcrop is indicated
by the symbol Ha. Although only the main massive unit of the
Haskell limestone is present in Elk county, the oolitic
upper phase was present in limestones believed to be the
Haskell limestone in northwestern Wilson county.
Fauna.-~-- The Haskell limestone, in sec. 21, Tf 31 8., R. 13
E., contains the following fonlils;’abundnnt onceis,
Crurithyris, iaphophyllid corals, and crinoid stems.
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The la teral variations found within the Haskell lime-
stone are shown in the cross-sections illustrated in Figure
3. For measured sections of the Haskell limestone, see

sections 2, 4, and 5 at the end of this report.

Robbins shale member

The Hobbins shale was named by Moore and Newell (1936s)
from exposures on the Robbins farm, southwest of Yates
Center, Kansas. In Kansas, the Robbins shale is essentially
restricted to the area south of Woodson comnty, where the
member appears as a southward thickening shale wedge (up to
over 100 feet) between the Ireland sandstone and the Haskell
limestone (Moore, 1936a).

Lithologic character and thickness.--- In Elk county, the
base of the Robbins shale is readily defined, being placed
at the top of the persistent Haskell limestone; however, the
top of the member is very irregular, being defined by the
pronounced disconformity at the base of the channel-filling
Ireland sandstone. In the localities where the Ireland
sandstone 1s relatively thin and seesmingly represents a

more or less sheet phase sand deposited over the divides
between channels, the Robbins shale is very thick and the
contact between the Ireland sandstone and the Robbins shale
can not be sharply defined. The above situation is shown in
an exposure in sec. 17, T. 31 S., R. 13 E., where the Rob-
bins shale is about 112 feet thick. At this locality, the
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upper part of the wember becowes increasingly more sandy and
finally grades into the masasive sandatones considered to be
the base of the Ireland sandstone. Although the Ireland
sandstone caps a belt of steep sided hills across eastern
Elk county, good exposures of the Ireland-Hobbins contact
are rare and accurate measurements of the thickness of the
two units are difficult to obtain. In the sections studied,
the Robbins shale varies from a maximum thickness of about
112 feet to & minimum of about 65 feet or less. In a partic-
ularly deep channel, exposed along US Highway 160 between
Cak Valley and Longton, the Iro%and sandstone has a measur-
able thickness of about 80 foot?/howovcr, the base of the sand-
stone was not observed at this locality and it is possible that
it occurs 10 or 20 feet lower in the section, giving the
channel-filling sandstone a possible thickness of about 100
feet. Although individually the two units vary considerably
in thickness from place to place, it is believed that the
position of the top of the Ireland sandstone in Elk county

is relatively uniform and that in any one place the total
Ireland-Robbins interval averages about 150 feet in thick-
ness. Following this reasoning further, it seems very
possible that underneath some of the deeper channels, such
a8 the one above, the Robbins shale has a thickness of 50
feet or less. In more northerly outcrops, the Robbins shale
and Haskell limestone are reported %o be cut out in some

localities by the Ireland aandstonef however, in Elk county
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no such occurrence was observed and in all instances where
the Haskell limestone was observed it was overlain by the
Hobbins shale.

Lithologically, the iobbins shals consists of grey to
blue-grey, clayey to silty, blocky ehale in its lower part
which grades upward into sandy to silty shales and finally
into sandstones. In séc. 17, T. 31 S., R« 13 E., the upper
25 feet consist of interbedddd reddish to grey, clayey to
silty or sandy shale and grey to yellowish or reddish thin
sandstones. The next lower 2, feet consist of blue-grey
silty shale streaked with orange and yellow and interbedded
with thin sandstone plates. This part of the member contains
many, small to fairly large, grey to yellowish ironstained
concretions in which plant remains are common. The lower
60 feet of the member consists of grey to bluish, less silty,
blocky shale.

Faung .~-- With the mxception of the plant remains in the con-
cretions discussed above, and a zone of poorly preserved
gastropods and brachiopods about 10 feet above the base of
the shale in sec. 21, T. 31 S., R.lélE., the Robbins shale

is unfossiliferous.

Lateral changes found within the Robbins shale are
shown in the cross-sections illustrated in Figure 3. For
measured sections ¢f the Robbins shale, see sections 1, 4,

and 5 at the end of this report.
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Lawrence Shale

The name Lawrence shale was first used by Haworth
(1894) for exposures near Lawrence, Kansas, which included beds
from the top of the Ottawa limestone (Stanton) to the base
of the Oread limestone. In a classification of the rocks
of the Pennsylvanian and "Permian" published by Moore (1934),
the Lawrence shale is regarded as including all beds from
Ge top of the Haskell limestone to the base of the Oread
limestone. Moore and Newell (1936a), recognising the regional
importance of the disconformity below the Ireland sandstone,
restricted the Lawrence shale to the beds between the dis-
conformity and the base of the Cread limestone. This coin-
cides with the present usage of the term.

The Lawrence shale, with the exception of the Ireland
sandstone and Amagonia limestone members, is undivided. 1In
Elk county, the Lawrence shale varies in thickness from about
90 feet to a maximum of about 170 feet, being thickest where
the lower sandstone member fills deep channels cut into the

top of the underlying 8tranger formation.

Ireland sandstone member

The Ireland sandstone was named by Moore (1932) from
exposures on the Ireland farm, 5 miles southwest of Yates

Center, Woodson county, Kansas.
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Lithologic character and thickneggs.~-- In Elk county, the
Ireland sandstone is represented by about 30 to 100 feet of
massive sandstone. The sandstone was deposited over an
irregular erosion surface and represents a series of channel-
fillings which grade laterally into more extensive but thinner
sands which seem to represent a sheet phase deposited over the
divides between the channels. In the deeper channels, as
described above under the idobbins shale, the Ireland sand-
stone has a measurable thickness of about 80 feet; however,
the base of the sandastone was not seen in this particular
locality and it is estimated that the sand has a total thick-
ness of about 100 feet in this particular channel. As the
sandstone does not possess characteristic subzones which can
be identified from one outcrop to another, accurate thickness
measurements are difficult to obtain as exposures which possess
the entire thickness in one measurable outcrop sequence are
not common.

¥Where the sandstone {iils & channel, the contact between
the member and the underlying Robbins shale is sharp and
well-defined as one woui& expectg however, where the sandstone
appears to represent a more or less sheet phzse, the contact
is much less well marked. In the latter case, the gradational
appearance ma& be due to reworking of the upper part of the
kobbins shale.

In sec. 6, T. 31 S., &. 13 £., the member is well exposed

and consists mainly of massive, grey to reddish or buff, fine
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to medium angular grained sandstone. Although the member is
cross-bedded throughout to some extent, the cross-bedding
seems to be most common about 30 to 4LO feet below the top.

The ocutcrop belt of the member, across the eastern edge
of the county, is characterized by steep sided bluffs and
isolated hills or outliers wh.ch invariably are covered by a
dense growth of scrub oak.

Elsewhere in Kansas, the Ireland sandstone is separated
from the overlying Amagonia limestone by shales of varying
thickness (Moore, 1944). In Elk county, in most instances
where the Amazonia limestone was present, the massive sand-
stones of the Irsland occur immediately below it with little
or no intervening shale. This is especially well shown in
gec. 23, T. 30 8., R. 12 E. and in sec. 35, T. 31 8., R. 12 E,

Although the base of the Ireland sandstone is variable
and presente a difficult mapping problem, an attempt was
made to map the base of the member as accurately as possible.
The approximate line of its outcrop is indicated on the accom-
panying areal geologic map (Plate 1) by a dashed line identi-
fled by the symbol 1. Some of the lateral variations in
thickness found within the member are shown in the cross-
sebtions illustrated in Figure 3. For measured sections of
the Ireland sandstone, see sections 1, 3, 4, and 6 at the

end of this report.
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Amazonia limestone member

The Amagonia limestone was named by Hinds and Greene
(1915) from exposures near Amagonia, Andrew county, Missocuri.
In the type area, the Amazonia limestone is 9 feet thick and
occurs about 24 fest below the top of the Lawrence shale.
The overlying shale is reported to thicken southward from
the type area to somewhat over 60 feet near Atchison, Kansas
(Moore, 1936a) and up to 100 feet between Rushville and St.
Joseph, Missouri (Hinds and Greeng, 1915).

character and cknegs.~--- In Elk county, the
Amazonia limestone averages slightly less than 5 feet in
thickness. In sec. 23, T. 30 S., R. 12 E., the member occurs
immediately above the massive sandstones of the Ireland sand-
stone member and 60 to 65 feet below the lower limestonse bed
of the Oread limestone. In this locality, the limeatone is
about 9 feet thick and consists of thin, slabby, irregular
beds of dark grey to bluish, light grey to buff or whitish
weathering, very fossiliferous limestone. In sec. 24,
T. 31 8., R. 12 E., the member is slightly less than‘h
feest in thickness and consists of blue, hard, irregular thin
beds of highly fossiliferous limestone separated from a
lower 0.5 foot sandy, light grey, unfossiliferous limestone
by a 0.3 foot blue-grey, clayey, shale. In an exposure just
north of the Chautauqua county line, in sec. 35, T. 31 S.,
R. 12 E., the member is represented by a fusulinid bearing
limestone slightly less than 2 feet in thickness.
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Fauna.--- In Elk county, the Amazonia limestone is highly
fossilifercus. The follgwing fossils were collected from the
outcrops discussed above£ Neospirifer, Derbya, Punctospirifer,
Qéggggég, pPictyoclostus, Composita, Crurithyris, Triticites,
g;ag;ijghongoggra, crinoid stems, and many shell fragments.

For measured sections of the Amagonia limestone, see
sections 6 and 7 at the end of this report.

Qutcrops of the upper undivided portion of the Lawrence
shale are poor, as the unit forms a covered shale slope be-
tweer. the lower limestone units of the Oread limestone and
the bench held up by the massive sandstone of the Ireland
sandstone member. In one of the few outcrops where a rea-
sonably accurate measurement couid be made, in sec. 23 T.

30 S., Re 12 E., the interval from the base of the Toronto
limestone to the top of the Amazonia limestone is about

65 feet thick. The interwval conaists of grey to buff, silty
to sandy shales with minor amounts of grey, buff, and green-
ish sandstone. A persistent, thin coal is found about 2
feet below the top of the shale, The interval between the
coal and the lower Oread limestone bed contains an upper
grey, calcareous shale crowded with fusulinids and a lower
more sandy shale which contains a prolific pelecypod fauna.
The following fossils wers collacted from the shales above
the coal in sec. 27, T. 30 S., R. 12 E.: Chonetes, Triticites,

Myalina, Dictyoclostus, Rhombopora, Bairdia, Amphissites,

echinoid spines, crinoid stems, and fenestellid bryosoans.
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Shawnee group

The Shawnee formation was named by Haworth (1898) to
include all beds from the top of the Oread limestons to the
vp of the Osage (Scranton) shale. The Scranton shale, now a
discarded term, was originally defined by Haworth and Ben-
nett (1908) to include the beds between what is now known
as the Howard limestone and the Burlingame limestone (Moore,
1936a). The above usage for the Shawuee group was accepted
until Moore (1i932) redefined the group to include the beds
from the base of the Oread limestone to the top of the Topeka
limestone. The group contains the following formations, in
ascending order: C(read limestone, Kanwaka shale, Lecompton
iimestone, Tecumseh shale, Deer Creek limestone, Calhoun
shale, and Topeka limestone. The group is named from Shawnee
county, Kansas. =~ generalized section of the rocks of the

Shawnee group, as developed in E£1k county, is shown in Figure 4.

Oread limestone

The Oread limestone was named by Haworth (1894), at which
time, he included only the beds which later were known as the
#lower CGread" (Moore, 1936a). laworth (1895) expanded the
formation and included twoe }., foct limestones which were sepa-
rated by about 20 feet of shale in the Cread limestone. The
upper of the two limestones corresponds to the Plattsmouth

linestone of Condra (1927). Bennett (18%6) further expanded



MAP SYMBOLS

FIG. 4

BIG SPRINGS LS.

KA ‘
| LIMESTONE | |
LARSH-BURROAK SH. |DEER CREE
RooK Betrr LS MESTONE
OSKALOOSA SH.
=
SRS | l'_l_J
OZAWKIE LS. J_A'_‘ ‘ 1)
| >=
al® i
Slw
o gE Z
SHALE IR S
I
- — 5%
AVOCA LS g 2 =1
o i W | Ie
KING MILL SH. B> Ltn
— Z’
BEIL LS. - 5
O [
QUEEN HILL SH. ONE 0-

DONIPHAN SH.

SPRING BRANCH LS. |

STULL SH

-VRE-; ? KANWAKA
GLAY OREEX L8 siiALe

JACKSON PARK SH

GENERALIZED SECTION OF SHAWNEE GROUP ROCKS

MAP SYMBOLS

JACKSON PARK SH

KEREFORD LS

HEUMADER SH

ul
—
w
PLATTSMOUTH LS >
o ® w
- - S w
HEEBNER SH o E‘
LEAVENWORTH L8 | OREAD x w 2
LIMESTONE © 0 g
w Z =
w g g
FELE
</ 9|
T & >|
n > N
SNYDERVILLE 8K =z
Z|
| d|
a
_ -~
TORONTO LS 1 L] J
son
[ LIMESTONE
SHALE
[ ~ 5 SMALE,BLACK
[ ‘7. SHALE,RED
SANDSTONE
20+ LIMESTONE,
CHERTY
0 SHALE,
CALCAREOUS
g COAL

ROCK LEGEND

IN ELK COUNTY, KANSAS




55

the Oread limestone to include several feet of shelly liue-
stone (Kereford limestone) above the heavy-bedded (Platts-
mouth) limestone. The formation includes the following
members, in ascending order: Toronto limestone, Snydervillie
shale, Leavenworth limestone, Heebner shale, Plattsmouth
limestone, Heumader shale, and Kereford limestone. In the
type locality, Lawrencc, Kansas, the formation has a thick-
ness of about 45 feet, however, the formation thickens to
the south, giving the formation an overall average thickness
of about 70 feet for the state as a whole (koore, 1944).

In BElk and immediately adjacent counties, the Oread
limestone averages about 120 feet in thickneqs. All of the
nembers, witn the exception of the Heumader :ﬁéi& and the

Kereford limestone, are well represented.

Toronto limestone mewber

The Torounto limestone was naned Dy Haworth and fiatt
{1894) from exposures near Toronto, wWoodson county, Kansas.
The original description of the Oread limestone (Haworth
1894 ) was of this lower member of the formacion;/hcwever, the
formation was later expanded to include overlying limestones
and shales. Condra and Bengston (1915) applied the name
Weeping water toa limeatone in Nebraska which occurs et the
stratigraphic horizon of the Toronto limestone. Moore (1936a)
states that the correlation of the Weeping Water limestone

with - the lowsr Oread of Kansas is somewhat doubtful and
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that it possibly was more a correlative of the Amasonia
limestone member of the Lawrence shale.

Lithologic character and thickness.--- In Elk and adjacent

counties, the Toronto limestone varies in thickness from
silightly over 10 feet in exposures near Toronto, Woodson
county, to 1.7 feet in southeastern Elk county. The faunal
and lithologic changes which accompany the southward thinning
of the member are marked. In the type area, the member is
about 10 feet thick 2nd consists of an upper wavy bedded,
grey to dack grey, principally molluescoid limestone with a
few fusulinids, separated from a lower more massive, biue,
dense, fusulinid bearing limestone by & thin grey, clayey
shale. The base of the miember in this locality is underlain
by a very thin, unfeossiliferous dark grey shale followed
below by & 0.5 foot coal.

In sec. 5, T. 29 8., R. 13 E., the Toronto lgmestone
congsists of about 6 feet of thin bedded limestoneé most of
which are separated by thin shale partings. &4l1l1 of the lime-
stones, with the exceptior of a silty to sandy molluscan
limestone Jjust below the uppermost bed, contain abundant
fusulinidas. At this locality, the shale betweenr the coal
and the nodular basal unit of the Torcnto limestone is crowded
with fusulinids.

in sec. 27, T. 30 8., R. 12 E., the member is represented
by two thin, non-fusulinid bearing, molluscoid limestones

separated by 2 thin blue-grey shale, with a total thickness
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of 1.7 feet. Fusulinds are extremely abundant in the shale

Btween the lower limestone bed and the underlying coal. "In

a pection illustrated by Moore 1951) 33, /£{Z£;Z%
R.| 11 E., c uuuthty, t%@uber 1,1 5 ruenéf /(,
sikgle’ thin limestone \b

Fauna s--- The thin limestones and shale in sec. 27, T. 30 8.,

R. 12 E. contain the following fossils: Neospirifer, Chonetes,

Lhonetina, Rhipidomella, Crurithyris, Hustedia, Derbva,

Lophophyllum, Rhombopora, Amphissites, Hollinella, Bairdia,

fenestellid bryozomns, crinoid stems, and many shell frag-
ments. In sec. 5, T. 29 8., R. 13 E., the following fossils
were collected: Triticites, Neospirifer, Composita,

Dictyoclostus, Hustedia, Chonetes, Crurithyris, and small

gastropods. The silty limestone bed just below the top of
the member contains Myalina, Aviculopecten, and Juresania.

The base of the Toronto limestone was mapped and its
line of outecrop is indicated on the accompanying areal geo-
logic map (Plate 1) by the symbol T. The lateral variations
found within the member are shown in the cross-sections
ilinstrated in Figure 5. For measured sections of the
Torento limestone, see sections 6, 9, 10, and 18 at the end

of this report.
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Snyderville shale member

The Snyderville shale was named as & member of the Oread
limestone by Condra (1927) from exposures in the Snyderville
quarry, 3 to 4 miles west of Nehawké, Nebraska. The mame was
proposed to include the shales between the Leavenworth and
Weeping Water limestones. Althéugh Moore {(1936a) conaidered
the correlation of the Weeplng Water and Toronto limestones
to be questionable, he states th&t there 1s no doubt about
the identity of the Leavenworth limestone which overlies
the Snyderville shale in the type locality. 1In general,
the member is reported to be about 12 feet thick in the more
northerly outcrops in Kansas and to thicken southward to a
maximun of about 75 feet i the extreme southern part of the
state.
uithologic character and thickness.--- In Elk county, the
Snyderville shale averages about 65 feet in thickness. In a
complete exposure in sec. 15, T. 31 3., R. 12 K., the Snyder-
ville shale is 68 feet thick. The upper 30 feet consist
mainly of red shales which contain several thin greenish-grey
siltstones and sandstones and minor amountgof blue-green and
buff shales. The lower half of the member is madeup%minly
of thin to cross-bedded, fine grained, micaceous, grey to
greenish sandstones with minor amounts of sandy shale. In
sec. 5, Te 29 S., Ke 13 E., the member is slightly less than
60 feet thick and consists largely of red, buff, and light

grey clayey to sandy shaies. In this exposure, the content
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of sandstone is less than in the more southerly exposures
and is essentially limited to 12 to 13 feet of buff to dirty
yellow and orange colored sandstones, the top of which cc-
curs about 10 feet below the top of the member. Scattered
throughout the lower 45 feet of the member are a few thin

sandstone plates and a few ﬁnwﬂfszone~f3§ff:ffffij*15~—%;‘A

3, T. 33 8., R. 11 E., the upper

above\the base. The upper flew inches of the pember contain
abundant free specimens of fusulinids.
Fauna.--- With the exception of the upper few feet of the
member and a thin algal limestone which occurs in the middle
of the member, as discussed above, the Snyderville shale is
unfossiliferous.

following fossils were collected from the upper 2
feet of the member in Rec. 33,‘f

Dictyocloskus, Astarteller, Holl

Amphissites) Osagia, echinoid spines, and crinoid stems and
plates. The \upper few inches of the shale in the exposure
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in Greenwood county (deschibed above) contains Iriticites,

Iegrat@;&}. Bairdia,
fra;nontq The thin alg 1 limestone in th same outcrop cqn-

tains I;ﬂsicitog, saggagyjiizzbitc fragments,

7htropoi\v/,éhinoid spines d crinoid stems.

The lateral variations found within the Snyderville
shale are shown in the cross=sections illustrated in Figure 5.
For measured sections of the member, see sections 6, 13, 18,

24, and 28 at the end of this report.

Leavenworth limestone nmember

The Leavenworth limestone was named by Condra (1927)
frén roadcut exposures, northwest of the federal penitentiary,
Leavenworth, Kansas. In the type area, the member is a dark
grey, vertical jointed, fossiliferous limestone about 2 feet
thick. This member is very persistent, both in lithology and
distribution. From Jowa into Oklahoma it is a single massive
bed of dark-blue, fine grained, dense, vertical jointed
limestone between 1 and 2 feet thick (Moore, 1936a).

Lithologic charagter and thickness,--- In Elk, W*’% KLL( Z

’GQ/JNQyﬁDQyngfﬁkw, the Leavenworth limestone varies from .

1.0 to 1.8 feet, averaging 1.3 feet. Everywhere the member
was studied, it consisted of dark-blue, dense, brittle, hard,
vertically jointed, fossiliferous limestone which weathers
with a buff to orange veneer. The only exception to the

single massive bed, which characterizes the member, was found
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in amexposurd in Gre od county, bout\ii mikes norzﬁ st
/?f‘::1v?;11 Rilvep Dam. /this sure, the 10Jtr b in
iof :20 mombor onsist af“\itfg;biutivf?dular st coguina
of 1 fusul

Y

Fauna.--- The Leavenworth limestone is focsiliforousf how-
ever, dus to its hard brittle character it is very difficult
to free the fossils from the limestone. In Elk county, the
most numerous element of the fauna are the small T;igiciceg%/m
however, a few small brachiopods, crinoid stems, and echinoid
spines are usually present.

For measured sections of the Leavenworth limestone,
see sections 6, 11, 13, 18, 24, 28, and 29 at the end of
this report.

Heebner shale member

The Heebner shale was named as a member of the Oread
limestone by Condra (1927) from exposures on Heebner Creek,
on the Heebner farm, west of Newhawka, Nebraska. In the type
area, the member is about 5 feet thick and consists of an
upper bluish argillaceous shale underlain by black, finely-
bedded, carbonaceous shale.

Lithologic character and thickness.--- In Elk and adjacent

counties, the Heebner shale averages about 4.6 feet in

thickness. The member characteristically consists of an
upper grey to brownish shale underlain by black, carbonaceous,

fissle shale. In a typical exposure in sec. 22, T. 30 S.,
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R. 12 E,, the member is 4.7 feet thick and contains an upper
grey clayey shale about 1.7 feet thick and a lower black,
fissle shale about 3.0 feet thick. The only section studied,
in which the thickness was at variance with the ma jority of
the other measured sections, was in an exposure in Greenwood
county, about 1l miles northeast of the Fall River Dam. In
this exposure, the Heebner shale is only 1.9 feet thick. The
lower fissle and upper non-fissle units are approximately
equal in thickness.

The Heebner shale is a useful stratigraphic horison,
as the distinctive lithology of the lower black fissle shale
does not occur elsewhere in the Oread limestone. One does
not again encounter this particular lithologic development
in the Shawnee group until reaching the stratigraphically
higher Queen Hill shale member of the Lecompton limestone.
Fauna.--- Conodonts are the most common fossils found in the
black fissle shale unit of the member. TR followiag—fos
sils were colletted from the contact zong vetween the grey-
blafk fi#ble shaly An sec. 33, T. 33 S.,
Chonetes, Chon ey P
Enteletes, Crurithyris, Amphisca ; Tetravaxis, Conuspira,

Bairdia, Cave 8 , cho hus, Hindeodella, Cavusgnathus,
and erin6id plates and stems.

pefosgisrifer, Hustedia,

The lateral changes found within the Heebner shale are
shown in the cross-sections illustrated in Figure 5. For
measured sestions of the Heebner shale, see sections 11, 13,

24, and 29 at the end of this report.



Plattsiotith limestone member

The name Plattsmouth was used by Meek (1871) for the
Pssiliferous limestones within the "Platte division", a se-
quence of limestone and shales which he reported were about
200 feet thick in the Platte River valley. Keyes (1898)
briefly discussed the distribution of the Plattsmouth lime-
stone and stated that in Missourli and Nebraska it was about
30 feet thick. Condra (1927) restricted the name Plattsmouth
to the "top” and thickest limestone above the Heebner shale
at Plattsmouth, Nebraksa. Moore (1936a) states that the above
designation by Condra inciuded sevorgl limeatones above the
"upper" Oread limestone of Kansas ané’aince it apparently
was Condra's intention to designate only the "upper® Oread
limestone as the Plattsmouth, he suggests restricing the Platts-
mouth to the limestone between the Heebner shale and the
Kereford limestone (Heumader shale is missing at Plattsmouth,
Nebraska) in the type area.

In Kansas, the Plattsmouth limestone varies from 2 to 25
feet, commonly being 15 to 20 feet (Moore, 1951).

Lithologic character and thickness.--- 1In Elk county, the

Plattsmouth limestone averages about 15 feet in thickness.

In sec. 22, T, 30 S., R, 12 E., the member is 18 feet thick
and consists of characteristically thin, irregular or wavy

bedded, light grey to buff or whitish weathering limestone.

The upper few feet are made up of rather soft to almost

earthy, light buff, wavy bedded limestones separated by thig
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shales. The middle part of the member is bluish-grey, dense,
brittie, wavy bedded limestone, which lower becomes more
coarsely crystalline and light grey to almost white in color.
The lower 4 or 5 feet consist of dense, brittle, buff to
brown or mottled weathering limestone. The above lithologic
variations are by no means sharply defined and all represent
gradational changes.

In southeastern Greenwood county, the Plattsmouth
limestone thins and is locally missing. Along U.S. Highway
54, northwest of Toronto, the stratigraphic position of the
Plattsmouth limestone above well developed Heebner shale, is
occupied by sandy to silty shales which contain many small
ironstone concretions. However, a few miles to the south,
the numbér is about'lO feet thick and possesses what is con-
gidered to be the normal lithology for the Plattsmouth
limestone in southeern Kansas; wavy bedded, white to greyish
color, and relatively coarse crystalline texture.

Across eastern Elk county, the Plattsmouth limestone
Prms a pronounced scarp, the base of which is mapped on the
accompanying areal geologic map (Plate 1). The line of out=-
crop of the base of the Plattsmouth limestone is indicated on
the above map by the symbol P.

Yauna.-~- The following fossils were collected from the
Plattsmuouth limestone in sec. 33, T+ 33 S+yReddeliv—and—
sec. 22, T. 30 S., R. 12 E.: Triticites, Composita, Meekella,

Phricodothyris, Dictyoclostus, Neospirifer, Lophophyllum,

e C’ / ¥ ] »; 4"\ v'}
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bryogoans, small gastropods, crinoid stems, and echinoid
spines.

The lateral changes found within the Plattsmouth lime-
stone are shown in the cross-sections illustrated in Figure
5. For measured sections of the Plattsmouth limestone, see
sections 11, 13, 19, 24, 25, 26, and 29 at the end of this
report.

Heumader shale member

The Heumader shale was named by Moore (1932) from expos-
ures in the Heumader quarry, in the bluffs of the Missouri
River, north of St. Joseph, Missouri. In northern Kansas,
the Heumader shale is dark grey, bluish or greenish, clayey
to silty shale from 2 to 5 feet thick (Moore, 1944).

Lithologic character and thickness.--- The Heumader shale,
where it can be distinguished in Elk county from the over-

lying Kanwaka shale, is about 16 feet thick. The lower 2 to

8 feet of the member is grey, clayey, highly fossiliferous

shale which locally contains a thin fusulinid bearing limessone.
The upper part of the member is lighter in color, silty to sandy,
containing numerous well preserved specimens of Astartella.

In exposures south of T. 29 S., in Elk \x)df\gpn’ﬂ@»ﬁ\zua(/

onunth?é; the Heumader shale cannot be clearly differentiated,
as the overlying Kereford limestone, which defines the top of
the Heumader shale, is not present. In these more southerly

exposures, where differntiation is impossible, the interval
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between tle top of the Plattsmouth limestone and the base of
the Spring Branch limestone is referred to as the Heumader-
Kanwaka shale.

The absence of the Kereford limestone in the exposures
south of T. 29S. is seemingly due to non-doposibion? however,
removal by subsequent erosion seems a distinct possibility
in some localitiea. Supporting evidence for non-deposition
is shown in several well exposed sections in Elk and Chautau-
qua counties. In sec. 22, T. 30 8., R. 12 E., the interval
between the Plattsmouth limestone and the massive sandstones
of the Jackson Park shale consists of about 31 feet of clayey

to silty and sandy shales in which no limestones are present.

In ‘spe. 37 T. 33 ST\ R. 11 E., the same interval is slightly (N
q%er 60/fo thick and consists of| 8 feet of] grey, fbssilli- /1///
ferou : clayey ghaloa vci;éin by rogpasni l;,more san /

shales and phiji sandstones. // ’

Removal-by erosion, which cut channels in the lower
Kanwaka or Heumader-Kanwaka shales, is suggested by several
exposares. Although actually cutting out of the Kereford
limestone was not abserved, channel-filling sandstones were
observed to cut down through the shales of the lower Kanwaka
to the top of the Kereford limestone. One such occurrence
is well shown in an exposure about 1 mile east of the west
entrance to the Fall River Dam. In several exposures in
T. 31 8., south of Longton, the massive lower Kanwaka sand-

stone oceur only 12 to 14 feet ab8¥8 the top of the Platts-
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mouth limestone, making removal of the Kereford by erosion
a distinct possibility.

Fusulinids studied from the thin limestone which occurs
about 17 feet above the top of the Plattsmouth limestone in
sec. 5, T. 29 S., R. 13 E. compare favorably with apecimens
collected from the Kereford limestone near Lecompton, Kansas,
and suggest correlation with the Kereford iimestone of northera
Kansas. Because of the minor thickness reported in the liter-
ature for the Heumader shale (from almost nothing to about
10 feet, Moore, 1949), I was tempted to regard only the lower
highly fossiliferous grey shales as Heumader and to consider
the thin fusulinid ﬁ;aring limestones in or Jjust above them
as a posaible equivalent of the Kereford limestone of northern
Kansas. However, the fusulinids from these thin lower lime-
stones in Elk county are not closely similar to the northern
Kansas Kereford limestone forms. I now regard these thin
limestones ;as local, more calcareous phases within the lower

Heumader-Kanwaka shale.

Th following 2 Sections were studied in Greenwo
and}albh ugh I made ng attempt t9 work out the stratigraph

of that ouhty, I am pgoaonting hem there a3 they dd/not /Zz?7/

entirely bear out mytésnclusionk/in Elk county.

In anexposure about 11 miles no: eastef the Fall
River Dam, the Anterval bct%fin the P ttsmou h'#nd th
Kereford (?) %%aqptones is #?put 15 f/ﬁ£ thi

/ / ‘ [ L
of grey to br@yﬁlsh shales “{n which a 1 foot molluscan lime-

t and consists
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stone occ#Ls about 6.5 feetﬂielaw the top. The upper lime-
stone (K’Qeford?) carriesvfﬁsulinida and st?mingly is to be
&orrclaq@d with the beds considered to be the Kereford lime-

7
4

/s /

stone %A Elk county. / /
/ -
SA an exposure Jjust below the Fa%l River Dgm, the Anter-
val gﬁtween the top of the Plattamouﬁh and thgﬂnaxt gher

f {

/ ; ; L
limeptone (Kereford?) is about 40 feet thick. Thc,igurr part

g

of y interval it/covored, but thﬁ upper part cgnsists b
L / P
groxﬁ clayey to saﬁgy shales and t;i?“a dstone plates.

ahaﬁe carries a fqﬁna of Astartelld an gastropods, nof unlike

th#t of the upp¢7’part of the Heumadey shale in gorthern Elk
county. If the;@apping limestone in this exposure is the

Ke ef9ﬁd, the g;umador shale is abrorfially thick in this

!

exposure, bei?ffigput LO feet.
Fauna.--- The following fossils were collected from the

lower, grey fossiliferous shales at the base of the Heumader-
Kanwaka shale in sec. 22, T. 30 S., R. 12 E. and in sec. 21

and 29, T. 31 S., R. 12 E.: [Triticites, Astartella, Euphemitep,
Glyphostomella, Punctospirifer, Ditomopyge, Chonetina,

Worthenia, Deckerella, Rhipidomella, Hollinella, Pseudozygo-
pleura, Donaldina, Chonetes, Hustedia, Bairdia, Crurithyris,

Nuculana, Conuspira, Tetrataxis, Bellerophon, Amphiscapha,

Nucula, Hindeodella, Delocrinus, Ethelocrinus, Amphigsites,
Rhombopora, holothurian wheels, and spongs spicules. The
above list of genera is not exhaustive, but represents only

the most common elements of the fauna.
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The lateral changes found within the Heumader and
Heumader-Kanwaka shales are ' shown in the cross-sections
illustrated in Figures 5 and 6. For measured sections of the
above shale units, see sections 11, 13, 19, 25, 26, and 29
at the end of this report.

Kereford limestone member

The name Kereford was applied by Condra (1927) to the
arenaceous, partially oolitic, fossiliferous, more or less
lenticular limestones previously known as the "Waverly
flaggipg". At the time the name was proposed, Condra con-
sidered the Kereford limestone as the base of the Kanwaka
shale. BNoore (1932) placed the Kereford limestone at the
top of the Oread limestone. The Kereford limestone, unlike
most of the upper Pennsylvanian limestones in Kansas, is
characterized by lateral variations in thickness and lithology
{Moore, 1949). Moore (1951) states that the Kereford lime-
stone is not recognigsed in southern Kansas. The type sec-
tion of the Kereford limestone is in the Kereford quarry,
Just south of Atchison, Kansas.

Lithologic character and thickness.--- In Elk county, the
limesatone beds occurring about 17 feet above the top of the
Plattsmouth limestone in sec. 5, T. 29 8., R. 13 E. are
correlated with the Kereford limestone of northern Kansas.
At this locality, the mewber is slightly less than 1 foot
thick and consists of dark grey, shelly, buff to grey
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weathering limestone in two thin beds separated by grey
shale. The entire unit is fusulinid bearing. Ia-bt{byﬁa% -5
Q;:ﬁz{ans/a{ Myybﬁ, abou} 1 nild sast o} the wast entgance

to ghe Fall River Dam, the Kergford limest is 2.6 feet

« In this exposure, the chanrel-

n the top of the Kereford estone. About 1l miles north-
east of ¢he Fall River Dam/ the Kereford (?)
, blug-grey,

ed, buff to g ‘thering, algal, fusulini

slightly over 1 foot thick and consists of den
avy b :
bearing limestone.

T@g member has not been previously recognized in southern
Kansasfrhowavor, because of its stratigraphic position and be-
ause of the similarity of the fusulinids collected from Elk
county and from the member near Lecompton, Douglas county,
correlation of the two limestones seems warranted.

The limestone in Elk county which is considered to be
the Kereford, was not found south of T. 29 8. Its agsence
south of T. 29 5. seemingly is due to non-doposition; howewer,
removal during the erosion interval which produced channels
in the lower part of the Kanwaka shale is also a possibility.
For further information in regards the occurrence of the Kere-

ford limestone, see the discussion of the Heumader shale above.
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Fauns .~~~ The Kereford limestone, in northern Elk county,

contains Triticites, Rhombopora, rare Astartella, and crinoid

stens. In southeastern Greenwood county, the limestones con-
sidered to be the Kereford contain Qttonosia, Osagia,
Iriticites, Enteletes, Derbya, Amblysiphonella, and many
shell fragments.

Lateral changes found within the beds considered to be
the Kereford limestone are shown in the cross-sections illus-
trated in Figure 5. For measured sections of the Kereford
limegtone, see sectionus 12, 13, and 25 at the end of this

report. Voo \

Kanwaka shale

The name Kanwaka was proposed by Adams, Girty, and
White (1903) for the beds lying between the top of the Oread
limestone and the base of the Lecompton limestone.

Throughout Kansas the formation varies from 40 to about
1,5 feet in thickness. In northern and central Kansas, the
formation is subdivided into 3 members, which in ascending
order are: Jackson Park shale, Clay Creek limestone, and
Stull shale. In southern Kansas, where the Clay Creek
limestone ,featbers out, the members cannot be differentiated
and the entire shale and sandstone unit is referred to as the
Kanwaka shale. Further, where the underlying Kereford lime-

stone is absent in southern Kansas, the entire interval from
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the top of the Plattamouth limestone to the base of the
Lecompton limestone is referred to as the Heumader-Kanwaka
.h‘l‘ .

ithologic character and thickness.--- The Heumader-Kanwaka

shale théi;/bﬁwﬁd southern Elk countiu averages about
125 feet in thickness. In’ ﬁb/za‘s\f/k 1 z,,vihon;nt‘?vgl

betwenn &

Lecompton

the members the quwaka shale and upper part/of the Oread

units, the Kereford and Clay Creek limestones fﬂgﬂogent.
In general the Heumader-Kanwaka shal’A
consists of gray—to rey, blocky shale which becomes )

1 croaaing y more silty &nd sandy upward. Ths middle of tho/

1nterval s marked by a massive sandst e, which in some

localitiqs cut ieﬁp/the es of the
Heumader—Kadwa nterva . yhé upper part of the interval

is ma;ply grey to buff or yellowish sandy shales, with occas-
ignéi thin limestones.

2 In exposures studied in northeastern Elk county, the Clay
Creek limestone is present and the following disecussion of

the members of the Kanwaka shale is based on sections studied

from this part of the county.
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Jackson Park shale member

The Jackson Park shale was named by Moore (1932) from
exposures in the southern part of Atchison, Kansas. The
member, which is 24 feet thick in the type locality, is re-
ported to be over 50 feet thick in the exposures along the
Kansas River (Moore, 1936a).

Lithologie character and thickness.--- In Elk county, the
Jackson Park shale is about 40 to 50 feet thick. The upper

part of the member, consisting of blue-grey to buff or red-
dish clayey shule is underlain by buff to yellowish or grey
massive to cross-bedded sandstones, the lower part of which
represents channel fillings. In some exposures, the chans
nels were observed to cut down to the top of the Kereford
limestone. In othera, where the Kereford limestone is miss-
ing, the base of the sandstone occurs only a few feet above
the top of the Plattsmouth limestone, making the cutting out
of the Kereford limestone in such exposures a definite
possibility. In exposure where the channels are not so
deeply cut, the lower part of the Jackson Park shale con-
sists of grey to tan sandy to silty shales and thin sand-
stonss. In T. 31 S., whers the massive sandstones occur

shortly above the Plattsmouth lime8tone, the sandstone is
considerably thicker than in northeastern Elk county, being

estimated to have a thickness of 50 to 75 feet or more.
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This massive sandstone has been named the Elgin sand-
stone by Haworth (1898). Moore (1944, 1951) considers the
Elgin sandstone of southern Kansas to occur mainly within
the Stull shale member of the Kanwaka shale. However, in
the few exposures in Elk county where the Clay Creek lime-
stone was identified, the masaive sandstones occur lower in
the aection, within the Jackson Park shale. Igllqgnnt.
expoaure in sec. 17, T.)33 S., R. 11 &., the massive sand-

curs ‘about 50 feet below the Spri Branc;7lim one,

s in an approximately equivalent position to the
Jackson Park shale of northern Elk county. The position
of the Elgin sandstone is shown in the cross-sections
illustrated in Figure 6.

For measured sections of the Jackson Park shale, see

sections 12, 14, and 17 at the end of this report.

Clay Creek limestone member

The name Clay Creek was proposed by Moore (1932) for the
thin, biue to bluish-grey limestone which occurs in the middle
of the Kanwaka shale. In the type section, on Clay Creek,
about ome mile west of Atchison, Kansas, the member is about
2 feet thick. In some unweathered exposures the member is
vertically jointed and uniform, not _unlike the Leavenworth
or Rock Bluff limestoneg. However, the member more typically
weathers into small, irregular, shelly chips (Moore, 1936a).
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ithol character and thic g8.--- In northeastern Elk
county, the 6lay Creek limestone averages about L.5 feet in
thickness. In an excellent exposure in sec. 21, T. 28 S.,
R. 12 E., the member consists of 3 feet of thin, grey,
slabby, almost coquinoid limestones interbedded with grey
shale which is underlain by 2.9 feet of thin-bedded, buff
to orange, fusulinid bearing limestones interbedded with
grey to buff shales. The lowermost limestone bed is brown-
ish-grey and somewhat sandy. In sec. 7, T. 29 S., K. 12 E.,
the member is slightly less than 4 feet thick and consists
of thin, grey, pelecypod bearing limestones and shales.
The lower two thin limestones are sandy.
The mem af evidently feathers oﬁ; in southern Elk
northern Chawutauqua counties, as the member was not fecognized
south of T. B0 £. At any rate, in a)well exposed section in

sec. 17, T.~\33 S., R. 11 E., the Clay Creek limestone/is

absent. As the lower beds of the (Clay Creek limestorie, in
the sectiong~described above, are coming more s&ndy south-
ward, it is /possible that the Clay/Creek limestone
Elk end Chaytauqua counties is repregented by one (of the
thin sandstopes which occur about 30 feet below thi:;éring
Branch limgstone. “ g

Moore k1951) states that the Clay Creek limestone has been
tentatively ldentified in Elk and Greenwood counties.
Fusulinids collected from the beds in Elk county compare

favorably with specimens collected from the member in nor-



78

thern Kansas and seemingly suggest that a positive correla-
tion between the two areas is possible.

Fauna.--- The Clay Creek limestone is highly fossiliferous
in northesstern Elk county, with the upper beds in sec.

21, T. 28 S., R. 12 E. being almost coquinoid. The follow-
ing fossils were collected from the member in Elk county:
Triticites, Derbya, gxal;ha, Btheleoerinus, Composita,
Crurithyris, Rhombopora, Linoproductus, Aviculopecten,

Juresania, crinoid stems, and echinoid spines.

Lateral variations found within the Clay Creek limestone
are shown in the cross-sections illustrated in Figure 6.
For measured sections of the Clay Creek limestone, see sec-~

tions 14 and 17 at the end of this report.

Stull shale member

The namé Stull shale was proposed by Moore (1932) for
the beds between the top of the Clay Creek limesteone and the
base of the Lecompton limestone. In the type locality, near
Stull, Douglas county, the member is about 30 feet thick (Moore,
1936a). In northern Kansas, the member is a yellow-brown
sandy shale which locally contains one or more coél beds
(Moore, 1951).

Lithologic character and thickness.--- In northeastern Elk

county, the thickness of the Stull shale is about 30 feet.

In a good exposure in sec. 21, T. 28 5., R. 12 E., the member
is about 35 feet thick and contains the following lithologiles,
in descending order: shale, 8 feet, green-grey, clayey, red-
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dish in the middle; limestone and shale, 6 feet, thin; buff,

fossiliferous limestones interbedded with grey shales, the
latter contain plant remains; shale, 21 feet, orange to buff
in upper part, grades downward through bluish-grey, Myalina
bearing shale into mottled green to red or bluish and buff
shales. 4 few thin, buff, Chonetes bearing limestone plates
occur 7 to 8 feet above the base.

The occurrence of the Elgin sandstone, reported by
Hoore (1944, 1951) to occur mainly within the Stull shale, is
discussed above under the Jackson Park shale. However, in
repetition, it will suffice to say that wherever the Stull
shale could be differentiated in Elk county, the massive
sandstone (Elgin) was found to occur below the Clay Creek
limestone and to lie within the Jackson Park shale.

A8 is the case with all the members of the Kanwaka
shale, the Stull shale could be differentiated with certainty
only in the northeastern part of Elk county, as the lower
limiting marine unit, the Clay Creek limestone thins and dis-

appears to the south in Chautauqua county.

Eaupa. \Eh @uqm
Haumad shal s C responding :

/noftheastern / Blk county,

‘the uppe payt o Kanwaka~-

proximately o] the ull shal
/9/unfossiiyf§rous, onsist
of andy shale sandsto@ses. In morq&hortherly outcrops,
in T. 28 and 29 8., the member becomes increasingly more

fossiliferous as thin limestones and calcareous shales appear.
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The following fossils were collected from the member in

sec. 21, T. 28 S., R. 32 E.: JIriticites, Chonetes, Crurithyris,

Neospirifer, Derbya, lLinoproducutus, Amphiscapha, Rhombopora,
Amphissites, and crinoid stems. A few plant remains are

present in the shale about 10 feet below the top.

The lateral variations found within the S8tull shale are
shown in the cross-sections illustrated irn Figure 6. For
measured sections of the Stull shale, see sections 14 and 17

at the end of this report.

Lecompton limestore

The Lecompton limestone was named by Bennett (1896) to
inciude a "triple system of limestones" separated by shales
which cap the hills near Lecompton, Kansas. Condra (19527)
raned the mambers of the Leconpton limestone and raised the
upper boundary to include the next higher limestone, the
Avoca. The names he proposed for the members are, in as-
cending order: Spring Branch limestone, Doniphar shale,

Big Springs limestone, Queer Hill shale, Cullom limestone
(later abandoned and replaced by the Beil), King Hill shale,
and 4Avoca limestore. In the type locality, Lecompton,
Louglas county, Kansas, the formation has a thickness of 35
to 40 feet (iMoore, 19362).

411 of the recognized merbers of the Lecompton limestone
have been identified in Elk county, where the formatior has

an average thickness of about 55 feet. The base of the
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formation is mapped on the accompanying areal geologic map
(Plate 1) and its line of outcrop is indicated by the symbol

Sp.

Spring Branch limestone member

The Spring Branch limestone was named by Condra (1927)
irom exposures of yellowish to brown weathering, massive,
somewhat chalky limestone on Spring Branch, north of Big
Springs, Kansas. This lower member of the Lecompton lime-
stone was originally referred to by Bennett (1896) as the
"Fusulina" limestone. Moore (1949) states that the member
averages about 5 feet in thickness in northern Kansas and
is represented in southern Kansas by 2 to 3 feet of impure,
sandy limestone which may be nodular and algal in the upper
part.

Lithologic character and thickness.--- In Elk county, the

Spring Branch limestone averages about 4.3 feet in thickness.
In gsec. 7, T 29 S., R. 12 E., the member is well exposed
and consists of two limestones separated by shale with a
total thickness of 4.8 feet. The upper 1.7 foot limestone
bed which is massive, light grey, mottlied, with abundant
Osagia, is separated from the lower 1.5 foot massive, blue-
grey, sandy limestone by a 1.5 foot grey shale. The member
is 6.4 feet thick in sec. 21, T. 28 3., R. 12 E., where it
consists of 3 massive limestones separated by thin slabby to

nodular limestones. In this exposure, the upper limestone
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is dense, blue-grey, algal, and fusulinid bearing. The
middle limestone bed is impure, sandy, mottled, brown to orange
weathering. The lower limestone bed is very algal and mas-
sive, but weathers to irregular slabs.

In general, the member things southward from north-

eastern Elk.county, el

; wevér,/whé;;:;ge member is Highly al
outrxéhigkﬁéﬁues qf/qp/té/s feﬁzigpré obsefved i
utauqua—€ounty.

The member outcrops well, being the first persistent
limestone bed above the Plattsmouth limestone, it forms a
bench which is usually recognizable across Elk county. The
base of the Spring Branch l.mestone is mapped on the accompany-
ing areal geologic map (Plate 1) and its line of outcrop is
indicated by the symbol Sp.

Faung.~-~ The Spring Branch limestone is characterized
throughout its line of outecrop in Elk and-Shautuumus—ceunties-
by the presence of abundant Osagia. Generally, other fossils

are only common locally. The following genera were collected

from several outcrops in Elk dmi—Shautstque counties: Myalina,
Triticites, Neospirifer, Composita, Chonetes, echinoid spines,

and crinoid stens.

Lateral variations found within the Spring Branch lime-
stone are shown in the cross-sections illustrated in Figure 6.
For measured sections of the 3pring Branch limestone, see

sections 14, 17, 19, 20, 23, and 32 at the end of this report.
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Doniphan shale member

The Doniphan shale was named by Condra (1927) from expos-
ures in northern Doniphan county, Kansas. Moore (1936a)
states that the beds which Condra evidently intended to de-
signate as the Doniphan shale consist largely of impure thin
bedded limestones and shales and that the more calcareous
beds are equivalent to part of the Spring Branch limestone
farther to the south. Across Kansas, the member is reported
to vary in thickness from 5 to about 34 feet (Moore, 1951).
Lithologic character and thickness.--- In Elk county, the

Doniphan shale averages about 23 feet in thickness. In sec.
7, Te 29 S., R. 12 E., the member is slightly less than 18
feet thick and consists of grey to light buff sandy to silty
shales, which in its middle part, contain several thin,
greenish-grey sandstones. In sec. 36, T. 29 S., R. 11 E., the
momber# is about 28 feet thick. The upper half of the member
in this locality is mainly greenish-grey, somewhat cross-
bedded, dirty sandstones interbedded with sandy to silty grey
shales. The lower half consists of grey to greenish-grey,

sandy to silty shales.- R e W - \\\i;zg

-
A/

Southward, iﬁ\Chautauqua county, the Doniphan shale thins /?

markodly "asurepan of the ember of 2 to 3 feet were <Zs\
/7 )
obtained(i 3 1 eXposufes
\ \ -

T4 33 8., K. 11\E. It 18 L(
interesting L0 note, that in the areas in Chautauahq\county A;j;“

where the Doniphan shale is thin, the next higher shals;. the
Queeh Hill, gg abnormally thick, being almost 18 feet in some

(/L V’C}Léé\, 2} (z } e [CILL/ T EASY s
/ /

’\'

i



84

cxposurea. In the exposures of the Doniphan shale studied
" 4n chau uqua county, thf member lacks the sandy cLaracter
display in the more ndftherly expoaufea in Elk gounty and

/
,At consi ts/af/blue-grcy, clayey ahatt/yhich in goms places

containsa thin, dirty limestone which is crowded with
Osagia.
Fauna.---~ With the exception of Osagia, no fossils were
collected from the member.

The lateral variations found within the Doniphan shale
are shown in the cross-sections illustrated in Figure 6.
For measured sections of the Doniphan shale, see sections

17, 20, 23, and 32 at the end of this report.

Big Springs limestone member

The Big Springs limestone was named by Condra (1927) from
exposures near Big Springs, Kansas. The member possesses
the lithologic development typical of the "middle" limestone
bed of a Shawnee megacyclothem, being a dark blue, dense,
vertically jointed, massive limestone bed commonly 1 to 3
feet thick. However, in some exposures, the member consists
of 2 or 3 limestones separated by shale partings (Moore,
1936a).

Lithologic character and thickness.--- In Elk county, the

Big Springs limestone averages about 4.5 feet in thickness.
The upper limestone bed is typically a massive, dense, ver-
tically jointed fusulinid bearing limestone. The remainder
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of the member is made up of one or more thin bedded lime-
stones separated by thin shales. The loyormost limestone

of the member is always impure and sandy; in fact, in some
of the exposuree in Chautauqua county, the lower part of the
member iqba calcareous sandstone.

In secs 7, Te29 8., Re 12 E., the Big Springs limee
stone is 5.5 feet thick and consists of an upper 1.5 foot
dark blue-grey, massive, dense, vertically jointed, fusulinid
bearing limestone bed separated from a lower 2.5 foot
bluish, sandy limestone by a 1.5 foot grey clayey shale.

In sec. 36, T. 29 S., Re 11 E., the member is slightly over

L feet thick and contains the following lithologic units, in
descending order: limestone, dense, blue-grey, massive,
fusulinid bearing, weathers with a brownish crust, l.4 feet;
Shale, grey, calcareous with abundant fusulinids, 1.0 feet;
Aimestone, blue-grey, 0.2 feet; shale, grey, clayey, 0.7 feet;

limestone, dirty grey, sandy, impure, dirty yellow to brownish

y,/tﬁb ig Springa 1 -
2.0 feet. In sec: 8 P
\

19’§oprosented y 2.5 feet of \

weathering, 0.8 feet.

Southward, in C .utauq

thin, alabby fusulinid beating limestones interbedded with |

thin shales Lhich,areundorlain by a massive, 1. g,foot, \
brownish limcstone. Tgis is in turn underliin by 0.5 feet

z Wy

of thin-bedded céijiy‘;u‘ sandstone.

N
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Fauna.--- Throughout its outcrop in Elk and Chautauqua coun-
ties, the Big Springs limestone is characteriszed by the
abundant occurrence of the fusulinid genus Iriticites.
Although fusulinids have been found to oocur throughout

t he member, they are by far more abundant in the upper part.
The lower, more impure sandy limestones contain a molluscan
fauna.

The following fossils were collected from outcfops in
sec. 36, T. 29 S., R. 11 B.: Triticites, Chonetes, ith
echinoid spines, and crinoid stems from the upper massive
limestone bed and Hollinella, Bairdia, Cavellina, Myalina,
Leda, Astartella, Pseudosygopleura, Anomphalus, Donaldina,
Bellerophon, Baylia, Streptacis, OGoniasma, Rhombopora,
fenestellid bryoszoans, and many shell fragments from the
lower sandy to silty limestone and immediately overlying
shale. |

The lateral variations found within the Big Springs
limestone are shown in the cross-sections illustrated in Figure
6. For measured sections of the Big Springs limestone, see

sections 17, 20, 23, and 32 at the end of this report.

Queen Hil) shale member

The Queen Hill shale was named by Condra (1927) from
exposures at Jueen Hill, northeast of Rock Bluff, Nebraska.
In the type area, where the member is about 5.5 feet thick,

it consists of an upper bluish argillaceous shale underlain
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by black fissle shale. Although the black fissle part 1g not
commonly found in southern Kansas (Moore, 1949), the twolfold
lithologic subdivision is marked throughout the more northerly
outcrops of the msmber. Across Kansas, the member varies

in thickness from 3 to about 6 fo;£ (Moore, 1951).

Lithclogic gharactcg and thickness.--- In Elk county, the
Queen Hill shale averages about 3.5 feet in thickness. 1In
sec. 36, T. 29, S., R. 11 E., the Queen Hill shale is 5.3
fest thick and consists of dark grey, clayey shale. South-
ward, in Chautauqua county, the Queen Hill shale thickens
consideradly, w?ph the maximum thickness measured being Jjust
slightly under.ié feet. In sec. 5, T. 33 S., R. 11 E.,

the member is well exposed and consists of the following
lithologic units; in descending order: ghale, gray-blue,
blocky, 8.3 feet; ghale, black, fissle, 3.0 feet; limestone,
bilack, shiny, with abundant Crurithyris, 0.2 feet; ghale,
“black, fissls, grading downward into grey, blocky shale,

6.4 feet.

As was mentioned above, the Queen Hill shale thickems to
the south, with the maximum thickness being recorded in the
localities where the underlying Big Springs limestone and
Doniphan shale are abnormally thin.

Fauna.--- The only foasils collected from the Queen Hill
shale were a few conodonts from the black shale and Crurithyris

from the black limestone in Chautauqua county.



88

The lateral variations found within the Queen Hill shale
are shown in the cross-sections illustrated in Figure 6.
For measured sections of the Queen Hill shale, see sections

17, 20, 21, 23, and 32 at the end of this report.

Beil limestone member

The name Beil was proposed by Condra (1930) for the
limestone which Condra and Bengston (1915) had previously
named the Cullom. The substitution was necessary, as the
type section of the Cullom, which had been correlated as a
subdivision of the Lecompton limestone, was discovered to
be equivalent to the VWesterville limestone of the Kansas
City group. The type locality of the Belil limestone is the
Beil farm, south of Rock Bluff, Nebraska.

The Bell limestone represents the wavy bedded "upper"” -
limestone of a typical Shawnee megacyclothem as interpreted
by Moore (1936a). Across Kansas, the member varies in
thickness from about 4 to 15 feet.

Lithologic character and thicknesg.--~ In Elk county, the
Beil limestone averages sbout 9 feet in thickness. In sec.
36, T. 29 S., R. 11 E., the Beil limestone is 9.3 feet thick.
The upper 7 feet are massive to wavy bedded, grey to cream
yellow weathering, fossiliferous limestone of which the
upper foot is algal. A lower Od? foot, blue~-grey, dense
limestone is separated from the upper massive part by a l.5
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foot grey shale. In sec. 7, T. 29 S., R. 12 E., the member
is 10.7 feet thick and consists of 2 feet of thin, irregular
bedded, rich yellow weathering limestone underlaiﬁ by 8.7
feet of light grey, cream yellow weathering, fossiliferous
limestone which is oapecially massive in the upper part.
douthward, ip Chautauqua co the Beil limestone
thiﬁs to an avefﬁgo of about 5 fogf7 In sec. 5,

n. 11 E., the member is 4«2 feet/thick. In }hi’a?posure,
,fthg upper 0. 1

t are mottled, light 5ra§, coarsely crystal-

/ine limestone which westhers to a light buff.ﬁnd contains

pd?é of the member, make € appedrance about 1-foot below

the top.

Fauna.--~ Caninia and Syringo s reported to characterize
the Beil limestone across Kansas, were not found te be ynrtie-
ularly abundant in the exposures studied in Elk county}zhow-
gver, these genera were extremely abundan* in several out-
crops of the member in Chautauqua county. The following

genera were collected from the member in Elk and Chautauqua
counties: Caninia, Syringopora, Triticites, Dunbswimellsa,
Osagia, Crurithyris, NHeospirifer, Dictyoclostus, Derbya,
Chonetesg, Punctospirifer, and Rhombopora.
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The lateral variations found within the Beil limestone
are shown in the cross-sections illustrated in Figure 6.
For measured sections of the Beil limestone, see sections

17, 21, 23, 32, and 33 at the end of this report.

King Hill shale member

The King Hill shale was named by Condra (1927) from
exposures in King Hill, southeast of the Rock Bluff, Nebraaka.
In the type area, the member is blue-green and reddish argil-
laceous shales with a thickness of about 7 feet. In Kansas,
the member varies from about 5 feet in northern outcrops to
a maximum of about 16 feet in southern Kansas (Moore, 1949).
Lithologic character and thickness.--- In Elk county, the
King Hill shale varies in thickness from slightly less than
5 feet to slightly over 10 feet. In sec. 21, T. 30 8., R.

11 E., the member is 10.6 feet thick and consists of gray
to greenish and red clayey shale. The red shale occurs in
two 2 to 3 foot zones in the middle of the member. In sec.

36, T. 29 S., R. 11 E., the member is represented by 5 feet
of blue to greyish shale

» Ry11 E., in-
chaqzﬁ?zgg/ ountly, | ale is on x,slight //ovar/
3 feet thick. ’ -

Fauna .--- With the exception of a few small irregular

algal bodies in the member in Chautauqua county, no fossils

were seen in the King Hill shale.
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The lateral variations found within the King Hill shale
are shown in the cross-sections illustrated in Figure 6.
For measured sections of the King Hill shale, see sections,

17, 22, 23, 32, and 33 at the end of this report.

Avoca limestone member

The Avoca limestone was named by Condra (1927) from an
exposure on the south fork of Weeping Water Creek, 3 miles
east of Avoca, Otoe county, Nobraska; The Avoca limestone
is a dense, bluish, earthy limestone usually occurring in
one or two beds which average about 4 feet in thickness.
Throughout its outcrop belt, the member contains abundant
fusulinids.

Lithologic character and thicknesg.~-~ In Elk county, the

Avoca limestone averages about 8.5 feet in thickness.

In sec. 21, T. 30 S., R. 11 E., the Avoca limestone is cou~
pletely exposed and consiagg of the following lithologic
units, in descending order§/limaatono, 0.7 fest, shelly,

dark grey, one bed; ghale, 0.8 feet, grey~brown, clayey, fos-

siliferous; shale, 1.1 feet, grey, clayey, fossiliferous;

limsstone, 0.9 feet, hard, dense, brittle, vertically
T4 4 g A

a; shale, 1.6 feet, grey to

brown, clayey above to calcareous below, highly foskili-

Wiy,

jointed, with abundant Qibemes

ferous; limestone, 4.1l feet, blue-grey, weathers buff to

brownish, wavy bedded, fusulinds abundant. The most per-

sistent and characteristic element of the Avoca limestone in
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Cugplogrn
Elk county is the dense, hard, Jtfonosia bearing limestone

bed. Although the lower unit of the member is often more

massive, it tends to weather mere readily and is often quite

difficult to distinguish from the other fusulinid bearing

limestones of the Lecompton limestone.
South#%Ld, in chautaqgua”ﬁiﬁhby, the member thins to an

.averagc of’hbout 55 In//ac. 8, T.33 8.,

tho Avoea/limestone is 5.4 % thick and congists of a

3 1/6 footZ massxve, dirty dack grey lifestone bed,

with gﬁun _ +© ",;separa§ed lower 1.7 fopt
slabZ%{:g/ﬁasa bedded, dark grey, fys fnid limest¢ne by
P 06t grey, clay foseiliferous shale.

Faung .-~ In Elk an@f§§§§;nnqnz=caanttns, the Avoca limeséone
is highly fossiliferocus, with abundant Triticites and QOttonosia
being the most characteristic genera. The following fossils
were collected from the Avoca limestone in sec. 21, T. 30 S.,

E. 11 E. an,d | s—

[riticites,

(gl '
igﬁﬁiﬁigég, Hustedia, Punctospirifer, Chonetes, Juresania,
Crurithyris, Rhombopora, Bairdia, Hollinella, Amphissites,

Ammodiscus, Glyphostomella, Amphiscapha, Astartella, Anematina,

fenestellid bryozoans, echinoid spines, and crinold stems and
plates.

The lateral variations found within the Avoca limestone
are shown in the crossesections illustrated in Figure 6. For
measured sections of the Avoca limestone, see secticns 17,

22, 23, 27, 31, 32 and 33 at the end of this report.
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Tecumseh shale

The name Tecumseh was proposed by Beede (1898) for about
75 feet of shale underlying the Calhoun (Deer Creek) lime-
stone. The type section is located near the village of
Tecumseh, Shawnee county, Kansas. Across Kansas, the
formation ranges in thickness from about 70 feet in the north
to about 50 feet in the southern part of the state (Moore,
1949). 1In gmneral, the formation consists of clayey to
sandy shales which locally may contain sgn@stone or a thin
limestone. The subdivisions of the E;rﬁggzgh,as employed by
the Nebraska Geological Survey, are not persistent enough in

Kansas to be recognized as members.

Lithologic character and thickness.--- In Elk county, the

Tecumseh shale averages about 45 feet in thickness. In sec.
10, 7. 30 S., R. 11 E., the formation is about 55 feet thick
and consists mainly of sandy to silty grey shales, red to green
and bluish-grey clayey shales and sandstones. The upper 15

to 20 feet are made up of thin to fairly massive, cross-bedded,
grey sandstones which weather to buff or reddish. A thin

0.4 foot limestone (0st?) occurs about 12 feet above the

base of the formation. The shale below the (0st?) limestone
is more clayey than above and contains occasional calcareous
nodules and plates. Pelecypods are common in the upper part

of this shale, in & zpme just below the (Ost?) limestone.

cmy&@}«yﬁf\y

9 feet of
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“ and grey to eilowinh sandy ‘shale,
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red to greenish clayey shale-separated below from about 23
feet of yellow to buff blocky|shale, which i

fih the upZEiyffw feet, by abgut 10.5 feet of grey stone

fossiliferous

Faung.--- For the most part, the Tecumseh shale is unfos-
silifcrous{ however, Chonetes, Juresania, and Myalina were
found about 20 feet above the base of the formation in the
exposure described above from Chautauqua county. Myalina
was found in considerasble abundance below the (0st?) lime-
stone in sec. 10, T. 30 S., Ke 11 E. The (Ost?) limestone
contains Bairdia, Joneéina, small gastropods, productid
spines, crinoid stems, and many small shell fragments.

The lateral variations found within the Técumaeh shale
are shown in the cross-sections illustrated in Figure 7.
For measured sections of the Tecumseh shale, see sections

15, 16, 23, 27, 30 and 31 at the end of this report.

Deer Creek limestone

The Deer Creek system was named by Bennett (1896) from
26.5 feet of limestones and shales exposed on Deer Creek,
east of Topeka, Kansas. Haworth (1898), in a stratigraphic
table of the Coal Measures of Kansas, listed the Deer Creek
limestone as a member of the Shawnee formation. The Beer
Creek limestone 1s very persistent, having been traced from

Iowa southward into Oklahoma. Across Kansas, the formation
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varies in thickness from 20 to about 80 feet, averaging about
LO feet (Moore, 194k). .. .

.

In Elk county, 76 _paer)Creek limestone, with all the
members present, 1,/55 to 60 fest thick. The formation is
well exposed and

e uppor( massive Ervine Creek limestone
member forms a very pronounced scarp which trends northeast
across east-central Elk county. The base of the Ervine
Creek limestone is mapped on the accompanying areal geologic
map (Plate 1) and its line of outcrop is indicated by the
symbol E.

The members cf the Deer Creek limestone recognized in
Kansas are, in ascending order: Ozawkie limestone, Oskaloosa
shale, Rock Bluff limestone, Larsh~-Burroak shale, and Ervine

Creek limestone.

Ozawkie limestone menber

The Ozsawkie limestone was named by Moore (1936a) from
exposures near pzawkie, Jefferson county, Kansas. This
"lower Deer o;::k" limestone was named the Rock Bluff lime-
stone by Condra (1927). Moore (1936a) states that in the
type locality, the Rock Bluff limestone possesses the lithology
of a "middle" limastdne of a typical Shawnee megacyclothem
and that the limestone is equivalent to the "middle Deer
Creok" limestone of Kansas. Therefore, Moore concluded

that the lower limestone was unnamed and proposed the name
Ozawkie for it.
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Across Kansas, the Ozawkie is a massive bedded, somewhat
impure, sandy, locally fossiliferous limestone averaging about
5 feet in thickness.

Lithologic character and thickness.--- In Elk county, the
Osawkie limo;tono averages about 2.5 feet in thickness.

In sec. 35, T. 29 S., R. 11 E., the members is 2.2 feet thick
and consists of two limestones separated by a thin grey-
brown shale. The upper bed is a dark grey, massive, algail,
fusulinid bearing limestone which possesses an irreguiar
base. The lower bed is a blue-grey to mottied, buff weather-
ing, fusulind bearing limestons. In sec. 29, T. 28 S., R.

12 8., the member is 3.1 feet thick and congists of three
masgsive beds of light grey, mottied, orange to buff weather-
ing, algal, fusulinid bearing limestone. Ia exposuUre—in

u}ecf/s. « 11 E.,/in’ChtzjzzgggeréififJth;mcmber
is 3.5 fe “ah made up ree thin limestones

! ’///W T
, and yel)@{iﬂkﬁalea.

jgﬁﬁma.---zrinicites and Osagia are the most common fossils
fourd in the Ozawkie limestone in Elk county. The following

separated by red,

fossils were collected from the member in Chautauqua and
Elk counties: Iriticites, Osagia, Tetrataxis, Cavellina,
Bairdia, Juresania, Composita, Rhombopora, Aviculopi R
echinoid spines and bases, ¢rinoid stems and plates, and
small gastropods.

The lateral variations found within the Osawkie lime-

stone are shown in the cross-sections illustrated in Figure 7.
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For measured sections of the Ozawkie limestone, see sections

15, 16, 23, 27, 30 and 31 at the end of this report.

Oskaloosa shale member

The shales, immediately above the limeutono_(ﬁock Bluff)
which Condra considered to be.the "lower Deer Creek" lime-
stone in Nebraksa, were named the Larsh shale by Condra
(1927). However, as stated above, the Kock Blufi limestone
of G&hg}; is actually the "middle” limestone of the Deer
Creek megacyclothom; therefore, the name lLarsh shale is
applicable only to the shale intervel between the "middle"
(Rock Bluff) and the "upper" (Ervine Creek) limestones.
Moore (1936a) proposed the term Oskaloosa shale for the
interval between the “lower Deer Creek™ limestone (Ozawkie)
and the "middle Deer Creek" limestone (Rock Bluff of
Contira). The type section is located near Oskaloosa,
Jefferson county, Kansas.

The member is bluish-grey to yellowish clayey shale,
which contains minor amounts of siltstone in northern Kansas.
In southern Kansas, the member becomes 8 sandy, micaceous
shale in which occasienal thin nodular limestones are pre-
sent. Across Kansas, the Oskaloosa shale varies from 5 to
10 feet in the north to about 25 feet in the south (Moore,
1949).

Lithologic character and thickness.--- In Elk county, the

Oskaloosa shale averages about 28 feet in thickness. The
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member is composed mainly of reddish clayey shales in which
minor amounts of green clayey shale, sandstones and local
imestones occur. In some of the outcrops studied, in the
upper part of the member sandstones and sandy shales are the
dominant lithology. In sec. 29, T. 28 S., R. 12 E., the
Oskaloosa shale is 34 feet thick and contains the following
lithologic units, in ascending order: shale, 29 feet, red
© green or purple, clayey to sandy, with thin greenish-grey
sandstone plates occurring 12 and 28 feet above the base;
Shale, 5 feet, grey-brown, algal, with a few calcareous
streaks in which fusulinids are present near the top. 1In
sec. 35, T. 29 S., R. 11 E., the member is 23 feet thick.

in thia‘exposure, the top and bottom of the member are not
expoaedfﬁhowever, starting about 6 feet below the top, 7 to
8 feet of buff, micaceous, fine grained, cross-bedded sand-
stones and buff sandy shales are exposed. In sec. 9, T. 30
Sey Re 11 E., the member is 28 feet thick, containing an 8
foot covered interval, probably shale, followed downward by
20 fset of reddish clayey shale in which a 4 foot limestone
occurs about 2.5 feet above the base. The limestone is highly

algal, very irregular, greenish to dark grey, and weathers

light grey to almost white. A simil ccurreg f algal
limcttonouia”€ﬁe loyar partlgffﬁﬁz/;;:zzoesésha

. 33.8., R. 11 B{, Chautaug
//'

served in sec. 5,

e, algal, greenish-grey Admestone occhrs

about l.2 feet above the base of the member.
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Fauna.--- In general, with the oxqpption of Osagia, the
Oskaloosa shale is unfossiliferous; however, the following
fossils were collected from the upper 2 to 3 feet of the
member in sec. 29, T. 28 3., R. 12 B.: Iriticites, Bairdia,
echinoid spines and bases, and small, i{rregular, buff to
white algal bodies.

The lateral wariations found within the Oskaloosa shale
are shown in the cross-sections illustrated in Figure 7.
For measured sections of the Oskaloosa shale, see sections

15, 16, 23, 27, and 30 at the end of this report.

Rock Bluff limestone member

The Rock Bluff limestone was named by Condra (1927)
from exposures in the Nissouri River bluffs, northeast of
Rock Bluff, Nebraska. In Nebraska, Condra applied the
teram Rock Bluff to the lower beds of the Deer Creek limestone.
Moore (1936a) studied the type section of the Rock Bluff
limestone and concluded that the Rock Bluff limestone of
Condra was equiValent to the "middle Deer Creek" limestone
of Kansas. It is in this stratigraphic sense that the name
is employed in Kansas.

The member possesses the lithologic development that has
coms to re regarded as that of a typical "middle” limestone
of a Shawnee megacyclophem; a single, blue, dense, hard,
vertically Jjointed limestone bed. Across Kansas, the ncﬁbor

is remarkably uniform, varying from 1 to 2 feet in thickness.
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Lithologic character and thicknesg.--- In Elk county, the
Roek Bluff limestone varies from l.5 to 2,0 feet in thick-

ness. In sec. 35, T. 29 S., R. 11 E., the member is 1.5
feet thick and is a dark blue, dense, hard, brittle, ver-
tically Jjointed, massive, fusulinid bearing limestone bed.
In sec. 9, T. 30 8., R. 11 E., the member is 2 feet thick,
dense, blue, brittle, vertically Jjointed limestone which has
a tendency to split about in the middle. The limestone
weathers into sharp, angular blocks.

Fauna.--- Jriticites is the most numerous and characteris-
tic fossil of the Hock Bluff limoaton0¥!howtvor. in most
exposures Crurithyris, Juresania, and other shell fragments
are present.

The lateral variations found within the Rock Bluff lime-
stone are shown in the cross-sections illustrated in Figure
8. For measured sections of the Rock Bluff limestone, see
sections 15, 27, and 30 at the end of this report.

Larsh-Burroak shale member
The term Larsh shale was introduced by Condra (1927)

for exposures on the Larsh farm, northeast of Union, Nebraska.
The member consists of grgillacooua, bedded shale which is
black and fissle in the lower part. The term Burroak was
proposed by Condra and Reed (1937) to replace "Mission Creek”
(Condra, 1927), as the latter was found to be equivalent to
the Larsh shale of Nebraska. The Burroack shale is bluish-
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grey, argillaceous, and fossiliferous. 1In Nebraska the Larsh
shale is separated above from the Burroak shale by the
Haynies limestone (Condra, 1927).

Apparently, southward from Nebraska, the Burroak shale
thins and finally wedges out entirely as the Haynies lime-
stone coalesces with and becomes the lower part of the Ervine
Creek limestone (Condra and Reed, 1937). Moore (1949) states
that the shale interval between the Rock Bluff and Epvine
Creek limestones in central and southern Kansas seems to
be the exact equivalent of the Larsh shale, Haynies lime-
stone, and Burroack shale of Nebraska and refers to it as the
Larsh-Burrcak shale.

There is some question in the mind of the writer in
rqéardn the appropriatness of the use of the name Larsh-Burr-
oak shale in Xansas. If, as Condra and Reed (1937) suggest,
that the Haynies limestone, in northern Kansas, coalesces
with the lower Ervine Creek limestone and can ot be dis-
tinguished south of fhe point where the Burroak shale wedges
out, the Haynies limestone and the Burroak shale should be
considered as a northward equivalent of the lower part of
the Ervine Creek limestone. If nhisi;: the case, the black
fissle and bluish argillaceous shales which underlie the
Haynies limestone in Nebraska, the Larsh shale, in more
southerly areas simply underliies the Ervine Creek limestone,
the base of which contains limestones equivalent to the Haynies
limestone farther north which are overlain directly by the



105

main body of the Ervine Creek limestone. With the Burroak
shale having wedged out, differentiation of the two lime-
stones apparently becomes imposaible. Follq!?ng this,

t Y

# o
(S TATR S

teney  further, it would seem that the Larshzaurroak is a ~
misnomer for the shale in southern and central Kansas and
that the name Larsh shale would be more appropriate.

The use of the name Larsh-Burroak for the shale between
the Rock Bluff and Ervine Creek limestones in southern and
central Kansas suggests that the Haynies limestone is a more
or less lenticular limestone which wedges out and disappears
southward from Nebraska, allowing the two distinct shales,
the Burroak and the Larsh, to come together and form a mutual
Wt non-divisable shale south of the point where it (the
Haynies limestone) disappears. This, however, was apparently
not borne out by the field studies of Condra and Reed (1937,
1943) .

Lithologic character and thickness.--- In Elk county, the
shale between the Ervine Creek and Roek Bluff limestones
averages about 3 feet in thickness. In a typical exposure
of the member, in sec. 9, T. 30 S., R. 11 E., it is 2.8
feet thick, containing an upper grey to bluish-grey, clayey
shale which 18 1.6 feet thick and a lower 1.2 foot interval
of black fissle shale.

Fauna.--- The only fossils collected from the member were

the following conodont genera: Hindeodella, Lonchodina,
Streptognathodus, and Cavusgnathus. The above genera were
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collected from the black fissle part of the member in sec.
9, T« 30 S., R. 11 E.
For measured sections of the member, see sections 27

and 30 at the end of this report.

Ervine Creek limestone member

The Ervine Creek limestons was named by Condra (1927)
from exposures on Ervine Creek, northeast of Union, Cass
county, Nebraska. In Kansas, the member i3 composed mainly
of massive, wavy bedded, light grey to whitish or bluish-
grey, fossilifercus limestone from 5 to 32 feet thick. A
less persistent, variable unit often overlies the main wavy —
bedded part of the member. This upper unit ranges from a
featheredge to about: 6 feet in thickness and varies locally,
being either algal, coquinoid, nodular, fine grained,
or sandy (Moore, 1951). The relationship of the Haynies
limestone of Nebraska to the basal part of the Ervine Creek
limestone of Kansas is discussed under the Larsh-Burroak

shale.

Lithologie character and thickness.--- In Elk county, tho/*'/ -
Ervine Creek liunotonowﬂkh\g/Eﬁiqggii;\otﬂupitacszstgct.’/in\\ffiﬁir
an excellent exposure in the gquarry just northeast of Moline, [(((
the Ervine Creek limestone contains the following lithologic

units, in aacondinngrd 3

tons, 21 feet, fossiliferous,
lower part light grey, rseqly c ta%iino, very massive,

with occasional wavy, }thin, dark shale partings, upper & to —
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5 feet are darker grey, dense, with more pronounced wavy

bedding and more Dropingnt shale partings; limestone and shale,

nodular limestoné in the middle; limestone, 5.5 feet, light

grey, dense, weathers light buff, fine grained, thin wavy
beds separated by thin grey-brown shales.

Across Elk county, the Egvine Creek limestone holds up
a wide bench which is terminated along its eastern margin
by one of the most pronounced scarps in the county. The
base of the Ervine Creek limestone is mapped on the accompany-
ing areal geologic map (Plate 1) and its line of outcrop
is indicated by the symbol E.

The member is quarried mortheast of Moline, where one
of the largest quarries in southsastern Kansas is located.
Fauna.-=-- The Ervine Creek limestone iz highly fossilifer-
ous and is characterized in the lower part by robust speci-
mens of Triticites and phe up ’part by small slender 6
Triticites, numerous wel fp es fenestellid bryozoana,// ‘;CZ\
and Phricudothyris.

The following fossils were collected from exposures of
the member in sec. 12, T. 31/\8.g Re 10 E. and sec. 12, T.
30 8., R. 10 E.: g;;g;citgg;10an1nig,‘Lpphopézélgg, Syrin-

gopora, Punctospirifer, Neospirifer, Crurithyris, Composita,
Hustedia, Phricodothyris, Marginifera, Derbya, Bairdis,




’ 108

Hollinella, Jonesina, Cavellina, Amphissites, Kirkbya,
Cavusgnathus, Streptognathodus, Temtularia, Ammodiscus,
Glyphostomelia, Tetrataxis, Pharkidonotus, Shansiella,
Stegocoelia, Rhombopora, fenestellid bryosoass, fish teeth,

echinoid spines and bages, trilobite pygidia, and crinoid
stems.

For measured sections in which the Ervine Creek lime-
stone is present, see sections 27, 30, 34, 35, and 64 at the
end of this report.

Calhoun shale

The Calhoun shale was named by Beede (1896, from ex-
posures at Calhoun Bluffs, about three miles northeast of
Topeka, Kansas. In the type area, the formation attains a
thickness of about 45 feet. 1In northern Kansas, the Cal-
houn shale is mainly sandy to clayey shales and sandstones
in which minor amounts of limestone and coal occur. South-
ward from the type area, the formation thins until it is
locally absent near the Oklahoma bbnndary (Moore, 1951).

Lithologic character and thickness.--- In Elk county, the
Calboun shale is represented by - veriab;o thickness of
sandy to silty and clayoy,;f el 1/ nﬁﬁod shales in which
thin limestones are locally pre . he Calhoun shale is
fossiliferous locally, especially in the lower part. In the
sections of the formation studied, the Calhoun shale was
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found to wary from about 1.5 feet up to a maximum of about
9.5 feet. In sec. 12, T, 30 8., R« 10 E., the fommation is
2ely feet thick and conéiat of silty, blue, finely laminated
shales which are streaked with red and orange and in which
séveral thin, grey, calcageous sandstones are present.

In sec. 2, T. 31 8., R. 10 E., the formation consists of

l.4 feet of grey, blocky, clayey shale.

Fauna.--- The folloying Tosstls were collected from the lower

o™

part of the format¥eh in sée. 1%. T. 31 8., R. 10 E.:

Chonetes, Agghiacapga, fenestellid bryozoans, and

c¢rinoid stems.
The lateral variations found within the Calhoun shals are

E

shown in the cross-sections illustrated in Figure 8. For
measured sections of the Calhoun shale, see sections 34, 35,

64, and 66 at the end of this report.

Topeka limestone

The Topeka limestone was named by Bennett (1896) from
outerops in the vieinity of Topeka, Kansas. Where the forma-
tion is completely developed, it contains nine distinctive
members, of which the lowest is the thickest and the most
persistent (Moore, 1951). Across Kansas, the formation
varies from about 33 feet in the northern part of the state
to about 55 feet in the south.

The members of the Topeka limestone, in ascending order

are: Hartford limestone, lowa Point shale, Curzon limestone,
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Jones Point shale, Sheldon limestone, Turner Creek shale,
DuBois limestone, Holt shale, and Coal Creek limestoune.

In Elk county, the Topeka limestone averages aboﬁii?%fii\
feet in thickness. In the exposures of the formation
Elk county, only the Coal Creek and Hartford limestone mem-
bers were considered to be definitely recognizable. However,
possible correlations of the other mewmbers are discussed in
the following description of the forwation in Elk county.

The base of the Coal Creek limestone member is mapped
on the accompanying areal geologic map (Platél) and its line

of outerop is indicated by the symbol To.

ford lgmostono member;
( LA e LG

The Hartford limoatone was named by Kirk (1896) from
exposures noaY{Hartford, Coffey county, Kansas.

is a massive, lygkffsigr-gr b : ;vary.

is characterized by hone
Lithologic character

Hartford limestone /Eyout 4 feet thick and consists of
massive, dark grey,

: ,/ #andy 8 h becomes very sandy
in the more southeyly e Lountys—In sec. 12, T. 30

Se, Rs 10 E., the member is 4.0 feet thick and is a massive,

In Elk 6ounty, the

sandy, dark grey, mottled limestone in which brachiocpods,
especially Neospirifer, are & irly coumon. In sec. 2, T.
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31 S., R. 10 E., the Hartford limestone is represented by
L.l feet of b to grey, mottled. very sandy liwestone which

in the middle/an er parvs 7etain sandstone and sandy
3m 1€

Fauna .~-- The fo ls were identified in the

ke LU E.: abundant Heospirifer,

and rare Iriticives.
fround within the Hartiord

member in sec./lZ2, Se

Leadnochonchus,

The lateral ¢ variations
limestone are shown in the cross-sections illustrated in
Figure 8. For measured sections of the Hartford limestone,
see sections 35 and 66 at the end of this report.

lowa Point shale member

The Iowa

nt shale member was named by Condra (1927)

bh6/ ioaouri River bluffs immediately

from exposurgs’

southeast of ¢t

The member thins and disappeafs|south of Topeka (Moore, 1951).

In Elk county, the Curgon limestone directly overlises

the Hartford limestone and the Iowa Point shale is migsing.
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Curzon limestone member

The "Curszen® limestone was named by Gallaher (1898)
from exposures scutheast of [Forest City, Missouri. Condra

{(1927) named the "Curzen" limestone as the lower member of

the author of th ’
was unidentififable hel s :tgcfthat the type locality

Curzen), Missouri.

{

Across Kansas, the Curzof limestone consists of bluish-
y limestone which varies froa
5 to about 12 feet in thicknegs (Moors, 1949).

Lithologic character and tidckness.--- In Elk county, the

grey, brown weathering, mass

Curzon limestone is about( 1l foot thick. The member directly
overlies the Hartford limed{one as the Iowa Point shale is
missing in Elk county. In sep. 2, T. 31 S., R. 10 E., the
member is l.1 feet thick, masgive, dark blue-grey, grey
weathering, fossiliferous limestone.
Pauna.--- The Curzon limgstone contains numerous large
Iriticites, Rhombopora, fengstellid bryozoans, echinoid spines
and plates, and trilobite fragments.

The lateral variationsl found within the member are shown
in the cross-gections 1llu:&rated in figure 8. For measured
sections of the Curszon lime;tone, see sections 35 and 66 at

the end of this report.
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Jones Peoint 3hale member

A
/

The Jones Point hale was named by Condra (1927) from
exposures at Jones Peint, 4 miles east of Union, Cass county,
Nebraksa. In Hebraska, the member is a bluish-grey, argil-

liferous shale in which thin

laceous to calcareous, fo
fossiliferous limeston&s occur. Across Kansasg, the member
averages about 5 fedt in thickness and is a calcarecus to

silty or clayey shale whieh locally contains nodular or

consists
of blue to grey or greenish aNd brown clayey ie, in which
thin, platy, impure limestongs occur. In s
He 10 E., the interval is /& buff to grey ¢alcareous shale
which is 2.6 feet thick and in which thin, platy, impure,
brown weathering limestones are present.

Moore (1949) correlates) 10 to 15 feet of shale in
Elk county with the Jones Point shale of northern and central
Kansas. However, the only part of the Topeka limestone which
contains such a great thickneds of shale is found above the
Osagia bearing limestones, here tentatively correlated with

the Sheldon limestone.
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Fauna.~~- The following fossils were collected from the
beds here correlated With the Jones Point shale, in sec. 2,
T. 31 S., R. 10 E.: Jonesina, Hollinella, Triticites,

Composita, Derbya, Juresania, Anomphalus, Astartells,
trilobite fragments,

d erinoid stems.
For measured sections of the Jones Point shale, see

sections 35 and 66 at the end of this report.

Sheldon mestone member

The Sheldon limestofie was numed by Condra (1930) from

quarry esposures east jof Newhawka, Nebyaska.

In Kansas, the 8héldon limestone/is/a massive, light

o
éaying limestone

" In

horizon (Moore, 1949).
Lithologic character a
county which is heré referred to as the Sheldon limestone

feet in thickness. The unit
regular %o thin beds of mottled

knegss.~~~- The limestone in Elk

averages slightly less than
consists of three er four
grey to buff or bluish,/dense, somewhat algal limestone. In
sec. 6, T. 30 S., R. 11 E., the Sheldon limestons is 3 feet
thick and congists of bluish, grey to buff weathering,
Osagia bearing limestone., In sec.ll, T. 31 8., K. 10 E.,
the unit is 2.9 feet thilck and consists of thin, irregular

bedded, dirty grey, brownish weathering limestone.
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Faung.~-- The limestone e tentatively corrélated with
the Sheldon limestone of nofthern Kansas containwwggggggggg,
Myalina, Composita, rarg Iriticites, QOsagia, Rhombopora,
Aviculopecten, fenestellid bryozoans, trilobite parts, and
echinoid apinca_and plates.

rated in Figure 8 show the
within the Topeka limestone in

The cross-sections illus
lithologic variations fo
Elk county and a possibly¢ correlation of the members between
Elk county and northern(Kansas. For measured sections of
the Sheldon limestone, sed-gections 35, s 65, and 66 at

tie end of this report.

Turner Crgek- Hol

The Turner Creek shale was named by C dra/(l927) from
exposures on Turner Creek, scoutheast oﬁ/D Bois, Pawnee
county, Nebraska. In Kansasj it is a l e to grey, clayey
to calcareous shale which A8 mainly unfossiliferous. The
member is 1 to 5 feet tHick in northern Kansas and beds in
southern Kansas which h n correlated with the Turner
Creek shale are 12 to 15 feet/thick (Moore, 1949).

The Du Bois limestone/was named by Condra (1927) from
the same locality as the (Turner Creek shale. In Kansas,
the member is dark grey or greenish-blue, fine grained,
vertically jointed limestond which in northern Kansas is 0.5
to 2 feet thick. The membér has not been recognized south

of Topeka (Moore, 1949).
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The Holt shale was naxed by Condra (1927) from exposures

Missouri, where it is 2-3 feet

near Forest City, Holt coun
thick and consists of bluish<geey, argillaceous shale in the
upper part and black, fisgle shale below.

The relationship ofl the upper named members of the

Topeka limestone in northérpn Kansas to the rocks occupying

a comparable interval in Ell county are not c¢learly under-
stood. Seemingly, southwafd from Topeka, the identity of
these members is lost dug to the non-persistent character of
the limiting or bounding\limestones. Accordingly, I refer
tc these undifferentiated beds in Elk county as Turner

Creek - Holt shale to indicate that they occupy the same
relative stratigraphic posftion as the defined members to the
north. Although I have jlever studied the exposures of the Topeka
limestone between Elk cqunty and Topeka, the literature reports
that there is a southward digappearance of the diagnostic char-
acteristics which are used in distinguishing the nine members
of the formation farther to fhe north. The above lateral
change, seemingly, would mgke precise correlations between
the two areas a dubious proportion. However, a somewhat
detailed study of the Topeka I{mestone in Elk county has
revealed that although thickngsses of the members vary con-
giderably from those in norghern Kansas, the lithologic
development 1s similar enough to warrant making a suggested
correlation of these upper T9peka beds. A suggested correla-

tion bstween the members in northern Kansas with comparable
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beds in Elk county is shown in the cross-settions illus-
trated in Figure 8. </

S

Lithologic character and thickness.--- In Elk county, the

interval between the Sheidon and Coal Creek limestone averages
about 23 feet in thickness. In T. 31 S., R. 1V E., the
interval consists of the following lithologic units, in
ascending onder: shale (Turner Creek shale ?), up to 0.5
feet, blue-grey, clayey silty; limestone (Du Bois lime-
atone 7), O.4 to O.8 feeét, dark blue to dark grey, dense,
tough, hard, vertically ted, locally it resembles the
"middle" limestone of a Shawnee megacyclothem,_ Lingula and
Jonesina common; shale (HoXt shale ?), 17 to 22 feet, green-
ish-grey to dark blue or/almost black, locally coaly in
lower part, upward the s e becomes blue-grey to buff or
yellowish, highly foaailifeiii:, with thin, platy, fossili-
ferous limeatones becoming rous in the upper part.

Fauna.--~- The shale her¢ referred to with question as the

Turner Creek shale contains Bairdia, Jonesina, khombopora,

Triticites, and many shell gments, The Du Bois limestone

(?7) contains abundant Lir and Jonesina. The Holt shale

(?) is extremely fossilifgfous, with the upper part being

characterized by abundant der, small Triticites,
Rhombopora, and many productid brachiopods. The following
fossils were collected from the upper part of the Holt shale
(7) in sec. 11 and 12, T. 3i 6., ke 10 E., sec. 12, T. 30 8.,

Ke 10 B., and sec. 6, T. 30 S., ks 11 k., and represent only
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the most common genera:
Marginifera, Hustedia, Ech A
Chonetina, Dialasma, Compos
Septimyalina, Yoldia,
Euphemitesg, Bairdis,

The lateral variations

» Chonetes, Rhombopora,
onchus, Dictyoclostus,
, Astartella, Myalina,
elderophon, Worthenia, Amphiscapha,
nug, and Paradelocrinus.

ound in this interval are shown

in the cross-sections illystrated in Figure 8.

For measured sections

35, 55, 64, 65, 66, and 67

his interval, see secticna

the end of this report.

Coal Creak limestone member

The Coal Creek limestone was namned by Corndra (1927)
from exposures on Coal Creek, north of Union, Cass county,
Nebraska. In northern Kansas, the msmber is a blue-grey
limestone and nodular shale or dark blue, massive, brown
to blue-grey weathering limecstone which varies from 2 to 5
feet in thickness (loore, 1951). The Coal Creek limestone
shows a tendency to thin wavy beds, which characterize the
"upper" limestone of a typical Shawnee megacyclothem.

Lithologic character and thickmess.--- In Elk county, the

Coal Creek linestone varies from about 5.0 to 8.5 feet in
thickness: The wmember consists mainly of dark grey to
brownish, buff to grey weathering, fusulinid bearing lime-
stone which 18 usuaily wavy bvedded. In sec. 12, T. 30 S.,

R. 10 E., the Coal Creek limestone is 5 feet thick. The
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upper few beds are rather thin, grey to light grey, and
contain numerous Triticites and Osagia. Lower, the member
is blue-grey, buff to grey weathering, wavy bedded,
fusulinid bearing limestone. The basal few feet are more
massive than beds above and contain numerous brachiopods.
Fauna.~-~ The Coal Creek limestone is characterized by

abundant, large Triticites. The rollowing fossils were

collectsd from the member in sec. 12, T. 30 S., R. 10 E.:

Triticites, Osagia, Derbyg, Chonetes, Hustedia, Juresania,

khombopora, echinold spines, and crinoid stems.
The lowermost bed in sec. 11, T. 31 S., R. 10 E., con~

tains Amphiscapha, Myalina, Euphemites, Fharkidonotus, and

many small high-spired gastropods.

The Coal Creek limestone outcrops well and forms a re-
cognizable bench across most of Elk county. The base of the
Coal Creek limestone is mapped on the accompanying areal
geologic map (Plate 1) and its line of outerop is irdicataed
by the symbol To.

The lateral variations found within the Coal Creckx lime-
stone are shown in the cross-sections illustrated in Figure
8. For measured sections of the Coal Creek limestone, see

sections 35, 64, and 65 at the end of this report.
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Wabaunsee group

The Wabaunsee formation was named by Prosser (1895)
to include about 575 feet of rocks from the "Csage coal™
(Nodaway coal in Aarde shale) to the base of the Cottonwood
limestone. Haworth (1898) redefined the base of the forma-
tion by raising it to the base of the Burlingame limestons.
doore (iS32) redefined the wabzunsee group to include the
beds between the top of the Topska limestcne to the base of
the americus limestone. Condra (1935) further restricted
the Wazbaunsee group by lowering the top of the group to the
top of the Brownville limestone. loore (1936a) defined the
group «s couprising the beds betweer. the top of the Topeka
limestone and the base of the unconformity at the base of
tie Towie shale.

across Kansas, the lWabasunsee group coid ists cf zlternat-
ing limeston¢ and shale formatious whichk have a combined
thickness of sbout 500 feet. Vhere the Indian Cave sand-
stone cuts out the upper beds of the group, the thickness
is somewhat reduced.

In Elk county, the Wabaunsee group is slightly less
%in 450 feet thick. With the exception of the formations
which occur between the Elmont and Dover limestones in
other parts of Kansas, hero represented by a relatively thin
shaly interval, all of the recognized formations of the group
are present in Elk county. Thegroup outcoops in a broad belt

covering approximately one fourth of Elk county. The eastern
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margfn of the outcrop belt runs nerth-northeast through the
center of the county. The western margin is more irregular,
terminating in the lower slopes of the Flint Hills. The
base and top of the group are mapped on the accompanying
areal geologic map (Plate 1). The base is mapped at the

base of the Severy shale and its line of outcrop is indicated
by a dashed line identified by the symbol §. The top of the
group is mapped at the top of the Brownville limestone and
its line of outcrop is indicated by the symbol Bv. A gen-
eralized section of the rocks of the Wabaunsgee group is

illustrated in Figure G.

Severy shale

The 3every shule was named by Haworth (189%8) frouw ex-
posuras at Severy, Greenwood county, hansas, which counsist
of 50 to 7, ifeet of shale occurring vetween the Howard and
14lk Falis" (Topeka) limestones.

Across Kansas, the Severy shaie is 70 to 80 feet thick

and consists mainly of yellow-brown to bluish-grey sandy shale.

Lithologic character and thickness.--- In Elk county, the
Jevery shale is sbout 70 feet thick and 19 conposed of grey
to buff, silty to sandy, micaceous shaleg;Which locally, in
the upper part, contain nodules and lenses of hard, bluish
siltstone and thin sandstones. The lower part of the shale
is usually finely laminated grey silty to sandy shale which

contains occasional yellowish or bluish streaks. Vertical
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jointing is fairly common in the lower half of the formation.
In sec. 11, T. 30 S., R. 11 E., the lower 5 to 10 feet are
red to grey clayey shale. Southward from Howard, the upper
part of the Severy shale contains bluish, mottled siltatones
which are sufficiently reaistent to form the tap rock for
several hills lying out boyo?d the outcropping edge of the
Howard limestone. Genorally;hovovcr, the Severy shale
forms a slope, the upper part of which is held up by the
resistent limestones of the Howard limestone formation. The
lower part_of the Severy slope merges gently with the soil
covered dip slope of the Topeka limestane and gﬂs usually
obscure and difficult to define precisely. However, as it
was deemed advisable to map the group boundaries, the base
of the Severy shale was mapped and its approximate line of
outcrop is shown by a dashed line on the accompanying areal
geologic map (Plate 1) which is identified by the symbol S.
Fauna.--- No fossils were seen or collected from the forma-
tion. ‘

Foraheaaured sectiong of the Severy shale, see section

41 at the end of this report.

Howard limestone

The Howard limestone was named by Haworth (1898) from
exposures of a thin limestone near Howard, Elk county, Kansas.
Where the formation is completely developed, it con-

sists of three limestone and two shale members, ranging in
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thickness from 8 to 30 feet (Moore, 1951). The formation re-
presents cyclic deposition, which is considered by Moore
(1936a) to be intermediate between the typical megacyclothem
of the Shawnee group and the simpler cyclothems of the
Wabaunsee group.

The recognized members of the Howard limestone are, in
ascending order: Bachelor Creek limestone, Aarde shale,
Church limestone, Winseler shale, and Utopia limestone.

In Elk county, all of the members of the Howard lime-
stone are present and the formation has an average thickness
of between 11 and 12 feet. Across the county, the formation
holds up a rather prominent aébﬁb, due to its resistence to
erosion and its position directly above the thick and more
readily weathered Severy shale. The base of the Howard
limestone is mapped on the accompanying areal geologic map
(Plate 1) and its line of outcrop is indicated by the symbol
H.

Bachelor Creek limestone member

The Bachelor Creek limestone was named by Moore (1932)
from exposures on Bachelor Creek, about 5 miles east of Eureka,
Kansas. In southern Kansas, where the member is best known,
it is a hard, bluish-grey, somewhat sandy limestone usually
less than 4 feet thick.

Lithologic character and thickness.--- In Elk county, the

Bachelor Creek limestone averages siightly less than 3.5 feet
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in thickness. In sec. 25, T. 29 S., R. 10 E., the member is
3.4 feet thick and is composed of light to dark blue, blotchy,
silty, siightly micaceous, hard, massive limestone which
weathers dark grey to buff. In sec. 9, T. 30 8., R. 10 E.,
the member is 4 feet thicx and consists of massive, light
blue, dense, buff weathering, silty limestone.

Fauna.-~-- The member is generally quite unfossiliferous
and what few fossils are found are poorly preserved. The
following fossils were collected from several outcrops in
the county: Myalina, Dictyoclostus, small gastropods,
crinoid stems, and echinoid spines.

The base of the Bachelor Creek limestone is mapped on
the accompanying areal geologic map (Plate 1) and its line
of outcrop is indicated by the symbol H. The lateral varia-
tions found within the Bachelor Creek limestone are shown
in the cross-sections illustrated in Figure 10. For measured
sections of the Bachelor Creek limestone, see sections 40,
41, 42, 43, and 62 at the end of this report.

Aarde shale member

The Aarde shale was named by Moore (1932) from exposures
on the Aarde farm in sec. 4, T. 26 S., R. 11 E., Greenwood
county, Kansas.

Across Kansas, the member is blue-grey to yellowish-
grey, clayey to aéndy shale which contains a persistent coal

(Modaway) and black fissle shale. Commonly, there is a thin,
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dense, vertically jointed lLimestone just below the black
fissle shale. The Nodaway coal varies from a few inches up
to 2 feet in thickness and has been traced from Oklahoma
north into Iowa and Nebraska. The Aarde shale ranges in
thickness from 2 to about 15 feet (Moore, 1951).

Lithologic character and thickness.--- In Elk county, the

Aarde shale ranges from 1.6 up to over 5 feet in thickness.
In sec. 25, T. 29 S., R. 10 E., the member is 1.6 feet thick
and consists of O.4 feet of dark grey clayey shale underlain
by a 0.2 foot coal, followed downward by 1 foot of greenish
underclay and yellowish shale. In sec. 16, T. 30 S., R. 10
E., the member is incompletely exposed but the following
lithologic units wore exposed, in ascending order: underclay,
1.3 feet, yellow to greenish, waxey; coal, 0.5 feet; ghale,
0.5 feet, grey; limestone, 0.3 feet, dark grey, hard,
weathers to light grey; shale, 1.2 feet, black, fissle;
shale, 0.4 feet, grey, clayey.

In Elk county, the limestone within the Aarde shale
was not found in sections studied north of T. 30 S. The
ceal and underclay were found to be very persistent, with the
coal varying from 0.2 to 0.6 feet in thickness.
Fauna.--- Parts of the Aarde shale are foasiliferous and
the following fossil zones were found to occur within the
member in Elk county:

The black fissle shale in sec. 16, T. 30 S., R. 10 E.,
contains Streptognathodus, Cavusgnathus, Crurithyris, and
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rare specimens of Hustedia.
The upper part of the shalie in sec. 5, T. 29 S., R. 11
E., contains Bairdia, Amphissites, small Triticites,

Rhombopora, Chonetes, Crurithyris, Punctospirifer, fenestellid

bryosoans, and c¢rinoid stems.

The thin limestone in sec. 16, T. 30 S., R. 10 E. and
sec. 15, T. 31 S., k. 10 E., contains Chonetes, Hustedia,
Lophophyllum, and many small shell fragments.

The lateral variations found within the Aarde shale are
shown 1n the cross-sections illustrated in Figure 10. For
measured sections of the Aarde shale, see sections 40, 41,

42, 43, Lk, and 62 at the end of the report.

Church limestone member

The Church limestone was named by Condra (1927) from
exposures on the Church farm, southeast of Du Bois, Nebraska.
In Kansas, the Church limestone is commonly one massive
bed of blue to grey, brown weathering, "Cryptozoan" limestone
which varies from 1.5 up to 6 feet in thickness {(Moore, 1951).
Lithologic character and thickness.--- In Elk county, the
Church limestone averages about 2 feet in thickness. In
sec. 16, T. 30 S., R. 10 E., the Churrh limestone is 2.5
feet thick and cgnsinta of massive, light blue, rich-brown
weathering, Ottemesia limestone. In sec. 15, T. 31 S., R.

10 E., the member consists of two massive beds of dark blue,
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hard, dense, buff weathering, fusulinid bearing limestone
with a combined thickness of 1.8 feet.

In Elk county, the Church limestone is the most prominent
member of the Howard limestone. Its massive character, algal-
fusulinid fauna, and bright brown to buff color makes field
identification of the Church limestone relatively certain.
Fauna.--- The Church limestone is the most fossiliferous
member of the Howard limestone. The following fossils were
collected from the member in sec. 25, T. 29 S., R. 10 E.:

Triticites, Bairdia, Amphissites, Hollinella, Donaldina,
Anomphalug, Punctospirifer, Crurithyris, Choneteg, Hustedia,

Dictyoclostus, Neospirifer, Rhombopora, and crinoid plates

and stems.

The lateral variations found within the Church limestone
are shown in the cross-sections illustrated in Figure 10.
For measured sections of the Church limestone, see sections

Lz, &3, &b, and 62 at the end of this repport.

Wingeler shale member

The Winseler shale was named by Moore (1932) from ex-
posures on the Winzeler farm, sec. 4, T. 26 8., R. 11 E.,
Greenwood county, Kansas. Across Kansas, the member is
blue-grey to yellowish, calcareous to clayey shale which
varies from 3to 8 feet in thickness (Moore, 1951).
Lithologic character and thickness.-~-- In Elk county, the

wWingeler shale is very thin, having a maximum thickness in
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the sections studied of slightiy less than 2 feet. In sec.
16, T. 30 S., R. 10 E., the member is 1.6 feet thick and
consists of yellow-brown clayey shale. In many of the out-
crops, the member is reduced almogt to a shale parting be-
tween the Church and ovarlyinglfﬁgﬁi; limestones. Because of
the outcropping characteristics of the upper members of the
Howard limestone, the Winzeler shale is poorly exposed and
congequently is not well understood.

For measured sections of the Wingeler shale, see sections

4l and 62 at the end of this report.

Utopla limestone member

The Utopia limestone was named by Moore (1932) from
exposures Jjust east of the village of Utopia, Greenwood
county, Kansas, Across Kansas, the member consists of grey
to brown, locally coquinoid limestone which varies from
about 1 to 16 feet in thickness (Moore, 1951).

Lithologic character and thickness.--- in Elk county, ths
Utopia limestone averages about 5 feet in thickness. Ig

sec. 16, T. 30 S., R. 10 E., the member is well exposed and
is composed of 4.8 feet of dark blue to grey, rust-brown
weathering, thin to irregular bedded limestone which in the
upper part is almost a coquina of Osagis and shell fragments.
In sec. 11, T. 29 S., R. 10 E., the member is 4.7 feet thick
and consists of dirty grey, buff to bright orange weathering,

irregular thin bedded limestone.
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Fauna.--- No collections were made from the Utopia lime-
stone{'howcver, in sec. 16, T. 30 8., R. 10 E., the member
contains pelecypods, gastropods, productid brachiopods,
Osagia, abundant echinoid spines, bryoszoans, and crinoid steus.
Composita, Chonetes, and Crurithyris were found in other
exposures in the county.

The lateral variations found within the member are
shown in the cross-sections illustrated¢ in Figure 10. For
measured sections of the Utopia limestone, see sections L2,

L4, and 62 at the end of this report.

White Cioud shale

L

The White Cloud shale was named by Condra (1927) from
exposures west of White Cloud, Doniphan county, Kansas.
In this description, Condra included the beds between the
Howard and Rulo limestones in the White Cloud shale. Condra
(1930) restricted the White Cloud shale to the beds between
the Howard and Happy Hollow limestones.

Across Kansasg, the White Cloud shale varies from 30 to
80 feet in thickness and is composed of blue-grey to yellow-
ish~brown, clayey to sandy shale which locally contains
sandstones and conglomerates (Moore, 1951).
Lithologic character and thickness.--- 1In Elk county, the
White Cloud shale is about 50 feet thick. The formation is
well exposed in sec. 16, T. 30 S., R. 10 E., where it con-
tains the following lithologic units, in ascending order:
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shale, 19 feet, lower part covered, upper part clayey to
silty, finely laminated; limestone, O.4 feet, dark grey to
black, single bed, fossiliferous; ghale, 0.1 foot, grey to
dark grey, calcarog:f;4;%§§g§ggg, 0.9 feet, silty, dark grey,
shelly, with black gttemesia; shale, 30 feet, grey to yellow-
ish-grey, micaceous, finely laminated, sandy in upper part,
vertical Jointing present in middle and upper parts.
Faung.--~ 1In general, the main body of the formation is
unfossiliferous; however, the limestones and intervening
shale inryhe g;zipn described above contains the foilowing
foseils: » abundant Lophophyllum, Dictyoclostus,
Derbya, Hustedia, Bairida, Hollinella, Ammodiscus, Cavusgnathus,
and crinoid and echcnoid plates and fragments.

For measured sections of the White Cloud shale, see

sections 44 and 45 at the end of this report.

Happy Hollow limestone

The Happy Hollow limestone was named by Condra (1927)
from exposures at the mouth of Happy Hollow Creek, north-
eastern Doniphan county, Kansas. The Happy Hollow limestone
wag at that time included in the White Cloud shale. Condra
(1930) restricted the white Cloud shale to the beds below
the Happy Hollow limestone and classed the latter as a mem-~
ber of the Scranton shale. Hkoore (1936a) concluded that if

consistent procedures of classification and nomenclature
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were to be followed, the members of the Scranton shale should
be classed as formations.

In Kansas, the Happy Hollow limestone is a persistent,
nassive, pinkish-brown linestone charscterized by large
fusulinids and which loca’ly is oolitic or algal. The thick-
ness of the formation varies from 1 to 8 feet (Moore, 1951).

Lithologic character and thickness.--- In Elk county, the

Happy Hollow lifsstone varies from 2 up to over 10 feet in
thickness{ however, it is most commonly about 3 feet thick.
In sec. 27, T. 28 S., R. 10 E., the member is 3.7 feat thick
and ié composed of light grey to pinkish-brown or "salmon"
colored, fusulinid bearing limestone which is masgsive in
lower part to irregular bedded above. 1In sec. 8, T. 30 S.,
ke 10 E., the formation is slightly less than 11 feet thick
and consists of light grey to buff limestone which is massite
in its lower part and very irregular bedded in its upper part.
The member at this locality is very algal. In most exposures,
the Happy Hollow limestone is Q;ono or two pinkish-brown,
magsive beds which are crowded with large, robust specimens
of Triticitesand fune Dusburinelle

The Happy Hollow is a fairly consistent outcropping

unit and it usually forms a minor but recognizable bench
across the county. The base of the formation is mapped
on the accompanying areal geologic map (Plate 1) and its
line of outcrop is indicated by the symbol Hh.
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Fauna.-~- The Happy Hollow limestone is characterized by

abundant large specimens of Iriticites. Other fosuilax ﬁumﬁuu%Jéﬁg:J
commonly found in the formation are: Crurithyris, Rhonbogg;g,wf’””
Osagla, fenestellid bryozoans, and echinoid spines.

For measured sections of the Happy Hollow limestone,

see sections 44, 45, and 61 at the end of this report.

Cedar Vale shale

The Cedar Vale shale was named by Condra (1930) from
exposures near Cedar Vale, Chautauqua county, Kansas. Across
Kansas, the formation varies from 16 to about 60 feet in
thickness and consists of blue to yellow-brown, clayey to
sandy shale and sandstone in which the persistent Elmo ceal
occurs near thc top.

Lithologic character and thickness.--- In Elk county, the
Cedar Vale shale is about 30 feet ghiék,and consiats of grey
to grey—ﬁfdkxclayey shale which becomes sandy upward and
locally passes into a grey to rust brown, thin to somewhat
cross bedded, fine grained sandstone. The upper part of

the formation contains the thin but persistent Elmo coal.

The coal is 2 to 3 inches thick and is separated from the
overlying Rulo limestone by from 1 to 8 inches of grey fos-
siliferous shale. 7
Fauna.--- The Cedar Vale shale is generally unfossiliferous;

. however, the thin shale above the coal and below the overlying
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Rulo limestone contains the following fossils: _Rhombopora,

Crurithyris, Punctospirifer, Composita, Neospirifer, Chonetes,

Astartella, Leda, Euphemites, Worthenia, Donaldina,
Meekospira, and crinoid plates and stems.

Forémeasured section of the Cedar Vale shale, see sec- -

tion 45 at the end of this report.

Hulo limestone

The Rulo limestone was named by Condra and Bengston (1915)
from exposures north of ﬁulo, Richardson county, Hebraska.
Across Kansas, the formation is a bluish-grey, light brown,
fossiliferous limestone from 1 to 4 feet thick.
Lithologic character and thicknesg.--- In Elk county, the
Rulo limestone averages slightly less than 1 foot in
thickness. In sec. 5, T. 31 S., R. 10 E., the Rulo limestone
is 1.2 feet thick, dirty grey, brown weathering, shelly
limestone which is algal in its upper part. In sec. 1§ T. 29
S., R. 10 B., the Rulo limestone is 0.6 feet thick, shelly,
dark grey, and sparingly fossiliferous.
Fauna.~-- The Rulo limestone is sparingly fossiliferous.
The following fossils were collected from the formation in
sec. 5, T. 31 3., R. 10 E.: QOsagia, Dictyoclostus, Worthenia,
Neospirifer, echinoid spines, and crinoid stems.

The lateral variations found within the Rulo limestone

are shown in the cross-sections illustrated in Figure 10.
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For measured sections of the Rulo limestone, see sections 36

and 38 at the end of this report.

Silver Lake shale

The Silver Lake shale was named by Beede (1898) from
exposures near Silver Lake, Shawnee county, Kansds. In the
original description, the Silver Lake shale was defined as
including the beds between what are now known as the Elmo
coal and the Burlingame limestone. Condra (1927) restricted
the Silver Lake shale to the beds between the Rulo and Burlin-
game limestones.

Across Kansas, the Silver Lake shale is a grey to yellow
clayey shale which contains impure platy limestones, sandy
shales, and sandstones in which one or more coals are found.
The thickness varies from 4 up to 45 feet (Moore, 1951).
Lithologic character and thickness.v-- In Elk county, the

Silver Lake shale averages about 40 feet in thickness. The
formation consists of thin, platy, impure, pelecypod bearing
limestones and shales in its upper part, to sandy, grey,
micaceous shales with thin sandstones and sandy concretions
balow. In the northern part of the county, a thin coal is
present about 15 feet below the top of the formation. Ver-
tical jointing is common in the lower part of the forma-
tion in most outcrops.

The Silver Lake and Cedar Vale shales crop out as a

long grassed over slope between the bench forming Burlingame
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and Happy Hollow limestones. The position of the Kulo lime-
etone is marked by a very minor break in the slope about
midway between the Happy Hollow and Burlingame limestones.
Fauna.--- The following fossila were collected from the
thin limestones and shales in the upper part of the formation,
in sec. 27, T. 28 S., R. 10 E.: Aviculopecten, Myalina,
Derbya, Dictyoclostus, Juresania, Gonpiasma, Worthenia,
Pharkidonotus, Rhombopora, Bairdia, Jonesina, and Hollinella.
The lateral variations found within the Silver Lake

shale are shown in the cross-sections illustrated in Figure
10. For measured sections of the Silver Lake shale, see

sections 36, 38, 39, 45, and 47 at the end of this report.

Burlingame limestone

The Burlingame limestone was named by Hall (1896) fyom
exposures of an 8 foot shelly to massive linestone just west
¢f Burlingame, Kansas. Across Kansas, the formation is a
brownish, fine grained, hard, massive limestone which is
algal in the upper part and fusulinid bearing below. The
thickness of the formation variea from 2 to 16 feet (Moore,
1v51).

Lithologic character and thickness.--- In Elk county, the

Burlingame limestone averages about 3 feet in thickneas,
The formation is thinner and somewhat more massive in the

northern part of the county. In sec. 27, T. 28 S., R. 10 E.,
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the formation is 2.1 feet thick and consists of bluish to
brown, light brown weathering, massive limestone which 1s
algal in its upper part and contains numerous small
Triticites in its lower part. To the south, in sec. 18, T.
31 8., R. 10 E., the Burlingame limestone is 4.3 feet thick
and consists of an upper 1.7 foot, algal, buff to brown
limestone separated below from a thin bedded, grey mottled,
brown weathering, 2.0 foot fusulinid bearing limeatone by
a 0.9 foot grey to buff, calcareous, algal shale.

The Burlingame and Wakarusa limestones, in Elk county,
are separated by a thin shale (Soldier Creek shale) and as a
consequence they outcrop almost as a single unit. The com-
Hned limestones form a definite bench which is readily traced
across Elk county. The base of the Burlingame limestone is
mapped on the accompanying areal geologic map (Plate 1) and
its line of outcrop is indicated by the symbol B.
Fauna.--- The Burlingue limestone is characterized by the
occurrence of numerous Osagia in the upper part and by numer-
ous small Triticites in the lower part. The following
fossils were coliected from the formaticn in sec.6, T. 31 S.,
e 10 E. and sec. 27, T. 28 S., ke 10 E.: Aviculopecten,
Asvartella, Osagia, Tetrataxis, Triticites, Choneges,.
Entelates, hhombopori, crincid stems, and many shell fragments.

The lateral variations found within the Burlingame lime-
stone are shown in the cross-sections illustrated in Figure
10. For measured sections of the formation, see sections 39,

L5, 46, 47, and at the end of this report.
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Soldier Creek shale

The name Soldier Creek was used by Beede (1898) for about
40 feet of shale above the "Stanton" limestone and below the
Wakarusa limestone. HMoore (1936a) states that the original
Wakarusa limestone of Beede is actuslly the Reading limestone
and that the Wakarusa limestons, as now defined, was included
ia the upper part of Beede's "Stanton" limestone. Condra
{1927) used the name Soldier Creek shalie for the shale inter-
val between the Burlingame limestone and the beds known as
wakarusa limestone. Because the name has been extensively
used in this stratigraphic sense, the name is retained,
igépite of the fact that it now refers to a shale stratigraphic-
ally below the one originally designated by Beede. Moore
(1936a) considers this a case where usage takes precedence
over priority.

Across Kansas, the2 Soldier Creek shale is a blue-grey,
clayey to sandy shale which locally contzins a coal in the
upper part. The thickness waries from 1 up to about 25 feet
(Moore, 1951).

Lithologic character and thickness.--- In Elk county, the

Scldier Creek shale averages slightly less than 3 feet in
thickness. In sec. 27, T. 28 8., R. 10 E., the formation

is 2.6 feet thick and consists of blue-grey clayey shale.

In sec. 6, T. 31 3., R. 10 E., the Soldier Creek shale is
3.4 feet thifk and is composed of bluish-grey to bluish-green
clayey shale which is streaked with yellow.
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Faupa.--- The formation in Elk county is only sparingly
fossiliferous. Shale samples collected from several out-
crops contain Hollinella, Bairdia, Textularia, and crinoid
stems.

The lateral variations found within the Soldiers Croek
shale are shown in the cross-sections illustrated in Figure
10. For measured sections of the Scldiers Creek shale, see

sections 39, 45, 46, and 47 at the end of this report.

Wakarusa limestone

The Wakarusa limestone was named by Beede (1898) from
exposures south of Auburn, Kansas. Moore (1936a) states
that this limestone, identified in the type locality, is
equivalent to the lower Emporia (Reading) limestone. Condra
{(1927) applied the name Wakarusa to & limestone about 25
feet above the Burlingame limestone in Nebraska, which when
traced southward into Kansas, was found to be the upper part
of Beede's "Stanton" limestone. Moore (1936a) favors retain-
ing the Wakarusa limestone as employed by Condra because of
the extensive use of the term in that sense.

Throughout Kansas, the wWakarusa limestone varies from
2 to 18 feet in thickness and consists mainly of dark blue,
hard, dense, brown weathering, fossiliferous limestone.
Locally, the formation may possess thin algal or moliuscan

limestones above and below the more persistent unit.
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Lithologic character and thicknepg.--- In Elk county, the

Wakarusa limestone averages about 5 feet in thickness.

In sec. 18, 7. 31 S., R. 10 E., the formation is 7.7 feet
thick and is composed of an upper light blue, dense, hard,
%ggggg;ig bearing limestone in two beds separated by grey
shale whi is separated beldw from thin bedded, light aluc,
denso]ﬁg!!g;ag-zggtigieos bearing limestones by a 3.5 foot
grey to dark grey shale. To the north, in T. 28 S., the forma-
ation is thinner and somewhat more massive in character.

In sec. 22, T. 28 S., R. 10 E., the Wakarusa limestone is

2 feet thick and consists of blue-grey, dense, brown weather-
ing, algal-fusulinid bearing limestone.

Fauna.--- The following fossils were collected from the
Wakarusa limcatone}ig sec., 6, T. 31 S., R. 10 E.: Triticites,

-

Dictyoclostus, adeia, Dialasma, Streptognathodus, echinoid

spines, crinoid plates and stems, small high-spired gastro-
pods, and a few spongelike bodies which may be Somphosopongia.
The Wakarusa limestone can be distinguished from the

i

underlying Burlingame l{z:zggng&§n Elk county by the larger
Iriticites and abundant Gtteppeia which occur in the former.
The lateral variations found within the Wakarusa lime-
stone are shown in the cross-sections illustrated in Figure
10. For measured aections of the Wakarusa limestone, see

sections 39, 45, 46, 47, and 53 at the end of this report.
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Auburn shale

The iuburn shale was named by Beede (1898). The term
was applied to 8 to 20 feet of shale between the Wakarusa
and Elmont limestones, near Auburn, Kansas. Moore (1936a)
states that the Wakarusa limestone of Beede is the lower
Emporia limestone and that the limestone Beede called the
Elmont is equivalent to the upper Emporia limestone. There-
fore, the Auburn shale as originally definod, applied to the
shale within the Emporia limestone. Condra (1927) used the
name Auburn for the shale between the beds now known as the
Reading and Wakarusa limestones. In 80 doing, he applied
the name to the shale originally named the Soldier Creek by
Beede (1898){ however, Moore (1936a) favors retaining the
name as employed by Condra as he considered that greater
importance should be attached to the extensive usage in
recent literature than to the priority claims of the unused
and rather obscure original definition.

Across Kansas, the Auburn shale is a complex unit of
shale, thin sandstones, limestones, conglomerates, and local
coals which vary in thickness from 20 to 70 feet (Moore,
1951).

Lithologic character and thickness.--- In Elk county, the

Auburn shale averages slightly less than 4O feet in thickness.
The formation is highly variable, consisting of red, grey,

brown, and blue-green, clayey to sandy shales in which thin
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blue limestones grey, bedded to nodular siltstones, and buff
to brownish "boxwork" limestones occur. The formation is
variable from exposure to exposure and the reader is referred
to the measured sections in the rear of the report for the
detailed lithology of the various sections studied.

The Auburn shale forms a long, usually grassed over slope
between the bench forming Reading and Wakarusa-Burlingame
limestones.

Fauna.v~- The Auburn shale is fossiliferous in part, with

the thin limestones and shales in its middle and lower parts
being almost coquinoid in iome localities. The following
fossils were collected from the formation in seec. 7, T. 29 S.,
R. 9 E. and sec. 22, T. 28 S., R. 10 E.: Derbya, Septimyalina,
Myalina, Juresania, Linoproductus, Chonetes, Acligtochara,
Hollinella, Cavellina, Amphissites, Bairdia, Tetrataxis,

Textularia, Hindeodella, Cavausgnathus, Rhombopora, fenestel-
1id bryozoans, fish teeth, holothurian parts, and crinoid

plates and stems.

The lateral variations found within the Auburn shale are
shown in the cross-sections illustrated in Figure 11. For
measured sections of the Auburn shale, see sections 37, 46,

47, and 53 at the end of this report.
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Reading limestone

The Reading limestone was named by Smith (1905) from
xposures near Reading, Lyon county, Kansas. Beede (1898) used
the name anarusa for what may be the limestone later named
the Roadingiiif 80, Beede's name should have priority. How-
ever, Condra (1927) used the name Wakarusa for a somewhat
lower limestone in which stratigraphic sense, the term
Wakarusa has gained widespread acceptance. Moore (1936a)
concluded that usage should have precedence over priority in
this case and that Condra's definition of the Wakarusa lime-
stone should be retained. Further, because the Emporia lime-
stone of Kirk (1896) can not be precisely determined in the
outcrops around Emporia, priority dicdtates that the name
Reading, proposed by Smith, should be the logical name for
the limestones immediately above the Auburn shale.

Throughout Kansas, the Redding limestone varies from
1.5 up to 15 feet in thickness and consists of a persistent,
blue, hard, dense, vertically Jjointed, fusulinid bearing
limestone which locally may be both overlain and underlain by
thin algal or brachiopod bearing limestones.

Lithologic character and thickness.--- In Elk county, the
Reading limestone averages about 6 feet in thickness. In
sec. 19, T. 31 S., R. 10 E., the formation is slightly less
than 5 feet thick and consists of an upper 2.5 foot, blue,
dense, vertically jointed, massive, fusulinid bearing lime-

stone, separated below from a mottled, irregular bedded,
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algal, buff weathering, 1.6 foot limestone by a 0.6 foot
grey shale. Northward, the Reading limestone thickens to

a maximum of about 10 feet. The added thickness is due, in
most instances, to the appearance of two or three thinner
limestones below the main dense, massive unit. However,

in T. 28 8., there is a 4 foot, thin bedded, algal limestone
which occurs above the main massive Reading limestone unit.
In sec. 2, T. 30 S., R. 9 E., the formation consists of an
upper 2.3 foot, blue-grey, dense, massive, vertically Jjointed,
fusulinid bearing limestone which is separated below from 5
feet of thinner bedded, grey, algal or brachiopod bearing
limestones and shales by a bluish-grey to bluish-black shale
which is 2.6 feet thick.

The Heading limestone outcrops as a distinct bench which
is readily identified across Elk ceunty, The base of the
Reading limestone is mapped on the accomﬁanying areal geologic
map (Plate 1) and its line of outerop is indicated by the
symbol kK.

Fauna.--- The massive, vertically jointed unit of the Read-
ing limestone contains abundant Triticites and rarer speci-
mens of Crurithyris, Juresania, Punctospirifer, trilobite
parts, and crinoid stems.

The lower beds, in sec. 19, T. 31 S., K. 10 E., contain
abundant large crinoid stems, Rhombopora, Triticites,
Amphigsites, Bairdia, rare Streptognathodus, Composita,

Punctospirifer, Chonetes, Juresania, and algae.



17

Some of the lateral variations found within the Reading
limestone are shown in the cross=sections illustrated in
Figure 1ll. For measured sections of the Reading limestone,
see sections 37, 46, 47, 48, 51, 52, and 53 at the end of
this report.

Harveyville shale

The name Harveyville was used by Moore (1934) for the
shale interval between the Reading and Elmont limestones.
The type locality, near Harveyvillie, Wabaunsee county,
Kansas, and formal description were given by Mogro in 1936.

Across Kansas, the Harveyville shale varies from 1 to 25
feet in thickness and consists of blue and greenish-brown,
clayey to sandy shales and thin sandstones which locally
contain a thin coal (Moore, 1951).

Lithologic character and thickness.--- In Elk county, the

Harveyville shale averages about 9.5 feet in thickness. In
the southern part of the county, in sec. 17, T. 31 8., R. 9
E., the formation is 7.7 feet thick and consists of 5.8 feet
of blue-grey clayey shale with limonitic concretions separated
below from 1.5 feet of greenish-grey to reddish shale by a

0.4 foot, buff to orange, nodular to "boxwork" limestone.

In sec. 13, T. 31 S., R. 9 E., the Harveyville shale is
slightly over 10 feet thick and is composed of algal grey

shale which grades downward into blue-grey, micaceous, silty



148

to sandy shale which is streaked wiﬁh orange and contains a
few small limonitic concretions. Farther to the north, the
Harveyvilie shale becomes very sandy and contains a thin coal
in the lower part. This is shown in sec. 2, T. 30 S., R. 9
E., where the Harveyville shale is 8 feet thick and consists
of blue-grey clayey shale above, which lower becomes very
sandy and contains athin, lenticular, grey to buff, fine
grained sandstone about 2.5 feet above the base. A thin
coal, about 1 inch thick, occurs about 1.5 feet below the
sandstone. The interval between the coal and the underlying
algal top of the keading limestonse consists of about a
foot of dark blue to black shale.
Faung.~-- The Harveyville shale is only sparingly fossili-
ferous, with algae, and a few specimens of bryozoans and pro-
ductid brachiopods being the most common fossils.

The lateral varistions found within the Harveyvilie
shale are shown in the cross-sections illustrated in Figure
1l. For measured sections of the Harveyville shale, see

sections 37, 47, 48, 52, and 53 at the end of this report.

Elmont limestone

The Elmont lime8iene was named by Beede (1898) from
exposures of a 1 to 2 foot fossiliferous limestone near Elmont,
Shawnee county, Kansas. The Elmont limestone is believed‘to
be the upper part of the Emporia limestone of Kirk (1896);

however, because the limestones referred to by Kirk are not
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definitely known in the type area, the name Elmont is applied
to the limestone immediately above the Harveyville shale.
Across Kansas, the Elmont limestone varies from 1 to 15
feet in thickness and consists of a persistent dark blue,
massive, fusulinid bearing limestone which locally may be over-
lain and underlain by coquinoid or conglomeratic limestones
(Moore, 1951).
Lithologic character and thickness.--- In Elk county, the
Elmont limestone has a maximum measured thickness of aslightly
over 5 feet. The member changes markedly in lithology and
faunal content across the county. In the more northerly
outerops, as in sec. 2, T. 30 S., R. 9 E., the formation is
slightly less than 2 feet thick and consists of bluilsh to
dirty grey, buff weathering, somewhat maasive limestone which
contains abundant, long, slender fusulinids. Southward, in
sec. 19, T. 31 S., R. 10 E., the Elmont limestone is about
5 feet thick and is composed of bluish-grey, thin bedded,
slightly cross-bedded, somewhat conglomeratic, highly
crinoidal limestone in which no fusulinids were found.
Fauna.--- The faunal change, from a dominantly crinoidal
limestone in the extreme southern portion of the county to a
fusulinid bearing limestone in the more northerly outcrops,
is one of the most striking paleontologic changes found to
occur in the limestones of the Wabaunsee group in Elk county.
The more northerly outcrops of the formation contain

long slender Triticites, Juresania, Rhombopora, Enteletes,
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grurithyris, Chonetes, Punctospirifer, trilobite fraguents,

and crinold stems.

In T. 31 8., the formation is almost a coquina of
V4

crinoid stems; however, small gastropods, Myalina, rare

Usagia, fenestellid bryozoans, and small shell fragments
are found throughout.

The lateral variations found within the Elmont lime-
stone are shown in the cross-sections illustrated in Figure
11l. For measured sections of the Elmont limestone, see

sections 37, 47, 48, 52, 53, and 54 at the end of this report.

Wiliard-Langdon: shale

The Willard shale was named by Beade (1898) from ex-
posures of shale near Willard, Shawnee county, Kansas. In
the type area the shale interval between the Elmont and
Tarkio limestones i3 about 55 feet thick.

The Langdon shale was named by Condra and Reed {1943)
from exposures southeast of Langdon, Missouri,and is applied
to the shale interval between the Maple Hill and Dover lime-
stones.

In northern Kansas, the interval between the Elmont and
Dover limestones is about 100 feet thick and contains the
following formations, in ascending order: Willard shalc,
Tarkio limestone, Wamego shale, Maple Hill limestone, and
Langdon shale. Southward, the Maple Hill and Tarkio lime-
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stones disappear (Moore, 1936a) and the combined shales,
which can no longer be differmntiated, are referred to as the
Willard-Langdon shale. The interval thims gradually to the
south until it is only about 15 feet thick in Chautauqua
county (Moore, 1951).

Lithologic character and thickness.--- 1In Elk county, the

Willard-Langdon shale is very thin, averaging about 9 feet

in thickness. Although the lithology of the interval is
quite variable, there is a persistent coal, the Nyman, which
occurs in its upper part. In sec. 14, T. 31 S., R. 9 E.,

the Willard-Langdon shale consists of 1.5 feet of grey to
brown shales and thin, grey, flaggy limestone underlain by a
0.3 foot coal and 0.5 feet of bluish-grey underclay. Below
the underclay, the interval contéins 4.6 feet of greenish-grey,
olocky to finely laminated, clayey shale which is streaked
with yellow and orange. 1In sec. 2, T. 30 S., R. 9 E., the
Wiliard-Langdon shale is 10.7 feet thick and contains the
following lithologic units, in descending order: shale, 0.7
feet, brown, with abundant pelecypods; ghale, l.4 feet,
highly calcareous, buff to grey, fossiliferous; g¢oal, 0.2
feet; limestone, 0.5 feet, thin bedded, dark grey, with abun-
dant plant remains; coal, 0.2 feet; limestoneg, 0.3 feet, dark
grey to purplish, nodular, with plant remains; ghale, 2.6
feet, blue-grey, clayey, with a thin coal streak 0.7 fest
below the top; limestone, l.4 feet, orange to buff, earthy,

"boxwork"; ghale, 3.4 feet, greenish-grey, clayey, with small
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limonitic concretions in the upper part.

Fauna.--- The interval is fossiliferous in part, with the
following genera being collected from the shales immedlately
above the Nyman coal in sec. 2, T. 30 S., R. 9 E.: Myalina,
Derbya, Neospirifer, @composita, Punctospirifer, Juresania,

Hollinella, Bairdia, Amphissites, Jonesina, Textularia,

Baylea, Rhombopora, and erinoid stems and plates.

The lateral variations found within the Willard-
Langdon shale are shown in the cross-sections illustrated in
Figure 1ll. For measured sections of the Willard-Langdon
shale, see sections 50, 52, 54, and 60 at the end of this

report.

Dover limestone

The Dover limestone was named by Beede (1898) from ex-
posures near Dover, Shawnee county, Kansas. The formation is
represented by a single limestone bed in northern Kansas, by
a limestone or calcareous sandstone in central Kansas, and
by three limestones separated by shales in southern Kansas.
The thickness ranges from 1 to about 25 feet, being thickest
in southern Kansas where shales make up a major portion of

t he thickness (Moore, 1951).

lithologic character and thickness.--- In Elk county, the

Dover limestone averages about 21 feet in thickness. The
formation consists of three thin limestones separated by

grey, brown, and greenish-grey shales. The latter are cal-
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careous to clayey and locally fossiliferous. The upper lime-
stone is an algal (Osagias), blue-grey, thin bedded, brownish
weathering limestone between 2 and 3 feet thick. The middle
Imestone, which is the most characteristic unit of the Dover
limestone in Elk county, is & single bed of dark grey, slabby
weathering limestone, which in every outcrop ;tudied, was
found to contain abundant black colored g4serowia and slender
Triticites. The lower limestbne averages about 1.7 feet
i thickness and is & massive, dense, dark blue, buff to
bright orange weathering limestone which containa abundant
specimens of (honetes.

The limestones of the Dover form a low but recognizable
bench across Llk county. The base of the Jover limestone
is mapped on the accoumpanying areai geologic map (Plate 1)
and its line of outcrop 1s indicated by the symbol L.
fauna.--- The limestones and parts of the shales of the
Dover limestone are fossiliferous. The following fossils
were collected from the various indicated units of the forma-
tion in Ilk county: upper limgggggg; Osagliz, brachiopods
and gastropodsy ghale between upper and middle limestone
beds, 5 feet above base in sec. 14, T. 31 S., K. 9 E.:b
Ammobaculites, Teteataxis, Ammodiscus, Hollinella, Amphissites,
Bairdia, Streptognathodug, Crurithyris, Chonetesg, Chonetina,
Hustedia, Juresania, Punctospirifer, Marginifera, Composita,
Dictyoclostus, Derbya, Qitgmqugg, abundant holqt%yrian discs,
and crinoid stems and plates! middle limestone; Otbhenesia,
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slender Triticites, Crurithyris, Hustedia, Neospirifer, small
gastropods, and crinoid stems; shale between middle and
Jlower limestone beds: Hollinella, Bairdia, Deckerella,
Chonetes, Worthenia, Amphiscapha, and ghombopgrai lower

limestone bed; Chonetes, Neospirifer, Echinochonchus, Juresania,
Worthenia, Amphiscapha, Donaldina, rare Triticites, echinoid

spines, and crinoid stems.

The lateral variations found within the Dover limestone
are shown in the cross-sections illustrated in Figure 1l1l.
For measured sections of the Dover limestone, see sections

49, 50, 52, 54, 60, 63, and 83 at the end of this report.

Dry shale

The Dry shale was named by Moore (1936a) from exposures
of shale on Dry Creek, southwest of Emporia, Kansas. The
name applies to the shaly beds between the Jover and Grand-
haven limestones. Throughout most of Kansas, the formation
consists of grey to reddish or green, clayey to sandy shales
which vary from 3 to about 20 feet in thickness. In southern
Kansas, the formation contains a thin coal in the upper part
(Moore, 1936a).

Lithologic character and thickness.--~ In Elk county, the

Dry shale averages about 7 feet in thickness. In sec. 15,

T. 31 S., R« 9 E., the formation is slightly less than 7
feet thick and consists of grey to brown shale with a thin
coal 1.5 feet below the top. In sec. 27, T. 29 3., kK. 9 E.,
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the Dry shale is 6.5 feet thick and consists of grey shale
with a thin coal 2 feet below the top.

Fauna.-~- The following fossils were collected from the up-
per part of the shale in sec. 15, T. 31 S., R. 9 E.: Myalina,
Hollinella, Cavellina, Bairdia, Donaldina, Worthenia, Euphem-
ites, Bellerephon, Leda, Rhombopora, Punctespirifer, and

crinoid stems and plates.
For measured sections of the Dry shale, see sections

L9, 50, and 83 at the end of this report.

Crandhaven limestone

The Grandhaven limestone was named by Moore (1936a)
from exposures near Grandhaven, Shawnee county, Kansas. The
formation is not definitely known north of the Kansas Hiver,
but southward, the formation is persistent and consists of
two relatively thin limestones separated by shale. The thick-
mss of the Grandhaven limestone varies from 2 to about 10
feet (Moore, 1951).

Lithologic character and thicknegs.--- In Elk county, the
Grandhaven limestone averages about 10 feet in thickness.
The formation consists of two to three thin limestones sepa-~
rated by from 4 to 11 feet of grey to drown shale. Locally,
a thin coal is found in the shale interval between the
limestones. The lower limestons of the formation is dark
grey to bluish, brown weathering limestone which is always

less than 1 foot thick. The upper limestone is a grey to
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bluish, rust brown weathering, algal limestone which aver-
ges about 1 foot in thickness. In sec. 11, T. 29 S., R 9 E.,
the lower part of the formation contains two thin limestones
separated by about 1 foot of shale.

Outcrops 6f the Grandhaven limeStone are seldom good,
with exposures of the intervening shale being especially
poor. As a consequence, this formation is not clearly under-
stood in Elk county. The lateral variations found to cccur
in the beds here correlated across the county as the Grand-
haven limestone are shown in the crossssections illustrated
in Figure 11.

Fauna.--- Shale samples ccllected from the upper part of the
shale portion of the formation in sec. 15, T. 31 8., R. 9 E.,
contain the following fossils: Cavellina, rare Cavusgnathus,

Worthenia, Punctospirifer, abundant Crurithyris, Rhombopora,

fenestellid bryozoans, and crincid stems. The upper limestone
is generally only sparingly fossiliferous, with Osagia, small

brachiopods, and crinoid stems belng the most common. The

lower limestone contains Rhombopora, Crurithyris, bryozoans,
and crinoid stens.
For measured sections of the Grandhaven limestone,

see sections 49, 50, and 83 at the end of this report.
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Friedrich shale

The Friedrich shale was named by Moore (1936a) from
exposures on Friedrich Creek, Greenwood county, Kansas,
The Friedrich shale includes the clayey to sandy shales and
sandstones which occur in the interval between the Grandhaven
and Jim Creek limestones. The formation averages about 15
feet in thickness (Moore, 1951).

Lithologic character and thicknegs.--- 1In Elk county, the Frie-

drich shale is about 30 feet thick. The formation consists
of grey to bluish shales which become increasingly micaceous
and sandy upward. A thin coal occurs in the upper part of

the shale, usually being found about 1 foot below the overlying
Jim Creek limestone. Below the coal, a sandstone, up to ~2bout
10 feet in thickness, usually occurs; however, locally, the
position of the sandstone is occupied by sandy shales. In

the more northerly outcrops, in T. 29 S., one or more thin
pelecypod bearing limestones occur in the lower part of the
HBrmation.

Fauna.--- Shale samples collected from the shale interval
between the coal and the overlying Jim Creek limestone in

sec. 18, T.31 S., R. 9 E. contain the following fossils:
Bairdia, Amphigsites, Tetrataxis, Worthenia, Astartella,

Composita, Crurithyris, and Rhombopora.

The lateral variations found within the Friedrich shale
are shown in the cross-sections illustrated in Figure ll.
For measured sections of the Friedrich shale, see sections

49 and 83 at the end of this report.
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Jim Creek limestone

The Jim Creek limestone was named by Moore (1936a) from
exposures on Jim Creek, Pottawatomie county, Kansas. Across
Kansas, the Jim Creek limestone is a thin but persistent
limestone which is nowhere known to have a thickness of
greater than 2 feet. The formation is a massive, bluish to
grey, brown to reddish or purple weathering, fusulinid
bearing limestone (Moore, 1936a).

Lithologic_character and thickness.--- In Elk county, the

Jin Creek limestone averages about l.foot in thickness. 1In
soc. 18, T. 31 S., R. 9 E., the formation is 1 foot thick and
consiste of massive, blue-grey, hard, brown to purplish weather-
ing, fusulinid-pelecypod bearing limestone. In sec. 27,
T. 29 S., K« 9 E., the Jim Creek limestone is 0.8 of a foot
thick and is a dark blue, magsive, purplish to dark grey and
shelly weathering, sparingly fossiliferous limestone.

The purplish weathering 1s quite characteristic, and
when considered along with the fusulinid-pelecypod fauna which
it carries and with its stratigrahhic position Just above a
thin coal, it makes field identification of the Jim Creek
limestone quite positive. The Jim Creek limestone, being a
persistent lithologic unit, probably should have been
mapped; howaver, the formation usually crops out at the
base of the lower slopes of the eastern edge of the Flint
Hills where it is frequently badly covered.
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Fauna.--- The Jim Creek limestone is characterized by the
occurrence of Triticites and large pelecypods. The following

fossils were collected from outcrops of the formation through-

out Elk county: Triticites, Aviculopinna, Myalina, Juresania,

and Rhombopora.
The stratigraphic position and lateral variations found

to occur within the Jim Creek limestone im Elk county are
showm in the cross-sections iliustruted in Figure 1l. For
ieasured sectione of the Jin Creek limestone, see sections

L9, 53, 59, 82, and 83 &t the end of this report.

French Creek shale

The French Creek shale was named by Moore (1936a) from
exposure at French Creek, northeastern Pottawatomie county,
Kansas. Acroses Karasas, the formation consists of bluish-grey
to yellowish and brown, clayey to sandy shales, locally
containing sandstone and one or more thin coals in the upper
part. The thickness of the formation varies from 20 to 45
feet (Moore, 1951). ‘

Lithologkic character and thicknesg.--- In Blk county, the

French Creek shale averages about 37 feet in thickness. In

e¢ec. 18, T. 31 S., R. 9 E., the French Creek shale is 3%
feet thick, consisting of grey to greenish and blue-grey to

dark grey, clayey to silty and sandy shale with a 10 foot
massive to cross-bedded, micaceous, gray to brownish sand-

stone in the upper part. Farther to the north, in sec. 27,
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T. 29 S., R. 9 E., the formation is 42 feet thick and con-
taihs;"‘" the following lithologic units, in ascending
order: shale, 11 feet, yellow to brown,sandy; gandstone,
15 feet, fine grained, §uff to brownish, massive; shale and
sandstone, 11 feet, buff to grey and brownish sandy shale
grading upward into sandstone; ghale, 3 feet, yellow to
grey, clayey; ggg;{ 0.2 feet; ghale, yellowish-grey, clayey.
The base of the sandstone in sec. 18, T. 31 S., R. 9 E.,
and in sec. 3, T. 30 5., R. 9 E. is very shaprp and shows
evidence of channeling.
Fauna.--- The French Creek shale is relatively unfossili-
ferous, with no megafossils being found on the outcrop.
Shale samples collected from L0 feet above the base of the
formation in sec. 18, T. 31 S., K. 9 E. contain the follow-

ing genera: Hollinella, Caveilina, Donaidina, Bellsrophon,

and a few small achinoid sypines.

The lateral variations found within the “rench Creek
shale are shown in the cross-sections illustrated in Figure
1l1. For measured sections of the French Creek shale, see

sections 55, 59, and 82 at the end of this report.
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Caneyville limestone

The Caneyville limestone was named by Moore (1936a) from
exposures in Caneyville Township, Chautauqua county, Kansas.
The formation includes the previously defined Nebraska
City (Condra, 1927) and Grayhorse (Bowen, 1918) limestones
and the intervening shale. In Chautauqua county, a thin
fusulinid bearing limestone occurs about 5 to 10 feet above
the Nebraska City limestone (Moore, 1936a). Across Kansas,
the formation varies from 12 to about 25 feet in thickness
(Moore, 1951).

In Elk county, the Caneyville limestone averages about
25 feet in thickness. In the more northerly outcrops, the
formation is 19 feet thick and consists of well-developed
Nebraska City and Grayhorse limestones separated by 17
feet of yellow to grey shale. Southward, the shale unit
thickens to about 25 feet and two or three thin limestones,
one contalning fusulinids, making their appearance about 5
or 10 feet below the Grayhorse limestone. Locally, sand-
stone occurs in the middle and lower part of the shale unit.
The lateral variations of the'fornntion are not clearly under-
stood southward from T. 30 S.; however, the beds considered
to constitute the Caneyville limestone are shown in the

cross-sections illustrated in Figure 1ll.
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Nebraska City limestone member

The Nebraska City limestone was named by Condra (1927)
from exposures southeast of Nebraska City, Nebraska. Across
Kansas, the member varies from 1 to 5 feet in thickness and
consists mainly of grey, soft, massive, sparingly fossili-
ferous limestone.

it cha er and th o=== In Elk county, the
Nebraska City limestone is about 1 foot thick and consists
of bluish-grey, dense, locally somewhat impure, massive,
buff to orange weathering limestone.
Fauna.--- The Nebraska City limestone is sparingly fossili-
ferous but pelecypods and rare fusulinids are usually found
in most localities. The following fossils were collected
from the member across Elk county: Aviculopinna, Triticites,
crinoid stems, and small brachiopods.

For measured sections of the Nebraska City limestone,

see sections 55, 58, 59, and 82 at the end of this report.

The intervening, unnamed shale member of the formation
ranges from 17 up to possibly 30 feet in thickness, having
an observed thickness of alwmost 25 feet in sec. 13, T. 31
S, R« 8 E. The unit is bluish-grey to yellowish micaceous
shale which locally contains sandstone and thin limestones.
In the southern part of the county, in T. 31 S., R. 8 E.,
three thin limestones occur in the upper part of the interval.

The lower limestone is lenticular, dense, bluish limestone
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with small siltstone pebbles in the lower part. The middle
1 foot bed is thin-bedded, dark blue, brownish weathering
limestone which is crowded with amall gastropods, brachio-
pods, and bryozoans. The upper limestone is 0.5 feet thick,
dark grey, yellow to rust weathering, and contains fusulinids.
The upper part of the shale, above the three thin limestones,
is grey, silty and contains abundant specimens of Myalina.
For measured sections of the shale unit of the Caney-
ville limestone, see sections 57 and 58 at the end of this
report.

Grayhorse limestone member

The Grayhorse limestone was named by Bowen (1918) from
sxposures in Osage county, Oklahoma. Across Kansas, the
Grayhorse limestone is a fragmental to coquinoid, grey,
somewhat cross-bedded limestone up to 6 feet in thickness
(¥oore, 1951).

Lithologic character and thicknesg.--- In Elk county, the
Grayhorse limestone is usually slightly over 1 foot thick
and is a dark grey, buff to greyish weathering, massive
limestone which brekks down into thin wedge shaped slabs
which give the member a decided cross-bedded appearance.
Faupa.~-~- The Grayhorse limestone is characteriszed by the
occurrence of numerous specimens of Myalina. Locally, the

member is almost a coquina of small pelecypod fragments.
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For measured sections of the Grayhorse limestone, see

sections 49, 55, and 82 at the end of this report.

Pony Creek shale

The Pony Creek shale was named by Condra (1927) from
exposures on Fony Creek, south of Falls City, Nebraska, and
included the beds betseen the Dover and Brownville limestones.
Hoore (1936a) rcatrgéted the Pony Creek shale to the interval -
between the newly defined Caneyville limestone (Moore, 1936a)
and the base of the Brownville limestone.

Across Kansas, the Pony Creek shale ranges from 5 to
50 feet in thickness and consists mainly of bluish-grey
shale. Locally, red clayey or sandy shale and sandstones oc~-
cur in the middle part of the formation. The latter is a
channel filling deposit, where in some localities, it is re-
ported to cut down to or below the Friedrich shale. A thin
coal is found in its upper middle part in southern Kansas
(Moore, 1951).

Lithologic character and thickness.--- In Elk county, the
Pony Creek shale has an average thickness of about 18 feet.
The formation is completely exposed in sec. 4, T. 30 8., R. 9
E., where it is slightly less than 18 feet thick and consists
of blue-green to yellowish and gray shales which grade upward
into grey-brown and yellow shales. A thin coal, 0.2 feet
thiek, occurs 8.8 feet below the top of the formation.
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It is interesting to note, that the channel sandstone
reported in the Pony Creek shale in other parts of Kansas is
not present in Elk county£ however, a relatively thick and
persistent channel filling sandstone oceurshin the lower part
of the French Creek shale.

Fauna.-~- Shale samples collected from the shale just above
the coal in sec. 4, T. 30 8., R. 9 E., contain the following

,',\'r_, . ‘i- fé
genera: Pseudosygopleura, Donaldina, Bairdia, jgggg;gg.fLsg%féffié

and Myalina.
For measured sections of the Pony Creek shale, see

sections 55 and 56 at the end of this report.

Brownville limestone

The Brownville limestone was named by Condra and
Bengston (1915) from exposures south of Brownville, Nemaha
county, Nebraska. Across Kansas, the formation usually
consists of one or two beda of dense, massive, fine-grained,
brown to yellow weathering, fossiliferous limestone, varying
from 2 to 8 feet in thickness (Moore, 1951).

Lithologic character and thickness.--- In Elk county, the

Brownville limestone is between 1 and 2 feet thick. In sec.
13, T. 31 S., R. 8 E., the Brownville limestone is a light
grey, single massive bed of buff to cream yellow weathering,
fossiliferous limestone. In sec. 4, T. 30 S., R. 9 E., the
formation is 1.7 feet thick and consists of grey, dense, grey

to yellow-brown weathering limestone.
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The Brownvilie limestone is a persistent outcropping
limestones which forms a recognisable bench across Elk county.
The top of the Brownville limestome, which also marks the top
of the Pennsylvanian System in Elk county, is mapped on the
accompanying areal geologic map (Plate 1) and its line of
outerop is indicated by the symbol Bv.

Fauna.~~-~- The Brownville limestone is characterized by the
abundant occurrence of Iriticites and Chonetes. The follow-~
ing foassils were collected from the formation in sec. 13,

T« 31 8., R 8 E.: Iriticites, Chonetes, Marginifera, large
erinoid stems, echinoid spines, and numerous bryoszoans.

The lateral variations found within the Brownville lime-
stone are shown in the cross-sections illustrated in Figure
ll. For measured sections of the Brownville limestone, see

sections 55 and 56 at the end of this report.



PERMIAN SYSTEM

The Permian System in Elk county is represented by
about 525 feet of sedimentary rocks, all of which belong to
the lower Permian Wolfcampian Series.

The position of the base of the Permian has been an
issue of disagreement ever since Permian rocks were recognised
in the Mid-Continent region. Meek and Hayden (1858, 1859)
published on the existence of Permian rocks in Kansas and
considersd the Permian as beginning at the top of the Ft.
Riley limestone. Although subsequent authors have revised
the position of the boundary many times, the g:nural tendency
has been to lower the position of the base of the Permian.

From 1895 to 1932 the great majority of geologists work-
ing in the Mid-Continent region considered the base of the
Permian to lie within or at the baae of the rocks now known
as the Beattis limestone. Prosser (1895) somewhat arbitrarily
placed the base of the Permian at the base of the Neosho
formation (Morrill limestone). He considered that typically
Carboniferous fossils became rare or disappeared above the
base of the Neosho formation, while forms he considered to
be charatteristically Permian became common. Darton (1915)
lowered the base of the Permian to the base of the Cottonwood
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limestone, supposedly on paleobotanical evidence preaénted by
White (Moore, 1940). This position for the base of the Permian
was widely accepted until 1932. However, in an important
paper, published in 1924, Beede and Kniker considered that the
Neva limestone should be regarded as the base of the Permian
in Kansas. They discussed the occurrence of "Schwagerina®
(Paraschwagerina) in the Neva limestone and concluded that
"Schwagerina™ was of sufficient stratigraphic significance
that its earliest occurrence could safely be regarded as the
base of the Permian.

Moore (1932) concluded, that in view of the fact that

there were no stratigraphic bresks between the Neva and the
. Americus limestones and that they wers both very similar in
regards fauna and lithology, that the base of the Permian
should be lowered to the base of the Americus limestone.

Since 1934, the base of the Permian has generally been
considered to be the disconformity at the base of the Indian
Cave sandstone member of the Towle shale. Moore and Moss
(1934) reported a disconformity, marked by channel sand fill-
ings, about 100 feet below the Americus limestone, which was
traceable from Oklahoma to B@braska. Although there has been
some disagreement with this placing of the positibn of the
basal Permian, it has been accepted by the Kansas and Nebraska
surveys and by Adams et al (1939). An excellent discussion
of the Permian-Pennsylvanian boundary in the Kansas-Nebraska

area was published by Moore in 1940.
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In Elk county, the disconformity at the base of the
Towle shale is indeed obscure. In fact, the basal Admire
beds are shales, limestones, and sandy shales which contain
no channe;:filling sandstones. The thin upper Pennsylvanian
linaatenos;;the Brownville, Greyhorse, and Nebraska City
limestones, were not observed to be cut out by channeling
at any locality. The only evidence supporting the existence
of a disconformity directly above the Brownville limestone
seams to be a discolored zone in the lower part of the Towle
shale, which may represent a period of weath#ring. Indeed,
the only relatively thick sandstones in this part of the
section occur locally between the Greyhorse and Rebraska City
limestones and persistently between the Nebraksa City and
dim Creek limestones. The lowermost of these sandstones does
exhibit channeling to some degree, but even here, cutting out
of the Jim Creek limestone was not observed.

On the accompanying serial geologic map (Plate 1), the
base of the Permian is mapped as beginning immediately above
the top of the Brownville limeatone.
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Wolfcampian Seriss

The Kansas Geological Survey, in accordance with the
standard Permian section of Horth America proposed by Adams
et al (1939), has acceptedithe Wolfcamp Series as Lower
Permian, and include in it all beds from the top of the Brown-
ville limestone to the top of the Harington limestone member
of the Nolans limestone. The ending -ian is used in this
report in accordance with the policy of the xansaavGooloaical
Survey.

All of the Permian rocks in Elk county belong to the
Wolfcampian Series. Of the three recogniszed rock groups of
the Wolfcampian Series, only the admire and Council Grovs
groups are fully represented. The uppermost, the Chase group
is represented in Elk county only by the rocks embracing the
interval from the Wreford limestone to the lower limestone

member of the Barneston limestone.

Admire Group

The term Admire was first used by Adams, Girty, and
White (1903) for 4O feet of shale between the Americus lime-
stone and the Emporia limestone. Condra (1927) realiszing
that Adams had erroneously correlated the rocks théh known as
the Emporia limestone, redefined the Admire shale to include
all rocks from the base of the imericus limestone to the base
of the Brownville limestone. Moore (1932) restricted the
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Admire shale to the beds from the top of the Brownville lime-
stone to the base of the Americus limestone. Moore and
Condra (1932) defined the Admire shale to include all bads
from the top of the Brownville limestone to the base of the
Americus limestone, for the first time including the Oaks
shale, Houchen Creek limestone, and Stine shale, previously
included in the overlying Elmdale shale. Condra (1935) used
the term Admire group for the interval from the top of the
Brownville limestone to the base of the Americus limestone.
The Admire groupis recognized by the Kansas Geological
Survey to include the following formations, in ascending
ofder: Towle shale, Aspinwall limestone, Hawxby shale,
Falls City limestone, Vest Branch shale, Five Point limestone,
and Hamlin shale with the S¢ine shale, Houchen Creek lime-
stone, and QCaks shale members.

In Elk county, the Admire group is about 110 feet thick.
All orjtho above named members have been recognised in Elk
county;'howover, the Aspinwall and:Faids City limestones are
not well developed. The Indian Cave sandstone member of the
Towle shale is not present in Elk county. A gen&ralized sec~
tion of the rocks of the idmire group is illustrated in
Figure 12. The lateral variations found within the rocks of
the upper part of the group are shown in the crossesections
in Figure 13. The outcrop belt of the Admire group is shown
in the acoompanying areal geologic map (Plate l). The group
crops out as the upper part of the relatively steep slope
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immediately below the lower limestone bench of the Flint
Hilis. Because of the predominantely shaly character of

.the Admire group, only two minor benches, those formed by
the Houchen Creek and Five Point limestones, break the other-
wise uniform slops between the Americus limestone and the

top of the Pennsylvanian.

Towle shaie

The Towle shale was named by Moore and Condra (1932)
from exposures on the Towle farm, Richardson county, Nebraska.
Throughout most of Kansas, the formation is a grey, clayey
© sandy shale which locally may contain a well developed
channel sandstone (Indian Cave) in the lower part. Over the
atate in general, the formation ranges in thickness from 15
to 135 feet, being thickest where the lower sandstone member
is present (Moore, 1944).

Lithologic character and thickness.--- In Elk county, the

Towle shale averages about 20 feet in thickness. The forma-
tion is generally a micaceous, yellow to grey shale which
weathers to grey or greenish clay. In sec. 10, T. 30 8.,

R+ 9 E., the upper part of the formation contains several
very thin bluish limestones which are interbedded with grey
and tan shales. The sandstone, which is so commonly reported
in the lower part of the Towle shale in other parts of
Kansas, was not found in any of the sections of the formation

studied in Elk county, Here, the basal Permian Towle shale
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appears to be conformabie with the uaderlying beds of the
Pennsylvanian. The only indication of the disconformity
reported slsewhere in Kansas (Moore and Moss, 1934) appears
to be a somewhat discolored zone which was noticeable a few
feet above the Brownville limestone in sec. 4, T. 30 S., R.
9 E. }
Fauna.~-- The Towle shale is generally unfoasiliferousf
however, a shale sample collected about 15 feet above the
base of the formation in sec. 13, T. 31 S., K. 8 E. contains
numerous small algal bodies and rare specimens of Aclistochara
and Jonesina.

Good exposures of the Towle shale are not common as the
formation usually crops out as a grassed over slope between the
'ﬁignchesforuad by the Brownville and Five Point limestones.

For measured sections of the Towle shale, see sections 55 and

68 at the end of this report.

Aspinwall limestone

The Aspinwall limestone was named by Condra and Bengston
(1915) from exposures at Aspinwall, Nebraska. In the type
locality, the formation is a single massive, light brown
limestone averaging 1 to 2 feet in thickness. In Riley and
Ceary counties, Kansas, the Aspinwall limestone is about 4
feet thick, containing abundant pelecypod fragments (Jewett,
1941). In Lyon county, Kansas, the Aspinwall limestone is
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represented by a 2 foot bed of crumbly to flaggy, pelecypod
bearing limestone.
Lithologic character and thickness.--- In Elk county, the
Aspinwall limestone averages slightly over 2 feet in thick-
ness. In sec. 4, T. 30 8., R. 9 E., the Aspinwall limestone
is8 2.5 feet thick and consists of thin bedded, brownish,
yellowish to tan weathering limestone. In sec. 13, T. 31 8.,
R. 8 E., the formation is 2.1l feet thick, consisting of an
upper dark grey, slabby, buff weathering limestone and a lower
dark brown to chocolate colored, cream yellow weathering
limestone separated by 0.6 feet of shale. This formation is
rarely well exposed and consequently is not well known.
Fauna.~-- 1In Elk county, the Aspinwall limestone is quite
fossiliferous and contains a mixed molluscan-molluscoid fauna.
The genera most commonly present are Myalina, Juresania,
Aviculopecten, Meekopora?, feneatellate bryoseans, and in
some outcrops, crinoid stems.

The Aspinwall limestone does not outcrop well because
of its rather crumbly, thin bedded character, Generally,
the formation forms a slight bench in the grass covered
slope formed by the thicker Towle-Hawxby shales. For msasured
sections of the Aspinwall limestone, see sections 55 and 68

in the rear of this report.
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Hawxby Shale

The Hawby shale was named by Moore and Condra (1932).
The type locality of the Hawxby shale is located on the
Hawxby farm in sec. 7, T. &k N., K. 15 E., Nemaha county,
Nebraska (Wilmarth, 1938). DMNear Falls City, Nebraska, the
Hawxby shale consists of 2.6 feet of bluish gray and red shales
overlain by 10 feet of light blue-gray calcareous shale
(Condra, 1935). Moore (1944) states that the formation is
about 12 feet thick in northern Kansas and that it thickens
to about 40 feet in southern Kansas.

Lithologic character and thickness.--- 1In Elk county, the

Hawxby shale ranges from 6 to 8 feet in thickness. Litho-
logically, the formation is highly variable. 1In sec. 13, T.
31 S., R. 8 E., the formation consists of gray shale in its
lowér part which grades upward into grayish-green, micaceous,
sandy shale. The upper 3 feet are a gray, micaceous, somewhat
massive, limonite stainsed sandstone. In a good exposure in
sec. 4, T. 30 S., R. 9 E., the formation consists of, in
descending order: 2.5 feet of grey.shsle; 0.5 feet of bluish
grey, nodular algal limestone; L feet of varicolored shale
(red to purple, green, and yellow) which contains numercus
small white algal bodies.

For measured sections in which the Hawxby shale is pre-

sent, see sections 55 and 68 at the rear of this report.
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Falls City limestone

The name Falls City was applied by Condra and Bengston
(1915) to a 3 to 6 foot, massive, brownish-mottled limestone
near Falls City, Richardson county, Nebraska. In Riley
county, Kansas, the Falls City limestone is a brownish-grey
limestone about 3 feet thick with a coquina like "ocatmeal"
texture (Jewett, 1941). LElsewhere in Kansas, the Falls
City limestone is reported by Moore (194i4) to have a thick-
ness that varies from 2 to 10 feet, averaging about 7 feet.

Lithologic character and thickness.--- In Elk county, the

Falls City limestone is 2 to 3 feet thick. 1In sec. 4, T.

30 3., Re 9 BE., the formation is a dirty, dark blue, dense
limestone which weathers to a grey or orange-grey color. At
this locality, it consists of a lower 2 foot, relatively maes-
sive bed, overlain by two 0.5 foot beds, the upper one of which
is nodular in character. In sec. 13, T. 31 S., R. 8 E., the
Falls City limestone is 1.8 feet thick and consists of three
more or less uniform beds which have a brecciated to vuggy
texture. The beds are yellowish grey in color, contain
numerous calcite joint fillings, and weather to a light
brown color.

Fauna.~--- The Falls City limestone contains rather abundant
fossil fragments, among which the most common sre: (Composita,
Meekopora, Bellerophon, and crinoid stems. Fusulinids have
been reported in the FallsCity limestone (Moore, 1944); how-
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ever, field examinations in Chatauqua, Elk, and southern
Greenwood counties did not reveal the presence of large
fusulinids.

As is the case with all of the lower formations of the
Admire group, good exposures of the Falls City limestone are
not common. For measured sections of the Falls City limestone

see sections 55 and 68 at the end of this report.

Weast Branch shale

The name West Branch was first used by Condra (1927)
for beds exposed in West Branch Township, Pawnee county,
Nebraska. In the type area, the formation is 26 feet thick.
In Kansas, Moore (1944) reports that the West Branch shale
varies from 10 feet in southern Kansas t about 30 feet in
northern Kansas.

Lithologic character and thickness.--- 1In Elk county, the

West Branch shale varies from 20 to about 36 feet in thick-
ness. In sections 4 and 9, T. 30 S., K. 9 E., the entire
Weat Branch shale is exposed and the formation contains the
following lithologic variations, in descending order: 14.0
feet of greenish-grey shale; 0.2 feet of coal; 10.0 feet of
bluish-black, finely laminated clayey shale; 3.0 feet of
yellow to tan "boxwork" limestone; 11l.0 feet of shale which
varies from micaceous, greenish-grey at the top to almost

black at the base and contains a 0.2 foot dark grey limestone



180

stringer about 2 feet from the base. The upper part of the
formation is exposed in sec. 13, T. 31 S., R. 8 E. At this
locality, the upper 16 feet of the formation consist mainly
of greenish-grey to dark blue, micaceous shale with numerous
thin calcareous blades. The ghin coal bed present in the
section above is also present; however, at this locality it
occurs 8 feet below the top of the shale.
Fauna.--- Although no megafossils were found in the sections
studied, shale samples collected from just above the coal in
sec. 13, T. 31 S., Re 9 B., have yielded a small microfauna
in which the following genera were found: Bairdia, Jonesina,
and Conuspira.

For measured ssctions of the West Branch shale see

sections 55 and 68 in the rear of this report.

Five Point limestone

The Five Point limestone was named by Moore ard Condra
(1932). The type section of the Five Point lirestone is
on Five Point Creek, near the Five Point School, sec. 25, T.
1l K., R. 15 E., Richardson county, Nebraska (Wilmérth,
1938). In Lyon county, Kansas, the Five Point 1im&tone is
2 feet thick, the upper 0.5 feet is shalytw flaggy, the lower
1.5 feet is massive but crumbly (Moore, 1936).

Lithologic character and_ thicknegs.~-- In Elk county, the
Five Point limestone is about 2 feet thick. It is a dark

grey to brownish-grey, massive limsstone which weathers to a
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yellowish-orange color. On the outcrop, the formation usually
breaks down into two or thres somewhat irregular beds.
Fauna.--- The Five Point limestone is the most fossiliferous
formation in the idmire group. The most significant aspect

of the fauna is the occurrence of fusulindis. Although
- fusulinids have been reported from the Falls City limestone

in other parts of Kansas (Moore,l944), no large fusulinids were
found in the outcrops of the Falls City limestone in Elk coun-
ty. The occurrence in the Five Point limestons represents

the first abundant, if not the lowest occurrence of fusulinids
in the Permian rocks of Elk county.

The following genera have been identified from the Five

Point limestone: Chonetes, Neospirifer, Marginifera, Rhombo-

pora, and Dunbarinelia.

In Elk county, the Five Point limestone is the only map-
pable unit in the Admire group. In the field, the Five Point
limestone forms the second rather comnspicuous bench in the
shale slope below the Americus limestone. On the accompanying
areal geologic map (Plate 1), the Five Point limestone is
mapped with the symbol Fp.

For measuryd saections of the Five Point limestone see

sections 55 and 68 in the rear of this report.
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Hamlin Shale

The Hamlin shale was named by Condra (1935) and includes
the following members, in ascending order: Stine shale,
Houchen Creek limestone, and Oaks shale. The thickness for
the Hamlin shale is reported by Condra to be from 42 to about
L6 feet. In Elk county, the Hamlin shale is about 40 feet
thick.

Stine shale member

The name Stine was applied by Condra (1927) to 9 to 18
feet of varicolored shales and thin interbedded limestones
which are exposed south of Stine, MNemaha county, Nebraska.
Condra regarded the Stine shale as a part of the Elmdale shale
and stated that it was overlain by the Houchen Creek lime-
stone and underlain by the Americus limestone. Moore and
Condra (1932) in a revision of the Pennsylvanian, placed the
Stine shale in the Admire group. Moore (1936) assigned the
Stine shale to the Permian.

Lithologic character and thickness.--- In Elk county, the

Stine shale averages about 32 feet in thickness. In a very
complete exposure in sec. 4 and 9, T. 30 S., R. 9 E., the
member is 35 feet thick and exhibits the following lithologic
variations, in descending order: grey to green shale, 6 feet;
varicolored red and green shale with a thin nodular siltstone

just below the top, 19 feet; yellow to orange grey platy
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shale, 5 feet; greenish-grey, blocky, clayey shale, 5.5 feet.
In a less well exposed section in sec. 13, T. 31 S., R. 8 E.,
the shale is about 30 feet thick. At this locality, the middle
part of the shale contains two thin "boxwork® siltstones and
one thin, erinkly, finely bedded silty to sandy limestone.
Fauna.--- Although several shale samples were collected
and checked for microfauna, the only fossils found were a
few specimens of Jonesina. S5mall white algal bodies are com-
mon in the varicolored shale portions.

For measured sections in which the Stine shale is present,

see sections 55, 68, 79 at the end of this report.

Houchen Cresk limestone member

The Houchen Creek limestone was named by Condra (1927).
In the type area, Houchens Creek, sec. 29, T. 6 N., R. 13 E.,
Nemaha county, Nebraska, the Houchen Creek limestone is a
massive to irregular, algal, 5 foot limestone. The Houchen
Creek limestone was originally considered to be nart of the
Elmdale shale; however, ioore and Condra (1932) tranaferred
the Houchen Creek limestone to the Admire sheale.

Lithologic character and thickness.--- In Elk and southern

Greenwood counties, the Houchen Creek limestone averages about
3.5 feet in thickness. The Houchen Creek limestone is &
persistent, buff to orange-yellow, earthy to shaly limestone
which characteristically possassésawell developed calcite

veinwork. On weathering, the more resistant calcite veins
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stand out in bold relief and produce a pronounced "boxwork®
appearance. S3urprisingly enough, this unit outcrops rather
well and commonly forms a recognizable bench, the first one
below the Americus limestone. The lateral changes in the
Houchen Creek limestone are shown in Figure 13.

For detailed descriptions of the Houchen Creek limestone
see measured sections 55, 68, 74, and 79 in the rear of this

report.

QOaks shale member

The name QOaks shale was introduced by Moore and Condra
(1932) for the beds lying between the Americus and Houchen
Creek limestones. The type area is given by Wilmarth (1938)
as the Oaks farm, sec. 9, T. 1 N., R. 15 E. Near Salenm,
Nebraska, Condra (1935) reported that the Oaks shale was
17 to 18 feet thick. Moore (1944) stated that the Oaks shale
varies from about 10 feet in southern Kansas to about 20 feet
in northern Kansas.

Lithologic character and thicknegg.--- In Elk and southern
Greenwood counties, the Oaks shale varies from about 3 to about
7 feet in thickness, averaging about 6 feset. In a complete
exposure in sec. 9, T. 30 S., R. 9 E., the unit is 6 feet

thick and is composed of a dark grey to almost black shale

in its lower part which grades upward through yellowish-grey
shale into brown shale at the top. The upper 1 foot contains
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numerous small white algal masses. In sec. 31, T. 28 S.,
R. 9 E., the formation is a light brown algal shale at the
top which grades downward into yellowish-grey shale, blue
platy shale, and finally into greenish-grey shale at the
base. A thin, dense, yellow to grey, algal, nodular lime-
stone occurs just below the brown shale at the top. In the
basal part of the shale, between the green and blue shales there
is a thin, dark grey, white weathering, unfossiliferous lime-
stone. Farther to the north, in southern Greenwood county,
the unit thickens to about 8 feet. Figure 13 illustrates the
lateral changes found in measured sections of the Oaks shale.
Fauna.--- Several shale samples were collected and studied
from various outcrops of the Oaks shale. With the exception
of numerous small algal masses, they proved to be barren of
fossils.

For detailed descriptions of the Caks shale, see measured

sections 55, 68, 74, and 79 at the rear of this report.

Council Grove Group

Prosser (1902)‘proposed the term Council Grove as a stage
name for the interval from the top of the Eskridge shale to
the base of the Wreford limestone. Beede (1922) lowered the
base of the Council Grove stage to the base of the Neva lime-
stone. Moore (1932) introduced the present interpretation of

the Council Grove group when he included in it all beds from
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the base of the Americus limestone to the base of the Wreford
limestone.

In Elk county, the Couneil Grove group is generally
well exposed and is almost ideal for mapping on areal photo-
graphs. Almost all major limestones outcrop as recognisable
benches which can be readily followed with the aid of a stereo-
scope. However, detailed information concerning the inter-
vening shales is much less readily obtainable as the outcrop -
belt of the Council Grove group is almost invariably covered
with a relativeiy thick growth of excellent pasture grass.

A generalized section of the rocks of the Council Grove
group is shown in Figure l4. The outcrop pattern of the
rocks of the group is shown on the accompanying areal geologic
map (Plate 1). Cross-sections showing the lateral variations
which occur in some of the formations of the group are shown

in Figures 13 and 15.

Foraker limestone

The name Foraker limestone was applied by Heald (1916)
toabout 7k feet of cherty limestones, soft thin bedded lime-
stones, and shales in the Foraker Quadrangle, Oklahoma.
Condra (1935) described the Foraker limestone formation as
being 43-50 feet thick and divided it into the following sub-
divisions, in ascending order: Americus limestone, Hughes

Creek shale, and Long Creek limestone.
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In Elk county, the Foraker limestone is a cherty lime-
stone and shale formation about 55 feet thick which carries a
prolific fusulinid fauna.

Americus limestone member

The Americus limestons was named by Kirk (1896). At the
type locality, near Americus, Kansas, the unit consists of an
upper blue limestone separated from a lower buff limestone
by a 4 foot shale. Bass (1929) considered the lowermost
chert bearing, fusulinid limestone bed of the Foraker limestone
in Cowley county as being equivalent to the lower buff lime-
stone unit of the Americus limestone of the type area. Be-
cause the upper limestone bed, in the type area, did not appear
to him to be continuous, Bass restricted the Americus lime-
stone in Cowley county to a 2.5 to 4 foot limestone bed.
However, comparisons of numerous complete exposures in Elk
and southern Greenwood counties, with published sections from
the type locality and other parts of Kansas, seem to warrant
recognition of the three-fold nature of the Americus limestone
in southern Greenwood and Elk counties. I am therefore con-
sidering the Americus limestone of Bass as the upper limestone
unit of the Americus limestone and am also including the shale
and first limestone below in the Americus limestone. In most
occurrences, the lower limestone unit is characterized by the
absence of chert and fusulinids but does contain a conglomer-

atic zone of rounded to flattish, tan to grey-blue, limey
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pebbles. This zone is persistent through Elk county'and
serves well as a basis for recognition of the lower limestone
unit of the Americus limestone.
Lithologic character and thickness.--- In Elk and southern
Greenwood counties, the Americus limestone varies from 7.5
to about 11 feet in thickness. In sec. 13, T. 31 S., R. 8
E., the Americus limestone consists of two limestones sepa-
rated by a shale with an aggregate thickness of about 10 feet.
The lower limestone is bluish-grey, massive in the lower part,
irregularly bedded in the upper half, with a conglomeratic
zone of tan to grey limey pebbles in the massive part. The
intermediate shale is about 4.5 feet thick and consists of
blue-grey to black shale and thin blue limeatone stringers.
In parts, the shale is almost coaly. The upper limestone is
blue-grey, dense, massive, about 3.5 feet thick. In northern
Elk county, sea. 31, T. 28 8., R. 9 E., the member is about
7.5 feet thick and consists of, in descending order: lime-
tong, 1.6 feet, blue-grey, massive, cherty; shale, 4.4 feet,
bluish to yellow with a few thin platy to nodular limestones
Just above the base; limestone, l.4 feet, two bluish-grey beds,
lower bed contains thin conglomeratic zone of grey to tan
limey pebbles.
Fauna.--- The Americus limestone is highly fossiliferous.
In all outcrops studied, the upper limestone unit contains
abundant fusulinids. The lower limestone and shale were

fossiliferous only in certain localities.
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In sec. 13, T. 31 S., R. 8 E., the lower limestone con-
tains the following genera: Meekella, Juresania, Linoproductus,
and unidentified pelecypods fragments resembling Aviculopecten.

In other outcrops, the lower limestone has yielded Meekopora,
Triticites, small pelecypods, and fenestellid bryozoans. A
shale sample collected from the middle shale unit of the
member at the above locality has yielded Hollinella, Jonesina,

and other unidentified ostracod genera. The upper limeatone
unit contains bryozoans, brachiopods, and abundant specimens
of large Triticites and rare specimens of Dunbarinella.

In this part of the member, the fusulinids are found abun-
dantly in both the chert and limesatone.

The Americus limestone forms the first resistent bench
in the lower part of the Flint Hills eacarpment. Its line
of outerop is generally marked by an accumulation of large,
flat limestone slabs.

The lateral variations within the Americus limestone are
shown in Figure 13. For detailed sections of the Americus
limestone see sections 55, 68, 74, 77, and 79 at the rear
of this report. The base of the Americus limestone is mapped
on the accompanying areal geologic map (Plate 1) and its line
of outcrop is indicated by the symbol A.
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Hughes Creek shale

The Hughes Creek shale was named by Condra (1927) from
35 to 50 feet of blue and dark shales and thin limestones
exposed along Hughes Creek, Nemaha county, Nebraska. In
Riley county, Kansas, the Hughes Creek shale consists of
about 40 feet of shale and thin limestones (Jewett, 1941).
Moore (1936) illustrated a section of the Hughes Creek shale
in sWabaunsee county, Kansas, which was about 34 feet thick.
In this section, the Hughes Creek shale comsists of about
20 to 25 per cent limestone with the remainder being shales
and calcareous shales. Farther to the north, in Riléy county,
the sections described by Jewett are a little less limey, con-
taining about 20 per cent limestone.
Litholuglic character and thicknesg.-~- In Elk and southern
Greenwood counties, the Hughes Creek shale is about 40 feet
thick and consists mainly of dense, grey, massive, cherty,
fusulinid bearing limestones and grey, ysllow, and blue-
grey fossiliferous shaleas. In a completely exposed section
along Kansas Highway 96, about 13 miles west of Severy, Kansas,
the Hughes Creek shale is about 50 per cent limestone. The
lower 33 feet of the Hughes Creek shale is well exposed along
U.S. Highway 160, west of Grenola, Elk county.

A comparison of the percentage of limestone in the
Hughes Creek shale in northern Kansas (20-25 per cent) with

a similar percentage figure for southern Kansas (50 per cent)
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readily shows the pronounced southward thickening which occurs
in the limestone units of the Hughes Creek shale member.
Complete exposures of the Hughes Creek shale are not common;
in fact, only in the relatively recent road cuts along U.S.
160 and Kansas 96 can the true character of the member be
sesn. Although the limestones are fairly well exposed in in-
numerable creek bed exposures, the shale intervals are not.
In studying such exposures one very readily gets the
erronecus impression that the Hughes Creek shale is almost
totally a limestone unit. This is shown in the sections pub--
lished by Bass (1929) from “owley county, which in general,
show the Hughes Creek shale interval to contain almost no
shale.
Faung.--- The limestones and shales of the member are highly
fossiliferous, with abundant fusulinids being the most inter-
esting and important aspect of the fauna.

The bluish shales and thin dark limestones just above the
base of the Hughes Creek shale in sec. 13, T. 31 S., R. 8 E.,
contain the following fossils; Crurithyria, Linoproductus,
Derbya, Meekella, large Triticites, Neospirifer, Edmondia,
Ammodiscus, Cribrogenerina, Bigenerina, Climacammina, Bairdia,
jyggggxpgyj, fenestellid bryozcans, echinoid spines, cono-

donts, and small crinoid stems. The following genera were
collected from a brown shale 19 feet abo ve the base of the
member in the same locality: Lissochonetes, Chonetes,
Triticites, Bairdia, Hollinella, Ammodiscus, and Cribrogen-
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erina. Almost ali of the limestones in the above exposure
contain abundant fusulinids, the most common genera being
Triticite g however, Schwagerina and Dunbarinella are also
present. In the fine exposure along Kansas Highway 96, 13
miles west of Ssvnry,'the following genera were collected
from a brown calcareous shale 28 feet above the base of the
member: Composita, Triticites, ﬂgsﬁq@;g. Allorisma,

Neospirifer, Linoproductus, Myalina, and Juresania.
For measured sections in which the Hughes Creek shale

is present see sections 68, 7L, and 77 at the rear of this

report.

Long Creek limestone member

The Long Creek limestone was named by Condra (1927) from
outcrops along Longs Creek, at Audburn, Nemaha county, Nebraska.
At the type 1ocality, the unit consists of irregular to
cavernous, buff to yellow weathering limestone, averaging about
iy feet in thickness. Bass (1929) did not distinguish the
Long Creek limestone in his Cowley county reportf howover,
Jewett (1941) reported that Bass (personal communication)
had been able to correlate the Long Creek limestone with
the upper part of the Foraker limestone in southern Kansas.

In Riley and Geary counties, the Long Creek limestone is a’
geries of thin yellow limestones and interbedded yellow shales
averaging about 8 feet in thickness. Moore (1936) described
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a section from “Wabaunsee county in whith the Long Creek lime-
stone is about 12 feet thick and consists of light grey,
medium bedded limestone which is somewhat sandy near the top.

Lithologic character and thickness.--- In southern Greenwood

county, the Long Breek limestone is about 5 feet thick. In
a good exposure along Kansas Highway 96, about 13 miles west
of Severy, the member consists of the following lithologic
units, in descending order: limeétone, 1.5 feet, wavey to
irregular, thin bedded, grey-brown, vuggy, weathers to buff
color; shale, 1.7 feet, brown at top to grey platy at the
base, limestone, 1.2 feet, massive, dark grey to bluish,
fusulinid bearing, with a thin algal veneer on the top. Al-
though no complete sections of the Long Creek were measured
in Blk county, the 5 to 6 foot interval above the Hughes Creek
shale consists of interbedded shales and thin yellowish to
tan weathering grey limestones. The upper limestone, well
exposed in a small pit along u.s. Highway 160, west of Grenola,
is about 1 foot thick, is dense, grey to tan, tough, non-
fossiliferous, algal appearing limestone which weathers from
white to a bright yellow-orange. The Long Creek limestone
occupies a position far back on the dip slope formed by the
thick limestones in the upper part of the Hughes Creek shale.
Consequently, it does not outcrop well. Occasionally, the
upper limestons of the Long Creek can be identified on grass
covered slopes by its distinctive lithology.
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Fauna.--- In general, the Long Creek limestone is not highly
fossiliferous in Elk and southern Greenwcod counties. How-
ever, the following fossils were identified: JIriticites,
Schwagerina, algae, and a few pelecypods.

For measured sections in which the Long Creek limestone

is present, see sections 69 and 77 at the end of this report.

Johnson shale

The Johnson shale was named by Condra (1927) from
exposures l.5 miles north of Johnson, Johnson county,
Nebraska. In the type area, the formation consists of 16 to
18 feet of bluish argillaceocus shale with occasional sandy
layers, calcareous plates, gypsiferous material, and geodes.
In Blley and Geary counties, the Johnson shale is about 16
feet thick and consists mainly of grey shale with several
thin beds of argillaceous limestone (Jewett, 1941). Near
Elmdale, the Johnson shale is about 12 feet thick and consists
of the following ionea, ascending order: 8.4 feet of brown;sh-
grey shale, 0.6 feet of grey earthy limestons and 3.1 feet of
fissle black shale (Moore, 1936).

Lithologic character and thickness.--~ In Elk county, the
Johnson shale is about 20 feet thiek. In an excelient ex-
posure in sec. 14, T. 31 S., RH. 8 E., the upper 7 feet
onsist of bluish-blackshale with several thin blue, dense,
nodular limestones. This is underlain by a 1.9 foot yellow-
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ish vuggy, earthy limestone which contains a profusion of
variously oriented calcite veins which stand out on weathering
and produce a honeycomb or boxwork appearance. The lower

10 feet are grey to brown shales which contain numerous

small white algal masses and scattered thin calcareous blades.
In southern Greenwood county, the formation has a thickness

of about 22 feet,

Fauna.-~- The Johnson shale is very fossiliferous; however,
tie fossils are generally common only in the upper part.

The following fossils were found in the upper part of the forma-
tion in sec. 14, T. 31 S., R. 8 E.: Septimyalina, Aviculopec-

ten, Edmondia, Allorisma, Linoproductus, Juregania, Hollinella,

Jonesina, Girtyspira, Coryella?,Macrocypris, Bairdia, crinoid

stems, echinoid spines and :plates, holothurian wheels, snall
high-spired gastropods, and rare conodonts.
For measured sections in which the Johnson shale is pre-

sent see sections 69 and 77 at the end ¢f this report.

Red Eagle limestone

The Red Eagle limestone was named by Heald (1916) from
exposures near the Red Eagle School, southwest of Foraker,
Oklahoma. In the original description of the formation,

Heald stated that the total thickness was not accurately
determined but that sections up to about 17 feet were measured.

Bass (1929) correlated about 19.6 feet of limestone in Cowley
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county, Kansas, with the Red Lkagle limestone of Oklanoma.
Condra (1935) extended the usage of the name Khed Bagie liume-
stone into Nebraska, where he considered it as a formation in
which he placed the Howe limestone, Bennett shale, and Glen-
rock limestone members.

In Elk county, the Hed Bagle limesitone is about 19 feet
thick and contains the Howe and Glenrock limestone wembers.
The Bennett shale member, which is recognized farther to
the north, is absent in Elk county. Here, the formation is
almost exclusively a limestone unit. Although the formation
is a continuous limestone in its upper part, the Howe and
Glenrock liwmestones can be distinguished on the basis of
the former's distinctive lithology.

Glenrock limestone member

The Glenrock limestone was named by Condra (1927) from
exposures northwest of Glenrock, Nemaha county, Nebraska,
vhere the unit is a dense, dark grey, buff to light grey
weathering limestone between 1 and 2 feet thick. 1In Riley
and Geary county, the Glenrock is quite wariable, changing
from a fusulinid bearing yellow limestone in sowe localities
to dense grey hard limestone or what appears to be an intra-
formational breccia in others (Jewett, 1941). Heuar Eludale,
the Glenrock limestone is a single massive bed of light grey

to yellow limestone about 5 feet thick (Moore, 1936}.
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ithologic character hickness.--- In the most complete
section of the Glenrock limestone measured, in a creek bottom
along the Santa Fe Railway tracks, on the Elk-Cowley county
line, west of Grenola, the unit consists of about 17 feet of
mostly moiélivo, grey, hard, crystalline limestone which
weathers to a light buff or grey. The lower two to three
feet are more thinly bedded and contain some thin shales along
the bedding planes. Along Kansas Highway 96, about 13 miles
west of Severy, the base of the member is exposed and con-
sists of, in ascending order: 0.9 feet, light buff, soft
limestone; 0.5 feet, grey shale with small algal bodies; 2.0
feet, grey to buff limestone becoming massive in the upper
part. The Glenrock limestone possesses a rather prominent
system of NE-SW trending joints which are visible and appear
to be quite characteristic of the member as seen in areal
photographs.
Faung.--- The Glenrock limestone is foasiliferous, especially
in the lower part. Immediately below the lower limestone
in gsome localities, fusulinids can be found in great abun-
dance in small "nests" or "pockets™ in the top of the under-
lying Johnson shale. This mode of occurrence of fusulinids
has been noted at other more northerly outcrops of the Glen-
rock limestone in Kansas (Thompson, perasonal communication).

The following fossils were collected from the lower one

foot of the member in sec. l4, T. 31 5., B. 8 E.: Hustedia,
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Lophophyllum, Juresania, Neospirifer, Bairdia, Amphissites,
Enightina, Hollinella, Plectogyra, Jonesina, Bigenerina,

Climacammina, Tetrataxis, Triticites, Schwagerina, Dunbar-
inella, crinoid stems, bryoszoans, small gastropods, and

conodonts.

The base of the Glenrock limestone is mapped on the
accompanying areal geologic map (Plate 1) and its line of out-
crop is indicated by the symbol . For measured sections in
which the Glenrock limestone is present, see sections 69,

71, and 77 at the rear of this report.

Howe limestone member

The Howe linestone was named by Comdra (1%27) from
exposures south of Howe, Nebraska. In the type locality the
unit is 4 feet thick and is a dark grey, massive, dense, lime-
stone that weathers to a buff or yellow color. The weathered
iimestone often has a vesicular or cavernous appearance. In
northern Kansas, the Howe limestone is 2 to L foot, massive,
grey to brown, unfossiliferous limestone which locally resembles
a mudstone (Jewett, 1941). Near Elmdale, the Howe limestone
consists of a 1.5 foot grey mudstone underlain by 3.0 feet
of shale followed downward by a 1.0 foot, earthy, grey to
yellowish limestone (iocore, 1936).
Litvhologic characver and thickness.--- In klk county, the
Howe limestone is 2.5 to 3.0 feet thick and is composed of

light buff to whitish, soft, massive limestone which weathers



201

grey to yellowish-grey. The limestone has a sugary to con-
glomeratic appearance due to the large number of small
algal bodies present. The limestone is weakly cemented and
it is often possible to separate the algal masses from the
matrix with the point of a pencil. Because of the soft
nature of the limestone, good outecrops of the member are not
common. In an excellent exposure in the creek bank in sec.
3, T« 31 S., R. 8 B., the Howe limestons is about 2.5 feet
thick. The Howe limestone is differentiated from the im-
mediately underlying Glenrock limestone by the above litho-
logic characteristics.
Fauna.--- The Howe limestone contains abundant, amall
algal bodies of the type generally referred to Osagia. A
few staffelold appearing foraminifera and small gastropods are
also present.

For measured section in which the Howe limestone is pre-

sent, see section 71 at the rear of this report.

doca shals

The Roca shale was named by Condra (1927) from exposures
at Roca, Lancaster county, Nebraska. In the type area, the
unit is about 18 to 20 feet thick and is composed of bluish-
grey, olive green, and reddish shale with a few thin pelecypod
bearing limestones in the upper part. In this description,
Condra included all beds from the base of the Neva limestone
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to the top of the Howe limestone in the Roca shale. Condra
and Busby (1933) defined the Grenola formation to imnclude
all beds from the top of the Neva limestone to the base of
the Sallyards limestone. In so doing, they removed lime-
stone and shale units from the upper part of the original
Roca shale and placed them in the newly defined Grenola forma-
tion. They proposed the following names, in ascending order,
for the interval from the top of the restricted Roca shale
to the base of the Neva limestone: Sallyards limestone,
Legion ghale, Burr limestone, and Salem Point shale. The
Kansas Geological Survey considered the Sallyards limestone
and the Legion shale as subdivisions of the Roca shale
(Moore, 1944); however, in a recent publication of the Kansas
Survey (Moore, 1951), the Sallyards limestone and Legion
shale are placed jn the Grenola formation and the Koca shale,
as now redefined in Kansas, coincides with the Roca shale
as restricted by Condra and Busby.

Lithologiec character and thickness.-~~ In Elk county, the
koca shale is about 15 feet thick. The upper few feet are
grey to brown shales that in some outcrops contain small,
white to cream colored algal bodies. The remainder of the
formation consists of red to purplishpred shalesrhowever, in
some localities, the lower few feet may be green, grey, or
brown in color. The koca shale usually forms a grassed over
slppeé however, complete exposures can be seen just south of

U.5. Highway 160 at the Elk-Cowley county line and in the
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creek bank in sec. 4, T. 31 S., R. 8 E.
For measured sections in which the Roca shale is pre-

sent, see sections 70 and 71 at the end of this report.

Grenola limestone formation

‘The Grenola formation was named by Condra and Busby
(1933) from exposures in ravines and creeks north &nd south
of U.S. Highway 160, 4 to 5 miles west of Grenola, Elk county,
Kansas. 4s defined by thex, the formation embraced all rocks
from the top of the koca shale to the top of the Neva lime-
stone and included the following members, in ascending order:
Sallyards limestone, Legion shale, Burr limestone, Salenm
Point shale, and Neva limestone. The two lower members
were long regarda@ by the Kansas Survey to be subdivisions
of the Roca ahale? however, in a recent publication by the
Kansas Survey (Moore, 1951), the formation is now defined in
Kansas to include the five members as proposed by Condra and
Busby.

In the type area, Condra and Busby reported the formation
to have a thickness of about 47 feet. In a mare completely
exposed section in sec. 4, T. 31 S., R. & E., about 2 miles
northwest of the type area, the formation has a thickness

of about 42 feat.
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Sallyards: limestone member

The Sallyards limestone was named by Condra and Busby
(1933) from outcrops 1 mile northeast of Sallyards, Green-
wood county, Kansas. In the type locality, the member con-
sists of 2.6 feet of bluish-grey, yellow to light grey weather-
ing limestone containing pelecypods, brachiopods, and bryo-
zoans. Near Elmdale, Kansas, the Sallyards limestone is an
ash-grey, hard, thin bedded, pelecypod bearing limestone
which becomes a hard limey shale in the upper part (Moore,
1936;. In outcrops near Humboldt, Hebraska, the Sallyards
iimestone is a grey, shaly, calcareous bed about 6 inches
thick (Condra and Busby, 1933).

iL,ithologic_character and thickness.--- In Elk county, the

Sallyards limestone varies in thickness from 3.5 to 4.). feet.
In a good exposure in a creek bed, 5 miles weat of Crenola,
the member is a bluish-grey, massive, 3.5 foot, pelecypod
dearing limestone whizch weathers to irregular slabs. In

sec. 4, T. 31 8., R, 8 8., the Sallyards limestone consists
of 4.1 feet of grey, platy to irregular, buff to dark grey
weathering, pslecypod bearing limestone.

Fauna.--- The 3allyards limestone contains a rather abundant
molluscan fauna. The following fossils are common in the

memvber: Myalina, aviculopecten, Composita, crinoid stenms,

and bryozoans.
For measured sections of the Sallyards limestones, see

sections 70 and 71 at the end of this report.
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Legion shale member

The Legion shale was named by Condra and Busby (1933)
from exposures altong U.S. Highway 40, southwest of the Ameri-
can Legion grounds, southwest of Manhattan, Kansas. At the
type locality, the unit is 4.6 feet thick and consists of
te following lithologic types, in descending order: gshale,
black, fissle, 8 to 10 inches; mudstone, dark grey, argil-
laceous, 4 inches; ghale, dark grey, calcareous, 1 foot;

hale, grey, calcareous, blocky, 2 feet. Near Americus,
Kansas, the unit is 7 feet thick and consists mainly of
olive colored shale with calcareous concretions (Condra and
Busby, 1933). One mile southwest of Salem, Nebraska, the
Legion shale is a green, platey shale about 6 inches thick.
Lithologic character and thickness.--- In Elk and eastern

Cowley counties, the Legion shale is about 5 feet thick.
In the only section measured, along the Santa Fe Railroad
tracks, in sec. 4, T. 31 S., R. 8 E., the member consists of
grey to buff, finely laminated shale with a few thin limestone
stringers. .
Fauna.--- The Legion shale is sparingly fossiliferous. The
only fossils found were rare specimens of Juresania add ;
few small pelecypods.

For a measured section of the Legion shale see section

71 at the end of this report.
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Burr limestone member

The Burr limestone was named by Condra and Busby (1933)
from exposures in the bluffs and ravines west of the South
Fork of the Little Nemaha River, 2.5 miles northwest of Burr,
Otoe county, Nebraska. Near Humboldt, Nebraska, the member
is about 10 feet thick and is composed of an upper 3.6 foot,
bluish-grey, dense, fine grained limestone with many ostra-
cods. The upper limestone is underlain by a brown, fissle,
3.6 foot shale, which in turn is underlain by a 2.6 to 4
foot, grey, slabby, vellowish weathering limestone with a few
greenish-grey shale partings (Con#ra and Busby, 1933).

In Riley county, the Burr limestone is 7.4 feet thick and
consists of an upper 4.5 foot, light grey, somewhat lamin-
ated, ostracod limestone underlain by 1.4 feet of black to
grey, fissle shale. The lower unit is a light, impure, argil-
laceous, fossiliferous limestone 2 feet thick (Jewett, 194l1).
Near Elmdale, Kansas, the Burr limestone is 1ll.4 feet thick
and consists mainly of ash-grey, hard, dense, massive to platy
limestone underlain by 4.5 feet of dark blue, fissle shale
and calcareous shale.

Lithologie character and thickness.--- In Elk and eastern
Cowley county, the Burr limestone is about 4 feet thick and
consists of two massive, blue-grey to dark grey, dense lime-
stones separated by a 0.2 foot shale. The upper unite of the
Burr limestone are exposed along Kansas Highway 96, about
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15 miles west of Severy, and consists of an upper massive,
1.5 foot, grey to bluish limestone underlain by 0.3 feet of
buff, platy shale.
Fauna.--- The upper limestone unit of the Burr limestone
characteristically contains abundant, small, high-spired
gastropods (often filled with crystalline calcite) and
smooth ostracods. The following fossils were collected from
the upper limestone bed in sec. 4, T. 31 S., R. 8 E,; samall
Myalina, Jonesina, Bairdia, and small gastropods.

For measured sections of the Burr limestone see sections

71 and 78 at the end of this report.

Salem Point shale member

The Salem Point shale was named by Condra and Busby
(1933) from roadeut exposurds at Salem Point, 1.5 miles
northwest of éalcm, Richardson county, Nebraska. Near Salem,
Nebraska, the member is a calcareous shale about 7 to 8 feet
thick. Southward, in Riley and Geary counties, Kansas, the
SaIQm Point shale averages about 8 feet in thickness, with
the upper part being mainly grey argillaceous ahzle. The
lower part becomes incrasasingly more calcareous downward
and there are a few thin local limestones in the basal part
(Jewett, 1941). MNear Elmdale, the Salem Point shale is abouﬁ
12 feet thick and consists of greenish-grey shales separated
by a 1.8 foot ash-grey limestone, the latter being traversed
by vertical veinlets which stand out on weathering (Moore, 1936).
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Lithologic character and thickness.--- In Elk, southwestern

Greenwood, and eastern Cowley counties, the Salem Point
shale averages about 7 feest in thicknesa. In sec. 4, T. 31
8., R« 8 E., the Salem Point shale is 8.0 feet thick and
consists of, in deascending order: shale, 2.5 feet, grey to
brown; limestone, 0.6 feet, yellow to brown, soft, earthy,
with a prominent network of calcite veinlets; ghale, 2.1 feet,
grey-brown; limestone and shale, 2.8 feet, limestone is blue
to buff, platey, molluscan, and is interbedded with grey |
shale. Along Kansas Highway 96, about 15 miles west of
Severy, the Salem Polint shale is 5.5 feet thick. Although
the unit is largely covered, the middle of the unit is
marked by a 1 foot buff "boxwork™ limestone and the lower
part by thin, dense, pelecypod besaring limestones. It is
interesting to note that the veinlet filled "boxwork" limestone_
found in the member in Elk county is persistent at least as
far north as Elmdale, Kansas.

For measured sections of the Salem Point shale, see

sections 71 and 78 at the rear of this report.

Neva limestone member

The Neva limestone was named by Prosser (1902) from
about 10 feet of massive, blue-grey limestones separated by a
thin shale, which are exposed northeast of Neva, Kunsas, near

the junction of the Diamond Creek and the Cottonwood River
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valleys. Condra (1927) described the Neva limestone in
Nebraska as consisting of four or five limestones and inter-
bedded shales. Bass (1929) states that the general char-
acteristics of the Neva limestone in the type area, persist
into Cowley county. He gives the thickness of the Neva
limestone in Cowley county as ranging from 22 to 28 feet.
Condra and Busby (1933) designated the Neva limestone as the
top member of the newly defined Grenola formation and cor-
related measured sections containing the Neva limestone

from Nebraska southward into Oklahoma. Throughout Kansas,
the Neva limestone consists of four or five limestones sepa-
rated by shales, having an overall thickness that varies from
16 to 24 feet (Moore, 1951).

Lithologic character and thickness.--- In Elk, eastern
Cowley, and southwestern Greenwood counties, the Neva lime-
stone is about 20 feet thick. In a good exposure along
Kansas Highway 96, about 15 miles west of Severy, the Neva
limestone consists of the following lithologic units, in
descending order: limestone, 4.2 feet, massive, grey to
buff; ghale, 3.4 feet, limey in upper part, lower part grey
to boown, clayey; limestone, 2.2 feet, in two beds separated
by thin shale, masaive, blue-grey, weathers platy; shale,
2.8 feet, dark grey with a few calcareous hard streaks;
limestone, 3.8 feet, three beds separated by thin shales;
limestone, 2.7 feet, nodidlar, thin bedded. Farther to the

south, in an excellent exposure in se¢. 4, T. 31 S., R. 8 E.,
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the Neva limestone is 20.5 feet thick and is composed almost
entirely of limestone. The shale intervals found in the
Neva limestone in southwestem Greenwood county are here al-
most completely occupied by nodular or thin bedded limestones.
A small amount of chert is present in the upper Neva lime-
stone in sec. 16, T. 31 S., R. 8 E.

In spite of the limy character and relatively great
thickness, the Neva limestone generally does not crop out
in the manner one would expect. The upper massive limestone
unit is persistent and its position is susually well marked
in grassed over slopes; however, the lower limestone units
are usualiy marked by one or two minor benches. Generally
speaking, the third bench below the top of the Neva marks the
approximate position of the base of the Neva limestone, with
the fourth bench, often quite prominent, being formed by the
Burr limestone. Consequently, the base of the member is some-
what difficult to map; however, the position of the base of
the Neva limestone is shown on the areal geologic map (Plate
1) its line of outcrop is designated by the symbol N.
Fauna.-~- The most significant featurse of tSo fauna of the
Neva limestone is the abundance of the fusulinid genus
Paraschyagerina, long regarded as an index to the lower
Permian.

Fusulinids occur abundantly throughout the member, being
found in almost every limestone and shale. Paraschwagerina
is most abundant in the upper half of the member, while
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slender specimens of Schwagerina seem to be characteristic
of the lower part, especially, the shale breaks just above
and within the lower nodular limestone unit.

The following fossils were collected from the Keva
limestone in sec. 4, T. 31 S., R. 8 B., Triticites, Schwagerina,
Dunbarinella, Schubertells Paraschwagerina, Chonetes, Com~

ita, Punctospirifer, Neospirifer, Lophophyllum, Rhombopora,
Deckerella, Climacammina, Tetrataxis, Bairdia, Hollinella,

Knightina, Macrocypris, Cavellina, echinoid spines and
plates, fenestellid bryozoans, fish teeth, conodonts,

erinoid stems, and small gastropods.
For measured sections of the Neva limestone, see sec-

tions 70, 71, and 78 at the rear of this report.

Eskridge shale

The Eskridge shale was named by Prosser (1902) from
exposures near Eskridge, Wabaunsee county, Kansas. In the
type area, the formation consists of 30 to 40 feet of vari-
colored shales with mdnbr thin limestones. In Riley and
Geary counties, Kansas, the Eskridge shale is bout 36 feet
thick and consists of a lower grey to varigated shale unit
separated from an upper grey shale by a calcareous sone of
impure, lenticular, sparingly fossiliferous limestones
(Jewett, 1941).
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Lithologic character and thicknegs.--- 1Im Elk, eastern
Cowley, ard southwestern Greenwood counties, the Eskridge

shale averages about 23 feet in thickness. In an excellent
exposure in sec. 4, T. 31 S., K. 8 E., the Eskridge shale
is slightly less than 20 feet thick and consists of the
following lithologic units, in descending order: gshale,

8.0 feet, grey at top grading into red; limestone, 1.2 feet,
nassive, dense, purplish-green, blotchy, hard, heavy:;
shile, reddish-purple, becouing gresn and blotchy in lower
part; limestone, 0.5 feet, dense, groenish-grey; ghale, 2.9
feut, greenish-grey to red. Farther to the north, in souths
western Greenwood county, the formation is about 28 feet
thick and consists of grey, buff, green, and red shales
with four thin zones of greenish-grey, dense, heavy lire-
stones. In Elk county, the Eskridge shale usually forms

a grassed over slope; however, the massive, purplish to
greenish colored limestone that eeccurs rear the middle of
the formation is very resistant and its position i3 usually
marked by a slight bench. Hecause of its distinctive
lithology, this liuestone can be readily identified and is
quite usable in local stratigraphic work.

Fauna.--- Shale samples collected from the upper part of
the formation in aec. 16, T. 31 8., R. 8 E., were practically
barrén of fossils; ﬂﬁe axception veing numerous, small,
white to creax colored algal bodies. The thin limestones,

present in all exposures of the forination, are gsnasrally
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sparingly fossiliferous, with the following fossils having
been collected at several localities: Aviculopscten,
Myalina, and small high-spired gastropods.

The cross-sections illustrated in Figure 15 show the
lateral variations found within the Eskridge shale. For
measured sections of the Eskridge shale, see sections 70,

71, and 78 at the end of this report.

Beattie limestone

The Beattie limestone was named by Condra and Busby
{1933) and includes the Cottonwood limestone, Florena shale,
and Morrill limestone members. The formation is named for
the town of Beattie, Marshall county, Kansas. In Pawnee
county, Nebraska, the formation is about 15 feet thick
(Condra and Busby, 1933).

In Elk, eastern Cowley, and southwestern Greenwood
counties, the three members are well repressented and range
in thickness from 15 to abqyt 29 feet, averaging about 23
feet.

Cottonwood limestone member

The Cottonwood limestons, as we know, it was variously
referred to as "Fusulina limestone,” "Alma limestone",
wCottonwood Palls limestone™, and "Manhattan limestone™;

however, Prosser (1894) proposed the name Cottonwood forma-
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tion to include the above limestone and the shales immedi-
ately overlying it. He referred to the limestone as the
Cottonwood limestone and the shale above it as the Cotton-
wood shale. The latter name was dropped when Prosser (1902)
renamed the shale the Florina shale. The type area of the
Cottonwood limestone is in the exposures along the Cotton=-
wood River, near Cottonwood Falls, Kansas.

Throughout most of Kansas, the Cottonwood limestone is
about 6 feet thick and is a massive, light buff, white to
light grey weathering fusulinid bearing limestone. However,
ift: southern Kansas, the member thins and becomes shaly
(Moore, 1951).

Lithologic character and thickness.--- In Elk, eastern

Cowley, and southwestern Greenvood counties, the Cottonwood
limestone averages about 5 feet in thickness. In an out-
crop located along Kansas Highway 96, about 15 miles west of
Severy, the Cottonwood limestone is 4.9 feet thick and con-
sists of dark grey to buff, massive, grey weathering,
fusulinid bearing limestone. In sec. 14, T. 29 S., R. 8

B., the member is 4.9 feet thick and consists of thin,
blue-grey, fusulinid bearing limestones interbedded with
grey shales. 1In sec. 4, T. 31 S., R. & E., the Cottonwood
limestone is 4.8 feet thick and is made up mainly of blue,
dense, thin, slabby to nodular limestones and blue-grey shales.
The lower 1imcstonea;however, are buff to yelliow, soft,

argillaceous, and contain numerous gastropods and pelecypods.
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The lateral change, from 2 predominantly limestone unit to
one of minor limestones interbedded with shales, is well
shown in the outcrops studied across Elk county. This
lateral variation is shown in the cross-sections illustrated
in Figure 15.

Fauna.~-- The following fossils were collected from the

Cottonwood limestone in eastern Cowley county: Schubertella,

Iriticites, Schwagerina, Ditomopyge, Composita, Derbya,

Amphiscapha, Juresania, Edmondia, Allorisma, echinoid spines

and plates, fenestellid bryozoans, and gastropods.
In the more southerly outcrops of the Cottonwood lime-

atone, the fusulinids, especially Schubertella, are common

only in the uppsr part of the unit, while the lower, more
shaly portion, is crowded with pelegypods, gastropods, and
well preserved productid brachiopods.
In Elk county, the Cottonwood limestone usually forms
& very slight bench occurring below the more pronounced
bench of the Morrill limestone; however, in the more northerly
part of the county, the thin limestone beds in the ‘member
thicken somewhat and the line of outerop becomes more:marked.
For measured sections of the Cottonwood limestone, see

sections 70, 71, 72, and 78 at the end of this report.
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Florena shale member

Prosser (1902) proposed the name Florena shale for
from 2 to 13 feet of fossiliferous shales (previously known
as the Cottonwood shales) overlying the "Alma limestone"
or Cottonwood limestome. He considered the Florena shale
as the lower part of the Garrison formation. The upper
part of the Garrison formation, extending up to the base
of the Wreford limestone, was called Neosho. Moore (1936)
regarded the previousiy named units of the Garrison forma-
tion as separate formations within the Council Grove group
and discarded the name Garrison.

In the type locality, near Florena, Kansas, the'

Florena shale is exposed in quarries along the Big Blue
River.

In Riley and Geary counties, the Florena shale is a
grey, argillaceous shale generally less than 10 feet thick and
contains numerous specimens of Chometes (Jewett, 1941).

Near Strong City, the Florena shale is 13 feet thick and

is a grey, calcareous to clayey shale which is very fos-
siliferous in its lower half (Moore, 1936).

Lithologic character and thicknegs.--- In Elk, southwestern

Greenwood, and eastern Cowley counties, the thickness of
the Florena shale averages about 8 feet. Along Kansas High-
way 96, about 15 miles west of Severy, the Florena shale is
slightly less than 6 feet thick and is a brown to grey,
clayey, fossiliferous shale. In sec. l4, T. 29 8., R. 8 E.,
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the member is 9 feet thick and is composed of grey, clayey,
fossiliferous shale which becomes more calcarecus and hard
in its lower part. In a good exposure in sec.4, T. 31 S.,
R. 8 E., the Florena shale is 14 feet thick and consists
of buff to grey, highly fossiliferous shale which contains
three or four thin, diacontinuous, nodular, light grey,
argillaceous limesatones in its upper part. Although

the Florena shale generally forms a grassed over slope
below the bench forming Morrill limestone, it is readily
identified by the numerous specimens of well preserved fos-

sils, especially Chonetes, which weather out and lie on the

surface.

Fauna.--- The Florena shale is the most fossiliferous
Permian rock unit in £lk county. The following fossils

were collected from ocutcropes in southwestern Elk and eastern
Cowley counties: JIriticites, Schubertella, Schwagerina,
Derbya, Meekella, Composita, Diaslasma, Crurithyris, Chonetes,
Lictyoclostug, Juresania, Nuculana, Edmondia, Aviculopecten,
Septimyalina, Allorisma, Pleurophorus, Amphiscapha,
Ditomopyge, Stereostylus, Bairdia, Amphissites, Knightina,
Hollinella, Tetratexis, Climacammina, conodonts, echinoid

spines and plates, numerous bryozocans, crinold stems and
plates.
The lateral changes occurring within the Florena shale

are shown in the cross-sections illustrated in Figure 15.
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For measured sections of the Florena shale, see sections

70, 71, 72, and 78 at the end of this report.

Morrill limestone member

The Morrill limestone was named by Condra (1927) from
exposures of 1 to 2 feet of yellowish limestone, two miles
northwest of Morrill, Kansas. In Riley and Geary counties,
the Morrill limeatone is about 3 feet or less in thickness
and consists of brownish-grey limestone that weathers into
a mass of irrggular, pitted, granular, brown limestone
(Jewett, 1941). In an exposure just west of Strong City,
the Morrill limestone is & little over L feet thick and
onsists of two massive limestones separated by a thin cal-
careous shale {Moore, 1936).

Lithologic character and thickness.--- In Elk and eastern

Cowley counties, the thickness of the Morrill limestone
averages Jjust over 9 feet. In sec. 14, T. 29 S., R. 8 E.,
the member 13 9 feet thick and consists of thin to masaive
beds of bluish-grey, buff to light grey weathering limestone.
The most massive units, 4 to 5 feet below the top, weather
to a light grey and possess a very irregular deeply pitted
surface. In sec. 4, T, 31 8., R. 8 8., the member is 7

feet thick. The upper 3 feet consist of buff to whitish,
irregular, thin bedded limestone. The middle of the unit
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is a massive, 2 foot bed of buff to bluish, slightly cherty
limestone which weathers to an irregular, pitted surface,
light grey in color. The lower 2 feet are composed of thin,
irregular to nodular, algal, buff to yellowish limestones
interbedded with buff to yellowish fossiliferous shales.
Throughout its line of outcrop in Elk county, the
Morrill limestone forms a distinct, recognizable bench.
The member is readily identified on the outcrop by its
peculiar pitted weathered surface and by the occurrence of
robust Schwagerina and very numerous echinoid spines and
plates. In many of the outcrops, thh echinoid spines and
spine bases are surrounded by a light grey algal appearing
mass in which the echinoid parts seem to have served as a
nucleus around which the grey wmaterial was deposited.
Fauna.--- The lower part of the Morrill limestone contains
abundant fusulinids and echinoid spines and plates; however,
the upper part of the member is sparingly fossiliferous.
The following fossils were collected from outcrops in sec. &,
T. 31 8., R« 8 B., and in sec. 14, T. 29 S., R. 8 E.: rare

Ottonosia, Composita, robust Schwagerina, Hollinella, Bairdia,
Knightina, Amphigsites, Tetrataxis, Climacammina, echinoid

spines and plates, and crinoid stems.

On the accompanying areal geologic map (Plate 1), the
base of the Morrill limestone is mapped and its position is
indicated by the symbol k. The cross-sections illustfatod

in Figure 15 show the lateral changes occurring within the
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Morrill limestone. For measured sections of the Morrill
limestone, see sections 70, 71, 72, and 78 at the end of
this report.

Stearns shale formation

The Stearns shale was named by Condra (1927) from
exposuras south of the Stearns School, northeast of Humboldt,
Nebraska. In the original description of Condra, the Stearns
shale is listed as being 14 feet thick and as consisting

mainly of varicolored shales which are somewhat calcareous

in its lower part. The Stearns shale was originally con-
sidered by Condra as a subdivision of the Garrison formation;
howsver, in 1935, ha considered it as a separate formation
within the Council Grove group, as did Moore, 1936.

In. Riley and Geary counties, the Stearns shale is
about 20 feet thick and is composed mainly of grey unfossili-
ferous shales in which a few thin limestones may be present
{Jewett, 1941). Near Strong City, the Sterns shale is about
10 feet thick and is coumposed of greenish, crumbly shale
underlain by 2.5 feet of grey mudstones and shales (Moore,
1936).

Lithologic character and thickness.--- In Elk county,

the Stearns shale is about 13 feet thick. Although this
formation is almost always poorly exposed, in & rare com-

pletely exposed section in sec. 14, T. 29 8., R. 8 E., the
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formation consists of 5 feet of grey shales above, sepa-

rated from about 6 feet of red and brown shales below by a

Lo
5

2.5 foot interval of dark grey to bluish, nodular, fossili-
ferous limestones andshales.

Fauna.~-- The colored shales of the lower part of the
formation contain numerous small algal bodies. The middle
nodular limestones and shales have yielded the followihg

fossils: Meekella, Juresania, and Aviculopecten.

The Stearns shale and the overlying Bader formation
are not well exposed in Elk county. Considerable difficulty
was encountered in determining the detailed lithology and
boundaries for the recognized units occurring within this
interval. A4lthough several sections embracing this interval
were measured, only the one in sec. 14, T. 29 S., K. 8 E.
was wall enough exposed to allow reasonably accurate correla-
tion. GSee sectioms7( and 72 at the end of this report for

detailed measurements of the Stearns shale.

Bader formation

The Bader formation was named by Condra (1935) to in-
clude the following subdivisions, in ascending orderf Biss
limestone, Hooser shale, and Middleburg limestone. The type
exposure is located near Bader, Kansas.

In Elk county, the Bader formation is about 28 feet

thick and is composed of bluish-grey to greenish-grey, thin
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bedded limestones intervedded with gray, buff, yellow, brown,
green, and red shales. Although the three members of the
Brmation are recognized, the boundaries seemingly are not
sharply defined. The only persistent outcropping units of

t he formation are the more massive upper limestone beds of

the Eiss limestone.

Eiss limestone member

The Eiss limestone was named by Condra (1927) from ex~
posures on the Eiss farm, 8 miles south of Humboldt, Nebraska.
In the type area, the member is slightly less than 10 feet
thick and is composed of two limestones separated by about
7 feet of fossiliferous bluish shale.

Lithologic character and thickness.--- In Elk county, the

Eiss limestone is about 1l fget thick. In sec. 14, T. 29

S., R« 8 E,, the member consists of the following lithologic
units, in descending order: limestone, 2 feet, relatively
nassive, blue-grey, weathers to light grey with a distinctive
pitted surface; shale, 2 feet, red to green, algal; limestone
and shales, 7 feet, upper part buff, thin bedded fossiliferous
limestone, lower part grey fossiliferous shale and thin,
nodular, bluish limestones. Throughout its line of outerop,
the upper more massive limestone beds of the Eiss limestone
form a distinct bench; In the outcrop, the upper Eiss lime-
astone can be identified by its characteristically light col-
ored, pitted weathered surface. Although the slightly lower
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Morrill limeatone weathers in a similar fashion, the absence
of abundant echinoid parts and fusulinids in the Eiss are
usually sufficient to allow differentiation of the two
limestones.
Fauna.--- The following fossils were collected from the
lower fossiliferous limestones and shales of the Eiss lime-
stone in sec. 14, T. 29 S., R. 8 E.: Meekopora, Neospirifer,
numerous bryozoans, Ditomopyge fragments, Meekella, Bairdia,
and Jonesina.

For measured sections of the Eiss limestone, see sec-

dons 70 and 72 at the end of this report.

Hooser shale member

The Hooser shale was named by Condra and Upp (1931)
from highway and ravine exposures junat east of Hooser, Kansas.
In the type area, the unit consists of 11 feet of red, grey,
and olive shales with a fossiliferous limy zone near its
V.

Lithologic character and thickness.--- 1In Elk county, the

Hooser shale is about 11 feet thick and consists of the
following lithologiec units, in descending order: ghals,
L.7 feet, finely laminated, buff to yellow; limestone, 0.2

feet, greenish-grey, molluscan; limestone and shale, 2.5

feet, interbedded, fossiliferous, dark blue to greenish,

nodular limestone and buff shales; shale, 4.2 feet, vari-
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colored, somewhat algal. This unit is almost always poorly
exposed and only in the section measured in sec. 14, T. 29
S., ke 8 E. was it possible to observe the detailed litho-
logy of the member.
Fauna.~~- The thin fossiliferous limestones in the middle
of the Hooser shale contain the following fossils:
Juresania, aviculopecten, Septimyalina, and bryoczoans. No
microfossils were found in several shale sawples collected
from the lower part of the wewber.

For measured sections in which the Hooser shale is pre-

sent, see sections 70 and 72 at the end of this report.

Middleburg limestone member

The Middleburg limestone was named by Condra and Upp
(1931) from exposurzs on Easly Cresk, 1.5 miles south of the
Kiddleburg School, Richardson county, Nebraska. In the
type area, the Middleburg limestone iz about 4 faet thick and
is composad of varicolorsd limestoness with a minor amount of
ollve colored shals.

iLithologic character and thickness.--- In Elk county, the

Middieburg limestone is about 6 feet thick and consists of

thin, grey to greesnish, dense, tough, lizht grey to whitish
weathering, palecfpod limestones interbedded with grey to
grsenigh shales. In general, this member outcrops rather
poorlyg howaver, its position below the more easily weathered

Easly Creek shale is marked by a low indistinct bench.
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Fauna.--- The following fossils were collected from the
Middleburg limeastone in sec. 16, T. 31 S., R. 8 E.: Jur-

ssania, Aviculopecten, Pseudomonotis, Myalina, Septimyalina,
and Jonesins.

For measured sections of the Middleburg limestone,

see sections 70 and 72 at the end of this report.

Easly Creek shale

The Easly Creek shale was named by Condra (1927)
from exposures on Easly Creek, Richardson county, Nebraska,
which included all beds from the top of the Eiss limestone
to the base of the Sabetha (Crouse) limestone. Condra and
Upp (1931) redefined the Easly Creek shale and restricted
it to about 14 feet of olive and maroon-grey shales between
the base of the Cruuse limestone and the top of the newly
defined Middleburg limestone.

In Riley and Geary counties, Kansas, the formation
consists of 15 to 20 feet of grey and greenshales which
contain chocolate-colored material above and red below
(Jewett, 1941).

Lithologic character and thicknegs.--- In Elk county, the
Easly Creek shale averages about 10 feet in thickness and
is composed of shales which are brown above and red below,
and in which abundant small white algal bodies are common.
The diaﬁinctive color gonation and the position immediately
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below the bench forming Crouse limestone makes the Easly
Creek shale relatively easy to identify in the field. Other
than the small white algal masses, no fossils were found in
the formation.

For measured sections of the Easly Creek shale, see

sections 70 and 72 at the end of this report.

Crouse limestone

The Crouse limestone was named by Heald (1916) from
a prominent limestone occurring about 50 feet above the
Cottonwood limestone in the nortpwoltern corner of the
Foraker quadrangle, Osage ceunty;oklahoma. Condra (1927)
applied the name Sabetha to about 12 feet of limestone in
the vicinity of Sabetha, Kansas; however, Condra and Upp
{(1931), as a result of field work in southern Kansas, con-
cluded that the Sabetha limestone was equivalent to the
Crouse limestone of Heald. Accordingly, the name Sabetha
was dropped from stratigraphic use.

Condra (1935) proposed the name Bigelow formation to
include the Funston limestone, Blue Rapids shale, and Crouse
limestone. Jewett (1941) proposed, that to be consistent
with classification applied above and below the Bigelow
formation, the three units of the Bigelow formatinn should
be recognized as separate formations within the Council
Grove group and the name Bigelow should be dropped from
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stratigraphic usage. The Kansas Geological Survey agreed
with this proposal and the name Bigelow is no longer used
in Kansas.
Lithologic character and thickness.--- In Elk county, the
Crouse limestone is about 9 feet thick and generslly con-
sists of the following lithologic gzones, in descending
order: 2 to 3 feet of thin, platy, yellowish limegtone;
3 to 4 feet of blue-grey, dense, massive, locally cherty
limestone; about 3 feet of irregular, thin to modular, algal
limestone. The Crouse limestone, along its line of outcrop
across Elk county, forms a distinct bench which is held up
malnly by the more massive beds in the middle sand upper part
of the formation. Identification in the field can“gp?ally
be made on the basis of thickness, lithology, and . the
occurrence of algal discs (Qttonosia). The Qttonosia are
especially abundant in the lower nodular phase. The base of
the formation is mapped on the accompanying areal geologic
map (Plate 1) and its position is indicated by the symbol
g.
Fauna.--~ The éruuso limestone is sparingly fossiliferous,
however, the basal nodular beds in some localities contain
very abundant specimens of Ottonosia and poorly preserved and
less numercus specimens of Composita and Juresania.

For measured sections of the Crouse limestone, see

sections 70, 72, and 76 at the end of this report.
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Blue Rapids shale

In redefining the Speiser shale, originally defined
to include all beds from the top of the "Sabetha® limestone
to the base of the Wreford limestone, Condra and Upp (1931)
introduced the name Blue Rapids shale for the thin limestones
and shales between the top of the Crouse limestone and the
base of the newly defined Funston limestone. The Blue
Rapids shale was named from about 21 feet of .iricolored
shales and thin limestones exposed about 1% miles north of
Blue Rapids, Kansas.

In Riley and Geary counties, Kansas, the Blue Rapids
shale is composed of grey shales which contain minor amounts
of red shale and one thin unfossiliferous limestone, having
a total thickness of 20 to 30 feet. Near Hooser, Kansas,
the formation is about 16 feet thick and consists mainly of
olive, grey, and red shales with a minor amount of slabby
calcareous shale in its lower part (Condra and Upp,1931).
Lithologic character a hickness.~-- In Elk county, the
thickness of the Blue Rapids shale averages about 23 feet.

A complete exposure of the formation in sec. 14, T. 29 S.,

R. 8 E., shows the following lithologic zones, in descending
order: ghale, 5 feet, brown to greenish; ghale, 15 feet,
red, algal at top with a thin, nodular limestone about 3 feet
below the top, shale becomes bluish-grey in the middle and

greenish, calcareous in its lower part, with a 1.5 foot grey
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to greenish limestone about 5 feet above the base. 1In a
partially exposed section in seec. 27, T. 28 S., R. 8 E.,
the formation is about 25 feet thick and consists of grey,
brown, and bluish-grey shales with two or three thin lime-
stones. The uppermost thin limestone, about 3 feet below
the top of the foruation, contains a few small, irregular
chert nodules.
15353.-~- The Blue Rapids shale is generally unfossilifer-
onu?yhowQVOr, the thin interbedded limestone: were found to
contain the following fossils in some localities: Aviculo-
pinna, Juresania, and shell fragments.

For measured sections in which the Blue Rapids shale is

present, see sections 72 and 76 at the end of this report.

Funston limestone

The Funston limestone was named by Condra and Upp
(1931) from about 8 feet of limestones and shales exposed in
the bluffs of the Kansas Hiver valley, south of Funstonm,
Kansas. Originally, the rocks of the formatgon were in-
cluded in the Speiser shale by Condra (1927)?;hawover.
Condra and Upp redefined the Speiser shale in 1931 and
restricted it to the beds between the ¥Wreford and the newly
defined Funston limestones.

Lithologic character and thicknessg.--- Ié Elk county,

the Funston limestone is 11 to 12 feet thick and consiats
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generally of two limestones separated by shales. The shales
are grey, buff, to red.. Some buff to brownish, calcareous
shales, with minor amounts of thin, nodular limestones,
occur locally. In sec. 14, T. 29 S., R. 8 E., the lower
part of the formation is exposed and it consists of a 2
foot grey to light blue, almost coquinoid limestone
which has a massive top, overlain by grey to buff, calcar-
eous, fossiliferous shale and thin nodular limestone beda.
The upper limestone is exposed in sec. 27, T. 78 S., R. 8
E., where it ia about 4 feet thick and consists of grey to
almost white, dense limestone, which is platy in its upper
part but becomes more massive lower. At this locality,
the intervening shale is about 5.5 feet thick and is composed
of grey shale containing two red streaks near its middle.
Fauna.--- The middle shaly interval of the formation is
fossiliferous in some localities. The following fossils
were collected from this interval in sec. 14, T. 29 S.,
R. 8 E.: Composita, Juresania, fenestellid bryosoans, and
crinoid stems. The lower limestone in the same locality
possesses numerous fragments of small pelecypods and small
high-spired gastropods.

For measured sections in which the Funston limestone
is present, see sections 72, 73, and 76 at the rear of this

report.
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Speiser shale

The Speiser shale was named by Condra (1927) from out-
crops in Speiser Township, Richardson county, Nebraska.
In the original description, the Speiser shale included
all bteds from the top of the Crouse limestone to the base
of the Wreford limastone;yhowuvor, Condra and Upp (1931)
redefined the Speiser shale and restricted it to the inter-
val between the Funston and the Wreford limestones. The
restricted Speiser shale is reported by them to vary in
thickness from 18 to 19 feet in Nebraska to 34 to 35 feet
in southern Kansas.
Lithologic character and thickness.--- In Elk county, the
Speiser shale averages about 28 feet ip thickness. In see.

35, T. 28 S., R. 8 BE., the formation is 27 feet thick and

consists of the following lithologic zones, in descending
order: interbedded grey to buff, thin, nodular limestones
and buff shales which contain numerous well preserved,
large specimens of Derbya, about 10 feet; ghale, light grey,
fossiliferous, 3 feet; ghale, red to peddish-brown, algal,
10 feet; shals, zed, green, and whitish, algal, 4 feet.
Although no sandstonss were present in the formation in
Blk county, an exposure of the formation measured south of
Dexter, Cowley county, contains three or four lenticular
sandstones in its upper part. DBecause of its position
immediately below the scarp forming wWreford limestone, the
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Speiser shale forms a rather steep slope and is usually
fairly well exposed. The formation can usually be readily
identified in the field on the basis of its stratigraphic
position and by the large specimens of Derbya which occur
in its upper part.
Faung.--- The upper part of the formation is fossiliferous
and is especially characterigzed by the abundant occurrence
of very large, well preserved specimens of Derbya which are
found in association with Juresania, Septimvalina, Composgita,
Aviculopinna, bryozoans, and crinoid stems.

The latera changes within the Speiser shale are shown
in the cross-gections illustrated in Figure 15. For measured
sections of formation, see sections 73, 75, 76, and 80 at

the end of this report.

Chase group

Prosser (1895) applied the name Chase formation to
about 265 feet of interbedded flinty limestones and shales
between the Neosho and karion formations in Chase county,
Kansas. 1In 1905, Prosser concluded that the rocks ori-
ginally included in the Chase formation contained several
lithologic units which were mappable and that these sub-
divisions should be regarded as separate formations. 1In so
doing, Prosser raised the Chase from formational to stage

rank and included in it all beds from the base of the Wreford
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to the top of the Winfield limestones. The interval de-
signated by Prosser as a stage has long been used as a
group term in Kansas. The base of the Chase group has
reanained as first designated, the base of the Wreford
limestone; however, the top of the group has been shifted
upward and is now placed at the top of the Herington lime-
stone.

In E1k county, only the lower formations of the Chase
group are preaantg/or these, only the Wreford limestone
has any areal distribution, with the Florence limestone and
Matfield shale teing found only in two small outliers in
sec. 22, T. 28 S., R. 8 E. Because of the limited outecrop
belt of the lower Chase group in Elk county, the thicknesses
ard lithologies in the following discussion were obtained
from exposures in Cowley county.

The base of the Chase group is mapped on the accompany-
ing areal geologic map (Plate 1) and its line of outcrop is
indicated by the symbol ¥. A generalized section of the
rocks of the Chase group in Elk county is shown in Figure
16.
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¥reford limestocone

The Wreford limestone was named by Hay (1891) from
exposures nesr ¥Wreford, Geary county, Kansas. Condra and
Upp (1931) separated the Wreford limestone into the follow-
ing members, in ascending ordeéi Fourmile limestone, Havens-
ville shale, and Schroyer limestone. Because the name
Fourmile had previously been used in Oklahoma, Moore (1936)
substitued the term Threemile for the lower member.

Lithelogi¢ character and thicknesg.~-- Throughout its more

northerly zones of outcrop in Kansas, the three members de-
signated by Condra and Upp are readily recognizable and

have been described from many localities. In Cowley county,
the formation is almost exclusively limestone. Consequently,
the Havensville shale member has not been correlated in this
area with any degree of certainty. Bass (1929) measured and
described several exposures of the Wreford limestone in
Cowley county which averaged about 33 feet in thickness.

In a completely exposed section, just easéighe Junction of
Kansas Highways 15 and 38, north of Dexter, the Wreford
limestone is 32 feet thick and consists of the following
lithologic units, in descending order: limestone, 3.9 feat,
grey, massive in the middls, cherty, sparingly fossilifer-
ous; shale, 0.7 feet, grey-brown, calcareocus; limestone,

5.4 feet, massive, grey-brown, weathers inte thin, irreguiar

beds; shale, 2.5 feet, black fissle in upper half, lower
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half buff, calcareous; limestone, 6.0 fest, grey, soft,
‘algal, sparingly fossiliferous, massive, with a 0.5 foot
chert bed just above the base; limestone, 4.2 feet,
nodular, grey to brown, with abundant blue chert nodules
and thin blue chert beds; limestone, 9.5 feet, generally

masaive, blue to grey-brown, blue chert nodules abundant,
fossiliferous. The Havensville shale member should probably
be correlated with the 8.5 feat of shale and massive,

soft, fossiliferous, non-cherty limestone occurring about

9 feet bslow the top of this section.

In western and northwestern Elk county, measurable
exposures of the Wreford are limited to only a few feet of
the lower cherty beds. Conssquently, no complete sections
were studied in Elk county. Although the Wreford forms a
pronounced scc;p and the base of the formation was mapped,
the upper beds are generally reduced to a chert rubble which
blankets the pronounced bench held up by the formation.

The complete thickness of the formation is presented only in
the extrzus northwest corner of the countyf however, here
the unit is covered in part and detailed lithology is not
readily obtainable.

Fauna.--- The following fossils were collected from the
formation north of Doxtor;'gichoclogtus. Composita, Rhombo-
pora, Usagia, crinoid stems, echinoid spines and plates,
pelecypod fragments and productid spines.
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In the accompanying areal geologic map (Plate 1), the
base of the ¥Wreford limestone is mapped and its line of out-
crop is indicated by the symbol W. For measured sections
of the Wreford limestone, see sections 75, 76, and 80 at the

end of this report.

Matfield shale

The Matfield shale was named by Prosser (1902) from
exposures in Matfield township, Chase county, Kansas. 1In
the type area, the formation is 60 to 70 feet thick and con-
gsists mainly of v;}icolored shales with minor amounts of
shaly, occasionally cherty, or grey limestones. Condra and
Upp (1931) divided the formation into tbree members, which
in ascending order aré;/Wymore shale, Kinney limestone, and
Blue Springs shale.

The Matfield shale is exposed in the extreme northwestern
corner of Elk county and has a thickness of 55 to 60 feet.
However, due to its limited &real distribution and covered
condition in Elk county, it was necessary to study the
formation in Cowley county. The thicknesses and lithologies
in the following discussion were taken rroﬁ sections measured
in Cowley county by Bass (1929) and Condra and Upp (1931),
which were visited by the writer, and from a section neas-
ured at the junction of Kansas Highways 15 and 38, north of

Dexter.
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Wymore shale member

The Wymore shale was named by Condra and Upp (1931)
from exposures 2.5 miles east of Wymore, Nebraska. In the
type area, the member is about 20 feet thick and consists
of varicolored shales and thin mudstones.

In the section described by Bass (1929) south of
Silverdale, Cowley county, the Wymore shale is about 9 feet
thick and is composed of red clayey shaies overlain by grey
to dark grey calcareous shale. In the section just east of
Burden, Cowley county, described by Condra and Upp (1931),
the Wymore shale is about 9 feet thick and consists of about
5.0 feet of grey and red shales separated below frou 3.5
feet of grey to red shales by a grey-lavender limestone.

Kinney limestone member

The Kinney limestone was named by Condra and Upp (1931)
from exposures in the railroad cut Jjust east of Kinney,
Gage county, Nebraska. In Nebraska, the member is about
12 feet thick and consists of the following lithologic sones,
in ascending order: 1limestons, 5 feet, grvy; shale, 5 to
6 feet, grey; two limestone-mudstones separated by shale,
1.7 feet (Condra and Upp, 1931). East of Burden, the
members is 15.5 feet thick and contains the following sones,

in ascending order: limestone, two beds separated by a
thin shale, fossiliferous, 2.5 feet; limestons, dark grey,
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massive, fossiliferous, about 5.0 feet; ghale, grey, fossil-
iferous, about 2.0 feet; limestone, grey, fossiliferous,
6.0 feet (Condra and Upp, 1931).

In the extreme northwestern corner of Blk county, the
Kinney limestone crops out as two benches separated by a
covered shale interval. The benches, which are relatively
prominent, being overlain and underlain by shales, are
easily followed on areal photographs with the use of a

stereoscope.

Blue Springs shale member

The Blue Springs shale was named by Condra and the
Upp (1931) from exposures southeast of Blue Springs,
Nebraska. In Nebraska, the member is 28 to 29 {eet thick
and consists mainly of varicolored shales. In Riley and
Geary counties, Kansas, the membar is 25 to 45 feet thick
and is couposed of yellow to grey shales above and vari-
colored shales below (Jewett, 1941). East of Burden, Condra
and Upp (1931) described the Blue Springs sha.e as being
about 25.0 feet thick and consisting of about 14 feet of grey,
red, and olive shales separated below from 8.0 feet of limy
grey shale by a 2.5 foot, grey, massive limestone {called
by them the Bruno limastone).

North of Dexter, at the Jjunction of Kansaa Highways
15 and 38, the Blue Springs shale is exposed and conaists of
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about 5.0 feet of thin badded to nodular, blue to grey,
fossiliferous limestones and grey, clayey to calcareous
shales underlain by 21.0 feet of bluish-grey and bright
red shales. The lower 6.0 feet of the member are partially
covered but consist of an upper 1.8 foot, dense, grey-green
limestone (Bruno limestone 7) underlain by calcareous shale.

The upper 5 feet of the member, north of Dexter, con-

tain the following fossils: Juresania, Dictyoclostus, Derbya,
Myalina, Aviculopecten, Septimyalina, Rhombopora, Comp#sita,
Bairdia, echinoid spines, fenestellid bryoscans, crinoid
staus, and numerous gastropods.

For a measured section of the Blue Springs shale, see
section 81 at the end of this report.

Barneston limestone

The Barneston limestcne was named by Condra and Upp
{1931) to include the Florence flint and the Fort hiley
limestone. Moore (1936) applied the name Oketo shale %o
the thin discontinuous shale unit between the Fort Liley
and Florence limeastones. The formation, &s now req?gnizod,
contains the following members, 1ln ascending order;JFlorance
limestone, Cketo shale, and Fort Riley limestone.

"he lowermost member, the Florence limestone, is pre-
sent in the extreme northwestern corner of Elk county where

it forms the cap of two small outliers.
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Florence limestone member

The Florence limestone member was named by Prosser
(1895) from exposures near Florence, Marion county, Kansas.
Prosser (1902) used the term "Florence flint” for about
20 feet of very cherty limestone exposed in railway cuts
1 to 2 miles northeast of Florence. He further stated
that the original Florence limestone (Prosser, 1855) was
apparently equivalent to the main ledge of the Fort Hiley
limestone and that the name should be abandoned. Moore
(1936) applied the name Florence limestone to the chert
bearing beds overiying the Blue napids shale and underlying
the newly defined Oketo shale.

In klk county, the Florence limestone forms the cap
of two small outliers in the extreme northweatern part of
the countyfvhowever, as the exposures are rather poor and
are considerably obscured by a mantie of weathered chert,
no sections were measured in the county.

In Cowley county, Bass (1929) states that the Florence
limestone thins from 35 feet in sec. 16, T. 31 S., k. 5 E.,
to about 1l feet in sec. 18, T. 35 S., R. 5 E. The section,
described below, was measursd at the junction of Kansas
Highways 15 and 38, north of Dexter, Cowley county. It
represents the lower part of the wember and is considered
to be about equal to the thickness of the cap formed by the
Florence limestone in Elk county and consists of the follow-

ing zones, in descending order: Lkimestone, grey to buff,
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sugary, with numerous tan and grey chert nodules, fossili-
ferous, 4.2 feet; limestone, buff, massive, non-cherty,
3.2 feet; shale, grey, calcareous, 0.8 feet; limestone,
buff to grey, soft, weathers shaly, fossiliferous, with
a few small chert nodules, 1.2 feet. The following fossils
were collected from the above measured sections:
Pseudoschwagerina, Schwagerina, Dictyoclostus, crinoid
stems, echinoid splnes, and many small shell fragments.

For a measured section of the Florence limestone,

see section 8l at the end of this report.



DESCRIPTIONS OF MEASURED SECTIONS

SECTION 1

Measured along the west side of north-south county
road, center sec. 17, T. 31 S., R. 13 BE., Elk county.

Thick-
ness
(feet) Bed

Lawrence shale
Ireland sandstone member

14.5 (1) Sandstone, massive, grey to reddish-grey, medium
to fine grained, reddish to buff weathering, friable
to well cemented; lower part grades into reddish-grey,
sandy shale.

Stranger formation
Robbins shale member

25.0 (2) Shale, reddish to buff or grey, sandy above to
clayey below; with several greenish to buff sandstones
in the upper part.

25.0 (3) Shale, bluish-grey, streaked with yellow to orange;
interbedded with thin plates of sandstone; grey con-
cretions are common throughout.

70,0 (4) Shale, grey to bluish-grey, sandy above to clayey
below; concretions numerous in upper part.
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SECTION 2

North-center, sec. 3, T. 32 S., R. 43 E., Chautauqua
county.

Stranger formation
Haskell limestone member

1.0 (1) Limestone, blue, dense, hard, massive; with abun-

dant Ottonosia.
Vinland shale member
35.0 (2) Shale and sandstone, almost completely covered.
Westphalia limestone member

1.0 (3) Limestone, thin bedded, irregular to platy, sandy
to silty, dark grey, fossiliferous.

1.1 (4} Limestone, massive, dark grey, mottled, dirty,
micaceous, sandy; with Osagla and abundant fusulinids.

Tonganoxie sandstone member

6.4 (5) Shale, bluish-grey, clayey at top to finely bedded
and hard platy below.

(6) Sandstone, greyish to buff; only the upper part
is exposed.

SECTIOR 3

Measured along US Highway 160 from top of hill to
creek at bottom, in SWi, sec. 6, T. 31 S., R. 13 E., Elk
county.

Lawrence shale
Ireland sandstone member

80.0 (1) Sandstone, massive in upper part, becoming thinner
bedded and cross-bedded lower; grey to buff or reddish,
fine grained. This exposure represents a deep channel
filling deposit having a total thickness estimated up

to 100 feet.
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SECTION 4

Measured along north-south county road between sec-

tions 11 and 12, T. 29 S., R. 13 E., Wilson county. This
section was furnished by H. C. Wagner.

2.5

40.0

2.7

2.5

1.1
0.8

1.2

1.7
1.8

Lawrence shale
Ireland sandstone member

(1) Sandstone, fine grained, buff, massive, limonite
spots; top not present.

8tranger formation
Robbins shale member
(2) Sandstone and shale, sandstone in the upper part
is shaly, tan to grey and reddish; poorly exposed;
grades downward into grey, silty shale which contains
numerous coneretions.
Haskell limestone member

(3) Limestone, grey to tan, uneven beds, blotchy
appearance, 5€tonosia ’ ’

Vinland shale member

(4) Limestone, silty to shaly, grey; upper part almost
coquina of pelecypods, bryosocans, and crinoid stems.

(5) Sandstone, fine grained, grey, streaked with brown.

(6) Shale, clayey to silty, grey to brown; with a
carbonaceous streak in the middle.

Westphalia limestone member

(7) Limestone, chocolate brown, highly jointed, brown
weathering; with abundant Qsagia.

(8) Limestone, clayey to sandy, fragmental.

(9) Limestone, sandy, impure, greyish-tan to chocolate
brown, fossiliferous.
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7.0

1.0

3.0

1.0

2.5

9.5

2.0

12.7
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Tonganoxie sandstone member

(10) Sandstone, limy, brown to grey, fine grained,
massive.

(11) Sandstone, fine grained, thin bedded, grey,
micaceous, ripple marked; concretionary zones in

upper Fart .

(12) Sandstone, massive, lenticular, micaceous, light
grey, brown weathering.

(13) Sandstone, finely banded, thin to medium bedded,
micaceous, grey to brown; with many ironstone concre-
tions.

(14) Sandstone, massive, ripple marked, tan, micaceous,
fine grained.

(15) Sandstone, grey, massive, fine grained, lenti-
cular; contain; pobbies of th{n bedded sand;tono which
poesess contorted bedding.

(16) Sandstone, limy, thin bedded, grey, iron stained,
micaceous.

(17) Sandstone, ripple marked, fine grained, medium
bedded, highly contorted.

(18) Sandstone, thin bedded, grey, micaceous, ripple
marked, brown weathering; contains plant fragments,
The base of the member is not exposed.

SECTION 5

Measured along north-south county road in east-center

sec. 21, T. 31 S., R. 13 E., Elk county.

52.0

Stranger formation
Robbins shale member
(1) Sandstone and shale, reddish-brown somewhat massive

sandstone above grading downward into bluish-grey,
8ilty to clayey shale.
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Haskell limestone member

(2) Limestone, dirty bluish-grey, massive, hard,
weathers with a brownish crust; contains abundant

Ottonosgia.

Vinland shale member

(3) Shale, grey to yellowish above to greenish below,
silty to clayey, pelecypods occur in the upper part.

Tonganoxie sandstone member
(4) Sandstone, grey to greenish, cidlcareous, weathers
to a dirty grey-brown, massive bed; upper surface
covered with castings; lower surface somewhat irregular.
Weaton shale
(5) Shale, silty, grey to greenish; with occasional

small conmcretions. Only the upper part of the Weston
shale is exposed here.

SECTION 6
Measured from quarry on top of hill eastward to stream

bed, center sec. 23, T. 30 3., R. 12 E., Elk county.

1.5

55.0

0.6

1.0
0.8

Oread linmestone
Leavenworth limestone member

(1) Limestone, dark blue, dense, vertically jointed;
with small fusulinids.

Snydervilie shale member

(2) Shale and sandstone, covered; with the exception
of greenish-grey sandstone and shale in the lower part.

Toronto limestone member

(3) Limestone, grey to dark grey, one massive bed

which woatEor; into thin irrugulér plates; with brachio-
pods and crinoid stems. .

(4) Shale, grey, clayey; with a few calcareous plates.

(5) Limestone, like bed 3, but more fossiliferous.
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Lawrence shale

(6) Shale, covered for the most part, with the exception
of grey to yellowish shale in the upper part and some
greenish to grey, thin bedded sandstone in the middle.
The upper shale contains abundant fusulinids just be-
low the overlying limeston.

Amazonia limestone member
(7) Limestone, thin, slabby, dark blue to grey, grey
to buff or whitish weathering; very fossiliferous,
especially fusulinidas.

Ireland sandstone member

(8) Sandstone, yellowto buff, fine grained, reddish
to buff and grey weathering, very massive.

SECTION

Measured in road ditch of north-south county road in

W&, 88cC. 2‘}, T. 31 So, R. 12 Eo, Elk county'

2.8

O.
0.3

Lawrence shaie
Amazonia limestone member
(1) Limestone, bluish, hard, thin bedded, fossiliferous;
with Osagia common in the upper two beds and fusulinids
common below.
(2) Shale, blue-grey, clayey.

(Bx)ad Limestone, light grey, fine grained, speckled,
sanqay.

SECTION 8

Measured along north-south county road, east quarter

corner, sec. 34, T. 28 S., R. 13 E., Elk county.

0.6

Stranger formation
Westphalia limestone member

(1) Limestone, blue-grey, dense, hard, weathers dark
grey; with algae and rare fusulinids.
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(2) Limestone, blue-grey, thin bedded, shaly.
(3) Limestone, méttled, grey, massive, somewhat
irregular, highly algal.

SECTION 9

Measured in road cut at the corner in NE: Swi sec. 27,

T. 30 S., R. 12 E., Elk county.

0.6

0.8
0.3

1.6

0.1

Oread limestone
Toronto limestone member

(1) Limestone, dirty, dark grey, shelly, weathers
to 5rey-5§%?;’with b;achiopots.’ ’

(2) Shale, blue-grey, clayey, foassiliferous.

(3) Limestone, dark grey, weathers to dark grey to
buff; with brachiopods, corals, and crinoid stems.

Lawrence shale

(4) Shale, grey, with hard calcareous plates; contains
Chonetes above and extremely abundant fusulinids below.

(5) Coal.

SECTION 10

Meagured in roadcut, one-half mile west of Jjunction.

of US. Highway 54 and Kansas Highway 105, northwest of
Toronto, Kansas.

Le3

0.2
5.7

Oread limestone
Toronto limestone member

(1) Limestone, grey to dark grey, weathers light grey
to buff and orange, wavy to thin bedded, fossiliferous.

(2) Shale, grey, clayey, somewhat irregular in thickness.

(3) Limestone, light blue, dense, very massive but with
incipient wavy bedding; robust Iriticites common.
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Lawrence shale
0.5 (4) Shale, dark grey, clayey.
0'5 ‘5) _g__?é_];o

2.0 (6) %hale, blue-grey underclay above, becomes grey
mott elow.

SECTION 11

Measured just above the parking area tédtow the Fall
River Dam, Greenwood county, Kansas.

Oread limestone
Heumader shzle member (Heumader-Kanwaka shale)

40.0 (1) Shale, dark grey, clayey; with a few thin buff
sandy plates near the top; fossiliferous.

Plattsmouth limestone member

9.4 (2) Limestone, mottled, grey to buff, coarsely crystal-
lina, thin, wavy - bedded, fossiliferous.

Heabner shale member

b5 §2) Shale, upper part grey brown, lower part black
ssle.

Leavenworth limestone member
1.3 (4) Limestone, dark blue, massive, hard, brittle
vertically jointad; contéins amali Triticitos. ’

SECTION 12

Measured in roadcut exposure along Kansas Highway 96,
about 8.5 miles east of Severy, Greenwood county, Kansas.

Oread limestone
Kereford limestone member
0.6 (1) Limestone, dark grey, thin irregular bedded.

2.0 (2) Limestone, massive, dark grey, weathers to dirty
dark grey; with abundant Triticites and Osagia.
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CTION 1

Measured along east-west county road about 1lOumiles

north and 1 mile west of the east entrance to the Fall River
Dam, Greenwood county, Kansas.

1.1

6.4

1.0

7ok

9.8

1.9

1.3

24.2

1.0

11.8

Oread limestone
Kereford limestone member?

(1) Limestone, bluish-grey, dense, thin wavy bedded,
weathers to greyish-buff, fossiliferous.

Heumader shale member

(2) Shale, grey, clayey; with a few white algal knobs
in the upper part.

(3) Limestone, dark blue, massive bed, mottled with
buff, weathers to orange buff; contains Myalina and
gastropods.

(4) Shale, brown, clayey; mostly covered.
Plattsmouth limestone member

(5) Limestone, thin irregular to wavy bedded, white
to grey, coarsely crystalline; with abundant Triticites,
brachiopods, and crinoid stems.

Heebner shale member

(6) Shale, upper part grey, clayey shale; lower part
black, rd, fissls.

Leavenworth limestone member

(7) Limestone, dark blue, dense, hard; with a few
small fusuiinida. The lawer 0.5 fo-t’ara nodular,
dark blue, and contain abundant small black fusulinids.

Snyderville shale member

(8) Shale, grey, clayey above to greenish-grey and
reddish below.

(9) Limcstong, thin bedded, grey to greenish, algal;
containg pebbles of buff limestone; abundantly fossili-

ferous.

(10) Shale, grey to green and reddish, with small
algal knobs; lower part is sandy and micaceous.
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(11) Sandstone and shale, lenses of greenish-buff,
fine grained, cross-bedded sandstone and greenish-
grey, micaceous, sandy shale.

(12) Shale, reddish, clayey.

(13) Sandstone, thin bedded, greenish-grey, micaceous,
dirty.

(lb)‘§hale, greenish-grey, sandy shale in upper part;
reddish clay below.

SECTIOK 14

Measured along the west road ditch of a north-south

county road in south center, sec. 21, T. 28 S., R. 12 E,,
Elk county, Kansas.

6.4

9.0

k.7

2.6
8.0
1.0

Lecompton limestone
Spring Branch limestone member

(1) Limestone, three massive beds separated by thin
bedded to nodular limestones. Upper limestone is dark
grey, mottied, dense, light buff weathering and con-
tains Neospirifer, Triticites, Usagia, and echinoid
spines. #iddle bed is mottled, impure, sandy, and
algal. The lower bed is massive but weathers to thin
irregular slabs.,

Kanwaka shale
Stull shale member

(2) Shale, greyish-green, clayey; algal in its upper
part, becomes reddish in lower part.

(3) Shale, grey, clayey, with numerous thin limestones.
The thin limestones are highly fossiliferous, contain-
ing numerous specimens of Chonetes, Derbya, Amphiscapha,

and abundant Triticites. Well preserved plant remains
are found in the lower part of the shale,

(4) Shale, orange to buff, clayey.
(5) Shale, covered.
(6) Shale, bluish-grey, clayey; contains a few Myalina.
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3.7 (7) Shale, mostly covered, but contains several thin
buff limestones with Chonetes.

5.3 (8) Shale, mottled, red, green, blue, and orange;
with a few thin, green, micaceous, sandy plates and
ironstone concretions.
Clay Creek limestone member

2,1 - (9) Limestone, thin, siaboy, grey, almost coquinocid;
intsrbeddi% with grey, clayey shales.

0.9 (10) Shale, grey-brown to buff, clayey; with thin
calcareous plates.

2.9 (11) Limestone, thin bedded, grey, buff to orange
weathering; lower bed is impure and sandy. Fossils
are less common than in bed Y, but fusulinids are
present.

Jackson Park shale member

6.4 (12) Shale, bluish-grey, clayey; with orange streaks
and a few small ironstone concretions.

8.0 (13) Shais, covered.

8.0 (14) Sandetone, buff to yellow, fine grained, hard,
. massive; bocomes lighter in color and friable below.

4.5 (15) Sandstone, light buff to yellowish, slabby bedded;
slightly cross~bedded in the middle.

6.0 (16) Sandstone, light buff, fine grained, very massive;
base not exposed.

SECTION 115

Measured in ditch of the north-south county road in
SBt, sec. 30, and NE sec. 31, T. 28 S., R. 12 E., Elk
county, Kansas.

Deer Creek limestone
Rock Bluff limestone member
1.7 (1) Limestone, dark blue, hard, dense, vertically
Jointed, weathers with & brownish crust; contains
fusulinids, brachiopods, and small shell fragments.

35.0 (2) Covered interval representing the Oskaloosa shale
and Ozawkie limestone.
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Tecunseh shale

5.0 (3) Shale, blue-grey to reddish-grey and green; with
some irregular calcareous streaks.

0.5 (4) Sandstone, greenish-grey, micaceous.

4.0 (5) Shale, green, clayey; grades downward into red
and back into green; algal.

1.0 (6) Sandstone, thin bedded, greenish-grey; interbedded
with red and green, sandy to clayey shales.

0.8 (7) Sandstone, fine grained, hard, light grey.

6.8 (8) Sandstone, light grey to green, somewhat calcareous,
hard, irregular bedded.

0.7 (9) Shale, green to reddish, clayey.

0.5 (10) Sandstone, green, hard, fine grained.

3.0 (11) Shale, green, wmicaceous, sandy.

0.2 (12) gandstone, green, hard, fine grained.

4.0 (13) Shale, dark grey to reddish; base is not exposed.

SECTION 16

Measured in roadecut along north-south county road in
NWi sec. 29, T. 28 S., K. 12 E., Elk county, Kansas.

Deer Creek limestone
Oskaloosa shale member

1.7 (1) Shale, grey-brown, clayey; with a few calcareous
streaks; algal.

5.3 (2) Shaleg, greenish-grey to reddish; with several
thin, micaceous, platy sandstones in lower part.

17.0 (3) Shale, red, clayey; with occasional green, silty
plates.

0.5 (&) Sandstone, thin, platy, light green to grey, fine
grained.
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{5) g%%;g, red, green, and purple clay; with occasion-
al ¢ , buff to green siltstones.

Osawkie limestone member
(6) Limestone, mottled light grey, orange to yellowish
weathering, algal; tends to split into three beds;
fossiliferous.
Tecumseh shale

(7) %gg;g. red to purplish, clayey; with a few small
algal knobs; base not exposed.

SECTION 17

Measured in roadcut from top of hill tc creek bed

below school, NE: sec. 7, T. 29 S., k. 12 E., Eik county,
Kansas.

0.6

1.0
0.6
1.3

L.8

4.0

2,0
8.7

Lecompton limestone
Avoca limestone member

(1) Limestone, dark bliue, hard, vertically Jjointed,
weathers buff, algal (Osagia).

(2) Limestone, dark blue, hard, irregular, thin bedded.
(3) Shale, grey, clayey.

(4) Limestone, dark blue, vertically jointed, dense,
brittle; abundant black "Cryptozoans'.

(5) Hostly covered, but contains thin, slabby
fusulinid bearing limestenes in the lower part.

King Hill shale membder
(6) Shale, covered.
Beil limestone member
(7) Limestone, slabby, rich yellow; not well exposed.

(8) Limestone, light grey, cream-yellow weathering;
more massive bedded in upper part; very fossiliferous.
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Queen Hill shale member
(9) Shale, bluish-grey, clayey; not well exposed.
Big Springs limestone member

(10) _u_aﬁ_gy%%f, dark blue, dense, hard, brittle,
vertically ated; with abundant small Triticites.

(11) Shale, grey, clayey.

(12) Limestone, blue-grey, sandy to silty, thin bedded
sparingly oasiliferous. ’ ’ ’

Doniphan shale member

(13) Shale, grey, sandy to silty; with several thin
greenish-grey sandstones in the middle.

Spring Branch limestone mewber

(14) Limgstone mottled, fossiliferous, light grey, al-
gal; wit irroéular botéom. ’ ’

(15) ghale, grey.

(16) Limestone, bluish-grey, massive, impure, sandy
in the lower part; Chonetes common.

Kanwaka shale

Stull shale membser
(17) e, grey to brownish, clayey; with a few
thin, yellowish, slabby limestones in the upper part;
lower part coverad.

Clay Creek limestone member

(18) Limestone, thin, platy, grey; interbedded with
grey shales; contains Myaliina and many brachiopods.

Jackson Park shale member

(19) Shale and sandstone, almost all coverad.

(20) Sandstone, irregular to cross-bedded, green to
grey and buff; interbedded with wmicaceous, sandy shales.
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SECTION 18

Measured along south side of county road in SEt sec. 5,

T. 29 8., R. 13 E., Elk county, Kansas.

11.5
12.0

13.5

21.0

0.8

1.4

1.0

1.6

1.0

0.6

1.0

Oread limestones
Snyderville shale member
(1) Shaie, sandy to silty; mostly covered.
(2) Sandstone and shale, buff to dirty yellow, fine

grained, irregular s, massive but seldom over a
foot thick, interbedded with sandy shale.

(3) Shale, light yellow to reddish, sandy; interbedded
with occasional thin, slabby, orange to grey sand-
stone; becomes redd?ah and clayey below.

(4) Shale, yellow to light grey, clayey; contains
scattered sandy to silty plates, reddish clay, and
ironstone concretions.

Toronto limestone member

(5) Limestone, dark grey to brown, mottled, occasional

silty splotches, weathers dirty grey, fossiliferous.

(6) Limestone and shale, silty to sandy, mottled
greenish-grey, interbedded with grey shale; contains
abundant pelecypods and productid brachiopods.

(7) Limestone, two beds, mottled grey and yellow
somewhat 1rroéular1y boadcd; contains abundant f&auli-
nids; underlain by thin shale parting.

(8) Limestone, two beds, blue, hard, dense, vertically

Jointed, sparingly fossiliferous; underlain by thin
shale parting.

(9) Lime massive, blue, weathers to rich orange-
yellow ‘”‘ﬁi‘ﬁi} fossiliferous.

(10) Limestone, nodular, blue, interbedded with grey
shale; almost coquina of fusulinids.

Lawrence shale

(11) Shale, grey, calcareous, with abundant fusulinids.
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SECTION 19

Measured along Kansas Highway 99 and along road into
Sedan City Lake, T. 33 8., R. 11 E., Chautauqua county,
Kansas.

Lecompton limestone
Spring Branch limestone member
3.3 (1) Limestone, algal (Qsagia), mottled, weathers buff

ey

to orange-yellow, somewhat irregular bedded; in three
b;:;, with upper bed underlain by grey to light buff
shale.

Heumader-Kanwaka shale

8.7 (2) ghal§, light-grey to ysllowish, streaked with hard
plates; becomes sandy and micaceous below.

26.9 (3) Shale and sandstone, thin, grey to buff sandstones
interbedded with yellow-grey, sandy to silty shalae.

12.0 (&) gandg ne, massive, bench forming, red to buff
weathering, fine grained, interbedded with sandy shales.

8.6 (5) Shale, grey to grey-blue, clayey; partially covered.

7.6 (6) Shale, mottled, hard, blocky, red to yellowish,
sandy in places; contains a hard, dirty, grey sand-
stone in the middle.

13.5 (7) Sandstone, massive, fine grained, somewhat cross-
bedded, weathers buff to reddish.

3.0 (8) Shale, blue to yellow, streaked, micaceous, platy,
silty to sandy.

2.0 (9) Sandstone, dark grey, thin bedded, ripple marked;
interbedded with sandy shale.

10.0 (10) Shale, grey-blue, micaceous, platy toblocky,
with some orange and black streaks; becomes sandy,
greenish, and concretionary below.

12.5 (11) ghale, grey to bluish, silty, micaceous; with a
few concretions and impressions of pelecypods and
Derbya in the hard silty plates near the base.

23.5 (12) Shale, blue, blocky,becomes grey and clayey below.

8.0 (13) Shale, grey, clayey to calcareous, highly fossil-
iferous.
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ECTION 20

Measured along Kansas Highway 99, center sec. 8, T.

33 S., R. 11 E., Chautauqua county, Kansas.

3.0

1.0

1.0

0.5

1.3

1.5

Lecompton Limestone
Queen Hill shale member

(1) Shale, blue to yellow-grey, clayey; top not
sxposed.

Big Springs limestone member

(2) Limestone, thin, platy; interbedded with grey,
clayey e; highly fossiliferous.

(3) Limestone, massive, dirty, brown.

(4) Limestone, thin bedded, grey to buff, highly
sandy; lower plates may be called sandstones.

Doniphan shale member

(5) Shale, blue to grey, clayey, contains a few
white algal knobs in lower part.

Spring Branch limestone member

(6) Limestone, mottled, greenish to grey, weathers
to bright buff, highly algal, fossiliferous.

SECTION 21

Measured along Kansas Highway 99, Nwi sec. 8, T. 33

8., R. 11 E., Chautauqua county, Kansas.

6.2

8.4
2.7

Lecompton limestone
Beil limestone member
(1) Lime » irregular to wavy bedded, thin bedded,
weathers to light grey in upper part to cream-yellow
below; Qaninia, Syringopora, and Iriticites, Common.
hedn Hill shale member
(2) Shale, Bray to bluish, clayey, blocky.

{3) Shale, black, fissle, contains a few woody atreaks.
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0.2 (&) , black, heavy, weathers dark grey;
CoHmmOn .
SECTION 22 e

Measured along Kansas H y 99, uw& sec 8, T. 33 8.,
11 E., Chautauqua county, sas.

. Lecompton limestone
b
\_Avoca limestone member
1.0 (1) Limestone, dark dirty grey; one massive bed; con=

tains abundant black "Gryptozoans® (Jitonosia).

2.7 (2) ghale, grey, c¥ayey, highly fossiliferous.

0.7 (3) Limestone,<thin, platy, grey, highly fossilifer-
ous; 1ntor dedded th fossiliferous, grey shale.

1.0 (4) Limegfone,massive, dirty, grey, weathers to dark
grey, fossiliferous.

fing Hill shale member
1.2 A4) Shale, grey to reddish, clay®ey.
& Top of Beil limestome.

SECTION 23 el

Measured along Kansas Highway 99, swi/a/// % 2+ )3
« 11 E., Chautauqua county, lan.an.«

Creek limestone
Rock™Bluff limestone member

B,

(1) : ey~blue, hard, dense, vertically
Jointed; no measurement.

Oskaloosa shalc m

8.5 (2) Shale, grey, clayey a
below. .

to red and greenish
0.5 (3) Limestone, greenish-grey, mott irregularly
bedded, donoe: algal. ; :

1.2 (%) Shale, red to greenish, clayey; partia covered.
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Ozawkie limestone member
(5) Lime , three irregular bedgi/;;oy to buff,
mottled, algal; lower two beds separated by thin
yellow shale. o

Tecumseh shale

. (6) Shale, rad to graaniqthroy, clayey; partially
covered. A

(7) Shale, grey to gpébniah, hard, platy, silty.

(8)3 andstone, buﬂf(to grey, mottled, weathers red-
dish; forms alighf bench.

(9) §Ji e, grej}to yellowish-grey; with a few small
concretions and silty to sandy plates.

(10) Shale) grey to yellow, clayey, fossilifarous.

{(11) Shale, Yellowish-grey above to blocky grey be-
low; small corngretions present; not completely expcsed.

chbmpton limestone
! Avoca limestone\member

(12) Limestone, dark gkey, dirty, weathers slabby to
irregular flakes, fossiliferous; Ottonosia common.

(13) Shale, grey to yell

(14) Limestone, thin bedded,
with grey shaly partings.

King Hill shale member N
(15) Shale, grey, badly covered.
Beil limestone member

(16) Limestone, thin, irregular to wavy. bedded,
weathers grey to light yellow above to bright cream-
yeliow below; highly fossiliferous, with Caninia
being extremely abundant.

h, clayey.
rk grey, fossilifercus,

Queen Hill shale member

(17) Shale, grey, clayey.
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(18) Shale, black, fissle.

(19) Limestone, black, hard, heavy, weathers dark
grey;contains aboundant Crurithyris.

(20) Shale, black, fissle above; grey, blocky,
streaked with black below.

Big Springs limestons member
(21) Limestone, thin bedded, platy, dark brown to
mottled; lower plates very sandy; fossiliferous in
upper part.
(., Doniphan shale member

(22) Shiale, yellow to bluish-grey, clayey; partially
covered.

(23) Limestone, brown, dirty, weathers reddish;
crowded with Osagia.

(24) Shale, grey-brown; not well exposed.
Spring Branch limestome member

(24) Limestone, gremnish-grey to buff, mottled

irregular Beda;d, highly algal (angii). ’

SECTION 24
Measured along Kansas Highway 99, SWi sec. 33, T. 33

S., Re 11 E., Chautauqua county, Kansas.

15.0

&7

Oread limeatone
Plattamouth limestone member

(1) Limestone, light grey to buff, light grey to

almost white weathering, wavy bedded, coarsely

crystalline; pockets of black shale along the bedding

glanoa in lower part; slightly cherty above; foassili-
erous.

Heebner shale member

(2) Shale, grey to brownish above to black, fissle
below; upper grey shale is highly :fossiliferous.
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Leavenworth limestone member

1.6 (3) Limestone, hard, dense, blue, vertically Jjointed,
woathers with a cream yellow crust, fossiliferous.

Snyderville shale member

1.3 (4) Shale, dark grey to almost biack, highly . foasil-
erous.

0.5 (5) Limestone, thin, black to dirty grey, fossiliferous.

SECTION 2

Measured along county road in SWi sec. 5, T. 29 8.,
R. 13 E., Elk county, Kansas.

Oread limestone
Kereford limestone member

0.8 (1) Limes%one, dark grey, weathers to buff and reddish-
grey, shelly; two thin beds separated by grey shale;
Triticites extremely abundant.

Heumader shale mamber

16.5 (2) Shale, grey, clayey below to yellowish-grey,
silty above; extremely fossiliferous in lower part.

Top of Plattsmouth limestone.

SECTICN 26

Measured in roadcut along county road in SE: sec. 29,
T. 31 8., R. &2 E., Elk county, Kansas.

Heumader-Kanwaka shale
4.9 (1) Shale, brown to bluish-grey, mottled, clayey.
6.1 (2) Shale, gryy, clayey, mottled with bluish-green;
- contains abundant well preserved specimens of
Astartella.
0.1 (3) Limestone, grey, fossiliferous.

2.6 (4) Shule, yellow below to grey above, clayey, fossil-
: iferous.
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SECTION 27

Measured along county road in SE} sec. 35, T. 29 S.,
R. 11 E., Elk county, Eansas.

Deer Creek limestone
Ervine Creek limestone member

5.0 (1) Limestone, light-grey, mottled, irregular to
wavy - beaaed,’grey to bro;n woatboiing.

Larsh-Burroak shale member
3.0 (2) Shale, grey to brown above; covered below.
Rock Bluff limestone member

1.5 (3) Limestone, dark blue, hard, dense, brittle, ver-
tically Jjointed, abundant fusulinids.

Oskaloosa shale member
4.0 (4) Shale, covered.
2.7 (5) Shale and sandstone, buff to grey shales with

occasional thin, buff, fine grained, micaceous sand-
stones.

6.4 (6) Sandstone, buff, banded, crocss-bedded, massive
in part, weathers to grey or yellowish-grey; with shaly
breaks.
10.0 (7) Sandstone and shale, almost totally covered.
Ozawkie limestone member

0.8 (8f Limestone, dark grey, massive, hard, irregular
base, woatEer; dark grey: algal, fossilifcroua.

0.4 (9) Shale, grey~brown, irregular.

1.0 (10) Limestone, blue-grey, buff, mottled, weathers
buff, abundant fusulindds.

Tecumseh shale
3.4 (11) Shale, grey, mottled with green amd red, blocky.
4.0 (12) Saale, covered.
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(13) dstone and shale, silty, hard, micaceous, thin
bedded, ne grained; interbedded with reddish-grey,
sandy shale.

(14) Covered.

Top of avoca limestone.

SECTIOR 28

Measured along north-south county road in north-center
15, T. 31 8., R. 12 E., Elk county, Kansas.

Oread limestone
Leavenworth liwuestons member
Ceat Ty o tnted  Fosntts Farous, weathors wich brown
crust.
Snyderville shale member
(2)‘§Qg;g, blue-gray, clayey.
(3) Shale, clayey, blue-grey to greenish and red.

(4) Shale, grey, clayey to silty, with thin greenish-
buff, micaceous sandstones.

(5) Shale, red, clayey, blocky.

(6) Siltstone, dark green to greyish-green, hard,
platy; interbedded with grey, micaceocus shale.

(7) Sandstone, silty, massive, dark green,hard, mica-
ceous, fine grained; with mudcracks.

(8) sShale, clayey, mottled blue-green and red.
(9) Shale, red, clayey.

(10) 8iltstone, micaceous, sandy, tough, mottled,
greenish-grey, massive to indistinct bedding.

(11) Shale, red and green.
{(12) Siltstone and shale, grey to green, massive

sillatones interbedded with grey and gremn, micaceous,
platy shale.
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(13) Sandstone, fine grained, micaceous, streaked with
yellow, alternately massive and thin bedded; cross-
bedded in the middle.

(14) Shale, buff to grey or green, micaceous, clayey,
blocky to finely bedded.

Top of Toronto limestone.

SECTION 29

Measured along north-south county road in SWi sec. 22,

T. 30 8., R. 12 B., Elk county, Kansas.

3.7

32.0

~Lleb

18.0

1.7
3.0

1.0

Heumader-Kanwaka shale

(1) Sapdstone, fine grained, massive, micaceous,
str;aked with orange and green, weathers reddish to
buff.

(2) Shale, blue-grey to buff, silty to sandy, con-
cretionary above to dark grey, clayey, highly fossili-
ferous below.

Plattsmouth limestone member

(3) Limestone, thin bedded, soft to earthy, light
buff to grey.

(4) Limestone, dark bluish-grey, dense, irregular to
wavy bhedded, brittle, weathers brownish to almost
white, coarsely crystalline, fossiliferous.

lHeebner shale member
(5) shale, grey, clayey.
(6) Shale, black, fissle.

lL.eavenworth limestone member

(7) Limestone, dark blue, hard, brittle, vertically
jointed, weathers with brown crust.



268

SECTION 30

Measured in roadcut of county road in SWi sec. 9,

T. 30 5., R. 11 E., Elk county, Kansas.

20.0

1.6
1.2

2.0
8.0
~ 13.5

( 4e2

2.1

10.2
8.0

Deer Creek limestone

Ervine Creek limestons member

(1) Limestong, light -grey to bluish, thin to wavy
bedded, weathers to ilight buff or grey and white,
fosgiliferous, coarsely crystalline.
Larsh-Burroak shale member
(2) Shale, grey to bluish-grey, clayey.
(3) Shale, hard, fissle, black; with rare conodonts.
Rock Bluff limestons member
(4) Limestone, hard, dense, brittle, dark blue
weathers witﬁ'a ligﬁt browﬁ cust, v;rtically Jé&ntad;
one massive bed which tends to split in the middle.
Oskaloosa shale member

(5) Shale, covered.

(6) Shale, red, clayey; with minor amounts of grey
and greenish clay.

(7) Limestone, two massive but irregular, greenish-

grey to dark grey, dense, algal, white to buff weather-

ing beds separated by a variable grey clay parting.

(8) Shale, red, clayey, with a few white algal nodules.
Czawkie limestone member

(9) Limestone, upper part thin bedded, dark grey to

greenish; lower part massive, grey to buff, mottled,

buff weathering; fossiliferous throughout; algal.

Tecumseh shale

(10) ghale, greenish-grey, clayey; becomes silty below.

{11) Siltstone, light green, micaceous, hard, weathers

to light grey-green; interbedded with grey and green,
clayey to sandy shales. —



SECTION 31

Measured in road ditch along east-west county road in
SE} sec. 10, T. 30 8., R. 11 E., Elk county, Kansas.

Deer Creek limestone
Ozawkie limestone member

1.3 (1) Limestone, hard, Jense, fine grained, blue-grey,
weathers to grey-buff; contains fusulinids.

Tecumseh shale

5.7 (2) Shale, grey, clayey, with a few small white algal
knobs.

18.0 (5) Sandstone, thin bedded, micaceous, fine grained,
weatners reddish, cross-bedded, grey to buff.

6.5 (4) Shale, red to buff, sandy; largely covered.

1,3 (5) Shale, red, clayey; with t hin, greenish-grey
siltstone plates.

6.0 (6) Ssiisstone, hard, tough, dark grey to grean,
nicareous.

3.9 (7) Shale, grey, finely laminated, silty to sandy,
micaceocus.

5.8 (8) Shale, red to grey, clayey; contains green, silty
plates near the top.

k.5 (9) Shale, red and green, clayey.

Oue (19) Limestone, dark grey, shelly, fossiliferous.

12.0 (11) Shale, bluish-grey, finely laminated; with occas-
iona% calcareous nodules and plates; Myalina common
at the top.

Top of Avoca limestone.



SECTION 32

Measured in roadcut along east-west county road in

SE$ sec. 36, T. 29 S., H. 11 E., Elk county, Kansas.

2.0

5.0

7.0

1.5
0.8

5.3

C.9
0.5

0.2

0.8
0.5

- 1.9

Lecompton limestone
Avoca limestone member

(1) Limestone, thin bedded, dark grey, dirty, weathers
dark grey, slabby; fusulinide and other fossils common.

| King Hill shale member

(2) Shale, blue-grey, clayey; mestly covered.
Beil limestone wmember

{3) vimestone, grey, dense, mottled, weathers to

cream yel.iow, massive, irregular to wavy bedded;
large fusulinids and Syringopora common.

(4) Shale, grey, covered.

(5) Lisestone, blue-grey, dense, hard,one massive
bed, weathers’grey to buff; abuﬁdant ;mall fusuliniéds.

Jueen Hill shale member
(6) Shale, dark grey, clayey, partially covered.
Big Springs iimestone member

(7) Limestone, one massive bed; dark bluish-grey,
dense, weathers with a brown crust, fossiliferous.

(8) Limestone, dark blue, weathers grey to buff; con-
tains many fusulinids.

(9) Shale, grey, clayey; fusulinids abundant.

(10) Limestone, dark blue-grey, weathers buff;
fusulinids abundant.

(11) Shale, grey, clayey.

(12) Limestone, dark grey, dirty, impure, weathers
to grey-yellow, fossiliferous.

Doniphan shi.e member

(13) Shale, bluish-grey, clayey.
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15.0 (l4) Sandstone and shzle, greenish-grey, ripple marked,
crossebedded; interbedded with grey, sandy shale.

13.0 (15) Covered.
Spring Sranch limestone member

3.0 (16) Limestone, mottled, blue-grey to brown, algal,
uneven upper surface, sparingly fossiliferous.

SECTION 33

Measured in road ditch along north-south county road
in center sec. 21, T. 30 S., R. 11 E., Elk county, Kansas.

Lecompton limestone
avoca limestone member

0.7 (1) Limestone, dirty, dark grey, weathers with a
light brown crusu, fossiliferous.

0.8 (2) Shaie, grey to brown, clayey, fossiliferous.
0.2 (3) Liwestone, thin, dark grey, weathers buff.
1.1 (4) Zhale, grey, clayey, fossiliferous.

0.9 (5) Limestone, darkblue, dense, hard; one massive bed:
contains abundant biack Uttonosia.

0.9 (6) Shale, grey, fossiliferous.

0.7 (7) Shale and liuwestone, buff shale interbedded
with buff, thin %1mostone plates.

L.l (8) Limestone, bluish-grey, thin iregular beds,

weathers to grey and buff; thin brown shale along the
bedding planes; extremely fossiliferous.

King Hill shale member
10.6 (9) Shale, greyish-Breen and red, clayey.

Beil limestone member -

9.5 (10) Limestono, magsive, light grey toAbfownish
weathering, irregular to wavy bedded, corals and
fusulinids ccunon.
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SECTION 34

Measured in the abandoned quarry in SE{ sec. 12, T.
31 8., R. 10 E., Elk county, Kansas.

2.9
1.9

L.6

5¢5

1.2

21.5

Calhoun shale
(1) Shale, grey, clayey, partially covered.

(2) Limestone and shale, blue-grey, silty, micaceous,
weat s to b grey; interbedded with :silty, hard,
finely laminated shales.

(3) %halo, grey-brown, clayey, slightly micaceous,
foss erous.

Deer Creek limestone
Ervine Creek limestone member

(4) Limestone, light grey, dense, thin irregular
beds separated by grcy-brown shale.

(5) Shale, bluish-grey, clayey; with a thin, blue,
nodular limestone in the middle.

(6) Limestone and shale, alternating dark blue, thin,

even bedded limestones and dark blue shales; fossili-

ferous, with the upper limestone co taig}ng Ottonosia.
7;, o S / 7“? ;

o AT Lo

(7) Limestone, light grey to bluish, coarsely crystal-
line, ghly fossilirerous: massive bedded below to
thinner, irregular to wavy bedded above; weathers
light grey to almost white below to grey above;
stylolites common; marcasite clusters aleng vedding
planes in middle; with black, thin, discontinuous
shales along bedding planes in lower part.

SECTION 35

Measured from top of bench above low water bridge to

water level of Elk River, SWi sec. 12, T. 30 S., R. 10 E.,
Elk county, Kansas.

0.3

Topeka limestone
Coal Creek limestone member

(1) Limestone, thin bedded, light grey, weathers grey
to te; Osagia and Triticites common.
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2.2 (20 Limestone, light blue to grey, weathers to grey-
buff, iregular to thin, wavy bedded; with thin,
brown shale breaks between beus; Ottonosia in upper
beds; fusulinids extremely sbundant.

2.4 (3) Limestone, blue-grey, mottled, massive, wavy
bedded, highly fossiliferous.

0.7 (4) Shale, grey to buff; with a few yellowish,
calcareous stringers.

O.s (5) Limestone, dense, blue-grey, hard, weathers to
buff, fossiliferous.

Holt shale member ?

1.9 (6) Shale, dark grey to buff, clayey, blocky,contains
several thin blue-grey limestone plates; fossiliferous.,

1.5 (7) Shale, dark grey, weathers to light grey; con-
tains three thin limestone plates which are covered
. with oriented Triticites and other fossils.

1.2 (8) %hale, blue~-grey, finely laminated, silty, hard,
sparingly fossiliferous.

12.5 (9) Shale, grey-blue above to grey, greenish and
yellowish below, jointed, blocky above to more finely
bedded below, sparingly fossiliferous.

Du Bois limestone member ?

O.4 (10) Limegtone, dark blue to black, vertically
Jointed, tough; contains Lingula and Ostracods.

Turner Creek shale member ?
0.5 (11) Shale, brown, clayey.
Sheldon limestone member?

0.5 (12) Limestone, one bed, dense, mottled, biue-grcy,
contains esania.

0.3 (13) Shale, blue-grey, clayey.

0.3 (14) Limestone, dark grey, dirty, .andy; weathers
dark grey.

Jones Point shale member

5.0 (15) Shale, bluish-green to grey and brown, clayey;
contains several thin, impure limestone stringers.
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Curzon limestone member

(16) Limestone, dark grey to bluish, hard, denss,
with Tusulinids. P

.Hartford limestone member
(17) Lime , massive, dark grey to buff, mottled,
silty and sandy below; Neospirifer and Echinochonchus
common.
Calhoun shale

(18) Shale, blue, silty, finely bedded, with thin
calcareous sandstone plates.

Deer Creek limestone
Ervine Creek limestone member
(19) Limestone, light blue, micaceous, silty to sandy,
vertically jdnted, weathers to bluish-grey, inter-
bedded with dark blue shales which contain several

thin, discontinuous, nodular, blue limestones; highly
fossiliferous.

SECTION 36

Measured along east-west county road in north-center

sec. 10, T. 29 S., R. 10 E., Elk county, Kansas. B

2.8

1.7

1.4
0.9

1.1

Base of Burlingame limeatone

Silvagp.l.xke shale

e

(1) Shale, clayey, grey above to greenish-grey below,
contaire several thin calcareous stringers.

(2) Limestone and shale, thin, light blue, fossili-
ferous limestones alternating with grey, clayey shales.

(3) Shale, grey, finely laminated.

(L) Limestone, light blue, hard above to buff, porous,
"pseudoboxwork” below; with a few brown and buff
limy pebbles in the upper part.

(5) Shale, grey, algal below, weathers reddish in
part.
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{(6) Limestone, greenish-buff, silty; varies laterally
from hard to a porous "boxwork®.
(7) ale, greenish-grey, clayey above to micaceous,
silty below, finely laminated; contains a few buff,
calcareous nodules in upper part.
(8) Shale, grey to blue above tc yellowish-green below,
streaked with orange, red, and black, Jointed in part,
silty 80 sandy throughout, gastropods common near top.
Rulo limestone

(9) Limestone, shelly, dark grey, weathers to dark
grey, sparingly fossiliferous. \

Cedar Vale = shale

(10) Shale, grey, clayey, fossiliferous.
(11) Coal.

(12) Underclay, bluish-green, waxey.

SECTION 37

Measured in road ditch of north-suuth county road in

SWt sec. 7, T. 29 S., R. § E., Elk county, Kansas.

1.2

0.9

2.2

L.0

3.2

Elmont limestone

(1) Limestone, dark grey, dense, brittle, weathers
light grey with some yeliow spl&tchea, fassilifcroua.

Harveyvilie shale

(2) Shale. grey to dark grey; with thin calcareous
streaks above; becomes micaceous and silty below;
fossils occur in pockets Jjust below the overlying
limestone.

(3) Shale, blue-grey to brownish, clayey, algal below.

Reading limestone

'(k) Limestone, grey to yellowish, hard, thin bedded,
T (Qsagia).

alga

(5) Shale, upper part bright yellow with irregular
calcareous masses; lower part brown to greenish clay;
sparingly fossiliferous.
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1.6 (6) Limestone, massive, light grey, weathers to grey-
buff, one bed; fusulinids and other fossils common.

Auburn shale

4.6 (7) Shale, greenish-grey; clayey above to silty,
micaceous, finely bedded below; contains calcareous
plates near the top, pelecypods common.

0.8 (8) Shale, dark blue, micacecus, contains Linoproductus.

1.5 (9) Shale, buff, calcareous shale which laterally
possesses a veinwork of resistant calcite which forms
a "boxwork®". '

6.9 (10) Shale, grey, finely laminated; with occasional
thin, calcareocus, fossiliferous plates.

4.0 (11) Covered.

3.4 (12) Shale, blue-grey, clayey; with a few highly
fossiliferous limestone stringers; contains a blue
siltstone about a foot above the base.

0.7 (13) Limestone, light blue, hard, compact, weathers

to bihe-grey; contains large fenestellid bryosoans
and many other fossils.

Oy (L4) ihale, brown, clayey; contains a persistent sone
of well preserved Derbya.

SECTION 38

Measured in road ditch along east-west county road in
SE4 sec. 5, T. 31 8., K. 10 E., Elk county, Kansas.

Base of Rurlingame limestone
Silver Lake shale

13.5 (1) Covered.

22,8 (2) Shale, yellow to reddish-brown, and grey, sandy,
micaceous; upper part is hard, finely bedded; lower
part contains nodular, grey sandstones and is prominently
Jointed.
Rulo limestone

1.2 (3) Limestone, dark grey, dirty, weathers grey to
brownish, sheily, algal,’fossiliforous.
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Cedar Vale shale

(4) Shale, grey, calcareous, fossiliferocus; with a
few plant fragments in lower part.

(5) Coal, irregular, very smutty.

-SECTION 39

Measured in road ditch of north-south county road in

NE: sec. 6, T. 31 S., R. 10 E., Elk county, Kansas.

.9

3k

3.3

2.2

0.3

2,4
1.2

b.9

Wakarusa limestone

(1) Limestone, dark grey, hard, brittle, weathers
grey to buff, irregular thin beds separated by thin
shales; Ottonosia, Somphospongia ?, and fusulinids
common.

Soldier Creek shale
(2) Shales, blue-grey, streaked with yellow, clayey.
Burlingame limestone
(3) Limestone, hard, thin bedded, irwegular, mottled,

blue-grey above to grey below; weathers grey above
to yellowish below; very fossiliferous.

(h)‘!@g}g, grey to dark grey, finely bedded; contains
several thin silty limestone stringers; algal and
fossiliferous.

(5) Limestone, thin, hard, dark blue, weathers dark
grey; pelecypods and productid brachiopods common.

(6) Shale, purplish-green to reddish, algal.

(7) Limestone, earthy, veined, bright yellow
weathering, “éoxnork": !

(8) Shale, green to red and purple; interbedded with
buff, tﬁIﬁ, nodular limestones. '
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SECTION 40

Measured in creek bank at north end of low water bridge,
¥Wt sec. 9, T. 30 S., R. 10 E., Elk county, Kansas.

Howard limestone
Aarde shale member
0.6 (1) Coal.
0.2 (2) Underclsy, bluish-grey to yellow, mottled, waxy,
0.3 (3) Shale, ysllow-brown, clayey; contains concretions.
Bachelor Creek limestone member

4.0 (4) Limestone, light blue, hard,dense, massive, weathers
buff, sparingly fossiliferous.

SECTION 41

Measured in road ditch of north-south county road in
SE{ sec. 11, T. 30 S., R. 10 E., Elk county, Kansas.

Howard limestone
Aarde shale member
0.4 (1) Coal.

2.2 (2) Underclay, grey to yellowish, blocky, waxy; lower
part is covor;d. ’ ’

Bachelor Creek limestone member

3.7 (3) Linestone, light bluish-grey, hard, massive,
micaceous, sandy to silty, weathers grey to buff;
upper bed is less silty and fossiliferous.

Severy shale

3.5 (4) shale, grey, sandy, micaceous; contains some hard,
dark grey plates.

21.0 (5) Shale and siltstone, dark blue to grey, hard,
micaceous siltstones alternihing with grey to buff,
platy, silty to sandy shale.

41.0 (6) Shale, finely bedded, grey; silty above to clayey
below; Jjointed in part; partially covered.




279

2.0 (7) Shale, grey to red, clayey.
4.0 (8) shale, grey to dark grey, clayey.
Top of Topeka limestone.

SECTION 42

Measured in creek bank just below the bridge and up to
road level, SWi sec. 11, T. 29 S., R. 10 E., Elk county,
Kansas.

Howard limestone
Utopia limestone member
4.7 (1) Limestone, thin, irregular bedded, dark grey,
dirty, weathers to orange and brown, sparingly fossili-
ferous; lower part not well exposed.
Church limestone member

2.1 (2) Limestone, massive, bluish-grey, weathers to rich
brown.

Aarde shale member

3.5 (3) §%§;g, greenish-grey above to black below; finely
bedded; with plant fragments common in the lower part.

0.3 (4) Coal.

1.3 (5) Shale, greenish-grey to yellowish, upper part
appears to be an underclay.

Bachelor Creek limestone member

2.7 (6) Limestong, massive, hard, dense, bluish-grey
silvy, s%igﬁtiy micaceaus, w;athers’bo dark groy:

SECTION 43

Measured in road cut of north-south county road in Swi
sec. 25, T. 29 S., R. 10 E., Elk county, Kansas.

Howard limestone

Church limestone member




280
2.3 (1) Limestone, dark blue, weathers rich orange-brown;
contains Qttonosia above and small fusulinids below.
Aarde shale member
0.4 (2) Shale, grey to dark grey, clayey.

0.2 (3) Coal.
1.0 (4) Underclay, greenish-yellow and grey, waxy, shaly
below.

Bachelor Creek limestone member

3.4 (5) Limestone, light to dark blue, blotchy, silty,
micaceous, hard, weathers dark grey.

SECTION 4b

Measured in road ditch and creek bottom in north-
center sec. 16, T. 30 S., R. 10 E., Blk county, Kansas.

Base of Happy Hollow limestone
White Cloud shale
31.0 (1) Shale, grey to yellowish-grey above to bluish-
green and grey below; clayey in lower part to sandy
and silty above; Jjointing common.

0.9 (2) Limestone, shelly, grey to black, slightly silty;
contains many black specimens of Ottonosia.

0.1 (3) Shale, grey to dark grey, calcareous.
O.h (4) Lizestone, dark grey, hard, fossiliferous.
7.0 (5) Shale, grey, clayey, finely bedded.
12.0 (6) Shale, covered.
" Howard 1i#®stone

Utopia limestone member

4.8 (7) Limestone, dark blue-grey, weathers to rust-brown,
thin, irregular plates, algal, fossiliferous.
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Wingeler shale member
(8) Shale, yellow-brown, clayey; partially covered.
Church limestone member

(9) Limestone, massive, light:blue, weathers to deep
brown; contains Qttonosia.

Aarde shale
(10) Shale, grey, clayey.
(11) Shale, black, fissle.

(12) Limestone, dark grey, hard, one bed, weathers to
light grey; corals common.

(13) ghale, grey.
(14) Coal.
(15) Underclay, yellow to greenish-grey, waxy.

SECTION 45

Measured aiong east-west county road in south-center
27, T. 28 8., R. 10 E., Elk county, Kansas.

Waksarusa limestone

(1) Linestone, blue-grey, mottled, irregular to slabby
bedded, weathers light buff to brown; Ottonosia and
Iriticites common.

Soldier Creek shale

(2) Shale, blue-grey, clayey.

Burlingame limestone

(3) Limestone, light blue to brownish, one massive
bed, weathers to rich brown, algal top, fusulinids
common.

Silver Lake-Cedar Vale shale

(4) Shale, brown, calcareous; with a few thin lime-
sbneeistringers.
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(5) Shale, greenish-grey, silty to sandy; with
several thin, fossiliferous limestones.

(6) Linestone, light blue to brown, mottled, fossili-
ferous,

(7) Shale, brown to greg with a few thin, bluish
limestones.

(8) Coal, smutty; in two or three thin streaks sepa-
rated by various colored clays.

(9) Shale, finely bedded; greenish-grey above to
grey micaceous and sandy below.

(10) Coversd.

(11) Sandstone, fine grained, thin bedded, light brown
to rust brown weathering.

(12) Shale, grey, micaceous, sandy.

(13) Shale, grey to grey-brown, clayey.

(14) Covered.

Happy Hollow limestone

{15) Limestone, light grey to mottled, weathers pink-
ish-brown; irregular massive bedded below to thin
bedded above; fossiliferous.

White Cloud shale

(16) Shale, grey abeve to dark grey and bluish below,
finely bedded; base not exposed.

SECTION 46

Measured along north-south county road in NwWi sec. 22,

T. 28 8., R. 10 E., Elk county, Kansas.

1.0

1.0

hes

Reading limestone

(1) Limestone, light blue-grey, weathers grey with
yellow and brown splotches, algal, fossilifercus.

(2) Limestone, rich yellow-brown to dark brown; not
well exposed.

(3) Shale, covered.
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(4) Limestone, blue-grey, hard, weathers to grey and
buff, massive hedded, fossiliferous.
Auburn shale
(5) Shale, blue-grey, clayey.

(6)d§gg;g, brown to grey, platy, micaceous, silty to
sandy.

(7) Limestone, blue, weathers grey-buff, soft, earthy;
contains abundant pelecypods.

(8) Shale, grey, clayey; with a thin, blue, fossili-
ferous limestone in the middle.

(9) §§§%g, brown; contains numerous thin, buff lime-
stone plates; algal.

(10) Shale, grey, clayey, finely bedded.
(11)”§halo, grey, mostly covered.
Wakarusa limestone

(12) Limestone, blue-grey, slabby, weathers brown;
contains Qg;ogésia and fusulinids. ’

Soldier Creek shals

(13) Shale, blue-grey, clayey.

Burlingame limestone

(14) Limestone, light grey, mottled with brown,

weathers to yellow-brown; contains abundant Osagia
and fusulinids.

SECTION 47

Measured along US Highway 160 in NE% sec. 13, T. 31 S.,

R. 9 E., and NW{ sec. 18, T. 31 S., R. 10 E., Elk county,
Kansas.

1.5

Elmont limestone

(1) Limestone, dark blue, platy, somewhat cross-bedded
highiy crino?&al, weathers brown to dark buff. ’
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Harveyville shale

10.3 (2) Shale, grey to blue-grey; streaked above; yellow-
ish, micaceous, and sandy below.

Reading limestone
3.6 (3) Limestone, upper part dense, hard, blue, weathers
with a light brown crust; lower part light buff to
yellow, algal; fossiliferous throughout.
Auburn shale

7.4 (4) Shale, brown above; to grey, finely bedded, micace-
ous, silty to sandy below.

1.9 (5) Limestone, thin, blue, dense, silty,“ﬂonailiferous;
interbedded with a minor amount of grey, micaceous shale.

1.9 (6) Limestone, pinkish-brown, algal, silty, "pseudo~-
boxwork"; contains abundatnt productid brachiopods.

8.1 (7) Shale and limestone, alternating beds of brown
. shale and blue, dense, dirty, nodular limestones.

0.1 (8) Limestone, thin, brown-grey; coquina of brachiopod
fragments.

1.6 (9) Shale, grey, finely laminated.
0.4 (10) Siltstone, blue, dense, nodular.
O.4 (11) Shale, grey-brown; with a veinwork of calcite.

0.6 (12) Siltstone, blue-grey, dense, hard; with a distinct
set of vertical joints.

7.0 (13) e, grey; calcareous above to blue-grey and
yellowish below; contains a persistent zone of Derbya
about one foot below the top.

L.8 (14) Shale, red to purple; streaked with green and
yellow.

Wakarusa limestone

1.9 (15) Limestone, light blue-grey, dense, hard, weathers
to rust-brown and yellow; contains abundant fuaulinida

. and Ottonosia.
3.5 (16) Shale, grey to dark grey.
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(17) Limestone, light blue, dense, hard, yellow-brown
weathering; coﬁtains fusulinida and th&gogig.

Soldier Creek shale

(18) Shale, grey, clayey.

(19) Limestone, light buff to orange-brown, algal,
rotten, "pseudokoxwork".

(%Q)lshale, alternating buff and grey, calcareous, hard,
algal.

Burlingame limestone

(21) Limestone, thin bedded, mottled, grey, weathers
light grey to rust-brown; contains fusulinids and

Qsagia.
Silver Lake shale

(22) Shale, grey, platy, hard, algal; contains abun-
dant pelecypods.

(23) Limestone and shale, alternating thin, blue,
1;%?“ grey, impure %1mastones and grey %o greenish
shale.

(24) Limestone and shale, brown, rotten, "boxwork"
limestones interbedded with grey to buff shales.

(25) Shale, green, clayey, algal.

(26) Limestone, dark grey, dirty, hard, algal, coarsely
crystalline, mottled; contains a few siltstone pebbles
and abundant Osagia.

(27) Shale, grey, streaked with blue-green.

SECTION 48

Measured along east-west county road, center of thfaa

south line of sec. 17, T. 31, S., R. 9 E., Elk county, >30sas.

Elmont limestone

1.9 (1) Limestone, dark grey, thin bedded, slightly cross-
ed, ¢

5.8

bedd rinoidal, :
Harveyville shale

(2) ghale, grey-blue, clayey; contains small nodules.
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K ir dular, silt ellow to orange
éggxaé:egfoge, thin, nodular, Y, Y nge,

(4) Shale, grey to greenish, fossiliferous.

(5) Limestone, blue-green, veined, somewhat silty,
fossiliferocus.

(6) shale, grey. clayey.

(7) Limestone, dense, blue-green, irregular bedded,
weathers buff,

(8) Shale, grey-brown.
Reading limestone
(9) Limestone, dark-blue, hard, dense, massive,

vertically jointed, weathers to yellow-buff; contains
abundant fusulinids.

SECTION_49

Measured in roadcuts of east-west and north-south

county roads in SwWi sec. 15, T. 31 S., i. 9 E., Elk county,
Kan"ﬂ .

0.9

18.0

1.0

l.1

Jim Creek limestone

(1) Limestone, dark blue, dense, massive, weathers
to light grey; contains abundant large fusulinids.

Friedrich shale
(2) Shale, grey, sandy; almost all covered.

(3) Sandstone, massive, irregular bedded, brownish-
grey, speckied with brown, micaceous.

(4) Shale, sandy, grey; micaceous above to bluish-
grey, blocky below; streaked with yellow; upper part
is partially covered.

Grandhaven limestone

(5) Limestons, dark grey to bluish, shelly, weathers
to dark brown, fossiliferous.

(6) le, brown, streaked with orange and blue,
fossiliferous.
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0.2 (7) CO&lo
2.3 (8) Shale, grey, partially covered.

0.4, (9) Limestone, dark blue to dirty grey, shelly,
fossiliferous, weathers to rust-brown.

Dry shale
6.5 (10) Shale, grey to brown, calcareous; with a thin
coal streak about 1.5 feet below the top; contains
abundant Myalina.
" Dover limestone

1.8 (1l) Limestone, dense, dark blue, weathers to light
brown, sandy to silty above, sparingly fossiliferous.

17.0 (12) Bhale, brown to bluish-grey, calcareous; contains
a few nodules; almost all covered.

0.9 (13) Limestone, dense, dark blue-grey, massive; con-
tains abundant Qttonosia and slender ériticiﬁog.

SECTICH 50

Measured along east-west county road, north line of
sec. 24, T. 30 8., R. 9 E., from £ to & mile west of section
corner, Elk county, Kansas.

Grandhaven limestone

0.5 (1) Limestone, dense, hard, fine texture, weathers
rust-brown, unfossiliferous.

9.5 (2) Shsle, covered.

0.5 {(3) Limestone, light blue to grey, cne massive bed,
weathers to bright buff-orange.

Pry shale
$.6 (L) Shale, grey to brown; mostly covered.
Dover limestone

1.9 (5) Limestone, dense, light blue to brown, weathers
brown, two massive beds, no fossils seen.

1M, (6) , Erey to brown above, greenish below;
part aliy covered.
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(7) Limestone, dark grey, weathers to light buff,
massive but breaks down to thin slabs; contains
Ottonosia and slender fusulinida.

(8) Shale, brown to grey, streaked with blue-green.

ot

blue to light buff; contains abundant Chonetes and
other fossils.

Willard-Langdon shale

(9) Limestone, one massive bed, light blue, weathers

(10) Shale, brown, streaked with blue-grey and yellow.

(11) Shale, grey to almost black, calcareous, hard;
contains Myalina.

(12) Coal.

SECTION 51

Measured in stream bank just above bridge in NWi sec.

2, T« 30 8., Re 9 E., Elk county, Kansas.

2.3

2.6

0.9

0.5
3.7

Reading limestone

(1) Limestone, massive, blue-grey, vertically jointed,
weathers buff; contains abundant fusulinids in middle
and lower parts.

(2) Shale, blue-grey above to bluish-black below.

(3& L%?gstone, light grey, algal, weathers to grey
and white.

(4) Shale, greenish-grey, clayey, blocky.

(5) Limesteone, blue-grey, nodular; thin beds above
separated below from a very massive, buff to dark

grey weathering bed by a thin grey-brown, fossiliferocus
shele.



SECTION 52

Measured in roadcut along the southwest side of sec.
2, T 30 8., R. 9 E., Elk county, Kansas.

Dover limestone

0.8 (1) Limestone, blue-grey, one massive bed, weathers
light buff; contains slender Triticites and Ottonosia.

7.3 (2) Shale, grey to brown, claysy.

0.3 (3) Shale, paper thin, calcareous; interbedded with
brown shale; fossiliferous.

1.2 (4) Limestone, dense, dark blue-grey, weathers to
buff-yellow, fossiliferous.

Willard-Langdon shale
0.7 (5) Shale, brown; contains abundant Myalina.

1.4 (6) Shale, dark grey, calcareous, platy tc nodular,
abundantly fossiliferous.

0.2 (7) Coul.

0.5 (8) leest%gs dark grey, weathers light grey, argil-
laceous, slabby; contains aburndant plant remains.

0.2 (9) Coal. !

0.3 (10) Limestone, dark grey to purplish, weathers to
‘ dark Eﬁif “Tenticular; contains glant remaing; passes
;aterally into iron stained nodules and bluish-grey
C lay .

2.6 (11) *hale, bluish-grey, clayey, finely laminated,
grey-brown below; contains a thin coal streak about
«7 feet below the top.

1.4 (12) Limestone, soft, earthy, veined with calcite,
"poxwork", orange-buff.

3.4 (13) Shale, greenish-grey, clayey; contains a few
iron stained nodules in the upper part.
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Elmont limestone

(14) Limestone, blue-grey, dirty, weathers buff with
reddish areas, highly fossiliferous; contains abun-
dant, long, siender Triticites.

Harveyville shale

(15) Shale, blue-grey, clayey.

(16) Shale and sandstone, blue-grey shale interbedded
with grey, micaceous, sandy shale; contains a thin
grey to buff, fine grained sandstone about a foot
above the base which overlies a thin coaly streak.

Top of KReading limestone.

SECTION 53

Measured along north-south cuunty road along the north-

weatern edge of sec. 19 and the southwestern edge of sec.
18, T. 31 5., K. 10 E., Elk county, Kansas.

5.1

3.2

2.0
6.4

2.5

0.5
1.7

5.0

Elmont limesatone

(1) Limestone, grey to bluish-grey, weasthers:dark
grey, thin bedded, siightly cross-bedded,crinoidal.

Harveyville shaie

(2) Shale, grey, clayey, finely bedded; contains algal
nodules in lower part.

(3) Shale, red ard green, clayey.

(4) Shule, greenish-grey, mostly covered.

Readirg limsstone

{5 Linestone, dark biue, dsnse, hard, weathers dark
grey to buff, vertically jointed, brittle; contains
abundant Triticites.

(6) Shale, buff.

(7) Limestone, irregular bedded, buff to yellowish,
algal, fossiliferous.

Auburn shale

(8) Shale, brown to grey, silty and micaceous below;
upper part fossiliferous.
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3.8 (9) Shale, grey, micaceous.

23.0 (10) tones and shales, this interval is only
partially exposed and consists of thin, blue-grey,
pelecypod bearing limestones and blue siltstones
interbedded with shales.

Wakarusa limestone

.3 (11) Limestons, dark grey to bluish, massive but ir-
regular ed above, thin bedded bslow, weathers
go xr;z-buft; contains algae, fusulinids, and other
ossils. ' }

SECTION 54

Meapured in road ditch along east-west county road
along the southeastern edge of sec. 14, T. 31 S., R. 9 E.,
Elk county, Kansas.

Dover limestone

1.9 (1) Limestone, blue-grey, weathers yellowish-grey,
thin irregular bedded below to rather massive above,
algal; highly fossiliferous in the lower part.

10.5 (2) Shale, brown-grey above to bluish-grey below,
c%aygy; ghly fossilifercus about three feet above
the base.

0.8 (3) Limes , one massive bed, dirty, dark grey,
weathers buff to dark grey; contains abundant Qttonosia
and slender Triticites.

2.6 g%) Shale, grey, clayey; with streaks of brown and
ue.

1.8 (5) tone, dark blue to grey, weathers bright
orange, massive but usually breaks down into two or
three beds, highly fossiliferous.

Willard-Langdon shale
0.5 (6) Shale, brown, fossiliferous.

0.6 (7) Limestone, grey, thin bedded; contains large
Neospirifer and nzgiina. ’

0.5 (8) %haie, grey; with occasional brown streaks;
Myalina common.



292

0.3 (9) Coal.
0.5 (10) Underclay, bluish-grey, iron stained.

L6 (11) le, greenish-grey, blocky to finely laminated;
contains yellow streaks.

Elmont limestone
3.7 (12) Limestone, grey to bluish, thin bedded, slabby,
slightly cross-bedded, highly fossiliferous, crinoidal.
TION
Measured in the NE: sec. 9 and along the north-south
county road along the scutheastern edge of sec. 4, T. 30 8.,
R. 9 E., Elk county, Kansas.
Foraker limestone
Americus limestone member

l.s (1) Limestone, bluilsh-grey, massive, weathers light
grey, fusulinids and other fossils common.

3.7 (2) Shale, covered.

1.8 (3) L%%ggggae, dark biue, massive above, limonite
stained; with smali tan and blue pebbles common in
the lower part; fossiliferous.

Hamlin shale
Oaks shale member

6.0 (4) Shale, brown above to grey- yellow below, almost
black at the base, algal near the top; with many
small fosils in a hard, calcareous plate at the base.

Houchen Creek limestone membsr

2.4 (5) Limestone, thin bedded, very shaly, silty, buff
to yve sh, calcite veins common, "boxwork®.

8tine shale member

6.3 (6) Shale, grey to greenish, finely bedded, streaked
with orange and yellow.

19.0 (7) ghala, purple, reddish, green and yellow; with
a yellow, nodiklar siltstone Jjust above the middle.
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(8) Shale, yellow to orange, platy.

(9) Shale, greenish-grey, blocky, clayey.
Five Point limestone

(10) Limestone, massive, grey-brown, yellow to orange
weathering, fusulinids very abundant.

West Branch shale

(11) Shale, green to yellowish, grey weathering above
to dark grey and bluish below; contains a thin coal
14 feet below the top.

(12) Limestone, buff to yellowish, weathers yellow-
brown; with nuéorous calecite voin;.

(13) Shaie, light grey to greenish, micaceous, silty,

finely bedded above to dark grey below; contains a

:ginﬁadark grey nodular limestone about two feet above
e base.

Falls City limestone

(14) Limestone, dark bluish-grey, dirty, weathers to
yellow-orange, nodular above to massive below, sparingly
fossiliferous.

Hawxby shale

(15) Shale, dark grey above to purple, green, and
yellow below; with a thin, bluish-grey, nodular, algal
limestone Just above the middle.

Aspinwall limestone

(16) Linestone, upper part thin bedded, brown, light
yellow weathering; lower part consists of alternating
beds of grey to buff shales and thin, blue, fossili-
ferous limestones.

Towlie shale

(17) §g%;g, dark grey above to yellow-brown below,
algal; discolored zone about two feet above the base.

Brownville limestone
(18) Limestone, grey, dense, massive above, weathers

grey to yellow-brown, fusulinds and other fossils
common.
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Pony Creek shale

17.5 (19) Shale, grey and brown above to blue-green and
yellow below; with a thin coal 8.8 feet below the top.

Caneyville limestone
Grayhorse limestone member

1.5 (20) Limestone, thin bedded, platy to slabby, slightly
cross-bedded, dark grey, weathers to light grey and
buff, pelecypods common.

The interval from the base of the Grayhorse limestone
to the top of the Nebraska City limestone is approximately
25 feet thick.

lebraska City limestone member

0.9 (21) Limestone, one massive bed, dark bluish-grey,
weathers yellowish; fusulinds and raszor clams are the

mnost common fossils.
French Creek shale

11.0 (22) Shale, yellow-grey, micaceous, silty, streaked
with orange.

13.7 (23) Sandstone, dark grey to yellowish-brown, limonite
stained, micaceous, fine grained, massive below to
thin bedded above, cross-bedded below; sharp contact
with shale below suggests channeling.

11.4 (24) Shale, bluish-black, micaceous, very finely
bedded, hard; with orange streaks along bedding planes.

Jim Creek iimestone

0.8 (25) Limestone, one nassive bed, dark blue, dirty,
weathers grey to purplish, fossiliferous.

SECTION 56

Measured along US Highway 160 about one-fourth mile
west of Santa-Fe Railroad crossing, Nwi sec. 13, T. 31 S.,
R. 8 E., Elk county, Kansas.

Brownville limesbone

2.0 (1) Limestone, very massive bed, light grey, weathers
to a cream yellow, highly -fossiliferous; with large

crinoid stems, Chonetes, and Triticiteg common.
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Pony Creek shale

4.2 (2) Shale, greenish-grey, finely laminated; contains
yellow streaks.

0.5 (3) Limestone, yellow, algal, weathers to cream;yellow.
3.0 (&) §héle, green to grey, clayey.

SECTICN 57

Measured at eastern edge of stock pond 0.3 miles north
and 0.1 mile east of Santa Fe Railroad crossing over US
ﬁighway 160, Swi sec. 12, T. 31 S., R. 8 E., Elk county,

ansas.

Caneyville limestone

0.5 (1) Limestone, dark grey, weathers to yellow and rust
brown, fosslliferous, two thin beds, Triticites common.

3.4 (2) Shale, greenish-grey above to brown below, clayey.

1.0 (3) Limestone, dark blue, weathers buff; three thin,
irregular beds; highly fossiliferous.

1.3 (&) Shale, dark grey, micaceous, irrpgularly lakinated;
contains a few calcareous nodules, Myalina common.

1.6 (5) &imeat%ge dense, dark biue, weathers to gray-
buff, lent cuiar; coﬁtaina soma'yellaw siltstone peb-
hi;: in lower part; passes laterally into shales and
silstones.

4.6 (6) %hale, dark grey to bluish, sandy, micaceous,
finely bedded; contains some woody streaks and hard
siltstone nodules.

SECTION 58

Measured in ditch of US Highway 160 in NEi sec. 13,
T. 31 8., R. 8 E., Elk county, Kansas.

Caneyvilie limestone
23.0 (1) Shale, grey, buff, and yellow, micaceous, silty

to sandy, finely laminated; highly Jjointed in the upper
part.
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Nebraska City limestone member
1.2 (2) Limestone, bluish-grey, hard, dense, weathers

buff with purplish splotches, fossiliferous; with
fusulinids and Aviculopinna common.

SECTION 59

ﬁ.aaurad Just west of the bridge arross Caney Creek,
Hw¢ sec. 18, T. 31 S., R. '~ 9 E., Elk county, Kansas.

Caneyville limestone
Nebraska City limestone member

1.2 (1) Limestone, dark grey to brownish, three beds,
weathers to yellow-brown, fusulinids common.

French Creek shale

3.8 (2) Shaie, grey to greenish, siightly micaceous,
clayey.

4.0 (3) Shale, light yellow to buff, silty, finely
laminated, micaceous.

9.8 (4) Sandstone, massive to fine bedded, fine grained,
nicaceous, dark grey, dirty,. slightly cross-bedded

in the middle; base is sharp and represents channeling.

16.0 (5) %hale, tan and bluish-green above to biuish-black,
fissle, and grey below, miceceous and sandy.

Jim Creek limestone
1.0 (6) Limestone, bluish-grey, hard, weathers to brown
with plish tinge; fusulinids, Myalina, and other
fossils common.
Friedrich shale
0.6 (7) shale, grey to brown; Crurithyris common.

0.6 (8) Coal.

SECTION_60

NMeasured just below the Santa Fe Railroad bridge across

Caney Creek, SEt sec. 18, T. 31 S., R. 9 E., Elk county,
Kansas.
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Dover liszestone

O.4 (1) Limestone, dark blue, earthy, weathers dark grey,
one bed; contains slender Tritiecites and Qttonosia.

3.0 (2) Shale, brownish clay above to dark-grey and bluish
clay below, streaked with orange.

0.9 (3) Limestons, one massive bed, blue, weathers to
buff, highly fossiliferous. ’ ’

Willard-Langdon shale

3.6 (4) Shale, grey, clayey above to calcareous below;
upper part fossiliferous.

0.2 (5) Coal. .

SECTION 61

Measured just west of the bridge across the Elk River
ﬁ north-center sec. 8, T. 30 3., R. 10 E., Elk county,
nsas.

Happy Hollow limestone

10.8 (1) Limestone, buff to grey, mottled, massive below
to thin, irregular bedded above; highly algal in

upper part; robust Triticites and Csagia common.
SECTION_62

Measured along north-south county road in the extrems
southwestern corner of sec. 15, T. 31 3., R. 10 E., Elk
county, Kanasas.

Howard limestone
Utopia limestone member
7.4 (1) Limestone, thin, irregular beds of dense, dark
grey, hard, dirty grey weathering; lower two or three

beds are separated by grey shales; sparingly fossili-
ferous.

Winszeler shale nmember

0.5 (2) Shale, grey: poorly exposed.
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Church liuestone member

1.8 (3) Limestone, two massive beds, dark blue, hard,
dense, weathers buff, fossiliferous; Iriticites rare.

Aarde shale member
1.5 (4) Shale, blue-grey, clayey, fossiliferous.

0.7 (5) Linestone, biue-grey; contains Chonetes.

0.3 (6) Shale, grey clayey.

0.2 (7) Coal.

3.0 (8) Shale, upper few inches are a wamy, blue-grey
‘ gggzggéfy; lower part grey, mottled clay; partially

Upper part of the Bachelor Creek limestcne member.

SECTION 6

Measured along US Highway 160, center of the north
line of sec. 16, T. 31 S., H. 9 E., Elk county, Kansas.

Dover limestone

16.0 (1) Shale, grey, streaked with blue and yellow,
clayey; middle part is fossiliferous.

0.6 (2) Limestone, grey, weathers brown-grey, one bed;
contains slender Triticites and Ottonosia.

505 (3) Shale, grey below to brown above, streaked with
blue-green and yellow, clayey.

0.9 (4) Limestone, massive, light blue, weathers tuff
to bluish, fossiliferous.

SECTION 64

Measured along county road in SEi sec. 6, T. 30 S.,
R. 11 E., Elk county, Kansas.

Topeka limestone

Coal Creek member



8.7

2.h
3.6

3.2
11.0

1.0
2.0

1.0

12.0

10.0

299

(1) Lim ne, brown to y, buff weathering,
irregular to wavy bedded; beds average about & inches
in thickness; brown shale along bedding planes;

highly fossiliferous.

Holt-Jones Point shale
(2) Shale, blue-grey, clayey; Rhombopora common.
{(3) Limestone shale, soft, argillaceocus, brown
to buff, y fossiliferous, thin limestones inter-
bedded with highly fossiliferous grey shales.
(4) Shale, blue-grey, somewhat fissle, highly fossili-
ferous; with a few tﬁin, buff unathcring limestone
plates.
(5) Shale, covered.
(6) Limestone, dark blue, dense, single bed, algal.

(7) Ligsg&gai. irregular bedded, light grey, weathers
buff, mottled, algal.

(8) Shale, ysllow to grey, clayey, mostly covered.
Curson limestone member ?

(9) Lime , Erey, mottled, massive; contains
large Neospirifer and large Triticites.

(10) le, covered. (This interval represents the
Hartfo mestone member of the Topeka limestome
and the Calhoun shale.)

Deer Creek limestone
Ervine Creek limestone member
(11) Limestone, blue-grey, coarsely crystalline, hard,

weathers grey to white, irregular to wavy ' bedded;
minor amounts of yellownbrown clay along the bedding

planes; Syringopora common.
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SECTION 65

Composite section measured in sec, 11, T. 31 S., R.
10 E.,, Elk county, Kansas.

Topeka limestone

Coal Creek limestone member

4.8 (1) Limeggono dark grey, weathers to grey-buff
irregu to ;aVy, beddea, highly tosailiferoua:

0.5 (2) Shale, yellow-grey,calcareous, sparingly fossil-
iferous.

0.8 (3) Limgggggg blue-grey, mottled, thin, irsegular
beds, weat or; to rich y;llou, vo%y fos;iliterous.

Holt shale member
3.6 (4) Shale, grey-yellow, clayey, highly fossiliferous.

13.6 (5) , grey to bluish; with occasional thin,
goqu noid limestone plates; all very highly fossili-
erous.

0.8 (6) Limestone, dirty, grey to greenish, thin, irregular
plates, weathers brown, sparingly fossiliferous.

k.3 (7) Shale, green to grey, clayey.
Du Bois limestone member ?

0.7 (8) Lines , dark blue, dense, hard, vertically
Jointed; contains Linguls and numerous ostracods.

Sheldon limestone member ?
2.9 (9) Limestone, irregular bedded, weathers mottled,

grey to brown; separated from above bed of Lingula
limestone by a very thin brown shale.
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SECTION 66

Measured along east-west county road in the center of

the south line of sec. 2, T. 31 S., R. 10 E., Elk county,
Kansas.

0.7

Ok

0.9

2.6

l.1

hel

1.4

Topeka limestone
Du Bois limestone member ?
(1) Limestone, dark grey, dirty, weathers grey with
a cream yellow crust, hard, massive, vertically
jointed; tends to split into three beds upon weather-
ing; contains Lingula, ostracods, and small gastropods.
Turner Creek shale member ?
(2) Shale, blue-grey, clayey.
Sheldon liwestone member ?
(3) Lime e, grey-buff, mottled, weathers cream yel-
low, three 1lrregular beds, somewhat nodular, fossili-
ferous in lower part.
Jones Point shale member ?
(4) Shale, buff to grey, calcareous; partially coveraed.
Curzon limestone member

(5) Limestone, massive, dark blue to grey, weathers
dark grey, very fossiliferous; contains large

Triticites.

Hartford limestone member
(6) Limestone shale, buff to grey, micaceous,
mottled, very sandy, lenticular; interbedded with
sandy shale.
Calhoun shale
(7) Shale, grey, clayey to silty, unfossiliferous.

Top of Deer Creek limestone.
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SECTION 67

Measured along creek bank just south of bridge about
one~-fourth mile west of Kansas Highway 99, Nwi sec. 27,
T. 31 S., R. 10 E., Elk county, Kansas.
Topeka limestone
Holt shale member ?
2.7 (1) Limestone and shale, thin, brown to buff, fusulinid
bea{IBg limestones interbedded with grey, fossiliferous
shale.

3.5 (2) Shale, blue-grey; contains a few very thin cal-
careous plates; highly fossiliferous.

1.7 (3) Shale, blue-grey, clayey, fossiliferous.

1.3 (4) Shale, blue-grey above to bluish-black below;
contains calcareous plates near top and a woody to coaly
streak at the botton.

Du Bois limestone member ?

1.0 (5) Limestone, blue, dense, vertically jointed,

weathers into thin slabs; contains Lingula and ostracods.
SECTION 68

Measured along US Highway 160 from top of hill down
toward the Santa Fe Railroad crossing, west-center sec. 13,
T. 31 3., R. 8 E., Elk county, Kansas.

Foraker limestons.

Hughes Creek shale member

5.2 (1) Limestone and chert, interbedded blue dnd grey
chert and blue, dense, light grey weathering limestone;
abundant fusulinids.

5.0 (2) Coverad.

2.5 (3) Limestone_and shale, light brown to grey, coquinoid
limestones interbedded with brown shales; fossiliferous
throughout.

2.4 (4) Shale, brown to buff, calcareous, finely bedded.
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(5) Limestone, light blue to grey, thin bedded, highly
cherty; both iimeatone and chert ﬁodules are f&asili-
ferous.

(6) Limestone, one massive bad, blue-grey, dense;
contains abundant fusulinds.

(7) gﬁg;g. yellow to brown, calcareous; contains
abundant fusulinids.

(8) Limestone, blue, hard, weathers yellowish-grey,
small blue chert nodules, abundant fusulinids.

(9) Shale, grey to yellowish; contains a few thin
limestone stringers; highly fossiliferous.

(19) Limestone and le, two thin, grey to bluish,
hard, dense, buff weathering limestones separated by
a thin, grey-brown shale; sparingly fossiliferous.
(11) Shale, bluish to blue-black, finely bedded,
platy; with several blue, nodular, limestone stringers;
brachiopods common.

Americus limestone member

(12) Limestone, grey-biue, dense, weathers buff to
dark grey, silty below, fossiliferous.

(13) Shale, dark blue to almost black, appears almost
coaly, weathers light blue; contains a few thin
limestone stringers.
(14) Limes » Dbluish-grey, massive below, irregular,
thin bedded above; contains many small pebbles in the
lower part; fossiliferous.
Hamlin shale

Oaks shale meamber
(15) Shale, grey to yellowish.

Houchen Creek limestone member

(16) Limestone, dark grey, weathers white to buff;
with network of calcite veins; "boxwork".

Stine shale member
(17) Covered.
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(18) :11§g§on§, white to grey, irregularly bedded;
inter ed with grey shale.
{19) Shale, purple, green and grey, clayey.

(20) Siltstone, dirty, dark grey, veined with calcite,
"boxwork"”.

(21) Shale, varicolored, clayey.

(22) Limestone, yellow, weathers brownish, veined
with calcite, &hoxworka. ’

(23) Shale, green; clazey shale above to platy,
yellow, silty shale below.

(24) Shale, grey to greenish, clayey.
Five Point limestone

{25) Limeggggg, one massive bed, dark grey, weathers
to grey-buff, fossiliferous; fusulinids common.

West Branch shale

(26) Covered.

(27) Shale, greenish-blue above to grey below; micace-
ous in part; contains a very thin coaly streak, about
8.0 feet, bslow the top.

(28) Covered.

Falls City limestone

(29) Limestone, grey to yellowish, vuggy, weathers
light brown; some calcite veins present.

‘Hawxby shale

(30) Sandstone, greenish-grey, micaceous, maskive,
limonite stains coamon.

(31) Shale, grey below to greenish and sandy above
strod&337§ith orange, micaceous. !

Aspinwall limestone

(32) Limestone, grey, dirty, slabby, weathers to
buff-grey, fos;i iferous. !

(33) Shale, grey.
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(34) Limestone, one massive bed, dark brown to cho-
colate, weathers to cream yellow, brachiopods common.
Towle shale

(35) Shale, dark grey to greenish, clayey; almost all
covered.

Top of the Brownville limestone.

SECTION 69

Measured along US Highway 160 at the junction of the

0ld and new routes, east-center sec. l4h, T. 31 S., R. 8 E.,
Elk ecounty, Kansas.
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Red Fagle limestone
Glenrock limestone member

(1) g;n tone, irregular bedded, bluish-grey to buff,
weathers yelliowish grey to white, thin bedded; fossil-
iferous in the lower part. This exposure represents
only the lower part of the Glenrock limestone.

Johnson shale

(2) Limestone and shale, thin, blue, dense, nodular,
fossiliferous limestones interbedded with brown, grey,
and blue fossiliferous shales.

(3) Limegggg%, yellow, algal, soft, silty, many cal-
cite veins; "boxwork".

(4) Shale, grey to yellow, clayey; contains many small
white algal bodies in the upper part.

{5) Shale, coverad.
Foraker limestone
Long Creek limestone member
(6) Limestone, dense, heavy, grey to tan, weathers

white to yellow, algal; contains a few small pebbles
in lower part.
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SECTION 70
Measured along US Kig way 160, just west of the Elk
county line in SEt sec. 16, T. 31 S., R, 8 E., Cowley county,
Kansas.
Crouse limestone

5.6 (1) Limestone, thin, irregular bedded; lower part
nodular; §ttonos;g common; slightly cherty above.

Easly Creek shale
13.3 (2) Shale, brownish above to red below; small white
aig& knobs common in tae upper part of the red por-
tion. .
43.0 ({3) Covered interval.
Beattie limestone
Florena shale member
11.8 (4) Shale, brown above to grey below, calcareous,
very highly fossiliferous; contains several thin,
nodular limestones in the upper part. ‘
Cottonwood limestone member
6.0 (5) Limestone and shale, thin, bluish, nodular
fossiliferous lineatoneé inte;bcdded ;1th groy: cal-
careous shale,
Eskridge shale

7.4 (6) Shale, clayey, grey to brownish above to red
below; contains small, white algal bodies.

1.0 (7) Limestone, dense, grey to bluish, hard, fine
grained, aIEai. ’ ’ ’

11.9 (8) Shale, red, clayey; mostly covered.
Grenola limestone
Neva linestone member
15.0 (9) Limestone, massive above to thin bedded below;
ara and other fusulinids common; light
grey, weathers grey to buff; not well exposed.

13.0 (10) Covered.
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Sallyards limestone member

3.5 (11) Limestone, dense, bluish-grey, massive, weathers
to blue-~grey splotched with yellow.

Roca shale

14.8 (12) Shale, grey to brownish above to red below,
clayey.

Top of Red Eagle limestone.

SECTION 71
Measured along the Santa Fe-Railroad in sec. 4, T. 31
8., R. 8 E., Cowley county and sec. 3, T. 31 S., R. 8 E.,
Elk county, Kansas.
Beattie limestons
Morrill limestone member

3.2 (1) Limestone, light buff, thin, irregular bedded,
chalky, weathers to light grey and white.

1.8 (2) Limestone, one massive bed, light buff to bluish,
weathers wﬁzte to grey, pitted, cherty, sparingly
foasiliferous.

2.0 (3) Limestons, thin, buff, irregular to nodular lime-
stonesg interbedded with buff, calcareous shales;
echinoid spines and Schwagerina cozmon.

Florena shale member

14,.0 (4) Shale, grey to buff, highly Pssiliferous; contains
several thin, nodular limestones in the upper part.

Cottonwood limestone member
4.8 (5) Limestone and shale, blue, dense, thin, slabby
limestones interbedded with blue-grey and buff
shales; highly fossiliferous.
Eskridge shale

8,0 (6) Shale, grey above to red below, clayey.

1.2 (7) Limestone, dense, heavy, purple to greenish, algal;
contains a o; pelec}pods; ;aaista t. ’
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7.6 (8) Shale, red to purple above to greenish below,
clayey, algal.

0.5 (9) Limestone, dense, greenish-grey, weathers light
yellow to grey, algal.

2.9 (10) Shals, greenish-grey and red, algal.
§ Grenola limestone

Neva limestone member

1.7 (11) Limestone, massive, light grey, weathers dark
grey, fossiliferous.

2.5 (12) Limestone, nodular, thin bedded, fossiliferous;
interbedded with grey, calcareous, fossiliferous shale.

l.4 (13) Limestone, light grey, massive; contains large

pam fusulinids.
/3.3 " (14) Limestone, thin bedded, grey, weathers grey-

buff, fossiliferous.

6.4 (15) Limegtggg, light buff to grey, massive to thin
bedded, somewhat irregular, weathers buff, fusulinids
common.

5.4 (16) Limestone and shale, interbedded grey to buff,
nodl lar limestones and grey shales; fusulinids common.

AT Salem Point shale member

5.1 (17) Shale, grey above to brown below; contains a
persistent yellow~brown "boxwork®" limestone in the
middle; fossiliferous.

2.8 - (18) Limesi.onezand shale, interboddcd;platy, buff,
~~ 8ilty, thin, pelecypod bearing limestones and grey

//// ;T shales.

Burr limestone member

3.9 (19) Limestone, two very massive beds of dark grey
dark waatEeFiné limestones separated by a thin gre§
shale; ostracods and small gastropods common in upper
part of upper bed.

Legion shale member

5.0 (20) Shale, grey to buff, finely bedded; with a few
thin limestone stringers; sparingly fossiliferous.
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Sallyards limestone member

4.0 (21) Limestone, dark grey, platy to irregular bedded,
- coarsely crystalline; pelecypods common. ,

Roca shale

14.7 (22) Shale, clayey, red; with numerous algal knobs in
the upper part; top grey; base green.

Red Eagle limestone
Howe limestone member

2.5 (23) Limestone, buff, chalky appearance, sugary,
magsive bedded; contains many small foreminifera and
gastropods; soft.

Gleniock limestone member

16.6 (24) Limestone, grey, coarsely crystalline, weathers
grey to buff, massive to thin, irregular bedded; lower
part somewhat nodular; Jjointed.

SECTION 72

Measured along east-west county road in the center of
sec. 14, T. 29 8., R. 8 E., Elk county, Kansas.

Wreford limestone

6.0 (1) Limestone, grey, fine grained, brittle, thin
irregular bedded, cherty; interbedded with thin beds
. ©f chert; sparingly fossiliferous.

™

'\

{:38.0(;(2) Covered.
" Funston limestone

LU ka6 (3) Sl;aig, grey to buff, fossiliferous; interbedded
n,

*/////;,» with nodular, grey likestones.

S 149 (4) Lima%tgne, grey to light blue, massive above,

- porous; lower part darker blue and thin bedded; parts
are aimost coquina of small gastropods and pelecypods.
Blue Rapids shale

5.0 (5) Shale, brown above to green below, clayey.
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6.5 (6) , red, clayey, algal; contains a thin, nodular,
j;7 buff, stone stringer in upper part.

/ 8.5 (7) Shale, bluish-grey; with a thin, buff "boxwork"
lim§;tono and a greenish-grey, silty limeston in the
middle.

;0-5 Crouse limestone

8.8 (8&ﬁ%%“_§§§§g blue~grey, dense, massive above to thin,
no r below; lower part is more shaly and contains

numerous specimens of Ottonosia.
Basly Creek shale

8.0 (9) Shale, brown above to red below; small algal knobs
common.

Bader limestone

Middleburg limestone mamber

[ se—

be2 (10) Lﬁo%mgg and shale, grey to greenish, dense, hard,
light to white weathering limestones interbedded
with greenish-grey shales; pelecypods common in the
lower part.

A
Hooser shale member

be7 (11) buff to yellow, finely laminated; contains
corneous rachiopoda.

2.7 (12) 8, greenish to blue-green above to blue,
purer be ou, nodular, thin bedded, sparingly fossili-
ferous; interbedded with buff shales.

he2 (%3)I§95Lg brown above to red and green below, clayey,
algal.

e

Eiss limestons member

pne and shale, bluish-grey, light grey,

: ing, pitted, maaaivo above to nodular below;
inttrbodded with green and red shales; sparingly
fossiliferous.

L.5 {(15) » light grey, fossiliferous; interbadded
with thin, bluo limestones.

0
P A
»/?k

v
[/
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Stearns shale
5.0 (16) Shale, grey, clayey, fosasiliferous.

2.7 (17) Limestone, dark grey to bluish, nodular, fossili-
ferous; interbedded with grey and bluish-grey shale.

6.9 (18) Shale, grey to brown above to red below; algal
in the lower part.

Beattie limestone
Morrill limestons member
9.0 (19) Limestone, bluish-grey, weathers to grey-buff,

more massive above, pitted, algal; echinoid spines and
Scehwagerina common.

Florena shale member

9.1 (20) Shale, grey above to bluish below, highly fossil-
iferous.

Cottonwood limestone member

4.9 (21) Limestone and shale, thin, blue-grey, light grey
weathering limestones interbedded with grey shale,
fossiliferous.

Eskridge shale
3.7 (22) §ha16} grey to brown, clayey.

0.8 (23) Limestone, greenish, dense, hard, massive, algal.

SECTION 73

Measured along county road from the top of the high
;garp eastward, SwWi sec. 35, T. 28 S., R. 8 E., Elk county,
nsas.

Wreford limestone

L0 (1) Limestone, light grey, thin, irregular bedded,
cherty; interbedded with thin beds of tan and blue

chert.

7.0 (2) Limestone, light grey, buff weathering, nodular,
very irregular bedded; with occasional blue chert
nodules; shaly below; fossiliferous in the lower part.
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Speiser shale

8.0 (3) Shale, grey, calcareous; with several thin grey
limestone plates in upper part; contains abundant

large specimens of Derbya, Juresania, and Gomposita.

11.9 (4) Shale, red to brown above to red, green and white
balow;aigal.

Funston limestone
2.1 (5) Limeston , green to grey, hard, weathers to white
and buff; massive above to more finely bedded, blue,
and purer below.
2.5 (6) Shale, red to purple, clayey, algal.

§ f2.8 (7) Limestons, grey-green, dense, weathers buff;
L. interbedded with thin shalea; pelecypods common.

:'2.9 (8) Limestone and shale, thin, nodular, buff limestones
interbedded with bulf to grey shale.

1.2 (9) Shale, buff.

1.4 (10) Limestone, blue, thin bedded, dense, weathers
P dark grey to buff, sparingly fossiliferous.

ECTION

~ Measured along county road west of the bridge over the
%lk River in SWi sec. 31, T. 28 5., R. 9 E., Elk county,
ansas.

Foraker limestone
Hughes Creek shale member
Upper part of member not exposed.
6.8 (1) Shale, grey to brown; mostly covered.
Americus limestone member

1.6 (2) Limestone, blue, massive, weathers grey, cherty;
contains many fusulinids.

L.4 (3) Shale, bluish to brown above to yellow below;
calcarsous plates in lower part.
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(4) Limestone, bluish-grey; two massive beds; lower
bed more impure with dense, grey pebbles; upper bed
contains numerous fusulinds.

Hamlin shaie

Caks ahaie member

(5) Shale, light brown above to yellow and biue grey
below; contains & white to yellowish, algal, dense,
nodular limestone about 1.5 feet below the top.

(6) Limestone, hard, dark grey, weathers grey to white.
(7) Shade, grey to greenish-yellow, platy.

Houchen Creek limestone member

(8) Liuwestone, massive, shaly, soft, buff to orange,
caicite veins, "boxwork™.

SECTION 75

Measured in road cut along US Highway 166, about four

miles south and one-half mile west of Dexter, Cowley county,
| Kansas.

0.7

0.3
4.0

1.4
2.7

3.8

Wreford limestone
Only the lower part of the formation is exposed.

(1) Chert, massive, irregular bed; grey to tan,
weathers grey to red; contains a few fossils.

(2) Shale, white to grey, algal.

(3) Limestone, massive, white to grey, weathers light
grey; contains abundant grey chert nodules; sparingly
fossiliferous.

(4) Shale, buff to grey, platy, calcareous.

(5) Linestone, massive, tends to split into three beds,
light grey, weathers grey; contains a few large
brachiopods.

Speiger shale

(6) Limestone end shale, thin, nodular, blue-grey
linestones interbedded with brown and grey shale;

large Derbya, Aviculopinna, Septimyalina, and Juresania

are common.

o
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19.8 (7) Shale, buff to greenish-grey in the upper few
feet to red below; micaceous and sandy with a few
lenticular sandstones in the middle; clayey below.

2.5 (8) Limestone, very thin, platy, dense, greenish-
grey; interbedded with light grey, algal shale.

SECTION 76

Measured along private ranch road in Nwi sec. 27, T. 28
S., Re 8 B., Elk county, Xansas.

Wreford limestone
Only the lower part of the formation is exposed.

7.0 (1) Limeetone, light grey, thin bedded, cherty; inter-
bedded with massive, blue, tan weathering, bedded
chert; poorly exposed.

Speiser shale
19.0 (2) Shale, grey to light grey; with several thin,
silty, buff limestones in the upper part; Derbya,

Juresanis,Composita, and Septimyalina common in upper
partc.

10.7 (3) Shale, red, clayey.

Funston limestone

4.1 (4) Limasstone, thin, platy bedded, grey to white,
dense; more massive below.

5.5 (5) Shale, grey; with two red zones in the middle.

2.4 (6) Limestona, blue-green, a.gal, mottled, dense.
Blue Rapids shale

2.3 (7) Shale, covered.

0.9 (8) Limestone, massive, mottled, silty; contains a
few chert nodules.

3.7 (9) Shale, blue-grey, clayey; Juresania common.
0.5 (10) Limestone, like bed 8 but without chert.

4.6 (11) Shale, light grey; contains numerous hard,
calcareous plates.
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(12) Limestone, dense, blue-grey, massive, weathers to
thin plates; not well exposed.
(13) Shale, brown to grey, algal; partially covered.

Top of the Crouse limestons.

SECTION 77

Keasured along Kansas Highway 96, about 13 miles west
of the junctions of Kansas Highways 96

and 99, Greenwood

county, Kansas.

2.0

0.5
0.9

22.0

1.5

1.7
1.2

6.0

ned Eagle limestone
Glenrock limestone member
Only the lower part of the member is exposed.

(1) Limestone, light grey to buff, upper part more

ot it

magsive; echinoid spines and fusulinids are common.
(z) shale, grey, algal.

(3) Limestone, buff, silty, soft.

Johnson shale

(4) Shalg, brown to grey, lower part dark grey, spar-
ingly fossiliferous; partially covered.

Foraker limestone
Long Creek limestone member

(5) Limestons, impure, mottled, grey-brown, weathers
buff, irregular to crinkly bedded.

(6) Shale, brown above to dark grey, platy below.

(/) Limestone, massive, dark grey to bluish; veneer
of QOsagia; fusulinis common.

Hughes Creek shale member,
(8) %hale, grey, clayey to platy, fossiliferous;

fusulinds often occurring in odd-shaped, rod-like
cortretionary bodies.
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(9) Limestone, light grey, very massive bedded; chert
nodules common throughout; fossiliferous, with
fusulirids being especially abundant in the lower part.
(10) l¢, brown above to dark grey, calcareous
below, highly fossiliferous; three or four thin,
fossiliferous, calcareous plates in the middle.

(11) Limestone, dense, massive, blue-grey, sparingly
cherty, fossiliferous.

{12) Shale, blue to grey, clayey, abundant bryosoans.

(13) Limestone, grey, massive, fossiliferous; middle
part almost a2 solid bed of blue chert.

(14) Shale, buff to brown; slender fusulinids common.

(15) Limestone, massive, grey; blue chert nodules
and fusuiinids’common. ! ’

(16) 8haiz, blue-grey, clayey; lower part calcareous.
Americus limestone member

(17) Limestone, blue-grey; contains a bed of blue chert

in the middle; brachiopods common above; fusulinids

common below.

(18) Shale, brown, clayey.

(19) Limestone, massive, bluesgrey, abundant small
chert nodules throughout, fossiliferous.

ézg) Shale, brown, clayey above to bluish, bladed
elow.

(21) Limestone, dark grey, jointed, sparingly fossil-

iferous; surface covered with calcite deposited from
ground wster,

Hamlin shale
Caks shale menbar

(22) Shale, light grey, clayey, blocky; with plant
remains.

(23) Coal.

(24) Shale, grey to brown, clayey; contains a szone of
calcite veins near the top which resemble a "boxwork",
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{25) Limestone, buff, silty, soft, limonlte spots

ot s e

common; calcite vainsg present.

SECTION 78

Keasured slong Kansas Highway 96, about 15 miles west

of the junction of Kansas Highways 96 and 99, Greenwood
county, Kansas.

be

5.8

9e5
1.0

8.2

0.8
3.2
0.3
5.1

Beattie limestone

Morrill limestone member
(1) Limestone, upper part nodular, greenish-grey;
lower part dark grey;fossiliferous throughout; small
chert nodules common in the middle; echinoid spines
and Schwagerina common.

Florena shale member

(2) Shaig, brown above to grey below, clayey, fossil-
iferous.

Cottonwood limestone member

{3} Limestone, dark grey to buff, weathers grey, thin
bedded above but massive below; some buff shale along
the bedding planes; fossiliferous.

Leskridge shale

(4) Shale, grey to yellowish, clayey, algal.

{5) Lisestone, three thin beds; dark grey, hard,
dense, yellow stained, sparingly fosailiferous, grey
to white weathering.

(6) Shale, greenish-grey in upper few feet to red
below, algal.

{(7) Limestone, hard, grey-green, dense, heavy, algal.
(8) Shale, grey-geeen, clayey; algal knobs common.
(9) Limestons, same as bed 7.

(10) Shale, grey-green above to green below, algal;
contains two thin, hard, calcarecus plates in the
middle. ,
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Grenola limestone
Neva limestone member

2,6 (11) Limestone, very massive, grey; dense and algal
above; lower part purer and sparingly fossiliferous;
weathers dark grey.

1.6 (12) Limestone, buff to yellow, silty, massive,
weathers buff to white; echinoid spines and plates
Common.

1.3 (13) Limeston2, dark grey to greenish, irregular thin
beds; very shaly in part; sparingly fossiliferous.

2.1 (14) Shale, grey to brown, clayey.

2.2 (15) Limestone, blue, massive; but breaks down into
thin plates; soft; abundant Paraschwagerina.

2.8 (16) Shale, dark grey, dirty; with occasional hard

plates, very abundant fusulinids.

2.9 (17) Limestone, three beds of grey to buff limestone
senvarated by thin, buff shales; fusulinds very abun-
dant in lower bed.

0.9 (18) Shale, grey, clayey; with abundant fusulinids.

2.7 (19) Limestone, dark grey, thin bedded, nodular;
with many shale breaks; fusulinids very abundant.

Salem Point shale member
1.9 {20)>Shale; grey-buff; badly covered.
1.0 (21) Limestone, buff, veined with calcite; "boxwork".

2,6 (22) Shale, covered but contains several thin pelecy-
pod bearing, limy plates in the middle.

Burr limestone member

2 23) Limestone, massive, grey to plue, mottled
vk &eg h@?ﬁ“tﬁ“t%in beds; ﬁp%erypart ore buff and silty;

middle massive bed contains abundant ostracods, small
gastropods, and Csagie.
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SECTIONR 79
Measured along Kansas Highway 96, about 10.5 miles west

of the junction of Kansas Highways 96 and 99, Greenwood
county, Kansas.

Foraker limestone

Americus limesatone member
2.1 (1) Limest dark blue, dense, massive; with abun-
dant blue c%o%t nodulos:’vcrtically Joinéod; fusulinids
very common.

0.5 32) Shale, grey to brown, calcareous; fusulinids abun-
ant.

2.4 (3) Limestone, like bed 1.
1.0 (4) Shale, grey to brown, clayey.
3.6 (5) Shale, black to grey, fissle, streaked.

1.2 (6) Limggggﬁa, light grey to bluish, somewhat lenti-
cular, weathers grey to buff, dense, slightly silty.

0.5 (7) Shale, very calecareous, thin, platy, hard; con-
tains streaks of pebble conglomerate; disc shaped
algal bodies are present: in the upper part.

Ramlin shale
Oaks shale member

0.9 (8) Shale, dark grey, weathers grey to bluish, some--
what fissle.

1.2 (9) Lime , light grey to almost white, very
irregular; concretionary in appearance.

1.5 (ig%cghalo, light grey, finely laminated; with hard
P 8.

1.9 {11) Limestone, light buff, silty, irregular base,
iron stained, irregular bedded, calcite veins.

2.3 (12) Shale, dark grey with black streaks above; grey,
platy and slightly veined with calcite below.
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Houchen Creek limestone member
3.4 (13) Limestone, massive, buff, weathers to rich cream
yellow, soft, silty; extensive network of calcite
veins; "boxwork™. ‘
Stine shale member

6.3 (l4) Shale, greenish-grsy, clayey; with occasional
hard, green, micsceous plates.

7.4 (15) Shale, greenish-blue to red, clayey; partially
covered.

8.0 (16) Shale, dark grey to black, finely bedded to fissle.
2.4 (17) Shale, grey, blocky.

SECTION 80

. Measured Just east of the Jjunction of Kansas Highways
15 and 38, north of Dexter, Cowley county, Kansas.

Wreford limestone

3.9 (1) Limestone, light grey, soft, massive in the middle,
weathers light grey to almost white; contains numerous
grey and tan chert nddules; sparingly fossiliferous.

0.7 (2) ghale, grey-brown, dirty, calcareous, platy.

5. (3) Limestone, light brown to grey; very massive bed
wiic weathers to thin irregular plates; silty; no
chert.

2.5 (4) le, upper part fissle black to dark grey; lower
part silty, buff, calcareous.

6.0 (5) Limestone, very massive, light grey, soft, algal,
sparingly fosailiferous; with a thin blue chert
bed just above the base.

4.2 (6) Limestone, grey to brown, nodular, weathers to
irregular n plates; contains abundant blue chert
nodules; with two thin beds of chert in the middle.

0.8 (7) Chert, massive, blue; with irregular top.
5.0 (8). yinestons, massive, light brown to grey, sugary

texture, abundant blue chert nodules; lower few inches
thin bedded and somewhat shaly.
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(9) Limestons, blue, massive, weathers brown, a few
chert n es present; shaly szone about l.foot above
the base.

Speiser shale
(10) Limestone and shale, thin, blue limestones inter-

bedded with bluish-grey shale; Juresania, Perbya, and
pelecypods common.

SECTION 81

Measured at the junction of Kansas Highways 15 and 38,

north of Dexter, Cowley county, Kansas.

7.8

0.8
1.0

1.0
1.2

1.2
1.8

6.8

14.1
1.8

Barneston limestone
Florence limesatone member
(1) Limestone, light grey to buff, sugary texture,
weathers to dark grey; tan and grey chert m dules
abundant; numerous specimens of Pseudoschwagerina and
Schwagerina present in the chert.
(2) Shsle, grey, nodular, calcareous.

(3) Limestone, light buff to grey, soft, weathers
shaly, fossiliferous, small chert nodules present.

Matfield shale
(4) Shale, grey, calcareous.

%5) Limestone, thin bedded, nodular, grey, fossili-
erous.

(6) Shale, grey, clayey, fossiliferous.

(7) Limestone, blue, dense; five thin beds, highly
fossiliferous.

éS{ Shale, dark blue to grey, blocky above to clayey
elow.

(9) Shale, red, clayey, lower part covered.
(10) Limestone, lighﬁ green, dense, algal.
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SECTION 82

Measured along north-south county read and along stream
bed, NW: sec. 27, T. 29 S., R. 9 E., Elk county, Kansas.

Caneyville limestone
Grayhorse limestone member
l.1 (1) Lime e, dark grey, weathers grey to buff, mas-
sive but weathers slabby, sandy above; contains many
small rounded bodies resembling oolites; Myalina fairly
common; cross-bedding suggested.

17.0 (2) Shale, blue-grey to buff and grey; clayey above
to silty below; fossiliferous in the lower part.

Rebraska City limestone member

0.8 (3) Limestone, massive, sandy, yellow, weathers with
a hard crust over the éop. ’ ’

French Creek shale
2.0 (4) Shale, buff to grey, clayey.

40.0 (6) Sandstone and shale, alternating beds of yellow
to grey. sandy to silty shale and massive to thin
bedded, reddish to yellow, fine grained sandstone;
poorly exposad in the lower part.

Jim Creek limestone

0.8 (7) Lime e, dark blue, dirty, weathers dark grey to
purplish; one massive bed; fuauiinids and razor clams
present.

ECTIO
Measured along the north and west sides of sec. 11, T.
29 8., R« 9 E., Elk county, Kansas. This section was ori-
ginally measured by R. C. Moore (1934) and rechecked by the
writer in 1949. -

Jim Creek limestone

1.0 (1) ﬁ;gfggone grey, massive, dark grey to purplish
weathering; ﬁ-ulinidu rare.’
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Friedrich shale

(2) Shale, grey to buff, sandy to silty, partially
covered. '

(3) Sandstone, massive to thin bedded, grey to buff,
fine graine .’ ’

(4) Shale, grey toc buff, sandy to silty, partially
covered.

(5) Limestone, grey, impure, sandy; contains pelecypods.
(6) Shale, grey, silty to sandy.

(7) Sandstone, fine grained, buff to brown.

(8) Shale, grey.

Grandhaven limestone

(9) Limestone, grey, weathers brown, massive, algal,
fossiliferous.

(10) Shale, grey, mostly covered.

(11) Limestonse, brown, hard, fine grained; brachiopods
COmmon «

(12) Shale, grey to brown, clayey.
(13) bimestone, like bed i1 but contains Crurithyris.
Dry shale

(14) Shale, grey, silty; contains a thin coal just
above the middle; partially covered.

Dover limestone

(15) Lime @, light grey to bluish, weathers brown,
fossiliferous.

(16) Shale, grey, clayey, partially covered.

(17) Limestone, blue-grey, one massive bed, weathers
dark grey; contains Qttonosia and slender Iriticites.

(18) Shale, grey.
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1.2 (19) Limestone, blue-grey, weathers with yellow-
brown crust; Chonetes common.
wWillard-Langdon shale
2.6 (20) Shale, grey, calcareous; Myalina common.
0.2 (21) Coal.
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