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ALISTAIR W . McCRONE New York University , New York

Paleoecology and Biostratigraphy

of theRed Eagle Cyclothem
(Lower Permian ) in Kansas

ABSTRACT

The Red Eagle cyclothem , a Lower Permian (WolfLower Permian (Wolf -
campian ) marine sedimentary rock succession, includes,
in ascending order , rocks of the Johnson Shale, Red Eagle
Limestone , and Roca Shale. Despite facies changes, these
and their component stratigraphic units can be traced
along their outcrop belt southward from Lincoln , Ne
braska , across Kansas to Burbank , Oklahoma .
Detailed stratigraphy , sedimentary petrography , and

paleontology of the Red Eagle cyclothem provide the
bases for interpretations of it

s depositional environments
and it

s plant and animal megafossils and microfossils .

Postulates concerning the approximate physical and
chemical characteristics o

f

the Red Eagle cyclothem ma
rine environments are advanced . The assembled evidence
suggests that the depositional environments o

f

the various
faunal - lithologic phases o

f

this and other Lower Permian
cyclothems were most directly controlled b

y

marine water
depths which ranged from 0 to scarcely more than 6

0

fect . Other combined factors sometimes were more im
portant than or modified the depth effects .

The Red Eagle cyclothem sediments accumulated in

a broad , shallow epicontinental sea, the Aoor o
f

which
was Aattest during accumulation o

f

the oldest part o
f

th
e

Red Eagle Limestone . Slight changes of water depth
caused widespread changes in depositional conditions .

The accumulation o
f

red mud in very shallow water
began the Red Eagle cyclothemic succession in themiddle
part of Johnson time and concluded it near th

e

middle o
f

Roca time . Muddy depositional conditions which pro -

duced the Johnson Shale were similar to those which
later produced the Roca Shale . Limestones of the Red
Eagle Formation , and their shaly equivalents , accumu
lated in slightly deeper waters .

Faint upwarps o
f

the earth ' s crust in the Nemaha
Arch and contiguous areas of cast -central Kansas seem to

have influenced water circulation and thereby exercised
minor control over the accumulation o

f

sediments in the
Red Eagle Limestone .

Fossil spores found in the Red Eagle cyclothem seem

similar to somewhat younger Permian floral assemblages
from other parts o

f

the world .

Ten fundamental faunal - lithologic facies types are
recognized in the Red Eagle cyclothem . Most o

f

these
facies are also represented in other Kansas cyclothems .

Résumé : Le Red Eagle cyclothème , une succession de

marines roches sédimentaires d
u

Lower Permian (Wolf
campian ) , comprend , dans un ordre ascendant , des roches

d
e

Johnson Shale , de Red Eagle Limestone , et de Roca
Shale . Malgré le

s
changements d

e

faciès , on peut dé
couvrir ceux - ci e

t

leurs constituantes unités stratigraphi
ques le long d

e

leur bande d 'affleurement a
u

Sud d
e

Lincoln , Nebraska , à travers le Kansas à Burbank , Okla
homa .

La stratigraphie détaillée , la pétrographie sédimentaire ,

e
t
la paléontologie d
u

Red Eagle cyclothème fournissent
des bases pour des interprétations d

e
ses environnements

d
e dépôt e
t

ses mega - e
t

micro -fossiles des plantes e
t

desanimaux . Des postulats à l 'égard des caractéristiques
physiques e

t chimiques approximatives des environne
ments marins d

u

Red Eagle cyclothème sont proposés .

L 'évidence assemblée suggère que les environnements d
e

dépôt des phases faunal -lithologiques d
u

Red Eagles cy
clothème e

t
d 'autres cyclothèmes d
u

Lower Permian
étaient contrôlées le plus directement par les profondeurs

d 'eau marine qui variaient de 0 à presque pas plus que

2
0

mètres . D 'autres facteurs combinés de temps en temps
étaient plus importants o

u

modifiaient le
s

effets d
e

la

profondeur .

Les sédiments d
u

Red Eagle cyclothème se sont ac
cumulés dans u
n

mer epicontinental large e
t

d
e petit
profondeur , dont le fond était le plus plat pendant l 'ac
cumulation d
e

la partie la plus vieille d
u

Red Eagle

Limestone . De légères variations de la profondeur d 'eau
ont causé des changements générals dans les conditions

d
e dépôt .

L 'accumulation d
e

boue rouge dans l 'eau très peu
profond a commencé la succession cyclothèmique d

u

Red
Eagle dans la moyenne partie d

e l 'époque Johnson et l ' a

terminée près d
u

milieu d
e l ' époquc Roca . De boueuses

conditions d
e dépôt qui ont produit le Johnson Shale

ressemblaient à celles qui ont produit plus tard le Roca
Shale . Les calcaires d

e
la Red Eagle Formation e
t

leurs
equivalents schisteux ont accumulé dans les eaux u

n peu
plus profondes .

De faibles mouvements e
n

haut d
e l ' écorce terrestre

dans la Nemaha Arch e
t

dans le
s

aires adjacentes d
e Kan

sas e
st -central semblent avoir influencé la circulation d 'eau

e
t par ces moyens ont exercé u
n

contrôle mineur sur

l 'accumulation des sédiments dans la Red Eagle Lime
stone .
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Les spores fossilisées que l'on a trouvé dans le Red
Eagle cyclothème paraissent semblables aux assemblages

de flore du Permian un peu plus jeunes d'autres parties
du monde .
Dix genres fonda mentaux de faciès faunal-lithologi

ques se trouvent dans le Red Eagle cyclothème . La plu
part de ces faciès se sont représentés aussi dans d'autres
cyclothèmes de Kansas .

Diez tipos fundamentales de facies faunales-litológicas

son reconocidos en el ciclotema Red Eagle. La mayoría
de estas facies son representadas también en otros ciclo
temas de Kansas .

Resumen : El ciclotema Red Eagle, una sucesión de
rocas sedimentarias y marinas de edad de el Lower
Permian (Wolfcampian ) , incluye en orden ascendiente
rocas de las formaciones Johnson Shale, Red Eagle Lime
stone, y Roca Shale. A pesar de cambios de facies, estas

formaciones y sus unidades estratigráficas pueden ser
delineadas a lo largo de la faja de afloramientos hacia el
sur desde Lincoln , Nebraska , a través de Kansas hasta
Burbank , Oklahoma .
La estratigrafía en detalle, la petrografía sedimentaria ,

y la paleontología de el ciclotema Red Eagle proveen las
bases para interpretaciones de los ambientes de deposición

de el ciclotema y de susmegafósiles ymicrofósiles de plan
tas y animales . Algunos postulados concernientes a la

s
características físicas y químicas aproximadas d

e

los am
bientes marinos d

e
e
l

ciclotema Red Eagle son propuestos

más adelante e
n

este informe . L
a evidencia congregada

sugiere que los ambientes d
e deposición d
e

las varias fases
faunaleslitológicas d

e

este ciclotema y otros ciclotemas d
e

e
l

Lower Permian fueron dominadas directamente por la

profundidad d
e

e
l agua del mar que recorrían desde 0

hasta un poco más d
e

2
0

metros . Otros factores com

binados fueron más importante o modificaron los efectos
de la profundidad .

Los sedimientos d
e e
l

ciclotema Red Eagle se acumu
laron e

n

u
n mar epicontinental extenso y poco profundo .

E
l

piso d
e

esta cuenca era más plano durante e
l tiempo

e
n que la parte más vieja d
e
la Red Eagle Limestone fué

acumulada . Los pequeños cambios e
n

la profundidad del
agua causaron cambios extensivos e

n

las condiciones d
e

deposición .

La acumulación d
e

lodo rojo e
n aguas de muy poca

profundidad inició le sucesión ciclotémica d
e

las rocas d
e

e
l

Red Eagle durante la parte media de e
l

Johnson y a la

vez concluyó la sucesión aproximadamente durante la

parte media d
e

la Roca . Las condiciones sedimentarias

d
e

enlodamiento que producieron e
l Johnson Shale fueron

similares a las condiciones que producieron e
l

Roca
Shale . Calizas d

e
la Red Eagle Formation , y los equiva

lentes lutitosos d
e

estas calizas , fueron acumulados e
n

aguas u
n poco más profundas .

Indistintos alabeos d
e
la corteza terrestre e
n

e
l Nema

h
a

Arch y e
n

áreas contiguas e
n

la parte oriental -central

d
e

Kansas parecen haber influenciado la circulación d
e

e
l agua y de este modo ejercieron control secundario

sobre la acumulación d
e

los sedimentos d
e
la Red Eagle

Limestone .

Las esporas fosilizadas que fueron encontradas e
n

e
l

ciclotema Red Eagle parecen similares a los conjuntos

Aorales d
e

otras partes d
e

e
l

mundo pero d
e
cl Permian

más reciente .
Aufzug : Das Red Eagle Zyclothem , eine marine

Sedimentgestein -Folge des Lower Permian (Wolfcampi

a
n
) , umfasst - in aufsteigender Reihenfolge - Gesteine der

Johnson Shale , Red Eagle Limestone und Roca Shale .

Trotz Faciesveränderungen können si
e

und ihre zuge
hörigen stratigraphischen Einheiten a

n

ihrem Zutage

liegen entlang von Lincoln , Nebraska , aus südwärts durch
Kansas nach Burbank , Oklahoma , verfolgt werden .

Ausführliche Stratigraphie , Sedimentpetrographie und
Paläontologie des Red Eagle Zyclothems ergeben die
Grundlagen für eine Interpretation seiner Ablagerungs
umgebungen und seiner pflanzlichen und tierischen
Mega - und Microfossilien . Postulate hinsichtlich der
ungefähren physikalischen und chemischen Charakteris

tika der marinen Umgebungen des Red Eagle Zyclothems

sind fortgeschritten . An Hand des angesammelten Be
weismaterials kann angenommen werden , dass d

i :

Ablagerungsumgebungen der verschiedenen faunal -litho
logischen Phasen dieses und anderer Zyclotheme des

Lower Permian a
m

entscheidendsten durch marine Was
sertiefen reguliert wurden , die von 0 bis zu kaum mehr

a
ls

1
8

Meter reichten . Andere kombinierte Faktoren
waren gelegentlich bedeutsamer oder wandelten die Aus
wirkungen der Wassertiefe a

b .

Sedimente des Red Eagle Zyclothems lagerten sich in

einer breiten Aachen Schelfmeer a
b , dessen Boden

während der Anhäufung der ältesten Teile der Red Eagle

Limestone a
m

fächsten waren . Leichte Veränderungen

in der Wassertiefe verursachten weit verbreitete Verän
derungen der Ablagerungsbedingungen .

Die Anhäufung rotes Schlammes in sehr seichtem
Wasser markiert den Beginn der Red Eagle zyclothemi
schen Folge in der Mitte der Johnson -Zeit und beendete

si
e

u
m

die Mitte der Roca -Zeit . Schlammige Ablagerungs
bedingungen , unter denen sich der Johnson Shale bildete ,

waren denen ähnlich , die später den Roca Shale hervor
brachten . Kalkgesteine der Red Eagle Formation und
ihre schieferartigen Äquivalente sammelten sich in etwas
tieferem Wasser a

n
.

Schwache Erhebungen der Erdkruste im Nemaha
Arch und angrenzenden Gebieten des östlichen Zentral

Kansas haben anscheinend die Wasserzirkulation beein
Ausst und dadurch eine untergeordnete Kontrolle über

d
ie Ansammlung von Sedimenten im Red Eagle Lime
stone ausgeübt .

Fossile Sporen , die im Red Eagle Zyclothem ge

funden wurden , scheinen etwas jüngeren floralen An
sammlungen aus dem Permian anderer Teilen der Welt
ähnlich zu sein .

Zehn faunal - lithologische Facies -Grundtypen wurden

im Red Eagle Zyclothem erkannt . Die meisten dieser
Facies finden sich auch in anderen Zyclothemen in Kan
sas .
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INTRODUCTION Table 1.– Stratigraphic placement of Red Eagle cyclo
them units (marked by asterisks) in Lower Permian

PURPOSE AND Scope of INVESTIGATION rock succession of Kansas .

Cyclothems , especially in Pennsylvanian Wolfcampian Stage
rocks , have provoked much study and discus Chase Group

sion . They present problems of correlation Council Grove Group

which can be resolved only by detailed studies Speiser Shale

that lead to paleoecological interpretations . Once Funston Limestone
Blue Rapids Shale

their stratigraphy and paleoecology are under Crouse Limestone

stood , the problems concerning their origin re Easly Creek Shale

main . Understanding of the broader aspects of Bader Limestone

the origin of cyclothems and , specifically , of Stearns Shale
Beattie Limestone

Permian cyclothemic history cannot be expected Morrill Limestone
until most or al

l

o
f

the Lower Permian cyclo Florena Shale

thems o
f

Kansas have been examined carefully . Cottonwood Limestone
Eskridge Shale

The objective o
f

this study was to interpret Grenola Limestone

the sedimentary and ecological setting that Neva Limestone

yielded lithofacies and biofacies recognizable a
s Salem Point Shale

Burr Limestone
the Red Eagle cyclothem in Kansas . This ap Legion Shale
proach entailed explanation o

f

certain facies Sallyards Limestone

patterns that have hindered attempts b
y

earlier * Roca Shale

stratigraphers to trace the cyclothem across * Red Eagle Limestone

Kansas . Moreover , this investigation supplied
*Howe Limestone

* Bennett Shale
information supplementary to the work o

f

others *Glenrock Limestone

toward a
n understanding o
f

Permian cyclothems * Johnson Shale

and geologic history in the classic Midcontinent Foraker Limestone
Long Creek Limestoneregion of Kansas and Nebraska . Hughes Creek Shale

This investigation o
f

the Red Eagle cyclo Americus Limestone

them was the outgrowth o
f

the author ' s interest Admire Group
Virgilian Stage (Pennsylvanian System )

in the Red Eagle Limestone itself . Preliminary
work showed that this formation could not be

understood properly unless the underlying

Johnson Shale and overlying Roca Shale were the Permian a
t
a horizon included in theGreno

studied also . la Limestone o
f present classification . This posi

The Red Eagle cyclothem , named for it
s tion is stratigraphically above the Red Eagle

principal limestone formation , includes the cyclothem .

Johnson Shale , Red Eagle Limestone , and Roca In the 6
5 years following Swallow ' s (1866 )

Shale formations ( Table 1 ) . These rocks occur publication , a series of renamings and reclassifi

in the Council Grove Group of the Lower Per - cations o
f Upper Pennsylvanian and Lower

mian (Wolfcampian ) about 150 feet strati - Permian rocks appeared in geologic literature .

graphically above the base o
f

the system . Red The newer ,more positive correlations led to re

shale within the Roca and Johnson Formations vision o
f

the older classifications . Rocks o
f

the

marks the upper and lower limits , respectively , Red Eagle cyclothem were included b
y

Prosser

o
f

the Red Eagle cyclothem (Elias , 1937 ) . (1902 ) in the “ Elmdale Formation , ” which em
braced rocks ranging upward from the top o

f

PREVIOUS WORK the Americus Limestone Member of the Foraker
Limestone , to the base of the Neva Limestone

Some o
f

the earliest scientific explorers o
f

Member o
f

the Grenola Limestone . Bass (1929 )

America noted the distinctive Permian and d
id not alter this classification essentially when

Pennsylvanian rocks of the Midcontinent , sam - h
e

added the Neva Limestone to Prosser ' s Elm
pled their profuse fossil remains , and measured dale Formation . By moving the Pennsylvanian
and described sections . Swallow and Hawn Permian boundary upward to the base o

f

the

( 1858 ) published the earliest reference to Permi - Cottonwood Limestone Member o
f

the Beattie

a
n rocks in Kansas . Meek and Hayden ( 1860 ) Limestone , he left the Red Eagle rocks in the

provided additional information , as did Swallow Upper Pennsylvanian . Moore and Moss ( 1934 )

( 1866 ) when h
e placed the lower boundary o
f

defined the Pennsylvanian -Permian boundary a
t
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JESTIGATION

the base of the Indian Cave Sandstone , which is Thus, correlation of the Red Eagle limestone, Bennett
the lowest unit of the Admire Group Thus the shale, and Howe limestone in southern Nebraska was

indicated.
Johnson , Red Eagle , and Roca Formations were
transferred to the Lower Permian . The work of O 'Connor and Jewett (1952 ) veri
The Johnson Shale and Roca Shale, named fied the correlations indicated by Bass (1936 ),

by Condra (1927 ) , have presented no serious and added some detailed stratigraphic descrip

correlation problems because they lie between tions useful in tracing the Red Eagle Formation
widely persistent , readily recognizable units across Kansas .

The Red Eagle Limestone was named b
y

Heald Jewett ( 1933 ) recognized the cyclic nature

( 1916 ) from exposures in Osage County , Okla - o
f

certain Permian rocks of Kansas . This view
homa . It was thought to be part of the Elmdale was greatly amplified b

y

Elias (1937 ) when h
e

Formation o
f

Prosser ( 1902 ) . Condra (1927 ) described the faunas associated with the se

named the Glenrock , Bennett , and Howe units quences o
f lithologic units making u
p

the many

from exposures in southeastern Nebraska . Sub - cycles of the Lower Permian ( “ Big Blue Series ” )

sequently , Condra traced them southward into o
f

Kansas . Elias ' principal postulate was that the
Kansas , where he was able to recognize them repeated lithologies and especially the faunas o

f

near Manhattan and elsewhere . the cycles were controlled primarily b
y

water

O 'Connor and Jewett (1952 , p . 333 ) sum depth during deposition . Moore ( 1959 ) lucidly
marized the work o

f

Bass ( 1936 ) in establish summarized the present understanding o
f cyclic

ing the correlation o
f

the Glenrock , Bennett , sedimentation a
s manifested in Pennsylvanian

and Howe o
f

Nebraska with the Red Eagle and Permian rocks o
f

Kansas . His conclusions
Limestone o

f Oklahoma a
s follows : emphasized the need for more study o
f cyclo

thems .
Bass (1929 , p

p
. 54 - 55 ) identified the Red Eagle limc

stone in Cowley County , Kansas , and expressed the belisf

that it is continuous into central Kansas in the Cotton Area o
f

INVESTIGATION
wood River Valley . Later , Bass (1936 , p

p
. 41 - 42 ) stated

that h
e recognized a
s

members o
f

the Red Eagle lime The Red Eagle cyclothem crops out in a

stone beds in Cottonwood River Valley bluffs east o
f

narrow belt extending roughly north -south from
Elmdale that Moore and Condra had identified a

s equiva

lents o
f

the Glenrock limestone , Bennett shale , and Howe Lincoln

, Nebraska , through Manhattan , Kan
limestone o

f

northern Kansas and southern Nebraska . sas , to Burbank , Oklahoma (Fig . 1 ) .

Well -exposed sections are rare . Most of the
limestone members form minor topographic

benches , but the shales commonly lie beneath
grassy slopes and are exposed in relatively few
places . Fortunately , road cuts and quarries pro
vide sections in areas where nature did not .
From Chase County , Kansas , northward to

Lincoln , Nebraska , the more resistant (lime
stone ) members of the Red Eagle assemblage are
thin and , where exposed , form only minor
benches on valley slopes below themajor upland

Eguridomeje benches o
f

the Neva and Cottonwood Lime1
2

ESKRIDGESOUTH
stones . In southern Kansas and northern Okla

1
4

COFFMANRANCH

1
9 lg •Emporio homa , where the Red Eagle becomes a thick

* * * Maon limestone , it forms benches more conspicuous
than the Neva and Cottonwood .

In northern Kansas , between th
e

Nebraska
border and Manhattan , beds belonging to the

Red Eagle cyclothem a
re mostly hidden b
y

glacial drift . This lack o
f exposure caused n
o

correlation problem , because the sequences at

STRUCTURES Manhattan and Frankfort , Kansas , and Pawnee ,

8 OTTO-BEAUMONTANTICLINE Nebraska , are remarkably similar to one anoth

e
r . In southern Kansas , however , facies changes

FIGURE 1 . - - Map o
f

Red Eagle cyclothem outcrop belt occur where there are few outcrops , s
o that cor

showing locations o
f kcy sections and major structures . relations are less obvious . The best Red Eagle
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1 , Bennet

Tecumsen2 Auburn
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NEBRASKA
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exposures are in southeastern Nebraska and be- weight ) of insoluble material in each sample

tween Manhattan and Emporia in Kansas . was computed and is expressed in bar graphs

The topography of the outcrop belt is domi- beside the graphic rock columns in the Appen

nated by gently rolling hills , locally supported dix . A few selected limestone samples were
by flatter limestone benches . The relief rarely digested in acetic acid to check against the re

exceeds 200 feet . Major valleys — such as those of sults obtained from the samematerial in hydro

the Nemaha, Kansas , Big Blue , Neosho , and chloric acid . Differences between the two were
Cottonwood Rivers —are wide and have alluvial found to be insignificant . Microfossils were

floors . The many lesser tributaries derive most picked from the insoluble residues and identi
of their water from normal runoff , but a num - fed as to genus .
ber are spring -fed . Vegetation ranges from grass Shale samples were boiled in a dispersant

on the uplands to woods in the valleys . solution in order to liberate megafossils and

microfossils . Dispersed si
lt

and clay were usual
METHODS O

F

INVESTIGATION ly decanted . Some dispersed clay was allowed

to settle o
n microscope slides for use in x -ray

During preliminary field reconnaissance for studies . The dried shale samples also yielded
this project in the fall of 1956 , study of the Red microfossils and megafossils which were sub
Eagle Limestone formation was extended to in sequently identified generically .

clude the Johnson and Roca Formations . For
Limestone specimens were cut perpendicular

purposes o
f comparison , other cyclothemic rocks

to the bedding planes and polished . The pol

o
f

the Council Grove Group were also studied .

ished surfaces were etched for 5 o
r

1
0 seconds

Detailed sampling and study o
f

sections for this

in dilute ( 1 percent ) hydrochloric acid . When
report was begun in the fall o

f

1958 . Approxi the imperceptibly etched surfaces were dry , theymately 5
0 exposures were examined . Of these ,

were fixed in a level face - u
p

position and wetted

2
7

were measured , sampled , and described in

with acetone . The acetate film was pressed
detail . against them to obtain o

n the film a
n impression

Continuous shale samples were obtained b
y

o
f

the rock texture . These films were used to

channeling through the section , extreme care make magnified photographic prints (peel

being taken to avoid contamination . Samples of prints ) of the textural details . The polished
from 1 to 5 ( rarely 1

0 ) pounds were usually limestone surfaces were compared with and
taken . Thick beds with uniform lithologies

studied alongside the magnified peel photo
were sampled at intervals o

f

not more than 0 . 5 graphs ( see McCrone , 1963 ) .

foot to avoid overlooking details o
f

microfacies The laboratory procedures described above
not observed in the field . Thus , at least one

were supplemented b
y
X -ray diffraction studies

sample was taken from every lithologic unit and differential thermal analyses o
f clay from

thicker than approximately half an inch . Inter selected samples . Fossil spore content of selected
vals a

s

thin a
s
0 . 05 foot were sampled where samples was also determined .

field relations dictated .

Limestone was sampled by removing , where ACKNOWLEDGMENTS
possible , a fresh , vertically oriented slab or elon
gate fragment from fractured portions o

f

the The assistance and advice o
f

the following

outcrop . This was best accomplished in road gentlemen is gratefully acknowledged . Harold

cuts where blasting had provided freshly frac - L . Cousminer , Gulf Oil Corporation , New York

tured limestone in place . Each sample was City , identified the fossil spores . R . M . Proctor

,

marked to indicate th
e

top o
f

th
e

bed .

Geological Survey of Canada , aided M . P . Bau
leke , Kansas Geological Survey , in identifyingEvery sample was examined under the bin
the clay minerals . L . F . Dellwig , F . C . Foley ,

ocular microscope to check and augment the and H . A . Ireland , Geology Department , Uni
field description . versity o

f Kansas , made special facilities avail
Representative limestone samples were bro - able to the author and reviewed the manuscript .

ken to pea size b
y

means o
f mortar and pestle . R . C . Moore , University o
f

Kansas , supervised

A weighed quantity o
f

each broken sample was and critically reviewed the entire study . J . M .

then digested in dilute ( 10 percent ) hydrochloric Jewett , H . G . O 'Connor , and D . F . Merriam ,

acid . Insoluble residues from each digested sam - Kansas Geological Survey , and L . E . Spock ,

ple were weighed and later studied under the New York University , intensively reviewed the
binocular microscope . The percentage (by manuscript and offered many useful suggestions .
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STRATIGRAPHY gentle regional dip is toward the west . They
can b

e

detected in wells drilled a
s far west a
s

STRUCTURAL SETTING
Barber and Rice Counties , Kansas (Lee , 1949 ) .

Jewett ( 1951 ) provided a concise summary Figure 1 shows the outcrop belt and locations

o
f

themajor structural features of Kansas . Reed o
f key sections that were measured and sampled

( 1954 ) indicated the Nebraska names for e
x - for this report . Detailed descriptions and illus

tensions o
f

the structures identified b
y

Jewett . trations o
f

these sections appear in the Appen
As examples , Table Rock Arch is the Nebraska dix . Figure 2 , a simplified north -south cross
name fo

r

the famous Nemaha Anticline of Kan section through localities shown o
n Figure 1 ,

sas , and Central Nebraska Basin is the Nebras - shows the fundamental correlations of rock units
ka name for the northern extension of the Salina within the Red Eagle cyclothem .

Basin o
f

Kansas . It should b
e interesting to ob

serve the relations o
f

the Red Eagle cyclothem STRATIGRAPHIC RELATIONS

to these structures , because if they existed in

Red Eagle time they might have influenced the The gray shale and mudstone o
f

the John
cyclothemic sedimentary facies . son Shale are easily recognizable below the low

In southern Kansas (Cowley and Elk Coun est fusulinid -bearing limestone (Glenrock ) o
f

ties ) the Red Eagle Limestone crops out in a

the Red Eagle Limestone , and above the upper

belt close to and paralleling the axis o
f

the Otto (Long Creek ) limestone member of the Foraker

Beaumont Anticline (Fig . 1 ) . In southwestern Limestone .

Greenwood County the trend o
f

the Otto -Beau Near Manhattan , Kansas , the Red Eagle

mont Anticline swings northeastward toward Limestone is a kind of “ sandwich " — the gray

Eureka . The Red Eagle outcrop belt continues Bennett Shale Member lies between the Glen
northward , in a position between the Nemaha rock Limestone Member , below , and the pelle

Anticline to the west and the Otto -Beaumont toid Howe Limestone Member , above .

Arch o
n the east . Farther north , the band of The Glenrock Member is commonly a sin

outcrop lies athwart the Nemaha Anticline - g
le ,massive , light -brown limestone unit about 1

Bourbon Arch area o
f

Chase County and the foot thick , containing abundant fusulinid re

Nemaha Anticline -Alma area of Riley and Wa - mains . Its uniformity of thickness and lithol
baunsee Counties . Northward from Manhattan ogy through 150 miles o

f outcrop from Lincoln ,

the band o
f outcrop divides , running parallel to Nebraska , to Allen , Kansas , is truly remarkable .

the Nemaha Anticline o
n

either flank in Mar - South o
f

this area the fusulinid -bearing Glen
shall and Nemaha Counties , Kansas , and in rock is thinner o

r

absent .

Nebraska . The Bennett Member can b
e readily recog .

The close association o
f

the outcropping rocks nized b
y

it
s basal black Orbiculoidea -bearing

with these structurally positive areas raises a shale that rests o
n the distinctive Glenrock Lime

question a
s
to whether the structures were tec - stone . The gray shale and light -cream -gray lime

tonically active during deposition o
f

the Red stone may also b
e

identified b
y

virtue of their
Eagle cyclothem , and if so , whether they con - relation to the overlying , equally distinctive
trolled the sedimentary facies . Evidence to sup - Howe Limestone .

port this possibility may b
e sought in facies The Howe Member is a massive limestone

changes in Red Eagle rocks a
s

the belt o
f out - unit commonly 2 o
r
3 feet thick . North o
fMan

crop wanders away from , or toward , the afore hattan much o
f

the unweathered rock is apha
mentioned structural trends . nitic . In a number of localities south o

f Man
Moreover , the facies patterns may give evi - hattan it is distinctively pelletoid (pseudo

dence not only o
f

activity along major struc - colitic ) . The pellets are coatings o
f

calcium
tural trends ( e . g . , Nemaha Anticline ) during carbonate around tiny nuclei such a

s foramini
Red Eagle time , but they also may indicate short fers o

r

ostracodes .

intervals o
f

tectonic activity in isolated areas The Roca Shale is easily identifiable b
y

it
s

where the structural record has not been ampli position above the Howe Limestone . The top
fied b

y

accumulated “ pre - and post -Red Eagle ” o
f

the Roca is equally clear a
t

the base o
f

the
movements . overlying Sallyards Limestone (lowest member
Whereas rocks o

f

the Red Eagle cyclothem o
f theGrenola Limestone ) . The Sallyards Lime

crop out along a belt trending roughly north - stone is a thin , light -gray -brown unit crowded
south from Lincoln , Nebraska , through Man - with well -preserved pelecypods ( e . g . , Pseudo
hattan , Kansas , to Burbank , Oklahoma , their monotis , Aviculopecten ) . Red shale is common
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Table 2.—Observed outcrops of the Red Eagie cyclothem .

Locality Section Township Range County

NEBRASKA

Bennet NE 11
Glen Rock NW SW 30

Johnson NW NE 6
Tecumseh NE 33
Howe NE 15
Pawnee North NW 26
Pawnee CNW NW 11
Pawnee South SW 23
Richardson East NW 19
Richardson West SW 27

Humboldt SE SE 16

8 N
6 N
5 N
5 N
4 N
2 N
1 N
1 N
1 N
1 N
IN

8 E Lancaster
14 E Nemaha
13 E Nemaha
10 E Johnson
14 E Nemaha
10 E Pawnee
10 E Pawnee
10 E Pawnee
14 E Richardson
13 E Richardson
13 E Richardson

in the midst of the principal gray and greenish -
gray shale of the Roca Shale .
The three members of the Red Eagle “ sand

wich ” of northern Kansas merge to form the
single Red Eagle Limestone of southern Kansas

and northern Oklahoma. This merging occurs
because the Bennett Member is shaly in northern
Kansas and changes to limestone in the south .
Throughout the area studied the Johnson and
Roca Shales are readily recognizable by their
relations to the Red Eagle Limestone and to
distinctive marker horizons above and below .
Near Burbank , Oklahoma, the lower half of
the Roca Shale ismostly red .
Rocks of the Red Eagle cyclothem ca

n

b
e d
e

tected and traced in wells as far west as central
Kansas , where their general stratigraphic rela
tions seem similar to those in the outcrop belt .

The thin Bennett Shale , however , is not clearly
recognized in the subsurface . Subsurface sec
tions seem similar to outcropping sections . Lee

( 1949 ) has shown that the thicknesses and major

lithic types o
f

the Johnson , Red Eagle , and Roca

in southern and central Kansas are generally

similar to those in the outcrop belt 100 miles to

the east . Lee ' s data , taken with observations
made in this study , lead to the conclusion that

in the southeastern quadrant o
f Kansas , major

facies patterns o
f

the Red Eagle cyclothem de
veloped in roughly east -west belts . Well data
also reveal the presence o

f gray and red shale in

the Roca and gray shale in the Johnson parts o
f

the column . Traces of selenite seem to b
e

present near the redbeds in the subsurface Roca .

The locations o
f

sections mentioned in the
following pages are shown in Figure 1 and
listed in Table 2 .

KANSAS
Frankfort NE NW 21 4 S

Manhattan NE 7 1
0
S

Manhattan East CNL 2
0

1
0
S .

Manhattan West NW NE 2
4

1
0
S

Paxico SW 3
0

1
1
S

Alma SW NE 1
1

1
2
S

Keene S
E

2
4

1
3
S

Eskridge S
E NE 1
7

1
4
S

Eskridge Quarry NW 3
2

1
4
S

Eskridge South NE 6 1
5
S

Judith NW NW 7 1
5
S

Coffman Ranch S / 2 NW 2
3

1
5
S

Allen NW S
W

3
6

1
5
S

Allen No . 2 SW NW 3
5

1
5
S

Dunlap S
E

S
E

2
3

1
7
S .

Saffordville NW SW 3
0

1
9
S

Elmdale C 2
6

1
9
S

Turnpike (mile 118 . 1 ) 1
7

2
0
S

Sallyards S
W NW 1
1

2
6

S

Piedmont NE SW 3
0

2
7
S

Grand Summit S
E

3 3
1
S

Highway 3
8 S line 2
1

3
2
S

OKLAHOMA
Red Eagle SW S

E

2
5

2
8
N

Burbank C 2
5

2
6
N

9 E Marshall

8 E Riley

8 E Riley

7 E Riley

1
2
E Wabaunsee

1
0
E Wabaunsee

1
2
E Wabaunsee

1
2
E Wabaunsee

1
2
E Wabaunsee

1
2
E Wabaunsee

1
2
E Wabaunsce

1
1
E Lyon

1
1
E Lyon

1
1
E Lyon

9 E Morris
9E Chase

7 E Chase

1
0
E Lyon

8 E Greenwood

8 E Greenwood
8 E Elk
8 E Cowley

CLO

6 E
5 E

Osage

Osage

JOHNSON SHALE

The Johnson Shale was named b
y

Condra

( 1927 , p . 86 ) , “ From exposures 12 miles north

o
f

Johnson , Johnson County , Nebraska ; formed

o
f

bluish argillaceous shale modified b
y

thin ,

grayish , sandy layers , calcareous plates , and
some gypsiferous material , and geodes ; thickness

1
6

to 1
8

feet . There are very few fossils . ”

The Johnson Shale formation is still well
exposed in a creek bank north o

f

Johnson ,

Nebraska , approximately where Condra indi
cated . However . Johnson is in Nemaha (not

Johnson ) County , Nebraska . This location is

east o
f

the axis o
f

the Table Rock (Nemaha )

Arch (Fig . 1 ) .

At the type locality (Johnson section ; see
Appendix ) the base o

f the Johnson Shale is

difficult to ascertain . The Long Creek Lime
stone below is badly disintegrated and weathered

to a rusty to greenish , limonitic , chalky , soft
residuum . In parts o
f

Kansas the Long Creek
Limestone is more resistant and clearly defined .

The Johnson Shale is approximately 1
7 feet

thick a
t

the type locality , where it is composed
mainly o

f

medium - to light -gray mudstone .

The upper 1 . 5 feet comprises medium -gray ,

moderately laminated , very calcareous ( 50 per
cent ) , slightly silty shale that weathers to light

buff . Some of this shale seems to b
e vaguely

ripple marked . Laboratory examination re

vealed that it contains fi
sh

teeth , ostracodes ,

and small gastropods .

A thin , light -brownish -gray , argillaceous
limestone underlies the upper , fossil -bearing
shale . In the field this limestone appears apha
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nitic , but actually it is a laminated argillaceous A compact , laminated siltstone or mudstone
calcisiltite having a few angular calcareous mud - unit (microbrecciated in places ) appears near the
stone fragments . It exhibits vague, small -scale top of the Johnson Shale at Pawnee . Textures
diastems and graded bedding . Fragments of varymicroscopically from one lamina to another .
carbonized woody plant detritus are present in This unit yields platy debris and , fo

r

conven
the light -greenish -gray mudstone that immedi - ience in the following descriptions , is called
ately underlies this limestone . platestone . Commonly this unit is calcareous .

A
t

the type locality the remainder o
f

the The remainder o
f

the formation a
t the Paw

Johnson Shale , down to it
s

base , is mainly nee section consists mainly of gray and greenish
greenish -gray calcareous mudstone . In the low - gray mudstone and calcareous muddy siltstone .

e
r half of the formation the mudstone is slightly This sequence is interrupted only b
y
a massive ,

less calcareous than in the upper half . A thin 1 -foot argillaceous limestone , vaguely nodular in

plate o
f light -brownish - gray , dense , argillaceous some places , which occurs about 2 feet below

limestone occurs just below the middle o
f

the the platestone Megascopically this limestone

formation , but below it the only “ limestone ” appears uniformly aphanitic . However , magni
present is sparse calcium carbonate nodules fied peel prints reveal that it contains minute
within the greenish -gray calcareous mudstone . wavy laminations associated with microscopic

The northernmost exposure , near Bennet , graded textures , suggesting slight diastems .

Nebraska , is about 2
5 miles northwest o
f

the About 20 miles east o
f

the Pawnee section ,

axis o
f

the Table Rock (Nemaha ) Arch . The 0 . 5 mile east o
f

the Humboldt Fault , the upper
Johnson Shale is nearly 1

6

feet thick a
t

the Ben - part o
f

the Johnson Shale is exposed in a small
net section ( Appendix ) . The upper 2 feet of road cut (Humboldt section ; see Appendix ) .

medium -gray , well -laminated shale is apparent - The upper Johnson argillaceous sediments re

ly equivalent to the upper 1 . 5 feet o
f

moderately semble those a
t the Pawnee section in general

laminated shale a
t

the type section . This shale appearance . In carbonate content they resem

is barren o
f

fossils and much less calcareous ( 15 ble the upper Johnson a
t

the type section . The
percent ) than it

s equivalent a
t

the type section . thin uppermost shale unit o
f

the Johnson Shale
The rest of the formation consists almost entire a

t

the Humboldt section correlates with shale in

ly o
f moderately laminated , calcareous light - analogous position a
t

the other Nebraska sec
gray shale , the lower half o

f

which is somewhat tions . At Humboldt , however , this upper shale
more calcareous than the upper — the reverse o

f

is deeply weathered from it
s original gray color

the conditions a
t the type section . to a light yellowish gray -brown .

A thin ( 0 . 5 -foot ) red shale , which seems to The Frankfort section (Appendix ) lies just

have n
o

red equivalent elsewhere , appears in west of the axis of the Nemaha Anticline , about
the middle of the Johnson Shale at the Bennet 3

0 miles south o
f

the Pawnee section . Only the
section . This is taken a

s the lower boundary o
f

upper part o
f

the Johnson Shale is exposed a
t

the Red Eagle cyclothem (Elias , 1937 ) . Shale Frankfort - sufficient to show the same clay
with limestone lenses near the base o

f

the Ben - shale a
t

the top and a thinner , more compact

net section seems equivalent to the mudstone platestone unit than is developed farther north .

with limestone nodules near the base o
f

the type Ostracodes occur in shale between these units .

Johnson section . Traces o
f

foraminifers , gastro - Here the platestone is a limestone , thinly lami
pods , and fish teeth occur about 5 feet from the nated , yielding platy debris much more brittle
base o

f

the Bennet section . than the more argillaceous equivalents to the

T
o

the south , in Pawnee County , Nebraska , north . The bulk o
f

the Johnson Shale a
t

Frank

6 miles west o
f

the Table Rock (Nemaha ) Arch fort consists o
f

calcareous , light -gray and green

axis (Pawnee section ; see Appendix ) , the John - is
h
-gray shale and mudstone typical o
f

the John

son Shale is composed mainly o
fmudstone very son Shale elsewhere .

similar to that at the type locality . A fe
w

frag - A
t

the Manhattan section (Appendix ) the
ments o

f

carbonaceous plant remains occur in Johnson Shale consists largely o
f light -gray shale ,

thin , shaly , medium -gray mudstone in the top with some light -greenish -gray shale in the lower
foot of the unit . This fine -silty mudstone also half . The section is slightly thicker ( 17 . 8 feet )

contains traces o
f

ostracodes , a few clay -filled here than in Nebraska , where other complete
tubes suggesting worm burrows , and localmud - sections ( 15 - 16 feet ) o

f

Johnson Shale are e
x

stone -pebble breccia ( some pebbles are oriented posed . The distinctive platestone horizon occurs
roughly parallel to bedding planes ) . The rest o

f

about 4 feet below the top o
f

the formation , a
l

the formation is virtually unfossiliferous . though nearby it is only 2 feet below the top .
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Above it is the usual ostracode -bearing light - son Shale lie below . Beds below the platestone
gray shale , topped b

y
a foot o
f

well -laminated are similar to their equivalents in Nebraska and

shale containing traces o
f

crinoid , echinoid , northern Kansas , except that rare traces o
f

bryozoan , brachiopod , and ostracode remains . ostracodes and carbonaceous remains occur in

This uppermost shale correlates with beds simi - the upper 2 or 3 feet . Charophytes are present

la
r

in position and lithology farther south . Be - near the base o
f

the exposure .

neath the platestone unit , the medial fe
w

feet o
f

At the Eskridge South section ( Appendix ) ,

the formation contains light -buff to gray argilla - 4 miles south o
f

the Eskridge locality , the upper
ceous limestone and very calcareous light -gray half of the Johnson Shale is partly exposed in a

shale . Greenish -gray and gray slightly calcare - farmyard . Dark -gray , calcareous , ostracode -bear
ous shale makes u

p

the lower one -third o
f

the ing shale , some with plant remains , forms the
formation . The base rests o

n

resistant Long upper 5 feet o
f

the exposure . This rests on mud
Creek Limestone . The Manhattan section lies d

y

limestone , possibly equivalent to the plate
just west of the crest o

f

the Nemaha Anticline , stone horizon . The lower part o
f

the exposure

The Alma section (Appendix ) is 20 miles contains greenish -gray shale below a thin , local ,

southeast o
f

Manhattan and east o
f

the Nemaha argillaceous limestone that contains traces o
f

Anticline . At this locality only a few feet of Ostracodes .

the Johnson Shale are sufficiently exposed to per - The few feet o
f upper Johnson sediments ex

mit reliable sampling . The familiar platestone posed a
t the Coffman Ranch section ( Appen

occurs here , overlain b
y

the equally familiar dix ) are similar to those a
t Eskridge South .

ostracode -bearing gray shale o
f

the uppermost Ostracodes and carbonaceous plant remains are
Johnson . Slumping confuses supradjacent beds , rare to common in the upper 4 feet of calcareous
but the fossils indicate that the sampled shale is shale . Traces of carbonaceous remains are visi
nearly equivalent to the topmost Johnson Shale . b

le

in the underlying laminated muddy lime
However , the local absence o

f

the Glenrock stone .

Limestone precludes definitive measurement to A
t

the Allen section (Appendix ) carbonace
the top o

f

the Johnson . ous remains and ostracodes are rare to common

The upper part o
f

the Johnson Shale is well in the upper shale o
f

the Johnson Shale . These
exposed a

t

the Paxico section (Appendix ) . beds rest on vaguely laminated muddy limestone
Three feet of typical gray , well -laminated , ostra - and limymudstone which are very similar to the

code -bearing shale tops the formation and rests stratigraphic equivalents a
t

the nearby Coffman

o
n

4 feet o
f

calcareous mudstone and shale , Ranch locality .

which in turn rests o
n the platestone . Thus , at About 4
0 miles southwest o
f

Allen , at the
the Paxico section there is about twice the usual Elmdale section (Appendix ) , the upper two
thickness o

f

Johnson sediments above the plate - thirds o
f

the Johnson Shale is well exposed .
stone horizon . Moreover , the platestone is com - Here , too , plants and ostracodes are present in
paratively even textured and much less argilla - the uppermost shale . Approximately 2 . 5 feet
ceous than a

t

other sections . Light -greenish -gray from the top , a laminated platy argillaceous
mudstone lies beneath the platestone . limestone unit , faintly ripple marked , is the ap

At the Keene section (Appendix ) , 10 miles parent equivalent o
f

the platestone farther north

southeast o
f

Paxico , only the platestone part o
f

in Kansas . Some o
f

the laminations are e
x

the Johnson Shale is well exposed . Here the tremely smooth and even . Greenish -gray mud
platestone is well laminated and has the typical stone , increasingly calcareous towards the base ,

microscopically graded textures . The low con - makes u
p

the remainder o
f

the Johnson Forma

tent o
f

insoluble mud in platestone a
t

Keene is tion .

similar to that o
f

the platestone at Paxico . About At the Saffordville section (Appendix ) , 12

5 feet o
f upper Johnson shale ? above the plate - miles east o
f

Elmdale , only platy limestone , bear
stone is not exposed . ing ostracodes , is exposed below the Red Eagle

The Eskridge section (Appendix ) provides Formation . This appears to b
e

the southernmost

the southernmost exposure o
f

the platestone observable development o
f

Johnson platestone

facies o
f

the Johnson Shale in Wabaunsee Coun - facies .

ty . The platestone is faintly ripple marked and In southern Kansas , at the Grand Summit
shows channeling a

s deep a
s
2 mm . About 3 section ( Appendix ) , the upper half o
f

the

feet o
f

ostracode -bearing shale lies above the Johnson Shale is well exposed . The uppermost
platestone . Light - gray and greenish -gray cal - 5 feet is light -brownish -gray and medium -gray ,

careous mudstone and shale typical o
f

the John - calcareous , well -laminated shale containing light
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gray aphanitic limestone nodules and lenticles .
The shale contains gastropods , ostracodes, bra
chiopods , and carbonized fragmental plantma-
terial . Among the brachiopods , Linoproductus ,
Chonetes , and Productella ? are common . Gas-
tropod and brachiopod fragments occur in the
limestone . Calcareous mudstone and shale con -
stitute most of the remainder of the Johnson
Shale at Grand Summit.

At the Highway 38 section (Appendix ) in
Cowley County , the upper half of the Johnson
Shale is similar to that at the Grand Summit
locality . Here , in the upper 5 feet , similar shale
with nodular limestone contains the same as
semblage of ostracodes , plant remains , and com -
mon productid brachiopods observable at Grand
Summit. A thin maroon mudstone occurs about
16 feet below the top of the Johnson Shale . This
is taken as the base of the Red Eagle cyclothem .
No good exposures of Johnson Shale are known
south of Highway 38.
SUMMARY .— The Johnson Shale is composed

mainly of light-gray shale and mudstone im -
mediately below the distinctive Red Eagle

Limestone . In Nebraska it is at least 15 feet
thick , and it thickens to 25 feet southward
in Kansas . Workable exposures are rare. In
most places , especially in southern Kansas
and northern Oklahoma, it forms gentle grass -
covered slopes between thin limestone benches .
Maroon mudstone has been observed in the

west of Foraker , Osage County , Oklahoma.
Heald referred to these exposures as “ . . . a
number of distinct beds of limestone , between
which are beds of shale in some localities .” The
Red Eagle School mentioned by Heald was de
stroyed many years ago , and the limestone ex
posures in that neighborhood (Red Eagle sec
tion ; see Appendix ) represent only a part of
the total thickness .

The best exposures of the Red Eagle Lime
stone in the type area are in the large quarry
immediately north of U . S.Highway 60 , just east
of Burbank , Osage County , Oklahoma (Bur
bank section ; see Appendix ) . This is the south
ernmost locality sampled for this investigation .

The Burbank section exposes approximately

21 feet of limestone beds. The Red Eagle base
is buried. In the lower 6 feet of the exposed
interval , brownish -gray, aphanitic to microcrys
talline ,medium - to thin -bedded limestone grades
laterally into similar but shaly laminated lime
stone . Somewhat wavy , laminated , calcareous
shaly interbeds are characteristic of this part of
the sequence . These limestone beds contain rare
to common productid brachiopod fragments ,
crinoid columnals , and ostracodes, al

l

oriented
roughly parallel to bedding planes . Three feet

o
f hard , dense , massive . medium - to thick

bedded , light -brownish -gray limestone rests o
n

the aforementioned shaly limestone . Rare to

common crinoid columnals and rare brachiopod

homa -Kansas border , in southern Kansas , and dense microcrystalline matrix . Stringers o
f

shaly

a
t

Bennet , Nebraska . In southern Kansas the calcareous material and calcareous shale inter
upper 5 feet o

f

the Johnson Shale consists o
f grade laterally with this limestone . Shaly inter

fossiliferous shale containing aphanitic lime - beds u
p

to 0 . 5 inch thick emphasize the thick .

stone nodules and lenticles . From central Kan - resistant limestone beds . Eight feet of light to
sas to the Nebraska border , the upper few feet medium -greenish - gray . argillaceous . medium .

o
f

the Johnson Shale consists o
f

laminated gray bedded limestone overlies themassive , brownish
shale with ostracodes and carbonized plant re gray ,microcrystalline limestone . The greenish
mains . (The plant remains are rare in Nebras gray color accompanies a greater ( 10 to 15 per
ka . ) In the same area the laminated shale is cent more ) clay content than that in the lower
underlain b

y
a horizon characterized b
y

lami - brownish limestone . Crinoid discs and brachio
nated muddy limestone yielding platy debris . pod fragments are rare to common in the apha

In some places the purer , platy , brittle limestone nitic argillaceous matrix . Some beds are vague
may be conveniently called platestone . The platy ly laminated and argillaceous enough to appear
horizon is identifiable from a few miles north o

f

shaly when deeply weathered .

the Nebraska -Kansas border southward to Saf
The strata just described from the Burbank

fordville , Kansas . Shale in the lower half o
f

the
section total about 17 feet in thickness . Their

formation is almost invariably unfossiliferous .

lithologies , bedding , and faunal content indicate
that they represent a facies o

f

the Bennett Mem
Red Eagle LIMESTONE

ber o
f

the Red Eagle Limestone . The more
The Red Eagle Limestone was named b

y

massive , resistant parts of this Bennett Member
Heald (1916 , p . 24 - 25 ) from “ excellent ” e

x - form subdued topographic benches in northern
posures near Red Eagle School , about 3 miles Oklahoma and southern Kansas .
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At the Burbank section 4 feet of irregularly Limestone are traceable through facies changes

bedded limestone , resting on the limestone of to and beyond their type localities in southeast
the Bennett Member, is distinctive - thickly to e

rn Nebraska . The Elmdale , Saffordville , and
thinly bedded , pitted , rusty weathering , and Alma localities (Appendix ) , where the Glen
penetrated b

y

brick -red clay and clayey lime - rock Member is not recognized , are somewhat
stone stringers and tubes . Traces o

f

crinoids , anomalous . Facies changes within the members
brachiopod fragments , and arenaceous foramini - o

f

the Red Eagle Limestone formation are dis
fers are present . Nothing quite like these beds cussed below .

is known in Kansas . They are tentatively cor
related a

s equivalents o
f

the Howe Member o
f

Glenrock Limestone Member

the Red Eagle Limestone , mostly because o
f

The Glenrock Limestone Member o
f th
e

their position below Roca re
d

shale and above Red Eagle Limestone was named b
y

Condra
probable Bennett limestone . No equivalents of ( 1927 , p . 86 ) “ . . . from exposures high in the
the Glenrock Member of the Red Eagle Lime - valleyside just northwest o

f

Glenrock , Nemaha
stone have been recognized in Oklahoma . County , Nebraska ; dark gray , dense , weather
South o

f

the Burbank area the Red Eagle ing light gray or slightly buff ; thickness 1 to 2

Limestone is poorly and only partly exposed . feet . This forms rectangular blocks . The lead
The resistant portions o

f

the Bennett Member ing fossils a
re Fusulina , bryozoa , brachiopods ,

thin southward in Osage County , Oklahoma , and Pinna sp . ”

and can b
e

traced to the Arkansas River west At its type locality near Glen Rock , * Ne

o
f Fairfax , where Fisher (1956 , p . 83 ) noted a braska , the Glenrock Member forms a
n incon

thickness o
f
1 . 9 feet of Red Eagle Limestone spicuous ledge cropping out on long , gentle ,

within a 125 -foot covered interval . grassy slopes which hide the shale above and

In the Foraker area , at the Red Eagle se
c

below . Upper and lower contacts are not visi
tion (Appendix ) , about 1 . 5 miles east -southeast ble . The unit may b

e sampled best from rare

o
f

Heald ' s type locality , the massive limestone blocks displaced b
y

road building , or in ditch

o
f

the middle of the Bennett Member forms a cuts . The type Glenrock Member is a light

minor hillside bench . This can b
e

traced north brownish -gray fusulinid -bearing limestone , 1

ward into Kansas and southward beyond Bur - foot thick . It weathers to light gray . Common
bank , Oklahoma . Depending upon the propor - fusulinids ( Triticites sp . ) , brachiopods , and o

s

tion o
f

the less resistant argillaceous limestone , tracode fragments repose in a microcrystalline to

the ledge -forming limestone o
f

the Bennett aphanitic calcareous matrix containing only 1
0

Member ranges in thickness from 3 to 6 o
r percent insoluble clays . The rock is hard and

more feet . The Red Eagle section reveals 5 feet even textured , and it presents a
n oatmealy ap

o
f

massive , thick -bedded , light -brownish -gray ,

somewhat vuggy , pure limestone . The assem - slightly smaller than in other exposures o
f

the
blage o

f bryozoans , arenaceous foraminifers , Glenrock Member .

crinoids , and brachiopod fragments suggests O 'Connor and Jewett ( 1952 , p . 343 ) asserted
that these beds a

re equivalent to the medial , that “ theGlenrock limestone can b
e divided into

nearly pure , resistant limestone unit o
f

the Ben - two faunal and lithologic parts : ( 1 ) fusulinid
nett Member a

t the Burbank section . In the bearing rock above , and ( 2 ) a nonfusulinid part
Foraker (Red Eagle section ) area of northern a

t the base ” and that “ in a few places one or

Oklahoma , the Howe Member equivalent does the other is not present o
r
is poorly developed . ”

not seem to resist weathering any better than the This is an accurate appraisal o
f what field re

softest o
f

the Bennett limestone beds . The Howe connaissance reveals . Detailed studies show that

is detectable in the Foraker area only from rare the lower portion o
f

the Glenrock Member is

slabs o
f

limestone float ( similar to Burbank not everywhere “nonfusulinid , ” although it
s

“Howe ” ) in covered intervals just above the re - fusulinid content is commonly sparse . Where
sistant Bennett limestone . this twofold character o

f

the Glenrock Lime

In southern Kansas , at the Highway 3
8

se
c
- stone is manifest , the fusulinid -bearing rock

tion (Appendix ) , the members of the Red Eagle grades into “ nonfusulinid ” rock with n
o per

Limestone are a
ll definitely recognizable . The ceptible break .

Glenrock Member disappears somewhere south At the Bennet section ( Appendix ) the Glen

o
f Highway 3
8 , probably near the state line . rock Limestone is a massive , ledge -forming unit

Northward from Highway 3
8 , the Glenrock ,

Bennett , and Howe Members o
f

the Red Eagle

• The spelling "Glenrock " for the rock unit is retained for
reasonsdiscussed b

y

Moore (1952) .

NApe : are
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PLATE 1 . - Glenrock Limestone at Pawnee section . A , Undulatory base ; B and c , uppermost limestone showing
black tubes interpreted a

s worm burrows ; D , closeup showing worm burrows o
n outcrop (below face o
f ham

mer ) ; E , channels and trails in top o
f

Glenrock . Arrows point to to
p

o
f

bed .
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1.5 feet thick . The upper 0.5 foot of this rock channeled , but on a small scale (1-inch relief ).
contains numerous fusulinids , but the lower 1 The pattern of lumps and channels suggests
foot contains none . Brachiopods , other foramini that the top of the limestone is traversed at
fers , and ostracodes are common where fusu - random by depressions representing the trails
linids are absent . Faint traces of linear algae of benthonic animals (Pl. 1E ). The shale of the
occur in this lower portion . The calcareous overlying Bennett Member is impressed into
microcrystalline matrix for fusulinids and other these trails and , surprisingly , contains fusulinids .
fossil detritus contains less than 10 percent in - The top few inches of the limestone is random
soluble clay . The upper foot of the unit has a ly penetrated by tubes (worm burrows ? ) filled
few random patches of muddy limestone some- with black muddy material (Pl. 1B , 1C , 1D )
what similar to the overlying shale of the Ben - continuous with the black shale of the basal
nett Member . Fusulinids in this part of the Bennett Member. Some of these black tubes also
Glenrock Member show some tendency toward contain fusulinids and Osagia -coated shell detri
orientation parallel to the bedding . Vague , tus.
wavy, clay - limestone seams, much fainter than

In southwestern Richardson County , Nebras
the subtlest diastem , share the vague preferen - ka, atop the Nemaha Anticline , the Glenrockka at
tial orientation . The lower 0.5 foot of the mem - Limestone is well exposed at the Humboldt secLimestone is well exposed at the Humb
ber is practically structureless and even tex tion (Appendix ). Here, also , the base of the
tured . The Glenrock Limestone weathers light unit is undulatory , with relief of about 0. 1 foot .
gray . The lower contact of the Glenrock is The upper contact is almost flat. As usual , fusu
gently undulatory , and the Glenrock rests on linids abound , along with many brachiopod
the shale of the uppermost Johnson Shale with fragments , in a microcrystalline to very finelyonly slight evidence of erosion . The upper granular (aphanitic ) calcareous matrix . Most
contact is also slightly undulatory beneath dark of these fossils are oriented crudely parallel to
gray Orbiculoidea -bearing Bennett Shale. These

the bedding . Some of the brachiopods are
contacts are unusually clear and sharp .

coated by calcareous deposits which suggest
At the Johnson section (Appendix ) the Osagia or other algae. There is also some evi

Glenrock Limestone is 1 foot thick and resem - dence of linear algae . Articulate brachiopod
bles it

s equivalent a
t the type section . The u
p
- shells are present but scarce . They are filled

per 0 . 9 foot contains abundant fusulinids and with calcarenaceous bioclastic detritus in a

rare to common brachiopod detritus . The basal microcrystalline , clear calcitic matrix . Locally

0 . 1 foot of the unit consists o
f

hard , dense , the rock is medium grayish brown o
n fresh

aphanitic to microgranular limestone which surfaces , but it weathers to medium rusty brown

lacks fusulinids . The upper and lower contacts rather than the light gray typical o
f most

are weakly undulatory and typically sharp . weathered Glenrock Limestone . It forms a
n

indistinct ledge , 1 foot thick , in the grassy hill
The Pawnee section (Appendix ) exposes a sides of the area .

distinctive development o
f

Glenrock Limestone .

The thickness ranges from 0 . 7 to 1 . 0 foot . Fu The Glenrock Member is thicker ( 1 . 8 feet )

sulinids abound in the upper half of the unit , than
average a
t

the Frankfort section . Fusu
linids are extremely rare in the lower 0 . 5 foot ofalong with common frail brachiopod fragments
the unit but gradually increase in number u
p

and rare gastropods . The lower half lacks fusu
ward . Where fusulinids are scarce , brachiopods

linids and gastropods but contains common bra
are quite common . The upper 0 . 5 foot of the

chiopod fragments . Acetate peel prints reveal
Glenrock Limestone contains abundant fusuli

that many o
f

these brachiopod fragments are
nids and scarce brachiopods , which include

coated with secondary calcite , similar to the Composita sp . and productids . Not a
ll

shell
alga Osagia . The partly bioclastic calcareous detritus is broken . Traces of articulated brachio
matrix for the detrital material is aphanitic to pod shells are visible in polished rock sections .

microgranular and somewhat argillaceous .

A few ostracodes and uncrushed gastropods a
c

The base o
f

the unit is gently undulatory company the brachiopod detritus . A few o
f

the

( P
l . 1A ) and locally rests o
n small lenses , an frail brachiopod fragments are coated b
y

cal
inch o

r two thick , of buff aphanitic limestone careous algal deposits similar to Osagia . The
containing brachiopod fragments . The upper organic detritus in the fusulinid -rich limestone
limit is even more distinctive than the gently is not visibly sorted . In the lower portion o

f

the
undulatory base . It is undulatory , or lumpy and unit a patchy sorting is common where some
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textural patterns vaguely extend parallel to bed - be ascertained because of unsatisfactory expos
ding , and some brachiopod shell detritus is ures .
similarly aligned . About 13miles southeast of Alma and Paxi
At the Manhattan section (Appendix ) the co , at the Keene section , the Glenrock Member

Glenrock Member ( 1.3 feet thick ) is super - is a normal -appearing , 1- foot, light-brownish
ficially normal, but close examination reveals a gray, calcarenaceous , fusulinid -bearing limestone .
distinctive local lithology . The Glenrock Mem - Traces of Osagia -coated shell fragments occur
ber comprises fine conglomeratic , calcirudaceous , with the fusulinids. The base of the unit is
medium - to light -brownish -gray limestone . Ran - even . The upper contact , partly obscured by
domly oriented granules and small pebbles of weathering , is somewhat lumpy and resembles
aphanitic , greenish -gray to buff, argillaceous the one at the Pawnee section . In some parts of
limestone are bound by a calcarenaceous to cal- the outcrop , the top inch of Glenrock Limestone
caphanitic limymatrix containing many brachio is argillaceous , lacks fusulinids , and is medium
pod shells. Most of these shells are coated by gray , as though heralding a complete change to
calcareous deposits similar to Osagia , and some Bennett black shale at the top contact. Traces
show crude preferential orientation parallel to of Orbiculoidea fragments are present in a few
bedding . Ostracodes and gastropods are also places within the top half inch .
present in the matrix . The rock lacks fusulinids . At the Eskridge section (Appendix ) the
Upper and lower contacts are relatively even Glenrock is the usual fusulinid -bearing light
and clearly defined . brownish -gray limestone about 1 foot thick .
At the Paxico section ( Appendix ) the lithol- Traces of argillaceous material bearing Orbicu

ogy of the Glenrock Limestone is intermediate loidea fragments are present in the uppermost

between the nonfusulinid material found locally 1 inch . Upper and lower contacts are mostly
at the Manhattan section and the widespread , distinct , but weathering has obscured details of
fusulinid -rich rock found elsewhere. Aphanitic the upper contact in some places . The top
buff limestone granules occur in the calcisiltace- fusulinid -rich inch , which contains Orbiculoidea
ous to calcaphanitic light -creamy -gray matrix of fragments , shows evidence of burrowing and
the lower part of the unit . Fusulinids are rare resettling from the Bennett Member above .

and the limestone granules are scarce in the Traces of milky , secondary opaline silica are

similar but medium -brownish -gray matrix of present in the top inch of the unit .
the upper limestone . A few brachiopod frag - The Glenrock Member at the Judith section
ments and spines, ostracodes, bryozoans , and ( Appendix ) is very similar to that at the Esk
small gastropods occur randomly throughout the ridge section ,but the upper contact has not been
unit . The upper and lower contacts are even weathered . Fusulinids abound , along with many
and distinct . brachiopods and a few ostracodes and smaller
The Glenrock Limestone Member is appar - foraminifers , in the calcarenaceous to calcapha

ently absent from the Alma section ( Appendix ) nitic matrix . The top is gradational to the Ben
area . This observation was first made by O 'Con - nett Member above through half an inch of

nor and Jewett (1952 , p. 350 ). Shale of the shaly argillaceous limestone . This thin lime
Bennett Member of the Red Eagle Limestone stone contains numerous Orbiculoidea , traces of

probably rests paraconformably on upper shale Lingula , and traces of fish teeth . The lower

of the Johnson Shale . Moreover , poor exposures contact is buried .
make it impossible to determine whether the At Eskridge South (Appendix ) the Glen
Glenrock is the only missing part of the Red rock Limestone lithology is almost the same as
Eagle Limestone formation . Such absence might at the Judith section , except that the upper halt
be the result of nondeposition . O 'Connor and inch contains patches of dark -gray argillaceous

Jewett ( 1952 , p. 343 ) placed the base of the Red material. The top is lumpy and gently undula
Eagle Limestone “at the contact between the tory ( 0.05 -foot relief) and displays random
black or dark -gray shale beds and the gray patches of fusulinid coquina with traces of
green or gray limy beds of the Johnson .” Ac- Orbiculoidea and fragments of bryozoans .
tually , this dark -gray shale contains ostracodes The section at Coffman Ranch (Appendix )
and carbonaceous remains characteristic of up shows the Glenrock Member as a medium
permost Johnson elsewhere . Hence the contact brownish -gray limestone , considerably thinner
must be slightly higher in the Alma section than than at sections to the north . It resembles Glen
the lithologic level noted by O 'Connor and rock lithofacies in southern Kansas and yet

Jewett . Precisely how much higher could not shows other features characteristic of Nebraska
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and northern Kansas facies. Its thickness ranges The Glenrock Limestone a
t

Allen No . 2 sec
from about 0 . 2 to 0 . 4 foot within the 500 -yard tion (Appendix ) is similar to its equivalent a

t

exposure . The base is gently undulatory through the Allen section . Fusulinids are abundant , and
about 0 . 1 foot o

f

section . Fusulinids , extremely occur with many brachiopods and a few gastro

abundant in the calcarenitic to calcaphanitic pods in the usual calcaphanitic to calcarenitic

matrix , ar
e

accompanied b
y

many or few bra - matrix . Granules o
f aphanitic limestone and

chiopods and small foraminifers . Many o
f

the algal -coated brachiopods a
re uncommon . Irreg

brachiopod fragments have coatings o
f algal ular tubes o
f gray argillaceous material contain

calcium carbonate ( Osagia ? ) but other fossils ing Orbiculoidea ( similar to those a
t

the Pawnee

d
o

not . Some parts o
f

the rock are faintly con - and Coffman Ranch localities ) penetrate the
glomeratic , containing granules and pebbles o

f

upper 2 inches o
f

limestone . The base o
f

the
aphanitic argillaceous limestone o

r

calcareous unit is quite distinct and even but the top is

mudstone similar to but much less numerous gently undulatory and sharply defined . A sub
than those a

t

the Manhattan and Paxico sec - coquina ( similar to the one a
t

the Coffman

tions . The pebbles are best represented in the Ranch section ) , 0 . 15 inch thick , of Orbiculoidea
otherwise normal fusulinid -bearing rock ( P

l . 2 ) and Lingula fragments in a black argillaceous

a
t

and near the base o
f

the Glenrock . The frag - matrix continuous with the overlying Bennett
ments a

t

the base have lithology ( and contain Shale , is plastered upon the top o
f

the Glenrock
carbonaceous remains ) similar to upper John - Limestone .

son sediments . One such fragment is covered The Glenrock is not present a
t

the Safford
by Osagia - like algal material . Locally , the ville section ( Appendix ) , where lower shale o

f

upper part o
f

the unit is penetrated b
y

tubes o
f

the Bennett rests paraconformably o
n upper (not

Orbiculoidea -bearing ,medium - to dark -gray a
r - uppermost ) Johnson Shale .

gillaceous material continuous with the Bennett A peculiar lithofacies which could b
e mis

Shale above . These are much like the tubes a
t

taken for Glenrock is visible at the Elmdale sec
the Elmdale and Pawnee sections ( P

l . 1 , 3 ) . At tion ( Appendix ) below Bennett black shale . It

the top , the Glenrock Limestone grades upward is about 1 foot of argillaceous , light -gray to

through 0 . 1 inch o
f

rock , from a fusulinid subo
ck , from a fusulinid sub - brownish -gray , vaguely laminated and faintly

coquina to a
n

Orbiculoidea subcoquina con - cross -laminated limestone . Tubes of dark clayey
tinuous with the overlying black Orbiculoidea material containing Orbiculoidea and fish teeth ,

bearing shale o
f

the Bennett Member . That is , and short burrows containing Glenrock -like
the top contact is typically sharp . fusulinid -bearing limestone , penetrate the up
At the Allen section ( Appendix ) the Glen - per 0 . 1 foot o

f

the unit from the thin Bennett

rock Member is a light -brownish -gray ledge - black shale above ( P
l
. 3B ) . A patchy coquina

forming limestone 1 . 3 feet thick . The upper o
f

Orbiculoidea lies a
t the base o
f

the overlying

half o
f

the unit is crowded with fusulinids . shale . Because these lithologies and structures
Downward their number decreases , so that the are similar to those in the uppermost Glenrock
lower one -third o

f

the limestone is almost bar - Limestone a
t the Pawnee , Coffman Ranch , and

ren o
f

fusulinids . Common aphanitic limestone Allen sections , this unit might b
e

mistaken fo
r

granules and small pebbles similar to those a
t

a
n argillaceous facies o
f

the Glenrock Member .

Manhattan are present in the medial part o
f the However , the top o
f the unit is clearly defined

unit , where fusulinids are numerous (Pl . 4 ) . and somewhat undulatory , and the less distinct
Some o

f

these algal ? pebbles show shrinkage base grades to shale which contains plant re

cracking . The pebbles are rarer and smaller in mains and ostracodes typical o
f

the upper part

the lower part o
f

the unit . A variety o
f frag - o
f the Johnson Shale . Moreover , the color o
f

mental fossil remains , most of which are bra the unit , its softness , its microstructures , its in

chiopods , along with a few tiny gastropods and soluble clay content , and its fossils suggest that

ostracodes , occur amid the fusulinids and lime - it is part o
f

the Johnson Shale . Thus , the com

stone granules . These fragments are more com - bined evidence seems t
o demonstrate that the

mon where fusulinids are lacking . Many o
f

the Glenrock member is absent a
t the Elmdale sec

brachiopods are coated with deposits o
f

calcium tion , probably because o
f

erosion .

carbonate similar to Osagia . The matrix for The Glenrock Limestone is about 1 . 5 feet
the detritus is aphanitic to arenaceous , slightly thick a

t

the Piedmont section (Appendix ) . It

argillaceous , calcium carbonate . The top con - consists of thin beds of limestone bearing abun
tact o

f

the Glenrock Member is gently undula - dant fusulinids in a microcrystalline matrix . Up
tory , but the lower contact is even ( Pl . 3 ) . per and lower contacts cannot b

e

described in
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S
A
N

Plate 3 . — A , Contact of Johnson Shale and Bennett Member of Red Eagle Limestone at the Elmdale section . Ham
mer head is at contact . B , Sample of uppermost Johnson Shale from Elmdale section . Arrow points to top of bed .

Note dark Orbiculoidea -bearing tubes near top . C , Lingula sp . in black basal Bennett Shale from Bennet section .

D , Glenrock and Bennett Members of Red Eagle Limestone a
t

Allen section . Observer ' s hand touching top of Glen
rock ; e

y
e

level a
t

contact between lower shale and medial limestone facies o
f

Bennett Member .

detail because they are poorly exposed . Nodules cross sections o
f

worm burrows . The overlying
and blebs o

fmilky and medium -gray chert are shale o
f

the Bennett contains abundant Orbicu
randomly present in the limestone . loidea .

A
t

the Grand Summit section (Appendix ) The Highway 3
8

section (Appendix ) is the
the Glenrock Limestone is thin ( 0 . 25 foot ) but southernmost studied exposure of the fusulinid
readily recognizable . Fusulinids are abundant bearing Glenrock Limestone . As at the Pied
and brachiopods are rare in the usual aphanitic mont section , the Glenrock Member is thin ( 0 . 5

matrix . Traces of gastropods and crinoid discs foot ) and is identified a
s much b
y

it
s

relation to

are also evident . The contacts are gently u
n - the overlying Orbiculoidea -bearing Bennett Shale

dulatory . Some fresh surfaces show a few small , a
s b
y

it
s

own distinctive fossils and lithology .

round , dark -gray argillaceous spots (containing A
t

the Highway 3
8 locality , the Glenrock Lime

rare tiny Orbiculoidea fragments ) suggesting stone is softer and more argillaceous than it
s
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McCrone---Red Eagle Cyclothem (Lower Permian) in Kansas

equivalents to the north , but it contains the same Bennett Shale Member
fusulinids. Some brachiopods and crinoid discs The Bennett Shale Member of the Red Eagle
accompany the fusulinids . Rare wormy tubes of

of Limestone was named by Condra (1927 , p. 86)1;
black clay penetrate the top 1 to 2 inches of the “ from exposures along the Little Nemaha
limestone . Upper and lower contacts are gently and it

s

branches south o
f

Bennett , Lancasterundulatory . County , Nebraska ; formed o
f bluish gray and

SUMMARY . - The Glenrock Limestone Mem - nearly black argillaceous shale , with one car
ber o

f

the Red Eagle Limestone is commonly a bonaceous streak resembling coal and a thin
fusulinid -bearing , medium - to light -brownish - vellowish to brownish limestone ; combined
gray limestone . Over much o

f
it
s outcrop belt thickness 5 to 11 feet .

(north o
f

Allen , Kansas ) it is a single unit Fauna : Orbiculoidea missouriensis , Lingula
about 1 foot thick and locally resistant enough

sp . , Composita subtilita , Spirifer cameratus , and

to support minor topographic benches . It is

a few other species . ”

readily identifiable in the field b
y

it
s lithologic

characteristics and b
y

it
s position beneath black A
t

the type section (Bennet * section ; se
e

Orbiculoidea -bearing shale o
f

the lower Bennett
Appendix ) the Bennett Member is approximate

Member . In localities where the Bennett lime ly 8 feet thick . The lowermost 4 feet is slightly

stone facies is thick , the Glenrock Member is calcareous gray shale and mudstone containing

normally less than 0 . 5 foot thick . Where the Orbiculoidea and a
n abundant microfauna . The

Glenrock Member is absent , the position o
f

the
basal shale is dark gray to black and contains

corresponding paraconformity can b
e closely ap abundant Orbiculoidea . Much o
f

the black shale

proximated a
t the base o
f

the Bennett Orbicu emits a fetid odor when treated with hydro

loidea -bearing black or gray shale where it lies chloric acid . A few frail
specimens of Lingula

directly o
n ostracode - and plant -bearing gray ( P
l
. 3C ) are associated with common Orbicu

shale o
r platestone o
f

the upper part o
f

the John loidea
just above the contact with the distinctive

son Formation . The Glenrock Limestone com Glenrock Limestone . Equivalents o
f

this basal

monly contains brachiopod fragments and spines , Orbiculoidea -bearing black shale are a
n excellent

traces o
f gastropods and ostracodes , and profuse stratigraphic marker traceable to southern Kan

fusulinids set in a calcareous matrix . Much o
f sa
s
. About 4 feet from it
s
base , the Bennett

the matrix is bioclastic calcium carbonate grad Member includes a hard

, light -brownish -gray ,

ing from calcarenaceous to calcilutaceous to

slightly argillaceous , microgranular limestone 1

microcrystalline . foot thick . Above this limestone is another 3

feet o
f buff -colored calcareous shale and mud

Wormlike tubes and ribbons o
f

Orbiculoidea
stone . These beds lack conodonts and orbicubearing gray clay that are continuous with the
loids , but some contain fish teeth and ostracodes .

basal shale o
f

the Bennett penetrate the top o
f

Three feet o
f

massive , hard , aphanitic , light
theGlenrock a

t some localities . Osagia - like cal gray Howe Limestone rests o
n the tooth -bearing

cium carbonate coatings o
n brachiopod frag

beds . The type locality is satisfactory for ob
ments are rare to common in the Glenrock

servation o
f

the lower Bennett shale beds and
Limestone , especially in Nebraska and northern

their relations to the Glenrock Member , but fo
r

Kansas . purposes o
f long -distance correlation the rela

The outstanding characteristic o
f

the Glen tions o
f upper Bennett to the overlying Howe

rock Limestone is its uniformity o
f

thickness Limestone are much more understandable if

and lithology between Bennet , Nebraska , and observed in central Kansas .

Allen , Kansas . Between Allen and Highway 3
8

Only 5 feet o
f light - and medium -gray shale

the Glenrock Limestone is commonly less than and mudstone containing Orbiculoidea and

0 . 5 feet thick . No stratigraphic equivalent o
f

other brachiopod fragments is exposed a
t

the
the Glenrock Member is known in Oklahoma Tecumseh section . These beds contain a charac
and southern Kansas south o

f Highway 3
8 . It teristic Bennett microfauna o
f

conodonts and

is probable that the Glenrock pinches or phases fish teeth in the darker , less calcareous shale .

out in this area . Ostracodes and foraminifers are present in the
The fusulinid -bearing Glenrock Limestone , calcareous shale and mudstone .

with black Orbiculoidea -bearing Bennett Shale About 2 feet o
f

basal Bennett dark -gray o
r

resting directly upon it , is a reliable stratigraphic
marker , recognizable and useful from Bennet ,

Nebraska , to southern Kansas .

-
* Note that Condra misspelled the town name Bennet. The

spelling " Bennett" is retained in stratigraphicnomenclaturefor
rcasonsdiscussedby Moore (1952) .
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black ,well -laminated , Orbiculoidea -bearing shale these exposures , and at the sampled section , the
having abundant microfossils is exposed a

t

the Bennett Member is entirely shale . Orbiculoidea
Johnson section ( Appendix ) . The contact with is rare in these beds but bryozoans and brachi
the Glenrock Limestone is sharp and gently opods are common . The shale is well laminated ,

undulatory . calcareous , and waferlike .

Excellent exposures o
f

the Bennett Member The Bennett facies o
f

the Paxico section (Ap
are available a

t
the Pawnee section ( Appendix ) . pendix ) differs from those o

f Nebraska and
The lower contact of the basal black shale is im - northern Kansas . More than 2 feet of the char
pressed into peculiar channels ( P

l . 1B , 1C , 1E ) acteristic black fissile shale lies at the base , but
and fills the tubes in the uppermost Glenrock the remaining 6 feet consist o

f

brownish -gray ,

Limestone . Some of the black shale within the vaguely laminated , argillaceous limestone . De
channels and against the top o

f

the Glenrock spite the different lithofacies , traces o
f

Orbicu
contains small , lumpy accumulations o

f

crushed loidea and fish teeth are present from base to

shells and carbonate rich in fusulinids . Indi - top of the member . Orbiculoidea coquina simi
vidual free fusulinids are common o

n the upper lar to the one a
t Humboldt is present along some

surface o
f

the Glenrock Limestone , where they laminae in the basal 0 . 5 foot of the black shale .

are surrounded and covered b
y

black Bennett Exposures are so poor a
t

the Alma section
clay . Lingula accompanies Orbiculoidea in the that they yield little information about the local
lowermost 0 . 25 inch o

f

shale resting o
n the characteristics o
f

the Bennett Member . The
Glenrock Limestone . estimated thickness is about 19 feet . The upper
The basal 45 feet of the Bennett Member most Bennett beds , beneath the Howe Lime

a
t

Pawnee consists o
f

gray to very dark gray , stone , are argillaceous calcisiltites somewhat
almost black , slightly calcareous shale which similar to beds in similar stratigraphic position

contains a varied microfauna and few , but con - a
t

Paxico .

spicuous , articulated brachiopod shells and spines A
t

the Eskridge section (Appendix ) only
oriented roughly parallel to bedding and fissility .y . the cithe Glenrock Member is well exposed , but the
Orbiculoidea is typical of the entire assemblage . Bennett is estimated to b

e about 6 . 5 feet thick
and composed o

f

shale . This local feature o
f

1 foot o
f

calcareous , buff siltstone and mudstone the Bennett Member might be regarded a
s un

into the soft , pitted Howe Limestone . important were it not for a thick limestone de
The Bennett Member a

t the nearby Pawnee velopment in the Bennett close b
y
. That is ,

South section is quite similar to it
s equivalent within a distance o
f

3 miles , the Bennett

a
t

Pawnee , but its fauna is less abundant . changes from about 6 . 5 feet o
f

topographically

Only the basal 3 feet o
f

the Bennett Member weak shale a
t the Eskridge section to about

is exposed a
t

the Humboldt section (Appendix ) , 3 feet o
f

shale overlain b
y

about 1
5

feet o
f

and this is the same a
s

the dark -gray , well - medium -bedded resistant limestone and 3 feet
laminated , Orbiculoidea -bearing shale a

t

the o
f rubbly -bedded limestone a
t

the Eskridge

type section . The unit is estimated to b
e

about Quarry section (Appendix ) . Thus , the most

5 feet thick in this area . A 0 . 25 -inch horizon of abrupt lithofacies change in the Bennett Mem
Orbiculoidea coquina occurs near the base of the ber is indicated (see Figure 3 ) .

black shale . At the very base , where many of When quarrying is active , a complete section
the shells are only slightly Hattened , rare Lingula o

f

the Bennett Member can b
e

seen a
t

the
accompany the orbiculoids . Eskridge Quarry . During suspension of quarry
Only the basal 2 feet of the Bennett Shale is operations the excavations accumulate enough

exposed a
t

the Frankfort section . The beds are water to submerge the lower 7 feet of the Ben
almost identical with the slightly calcareous nett Member . At such times these lower beds
black shale exposed a

t

the Humboldt section , may b
e sampled a
t

the nearby Judith section ,

with the exception that a few ostracodes occur where the Bennett facies is nearly the same a
s

with the abundant Orbiculoidea a
t the base . a
t

the Quarry .

At the Manhattan section ( Appendix ) the At the Eskridge Quarry and Judith sections
Bennett Member is about 4 feet thick and well the basal 3 feet o

f

the Bennett Member consists
exposed . At the other exposures within the o

f typical black Orbiculoidea -bearing shale . The
Manhattan metropolitan area , and at the Tuttle lowermost bed also contains traces o

f Lingula

Creek dam a few miles north of Manhattan , the and conodonts . Medium -bedded , and very light
Bennett Shale is also about 4 feet thick . In brownish -gray limestone more than 1

5 feet thick
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rests upon the shale . Orbiculoidea and fusulinids herm or reef . However , internal characteristics
are present in the lower 1 to 2 feet of this Ben - of this limestone ( e.g., bedding ) certainly a

re

nett limestone . Brachiopods , echinoid and bra - not reeflike , nor can it
s
“ strictly ” organic origin

chiopod spines , crinoid discs , and foraminifers b
e verified , although much o
f

the mass is ob
are rare to common in the aphanitic calcareous viously organic shell detritus and much may be

matrix which constitutes most o
f

the rock . Labo - o
f algal origin . Moreover , the Bennett limestone

ratory analyses revealed that little o
f this lime - lithofacies of southern Kansas and Oklahoma is

stone contains more than 1 percent o
f

insoluble remarkably similar to that o
f

the Eskridge -Coff
clay residue . The sudden thickening and the man Ranch area , except that the southern litho
purity o

f

this limestone suggest that it might be facies is to
o

broadly distributed and uniform in

a part o
f
a Bennett reef facies . thickness to permit the slightest suggestion that

The thickened limestone accumulation e
x - it is biohermal o
r reeflike in form .

tends from the Eskridge Quarry through the It must also b
e

noted ( Fig . 3 ) that whereas
Judith and Coffman Ranch areas ,where it forms the western and northern margins o

f

the Esk

a conspicuous bench o
n the local grassy hill ridge -Coffman Ranch area o
f

Bennett limestone
sides . Shallow sinkholes in the Bennett lime - are bounded b

y

shale ( “ rocks of different lithol
stone are common topographic features o

f

this ogy ” ; Cumings , 1932 ) the southern edge of the
Eskridge -Coffman Ranch area . thickened beds passes gradually into thinner

O 'Connor and Jewett (1952 ) noted this Ben - beds of like composition , visible within the Ben
nett lithofacies (Fig . 3 ) and called it a bioherm . nett Member at the Allen , Elmdale , and Safford
The original definition o

f

bioherm b
y Cumings ville sections .

( 1932 , p . 333 ) applies the term to “ reeflike ,

The words o
f

Moore ( 1957 , p . 1790 ) seem to

moundlike , lenslike o
r

otherwise circumscribed describe perfectly these stratigraphic conditions
structures o

f

strictly organic origin , embedded found in the Bennett .

in rocks of different lithology . ” In broad out
line the Bennett limestone o

f the Eskridge -Coff - It seems objectionable to class a
s reefs (bioherms ) the

man Ranch area faintly resembles part of a bio locally thickened masses o
f

bedded limestone that occur

in some formations . . . even though these masses are
predominantly ( o

r exclusively ) made by organisms and
originally formed prominences o

n
the sea floor . The

thickened beds pass very gradually , not abruptly , into
thinner beds o

f

like composition .

Paleoecological evidence presented below in

T145
dicates that this thick Bennett limestone prob
ably was deposited in quite shallow water . Its
maximum thickness is not much more than 3

0
feet and it is surrounded b

y contemporaneous

shale a
t

least 5 feet thick . Its minimum hori
zontal dimension is about 2 miles . Clearly , the
Bennett limestone in the Eskridge -Coffman

1 Adde Ranch area could not have formed much more
than a slight , Aat prominence o
n the se
a

floor .

Such a low feature o
n the sea floor can not b
e

regarded a
s
a reef or bioherm .

Mudge and Burton (1959 , p . 60 , p
l
. 9 ) also

noted this feature o
f

Bennett stratigraphy but

called it a biostrome (Cumings , 1932 , p . 334 ) .

This writer believes that the term biostrome is

not applicable to the local stratigraphic relations

o
f

the Bennett described herein . Moreover ,STITI
Moore (1957 , p . 1789 , 1790 ) and Weller ( 1958 ,

p .612 ) have shown good reasons why biostrome
should b

e

dismissed altogether from stratigraph
FIGURE 3 . - Diagrammatic cross section showing inter
pretation o

f

thick Bennett limestone facies in Eskridge ic vocabulary .

Coffman Ranch arca . Arca o
f

thick Bennett limestone
The terms bioherm and biostrome being infacies is shown o

n

location map (modified from Mudge

and Burton , 1959 , p
l
. 9 ) . appropriate , there is n
o

concise substitute term
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which , by definition , would describe the strati-
graphic relationships manifested by the locally
thick limestone and associated shale of the Ben -
nett Member in the Eskridge -Coffman Ranch
area . Consequently , nomenclatural difficulties
are avoided in this report by simply referring to

thick or thin limestone or shale facies which a
re

best developed a
t

certain localities ( e . g . , the
Eskridge -Coffman Ranch limestone facies o

f

the

Bennett Shale Member ) . The assumption is

that shades of meaning will be quite clear from
context . Moore (1957 , p . 1782 ) and Weller

and clarity o
f

this sort o
f

facies nomenclature .

The thick limestone accumulation o
f

the
Bennett Member at the Eskridge Quarry con -

tinues through the Judith and Coffman Ranch

sections and southward , where it gives way to
the thinner limestone and shaly facies visible at
the Allen sections and beyond (Fig . 3 ) .

A richly crinoidal lithology is present in the
upper part of the Bennett limestone a

t Eskridge
Quarry and Coffman Ranch . Bryozoans , ostra -

codes , brachiopods , holothurian sclerites , fora -

minifers , and algae are common , and crinoid
columnals are abundant in this unevenly thin
bedded rubbly limestone . Laboratory analyses
showed that these rocks contain about 5 percent

less calcium carbonate than the underlying mas -

sive Bennett limestone .

The Bennett Member is about 8 feet thick

a
t the Allen section (Appendix ) . Here , as else -

where , the lowermost beds ( 1 foot thick ) are
dark -gray , Orbiculoidea -bearing shale . Only 2

feet o
f

hard ,massive , light -gray limestone simi -

la
r
to the Coffman Ranch limestone rests on this

basal shale . The limestone contains silicified
brachiopods , a few fusulinids , and light -gray
chert nodules in a

n aphanitic calcitic matrix .

The upper half has medium -gray chert nodules

( P
l
. 3D ) . It grades upward into shaly light -

gray limestone that contains a typical Bennett

mixed fauna o
f

brachiopods , horn corals , cri
noids , and Orbiculoidea .

A
t

the Allen N
o . 2 section the lowest Ben

nett shale is only 0 . 6 foot thick . Nearly 1 foot

o
f

Orbiculoidea -bearing massive limestone rests

o
n

the shale . The upper few inches of this lime
stone contain milky chert and silicified fossils .

It grades upward through approximately 2 feet

o
f shaly limestone into 2 . 5 feet o
f gray and

greenish -gray calcareous shale bearing Orbicu -

loidea and the Bennett mixed fauna . The upper

most 1 foot o
f

the unit is a light -gray muddy

limestone that contains a sparse Bennett fauna
and lacks Orbiculoidea .

The Bennett limestone facies is approximate .

ly 5 feet thick a
t

the Saffordville section (Ap
pendix ) , where it rests o

n nearly 2 feet o
f Or

biculoidea -bearing , dark -gray , calcareous shale ,

typical o
f

the lower Bennett . Algal deposits o
f

calcium carbonate occur a
t

random throughout

the limestone . Some algae ( Anchicodium ) ,

called linear algae , appear in vertical sections a
s

thin wavy lines oriented roughly parallel to

bedding . In three dimensions they are really
ribbonlike o

r

sheetlike crusts , but the term
linear is retained because it is commonly used

in field descriptions and reflects the gross a
p

pearance o
f

the structures in vertical sections .

Other calcareous algal particles form much o
f

the apparently structureless aphanitic matrix o
f

the Bennett limestone .

The top o
f

the limestone section consists o
f

0 . 4 foot o
f unique moundlike limestone struc

tures which seem to contain both o
f

the above
types o

f algal calcium carbonate , as well as fossil
detritus . Rusty iron staining seems to favor the

sheetlike algal structures . Rubbly , wavy -bedded
limestone makes u

p

most of the upper 2 feet of

Bennett limestone a
t

the Saffordville section .

The lower 3 . 5 feet is mainly massive , light -gray ,

resistant , pure limestone containing scattered
linear algae , some of which are broken , and a

fe
w

fusulinids a
t

the base . In general aspect
this limestone resembles equivalent limestone a

t

the Allen section . About 7 feet o
f

upper Ben

nett sediments , probably shale , is covered a
t the

Saffordville section .

A
t

the Elmdale section (Appendix ) the
lower Orbiculoidea -bearing black shale o
f

the

Bennett Member is reduced in thickness to about

0 . 1 foot . The shale lies below 5 to 6 feet o
f

predominantly pure ,massive , and resistant lime
stone ( P

l
. 3A ) which contains a few fusulinids

a
t

the base . This limestone is similar in thick
ness , position , and fauna to the Bennett lime
stone exposed a

t Saffordville . Within the upper
foot o

f

this limestone sequence a
t

the Elmdale

section is linear algal limestone ( P
l
. 5A ) . About

4 feet o
f

medium -gray calcareous shale rests on

the thick Bennett limestone . A typical Bennett
fauna o

f

common brachiopods (Neospirifer ,

Linoproductus , Crurithyris , Ambocoelia , Weller
ella ) , bryozoans (Fenestella , Rhombo pora ) , fora

minifers , ostracodes , and fish teeth is abundant

ly represented in this shale .

Two feet of massive limestone enclosed b
y
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Plate 5. —A, Peel print (X3.0) of upper Bennett limestone from Elmdale section. Wavy dark lines are sheetlike
algal crusts ( Anchicodium ? ). Note crust fragments in lower and upper left of picture . B, Peel print (X3.5) of
Bennett limestone from Highway 38 section. Note wavy sheetlike algal crusts in lower half of picture and broken
algal crusts with brachiopod fragments in upper half . Arrows point to top of bed .
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shale a
t

the Turnpike section superficially re - sections studied , Highway 3
8

is the southern
sembles Glenrock Limestone . However , this most one in which correlations of the Red Eagle
designation is refuted by the presence in the Limestone o

f

Oklahoma with it
s

members to

limestone o
f

Orbiculoidea , Fenestrellina , and the north can b
e recognized . Farther south the

linear algae typical o
f

the Bennett Member and Glenrock Limestone probably disappears , where

b
y

the absence o
f

fusulinids . This evidence in a
s the Bennett limestone section thickens and be

dicates that the limestone may b
e
a thin , tongue comes more argillaceous toward the Burbank

like southward extension o
f

the Bennett lime area , where it makes u
p

the bulk o
f

the lime
stone facies . The Bennett limestone bed rests stone defined a

s the Red Eagle Limestone for

(paraconformably ? ) o
n

shale o
f

the upper John - mation .

son Shale . Calcareous shale immediately above Limestone o
f the Bennett Member a
t the

the limestone contains a profuse Bennett -like Highway 3
8

section embodies characteristics
fauna . Equivalents o

f

the lower Bennett Orbicu typical o
f

all limestone lithofacies o
f

the Ben
loidea -bearing black shale are absent from the nett Member . Fragments o

f

brachiopods . bryo
Turnpike section . zoans , and ostracodes are rare to common in an

Fossils in the 2 feet o
f

limestone and shale aphanitic calcareous matrix . Orbiculoidea and
observed a

t

the Sallyards section indicate that fusulinids are rare to common a
t

the base o
f

the

these beds are also correlative with Bennett sedi - unit and rare throughout the remainder . Linear
ments farther north . algae ( Anchicodium ? ) (Pl . 5B ) are present in

A
t

the Piedmont section ( Appendix ) shaly limestone near the base o
f

the Bennett Member .

light -gray limestone containing common fusu - SUMMARY . – At the type area near Bennet ,

linids makes u
p

the lower 1 . 5 feet of the Ben Nebraska , and southward to Manhattan , Kan
nett exposure . The overlying 1

2

feet o
f

massive , sas , the Bennett Shale Member is mainly cal

resistant , light -gray , medium - to thick -bedded careous ,medium -gray , moderately to well -lami
limestone forms the remainder o

f

the Bennett nated shale . Brachiopod shells and spines are

Member at Piedmont . Orbiculoidea is present in rare to common , whereas bryozoans , conodonts ,

the lowermost bed o
f

this limestone . Fusulinids foraminifers , ostracodes , and crinoid discs are
are rare to common throughout the section , to - rare . The lowest shale is fissile , dark gray or

gether with a typical Bennett fauna with brachi - black , and characteristically contains numerous
opods , ostracodes , and crinoid discs . Some o

f

Orbiculoidea , but only a few conodonts and fish
the limestone is vuggy ; other parts contain sec - teeth and even fewer fusulinids . The shale is

ondary chert nodules surrounding silicified fos easily identified in the field because it rests o
n

sils . South of the Piedmont section the light the distinctive Glenrock Limestone . Sparse Or
gray limestone o

f

the Bennett Member makes u
p

biculoidea fragments may occur throughout the
most o

f

the Red Eagle Limestone . Bennett Member , regardless of lithology .
The basal shale is only 0 . 1 foot thick at the The Bennett Member is about 8 feet thick a

t
Grand Summit section ( Appendix ) . This thick - Bennet , Nebraska , and gradually thins south
ness is reminiscent of conditions a

t

Elmdale . ward to 4 feet a
t Manhattan , Kansas . Between

Orbiculoidea abounds in this shale , together Manhattan and Paxico the Bennett " shale ” be
with many fusulinids , ostracodes , conodonts , comes thicker ( 19 feet ) and more calcareous
and brachiopod fragments . The rest of the Ben - until , at the Paxico section , only the basal black
nett is hard , light -gray , aphanitic limestone . The fissile shale maintains the typical northern char
lower 4 feet o

f

limestone weathers out as thin acter (approximately 3
0 percent CaCO3 ) . In

wavy beds in which linear algae a
re common . the same area the upper two -thirds of the Ben

Five feet of massive thick - to medium -bedded nett Member appears in the field to consist o
f

limestone forms themedial part of the member . light -gray , very calcareous mudstone and shale .

Thinner beds make u
p

the upper 4 feet . Bra - Laboratory analyses revealed that this is lami
chiopods , crinoid columnals , ostracodes , and nated muddy limestone containing approximate
small gastropods are rare to common in a

n ly 70 percent calcium carbonate .

aphanitic matrix . This argillaceous -calcareous facies o
f the

A
t

the Highway 3
8

section ( Appendix ) the Bennett Member continues southward to a
n

massive , light -gray , medium -bedded limestone area about 3 miles south o
f

Eskridge , where the
which constitutes the entire Bennett Member is facies changes abruptly to include the medium
similar in thickness , purity , and lithology to its bedded , very pure ( 95 to 99 percent CaCO3 )

equivalent a
t the Grand Summit section . Of the limestone , 15 feet thick , at the Eskridge Quarry .
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The thickest part of this limestone facies of the Bennett limestone facilitates correlation , especial
Bennett Member trends in a band about 2miles ly where the Glenrock Limestone and lower

wide (Fig . 3) southwest from Bradford , through Bennett black shale are absent or not exposed .
the Eskridge Quarry to the Coffman Ranch sec- Bennett limestone is a

ll nearly pure Caco .

tion , where it supports a conspicuous bench o
n

( 95 to 9
9 percent ) in southern Kansas . In

local hillsides and creek banks . Sinkholes are northern Oklahoma it ismore argillaceous (com
present in this limestone . Brachiopods , crinoid
columnals , horn corals , bryozoans , and fusulinids weathers to shades o

f light gray with tints of

are rare to common throughout the limestone . rusty yellow and brown .

Between the Coffman Ranch section and the
Allen section the entire Bennett Member thins Wherever the Bennett Member is composed

to about 8 feet . The pure limestone facies thins o
f

shale it underlies grassy slopes between the

to about 2 feet , whereas the rest o
f

the upper minor hillside benches supported b
y

Howe and

Bennett changes to muddy limestone facies like Glenrock Limestones . Bennett limestone facies

that at Paxico . In the short distance from the o
f

central and southern Kansas commonly form

Allen section to Allen No . 2 section , the Ben - hillside benches which are more conspicuous

nett Member thins to less than 8 feet , the pure than those supported b
y

the thinner Glenrock

limestone becomes slightly argillaceous , and the and Howe Limestones to the north .

muddy limestone becomes shaly . Howe Limestone Member
The black and dark -gray lower shale of the

Bennett maintains a thickness o
f

about 1 foot in This uppermember o
f the Red Eagle Lime

the area o
f

the aforementioned facies changes o
f stone formation was named b
y

Condra (1927 ,

the medial and upper Bennett . p . 86 ) " . . . from exposures south o
f Howe ,

Southwestward from Allen No . 2 to Elm Nebraska ; stone in its unweathered condition ,

dale , the Bennett Member thickens slightly to

dark gray ,massive , and dense ,with considerable

more than 9 feet . The massive , pure limestone free calcite ;weathers buff to yellowish , granular ,

vesicular o
r

cavernous , and very irregular ; thick
facies o

f

the Bennett Member thickens to about

5 feet , whereas the basal black shale thins to

ness about 4 feet . This carries geodes at places .

less than 0 . 1 foot at the Elmdale section . Some

It has fe
w

fossils . ”

o
f

the massive limestone contains linear algae . Only one small , incomplete exposure of this
Upper Bennett shale contains the same kind of limestone is observable about half a mile south

mixed fauna a
s
is visible in Nebraska . o
f Howe , Nemaha County , Nebraska . Condra ' s

Between Saffordville and Piedmont there are description seems t
o apply fairly well to this

few sections o
f

the Bennett Member suitable for limestone

, except that it understates the amount

sampling . Where it was studied , the member o
f

solution pitting and decay .

lacks black shale and is made u
p

o
f

fossiliferous The decayed limestone that Condra de
gray shale overlying massive ( 1 to 2 feet ) , pure scribed is not satisfactory a

s
a type section for

limestone beds similar to those a
t

the Allen reference in correlating Howe rocks of other
section . localities . The limestone a

t

the exposure desig

In southern Kansas . between the Sallvards nated b
y

Condra is so badly pitted , decayed , and

and Piedmont sections , the Bennett Member recrystallized a
s

to preclude confident estima

thickens and changes to a thick limestone facies tion o
f

it
s original lithology . Moreover , there

very similar to the lithofacies a
t the Eskridge are no nearby exposures o
f

Roca o
r

fossil -bear

Quarry . This relatively thick ( 10 to 1
5

feet ) ing Bennett beds , which could a
id in identifica

limestone assemblage is continuous southward tion o
f

the limestone a
s Howe o
n

the basis o
f

into Oklahoma ,where it constitutes most o
f

the stratigraphic position .

Red Eagle Limestone . The basal Bennett black In southeastern Nebraska the Howe Lime
shale is scarcely a

n inch thick in southern Kan - stone is normally a light -gray aphanitic lime
sas but it is , nonetheless , readily recognizable a

t

stone that weathers to shades o
f

rusty and yel
the base o

f

the massive Bennett limestone . lowish light brown a
s
a result o
f secondary iron

Orbiculoidea fragments , so abundant in the oxide deposition within interstices o
f

the rock .

Bennett black shale all the way from Nebraska It is about 3 to 5 feet thick . The commonly

into southern Kansas , are rare in the lower and pitted and irregularly cellular (vuggy ) limestone
middle portions o

f

the Bennett limestone . Their has been partially dissolved b
y

ground water in

presence (with a few fusulinids ) in the lower many places . Near the Pawnee section , springs
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PLATE 6 . - A , Algal buns at top of Howe Limestone at Allen No . 2 section . B , Pelletoid Howe Limestone (osag . te )

from Alma section , magnified X30 from thin section . Pellets or pseudo -oolites are tiny fossil fragments ( ostracodes ,

foraminifers , brachiopods ) covered b
y

layers o
f algal ( Osagia ) calcium carbonate . C , Base of limestone bed in Roca

Shale a
t

Pawnee section . Raised , angular , wall - like structures fill cracks in to
p

o
f underlying lower Roca Shale .
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of potable water emerge from the Howe Lime - half an inch of aphanitic , laminated , hard cal
stone. Iron oxides and travertine a

re being d
e - cium carbonate ( P
l
. 7 ) . The nautiloid was in

posited in larger solution cavities (vugs ) at the the top o
f

the pelletoid limestone . Its subortho
springs . The underlying fossiliferous shale in choanitic siphuncle contains numerous osagitic

the Bennett serves a
s

a
n effective aquifuge o
r pellets . Greenish shale o
f

the overlying Roca
aquiclude , preventing appreciable seepage o

f

Shale is impressed into and around the tops o
f

water downward from the Howe . the algal buns .

The Howe Limestone is well exposed a
t

the The distinctive pelletoid Howe facies (osag
Bennet and Pawnee sections . The latter would it

e ) persists , with minor modification , south

b
e
a good standard section fo
r

the Howe Lime - ward to the vicinity o
f

the Kansas -Oklahoma
stone in Nebraska . The lower contact is com - border . At the Highway 3

8 section near Clover
monly gradational through a few inches o

f

se
c
- dale , Kansas , the pellets are smaller and less

tion into the shale o
f

the topmost Bennett . This distinct than in central Kansas . Also , the pro
northern facies o

f

the Howe Limestone con portion o
f

elongate o
r

discoid pellets o
f

calcium
tains few fossils , so that usually the Howe can carbonate is greater , and algal coatings of the

b
e

identified in the field only b
y

lithology and individual pellets are thinner . .

stratigraphic position . Nebraska characteristics

o
f the Howe Limestone may b
e followed In Oklahoma , because the pelletoid facies is

southward to the Manhattan area o
f

Kansas . absent

, it is difficult to identify the Howe Lime

Throughout this distance the Howe forms in stone o
r

it
s equivalents . Largely because of its

distinct , light -brownish -gray o
r

rusty -gray lime
stratigraphic position atop limestone o

f the Ben
nett and beneath red shale o

f

the Roca , the ir

stone benches cropping out on grassy hill slopes .

Where it caps hilltops it is usually badly pitted ,

regularly and thinly bedded , pitted , rusty , sparse

ly fossiliferous limestone a
t

the top o
f

the Burdecayed , and iron stained . The thinner , fusu
linid -bearing Glenrock bench is readily recog bank section is correlated with the HoweMem

ber o
f

the Red Eagle Limestone .nizable a few feet below the Howe .

A change o
f

Howe facies occurs between the SUMMARY . — The Howe Limestone Member
Manhattan and Paxico areas o

f

Kansas . The o
f

the Red Eagle Limestone is a massive lime

northern aphanitic texture gives way to the stone
recognizable in exposures along nearly 250

pseudo -oolitic or pelletoid texture (osagite ) that miles o
f

a
n outcrop belt between Bennet , Ne

is visible in the vicinity o
f

Paxico and Alma ( P
l
. braska , and Cloverdale , Kansas . Throughout

6B ) . This distinctive texture characterizes the this distance the rock generally is 2 to 5 feet

Howe Limestone o
f

central and south -central thick and it exhibits only one major facies

Kansas between Paxico and Grand Summit . change . In Nebraska and northern Kansas the
Howe Member is an aphanitic light -gray lime

The pseudo -oolites or pellets are calcareous stone locally pitted and decayed b
y weathering .

nuclei , such a
s small foraminifers , ostracodes , o
r

In central and southern Kansas the Howe Lime
shell detritus , surrounded by coatings o

f

algal stone is a brown to gray -brown pelletoid lime
calcium carbonate (Osagia sp . ) . Aggregates o

f

stone (osagite ) . The pellets are composed o
f

these , with microcrystalline interstitial cement , fragments o
f organic shell detritus coated b
y

produce the pelletoid texture (osagite ) charac - algal (Osagia ) calcium carbonate . Fossils are
teristic o

f

the Howe Limestone in central Kan - common to absent ; a few ostracodes , brachio
sas . The rock weathers to light gray , common - pods , and arenaceous foraminifers can be seen

ly stained b
y

limonitic , rusty -yellow o
r brown in some fresh exposures and in polished sections .

iron oxides .

A very remarkable development o
f larger Roca SHALE

calcareous algal structures is present a
t

the top The Roca Shale was named b
y

Condra

o
f

the Howe Limestone a
t

the Allen No . 2 sec - ( 1927 , p . 86 ) “ . . . from Roca , Lancaster Coun
tion . A thick pseudo -oolitic limestone bed ty , Nebraska ; composed o

f

bluish gray , olive
makes u

p

the bulk o
f

the unit , but the upper 2 green , and reddish argillaceous shale . There

o
r

3 inches are bun -shaped o
r roughly hemi - are thin fossiliferous limestone seams in the

spherical masses o
f

concentrically layered algal upper portion : thickness o
f

division 1
8

to 2
0

calcium carbonate ( P
l
. 6A ) . O 'Connor and feet in Nebraska and somewhat greater in Kan

Jewett (1952 , p . 352 ) called these structures sas . The limestone seams carry many pelecy

“ Cryptozoon - like ” . One o
f

these masses was pods , as Pleurophorus sp . , Pseudomonotis sp . ,

underlain by a nautiloid cephalopod coated b
y

and Aviculopecten occidentalis . "
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PLATE 7 . - Peel print (X3 . 0 ) of pelletoid Howe Limestone (pseudo -oolite or osagite ) from Allen No . 2 section . Large
fossil a

t

left o
f picture is a coiled nautiloid cephalopod filled with clear sparry calcite and coated b
y

Osagia type o
f

algal calcium carbonate . Note that pellets are fossil fragments (ostracodes , foraminifers , brachiopods ) coated b
y

Osagia . ( See also Plate 6B . ) Arrow points to top of bed .
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The pelecypod -bearing limestone ascribed by pendix ) . Above a 3.1-foot covered interval at
Condra to the upper portion of the Roca Shale the base is about 6 feet of light-greenish -gray

is now known to be part of the Sallyards Lime- calcareous mudstone and shale barren of fossils.
stone , the lowest unit of the Grenola Limestone This is overlain by 2 feet of massive , light

(Condra and Busby , 1933 , p. 7-10 ). brownish -gray , hard , sublithographic limestone .
As implied by Condra and Busby ( 1933, p. The base of the limestone shows evidence of

7 ) and recognized by later workers ( e.g., Lane , having covered and filled large cracks in the
1958 , p . 127) , the upper boundary of the Roca uppermost greenish -gray shale and mudstone .
Shale is at the base of the Sallyards Limestone . This feature can be seen on the weathered base
That is, the Sallyards is the first limestone above of overturned slump blocks of the limestone (Pl.
the red shale of the Roca Shale . 6C ) . The limestone grades upward through 0.2

Thus, the Roca Shale formation is readily foot of laminated
, Aaky , argillaceous limestone

recognizable not only by it
s

own re
d

shale con and 0 . 2 foot o
f

calcareous shale having traces o
f

tent , but b
y

it
s position between the Howe

tiny gastropods , brachiopod fragments , and are

Limestone below and the Pseudomonotis -bear naceous foraminifers . The red mudstone next

ing Sallyards Limestone above . It is characteris above is barren o
f fossils . Five feet o
f

unfossili

ti
c o
f

this portion o
f

the Kansas rock column ferous light -greenish -gray argillaceous limestone

that correlation and identification o
f

rock units and shale make u
p

the uppermost exposed beds .

is achievable only b
y

recognition o
f

unusual If unit thicknesses are disregarded , the sequence

lithologies in their peculiar sequence . In this o
f green and red shale and limestone o
f

the Paw
way the Roca Shale formation , in turn , may b

e nee section correlates satisfactorily with similar

used to affirm the stratigraphic position andnd beds a
t

the Bennet section despite the absence o
f

boundaries o
f

the Red Eagle Limestone below fossils . Such correlation o
f

subdivisions o
f the

and the Grenola Limestone above . Roca Shale is not presently possible in Kansas
because o

f

numerous local inconspicuous changes
The Roca Shale is not now exposed a

t

Roca ,

Nebraska . A few slopes in the town are red

in facies , lack o
f

fossils , and distance between

dish , after the fashion o
f

weathered red shale
exposures .

o
f

the Roca visible elsewhere , but they owe their The Roca Shale is entirely exposed and a
c

color to re
d

Pleistocene silt and loess . cessible a
t

the Manhattan section (Appendix ) .

A
t

the nearby Bennet section (Appendix ) , The thickness o
f

the unit here is 1865 feet .

the lower 9 . 6 feet of the Roca Shale is well
Light -greenish - gray calcareous mudstone and
shale are the principal rock types , but three unitsexposed . The lowermost approximately 3 feet

o
f

maroon and red shale constitute nearly one
consists o

f gray and greenish -gray , slightly cal
careous shale with traces o

f

ostracodes and gas
third o

f

the sequence . Distinct calcareous no
tropods . About 1 foot of hard , light -brownish dules occur in some o

f

the calcareous red shale .
gray , aphanitic limestone separates the lower Some o

f

the maroon beds grade to light -green

shale from overlying gray shale , which includes color . A nodular microgranular limestone is

approximately 1 foot o
f

vivid red mudstone .

present just below the middle o
f

the unit . Rare

Gray shale below the redbeds contains a fe
w traces o
f brachiopods (Crurithyris ? ) are present

ostracodes and rare traces o
f

fish teeth . Shale in greenish -gray shale near the middle o
f

the

above the redbeds is unfossiliferous . A thin , unit .

aphanitic , light -gray limestone caps the incom - At the Alma section ( Appendix ) the Roca
plete Roca exposure a

t

the Bennet section . The Shale is 10 feet thick and composed chiefly o
f

complete Roca Shale thickness is estimated to medium - to light -gray and light -greenish -gray ,

b
e

1
5 feet . slightly calcareous , unfossiliferous shale . There

Exposures o
f

Roca Shale satisfactory for d
e - is a thin red shale (noncalcareous ) near the top

tailed sampling without risk o
f

contamination o
f the sequence and about 2 feet o
f

limestone

are extremely rare in southeastern Nebraska and near the base .

in Kansas . Shaly beds of the Roca commonly The Roca is about 2
1

feet thick and contains
underlie broad , gentle , grassy slopes between several thin limestone beds a

t

the Dunlap sec
limestone o

f

the overlying Grenola Limestone tion (Appendix ) . One limestone , just below the
formation and the underlying Red Eagle Lime - middle of the unit , contains rare traces of ostra
stone formation . codes . As elsewhere ,most of the Roca beds are

A partial exposure (lower 1
8

feet ) o
f

the light -greenish -gray , slightly calcareous , and un
Roca Shale occurs a

t

the Pawnee section (Ap - fossiliferous . Only 2 feet of the greenish shale

.



Kansas Geol. Survey Bull. 1
6
4
, 1963

is not calcareous . One bed of noncalcareous red commonly present in small amounts . These
shale occurs in the middle of the section . green minerals account for the greenish tint in

The Roca Shale at the Elmdale section (Ap - most o
f

the gray Johnson and Roca Shales .

pendix ) is predominantly light -greenish -gray o
r

Traces o
f

calcium montmorillonite and some
gray and only mildly calcareous . A maroon unknown mixed -layer minerals are randomly

mudstone near the top of the unit is noncalcare - rare in the Johnson and Roca Shales .

ous to slightly calcareous . It is significant that , as in the shale , the
The same general characteristics o

f

the Roca major constituent of the small amounts o
f clay

Shale observable a
t

Elmdale persist through in limestone o
f

the Red Eagle is illite ; there are
southern Kansas into Oklahoma . Traces o

f

car - traces o
f

chlorite .

bonaceous remains , ostracodes , and gastropods The mineral calcite is next in abundance in

are present close to the top o
f

the unit . In the the Red Eagle cyclothem . Finely divided calcite
area o

f

the Kansas -Oklahoma border , the Roca

is present in almost a
ll

shale and in all limestone
Shale consists o

f

a
n upper 6 -foot division o
f

matrices . Shell remains , some originally aragon
buff -weathering gray shale and a lower one o

f

it
e

but now changed to calcite ,make u
p
a large

red and maroon shale 1
1 feet thick ( Taylor ,Taylor , ipart of the calcium carbonate in the Red Eagle

1953 , p . 57 ) . Limestone . Algal calcium carbonate is also sig .

A
t

the Burbank section the lower 7 feet o
f

nificant . Traces of dolomite are present in some
the Roca Shale is red shale . Pinkish -gray shale shale beds o

f

the Red Eagle cyclothem .

4 feet thick lies between the lower red shale and
Insoluble residues also showed that traces o

f

6 feet o
f buff -weathering gray shale a
t

the top
clear subangular to subrounded quartz silt are
cher

o
f

the unit . Traces o
f

carbonaceous remains , widespread in a
ll

units o
f

the Red Eagle cyclo
ostracodes , and gastropods are present in the them . The minor amounts of quartz silt in the
upper 2 feet o

f

Roca beds at the Burbank sec
Red Eagle Limestone seem mostly to have been

tion . built into the shells o
f

arenaceous foraminifers .

SUMMARY . — Good exposures are rarer for the In the Johnson and Roca Shales the quartz silt
Roca Shale than for other units o

f

the Red Eagle is sparsely dispersed . Traces ofmuscovite rarely
cyclothem . Between Bennet , Nebraska , and accompany the quartz in some residues .

Grand Summit , Kansas — a distance of 250 miles
Glauconite is extremely rare in the Bennett

- the Roca Shale consists o
f light -gray , slightly

Shale . At the Grand Summit section glauconite
calcareous shale commonly about 1

4

to 1
8 feet

fills tiny gastropod shells in the lower part o
f

thick . Red shale and mudstone 1 o
r
2 feet thick

the Bennett .

is invariably present and conspicuous within the

characteristic gray shale sequence . Except at Variable small amounts o
f

limonite occur in

the top , where traces of ostracodes and gastro limestone o
f

the Red Eagle cyclothem in some

pods are sometimes found , the Roca Shale is

places . The osagite facies o
f

the Howe Lime

almost entirely unfossiliferous . stone is characteristically limonitic where weath
ered . Limonitized fossils are rarely evident in

In northern Oklahoma the lower one - third
limestone o
f

the Bennett Member . Hematitic

o
f

the Roca Shale consists o
f

red shale , succeeded pyritohedral pseudomorphs a
re present in theupward b
y
a sequence o
f

gray shale which
limestone near the type locality o

f

the Red Eagle
weathers light yellowish gray or buff .

Limestone in Oklahoma .

MINERALOGY Siliceous materials such a
s beekite a
re

rare

in the Red Eagle Limestone o
f

southern Kansas .

Studies o
f

insoluble residues obtained b
y

Rare manganese dioxide dendrites are pres

acid treatment o
f

rocks belonging to the Red ent along shaly laminae in some o
f

the weath

Eagle cyclothem showed that clays are the most ered calcareous shale in the Red Eagle cyclothem .

abundantminerals . Clay is the bulk of the shale

in the Johnson and Roca , regardless o
f

color , PALEONTOLOGY
and is a

n important constituent o
f

the Red
Eagle Limestone . Differential thermal analyses PALEOBOTANY

and x -ray diffraction patterns from selected Fragmentary carbonized plant remains and
samples taken a

t the Bennet , Manhattan , and impressions are commonly present in the upper
Pawnee sections showed that illite is the most most gray shale o

f

the Johnson Formation .

common and abundant clay mineral in the Much o
f

this material is vitreous and is coalified
northern part o
f

the outcrop belt . Chlorite is to the extent that details o
f original organic
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structure are rarely visible . Only one fragment sas have been published . It may be expected
could be identified definitely as remains of a that much will be added to understanding of
gymnosperm . Traces of fragmentary carbonized cyclothems and paleoclimatology when more

materials are present but rare in some gray spore and pollen data are assembled . The new
shale in the lower part of the Bennett Member information should be used to affirm or revise

and in the uppermost shale of the Roca Forma- the presently recognized (Moore and Moss ,
tion . 1934 ) position of the Pennsylvanian -Permian
Evidence of the activities of algae is present boundary in Kansas and adjoining states.

in the Red Eagle Formation . The secondary
laminar calcium carbonate deposits which coat PaleoZOOLOGY
small shell detritus , especially in the Howe
Limestone and to a much lesser degree in the The Johnson and Roca Shales a

re mostly

Glenrock Member , ar
e

attributed to precipita either barren o
f

fossils o
r only very sparsely fos

tion caused b
y

algae and have been given thee
n given the siliferous . On the other hand , the Red Eagle

" form ” generic name Osagia (Johnson 1946 , p . Limestone is abundantly fossiliferous . Gastro

1104 ) . The Howe Member so abounds with pods and ostracodes are the only major groups

these pellets o
f Osagia that it and similar rocks o
f

invertebrates that occur in all stratigraphic

in other parts o
f

the column have been called units o
f

the Red Eagle cyclothem . The inverte
osagite . Limestone of the Bennett Member con brates represented are mostly confined to the

tains traces o
f
so -called linear algae a
t

some Red Eagle Limestone formation . Table 3 lists
localities ( P

l . 5 ) . These are really ribbon - like all animal fossils found in the Red Eagle cyclo

and thin , crustose , often sparry , calcium car them .

bonate structures , some of which are related to Stratigraphic Paleontology
Anchicodium . Harbaugh (1959 ) noted similar
algal materials in Pennsylvanian rocks . Also , Figure 4 shows the stratigraphic position o

f

the masses o
f apparently structureless calcium all fossils recognized in the Red Eagle cyclothem

carbonate which constitute much o
f

the matrix a
s
a result o
f

this study . To some extent recog

o
f

Bennett limestone a
re believed to b
e largely nition o
f

these fossils and estimations o
f

relative
algal in origin (consolidated algal “ dust ” par - abundance depend o

n

the efficiency and refine
ticles ) . ment o

f

extraction methods . Most genera
Oogonia o

f

charophytes ascribed to the genus named were collected from shale o
f

the Bennett

i Trochiliscus * have been found in upper (and Shale Member o
f

the Red Eagle Limestone .

lower ) parts o
f

the Johnson Shale a
t

two locali - A . G . Fischer recognized ostracodes , gastropods ,

ties . Lane ( 1958 , p . 129 ) was the first to note bryozoans , spicules , and echinoid fragments in

" charophytes ” in uppermost shale o
f

the Roca the algal colonies a
t

the top o
f

the Howe Mem

! in southern Kansas . ber at the Allen No . 2 locality ( H . G . O 'Con
Several genera o

f

spores are present in the nor , personal communication ) .

lower black shale o
f

the Bennett Member . These The fusulinid Triticites is the most abundant
include Pityosporites sp . , Lueckisporites sp . , fossil in the entire Red Eagle cyclothem ( Fig .

Florinites sp . , Punctatisporites sp . , Nuskoispor - 4 ) . It ismainly confined to the Glenrock Lime
ites sp . , Entylissa sp . , and Cycadopites ? sp . stone ,wherein a

t many places its large numbers
This list records results from analyses o

f

the constitute a major part of the rock . A fe
w

Triti
few samples chosen to give a general indication cites are present in the lowermost shale and the

o
f

the spore content in the Red Eagle cyclothem . limestone facies of the Bennett Member , and in

Doubtless the list is incomplete . It is interest - the uppermost beds o
f

the Johnson Shale only
ing to note that the genera seem to b

e similar to a
t the Highway 3
8

section . O 'Connor and
younger Permian assemblages from other parts Jewett ( 1952 , p . 335 ) observed a fusulinid in

o
f

the world . Could this indicate that in Wolf - the Howe Limestone near the Allen No . 2 sec
campian time middle North America was the tion .

cradle o
f development o
f
a Aoral assemblage With only five exceptions , identified fora

which did not flourish o
n

other continents until minifer genera are confined to the Red Eagle
later in the Permian ? Limestone , Ammodiscus , Ammovertella , and
Few works on fossil spores and pollen from Toly pam mina are arenaceous foraminifers found

the Pennsylvanian and Permian rocks o
f

Kan - in both the Johnson and Red Eagle Formations .

There are n
o publications o
n

Permian arenace

* Someof the charophytesmight be assignable to the new
genusCarillochara, describedby R . E . Peck and J . A . Eyer (1963) .
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Table 3. - Animal remains recognizable in th
e

Red
Eagle cyclothem .

1
1

Arthropods

Trilobites

Unidentified pygidial o
r

thoracic remains

Ostracodes

Amphissites Jonesina
Aparchites Kirkhya

Bairdia Kirkbyella

Bythocypris Knighrina

Cavellina Macrocypris
Cypridina Paraparchites
Cytherella Round yella

Discoidella Ulrichia

Geffenina Youngiella
Hollinella

Holothuroids

Achistrum
Netlike sclerites ( Eocaudina ? )

Small , wheel -shaped sclerites ( Paleochiridora ? )

Conodonts

Cavusgnathus Polygnathodella

Hindeodella Prioniodina
Lonchodus Streptognathodus
Moreyella Synprioniodina

Ozarkodina

Tooth fragments

Cooleyella Multidentodus
Cooperella Palaeoniscus

Distacodus Scolopodus

Idiacanthus

Worm burrows

Foraminifers

Larger forms ( fusulinids )

Schwagerina

Triticites

Smaller forms (mostly arenaceous )

Ammobaculites Glomospira

Ammodiscella Glyphostomella

Ammodiscina Hyperammina

Ammodiscus Nodosinella
Ammovertella Nummulostegina
Bigenerina Tetrataxis
Cornuspira Tolypammina

Globivalvulina Trochammina

Coelenterates

Unidentified horn corals ( lophophyllids )

Bryozoans

Cryptostomes

Acanthocladia Polypora
Bactropora Rhabdomeson
Chainodictyon Rhombopora
Fenestella Saffordotaxis
Fenestrellina Sepropora
Megacanthopora Syringoclemis
Minilya Thamniscus
Penniretepora

Trepostomes

Leioclema ?

Brachiopods

Inarticulates
Lingula

Orbiculoidea

Articulates

Ambocoelia Linoproductus

Chonetes Marginifera
Composita Neospirijer
Crurithyris Rhipidomella
Derbyia Schuchertella ?

Dictyoclostus Wellerella
Echinoconchus Unidentified fragments

Hustedia and spines

Juresania

Mollusks

Pelecypods

Allorisma
Aviculopinna

Gastropods

Anematina ?

Bellerophontids

Small unornamented forms

Cephalopods

Unidentified coiled and straight nautiloids

Echinoderms

Crinoids

Columnal discs

Echinoids

Spines

Interambulacral plates

them in beds younger than Red Eagle and has

stated that they are indistinguishable from Late
Pennsylvanian forms he has described . Tetra
taxis ranges from uppermost beds o

f

the John
son Shale , through the Red Eagle Limestone , to

the lowermost Roca Shale . Cornuspira is very

rare in the upper part o
f

the Johnson Shale .
Bryozoans (mostly cryptostomes ) are mostly

confined to the Bennett and Glenrock Members

o
f

the Red Eagle Formation . Pennirete pora ,

characteristic o
f

the Bennett Member , is also
found a

t

the top o
f

the Johnson Shale and rarely

in the upper part o
f

the Roca Shale . All bryo
zoan genera named were washed from shale .

The fenestellate bryozoans in the Glenrock
Limestone are not readily identifiable because
they are difficult to extract . A few more genera

are present in the upper Bennett than in the

lower part o
f

the Bennett .

Brachiopod fragments generally occur pro
fusely in the Glenrock and Bennett Members

and sparingly in the HoweMember of the Red
Eagle Formation .

The inarticulate brachiopod Orbiculoidea is

rare to common in the black shale o
f

the lower

Bennett , and rare in gray shale and buff lime
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stone higher in the Bennett Member . Here and Limestone , and a few may also be found in th
e

there Lingula accompanies Orbiculoidea a
t

the upper part o
f

the Johnson and in the Glenrock
base o

f

the Bennett . Orbiculoidea is the strati and Howe units . Some columnals in shale are

graphic indicator o
f

the Bennett Member . flattened b
y

pressure perpendicular to the bed
Productid brachiopod fragments and spines ding , presumably from overburden o

f younger

are numerous in the Glenrock and Bennett sediments . Echinoid spines are rare to common
Members . In southern Kansas the upper parts throughout the Red Eagle Limestone , and they

o
f

the Johnson Shale contain Linoproductus and are very rare in the upper beds o
f

the Johnson
Juresania . Shale . Cidaroid interambulacral plates are
Crurithyris and Chonetes a

re very rare in scarce in the Bennett Member . A single plate
uppermost Johnson shale and more numerous was found in the upper part o

f the Johnson

in Bennett shale . Crurithyris , the only brachio calcareous shale .

pod found in a
ll

three formations , is very rare Extremely rare pygidial and thoracic remains

in the Roca Shale . o
f

trilobites ( cf . Ditomopyge ) are present only
Although ostracodes are present in al

l

units in the Bennett and Glenrock Members o
f

the

o
f

the Red Eagle cyclothem , they are most Red Eagle Limestone .

numerous in the Red Eagle Limestone . OnlyOnly Holothuroid sclerites may b
e found only in

the uppermost shale o
f

the Johnson Formation
the upper part of the Johnson Shale and in the

contains many ostracodes , together with the
Bennett and Howe Members o

f

the Red Eagle

i

carbonized plant remains . An association o
f
o
f

Limestone . Achistrum , a hooked form , and1

Bairdia , Cavellina , and Bythocypris character Eocaudina ? , a netlike sclerite , occur exclusively
izes the upper part o

f

the Johnson . These genera

in the upper part o
f

the Johnson Shale . Wheel
also appear sporadically in the Red Eagle and

shaped sclerites (Paleochiridota ? ) are present in

Roca Formations . A few Geffenina and Para
the Bennett Shale , the Howe Limestone , and the

parchites are found in the uppermost part of

upper part o
f

the Johnson Shale .

the Johnson Shale but are unknown in the rest

o
f

the section . Cypridina , Discoidella , Kirkbya , Worm burrows are visible in limestone lenti

Kirkbyella , and Knightina have been observed cles o
f

the upper part o
f

the Johnson Shale and

only in the Bennett Member . Ostracodes are in the top o
f

the Glenrock Member o
f

the Red

rare in the Howe Limestone . Scarce Bairdia Eagle Limestone .

Bythocypris , Cavellina , Cytherella , and Macro
cypris are the only ostracodes in the generally PALEOECOLOGY
unfossiliferous Roca Shale .

All conodonts are confined to the Bennett Rocks o
f

the Red Eagle cyclothem a
re be

Member . They prevail in the black shale o
f

the lieved to have been deposited in warm , shallow

lower part o
f

the Bennett . Streptognathodus is marine water , sometimes clear , sometimes tur

the most common genus . Minute fish teeth ? bid , sometimes teeming with organisms , and

( Idiacanthus , Distacodus ) that usually accom - sometimes almost lifeless . All animal fossils in

pany the Bennett conodonts are very scarce in the Red Eagle cyclothem are marine forms .

the upper part o
f

the Johnson Shale and in the Following the principle o
f

uniformitarianism ,

Roca Shale . The Howe Limestone lacks cono - one may interpret ancient environments o
n the

donts and tooth remains . assumption that animals similar to living forms
Tiny gastropods , resembling Anematina , are experienced analogous influences , preferences ,

present in all units of the Red Eagle cyclothem . and tolerances . Thus , certain fossils have come
Allorisma and Aviculopinna are the only to b

e

considered a
s

reliable indicators o
f
e
n

pelecypods found in the Red Eagle cyclothem . vironment (environmental index fossils ) . They
Aviculopinna was observed in only two (Ne - are admitted a

s

evidence for reconstructing the

braska ) localities . It occurs , with Allorisma , a
t

environments in which the sediments were d
e

the top o
f

the Glenrock Limestone , in Howe posited . Conversely , the sediments may serve to

Limestone a
t

one locality , and in the Bennett indicate something o
f

the conditions in which

Shale and Howe Limestone a
t

another . One the fossils lived .

coiled and several straight nautiloid cephalopods Commonly , the paleoecology o
f individual

were found a
t

the top o
f

the Howe Limestone types o
f

fossils is interpreted from their associa

( P
l . 7 and page 93 ) . tions in a faunal assemblage . Certain members

Crinoid columnals are fairly numerous in o
f

the assemblage may b
e

environmental indi
the Bennett Shale Member o

f

the Red Eagle cators from which the living conditions o
f the
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entire group may b
e inferred . The assemblage , It is axiomatic that algae thrive only a
t

thus having acquired paleoecological signifi - depths where light penetration is sufficient to

cance , can then b
e

used in paleosedimentary in support photosynthesis . Turbidity and turbu
terpretations , even in the absence o

f

some o
f

the lence control light penetration in sea water . The
environmental index fossils which originally d

e - purity o
f

the Bennett Limestone containing o
b

fined it . vious algal deposits suggests that there was little

Because the enclosing sediments may show muddy material in the water .

that fossils were moved from their original If it is assumed that the earth crust o
f

the
positions and came to rest in a different environ - Midcontinent region has not " drifted ” appre
ment , one should not depend o

n

fossils alone ciably since Permian time , present -day observa
for paleoecological interpretation . However , tions support an additional assumption : in clear
when fossils are absent , the paleoecology can b

e

water , the base of the photic zone and the com
interpreted only from the physical characters o

f pensation depths - in Kansas latitudes at noon o
n

the rocks . Interpretations may b
e

hindered b
y

a cloudless , calm June 21st during Wolfcampian
the fact that diagenesis can obscure o

r destroy time - could have been a
t

least 200 feet below
the paleoecological record . the surface . Elias (1937 ) postulated that lime

In the following discussion two aspects o
f

stone such a
s the Glenrock was deposited a
t

paleoecology are treated separately . This first depths less than 180 feet . The presence in the
section summarizes the paleoecology o

f

impor - Glenrock Limestone o
f

small amounts o
f algal

tant groups and genera o
f

invertebrates a
s gen - material in situ indicates that Elias probably did

erally interpreted and a
s supported o
r

amended not underestimate the depth o
f deposition o
f

by this study . This section also deals with e
n - Glenrock -type limestone in the Kansas Lower

vironmental index fossils and their significance . Permian . Probably h
e

overestimated it , because ,

The second section presents the paleosedimenta - a
s Ellison (1951 ) noted , about “ 95 percent of

tion (depositional environments ) o
f

the major light available for photosynthesis has been ab
lithologic units in the Red Eagle cyclothem , in - sorbed in waters 5

0

meters in depth . ” In fact ,

terpreted b
y using information from the first more than 5
0 percent o
f

the total incident light

section and other relevant data . is transformed into heat and is extinguished in

Detailed discussions o
f ecologic factors that the top meter o
f pure water (Reid , 1961 , p . 97 ) .

control and limit the activities o
f

organisms ap Certainly algal growth involves more than mere

pear in both volumes o
f

the Treatise o
n Marine presence o
f light . Intensity and wave length o
f

Ecology and Paleoecology (Hedgpeth , ed . , 1957 ; light are also significant if algae are to Hourish .

Ladd , ed . , 1957 ) . Weller ( 1957 , 1960 ) gave con - Elias (1937 , p . 410 ) stated that calcareous
cise appraisals o

f

ecologic factors a
s

they apply algae favor depths between 7
5

and 110 feet .

in paleoecology . The interpretations which fol - Illing (1954 ) pointed out that in the Bahama
low are based o

n

such current knowledge of Banks calcareous algae abound near the edge o
f

ecologic factors . the banks (depths o
f

about 5
0
to 6
0 feet ) , where
they contribute the major portion ( 40 percent )

Marine Plants o
f

calcium carbonate to accumulating sediments .

Johnson (1954 , p . 36 ) stated that the modern
Calcareous Algae coralline algae grow best at depths less than 7

0

A
ll

three members o
f

the Red Eagle Forma
feet . Deeper than this ( Johnson , 1954 ; Teichert ,

1958 ) they diminish in size and abundance .

tion contain calcium carbonate o
f algal origin .

It is recognizable a
s the Osagia (Johnson , 1946 ) Cloud and Barnes (1948 ) wrote that

depths less

coating o
n shell fragments in the Glenrock and

than 1
5 fathoms ( 90 feet ) are favorable to good

especially Howe Limestones . Another type ap development o
f algae . Williams and Barghoorn

pears a
s long , roughly horizontal , ribbonlike o
r (1959 ) were convinced that control o
f

calcium

sheetlike crustose layers ( P
l . 5 ) , commonly carbonate precipitation b
y

plants is best at depths

called linear algae ( Anchicodium ? ) , that occur shallower than 6
0

feet . Algal biscuits in Florida
mainly in limestone o

f

the Bennett Member . Bay are found in waters 2 to 5 feet deep (Gins
Intact specimens are presumably in situ . Some burg and Lowenstam , 1958 ) . Cryptozoon -type

o
f

the ribbonlike material is broken and ran - algal stromatolites ( algal buns ) are presently
domly oriented ( P

l . 5B ) . It may have come forming in intertidal depths at Shark Bay , West
from encrusted upright -growing algal forms ( see ern Australia (Logan , 1961 ) . Accordingly , it

Harbaugh , 1959 , p . 303 -306 ) . seems wholly justifiable , and rather conserva
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tive, to assume that the profuse colitic (Osagia ) to accumulation of shallow calcareous banks
carbonates in the Howe Limestone were prob - similar to those described from Florida Bay by
ably deposited in water much less than 60 feet Ginsburg and Lowenstam (1958 ) .
deep, because analogous pelletoid materials are
presently accumulating in water less than 5 feet MARINE AND BRACKISH -WATER PLANTS
deep on the Bahama Banks ( Imbrie , 1962, per

sonal communication ; Freeman , 1962 ). Charophytes

The fe
w

algal -coated shell fragments within Oogonia o
f

charophytes are present only in

the Glenrock Limestone show n
o signs o
f

abra - the Johnson Formation o
f

the Red Eagle cyclo

sion o
r

other suggestions o
f damage due to them . Johnson (1946 ) has pointed out that a
l

transportation . This indicates that although the though many living forms o
f charophytes live in

fragments must have been turned over b
y

gentle fresh and brackish water , Paleozoic forms seem

currents from time to time o
n the Glenrock to have lived in shallow marine water . They a
p

lime oozes ( in order for the algae to grow a
llgrow a
ll pear to have thrived in clear , lime -rich water .pear to have

around the nuclei ) , these materials are found The oogonia o
f charophytes in calcareous

essentially in place and demonstrate that light mudstone o
f

the Johnson Formation support the
penetration was sufficient to support sparse ben - conclusion that these beds were deposited in

thonic algal life a
t the same depths wherein shallow marine , limy water of less than normal

fusulinids lived . Hence , the question arises a
s salinity . Perhaps this is why fossils are so rare

to whether such light penetration was because in the Johnson Formation . A tentative explana

o
f

shallow depth o
f

water in Glenrock time or tion o
f

such abnormal conditions is given o
n

merely because slightly deeper water was e
x - page 48 .

ceptionally clear ( free o
f

suspended detritus ) .

The amount of insoluble clay residue in north - Spores

ern Howe limestone is greater than in the
Spores a

re present in a number o
f

shale units
northern Glenrock , so there is the possibility

o
f

the Red Eagle cyclothem , especially the Ben
that Howe waters were slightly more turbid

nett black shale . They are of little use in marine
than Glenrock waters .

environmental interpretations because they must
Large parts of the calcareous matrices o

f

the have been blown o
r

washed into the Red Eagle

Red Eagle Limestone are aphanitic -microcrystal - cyclothem sediments from terrestrial sources .

line . Johnson (1946 ) suggested that such very However , the assemblage seems to indicate a

fine grained calcite is an accumulation o
f

dust cool climate ( H . L . Cousminer , personal com
like algal particles . In these matrices traces o

f

munication ) on land surrounding the se
a

o
f

algal threads o
f

the sort described b
y

Johnson earliest Bennett time .

( 1946 , p . 1107 ) are rarely observable , possibly Waxy plant residue is also present in the
because o

f

effacement b
y

recrystallization . Thus ,

Bennett black shale . Presumably much o
f

this

it seems reasonable to believe that much o
f the

unidentifiable material is , like the spores , of ter
structureless , aphanitic calcium carbonate in the

restrial origin . Its presence merely demonstrates
Red Eagle Formation limestone ( especially Ben

that the Bennett black -mud environment pre
nett limestone facies ) is o

f algal origin . Also ,

served plant material .

bacteria may have precipitated some o
f

the
particulate calcium carbonate b

y

removing car
Carbonized Terrestrial Plant Material

bon dioxide from sea water (Field , 1932 ) .

Where consolidated aphanitic algal accumula - The only significantblack carbonaceous plant

tions are associated with crustose fragments o
f

remains occur in the uppermost shale o
f

the

linear algae ( P
l . 5 ) , it can b
e suggested that if Johnson Formation . Plant material is randomly

the algal ribbons grew in the upright position distributed through the mudstone and shale . It

they may have served a
s filter traps for the fine must have been buried quickly under accumulat

algal detritus . Moreover , as Harbaugh ( 1959 , ing Johnson clastics to have avoided destruction

p . 306 ) suggested , mats of fallen algal ribbons b
y

physical o
r organic agencies . Some is gym

may have been “ sufficiently rigid to maintain nospermous , but other fragments , which might
open spaces ” which also could have served a

s

b
e

seaweed , appear grassy . The material is too
filter traps fo

r

fine sediment . This may have led badly altered for certain identification .
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Marine Animals

Foraminifers

Larger foraminifers , of which the fusulinid
Triticites is representative in the Red Eagle cy -

clothem , are thought to have lived in warm ,

shallow seas . Elias (1937 , p . 418 ) suggested that
fusulinids were benthonic organisms that lived

in tropicalwaters shallower than 180 feet . Triti -

cites is abundant in the Glenrock Limestone

Member o
f

the Red Eagle Formation and rare

in the Bennett Member .

In the Glenrock Limestone , fusulinids are so

abundant that they commonly constitute amajor
part of the rock . They are associated with nu
merous brachiopod fragments and traces o

f

ostracodes , bryozoans , and smaller foraminifers

in a nearly pure calcareous matrix . Unlike the
broken associated organisms , the fusulinids are
only slightly damaged . This is typical o

f

fusu -

in limestone containing less than 1
5 percent o
f

insoluble clay and silt detritus . Moreover , the
pure calcium carbonate tests o

f

fusulinids can

b
e

a
s much a
s

6
0 percent ( b
y

volume ) o
f

the
rock . Thus , if a limestone containing 5

0 percent

( b
y

volume ) o
f

fusulinid tests yields , for exam
ple , 5 percent ( b

y weight ) of insoluble residue ,

thematrix would actually contain about 10 per

cent o
f

insoluble residue . It is , of course , the
matrix that reflects the degree o

f

turbidity o
f

the
depositional waters . Glenrock matrices where
fusulinids are abundant contain slightly more
calcium carbonate than where fusulinids are

The association o
f

fusulinids with algal

carbonates also indicates warm clear water shal

low enough to permit light penetration sufficient

fo
r

algal photosynthesis . This evidence suggests

that Elias (1937 ) was correct to the extent that

he postulated fusulinids in Lower Permian rocks

cellular internal structure a
ll

tend to resist break
age ,but their undamaged surfaces here are none
theless remarkable , and suggest that they are
found nearly in place . At some localities the
long axes of the fusulinids show slight prefer -

ence for orientation in the bedding plane direc -

tion , but otherwise they are oriented randomly .

Orientation in the bedding plane is to b
e

e
x -

pected , because spindle -shaped objects would b
e

unstable in any other position than o
n their

" sides ” . Their random orientation in the Glen -

rock Limestone might be explained b
y
a sea -

Aloor covering o
f

viscous calcareous ooze , which
would tend to hold fallen fusulinids in random
position somewhat in the way that gelatin can

support fragments o
f

fruit .

Another noteworthy characteristic o
f

the

fusulinids in limestone o
f

the Glenrock and
Bennett Members is that they d

o not have algal

calcium carbonate coatings ( e . g . , Osagia ) , even

in the company o
f brachiopod and other frag -

ments which d
o

have such coverings . This sug -

gests that the fusulinids were moving about on

a substratum where algae were depositing cal -

cium carbonate o
n and around broken shell

detritus o
f

several kinds . Perhaps the fusulinids
were either too active to permit algae to a

c
-

cumulate o
n

them , in the way ( literally ) that

“ rolling stones gather no moss , ” or their physio -

logic habits repelled algae . Perhaps , even after
death , the chemical makeup o

f

their shells was

distasteful to algae .

There is no doubt that Red Eagle fusulinids
preferred clear water . They are numerous only

lived in water less than 180 feet deep . However ,

they might have lived at depths less than 3
0 feet

( Imbrie and others , 1959 , p . 78 ) .

Normally , temperature is a major control of

the distribution o
f

foraminifers in open seas

(Glaessner , 1955 ; Myers and Cole , 1957 ) , but it

does not dominantly influence zonation in shal
low water (Myers and Cole , 1957 , p . 1076 ) .

Hence , temperature being less important at such
shallow depths , light ( function o

f

depth ) should
have been one o

f

the principal controls o
f

Red
Eagle foraminiferal distribution , probably be
cause o

f

it
s control over the microscopic plants

necessary in the foraminifers ' diet .

During Glenrock time clear , marine , fusu
linid -rich water o
f

uniform depth and faunal
content must have covered much o
f

northeastern

Kansas and southeastern Nebraska . That is ,
deposition o

f

the Glenrock Limestone was uni
form over broad areas o

f

the Midcontinent re

gion , fa
r

from shore o
r

sources o
f

detrital sili
cates .

In brief , the sedimentary relations o
f

fusu
linids in the Glenrock Limestone indicate that ,

a
s Dunbar ( 1957 . D . 753 ) phrased it . " they

lived and accumulated o
n
a quiet sea foor free

from active agitation by waves and free from
bottom currents capable o

f transporting and
size grading the empty shells . ” Dunbar made it

clear that the normal habitat o
f

the benthonic
fusulinids is believed to have been in shallow

cpeiric seas .

Fusulinids in black tubes near the top o
f

the

Glenrock Limestone seem to have fallen into
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worm tubes or holes made by some other ani The tolerance of th
e

smaller foraminifers for

mals . The tube -makers must have burrowed a variety o
f

marine conditions is suggested b
y

downward from basal Bennett black mud into their occurrence in lithologies ranging from
loosely consolidated Glenrock lime mud . The nearly pure limestone to moderately calcareous

few loose fusulinids that lie atop the Glenrock shale and mudstone . Although Tetrataxis and
Limestone (slightly impressed into it ) and that Ammodiscus are present in various Red Eagle
are largely engulfed b

y
black Bennett mud could cyclothem lithologies , they occur most common

have been killed b
y

the first incursion o
f

toxic ly in the rocks containing less than 4
0 percent

Bennett muddy conditions . o
f

calcium carbonate . Glyphostomella is found

If th
e

sparse fusulinids which a
re present in

in lithologies containing about 75 percent o
f in

some Bennett limestone beds are approximately soluble clastic residue . On the other hand , Am

in situ , they must have lived under conditions movertella and
Tolypammina seem to favor the

close to the tolerance limits o
f

fusulinids . The calcareous environments
represented b

y

litholo

implication o
f

their smaller numbers , their
gies containing less than 1

0 percent o
f

insoluble

faunal association , and their association with residue . Thus

, their preference for clear water
large volumes o

f

algally deposited limestone is suggested . Also , calcareous places of attach

would b
e

that these fusulinids lived in very
ment were preferred by these genera . Ammo

shallow water ( ? < 50 feet : Laporte , 1962 ; Im vertella were found encrusted o
n fragments o
f

brie and others , 1959 ) . A corollary to this
Rhabdomeson ? and Fenestrellina ? . Tolypammi

would b
e that the algae possibly used large n
a

are rarely seen encrusted o
n

ostracodes .

quantities o
f

nutrients necessary to support fusu Lane (1958 ) and Hattin ( 1957 ) noted that
linid life . Moreover , the particulate algal ca

l

certain specimens o
f Osagia contained traces o
f

cium carbonate that was probably precipitating the arenaceous foraminifer Ammovertella , to
rapidly might have interfered with the food - gether with Nubecularia , which , as Johnson
intake mechanisms o

f

the fusulinids , perhaps ( 1946 , p . 1103 ) discovered , is the intimate asso
killing many before they could reproduce . ciate o

f

calcareous algal filaments in a
ll Osagia .

O
n

the other hand , it is remotely possible In this study , too , traces of Ammovertella were

that the fusulinids could have washed into the
found in Osagia o

f

the Howe Limestone , and on

area o
f

study from unknown sources , or that some linear
algae ( Anchicodium ? ) in the Ben

nett Member as well . However , the Ammoverthey might have been reworked from now
tella are so few that these coincidences of oc

absent Glenrock deposits in central Kansas .

currence can not b
e

said to indicate definiteHowever , these possibilities seem unlikely be
cause the Bennett fusulinids show n

o damage o
r organic associations ( e . g . , commensal , symbi

otic ) .

abrasion to suggest erosion o
r long transporta

That is , considering the variety o
f cal

careous materials o
n which it encrusts , Ammo

tion .

vertella in the Red Eagle cyclothem simply
The very rare fusulinids in the top part o

f

seem to have preferred calcareous surroundings

th
e

Johnson Shale a
t

the Highway 3
8

section o
r places o
f

fixation . If they had encrusted o
n

are broken and abraded , suggesting damage dur a calcareous algal coating o
f

Osagia , they would
ing long transportation from a

n unknown source naturally have been covered b
y

the next -de
area . The single fusulinid shown b

y
O 'Connor posited Osagia layer , giving the false impression

and Jewett ( 1952 , p . 335 , p
l
. 10 ) is insufficient
that Ammovertella were functional interrelatives

to permit explanations o
f
it
s significance in the
the o
f

algae and active contributors to Osagia .

Howe environment .

Insoluble residues from limestone in a
ll parts

Almost al
l

smaller foraminifers o
f

the Red o
f

the Red Eagle cyclothem commonly contain
Eagle cyclothem are arenaceous forms . They areey are traces o

f
" stuck together ” quartz silt , most o
f

common in the Red Eagle Limestone , rare in which probably came directly from arenaceous
the Johnson Shale , and extremely rare in the foraminiferal tests similar to ( o

r

actually be
Roca Shale . They are not as restricted in their longing to ) Ammovertella and Tolypammina .lon
lithologic associations a

s Triticites . Such fora
minifers , because o

f

their small size and fragili Few definite opinions about the paleoecology

ty , are difficult to extract from sedimentary o
f

the smaller foraminifers are forthcoming from

rocks . Hence , their record and sedimentary the available evidence . Presence o
f

these animals

associations in these and other sediments are in a variety o
f

lithologies suggests that they

incompletely known , and any paleoecological could tolerate a moderately wide range o
f

envi
interpretation based o

n

them is tentative . ronmental conditions and thus are o
f

little use
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as environmental indicators in paleoecological
interpretations . Information about their environ -
mental preferences must be deduced from con -
siderations of their role as part of the entire
faunal assemblage and of the paleosedimentation
of the Red Eagle and other cyclothems .
Johnson waters ( se

e

Table 7 ) seem to have
been generally inhospitable to foraminifers . Only
Ammovertella and Tolypammina were able to

establish themselves during periods o
f

clearer
water in later Johnson time , represented b

y

lime
stone layers in the upper part o

f

the Johnson
Shale . Large and small foraminifers thrived in

the clear water o
f

Glenrock time . Foraminifers
did not live in the toxic water o

r

o
n

the black
muddy sea bottom o

f

early Bennett time . As
deposition o

f

the Bennett Member progressed
and the environment became more favorable ,
smaller foraminifers and the other marine in -

vertebrates abounded in the calcareous , some
times turbid , waters represented b

y

Bennett

limestone and shale . The clear , shallow -water
environment represented b

y

the sparsely fossili
ferous aphanitic Howe Limestone o

f

southeast
ern Nebraska seems to have been favorable
enough fo

r
a foraminifer population somewhat

reduced in number o
f

genera and individuals

a
s compared with the Bennett fauna and the

osagitic Howe fauna .

apparent reason why bryozoans , had they been
present , should have been removed while the
others remained . Thus , it seems probable that
bryozoans were absent from the Johnson and
Roca environments because o

f

some unfavorable
ecologic factor ( s ) . Living bryozoans are known

to abound from low -tide levels to depths greater
than 600 feet , so that depth does not seem to

have been a
n unfavorable factor . Another pos

sibility is that bryozoans were absent from the
mud -bottomed Johnson environments because
substantial objects for attachment o

f

their larvae

(Duncan , 1957 ) were lacking .

Subnormal salinities , suggested b
y

the pres
ence o

f charophytes in the Johnson beds devoid

o
f bryozoans , also may have prevented the estab

lishment o
f bryozoans , probably during their

larval stage . Osburn (1957 , p . 1110 ) noted that ,

in general , salinities of less than 2
0 parts per

thousand (normal open se
a

water averages about
3
6
% ) are unfavorable to bryozoans . Thus , the

absence of bryozoans from shale o
f

th
e

Johnson
and Roca Formations lends support to the pos
sibility that abnormally low salinity (brackish )

conditions prevailed during their deposition .conditions prev :
Elias (1937 ) advanced the idea that bryo

zoans in these beds , and in adjacent cyclothems ,

lived in water between 7
5 and 160 feet deep .

Stach ( 1936 ) noted thatmany bryozoans live a
t

depths between 6
0

and 120 feet ,where they are
subject to some current and wave action . In

view o
f

the habits o
f living bryozoans , Elias '

range o
f depth should not b
e construed a
s the

depth limits outside o
f

which bryozoans could
not have lived during Early Permian time . The
assumption should b
e

that if waters had been
deeper than 1
6
0

feet , bryozoans could have sur
vived there . It also may b
e safely assumed that
bryozoans could have become established in

water shallower than 6
0

feet in protected places

where they would not b
e

destroyed b
y

turbu
lence . Although there is no evidence of bottom
relief sufficient to afford such protection , upright
algal growths might have helped to provide it .

If Elias ' and Stach ' s figures are correct , it might

b
e suggested that in the smooth -bottomed shal

low sea indicated by the Red Eagle cyclothem ,

most turbulence ( i . e . , lowering of effective wave
base ) was shallower than 6

0

feet . That is , bryo
zoans favored bottoms below a normal wave
base not deeper than 6

0

feet and possibly much
shallower . Broken bryozoans in the Bennett
calcareous shale suggest that turbulence during
unusually severe storms might have shattered

Bryozoans

A variety o
f lithologies throughout the Red

Eagle Formation contain bryozoans . They are
especially common in the Bennett Member .

Only a few traces o
f bryozoans are present in

the uppermost parts o
f

the Johnson and Roca

Shales . Their association with a profusion o
f

crinoids , brachiopods , foraminifers , and a va
riety o

f

other marine organisms in the Red
Eagle Limestone indicates that they thrived in

normal marine water in the shallower reaches

o
f

the neritic range o
f

environment , where the
water was warm and life was abundant . Bryo
zoans in the Red Eagle Limestone , although
broken , are little abraded , suggesting that they
were not moved very far from their environ
ment of origin .

Bryozoans are virtually absent from the

Johnson and Roca Shales ; thus , there is the
question whether they were erased from the rec -

ord during diagenesis o
r

not deposited . The
former possibility is rejected because a fe

w

cal -

careous marine fossils (some delicate ) are pres -

ent in the Johnson Formation , and there is no
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the bryozoans living below normal wave base ,
or fish such as sharks may have chewed them .
One specimen of Rhombo pora ? (possibly

Rhabdomeson ? ) was seen encrusting part of a
productid brachiopod spine. Duncan ( 1957, p.
789 ) stated that there are " examples of bryo -
zoans attached to fossil shells that are highly
suggestive of commensal or amensal relation
ships .” Whether the bryozoan encrustation oc
curred during the life of the brachiopod or

merely on a piece of spine detritus is uncertain .

The bryozoans in th
e

Red Eagle Formation
seem to have favored the clear , calcareous en
vironments represented b

y

limestone . However ,

they are found a
t

random throughout a variety

o
f

fossiliferous calcareous mudstones , suggesting
that they could tolerate a good deal o

f

mud in

water of approximately normal marine salinity .

Their faunal and sedimentary associations dem -

onstrate that they thrived below normal wave

base in shallow water probably much less than

6
0

feet deep . The scarcity of bryozoans in any
part o

f

the Red Eagle sequence may be due to ex -

cessively shallow water o
r

other unfavorable and
physically severe conditions ( see Duncan , 1957 ,

p . 786 ) . The euxinic environment o
f

the Ben
nett black mud must have been very unfavorable

to bryozoans . Temperature does not seem to

have been a limiting influence o
n bryozoan

growth within the Red Eagle cyclothem environ
ments .

The suggestion that Lingula was tolerant o
f

the toxic Bennett black mud milieu is in keep
ing with known habits o

f

living Lingula . As
remarked b

y

Shrock and Twenhofel (1953 , p .

339 ) , “Lingula does not seem to b
e

affected b
y

brackish water o
r b
y

water so foul from decom
posing organic matter that burrowing molluscs

are unable to survive . ” Thus , Lingula seems to

b
e , in present seas ,much a
s it was during Red

Eagle time . In 1902 ,Morse ( see Cooper , 1957b )

stated that Lingula has always dwelt in a shal
low -water shore zone and therefore has not felt
the effects o

f

eustatic o
r epeirogenic changes .

Consequently , it evolved little and has been e
s

sentially unchanged through geologic ages .

Present -day Lingula lives o
n

the benthos in

warm , temperate water and is rarely present a
t

depths greater than 6
0

feet . In fact , Lingula is

commonly found in the littoral zone (Cooper ,

1957a ) .
The Lingula -Orbiculoidea association in the

black shale a
t

the base o
f

the Bennett Member

is therefore thought to indicate that these beds

were deposited in warm marine water almost
certainly less than 6

0
and probably less than 1

0

feet deep . Moreover , the nature o
f

the sedi
ments as a whole indicates that the early Ben
nett waters were low in oxygen content and
thereby rather toxic , so that most benthonic in

vertebrates could not live there . This further
suggests that Lingula and Orbiculoidea had

broad tolerance ranges for oxygen supply and
salinity , but avoided depths greater than about

2
0 feet . It can b
e

safely assumed that light .
temperature , and supply o

f nutrients a
re factors

involved in such depth sensitivity .

Articulate brachiopods , mostly calcareous ,

are very rare in the lower Johnson sediments ,

rare in upper Johnson and Roca sediments , and
numerous in all members o
f

the Red Eagle

Limestone ( especially the Bennett Shale ) . The
organic and physical sedimentary associations o

f

these brachiopods , and the nature of the brachio
pods themselves , indicate that they lived in shal

lo
w , approximately normal marine water in

both turbid and clear conditions o
n

calcareous

muddy bottoms . Many shells are broken o
r

without their spines . This could b
e

the result

either o
f

turbulent water o
r

o
f the masticatory

activities o
fmud -ingesting animals and nektonic

and benthonic predators . The shell fragments
are not worn or rounded .

Theories that the shape , ornamentation , and
thickness o

f

bivalve shells reflect the turbulent

vily .

Brachiopod ' s

Like other calcareous invertebrate remains ,

brachiopods are most numerous in the Red
Eagle Formation and rare in the Johnson and
Roca Formations . There is n

o doubt that the

articulate brachiopods flourished in the clear cal -

careous environments represented by Red Eagle

limestone beds , butmany genera also occur in a

variety o
f muddy lithologies . Only the inarticu -

lates Orbiculoidea and Lingula are present in

the laminated Bennett black shale (conodonts
and fish teeth are usually the only other fossils
present ) . These delicate fossils are commonly
found unabraded and almost unbroken o

r gently
crushed by vertical pressure , so that their O

C
-

currence in situ in black shale is quite certain .

It seems , therefore , that these animals could
tolerate foul , euxinic , black muddy bottoms .

Orbiculoidea is present also in calcareous muddy
lithologies and even in limestone ( especially the

lower parts o
f

Bennett limestone beds ) , indi
cating that it could tolerate environments rang
ing from the very toxic black mud milieu to

clean , “ healthful , " limy bottoms .
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rigor o
f

their living conditions are well known . waters . That only one such nautiloid has been
The variety o

f brachiopod shell shapes , thick - seen in the Red Eagle cyclothem suggests that

nesses , and sizes observable ( broken and u
n - it may b
e
a freak occurrence , transported ( alive

broken ) in the Red Eagle sediments may indi - o
r

dead ) far from it
s birthplace . Living nauti

cate that they lived in water sometimes turbu - loids can float long distances before coming to

lent , sometimes quiet . Moreover , burrowing , final rest . Miller and Youngquist ( 1949 , p . 4 )

fixed , and motile benthonic forms al
l

seem to seemed almost certain that most Permian nauti
have thrived together in the Glenrock and e

s - loids behaved similarly to presently living nauti
pecially Bennett environments . loids . The unbroken condition o

f

the Howe

Some indication o
f

the temperatures o
f Ben nautiloid

suggests that it was not subjected to

nett waters may be inferred from the presence violent current action o
r

other serious abuse

o
f Neospirifer and Chonetes in calcareous shale . after

coming to rest on the Howe sea bottom .

Lowenstam (1959 ) showed , from geochemical It
s envelope o
f algal calcium carbonate indi

data , that the shells of some Early Permian cates occasional gentle rolling so that algae were

Neospirifer probably formed in marine water at able t
o grow o
n a
ll

sides o
f

the shell .

about 74°F . Modern Nautilus lives in depths from near

Crurithyris , in a variety of lithologies and inblogies and in low

0

tide to almost 2 ,000 feet . Its ecology is

a
ll

three formations o
f

the Red Eagle cyclothem , porpoorly known .

seems to have been a brachiopod most tolerant The several straight nautiloids found only in

o
f

environmental changes . the Howe Limestone a
t

Coffman Ranch are not

The calcareous brachiopods in the upper part coated

b
y algal carbonates , but they are em

o
f

the Johnson Shale are confined to southern bedded in a
n osagitic matrix . These nautiloids

Kansas , where the upper shale units are calcare
probably developed in a fairly open se

a

environ

ous and contain a fauna somewhat similar to ment

, but to attain their present position they

the Bennett o
f

central and northern Kansas . must have been washed into the constricted
Howe se

a

and stranded o
n the soft subtidal

Gastropods bottom .

Small , smooth , spired and planispiral evolute Pelecypods
gastropods are present , although scarce , in al

l

units o
f

the Red Eagle cyclothem . They occur Molds o
f Aviculopinna are extremely rare in

in all lithologies o
f

the cyclothem except the
the Glenrock and Howe Limestones . It is

Bennett black shale . This suggests that although
thought to have been a burrowing form (Elias ,

they could have lived in most sedimentary en 1937 , p . 419 ) , but its rarity precludes definite

vironments in water considerably less than 100S
o

pale ,paleoecological interpretation . The original
shells buried in limestone could have been pre

feet deep , they were among the many animals
unable to tolerate the toxic early Bennett condi served because the lime was not stirred violent

tions . A slight preference for the more cal

ly by currents before consolidation . On the

careous environments is suggested b
y

relatively other hand , diastems and common broken shell
detritus in the Bennett Shale indicate that those

greater numbers o
f gastropods in limestone .

Bennett sediments were disturbed by turbulent
Many gastropods in osagite o

f

the Howe waters . It is not known whether Aviculopinna
Limestone are not coated b

y

algal calcium ca
r
- lived in Bennett mud . Perhaps some o
f

the
bonate . This may signify that these gastropods broken Bennett shell material is ( comparatively
were moving about while the algae were grow . frail ) Aviculopinna . Allorisma is more robust
ing , or that the geochemistry of their shells was than Aviculopinna and is very rarely found in

distasteful to algae . Coated shells may have the Bennett shale and in the Howe Limestone .

acquired their coverings after death .

Worms
Cephalopods

One explanation o
f

the peculiar flattened
The unique occurrence of a coiled nautiloid clay - filled tubes in the Glenrock Limestone ( P

l
.

cephalopod a
t

the top o
f

the Howe Limestone 1
B , 1C ) is that they are worm burrows . Appar

near Allen , Kansas , is of little significance in ently worms burrowed into the Glenrock sedi
paleoecological interpretation . Its stratigraphic ments from the overlying black Bennett mud .

association merely indicates the presence o
f

The tubes suggest that in earliest Bennett time

coiled nautiloids in the very shallow Howe -type the Glenrock had not fully consolidated , so that
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worms could forcefully advance through the soft suggests that they were able to tolerate a broader
sediments . However , some worms can bore variety of marine environments than the rarer
through consolidated limymaterial by secreting ornamented forms, such as Amphissites .
acids . Thus, it is not known whether the tubes It is remarkable that many ostracodes in the
were made in the Glenrock sediments before or Red Eagle cyclothem are either intact or gently
during appreciable consolidation . However , in crushed fat by vertical pressure , especially where
dividual fusulinids, Orbiculoidea fragments , and they accumulated along laminae of shale . In
Bennett mud trapped in the tubes suggest that view of their molting habits , delicate shells, easy
the sediment was firm enough for the tubes to transport , and association with coarse detritus ,
remain open .* Flattened parts of the tubes indi it seems clear that these almost undamaged
cate that consolidation and compaction were ostracodes were not transported far . Soft and
completed after the time of burrowing. The muddy bottom sediments may account partly
tubes had to be open to allow the fragments of for their preservation . If some types of ostra
Orbiculoidea , fusulinids , and mud particles to codes died in their burrows, the bottom muds
fall from the Bennett mud above to the bottom could have protected them from abrasion . Also ,
of the tubes . if eroded , the muddy bottom would cushion
Other smaller and somewhat different worm them against the adverse effects of tumbling by

tubes are present in upper Johnson calcareous gentle currents . Many ostracodes present in the
mudstone and upper Roca limestone . Some nonlaminated mudstone beds seem to have been
might be tubes of animals similar to phoronids . quickly buried .
The assumption that the tubes were made by If ostracodes were ingested and subsequent

worms does not preclude the possibility of their ly evacuated by larger organisms it is likely that
manufacture by some other type of tube -making they were too small to suffer the same degree of
organism . It is difficult to imagine what sort of damage or breakage by mastication as larger
organism this could be, because no pelecypod , shells. This seems tenable because it is known
crustacean , echinoderm , or any other shelled that shells much larger than ostracodes can pass
burrower has been found at the end of any tube . through the alimentary tracts of fish with little
Consequently , worms seem to be the best pos- breakage and virtually no abrasion (Sogandares
sibility , because their soft bodies could decay Bernal , 1955 , personal communication ) .
and leave no trace . Within the Red Eagle Limestone formation ,
Ostracodes especially the limestone members , many ostra

codes are common in the uppermost codes are randomly oriented . In Bennett shale

shale of the Johnson Formation and in the Red units there is some preferential orientation of
Eagle Formation , but they are rare in the Roca ostracodes parallel to bedding and along lami

Formation . They occur in almost al
l

calcareous nae

, but orientations are random in mudstone .
rock types in the Red Eagle cyclothem but not The shape and light

weight of ostracode shells

in red o
r

black shale . is such that they should tend to lie flat on the

Sediments enclosing the ostracodes and their
sea bottom . Even the gentlest of currents would

a
id

such alignment . Perhaps themuddy bottomnumerous and varied faunal associates indicate
that some kinds o

f

ostracodes could survive in

tended to support some ostracodes in random

almost every calcareous marine environment orientation
exactly a

s they fell , without per

within the Red Eagle cyclothem . A
s
a group
mitting realignment .

they seem to b
e independent o
f sedimentary It is noteworthy that great numbers o
f ex

facies . Apparently most o
f

them thrived best ceedingly frail , smooth ostracode shells occur

in somewhat turbid carbonate -rich water o
f along laminae in uppermost Johnson gray shale

normal salinity . The toxic conditions indicated and mudstone . In fact , these layers o
f

ostracodes

b
y

the Bennett black shale and high salinities are planes o
f

textural difference and , consequent

suggested b
y

Roca red shale were probably ly , o
f

weakness o
r parting , which are recog

inimical to most ostracode life . " nized a
s laminations . The frailty and lack o
f

The relatively greater number o
f

smooth
damage o

f

the ostracodes indicate that they are

shelled ostracodes ( in both horizontal and verti
probably in situ . Ostracodes a

re

few and ran

cal distribution ) , such a
s Bairdia and Cavellina , domly orienteddomly oriented in the interlaminar mudstone .

Perhaps these were burrowing forms .

Ginsburg (1957, p . 85 ) , in discussingworm tubes in Recent Periodical mass mortality o
f

ostracodes in

veryabundant in shallow-water carbonates. " late Johnson waters could have caused the rain
icdiments, pointedout that filled and " open unlined burrows are
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of Ostracodes which accumulated along the Bennett mudstone and shale. Such clear water
lamination planes . It is suggested that such also would have been ideal for the algae which
mass mortality may have resulted from a de- are believed to have contributed much calcium
crease of salinity caused by sudden influx of carbonate to the limestone of the Red Eagle .
fresh water bearing plant detritus . This com
bination of events is admittedly hypothetical , Echinoids

but sporadic fluctuations of regional climate Echinoid spines are present in th
e

Red Eagle

offer a tentative explanation for the phenomena Formation in the same sediments a
s

crinoid

recorded in the uppermost Johnson shale . If stems , suggesting that echinoids favored nearly

low salinity had been the prevailing condition the same habitats a
s crinoids — warm , clear , cal

during late Johnson deposition , and if the water careous , gently agitated waters o
n limy bottoms .

cleared and became more normally saline and very few cidaroid interambulacral plates are

calcareous during periods of less rainfall o
n land , present in the Bennett Member . Gentle cur

marine ostracodes may have become abundant . rents could account for broken , disjointed , and

A return to lo
w salinity would attend increased dispersed but unabraded fragments o
f

echinoids .

rainfall and dilution b
y

fresh water carrying Echinoid spines commonly accompany productid

plant detritus and mud . This could explain brachiopod spines .

both the mass mortality o
f

ostracodes and the Many Recent echinoids live in shallow clear
traces o

f

carbonaceous woody plant remains in water on either a sandy or limy bottom . Conse
mudstone and shale between ostracode -bearing quently , from the above interpretations it may
laminae . b

e inferred that the habitats preferred b
y

echi

Salinity changes may not have affected the noids have not changed appreciably since
Early

ostracodes directly but could have controlled the
Permian time .

microorganisms upon which the ostracodes fe
d . Conodonts and Fish Remains

A few genera , such a
s Bairdia , Bythocypris , and

Cavellina , apparently were able to endure a A somewhat arbitrary distinction is drawn

sizeable range o
f salinity conditions . between conodonts and fish teeth . In addition

to color and structural differences , the mode of

Crinoids occurrence o
f

conodonts is somewhat different

Except for the calcareous upper Johnson from that o
f

fish teeth . Conodonts ( e . g . , Strep

sediments a
t

the Grand Summit section , colum
tognathodus , Hindeodella , Ozarkodina ) are com

nal remains o
f

crinoids within the Red Eagle
mon in the black shale o

f
the basal Bennett

Member and rare in other Bennett shale . Fish
cyclothem are present exclusively in the Red

Eagle Limestone . Most crinoid columnals in teeth ( e . g . , Idiacanthus , Palaeoniscus , Distaco

the Red Eagle Limestone are disarticulated and dus ) are rare in upper Johnson gray shale , com
dispersed but unabraded . This suggests a slight mon i

n all Bennett shale , and extremely rare in

amount o
f transportation . The lack of abrasion the Howe Limestone ,Glenrock Limestone , and

may be due to their solid structure , as opposed lower Roca Shale . Lower Johnson Shale and

to the soft Red Eagle bottoms on which they upper Roca Shale lack conodonts and fi
sh

teeth .
came to rest . Many columnals in shale are flat Conodonts are thought to be parts o

f

the

tened , presumably during compaction o
f

the dental structures o
f vagrant nektonic animals

sediment . No crinoid calices have been found similar in habit to , if not truly , fishes (Schmidt ,

in the Red Eagle cyclothem . 1950 , cited in Ellison , 1957 ) . Such habit e
x

In the upper part o
f

the Bennett a
t

the Coff
plains the fact that they occur in black shale

(barren o
f

other fossils ) indicative o
f

toxic eco
man Ranch section crinoid columnals are com logic conditions , as well as in fossiliferous shale
mon ,many still articulated . This suggests that

and limestone which record more favorable en
they remained nearly in situ , where they accu

vironments . If nektonic , these unknown ani
mulated to form a local crinoidal shell bank . mals could have lived in near -surface waters
Laboratory analyses o

f

the crinoidal lime - above bottom environments too poisonous to

stone reveal a low percentage o
f

insoluble clas - support aerobic organisms . When they perished ,

tics . This tends to confirm the judgment that their remains could have fallen o
n any bottom ,

crinoids lived in clear water . Preference o
f

whatever it
s characteristics . An alternative pos

crinoids for clear calcareous environments is also sibility is that anaerobic environments provided

shown b
y

their rare to common occurrence in the normal conditions for the animals from

other Bennett limestone and their scarcity in the which conodonts a
re derived . Furthermore , the



McCrone- Red Eagle Cyclothem (Lower Permian) in Kansas

Table 4.—Idealized Lower Permian cycle of deposition
in north -central Kansas (modified from Elias , 1937, and
Hattin , 1957) .

Phases, establishedchiefly
No. onpaleontologicevidence

Depth,
fcct

Regressive
hemicycle

reducing conditions that account for black shale
probably favored preservation of conodonts .

The absence of conodonts or fish teeth from
most Johnson and Roca sediments is difficult to
explain , because it is not unlikely that conodont
bearers and tooth -bearers could have lived in

near -surface waters , if not close to the muddy
Johnson and Roca bottoms. If conodont -bearers
dwelt in or above the wide range of bottom en
vironments recorded by Red Eagle sediments , it

would seem odd that they should have been
unable to tolerate the Johnson and Roca waters
wherein a few ostracodes lived . Of course , they
could have been removed from the sediments
during diagenesis , but such diagenetic selectivity
( removal of conodonts but not ostracodes )
seems unlikely .
In the black shale , conodonts and fish re

mains are associated with Orbiculoidea , Lin
gula , macerated plant remains , and spores . This
type of association was normal for conodonts

even in the Devonian (Ellison , 1957 , p. 993 ) .

O Channel sandstone
Ir Red shale
2r Green shale
3r Lingula phase

4r Molluscan phase
5r Mixed phase

6r Brachiopod phase
- 7 - Fusulinid phase
6p Brachiopod phase
5p Mixed phase
4p Molluscan phase
3p Lingula phase
2p Green shale
lp Red shale
O Channel sandstone

0-30
30-60
60 - 90
90-110
110- 160
160- 180
110 - 160
90- 110
60 -90
30-60
0-30

Progressive
hemicycle

CYCLOTHEMIC NATURE OF THE
FAUNAL ASSEMBLAGES

Elias (1937 ) asserted that depth of deposi

tion seems to have been the main factor that
controlled the sedimentation and fauna of the

rock sequence of the Red Eagle and other cyclo -
thems. He postulated that certain faunal as
semblages lived in certain phases of the repeti

tious marine sedimentary environments which
resulted from rhythmic changes of water depth
early in Permian time . Consolidated faunal and
sedimentary repetitions in orderly succession are

recognized as cyclothems . Elias noted that each
of these cycles has a progressive and a regressive
half -cycle , which presumably reflect deepening
and shallowing of the seas, respectively . In th

e

regressive part of a theoretically complete cycle ,

the sequence is exactly opposite to that o
f

accu
mulation during the progressive part . Elias

( 1937 , p . 411 ) recognized seven faunal -litho -

logical "phases ” in each half of a complete , or

ideal , cycle .

Table 4 is a modification o
f

Elias ' list of

idealized cyclothemic phases , with his interpre -

tation o
f

their depths o
f

deposition . Hattin

(1957 ) suggested the addition o
f phase ( ) a
t

each
end o

f

the list to accommodate rare terrestrial
channel sandstones not provided for by phases l

through 7 .

Elias (1937 , p . 411 ) was careful to state that

" n
o single cycle . . . shows all phases o
f

the

ideal cycle , but the missed phases of one cycle

appear in proper position in neighboring cycles

above and below . ” Several of these basic faunal
assemblages (phases ) are present in rocks o

f

the

Red Eagle cyclothem . Table 5 shows sedimen
tary units o

f the Red Eagle cyclothem recog

nized in this study and the phases they represent

( following Elias ) . The progressive (transgres
sive ) and regressive phases thus determined

within the Bennett Member a
re noteworthy .

A fusulinid facies is characteristic o
f , and

dominates , the upper part of the Glenrock Limedominates

stone . This corresponds to Elias ' phase 7 ( fusu
linid phase ) , which h

e described a
s indicating

depositional depths between 160 and 1
8
0

feet .

A fe
w

brachiopods , bryozoans , foraminifers ,
calcareous algae , and crinoids accompany the
fusulinids .

L ingula , with Orbiculoidea and conodonts ,

are the dominant fauna o
f

the black and dark
gray shale o
f

the lower Bennett Member . Elias '

phase 3 is the lingula phase , which h
e

estimated

a
s indicating depths o
f deposition probably less

than 6
0

feet . However , Elias noted sandy lithol
ogies as typical bearers o

f Lingula . In the Red
Eagle cyclothem Lingula occurs mainly in black
shale .

A fauna rich in productaceans and spiriferids

dominates the gray shale o
f

the lower part o
f

the Bennett Member immediately above the
black -shale fauna . Bryozoans , with ostracodes ,

foraminifers , gastropods , crinoids , and holothur
ians , are lesser components o

f

the fauna . This
assemblage is recognized a

s the mixed phase

(phase 5 ) of Elias , which h
e

stated was de
posited a

t depths between 9
0 and 110 feet . Ben

nett limestone exhibits a sparse brachiopod fauna

( Elias ' phase 6 ) , including some horn corals .
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TABLE 5. —Units of the Red Eagle cyclothom defined in terms of Elias (1937) .

lias' depthof deposition, feet Elias' phase No.

0 Red shale

Green shale0-30

60 -90 Molluscan phase

Unit of theRedEaglecyclothem E

Roca Shale

medial re
d

shale

lower greenish shale

Red Eagle Limestone

Howe Limestone Member

Bennett Shale Member

upper gray shale

medial limestone

lower gray shale

basal black shale

Glenrock Limestone Member

Johnson Shale

upper greenish shale

medial red shale

9
0
- 110

110 - 160

9
0
- 110

3
0
- 6
0

160 - 180

Mixed phase

Brachiopod phase

Mixed phase

Lingula phase

Fusulinid phase

0 - 3
0

Green shale

Red shale

A mixed faunal assemblage (Elias ' phase 5 ) well known since Elias ' ( 1937 ) unique publica

o
f brachiopods , bryozoans , foraminifers , gastro tion . These cyclothemic rocks are thought to

pods , crinoids , mollusks , and ostracodes is re have been deposited in shallow epicontinental

peated in the upper part of the Bennett Mem - seas covering a vast flat shelf area o
f

the Ne
ber . It is succeeded b

y

the very abundant , cal braska -Kansas -Oklahoma region . Moore (1959 )

careous , algal osagite o
f

the Howe Member . summarized current cyclothem interpretations

The Howe Limestone appears to b
e approxi - involving matters such a
s the “ significance o
f

mately equivalent to Elias ' molluscan phase knife -sharp lithologic boundaries . ”

(phase 4 ) ,which h
e postulated a
s accumulating Without attempting to remark a
t length o
n

a
t depths between 6
0 and 9
0 feet . the ultimate causes o
f cyclothemic sedimenta

Although it is agreed that regular o
r irregu tion , several matters including the one quoted

lar changes o
f

water depth must have been o
f

above from Moore should b
e introduced here in

prime importance in molding the Red Eagle the light o
f what is observable in the Red Eagle

cyclothem biofacies and lithofacies , this study cyclothem . This will set the stage for interpre

recognizes that regional climate , tectonism , sup - tation given in the following pages .
ply rate o

fmuddy clastics , and movement and The sharp Glenrock -Bennett contact is , for
chemistry o

f

the waters must al
l

have been inter - a
ll practical purposes , a time plane within the

related and must have modified and sometimes Red Eagle cyclothem . Although this contact i
s

subordinated the depth effects o
n Red Eagle chosen for special mention , the Howe -Roca con

cyclothem sedimentation . Moreover , the effects

o
f

interference o
f

eustatic and local tectonic in - that gradational lithologic boundaries are not

fluences o
n depth , facies -genesis concepts such a
s

common in the Red Eagle cyclothem . It is

those o
f

Imbrie and others ( 1959 ) , and other merely a reminder that boundaries between the
factors (see Weller . 1957 ) must be considered members and formations are relatively sharp

when interpreting Red Eagle cyclothem paleoen and that they reflect more sudden widespread

vironments . In view o
f expanded knowledge o
f changes in depositional conditions ; whereas ,

modern environments , some revisions o
f

Elias ' within the formations and members sedimentary
depths o

f deposition secm necessary . T
o explain conditions must have changed more gradually ,

the ecologic conditions suggested b
y

the Red because most lithologic boundaries therein are

Eagle cyclothem , water depth n
o greater than gradational through a
n inch o
r

two o
f

column .

60 feet need be postulated . Another subject for comment is the propor

tion o
f

noncalcareous clastic material to calcium

PALEOSEDIMENTATION carbonate in these rocks . Few clastic rocks in

the Red Eagle cyclothem are free o
f

calcareous
The cyclic repetition o

f

rock units similar in matter , and so indicate a measure o
f

continuous
lithology , sequence , and thickness , one above the carbonate deposition . Clastic carbonates compli
other , in the Lower Permian of Kansas has been cate the situation . Insoluble residues and strati
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graphic data indicate that Red Eagle clastic

silicates seem to have come from sources north ,
east, and south of the outcrop belt .
Paleoecological evidence indicates that the

aforementioned sharp lithologic changes could

result from abrupt changes of water depth . Cur-
rent opinion acknowledges that the cause of the
cyclothems generally embraces such depth

changes over the entire Midcontinent shelf -
basin . Whether the changing depths record
epeirogenic or eustatic movements is a current
problem . Changes in relative supply rates of
clastic detritus a

re presumably allied to the
depth changes , which affected other factors and
helped to produce the different lithologies .
Because n

o cyclothem is complete o
r sym -

metrical , in the ideal sense of Elias ( 1937 ) , it is

obvious that depth changes were neither uni -

form in rate nor continuous . Within any cycle ,

and subservient to the overall deepening o
r

shallowing o
f

the seas and general subsidence

o
f

the shelf -basin , there were temporary reversals

o
f

direction ( o
r

local lags in the rate ) o
f

depth

change .

The assembled evidence indicates that a
ll

sediments o
f

the Red Eagle cyclothem in Kansas

were deposited in shallow , Alat -bottomed , epi
continental seas far from land . Sedimentary
conditions during deposition o

f

the Roca For -

mation were somewhat similar to those that

earlier produced the Johnson Formation . Sedi -

mentary conditions that yielded the Red Eagle

Formation were unique within the Red Eagle
cyclothem .

Paleoecological interpretations developed in

the preceding pages a
re

used in the following
attempts to reconstruct the paleosedimentation

o
f

the Red Eagle cyclothem .

campian land , supports the possibility o
f

ter
restrial derivation . Conceivably the constituents

o
f

the green shale in areas between the redbeds
might have lost an original red color b

y

chemical
reduction o

f

iron during long transportation to

ward the central part o
f

the basin . Had they
been deposited in the red condition , they would
probably still b

e

red , because , as Grim (1951 )

pointed out , red sediments once deposited tend

to stay red .

The origin o
f

red terrestrial source materials
requires comment . It is not likely that the red
materials were derived from previously existing

redbeds because few such beds are known to

exist in older Paleozoic rocks to the north , east ,

and south o
f

the Red Eagle belt o
f outcrop .

The idea o
f

red soil as the source material is

favored . This implies the possibility o
f
a warm ,

moist (Krynine , 1949 ) regional climate (peri
odically dry ) at least for a short duration near

the middle o
f

Johnson time .

Many o
f

th
e

Johnson shale and mudstone
units are greenish gray , and almost al

l

are cal

careous . The carbonate distribution is not
systematic . Many beds contain 1

0

to 5
0 percent

o
f

calcium carbonate and a few contain less than

1
0 percent . These proportions vary abruptly

from bed to bed . Most of the carbonate material

is extremely fine grained . A small amount in

the uppermost shale is attributable to calcareous

ostracode shells .

Interpretation o
f

the origin o
f

these calcare

ous shale and mudstone beds requires a
n esti

mation o
f

the method o
f precipitation o
f

the

calcium carbonate and o
f

it
s

relation to the
preponderant muddy clastics that obscure it .
Interpretations o

f

the mechanics o
f

precipitation

o
f

calcium carbonate have been reviewed a
t

length b
ymany authors ( e . g . , Cloud and Barnes ,

1948 ; Emmons , 1928 ; Revelle and Fairbridge ,

1957 ; Rodgers , 1957 ; Zeller and Wray , 1956 ) .

Two plausible explanations o
f

the origin o
f

the aphanitic calcium carbonate in the Johnson
Shale are available : ( 1 ) inorganic precipitation
resulting from liberation o

f

CO2 from sea water
saturated with carbonate , b

y

agitation o
r

rise in

temperature (Emmons , 1928 ; Zeller and Wray ,

1956 ) , and ( 2 ) organic precipitation a
s

the fa

miliar algal “ dust ” particles . In either circum
stance , precipitation probably would have o

c

curred mainly in the upper levels o
f

the John

son waters , and the precipitates would have
mingled with the silicate clastic materials while
descending to the depositional interface .

The preponderance o
f

clay clastic material

in the Johnson sediments suggests moderately

DEPOSITION O
F

THE JOHNSON SHALE

The several aforementioned types o
f

shale

and mudstone which make u
p

most o
f

the John
son Shale show n

o regularity o
f

habit o
r

strati -

graphic position except in the upper few feet o
f

the formation .

The few re
d

shale beds in the middle part

o
f the Johnson Formation a
t opposite ends o
f

the Red Eagle outcrop belt are difficult to e
x -

plain . They contain the same clay minerals and
structures a

s the other clearly marine Johnson
shale . It seems reasonable to believe that the

redbeds are very shallow marine deposits prob -

ably derived from red soil . Their position a
t

the

northernmost and southernmost ends o
f

the out -

crop belt , hence probably closer to the Wolf -
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turbid waters . The paucity of silt probably indi- temporarily . In any event , the chemistry of the
cates deposition far from the source , although water must have influenced the precipitation of
source rocks may have been sediments contain - calcium carbonate (organically or inorganically )
ing few coarse clastics . Sedimentary structures and the settling of organic colloidal detritus in
in a fe

w

o
f

the laminated shale beds suggest order to produce laminae in the Johnson mud .

accumulation in very shallow water . Some o
f

Some o
f the smooth , delicate ostracodes in

the lamination and fissility may be ascribed to the upper Johnson may well be brackish -water
periodic thin accumulations o

f organic material forms . If so , they and the few charophytes that

( Ingram , 1948 , 1953 ) o
r
to laminar deposits o
f

are also present would give support to the idea
clay floccules (Keller , 1936 ) . Difficulties o

f

thin - that waters of later Johnson time were less salineth

sectioning such shale prevent certification o
f

the (brackish ? ) than those o
f

themedial part of the
textural nature o

f

the laminae . However , in the
Johnson when the redbeds were deposited .

laminated argillaceous limestone (platestone ) o
f

the upper part of the Johnson Shale , the laminae In southern Kansas the uppermost Johnson

can b
e studied . Microscopic graded bedding Shale , which elsewhere has almost n
o fossils

above some platestone laminae ( observable in

other than ostracodes and plant remains , ismore

magnified peel prints ) seems to be diastemic , calcareous than usual and has interbedded thin

,

and , with traces o
f

brecciation , may record tur nodular

, aphanitic , argillaceous limestone . The

bulence which occasionally stirred u
p

the accu
shale beds contain common productid brachio

mulated sediments .

pods and other fossils similar to the Bennett

Shale fauna . Thus , in late Johnson time , while
Faint scour effects and ripples are present in conditions hospitable to few animals other than

the platestone near the top o
f

the Johnson Shale . ostracodes seemingly prevailed from central

A fe
w

indistinct low ripples are also evident in Kansas to Nebraska , southern Kansas seems to

some o
f

the laminated gray shale a
t the top o
f

have undergone conditions favorable to estab
the formation . Such features could b

e

caused lishment o
f
a mixed fauna associated with

b
y

wave -induced turbulence . periodic deposition o
f limy argillaceous , and

The carbonized gymnosperm wood and calcareous

,mud . Apparently limestone was de

spore assemblage in the upper fe
w

feet o
f

John
posited in temporarily clear water when the

son Shale seems to indicate that the climate o
n omnipresent calcium carbonate deposition out

land marginal to the sedimentary basin was
weighed the silicate clastics . That is , most o

f

the clay clastics seem to have settled out before
temperate to cool (Cousminer , 1960 , personal reaching Cowley County in southern Kansas .

communication ) as Johnson time drew to a Perhaps this reflects temporarily dry climates in ,

close . Accordingly , it is suggested that the shal and less erosion of , source areas . Stratigraphic

lo
w

waters o
f

late Johnson time also might have data suggest that the source areas of upper John
been comparatively cool . son clastics were located a

t

some distance to the

A fe
w

thin laminae in upper shale consist north , east , and south of Kansas .

o
f

accumulations o
f marly calcium carbonate . Altogether , the Johnson facies pattern sug

Presumably these reflect brief but rapid falls of gests that the Bourbon Arch area may have
algal o

r inorganically precipitated calcium car - been weakly active in late Johnson time , so that
bonate particles . Variations o

f

water tempera - it interfered with free passage o
f

silicate clastics
ture ( an abnormally warm period ) o

r clearing from the northeast into possibly deeper water
might have caused such vigorous carbonate pro - ( indicated b

y

the mixed shelly fauna ) of the
duction . It has been suggested above that the Cowley County area . Silicate clastics from the

some calcareous laminae may be the result o
f

excess over carbonates . Thus , the Grand Sum
mass mortalities caused b

y

sudden changes o
f

mit area in Cowley County seems to have been
temperature o

r salinity . If salinity o
r tempera - a
n

area in the Cherokee Basin which was some
ture change was the cause o

fmortality , itmight times beyond the reach o
f

clastics from low

have been b
y way o
f

control over inorganic and source areas far to the north o
r northeast , but

organic nutrients in the water rather than b
y

usually accessible to clastics from the south .

direct effects o
n the perished ostracodes . If the This concept is not new . Jewett (1951 , p . 127 )

laminae are o
f particulate algal calcium car - suggested that during Late Pennsylvanian time

bonate , the same sorts of indirect controls over sediments from areas to the north and south
nutrients might have stimulated algal activity mingled in the Cherokee Basin . Such condi
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tions seem to have persisted during the late fauna of the Glenrock Limestone . This is in
Johnson part of the Early Permian . It may be ferred from insoluble residues , which showed a
assumed that much of the Johnson clastic ma- decrease of silicate clastics from nearly 90 to
terial of Cowley County must have been trans- less than 10 percent across the Johnson -Glen
ported from a landmass to the south and east of rock contact .
Kansas. The fact that the Highway 38 section

It has been noted that in some places the
(closer to the postulated southern source ) has lower part of the Glenrock Limestone is nearly
more Johnson clastics than the Grand Summit

void of fusulinids. Their numbers increase up
section lends support to this hypothesis . ward . In these few places fusulinids may have
Plant remains and ostracodes characteristic been late arrivals which slowly multiplied with

of the upper Johnson Shale in northern and the passage of time. The Glenrock sediments
central Kansas are mingled with the mixed wherein fusulinids are sparse contain slightly
fauna of the Cowley County area. Here the larger amounts of insoluble residue in their
ostracodes are not confined mainly to laminae , matrices than where fusulinids abound . More
as in the north . Perhaps this was the breeding over , the areas of such fusulinid scarcity are in
area for the northern ostracodes. In order to Nebraska and northern Kansas. A suggested
attain their present distribution , the plant re- explanation is that in early Glenrock time
mains must have drifted all over the late John - sources of clastics were nearer to the sites of
son se

a
. Landmasses generally to the north , deposition than later in Glenrock time . That

east , and south o
f

the present outcrop could is , waters were deepest and shorelines most re

have been the sources o
f

such materials . Pre - mote at the end o
f

Glenrock time .

sumably their dispersal was assisted b
y

winds .

This explanation does not overlook the fact

In summary , Red Eagle cyclothem sedimenta - that percentages o
f

insoluble residue may b
e

con
tion is interpreted to have begun with the a

c - trolled b
y

relative rates o
f

carbonate versus sili
cumulation o

f

redbeds in very shallow , turbid , cate -clastic deposition . However , upon consid
warm , slightly hyperhaline water during the eration o

f

the generally uniform character o
f

medial part of Johnson time . Deposition con - the Glenrock , there is no evidence of marked
tinued while the regional climate became cooler change in rate o

f

carbonate deposition during
and more moist than when the redbeds were Glenrock time . That is , the slight variations in

deposited . Clastics came from probably low ow percentage o
f

insoluble content are thought to

landmasses to the north , east , and south . Tec - be the result o
f changed rates o
f

silicate clastic
tonically active localities in the Ozark and Oua supply , and indicate a remote source of clastics .

chita regions may have contributed clastics .

The composition and fine texture o
f the clastic The Glenrock Limestone is remarkably uni

sediments both suggest distant source areas and form in thickness ( 0 . 2 to 2 feet ) and lithology
reworking o

f

earlier Paleozoic beds containing through some 150 miles o
f outcrop between

fine clastics . Calcium carbonate was deposited Bennet , Nebraska , and Allen , Kansas . Unique
with the clastics . Late in Johnson time , faint facies occur locally in the Manhattan and Paxico
upwarps in the area o

f

the Bourbon Arch inter - areas . Although it
s basal contact is gently un

fered with movement o
f

clastics from northern dulatory ( P
l
. 1A ) , the top is remarkably flat and

and northeastern source areas to the Cherokee clearly defined . Thus , at the close of Glenrock
Basin . A

t

the same time , waters were slightly deposition the floor o
f

the sea must have been
deeper in the Cherokee Basin than farther even flatter than a

t

the beginning . During
north and a mixed fauna ( see Table 5 ) d

e

Glenrock time , sediments must have accumu
veloped . Land plant fragments , and possibly
seaweed , drifted over the entire area during

lated evenly over this shelf area o
r

the unit

would not b
e

so uniform . Similarly , south o
f

late Johnson time .

Allen , Kansas , where the average thickness o
f

the Glenrock is less , accumulation must have
DEPOSITION O

F

THE RED Eagle LIMESTONE
been slower o

r o
f

shorter duration . Uniform
Glenrock Limestone Member accumulation is easier to explain for lime ma
The sharp basal contact o

f

the Glenrock terials than for silicate clastics . The silicate clas

Limestone marks a
n abrupt change in deposi - ti
c

materials in the Glenrock Limestone are

tional conditions . The muddy , sparsely popu - mainly clays , which , because o
f

their slow rate

lated Johnson waters cleared suddenly , and so o
f settling , may well have drifted far from their

provided the habitat for the prolific benthonic source in only mildly agitated water . If it is
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Limestone . In view of probabilities indicated by
studies of present-day sediments , the breakage
and comminution of these materials may be the
result of their passage through the masticatory

mechanisms or alimentary tracts of burrowing

and mud -feeding organisms . Perhaps fish and

granted that the bulk of the Glenrock Lime
stone was organically precipitated , and that it
was probably derived locally , it seems evident
that in order to deposit such a widespread uni-
form unit the same strikingly uniform depth

and limy conditions must have prevailed over a
great area of the Midcontinent shelf -basin .

It is clear that a sudden eustatic change of
water depth would be effective almost simul
taneously over all parts of such a flat area . This
would be followed instantaneously by changes

in animal growth and sedimentation across the
shelf ,which would explain the ubiquitous sharp
( 0. 1-inch ) contact between the Glenrock Lime-
stone and the overlying Bennett black shale .
These phenomena establish the Glenrock -Ben -
nett contact as a distinct time plane. If not, the
contact must be a plane which crosses time
planes at an incalculably “ small oblique angle”
(Moore , 1959 , p. 51 ) .

The paleoecological evidence, derived prin
cipally from the fusulinids and traces of Osagia ,
suggests that the Glenrock Limestone was de
posited in water less than 50 feet deep . Sedi
mentological evidence seems to support this
estimate , because the Glenrock shows no in
ternal traces of scour nor any breaks in deposi

tional continuity . That is, the Glenrock was
deposited below effective wave base , which is
usually much shallower than 50 feet. In fact,

Dietz and Menard ( 1951 ) have implied that the
depth of vigorous abrasion of bottom sediments
by wave turbulence is commonly less than 30
feet. This does not suggest that other currents
did not influence the Glenrock bottom sedi

ments , because it is likely that weak tidal cur
rents were active .

In many places the shell components of the
Glenrock Limestone a

re randomly oriented .

However , the faint orientation o
f

some fossil
fragments roughly parallel to bedding is com
mon enough to suggest that they were so aligned
by gentle currents sweeping the Glenrock sea
bottom . That some brachiopod shells were thus
aligned , concave upward , seems a good indica
tion that only gentle currents prevailed . Sig .

nificantly , a number o
f

delicate unbroken and
articulated brachiopod shells are preserved , the
fusulinids a

re essentially undamaged , and there

is n
o internal evidence of scour . Slight textural

variations o
f

Glenrock matrix indicate that the

currents , although always gentle , varied sporad
ically in their intensity .

Nevertheless , there is a considerable quan
tity o
f

broken shell material in the Glenrock

effective in breaking shells . Another possibility

is that the shells were weakened b
y

boring or
ganisms to the point where the gentlest currents
were sufficient to shatter them .

Upward o
f

6
0 percent o
f

the Glenrock cal
cium carbonate is o

f clearly visible shell detritus

(especially fusulinids and brachiopods ) . The re

mainder , the matrix , consists o
f

aphanitic cal

cium carbonate . Some of the matrix is undoubt
edly fine shell detritus , but much o

f

it is sus
pected to b

e recrystallized algal particles and
algal needles , * affected b

y

intrastratal solutions
during diagenesis . Whether such algal particles
fell from near -surface waters o

r

whether some
o
f

them formed in lesser amounts a
t greater

depth is unknown . The latter possibility is

mentioned because o
f

the implied clarity o
f

the

water , which could have permitted photosyn
thesis , however slight , at the bottom o

f

the

Glenrock se
a
.

As stated above in the discussion o
f paleo

ecology , the traces o
f Osagia in parts o
f the

Glenrock Limestone d
o
not occur o

n the fusu

linids . The same is true for tiny gastropods .

From this it is inferred either that these o
r

ganisms did not accumulate algal coatings b
e

cause o
f

their mobile habit , or that the chemistry

o
f

their shells or individual microenvironments
was unfavorable to algae . The Glenrock fauna
suggests nearly normal salinity and p
H

in clear
water .

At the Manhattan and Paxico sections the
Glenrock Limestone contains numerous Osagia

and conglomeratic fragments o
f

material similar

to upper Johnson muddy limestone in the Alma
area , where the Glenrock is absent ( probably

because o
f nondeposition ) . The numerous Osa

g
ia

and the scarcity o
f fusulinids at Manhattan

and Paxico indicate that Glenrock waters in

these localities were slightly shallower than to

the north o
r

south . The combined lithologic
and stratigraphic evidence is best explained b

y

postulating a local rise o
f

the Nemaha Anticline

in the Alma area . Thus , the pebbly materials a
t

* Such aphanitic calium carbonateshave been attributed by
some authors to purely physioihemical precipitation. Doubtless,

some o
f
it was thus derived, but a
s

Lowenstam (1955) and others
havepointed out , in Recentsedimentsalgaeare known to deposit

been consideredinorganic.
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Manhattan and Paxico could have been eroded Bennett Shale Member
from upwarped Johnson deposits (shoals ? ) near The basal black shale of the Bennett Mem
Alma . This suggests that the Alma area was a ber is attributed to a strong reducing (euxinic )
shoal in Glenrock time, but it does not rule out environment of deposition , where oxygen was
the possibility that the area was actually e

le - used u
p

b
y

decaying organic matter more rapid
vated slightly above se

a

level . Neither is the ly than it could b
e replaced b
y

diffusion . Lin
possibility o

f partial deposition and removal o
f gula and Orbiculoidea in the Bennett basal shale

Glenrock a
t Alma entirely ruled out , despite suggest deposition a
t nearly intertidal depths .

the fact that Bennett sediments in adjacent areas Thus , it is evident that the change from Glen
contain n

o recognizable evidence o
f

reworked rock carbonates to Bennett dark mud attended
Glenrock deposits . a very rapid shallowing o

f

the Red Eagle se
a

The Glenrock Limestone is also absent at from depths o
f perhaps 4
0

to 1
0

feet o
r

less .

the Elmdale and Saffordville sections and in The basal Bennett is black because it is

Greenwood County . This is also taken a
s evi - charged with finely divided carbonaceous o
r

dence that gentle uplift ( or lag in subsidence ganic residues and traces o
f pyrite . Hydrofluoric

rate ) o
f the Nemaha Anticline area a
t the acid residues from the black shale contain small

western end o
f

the Bourbon Arch and o
f

the amounts o
f

dark -brown , waxy plant material to

northern part o
f

the Otto -Beaumont Anticline gether with spores . This brown substance also

(Fig . 1 ) may have controlled the depositional contributes to the dark color . Conditions at , or

pattern during Glenrock time . soon after , the deposition o
f

the organically rich

Where the Glenrock Limestone reappears to mud must have been such that the organic ma
the south o

f

these structural features , just east terial ( plant and animal ) was only partially de

o
f

the Otto -Beaumont Anticline (Grand Summit composed because o
f

insufficient oxygen . There

and Highway 3
8 sections ) , it is comparatively fore it seems likely that this decomposition was

thin , full of fusulinids , and somewhat similar to effected principally b
y

aerobic bacteria , but an

it
s local development a
t

Coffman Ranch in ce
n
- aerobic bacteria , and enzymatic reactions (which

tral Kansas . These areas may have subsided can continue even after the death o
f enzyme

slightly less rapidly during Glenrock time than producing organisms ) , also might have been

did contiguous areas o
f

Nebraska and northern involved . Sulfides of hydrogen produced during

Kansas ; that is , the rate o
f

accumulation o
f this decay must have added to the toxicity o
f

the

Glenrock sediments was slower in the south
environment and contributed , during diagenesis ,

to the traces o
f pyrite now present in the shale .

than in the north . Whereas the sedimentary Toxicity probably prevented scavenging and
pattern o

f Glenrock Limestone reflects positive
mud -eating organisms from dwelling in and

tectonic activity in central Kansas , there is no working -over th
e

bottom sediments . Thus , the
corresponding evidence in Nebraska and north original sedimentary lamination is preserved in
ern Kansas , where the uniform physical prop tact , and much carbonaceous organic material
erties and thickness o

f

the Glenrock Limestone still remains . Some o
f

the organic material is

are independent o
f anticlinal structural trends . the waxy dark brown substance mentioned

Because the se
a

bottom was so nearly Aat , it above .

can b
e

assumed that when Glenrock waters Conodonts and spores ,with Orbiculoidea and
deepened , shorelines expanded far bevond their a fe

w Lingula a
t

the base , ar
e

the principal

Tohnson position , so that terrestrial silicate clas - fossils found in the black shale a
t the base o
f

tics could have settled long before thev reached the Bennett Member . These mainly phosphatic
the area o

f

studv . This would account for the remains were probably preserved because o
f ,

comparative purity o
f

the Glenrock Limestone . rather than in spite o
f , the toxic conditions ,

The slightly greater than average amount o
f

much in the same way that formaldehyde pre

Glenrock clastics in southern Kansas (Highway serves Aesh from decay b
y

arresting bacterial

3
8 section ) mav indicate comparative closeness activity . Arenaceous foraminifers and ostracodesactivity . Arenaceous fo
i

o
f

source areas in Oklahoma o
r uplifts in the a
re very scarce in the black shale .

source areas , or both . It is believed that , south - The abundance o
f

Orbiculoidea (with Lin
ward in Oklahoma , the Glenrock Limestone gula ) at the base o

f

the Bennett black shale and

must grade to a facies indistinguishable from the relative paucity o
f

these specimens above the

Johnson Shale o
r

undifferentiated Red Eagle base suggest that these animals were able to

Limestone . tolerate the initial Bennett toxicity but perished
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during a period of mass mortality , after which The preservation of many of the primary
only a few hardy individuals and their descend - black shale laminae indicates not only the ab
ants survived . These may have been the only sence of mud -working organisms but also the
animals actually able to live on the black muddy probable absence of turbulence capable of sig
bottom of the earliest Bennett sea . The numer - nificant scouring , because no traces of scour or
ous conodonts and scarce foraminifers and ostra - disrupted bedding are present . At first glance
codes seem to have developed elsewhere than on this might seem somewhat anomalous , because
the toxic bottom . Perhaps the conodont -bearing Orbiculoidea and Lingula indicate water shal
animals ventured too close to the toxic bottom low enough to be above normal wave base ; that
water and perished . The scarce arenaceous fora - is, they lived within reach of wave - induced tur
minifers and ostracodes were possibly washed bulence . However , it must be recognized that in
into the black mud area by very gentle currents . shallow water much wave motion becomes

The organic material contributing to the black translatory in direction and tends to smooth
color was probably from soft -bodied pelagic, sediments, rather than scour them deeply .
nektonic , or benthonic animals and some plant Moreover , the soft and sticky black mud may
drifters which fell to the bottom . have been sufficient to protect the shells from

It must be noted that even the blackest Ben - breakage .*
nett shale contains up to 30 percent of calcium Although the black shale reflects euxinic
carbonate . Certainly the calcareous material di

d
conditions o

f

deposition , there is n
o ready e
x

not originate a
t themuddy bottom ; because very planation o
f

the means b
y

which the Bennett
little o

f
it is shell material , it must have fallen waters could have been restricted . Shallowing

from near -surface water where algae o
r agita - could have left shoals between the area of study

ild have caused precipitation o
f

calcare - and the open se
a

to the south and west . Coin
ous particles . cidentally , the Glenrock Limestone is every

The bulk o
f

the black shale , and in fact a
ll

where covered b
y

black o
r dark gray Bennett

Bennett shale , is composed o
f

illite and traces o
f

Shale , and the two sedimentary units maintain

calcium montmorillonite . Such mineralogy a
n approximately proportional thickness . This

seems typical o
f

black shale rich in organic could indicate that the same basin pattern per

matter (Weaver , 1958 ) . The presence o
f

mont sisted in the region during the accumulation o
f

morillonite with illite suggests that the pH o
f

the two , despite their different lithologies , and

the water was somewhat greater than 7 , be - that the changes o
f

conditions across the Glen
cause montmorillonite is unstable under acid rock -Bennett contact were uniformly wide

conditions (Carroll , 1959 ) . Perhaps the illite spread .

also is favored b
y

such a
n alkaline environment The fusulinids at the top of the accumulated

(Grim , 1951 ) . Glenrock deposits might have been suffocated

A number o
f

the black beds are claystone by the Bennett black mud o
r poisoned by the

rather than shale . This might indicate essen - increasingly toxic water . Death o
f

the fusulinids

tially uniform conditions o
f deposition during was followed immediately b
y

a
n influx o
f

n
u

comparatively lengthy periods in early Bennett merous Orbiculoidea and a few Lingula . It is

time . scarcely possible that the fragmentation o
f

the
orbiculoids a

t

the very base of the Bennett could
The laminations o

f

the shale a
re ascribed to b
e due to wave action . However , in the overlying

slight variations in particle size . Temporary black shale fewer orbiculoids are broken , so that
diminution o

f

near -surface turbulence may have wave action , if responsible for breakage , might
allowed more coarse particles than normal to not have been severe . Lingula in the basal Ben
fall and to form laminae . On the other hand , nett black shale suggests that these beds prob
slight variations in the amount o

f organic fall ably were deposited a
t , or not fa
r

below , inter
also seem to have contributed to the lamination , tidal depths .

for some laminae appear darker . Ingram (1953 )

also noted that extremely thin organic films In view o
f the prevailing fatness o
f

the

contribute to the lamination o
f

shale . Some underlying beds , the shallowed sea o
f

earliest

laminae seem to be concentrations o
f

abnormal - Bennett timemust have exposed extensive mud

ly fine clay . Various factors might explain the flats a
t

times o
f

lo
w

tide , especially after pro

sudden flocculation o
f

fine clay in upper water
levels ; these include changes of ion concentra * Numerous small , delicatepelecypodsseen b

y

the author in

tion , concentration o
f

colloids , and temperature .

sticky blackmud beneathonly 2
5

feet o
f

water in Long Island
Sound, New York , are mostly unbroken.
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longed periods of strong winds from one gen - about the origin of glauconite , fe
w

conclusions
eral direction . Exposure would have been most are definite . Glauconite in the Bennett suggests
complete in nearshore areas o

f loosely consoli - conditions such a
s

those outlined b
y

Lochman
dated deposits , which could have been eroded (1957 ) , that is , slow sedimentation ,much putre
easily ( e . g . , b

y
rainfall at low tide ) and d

is - fying organic material , and a large and varied
persed by waves . Much o

f

the argillaceous ma - fauna . Lochman also noted that glauconite
terial o

f

the lower Bennett may have been thus forms in marine water away from the freshen
derived . As the nearshore material was re - ing influence of large rivers , free o

f

coarse detri
moved , erosion would become slower and less tus originating in crystalline source areas , and
detritus would b

e

available for transport . If the under somewhat anaerobic conditions . Cloud
sea deepened again , the shoreline would move ( 1955 ) affirmed Lochman ' s basic requisites and
farther away and the supply o

f
detritus to the also suggested that glauconite usually forms at

area o
f

study would diminish even more . Al depths less than 200 feet and a
t temperatures

though these remarks emphasize the role o
f

greater than 15° C (60° F ) . Faunal evidence
changing depth in governing the proportion o

f

places the deposition o
f

Bennett Shale in water
detrital material in the Bennett Shale , uplift or u

p

to 5
0

feet deep and above 20° C (68° F ) .

climatic change in distant source areas may have
been themajor control . However , the sedimen The minor accumulation o

f medium -bedded
limestone in the lower half o

f

the Bennett Memtary record seems to indicate increasing depth

with the passage o
f

Bennett time , because Ben ber i
n Nebraska has been described above with

nett black basal shale grades upward into gray * the
stratigraphy o

f

the Bennett . Limestone con

shale o
f

the middle part of the Bennett , which stitutes almost a
ll

o
f the Bennett Member , in

contains a variety o
f

shelly fossil remains but deed , almost al
l

o
f

the Red Eagle Limestone

very fe
w

conodonts . This profuse medial Ben formation , in southern Kansas and northern

nett fauna indicates that waters circulated more Oklahoma .

Stratigraphic evidence shows that

freely and had deepened slightly . Although th
e

carbonate deposition that predominated in

freer circulation could have resulted from tec the southern
regions throughout Bennett time

tonic removal o
f

a restrictive barrier , the
periodically advanced into the clay (shale ) re

breaching o
f
a barrier b
y
a eustatic rise o
f

water
gions to the north — that is , the supply of clastics
from the north diminished during these timesis preferred because it better explains the deeper

so that tongues o
f pure limestone were d
e

water fauna and sediment composition .

posited in central Kansas . At the same time ,

Some o
f

the gray shale contains 1
0

to 2
0 per

the relatively greater deposition o
f

carbonates
cent more carbonate and is more coarsely lami

was sufficient to make mud in Nebraska ex
nated than the black shale . Some of the gray tremely calcareous . Because much o

f the Ben
shale laminations seem to b

e tiny diastems . In

nett carbonate is believed to b
e algal , itmight b
e

central Kansas , the shale gives way to very pure
medial Bennett limestone . Apparently the se

a expected that in clearer water during times o
f

shallowed and the rate o
f less suspended clay the absolute rate (unit thick

clastic supply

dwindled , so that the water cleared and car ness per unit time ) o
f

such carbonate deposition

bonate deposition (largely b
y

algae ) over would have accelerated
considerably . Converse

whelmed the few clastics that d
id arrive . ly , comparatively less algal carbonate would ac

cumulate from muddy water . Indeed , the thick
Where th

e

Glenrock Limestone is missing
ness o

f

limestone facies o
f

the Bennett Member

( e . g . , Saffordville and Elmdale ) , Bennett gray

is greater than contemporaneous shale facies ,

calcareous shale rests o
n upper Johnson . This

demonstrates a local paraconformity represent
perhaps giving a false impression that , on the

ing Glenrock and earliest Bennett time , and sug
average , rates o

f sedimentary accumulation o
f

gests uplift (shoals ? ) in the contiguous Nemaha carbonates were markedly greater than for mud .

Anticline and Bourbon Arch areas . Perhaps However ,when the differential diagenetic com
such elevations restricted the circulation o

f the paction o
f

the two types o
f

sediment is con

early Bennett sea , and so led to the aforemen sidered , it must b
e

concluded that their rates

tioned euxinic bottom conditions . and original amounts of sediment accumulation
were not greatly different over broad areas . The

Some Bennett gray shale contains traces o
f

absolute thickness and accumulation rate o
f allglauconite . Although much has been written

marine sediments are , of course , ultimately con
trolled by the rate and total amount o

f

re

gional subsidence o
f

the basin foor , as modified

* Gray color is the result o
f

lesser amountsof carbonaceous
organicmaterial.
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by local upwarpings or lags in rate of subsi- at generally shallow depths , some less than 10
dence . Southern Kansas, where the Bennett feet . The bulk of the rock is aphanitic calcare
section is slightly thickened and where calcare - ousmatrix . At a few localities the matrix dis
ous facies predominate , appears to have experi - plays traces of linear algal calcium carbonate

enced slightly greater total regional subsidence ribbons, a few of which are broken . Some are
than Nebraska and northern Kansas. This coin - clear, sparry , recrystallized replacements. It is
cides with the generally greater regional thick - believed that algae precipitated most of the non
ness of the Council Grove Group in Oklahoma descript aphanitic calcitic matrix material in
than in Nebraska . very fine particulate form . Probably some of
The major physical , chemical , and biological this material was brought down primarily as

controls of carbonate deposition are well known . aragonite needles (Lowenstam , 1955 ). Where
Cloud and Barnes ( 1948 ). Emmons ( 1928 ), and aphanitic calcite coincides with crustose or linear

Revelle and Fairbridge (1957 ) have provided algae , the latter may have acted as filter traps

thorough summaries . for the finer material . It seems that such trap

Most se
a

water is saturated with calcium car
ping o

f

sediment might have given rise to

calcilutaceous mud banks or shoals resemblingbonate (Twenhofel , 1932 , p . 320 ) . Rodgers those described by Ginsburg and Lowenstam

( 1957 ) suggested that large -scale carbonate d
e - ( 1958 ) and Harbaugh ( 1959 , 1960 ) .

position from sea water may require a small
degree o

f

oversaturation ,and h
e

noted that ,with The irregular bedding planes o
f

the Bennett

a few special exceptions , marine organisms a
c - limestone are seams having slightly greater than

quire most of the available calcium carbonate
average clay content . Such deposition o

f clay

before chemical precipitation can occur . This could have resulted from slight increase o
f non

concept , with the field and laboratory evidence , carbonate clastic influx from the distant sources

,

lends weight to the interpretation that little o
f o
r , as Keller (1936 ) suggested , it could result

the Red Eagle Limestone was precipitated in from sudden flocculation and settling o
f

clay

organically . normally kept in suspension .

Trask (1937 ) noted that the percentage o
f Within each limestone bed much o
f

the

calcium carbonate in shallow -water marine sedi matrix material contains
extremely small fossil

ments increases with increase o
f

surface -water
fragments , many randomly oriented but many

temperature . He also observed a direct correla
showing moderate alignment parallel to bed

tion between the calcium carbonate content o
f ding . Rare traces o
f

scour and sorting are no

bottom sediments and the salinity o
f overlving ticeable but developed o
n
a very small scale .

surface water . Where salinity is below 3
4
% e
0ity is below 344 . Some large delicate brachiopods are preserved

(normal marine salinity is about 3
6
% ) , the sedi - intact with concave sides u
p
. Other brachiopods ,

ments generally contain less than 1
0 percent o
f still articulated , are filled with aphanitic calcare

calcium carbonate . The sediments generally con - ous mud .

tain more than 5
0 percent o
f

calcium carbonate Johnson ( 1957 ) showed that such shells ca
n

where salinity slightly exceeds 3
6

% 0 . Because b
e

buried b
y

scouring a
t velocities below those

nearly all Bennett sediments contain more than necessary to take the shells into suspension .

1
0 percent o
f

calcium carbonate , it seems likely The assembled evidence points toward gentle

that the salinity o
f normal marine Bennett current activity during deposition o
f

most o
f

the

water exceeded 3
5
% . Bennett limestone may Bennett limestone . Hence , in the absence o
f

have been deposited a
t slightly higher salinities shell -shattering turbulence o
r

currents , the finely
than the shale , during climatic periods when fragmental condition o

f most fossil shells is at
salinity was higher , and when less detritus was tributed to scavengers , including both mud
washing into the basin . Faunal and other evi - eaters and borers .

dence implies that Bennett waters were warm . The fossils in the Bennett calcareous shale .

Lowenstam ' s (1959 ) 018 / 01
6

data might suggest although including the same genera a
s

those in

that the upper Bennett shale beds (with Neo
the southern limestone , seem larger , less finely

spirifer ) were deposited a
t temperatures com comminuted , and scarcely abraded . They are

monly above 22° C (72° F ) . scattered randomly throughout the shale . They
The paucity o

f clay in limestone o
f

the Ben - seem to have been broken and transported short

nett Member implies clear water . Although fos - distances b
y

currents somewhat stronger than
sil shells are not abundant in these limestone those indicated b

y

the limestone record . This
beds , the faunal assemblages indicate deposition interpretation is supported b

y

the presence in
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the shale of a greater number of robust shells idea is admittedly conjectural , but the available
which supposedly reflect turbulent water . Some data permit no acceptable alternative hypotheses .
of the shells show evidence of boring by other in any event , the arriving clay clastics settled
organisms. Perhaps this facilitated their frag- nearby so that clear water prevailed across the
mentation . However, interpretation of apparent shoal. Deposition of algal calcium carbonate
faunal differences may be slightly prejudiced , seems to have proceeded rapidly under such con
because fossils are easier to remove from shale ditions and thus accounts for the somewhat

than from limestone . thicker and nearly pure Bennett limestone ac

The regional pattern of Bennett deposition , cumulation in the Eskridge-Coffman Ranch

after the initial black shale , was limestone in the area .

south and shale in the north . Clastics seem to In this area the upper part of the Bennett

have come mainly from the north and east . consists of about 12 feet of rubbly , indistinctly

Southern Kansas appears to have been beyond thin -bedded , richly fossiliferous limestone . Pro

the reach of some of the clastic material. How fuse brachiopods , bryozoans , foraminifers , and
ever , at the Burbank section the Bennett lime especially crinoid columnals make up much of

stone beds contain considerable amounts of clay the rock . The purity of the limestone is evi
detritus , showing the additional effect in Okla dence that late Bennett waters in this areamust

homa of a southern source area . The relative have been nearly clear . Moreover , it,have been nearly clear. Moreover , it is known
thinness of the Bennett part of the column , to that crinoids enjoy clear, warm , gently agitated
gether with the interbedding of thin Bennett water , and bryozoans good oxygenation ; so these

limestone and shale in Lyon and Greenwood conditions must have prevailed in the Eskridge

Counties , seems to indicate slightly less subsi - Coffman Ranch area during late Bennett time.
dence in the Bourbon Arch and Otto -Beaumont The crinoidal upper Bennett sediments seem
Anticline areas and shows that the Bourbon to have been agitated by gentle currents , because
Arch was (as in the Pennsylvanian ) an area of many crinoid columnals and brachiopod shells
“meeting and overlap of sediments from south - are preserved undamaged and articulated . Se
erly and northerly directions ” (Jewett , 1951 ) . vere currents would have shattered, disjointed ,
In fact, the Bourbon Arch might have been a and abraded them .
barrier to free movement of clastics to southern
Kansas from source areas to the north and east , upper Bennett facies is developed only where
thereby permitting the accumulation of the very the lower part of the Bennett limestone is thick .
pure Bennett limestone in Elk and Cowley At the close of Bennett time the Eskridge-Coff
Counties .

man Ranch area was probably under 5 or 10 feet
In these counties and in the Eskridge-Coff - of water , while surrounding waters might have

man Ranch area , the predominant carbonate been slightly deeper . That is, the thick lower
deposition , once established , continued until the and middle Bennett limestone may have sup
end of Bennett time . However, between these ported a broad platform perhaps a fathom higher

limestone areas the faunal -lithologic record re- than the neighboring sea floor, and the crinoids
veals that after accumulation of 1 or 2 feet of grew on the platform .
Bennett limestone , clay drifted in and muddied The crinoidal part of the Bennett contains
the water so that calcareous mud (argillaceous about 2 or 3 percent more insoluble clay residue
limestone and very calcareous shale) deposition than either the osagitic Howe or the underlying
resumed and continued in slightly deeper water Bennett limestone . This is attributed to the fact
through late Bennett time. that the depositional environment had many

At the Eskridge-Coffman Ranch area the stalked crinoids and fenestellate and ramose
lower Bennett limestone facies is not easily ex - bryozoans which probably served as filter-traps
plained , for it begins suddenly amid shale on for clay and calcareous algal particles that other
three sides . Nevertheless , it ismarkedly similar wise would have remained in suspension . The
to the widespread platform limestone of south - combination of ideal living conditions for cal

ern Kansas . The limestone facies seem to rep . careous shelled animals and the trapping of

resent a low - relief , shallow , marine bank de extra amounts of clay sediment might explain

the thicker -than -normal Bennett limestone ac
trapped finer algal carbonates and other cal cumulation at Eskridge and Coffman Ranch .
careous remains . Such a shoal condition may All along the present outcrop belt the Ben
have been caused by local crustal upwarp . This nett sequence above the black shale could have

ent
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been deposited at water depths between low tide a
te . The paleontological record indicates that

and 1
0 fathoms . It is postulated that the sea the Howe Limestone corresponds to the mol

generally deepened after deposition o
f

the basal luscan phase o
f

Elias ( 1937 ) . Lane ( 1958 ) pre
Bennett black shale (Fig . 5C ) . During this sented evidence that similar osagite in the
deepening , the shores of the terrestrial source Grenola cyclothem also represents the molluscan

areas must have retreated considerable distances phase o
f

Elias ' ideal cycle (1937 , p . 411 ) . Ac
landward , if due recognition is given to the pre - cording to Elias , the Howe Limestone would
vailing fatness o

f
the depositional shelf . The therefore record deposition in sea water 60 to 90

relatively greater number o
f bryozoan genera , feet deep . However , Lane (1958 ) concluded

with many genera o
f brachiopods , in most o
f

the that Grenola osagite beds probably formed a
t

medial shale , combined with stratigraphic evi - depths approximating 6
0

feet . The paleoecolog
dence , suggests that the shale represents water ical evidence assembled in this study supports
possibly 5

0

feet o
r more in depth ; that is , the the postulate that the osagitic Howe Limestone

sea was undoubtedly deeper than that of earliest accumulated in water much less than 6
0
(per

Bennett time wherein the Orbiculoidea fauna haps less than 1
0 ) feet deep . Imbrie and others

thrived . ( 1959 ) interpreted Osagia facies a
s shallow

In central Kansas , shallower water seems to nearshore deposits .

have produced the sparsely fossiliferous medial Lane (1958 ) indicated that algal incrusta
limestone beds o

f

the Bennett Member . The tions throughout the Grenola osagite denote
uppermost Bennett shale and limestone units slow accumulation o

f

the fragmental shell nu
record the reestablishment o

f
a mixed fauna clei . Lane ' s ( p . 153 ) reasoning is also valid for

(Elias , 1937 , p . 410 ) , indicating that toward the Howe osagite . The only significant difference
close o

f

Bennett time the sea was somewhat in the occurrences is that the Howe Limestone
deeper again ( see Fig . 5 ) . This se

t

the stage for contains sparse osagitic pellets near the base and
deposition o

f

the Howe Limestone . The per - these increase in number upward so a
s

to domi
centage o

f

insoluble clastics in the upper part o
f

nate the texture a
t

the top . Obviously , condi
the Bennett Shale decreases upward , and the tions favoring these algae improved with the
Bennett -Howe transition is commonly grada passage o

f

time . This might mean that the
tional through less than a foot o

f

column . The
water shallowed from 2 o

r
3 fathoms to lesser

indication is that waters shallowed in latest Ben
nett time while the supply of clastics diminished .

depths wherein th
e

algae Aourished . The fact
Although the relative decrease o

f

clastics could
that algae did thrive implies , of course , that

mean lower source areas , it could have resulted
ecological factors other than depth and light
ecol

from a drier climate in the source area (perhaps were also favorable .

attended b
y

increased salinity ) o
r

from the d
e - In central Kansas the algal coatings o
n the

velopment o
f
a submarine barrier . In any event , individual Howe osagite pellets are thicker near

the change from Bennett to Howe sedimenta - the top o
f

the Howe Limestone than below .
tion was marked b

y
a rapid and great reduction This is interpreted a
s

additional evidence that

o
f

the supply o
f

clastics . That is , clear shallow water shallowed with the passage o
f Howe time .

water attended the beginning o
f Howe deposi The osagitic facies o
f

the Howe Limestone in

tion . southern Kansas is relatively thinner than that

Howe Limestone Member o
f

the Howe in central Kansas , while the osag

it
e pellets are very similar to those in the middle

The Howe Limestone in Nebraska and o
f

the Howe in central Kansas . This suggests
northern Kansas has been described above a

s
a that Howe waters were slightly deeper in

fairly uniform , aphanitic , sparsely fossiliferous ,southern Kansas .

unit . The pelecypods Allorisma and Aviculopin

n
a were found in this limestone in Nebraska . O 'Connor and Jewett ( 1952 ) referred to the

Tiny gastropods and traces o
f

fenestellate bryo osagitic Howe texture a
s a “spergenite . " Al

zoans are randomly present . One coiled and though this term is not used in this report , it is

several straight nautiloid cephalopods were significant to note that Wolfenden (1958 ) — with

found with the osagite a
t

the top o
f

the Howe reference to Carboniferous limestone in Eng

Limestone in central Kansas . land - postulated a p
H o
f

about 8 for precipita

From Manhattan , Kansas , to the vicinity o
f

tion o
f spergenitic limestone . For this and other

the Oklahoma -Kansas border , the Howe is an reasons it seems that a plt value of 8 might also
osagite containing much algal calcium carbon - b

e applied to the Howe osagitic limestone .
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The evidence which shows that Howe Howe Limestone gives no evidence of similar
waters were probably shallower than Ben - control . In fact, the Howe Limestone seems to
nett waters also implies , as a corollary , that reflect a time of tectonic quiescence. It passes
Howe shorelines were nearer to the area of unchanged across a

ll known major structural
study than were Bennett shorelines . Yet the features in eastern Kansas .

Howe Limestone rarely contains more than 1
0

The gentle currents mentioned for upper
percent o

f

insoluble clastics ( clay ) , whereas b
e

Bennett sedimentation in the Eskridge -Coffman
tween central Kansas and Bennet , Nebraska , the Ranch area can b

e applied also to the unbedded
upper Bennett deposits are quite argillaceous . Howe osagitic facies , wherein individual pellets
The scarcity o

f Howe silicate clastics is there

a
re unabraded and only vaguely oriented paral

fore taken to indicate that Howe source areas

le
l

to bedding ; so they apparently suffered
must have worn to low relief b

y
the end o

f

only mild agitation . An occasional gentle roll
Bennett time , or that the climate might have ing would permit algal calcium carbonate to

become warmer and drier so that relatively few
surround the nuclei . Thus , the moderate sort

clastics were washed to the se
a , or both . If the ing , the lack of bedding , and the implicit slowHowe climate was comparatively warm and dry ,

salinity would have been slightly raised and pre
steady accumulation (Lane , 1958 ) suggest that
gentle currents washed about the osagite pelletscipitation o

f

algal calcium carbonate doubtless
in Howe time .

would have been sufficient to account for the
profuse Howe Osagia . A crude idea o

f

the current velocity neces

Neither the aphanitic nor osagitic facies o
f sary to move the osagite pellets can b
e

derived

the Howe Limestone is distinctly bedded . The from Hjulstrom ' s (1939 , p . 10 ) diagram . Most
limestone is essentially a massive unit without pellets are 0 . 2 to 1 . 0 millimeter in diameter and

diastems . This , a
s well a
s uniform texture , hence are o
f

the size range o
f particles most

points to more or less continuous deposition in easily moved b
y flowing water . According to

comparatively quiet water . Conditions of Howe Hjulstrom , particles in this size range could b
e

Limestone deposition were probably similar to moved b
y

current velocities not significantly less

those o
n

the present Bahama Bank . Cloud and than 1
0 centimeters per second . Obviously , the

Barnes (1948 ) stated that conditions similar to pellets began a
s small nuclei which would have

present -day limestone deposition o
n

the Bahama required velocities periodically greater than 1
0

Bank " probably existed in epeirogenic seas not centimeters per second to move them enough to

receiving quantities o
f

terrigenous sediments turn them over . Toward the top o
f

the Howe

such a
smight be found far from shore , adjacent the pellets increase in size and have thicker

to land approaching sea level . ” It has already Osagia coatings . This distribution may signify

been pointed out that the Red Eagle sediments , that current velocity decreased during Howe
particularly limestone , were deposited upon a time , while the water shallowed . Although the
great shelf under conditions much like those origin o

f

the implied currents cannot b
e

deter

described in the above quotation . * However , mined , the estimated velocities are nevertheless
because deep oceanic depressions surround the o

f

the order o
f

current velocities known to d
e

Bahama Bank , an exact comparison is not im - velop a
t

o
r

near wave base . * Moreover , it is

plied . Nonetheless , the great areal extent , flat - almost certain that the Howe bottom was within

ness , warmth , sediments , shallowness , and sub - reach o
f

wave base . It is probable that mild

dued but free water circulation o
f

the Bahama tidal currents in Howe time were available to

Bank correspond to some o
f

the environmental augment o
r

counteract wave -induced currents
conditions suggested b

y

the faunal assemblage , and turbulence .

stratigraphic pattern , and lithology of the Howe The regional pattern o
f Howe aphanitic

Limestone .

limestone in the north and osagite to the south
Whereas the Glenrock and Bennett regional

also requires consideration . The aphanitic facies
depositional patterns seem to have been faintly

governed b
y

tectonic activity along structures
commonly contains nearly 1

0 percent o
f

insolu

such a
s

the Nemaha Anticline and Bourbon b
le clay , whereas the osagite contains less than

Arch , the distribution and thickness o
f

the 6 percent and is slightly thinner than the north
ern counterpart . Greater thickness and greater
clastic content in Nebraska suggest that the

• The Glenrock and Howe Limestonesalso correspond to the

" platform limestones" of Sloss ( 1947, p . 109) ; that is , they
accumulated in arcas " adjacent to positive areas either pene
plained, submerged, o

r

too far distant to supply significantquan.

tities o
f

clastics. "

• Dietz and Menard (1951) pointedout thatmaximum current
velocities a

t

wavebaseare about 1
5

o
r
2
0

cm / sec.
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limestone units ) show it to be low in nonshelly

organic residue content .

Why , then , is the Howe light colored and
why are fossils and organic residue so scarce in

the aphanitic Howe facies ? A simple explana

tion is that organic detritus , had it existed ,

could have been destroyed o
r particle size re

duced b
y

soft -bodied scavengers and mud eaters
and b

y

decay in a
n oxidizing environment . This

could also account for the Howe aphanitic tex

ture and lack o
f bedding . Dapples ( 1938 ) and

Ginsburg ( 1957 ) have drawn attention to the

fact that a variety o
f scavengers , mud eaters ,

and shell borers are collectively capable o
f

work

in
g

over prodigious quantities o
f

sediment in

short periods o
f

time . They destroy organic
residues in sediments , reduce particle size , and
efface stratification . Furthermore , Sloss ( 1947 )

noted that “ light color reflects thorough decay
and removal o

f organic material under shallow
circulating waters , ” and Ginsburg ( 1957 , p . 89 )

stated that “ light color and low organic content
suggest a

n oxidizing environment with p
H ' s

near 7 . 5 . "

principal source area o
f

the scarce Howe clay

was somewhere to the north and east o
f Ne -

braska .
The reason for the facies change from apha -

nitic to osagitic limestone is not certain . All
that can b

e
deduced is that in central and

southern Kansas osagitic algal pellets developed

o
n

the floor o
f

the Howe sea , indicating that the
water was clear enough to transmit the sunlight

necessary for benthonic algal photosynthesis .

Small amounts o
f

the calcareous material o
f

the
osagite pellets and their matrix may have orig .

inated a
s algal “dust ” particles , but most o
f it

seems to have been benthonically secreted by

calcareous algae . Perhaps Howe waters were
shallowest in central Kansas .

Although much o
f

th
e

Howe aphanitic

limestone is thought to be consolidated algal
particles , this does not exclude the presence o

f

significant calcareous particles produced b
y

near
surface warming o

r agitation (Emmons , 1928 ) .

The particles could have been in the form o
f

aragonite needles (Revelle and Fairbridge , 1957 ,

p . 258 ) later altered to calcite . Consistent with
present -day requirements for carbonate deposi

tion , this interpretation assumes that northern
Howe waters were warm , normally saline o

r

slightly hyperhaline , and saturated o
r slightly

oversaturated with calcium carbonate (Pearse
and Gunter , 1957 , p . 133 ; Rogers , 1957 ) . If

planktonic lime -secreting algae were numerous
enough , it is possible that the water could have
been turned milky b

y

fine algal carbonate par -

ticles (Revelle and Fairbridge , 1957 , p . 258 ) .

This would interfere with passage o
f sunlight

to the sea bottom , thereby directly or indirectly
disfavoring benthonic organisms . This could e

x -

plain the fact that the calcaphanitic Howe facies
contains relatively few fossils and lacks ben -

thonic Osagia .

The preceding comments about algal pre
cipitation o

f calcareous particles also would im -

ply diurnal production (Revelle and Fairbridge ,

1957 , p . 258 ) . Consequently , if most o
f

the cal -

careous material is algal , Howe time probably
saw periods of water clear enough for sunlight

to reach the bottom o
f

the sea . It seems reason -

able , therefore , to assume that a moderate num -

ber o
f

benthonic animals and plants d
id thrive

o
n

the Howe sea floor . This is an obvious con -

clusion for the osagitic Howe facies wherein
great numbers o

f

foraminifers and tiny shell

materials are nuclei for the algally coated pellets .

However , the light color and insoluble residues

o
f

the Howe Limestone (and other Red Eagle

DEPOSITION O
F

THE Roca SHALE

Rocks within the lower part o
f

the Roca
Shale record a pattern o

f changing environ
ments similar to those o

f
the upper part o
f

the
Johnson Shale but in reverse order . However ,

the Roca lacks the plant remains o
f

the upper

Johnson . After Howe deposition calcareous mud
was deposited in progressively shallowing water
until the redbeds of themedial Roca ended the
Red Eagle cyclothem . Thereafter , the sea deep
ened again during the progressive ( transgres
sive ) half o
f

the succeeding Grenola cvclothem

(Lane , 1958 ) . Preceding interpretations imply
that all Roca (and analogous Johnson ) waters
were probably much less than 1

0 feet deep , and
shallowest when the redbeds were deposited

( se
e

Fig . 5 ) . All Roca sediments , including the
redbeds , are judged to b

emarine , but they con
tain fe

w

fossils .

Roca deposition began with the sudden in
troduction o

f
a large volume o
f muddy clastics .

The bulk o
f

the lower Roca shale and mudstone

is composed o
f

clay ,with variable small amounts

o
f

silt . The silt particles are subangular to sub
rounded quartz grains and silt -size , buff -colored
clay aggregates . The silt content is slightly
greater than in upper Johnson .

Most o
f

th
e

lower Roca is light , faintly
greenish -gray , and moderately calcareous shale .

Few shale beds are noncalcareous . The Roca
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Shale contains the same clay minerals as the tionlike prominences on it
s

base ( P
l
. 6C ) which

marine Red Eagle Limestone formation . appear to have filled cracks in the top o
f

under
The few fossils in the Roca Shale have little lying greenish -gray shale . The cracks may b

e

diagnostic value . The high clay content o
f

the subaerial and provide evidence that the shale

shale implies turbid water . It is believed that accumulated a
t approximately intertidal depths .

the small amounts o
f

calcium carbonate com Desiccation could have occurred during a
n u
n

mon in these sediments fell from near -surface usually prolonged exposure to the air (due to

water a
s algal particles o
r

were precipitated b
e
- persistent unidirectional winds with exception

cause of water agitation o
r

rise in water tem - ally low tides ? ) . The topmost mud beneath the
perature (Zeller and Wray , 1956 ) . This sug limestone is only slightly calcareous and could

gests fairly warm waters saturated with calcium have been deposited under abnormally low

carbonate . salinity conditions such a
s

in extensive inter

As previously mentioned , Trask (1937 ) tidal areas directly affected b
y

rainwater .

found that commonly less than 5 percent o
f

The limestone records a temporary incursion
bottom sediment is carbonate beneath water o

f

the sea and salinity possibly near 36 o
r

3
7
% o .

wherein salinity a
t the time o
f deposition is less Accumulation probably took place below , but

than 3
4
% 0 . Although carbonate percentage is not fa
r

below , normal lo
w
-tide level .

known to depend upon relative volumes o
f

sup - The thin red shale o
f

the Roca Shale in Ne
plied silicate clastic and carbonate components , braska and Kansas is taken to mark the terminal
Trask ' s figure and the other evidence suggest depositional event of the Red Eagle cyclothem .

that during much o
f

early Roca time the mod

It is believed to b
e
a very shallow marine d
e

erately calcareous (more than 5 percent CaCO3 ) posit accumulated a
t intertidal depths a
t
a time

mud o
f

the lower Roca must have been de o
f

maximum regression o
f the se
a , when the

posited from water wherein salinity was prob
shoreline was relatively close to the study area

ably near the modern ocean average o
f

3
5

to and the climate was moist and warm with

3
6
% ce . In the same way it may be inferred that periodic dry seasons . The only fossils in the red

the few noncalcareous o
r slightly calcareous

shale are scarce , tiny gastropod fragments simi
Roca shale beds indicate temporarily freshened

lar to those in the Red Eagle Limestone and in

water of less than 3
4
% o salinity . the lower part o
f

the Roca Shale . The possibility

A fe
w

ostracodes and fewer gastropods are that they may be allochthonous pulmonate forms
almost the only fossils preserved in the Roca should not be dismissed . In one measured sec
Shale . Therefore , Roca waters must have been tion near Burbank , Oklahoma , the lower Roca
inhospitable to most shelled animals . Had other is nearly a

ll

red . This leads to the interpretation

fossils been present , at least a few o
f

their hard that southern source areas were near the study
structures should have survived diagenesis with area during the first half o

f Roca deposition .
the ostracodes , and the laminations o

f

the Roca That is , a major part of Oklahoma possibly
Shale would not be so well preserved . was upwarped a

t

the end o
f Howe deposition

Some o
f

the lower shale contains u
p

to 4
0 and was the principal source o
f

southern Roca
percent o

f

carbonate ,much o
f

which is concen - red sediments . The thin redbeds which reach
trated in secondary limestone nodules . In Ne - into Nebraska are believed to reflect suddenly in

braska and northern Kansas , aphanitic lime - creased supply of red clastics from the southern ,

stone is developed in the lower shale . Traces of eastern , and northern sources during times of

ostracodes and arenaceous foraminifers have shallowest water ; and they also reflect oxidizing

been found in some o
f

these limestone beds . conditions sufficient to maintain the original red
Their purity is evidence that the supply o

f

clas - color . Whether this would b
e

due to tectonism
tics to the Roca sea occasionally dwindled until o

r marked climatic change in the source areas

the water was clear . Explanations offered for is unknown . A
t

other times , of cooler drier cl
i

the Howe aphanitic limestone and calcareous mate , the rate of supply o
f

re
d

clastics was
algal particles also may apply to the Roca lime - slower , and they were reduced to a greenish

stone . gray color on their way into and across Kansas .

An overturned slump block o
f

Roca lime
The red color of these sediments is believed

stone * (Pawnee section ) revealed short parti

to have come from red soil . Although most of

the red material probably washed into the area
SO

• The marine crigin of the slumpedlimestone is revealedby
traces o

f

arenaceousforaminifers, Ostracodes, gastropods, and
faint traces o

f brachiopods a
t

the top. The underlying shale is

similar in other known marine shale. Krumbein ( 1947 ) stated that red color is an
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Table 6 . - Depths o
f deposition postulated fo
r

facies
types represented in the Red Eagle cyclothom .

indicator o
f

the absence o
f organic material .

Insoluble residue studies confirm this fo
r

Roca
red shale . Some authors have implied that beS nave implied that DC
cause o

f
their common association with evapor -

ites , redbeds generally reflect highly saline water .

In the outcropping Red Eagle cyclothem , there

is n
o

such direct evidence that Johnson and
Roca redbeds were deposited in highly saline
water , but it is possible that weathering could
have removed the evidence from the rock record .

Red shale facies

Green shale facies .

Black shale facies . . . . . . . . . . .

Osagite limestone facies . . . . .

Aphanitic limestone facies
Algal limestone facies

Bioclastic limestone facies
Conglomeratic -bioclastic facies
Fusuline limestone facies
Shelly shale -limestone facies

high intertidal
low intertidal

0 to 1
0

feet

0 to 1
0

feet

0 to 1
0

feet

0 to 2
0

feet

1
0

to 2
0

feet

1
0

to 2
0

feet

. . . 1
0

to 4
0
+ feet

1
0

to 5
0
+ feet

CYCLOTHEMIC NATURE O
F

THE

SEDIMENTARY Facies

The preceding discussion has shown that
deposition o

f

redbeds in very shallow water ,

with appropriate climatic conditions , in John -

son and Roca time , respectively , began and
ended the Red Eagle cyclothem . Some beds be -
tween these markers show evidence o

f deposi -
tion in somewhat deeper water . However , pre -

sumed depositional depths considerably shal -

lower than Elias ' are applied herein to the prin -

cipal lithofacies and biofacies recognizable in

the Red Eagle cyclothem ( see Tables 6 and 7 ) .

T
o explain the ecologic conditions suggested b
y

the Red Eagle cyclothem record , maximum
depths o

f deposition need not exceed 6
0

feet ,

whereas Elias suggested a maximum o
f

1
8
0

feet .

Such a 6
0 -foot figure is admittedly disputable .

Perhaps a range between 5
0 and 100 would b
e

preferred b
y many paleoecologists . Selection of

such a figure is intended only to suggest a re
a
-

sonable order o
f magnitude significantly differ -

ent from Elias ' figure and presumably more in

harmony with current knowledge o
f

modern
sedimentary environments .

Figure 5
A duplicates part o
f
a figure shown

b
y

Elias (1937 , p . 406 ) to illustrate his inter
pretation o

f

depths o
f deposition o
f rocks now

known a
s the Red Eagle cyclothem . Figure 5B

is similar in form and purpose , but the depth
curve was derived b

y

applying Elias ' interpreted
depths o

f phase deposition ( Table 4 ) to the se
quence o

f

his phases recognized b
y

me and
listed in Table 5 . Figure 5

C

illustrates the
depths o

f deposition o
f

the Red Eagle cyclothem
solely a

s interpreted in this report .

SUMMARY O
F Major Facies TYPES IN THE

Red Eagle CYCLOTHEM

Imbrie and others (1959 ) and Laporte ( 1962 )

recognized and interpreted a number o
f

distinct
facies that reoccur vertically and laterally in

several parts o
f

the Beattie cyclothem , which is

stratigraphically about 1
0
0

feet above the Red
Eagle cyclothem in the Kansas Permian . Some

o
f

these facies types are also present in the Red
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FIGURE 5 . - Composite section of Red Eagle cyclothem in east -central Kansas and interpreted depths o
f deposition .

A , Depths as diagrammed b
y

Elias ( 1937 , p . 407 , fi
g
. c ) . B , Depths adjusted according to Elias . Depth curve is

based o
n

Elias ' phases now recognized in the Red Eagle cyclothem and interpreted using Elias ' postulated depths

o
f phase deposition . C , Postulated depths of deposition as interpreted in this study .
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Table 7. – Summary of interpreted ecologic conditions during deposition of definitive faunal -lithologic phases in the
Red Eagle cyclothem .

Units of the
RedEaglecyclothem

Depthof Phase
deposition, (afterElias.
fect 1937)

Typical
tempera- Salinity,
t ure, °F 700

Current
vclocity,

Turbidity Circulation cm/ sec.pH Oxygenation

Roca Shale

medial re
d

shale 1 turbid ? restrictedhigh inter -

tidal

low inter -

tidal

> 7
0

< 6
5

oxidizing
conditions

? > 3
7

< 3
0lower greenish - gray shale 2
r

turbid free

Red Eagle Limestone

Howe Limestone Member 0 - 10 4
r

>75 > 7
0

? > 3
7 oxidizing

conditions
clear free > 1

0

Bennett Shale Member

upper gray shale 1
0 - 50 + 5
r

8 . 0 - 8 . 2 > 7
2

3
5 - 37 turbid free

medial limestone 8 . 0 - 8 . 20 - 50 +

1
0 - 50 +

6
5
p

> 7
0

> 7
0

3
5 - 37

3
5 - 37

oxidizing
conditions

clear

turbid

free

freelower gray shale 8 . 0 - 8 . 2

basal black shale 0 - 10 low oxygen turbid restricted

1
0 - 40 + 7 8 . 0 - 8 . 2 > 7
0

3
5 - 37 oxidizing

conditions
clearGlenrock Limestone Member

Johnson Shale

free

2
p

< 6
5

< 3
0 turbid freeupper greenish -gray shale low inter -

tidal

medial re
d

shale high inter -

tidal

1 oxidizing
conditions

turbid ? restricted

101st

Eagle and other Wolfcampian cyclothems . The Green Shale Facies
system o

f

facies interpretation introduced b
y

These facies are the sorts o
f greenish -gray

Imbrie and others ( 1959 ) differs markedly and gray calcareous shale that , in the upper part
from , and is in some respects superior to , the o

f

the Johnson Formation , contain ostracodes ,
system employed b

y

Elias ( 1937 ) . plant remains , and a few charophytes . Similar
Figure 6 attempts to portray the major Red shale in the lower Roca is nearly barren . A few

Eagle cyclothem facies after the fashion o
f
Im - random argillaceous limestone layers , some

brie and others ( 1959 , p . 73 ) and Laporte (1962 , platy , others nodular , occur in these facies . The

p . 526 ) but incorporates the green shale and red green shale facies are interpreted a
s the records

shale facies (phases ) o
f

Elias (1937 ) and the o
fmainly intertidal ( rarely deeper ) deposition

black shale and three other facies types recog - in slightly brackish water , possibly und
nized in this study . climate . Elias (1937 ) viewed this “phase ” as

representing deposition a
t depths between 0 and

Red Shale Facies

3
0

feet .

These rocks a
re

th
e

almost barren re
d

shale

defined b
y

Elias (1937 ) a
s marking upper and Black Shale Facies

lower boundaries o
f

Kansas Permian cyclo - Fresh exposures o
f

this facies a
re character

thems . Elias postulated that they were deposited istically dark gray to nearly black , and they a
l

above the littoral zone , but it is proposed here most invariably contain numerous Orbiculoidea
that although climatic influences causing red and conodonts and rare Lingula . The black
soil o

n

land were most responsible for their red shale facies is interpreted a
s the record o
f depo

color , they were deposited a
t

shallow , possibly sition just below mean low -tide level within a

intertidal , depths in slightly hyperhaline water poorly oxygenated basin having restricted in

resulting from warm , periodically dry climate . ternal circulation and lacking free communica

In the Red Eagle cyclothem these facies occur tion with the open sea . Commonly the black
near themiddle o

f

the Johnson and Roca Shales . shale facies grades vertically to lighter gray
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rre

shale belonging to shelly facies . The black shale upper part of the Johnson Shale in southern
weathers to light brownish gray . In the Red Kansas is the best example of shelly facies in the
Eagle cyclothem it occurs at the base of the Red Eagle cyclothem . Much of Imbrie and
Bennett Shale . others ' (1959 ) description of Beattie shelly facies

could be applied equally well to Johnson shelly
Fusuline Limestone Facies facies.

These are essentially the same as the fusuline The shaly parts of the Bennett Shale Mem
facies recognized by Imbrie and others (1959 ) ber lack thinly interbedded limestone but con
and Laporte ( 1962 ) , but they do not contain tain a shelly fauna of fewer unbroken shells
chert. They are equivalent to rocks of Elias' than th

e

Johnson shelly facies . Like the shelly

( 1937 ) fusulinid phase , which he believed were facies o
f

the Cottonwood Limestone (Laporte ,

deposited a
t depths between 160 and 180 feet . 1962 p . 540 ) , the

The upper part o
f

the Glenrock Limestone typi spond to Elias 'mixed phase and contain some
fies this facies in the Red Eagle cyclothem . At fossils of his brachiopod and molluscan phases .

some localities the fusuline limestone facies Bennett shelly facies also contain sparse frag
grade downward to bioclastic limestone facies ments o

f

Orbiculoidea , which are numerous in ,

( containing fe
w

o
r n
o

fusulinids ) in the lower and characteristic o
f , the black shale facies .

part o
f

the Glenrock . Although numerous fusu
Deposition o

f

some shelly facies might havelinid foraminifers dominate the fusuline lime

stone facies , Osagia remains are also present in occurred in water slightly deeper than for fusu

significant quantities . Laporte ' s (1962 , p . 541 ) line limestone o
r

bioclastic facies . This view

view that these facies were deposited a
t depths point resembles that o
f Laporte (1962 , p . 540 ) .

probably not greater than 5
0

feet is supported Algal Limestone Facies

in this study .

Rocks o
f this facies commonly contain less

Bioclastic Limestone Facies than 5 percent o
f

insoluble residue and they

In the Red Eagle cyclothem the lower part make u
p

the major part of Bennett limestone .

o
f

the Glenrock Limestone , especially in Ne - The common aphanitic calcareous matrices con
braska and northern Kansas , is bioclastic lime - tain comparatively few fossil genera , most o

f

stone facies . Finely broken carbonate shell ma - which ( including rare Orbiculoidea fragments

terials and Osagia remains ,much a
s described and fusulinids ) are represented in shelly facies .

by Imbrie and others ( 1959 , p . 72 ) and Laporte The few horn corals in the Red Eagle cyclo

( 1962 ) , dominate the facies . In the Glenrock them are mostly confined to the algal limestone

Limestone the bioclastic facies in the lower partbioclastic facies in the lower part facies . Sparse Osagia beans and fragments are
grades upward to fusuline limestone facies , as also present . Much o

f

the aphanitic carbonate is

in the Cottonwood Limestone (Laporte , 1962 , judged to b
e

o
f algal origin . In some parts o
f

p . 527 ) . The bioclastic facies appears to have this facies , crustose algal remains ( Anchico
accumulated in freely circulating , normally dium ? ) contribute u

p

to 1
5 percent o
f

the rock .
saline warm water a

t depths slightly shallower Imbrie and others (1959 ) chose to identify the
than for fusuline limestone facies deposition . latter rocks separately a

s
“ Anchicodium facies . "

The algal limestone facies probably accumu
Conglomeratic -Bioclastic Limestone Facies

lated in warm water slightly shallower than that
Rocks o

f this facies have matrices similar to in which fusuline o
r shelly facies came to rest .

bioclastic limestone facies (with numerous Osa
gia ) , but the matrices are hidden amid numer - Osagite Limestone Facies
ous pebbles and granules o

f aphanitic , slightly
Pelletoid , oolitic , or pseudo -oolitic limestone

argillaceous , soft limestone or highly calcareous
mudstone . The conglomeratic -bioclastic facies in

characterizes this facies . The pellets o
r ooliths

consist o
f

calcareous nuclei such a
s tiny fora

the Glenrock Limestone is best developed a
t

Manhattan , Kansas , where the pebbles are in minifers , mollusks , and fragments thereof , sur
terpreted a

s reworked upper Johnson deposits
rounded b

y

concentrically layered coatings o
f

eroded from shoals near Alma , Kansas . algal calcium carbonate ( O sagia ) . Most pellets
are subspherical , but many are bean or sausage

Shelly Shale -Limestone Facies shaped , depending mainly o
n the shape o
f

the

The thinly interbedded , shelly , fossiliferous nucleus . The upper parts o
f

some limestone

calcareous shale and nodular limestone o
f

the beds o
f

the osagite limestone facies contain u
p
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to 70 percent of pellets in a microcrystalline
matrix . These textures have been called osagites .
They grade downward to rock that contains

fewer irregularly shaped Osagia bodies than
the osagites proper . Bun -shaped , concentrically
laminated , calcareous algal mounds (Pl.6A ) are
associated with osagite at one locality . South of
Manhattan , Kansas, the Howe Limestone is

typical of the osagite limestone facies in the Red
Eagle cyclothem . This is similar to the Type a
Osagia facies defined by Imbrie and others

(1959 , p. 72 ) . The facies is judged to represent
warm , almost hyperhaline water and deposition
at depths only a few feet below lo

w
-tide level ,

under turbulence and circulation conditions a
s

suggested b
y

Imbrie and others (1959 ) .

Aphanitic Limestone Facies

Howe Limestone from Manhattan , Kansas ,

northward typifies the aphanitic limestone

facies . The Howe is light -gray , uniform , apha
nitic limestone commonly containing from 5 to

1
5 percent o
f

insoluble residue (mostly clay )

and few fossils . The limestone weathers to

shades o
f rusty and yellowish light brown and

is commonly vuggy . Much o
f

the aphanitic cal
cium carbonate is thought to be o

f algal origin .

The facies is believed to be the record of deposi

tion in slightly hyperhaline warm water that
was somewhat restricted from free interchange

with open sea water . Depths of deposition were
about the same a

s for osagite limestone facies .

quired these structures . Hence , it is suspected
that some o

f

the shaly partings in Bennett and

Roca clay shale may b
e o
f

similar diagenetic

origin . In the same way , diagenesis probably
accentuated the bedded o

r

laminated structures
produced b

y

other means (Sujkowski , 1958 , p .

2716 ) .

Diagenesis in Glenrock , Bennett , and Howe
limestone is demonstrated b

y

fossil interiors and

matrix interstices filled with secondary calcite
and , rarely , pyrite . Themost conspicuous fossil
fillings occur in Glenrock fusulinids and in the
Howe Limestone nautiloid cephalopod ( P

l . 7 ) .

Calcite in the matrices o
f

the limestone is com
monly microcrystalline -aphanitic . The calcite is

thought to have been derived mostly b
y

solution

o
f

calcareous material within the limestone
masses , and b

y nearly simultaneous reprecipita

tion in open spaces . Judging from the known
composition o

f living animal shells ,many o
f

the
shells found in the limestone originally may have

been aragonitic . It is assumed that recrystalliza
tion o

f

aragonitic materials gave rise to much o
f

the secondary calcite recognizable in the Red
Eagle Limestone . Traces o

f

short , impressed or

indented contacts between pellets in the Howe
Limestone osagite may reflect solution and re

precipitation o
f

calcite , probably aided b
y

com
pactive pressure .

The few chert nodules in the Bennett lime
stone at the Allen sections are further evidence

o
f diagenesis . The secondary origin o
f

these

siliceous materials is affirmed b
y

their content o
f

silicified fossils . Individually silicified , milky ,
chalcedonic fossil brachiopod fragments and
beekite a

re

associated with the chert nodules .
No explanation is offered for the preferential
replacement o

f

these fossils . Sujkowski (1958 ,

p . 2695 ) postulated a diagenetic mechanism to

explain the concentration o
f

silica necessary for
such chert structures . Initially , his mechanism
requires saline water o
f
a p
H

near 8 , * trapped
with the sediments when they accumulate . The
amount o

f

this water is reduced b
y squeezing

during compaction . To provide the required
source o

f

silica for the nodules , Sujkowski ' s ex
planation calls fo

r

organic and inorganic silica

in the sediments . If silica was dispersed through
Glenrock and Bennett sediments , the chert

nodules constitute the only record .

DIAGENESIS

Diagenesis , as used here , corresponds to

Sujkowski ' s (1958 , p . 2692 ) definition a
s

" changes occurring in a freshly deposited sedi
ment , commonly while still in the sedimentary
basin ” and including the “ processes which turn

a fresh sediment into a stable rock o
f

some
hardness , under conditions o

f pressure and
temperature not widely removed from those

existing o
n the earth ' s surface . ”

The Johnson Shale affords little direct evi
dence o

f

such diagenesis . Although the lamina -

tion and fissility o
f

the shale is mostly ascribed

to primary sedimentary processes , some o
f the

shaly parting may have developed b
y

compac
tion o

f

the Johnson clay mud during diagenesis .

Shepard and Moore (1955 , p . 1587 ) observed
that 8 ,500 -year -old mud buried 6

9

feet beneath

similar currently accumulating mud in the cen
tral Texas Gulf Coast shows shalelike parting
planes . The younger deposits have not yet ac

• The fauna o
f

Glenrock and Bennett limestone reflects
normal marine conditions. Normal sea water has a pH about

8 . 1 o
r
8 . 3 . If Sujkowski' s explanation is correctfor silica in the

Bennettlimestone, his requiredpH lends support to the implica
tion thatGlenrock and BennettpH valueswere near 8 . 0 . Con
verscly, the implicit normal marine pH and presence o

f

chert
give support to the tenabilityof Sujkowski' s explanation.
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Clay accumulations commonly undergo vol -

ume reduction o
f

between 5
0 and 7
8 percent

(Weller , 1960 , p . 298 ) during diagenesis . Als
though it is certain that Johnson , Bennett , and
Roca shale was compacted , the only direct evi -

dence o
f compaction is visible in the black

Orbiculoidea -bearing shale a
t

the base o
f

the
Bennett Shale . Here ,many specimens o

f

cone -

shaped Orbiculoidea have been crushed fat b
y

compression under the weight of overlying sedi -

ments .

Traces o
f
“muscovite ” have been found with

clay and fine quartz silt in many o
f

the insolu -

ble residues studied . It is believed that the

“muscovite ” is a
n

alteration product o
f

clay

minerals such a
s illite , common in shale o
f

the
Red Eagle cyclothem . The small amounts o

f

chlorite commonly present in many o
f

these

shale units could have been altered from the
illite o

r

from montmorillonite if appropriate
ions were present during diagenesis . Some o

f

the illite could have been altered from mont -

morillonite .

Evidence o
f

oxidation o
f

iron salts in shale

is present where thin zones adjacent to fractures

in greenish -gray shale are changed to a faint
maroon -gray color . Some o

f

the green colora -

tion in Johnson and Roca shale is due to the
presence o

f finely divided ferrous iron silicates .

The general light color o
f the Bennett lime

stone and the random orientation o
f

it
s shell

fragments may have resulted from the activities

o
f

mud -eating and scavenging organisms during
early diagenesis . “ The importance o

f living
creatures a

s agents o
f early diagenesis in natural

sedimentary environments can not be over

stressed ” (Shepard and Moore , 1955 , p . 1586 ) .

Much o
f

the gray shale and some o
f

the
the

black shale o
f the Bennett Shale Member weath

e
r
to light brownish gray o
r

buff . This weather -

ing is so deep in some places that the shale

could be mistaken for unaltered buff shale .

The light color is believed to b
e

the result o
f

oxidation , bleaching , or removal of dark car
bonaceous and other rock -coloring materials
during weathering .

thinly over a wide , very flat , shelflike basin in

the Midcontinent region o
f

Kansas , Oklahoma ,

and Nebraska . The basin floor subsided slowly
and permitted the accumulation o

f

some 5
0

feet

o
f

sediments that now make u
p

the Red Eagle
cyclothem . Lowlands bordered this arm o

f

the
Wolfcampian sea o

n the north , east , and south .

From time to time uplifts in southern Okla
homa supplied large quantities of clastics which
were washed into the southern side o

f

the basin

and thence were spread northward b
y

gentle

currents . These sediments mingled with those
from the lowlands to the north and east . The
generally moist climate o

f

the region varied
from warm to cool , with dry , warm conditions
occurring periodically .

During the first half of Johnson time , the
sea shallowed until shorelines were comparative

ly near to the area o
f study . At the same time

the climate became warm , with alternating wet
and dry seasons , so that red soil developed o

n

the land . When the waters were shallowest
( high intertidal ? ) , re
d

soil detritus washed into
the northern and southern margins of the basin .

The Red Eagle cyclothem sequence began with
accumulation o

f
these red sediments in warmaccumulation o

f

these

and possibly hyperhaline waters . While red
detritus was carried toward the center of the
basin , its ferric oxides were chemically reduced

so that the sediment was deposited a
s
a greenish

gray aggregate . After a fe
w

inches o
f

red mud
accumulated , the se

a

deepened very slightly , cir
culation with the ocean became freer , and the
water became normally saline . Greenish -gray
mud was deposited throughout the Kansas part

o
f

the basin . Little light could reach the sea
bottom because waters were turbid from sus
pended mud . Hence , few benthonic plants and
few animals inhabited the water , although
planktonic algae were active near the surface .

The algae precipitated calcium carbonate par .

ticles which settled with the suspended sedi
ments to form moderately calcareous greenish

gray mud .

The sea cleared occasionally during the last

o
f

Johnson time because o
f : ( 1 ) short , warm ,

dry periods (which lessened runoff and in

hibited subaerial erosion ) ; ( 2 ) low relief and
gradients in source areas ; or possibly ( 3 ) de
velopment o

f

submarine barriers to clay influx .

During these times relatively more algal calcium
carbonate was produced so that local layers o

f

argillaceous lime mud accumulated within the
preponderant calcareous clay mud . The water
was less than 1

0

feet deep , so storms were able

to stir u
p

some o
f

the bottom sediments . Tidal

ENVIRONMENTAL HISTORY
OF THE RED EAGLE CYCLOTHEM

Necessarily , some episodes in this history
rest o

n inference within a framework o
f

con .

clusions that can b
e supported b
y

observation .

These conclusions a
re listed after the following

summary o
f

environmental history .

The Red Eagle cyclothem was deposited in

Wolfcampian time in marine waters spread
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and wind-induced currents exerted daily smooth
ing and laminating action on bottom sediments

and were an important agent of transportation

of suspended clay detritus .
Near the end of Johnson time, rapid influxes
of water from land during pluvial periods
temporarily lowered the salinity . Ostracodes
were the only shelled animals that Aourished .
Fragments of gymnosperm wood washed in
from lands to the north and east. In southern
Kansas (Cherokee Basin ) the late Johnson
waters were only slightly deeper than in the
north . The land to the south was low . During
relatively dry periods the supply of mineral and

The sedimentary events that closed Glenrock

time happened even more suddenly than those
which began it. The sea shallowed quickly from
30 or 40 feet to less than 10 feet . The accumula
tion of clay clastics resumed in the area of study ,
and free circulation of water with the open
ocean was restricted by an unknown barrier
somewhere to the southwest . This change ac
counted for the euxinic sea floor at the begin
ning of Bennett time in Kansas and Nebraska .
The to

p

o
f

the Glenrock Limestone was so flat
that these changes occurred almost simultane

ously throughout the area o
f study .

As the available oxygen was depleted , odor
ous Bennett mud began accumulating o

n

the
clean bioclastic Glenrock Limestone sediments .

Black mud killed the last Glenrock fusulinids
and washed into the open tubes o

f

animals that

burrowed into the upper Glenrock sediments .

Organic matter and calcium carbonate settled

from the surface waters to the toxic bottom (low

in oxygen ) , where the organic matter was partly
preserved and partly decayed b

y

bacteria . This
increased the toxicity . A few Lingula and

minished , and so allowed the waters to clear .
During these periods a mixed shelly fauna de
veloped in southern Kansas , while only ostra
codes lived in the northern part o

f

the basin .

Small amounts o
f

detritus regularly entered the
Midcontinent basin ,mainly from the north and
east .

Johnson deposition terminated when the
water deepened from less than 1

0 , to 20 or

3
0

feet . Whether o
r

not subsidence aided
the rising water , the rise in se

a

level forced the

shorelines to move considerable distances over
the adjacent lowlands . Hence , in Glenrock time
little clastic sediment from the land reached the

area o
f study , so waters were very clear . The sea

floor was extremely fat . Benthonic life thrived .

Particulate algal calcium carbonate settled from
near -surface waters amid a profusion o

f

ben

thonic calcareous shelled invertebrates , o
f

which
many were fusulinids . The result was a richly
bioclastic , clean , calcareous bottom ooze . Dur
ing Glenrock time the basin foor subsided
slightly less in southern Kansas than in the
north , so that a lesser thickness of Glenrock
lime mud accumulated there than in the north .

However , in northern Kansas and Nebraska ,

Glenrock sediments were deposited a
t
a re

uniform rate . Minor local uplifts o
c -

curred along the Nemaha Anticline , causing
shoals near the Alma , Saffordville , and Elmdale
localities just before o

r during Glenrock time , so

that Glenrock sediments were scarcely deposited

in these areas . Fragments o
f

Johnson sediment

were eroded from the Alma shoal and deposited

in the Glenrock sediments a
t Manhattan and

Paxico . A
t

the end o
f Glenrock time , the depo -

sitional interface was a strikingly level , uniform
surface over much o

f

northeastern Kansas and

southeastern Nebraska and parts o
f

southeastern
Kansas .

black bottom . but they did not thrive .

During early Bennett time the water deep

ened slightly . The ensuing freer circulation im
proved oxygenation , reduced the toxicity , and
encouraged the establishment o

f
a mixed shelly

benthonic fauna . Graymud was deposited from
moderately turbid water 4

0 o
r

5
0

feet deep . The
southern supply o

f

clastics to the area o
f study

was reduced while waters shallowed in the
middle of Bennett deposition . Faint upwarp o

f
the Bourbon Arch further interfered with cir
culation and prevented northern clastics from
reaching southern Kansas . Hence , lime mud
was laid down in shallow clear water during the
rest o
f

Bennett time in southern Kansas , while

calcareous clay mud was deposited from more
turbid water in Nebraska and northern Kan
sas . Up to 5 feet of limemud o

r ooze accumu
lated in central Kansas during medial Bennett
time , some in calcareous banks stabilized b

y

ramose crustose algae , but calcareous clay mud
with a mixed shelly fauna followed when the

water deepened in the latter part o
f

Bennett
time . In a small shoal area south o

f Eskridge ,

Kansas , double the normal thickness of lime
mud accumulated in algal banks amid calcareous
clay mud during medial and late Bennett time .

After the euxinic conditions which began
Bennett time , all Bennett waters were mildly

warm (about 70° F ) and normally marine in

salinity and p
H
. The bottom was swept b
y



70 Kansas Geol. Survey Bull. 164, 1963

moderate to gentle currents . In medial and late CONCLUSIONS
Bennett time, calcareous crustose algae grew on

1. Rocks of the Red Eagle cyclothem can be
the lime ooze in central and southern Kansas

traced through several facies changes from Ben
and helped to stabilize and accumulate fine

net , Nebraska , to Burbank , Oklahoma. Most of
particulate carbonate detritus .

the limestone in the northern Oklahoma Red
Sedimentary events that concluded character . Eagle type area is equivalent to the Bennett

istic Bennett deposition were less abrupt and Shale Member of the Red Eagle Limestone for
extreme than events at the beginning. Sur- mation in Kansas and Nebraska .
rounding land masses were worn low by the end 2. Rocks of the Red Eagle cyclothem accu
of Bennett time. The sea became very shallow mulated in very shallow marine waters , upon
again and the deposition of Howe calcareous an unusually fat shelf -basin . The foor of the
sediments began in clear, warm , nearly hyper - basin was flattest at the end of Glenrock Lime
haline water . A profuse benthonic fauna , rich stone deposition .
in foraminifers , ostracodes, tiny gastropods, and 3. Red Eagle cyclothem rocks contain the
small clams, was established south of the Man following fundamental faunal - lithologic facies
hattan area . Shortly after the beginning of types, recognizable both in the field and in the
Howe time the water was warm , shallow , and laboratory : red shale facies , green shale facies ,
clear enough fo

r

algae to thrive o
n the bottom . black shale facies , fusuline limestone facies , bio

The algae ( Osagia ) secreted calcareous coatings clastic limestone facies , conglomeratic -bioclastic
around shell fragments , thus forming the pseu limestone facies , shelly facies . algal limestone

d
o -oolites observable in the pelletoid Howe facies , osagite limestone facies , and aphanitic

Limestone (osagite ) o
f

central and southern limestone facies . These facies types , as well as

Kansas . Commonly gentle , but sometimes others first recognized and interpreted b
y

Im
strong , currents swept the floor o

f

the Howe sea . brie and others (1959 ) and b
y Laporte (1962 ) ,

In Nebraska and northern Kansas , algal par - are represented in most cyclothems o
f

the Kan
ticles accumulated to form aphanitic calcareous sa

s

Wolfcampian .
ooze containing fe

w

shelly fossils . 4 . Depositional environments of the various
After the water had shallowed to less than faunal -lithologic cyclothemic phases were con

1
0 feet b
y

th
e

end o
f

Howe time , there followed trolled principally b
y

water depth ( se
e

Table 7 ) .

a sudden influx o
f

clastics and the establishment
Regional climate , which modified the supply

o
f

water conditions similar to those o
f

late John
rate o

f

silicate clastics and the chemistry and

son time . Greenish -gray mud began to accumu
movements o

f

the sea water , significantly modi

late . Regional climatic changes and uplifts in

fied and sometimes subordinated the effects o
f

depth .

the southern source area caused a flood o
f

re
d

clastics to move northward across the she ' f -basin 5 . Uniform depositional environments pre

in early Roca time . Smaller quantities o
f

red
vailed contemporaneously over wide areas o
f

the
shelf -basin during Red Eagle cyclothem deposi

clastics washed in from sources to the north and
tion . The remarkably level basin foor per

east . Most of these were chemically reduced to

mitted transmittal o
f

even slight changes o
f

a green color before they reached central Kan depth , and attendant environmental conditions ,

sa
s
. Greenish -gray calcareous clay mud similar across the entire shelf within very short (geo

to that deposited late in Johnson time settled logically instantaneous ) time intervals . Such
from the turbid Roca waters . The water shal

events caused knife -sharp lithologic boundaries
lowed to nearly intertidal depths and the shore - such a

s

the Glenrock - Bennett contact , which is

lines drew nearer to the area o
f study . Occa essentially a time plane within the Red Eagle

sionally , as in late Johnson time , thin layers o
f

cyclothem . Slight depth changes sometimes gave
limemud accumulated during temporary incur - rise to major changes in circulation and deposi
sions o

f deeper water . When the climate tional conditions b
y

barrier breaching .

changed and the intertidal waters became slight 6 . The Red Eagle cyclothem records a cycle

ly hyperhaline near the middle of Roca time , red o
f

water depth changes (summarized in Figure
clastics spread across the area . This return to 5C ) ranging from intertidal depths to notmore
conditions similar to those which caused deposi - than 6

0 feet . Tidal , wave -induced , and other
tion o

f

the Johnson redbeds marked the end o
f

currents were gently active within the shallow
the cycle o
f

depositional events recorded within Red Eagle cyclothem waters , and they served to

the Red Eagle cyclothem . spread the sediments uniformly over broad areas .
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7. Accumulation rates were broadly uniform
during deposition of individual sedimentary
units or phases of the Red Eagle cyclothem in

Kansas and Nebraska .

8. The silicate clastic sediments in the Red
Eagle cyclothem came from the north , east , and
south of the present outcrop belt . Tectonism to

the south ( southeastern Oklahoma ? ) periodical
ly controlled the influx of clay clastics to the

area . Changes of sea level ( ultimate base level )
and climatic changes also may have governed

th
e

supply o
f clastics .

9 . Redbeds were deposited in the shallow
est , most saline waters ; they define the upper
and lower boundaries o

f

the cyclothem . Com
paratively greater thickness o

f

redbeds in Okla
homa indicates relative nearness to the southern
source o

f

red clastics . The red materials are
believed to have been washed o

r blown into the
area o

f study from re
d

soil sources .

1
0 . Regional climate during deposition o
f

Red Eagle cyclothem sediments ranged from

moist and cool (temperate ) , to warm and

periodically dry .

1
1 . Most o
f

the limestone in the Red Eagle

Limestone formation was formed from shell

detritus and calcareous algal particles . Inor
ganically precipitated carbonates are negligible .

1
2 . Formation o
f

the Howe Limestone osag

it
e required clear , gently agitated water prob -

ably less than 1
0 feet deep , with current veloci -

ties greater than 1
0 centimeters per second

1
3 . Stratigraphic marker fossils within the

Red Eagle cyclothem a
re :

Howe limestone . . . . . . . . . . . . . . . . . . . . Osagia

(alga )

Bennett limestone . . . . . . . . . . . . Lophophyllidium ?

(horn coral )

Bennett black shale . . . . Lingula , Orbiculoidea

(inarticulate brachiopods )

Glenrock limestone . . . . . . . Triticites

(fusulinid foraminifer )

Upper Johnson shale . . . . . . . . . . . . . . . . . . Trochiliscus

(charophyte )

1
4 . Environmental index fossils within the

Red Eagle cyclothem a
re :

Osagia : clear , shallow ( 0 - 10 feet ) , warm ,

gently agitated water .

Lingula , Orbiculoidea : shallow ( 0 - 10 feet ) ,

euxinic , somewhat turbid conditions ; re

stricted circulation .

Triticites : clear , shallow ( 10 - 40 + feet ) ,

warm , normal marine water ; gentle , free
circulation .

Trochiliscus : shallow ( 0 - 10 feet ) , mildly
brackish water rich in CaCO3 .

1
5 . The gymnosperm ? spores in the lower

Bennett Shale resemble those o
f

later Permian
rocks elsewhere . In the Wolfcampian , mid
America may have been the cradle o

f develop
ment of a fora which did not reach other parts

o
f

the world until medial o
r

later Permian time .

1
6 . Faint crustal upwarps produced shoals

in the Nemaha Anticline and Bourbon Arch
areas o

f east -central Kansas , which exercised
minor control over sedimentation in Glenrock

and Bennett time but not during Howe time .

Because o
f

such upwarp , Glenrock Limestone is

locally absent in east -central Kansas . A unique
Glenrock facies near Manhattan , Kansas , may

have been partly derived from upwarps near

Alma , Kansas .

1
7 . Chert and clear calcite pore fillings in

Bennett limestone record diagenetic changes .
The fine grain size of bioclastics , random par
ticle orientation , light color , and lack o

f

lami
nation in massive Bennett limestone are attri

buted to the activities o
f burrowing and mud

eating organisms .

. . . . . . . .
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APPENDIX

DESCRIPTIONS OF

SAMPLED RED EAGLE CYCLOTHEM SECTIONS

B
a
ir
d
ia

B
y
th
o
cy
p
ri
s

C
a
v
e
lli
n
a

C
y
th
e
re
lla

M
a
cr
o
cy
p
ri
s

P
a
la
co
n
is
cu
s

to
o
th
fr
a
g
m
e
n
ts

1 . 0

•• -- --

2 . 0-

D
is
ta
co
d
u
s

Bennet Section . — NE sec . 11 , T . 8 N . , R . 8 E . In south
cut bank o

f

Little Nemaha River , mile southeast of

Bennet , Lancaster County , Nebraska (Fig . 7 ) .

Thickness,

Sample feet

Soil

Roca Shale

1 . Limestone , light yellowish to brownish
gray , argillaceous , traces of random clear
calcite flecks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 . Mudstone , light gray and greenish gray
with yellowish mottling , silty , calcareous ,

moderately laminated . .

3 . Mudstone , brick red , calcareous , moderately
laminated . . . 1 . 0

4 . Shale , light gray with pale -maroon tint ,

moderately to well laminated , slightly cal
careous , compact . . . . . . . . . . . . 1 . 0

5 . Shale , light gray , slightly calcareous , com
pact , well to moderately laminated , traces

o
f

small ta
n

calcareous shell ? fragments . . . . 1 . 0

6 . Limestone , light brownish gray , aphanitic ,

hard , traces of medium to fine clear calcite
crystals in veinlets o

r

in random blebs ,

very rare ostracodes . . . . . . . . .

7 . Shale , light gray , silty , slightly calcareous ,

moderately to well laminated , rare ostra
codes

8 . Shale , light gray with greenish tint , cal
careous , well laminated , traces o

f

buff frail
gastropod ? fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

Thickness Roca Shale exposed 9 . 6
0 . 9

-I C
o
o
p
e
re
lla

I Ca
v
u
sg
n
a
th
u
s

H
in
d
e
o
d
e
lla

O
za
rk
o
d
in
a

S
tr
e
p
to
g
n
a
th
o
d
u
s

1 . 7

I pl
a
n
t
re
m
a
in
s

Id
ia
ca
n
th
u
s

M
u
lt
id
e
n
to
d
u
s

H
o
lli
n
e
lla -

1-1- 1- 11-1

P
o
ly
g
n
a
th
o
d
e
lla

-

II
I

-
I-

I An
ch
ic
o
d
iu
m!-

. . . . . . . . . . 3 . 0
1 . 0

Ic
h
a
ro
p
h
y
te
s

Red Eagle Limestone

Howe Limestone Member

9 . Limestone , light to medium brownish
gray , aphanitic , rare large vugs , some pin
point porosity in lower 1 . 0 foot , thick
bedded

Bennett Shale Member

1
0 . Shale , medium to light gray , traces of yel

lowish mottling , moderately to slightly cal
careous , compact , moderately to well lami
nated . . . . . . . . . . . . . . . .

1
1 . Mudstone , light yellowish rusty gray , cal

careous , poorly to moderately laminated ,

compact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
2
. Mudstone , buff , probably weathered from

medium to light gray , calcareous , moder
ately to poorly laminated , trace of pale
rusty yellowish mottling . . . .

1
3
. Limestone , light brownish gray , muddy ,

resistant , hard , traces of flecks of dark
brown (possible bituminous o

r plant ) ma
terial

1
4 . Mudstone , argillaccous calcilutite , aphanitic ,

similar to above , trace o
f

dark -brown flecks

in light -yellowish -gray mottled matrix ,

microgranular , trace of fish teeth and small
shell fragments

1 . 0
1 . 0

. . . 0 . 5
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Johnson Section . - NW NE sec. 6, T. 5 N ., R. 13 E. In
west bank of creek, 144 miles north of Johnson , Ne
maha County , Nebraska ( Fig . 8) .

1.5

15. Shale, medium to dark gray, compact , well
laminated , slightly calcareous, traces of frail
shell fragments and black threadlike plant

remains ........... .............

16. Mudstone , light gray, calcareous, some
rusty -yellow mottling , compact, poorly
laminated ............

17. Shale , dark gray, well laminated , complete
Orbiculoidea with fragments 1.0

Thickness Bennett Shale Member 8.0

Thickness,
feetSample

Soil

Red Eagle Limestone1.0

1.0

......

0.50.5..........

........

1.0

Glenrock Limestone Member

18. Limestone , light brown to grayish green,
aphanitic matrix for common fusulinids ,

hard, massive, trace of brachiopod frag
ments , rare Aecks of brown bituminous ?
material , upper 0.2 feet has patches of
muddy gray material suggestive of Bennett

shale; lower 0.5-foot free of fusulinids but
contains common brachiopods , foraminifers ,
and ostracodes 1.0

19. Limestone , medium to light brownish gray ,
aphanitic to microgranular faint undulatory

(algae?) laminations , undulatory base and
top, very hard ....................
Thickness Glenrock Limestone Member 1.5

Thickness Red Eagle Limestone 12.5

Johnson Shale

20 . Shale, medium gray , some light greenish
gray, well laminated 2.0

21. Shale, light greenish gray, calcareous ........
22. Claystone , light gray to bluish gray, slight
ly calcareous, poorly to moderately lami
nated ....... .....................

23. Shale, light bluish gray , calcareous, moder
ately laminated .........

24. Mudstone , light gray , calcareous, poorly to
moderately laminated

25. Shale, light gray to olive green in places,

calcareous, soft, well laminated ..
26. Mudstone , brick red, calcareous
27. Shale, light greenish gray, calcareous,mod
erately laminated ; 0.1-foot brick -red shale
0.5 foot above base .... .........

28. Siltstone , light gray, very finely ar.d evenly
laminated , resistant, platy debris , slightly
calcareous, grades downward to similar
silty shale in lower 0.5 foot and to shale
as below .

29. Shale, light gray to brownish gray, moder
ately to very well laminated as above,
slightly calcareous, traces of foraminifers ,
snails , and fish teeth ...

30. Limestone , shaly, medium gray, weathers
light yellowish gray to light brownish gray,
moderately to well laminated, slightly cal
careous, slightly silty along laminae ; 0.3
foot lens of aphanitic argillaceous medium
gray limestone 1.0 foot from base .............. 2,5

31. Shale, light brownish gray, similar to above,
slightly silty ....... . 1. 1

Thickness Johnson Shale 15.6

......

Bennett Shale Member

1. Shale, dark gray, weathers buff, well lami
nated , fish teeth, Orbiculoidea ; exposed .... 2.0

Glenrock Limestone Member

2. Limestone , light brownish gray, aphanitic
matrix fo

r

abundant fusulinids , oatmealy
subcoquinoid -calcarenitic texture . . . . . . . . . . . . . . .

Thickness Red Eagle Limestone exposed 3 . 0

Johnson Shale

3 . Shale , light buff , weathered from medium
gray , calcareous , slightly silty , moderately

laminated , trace mica ? and minute brown
flecks o

f phosphatic material , possibly vague
ripple marks , fairly hard . . . . . . . . . .

4 . Shale , similar to above , trace of brown
phosphatic tooth ? remains , common plain

ostracodes along coarser textured laminae

o
r very thin beds . . . . . . . . . . . . . . . . . . . 0 . 5

5 . Shale , similar to above 0 . 5

6 . Limestone , medium to light brownish gray
with some pale -rusty -yellow stain , slightly
resistant , argillaceous , aphanitic matrix for
ostracodes , possible linear algae . . . . . . . . . . . . . . . . 0 . 5

7 . Mudstone , light greenish gray , calcareous ,

silty , blocky debris , more resistant than
below . . . .

8 . Mudstone , light olive green to gray , cal
careous , similar to above , traces of possible
plant remains , not laminated . . . . . . . . .

9 . Mudstone , light greenish gray , moderately
laminated , calcareous , rare very fine grains

o
f

tan CaCO3 , less resistant than 7 and 8 . . 1 . 0

1
0 . Shale , laminated , medium greenish gray ,

clayey laminae alternate with off -white
marly laminae ; all laminae are lenticular

o
n

a very minute scale , calcareous , and
more resistant than beds above and below . .

1
1 . Shale , light olive green to gray , moderate

ly laminated , compact . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
2 . Shale , light yellowish green to gray , cal

careous , moderately to poorly laminated ;

somemudstone . . . . . . . . . . . . . . . - - - . . . . . . . . . . . . . . . . . .

1
3 . Mudstone , light greenish gray with yellow

ish cast , calcareous , fairly resistant . . . . . . . . . . . . . .

1
4
. Mudstone , similar to above but lighter

greenish gray , calcareous

1
5 . Mudstone ,medium to light olive green , not

calcareous , fairly resistant , compact , olive
tintmodified b

y

limonite

1
6 . Shale , light greenish gray , calcareous , ( simi

la
r

to 1
4
) , poor wavy laminae , varies to

mudstone . . . . . . . . .

1
7
. Mudstone , medium olive green , somewhat

calcareous , random rusty flecks . . . . . . . . . . . . . . . . . . 0 . 8

1
8 . Limestone , light brownish gray , very argil

laceous , laminated , varies to limy shale ,

some laminae are pure tan CaCO3 . . . . . . . . . . . . 0 . 1

1 . 7

0 . 3

. . . . . . . . . . 1 . 0
1 . 0

. . .

. . . . . . . . . .

Foraker Limestone

Long Creek Limestone Member

3
2 . Limestone , argillaceous to coquinoid , medi

u
m

to light gray ; exposed 2 . 0
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..... . 1.0
1.5

19. Mudstone , medium gray, calcareous, some
rare vague laminae , blocky debris

20. Mudstone , medium greenish gray, very cal
careous, nodular weathering ..........

21. Mudstone , light greenish gray with pale
yellowish tint, calcareous, nodular , soft to
hard where nodular 1. 0

22. Mudstone , light greenish gray, somewhat
chalky ..

23. Mudstone , similar to above, varies to very
light greenish buff ...

24. Mudstone and shale, variegated, very light
green, pink , and buff, calcareous : 0.8

Thickness Johnson Shale 17.0

* ... 0.2
... 1.0

1.0

5. Siltstone, brick red, argillaceous , varies to

mudstone , slightly calcareous, small blocky
debris ....................
6. Shale , light gray to light greenish gray, cal
careous, poorly laminated , varies to calcare

ous mudstone , trace of fossils, sinistrally
coiled high -spired smooth-shelled gastropod
fragments

7. Limestone , light gray to very light brown

is
h

gray , argillaceous , laminated , flaky . . . . . .

8 - 9 . Limestone , light brownish gray with hori
zontal small discontinuous medium - to

light -gray streaks , vugs rare , trace ofMnO2
dendrites , sublithographic to microcrystal

line , hard , even textured , massive , thick to

medium bedded , bedding planes undulatory

( 3 inches ) to even , traces o
f

crack fillings

a
t

base recorded o
n

overturned slumped

block , weathers light gray to buff . . . . . . . . . . . . . .

1
0
. Shale , very light greenish gray , finely silty ,

clayey , varies to calcareous mudstone ,

slightly calcareous . . . . . . . . . . . . . . . . . .

1
1 . Shale , very light greenish gray , finly silt ; ,

calcareous , well to poorly laminated , varies

to calcareous mudstone , somewhat blocky ,

more resistant than below . .

1
2 . Mudstone , very light greenish gray , soft ,

calcareous , trace o
f

mica ? . . .

1
3
. Shale , brownish gray , silty , well la inated ,

trace o
f

mica along laminae , not calcare
ous , compact , gray to rusty along some
laminae

2 . 0

Pawnee Section . - C NW NW sec . 11 , T . 1 N . , R . 10 E .

In south bank o
f

West Branch Creek , 100 yards from
small bridge , Pawnee County , Nebraska (Fig . 9 ) .

Thickness,
Sample feet
Roca Shale

1 . Shale , medium to light gray and greenish
gray , slightly silty , rare rusty mottling ,

poorly laminated , varies to mudstone . . . . . . . . 1 . 5

2 . Shale , light greenish gray , slightly sit ,

varies to mudstone , random crude light
gray argillaceous limestone boxwork . . . . . . . . . .

3 . Limestone , light greenish gray , argillaceous ,

grades to shale above , top undulatory ( 2

inches relief ) . . . . . . . . . . . .

4 . Siltstone , light greenish gray , argiilaccou ; . . 0 . 5

0 . 0
5

0 .55

· 1 . 5 1 . 9

1 . 5

1 . 5
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14. Claystone , light greenish gray, calcareous,
compact, uncommon vague laminae , trace
of very fine silt, varies to mudstone .......... 1.0

15. Claystone , very light greenish gray, calcare
ous, compact, poor uncommon laminae ,

similar in general appearance to above ...... 1.0
Covered

Thickness Roca Shale 18.0

3. 1

Red Eagle Limestone

Howe Limestone Member

16. Limestone , light gray and greenish gray,
microcrystalline , hard, slightly argillaceous ,
varies at random to clayey compact clay

filled vugs and pits, very irregular bounda
ry, fairly resistant ..... ........... 1.0

17. Limestone , light rusty gray to buff , very
calcilu taceous to very finely silty, badly
decayed, soft, little resistance to erosion ,
vaguely laminated in places ....................... 4.0

Thickness Howe Limestone Member 5.0

Bennett Shale Member

18. Siltstone , very light gray to buff or yellow

is
h

gray , slightly to moderately calcareous ,

very fine to fine , grades into above . . . . . . . . . . . . 1 . 0

1
9 . Shale ,medium to light brownish gray , cal

careous , moderate to good fossility , contains
many calcarcous fossil fragments (brachio
pods , Orbiculoidea , productid spines )

oriented roughly parallel to fissility , trace

o
f

interstitial dark -gray MnO2 , transitional
between 1

8

and 2
0 . . . . . . . . . 0 . 1

2
0 . Shale , very dark gray , moderately lami

nated , varies to mudstone , very slightly
calcareous , varies to noncalcareous , trace of

Orbiculoidea , compact . 0 . 5

21 . Shale , similar to 19 , many brachiopod frag
ments , Crurithyris , productid spines . . . . . . . . . .

2
2 . Shale ,medium to dark gray and brownish

gray , moderately laminated , slightly cal
careous , compact , weathers to medium
brownish gray . . . .

2
3 . Shale , similar to above , moderately to well

laminated , silt -size fragments o
f dark

brown corneous fossil remains (Orbicu
loidea ? o

r

fish fragments ? ) , compact . . . . . . . . 0 . 5

2
4 . Shale , very dark gray , compact , noncalcare

ous to very slightly calcareous , well lami
nated to moderately laminated . . . . . . . . . . . . . . . . . . . .

2
5 . Shale , medium gray , calcareous , well lami

nated , large calcareous brachiopod frag
ments parallel to laminae , traces of dark
brown corneous fossil fragments . . . . . . . . . . . . . . 0 . 5

2
6 . Shale , medium to dark gray , calcareous ,

emits fetid odor when aitacked b
y

HCI ,

well laminated , rare traces of brachiopod
fragments (Crurithyris ) . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 5

2
7 . Shale , medium to dark gray , calcareous ,

similar to above but lacking visible fossils ,

well laminated , moderately fissile , compact ,

Orbiculoidea and Lingula fragments occur

in the basal 1
4

inch . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 5

Thickness Bennett Shale Member 5 . 6

finely crystalline matrix , very fossiliferous ,

common fusulinids especially in upper 0 . 6

foot , brachiopod fragments and lesser fora
minifers , hard , compact , trace of pyrite in

fusulinids , a single massive bed , locally top

0 . 2 foot penetrated b
y

tubes o
f

dark -gray
calcareous mud from Bennett Shale above ,

upper 0 . 1 foot undulatory with abrupt
gradation upward to dark -gray calcareous
tubes ( containing fusulinids and Orbicu
loidea fragments ) in random pattern sug
gesting worm trails , random lumps and
small accumulations o

f

fusulinid -bearing

lime mash material associated with the
dark mud , rare larger brachiopods (Lino
productus ? ) , smaller tubes of medium -gray
silty material in dark mud suggest small
worm activity , lower 0 . 3 foot contains
identified foraminifers Tolypammina , Am
movertella , and Tetrataxis ; nearby outcrops
have only shallow penetrating tubes but
transition to Bennett mud is abrupt . . 0 . 7 to 1 . 0

2
9 . Limestone , medium to light gray and

brownish gray , abundant brachiopod frag
ments and common lesser foraminifers in

very fine crystalline matrix , brachiopods

coated with algal ? CaCO3 , rough random
orientation o

f

shells parallel to bedding ,

base roughly parallels bedding planes ,

varies to silty limestone and calcareous silt
stone with small brachiopod and foramini
fer fragments ; a local feature occurring in

lenticular masses u
p

to 2 inches thick
which seem to have grown a

s

small lumps

o
n

the Johnson and over which the Glen
rock was deposited , thus contributing to

the undulatory base o
f
the Glenrock . . . . 0 to 0 . 2

Thickness Red Eagle Limestone approximately 1
1 . 5

0 . 5 Johnson Shale

. . . . . . 0 . 5

0 . 4

3
0 . Shale , medium gray , very finely silty , cal

careous , faint trace of glossy carbonaceous
plant remains , moderately to poorly lami
nated , varies to mudstone , crudely defined
clay -filled tubes suggest worm burrows ,
trace o

f

mudstone pebble breccia , trace of

ostracodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3
1 . Mudstone , medium gray with flecks o
f

lighter gray , varies to clay granule con
glomerate , calcareous Aattish claystone
granules roughly parallel to bedding planes ,

finely silty , calcareous , rare traces o
f pyrite ,

rare traces o
f

carbonaceous remains , com
pact . . . . . . . . . . . . . . . 0 . 5 to 0 . 7

3
2 . Siltstone and mudstone , medium to light

gray , somemicrobrecciation , moderately to

well laminated , compact ; paper - thin lami
nae are light gray , calcareous , massive ; .

lower 1 . 0 foot is well laminated and weath
ers to tough brittle plates and slabs u

p

to

1 inch thick (platestone ) . . . . . . .

3
3 . Siltstone , light greenish gray , even tex

tured , weathers to irregular lumps o
f

crude
blocky shape , slightly calcareous . . . . . . . . . . . . . . 1 . 0

3
4 . Mudstone ,medium gray , trace of dark -gray

flecks , even textured , weathers somewhat
blocky in upper part , lower 0 . 5 foot poorly
laminated , calcareous . . . . . . . .

0 . 5

3 . 5

Glenrock Limestone Member

2
8 . Limestone , medium to light gray and
brownish gray , very finely granular to very 1 . 0
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3. Shale , dark to medium gray and brownish
gray, traces of yellowish to buff weather
ing , compact, contains thin Orbiculoidea
coquina layer (shell fragments are fattened
and crushed along the laminae ) but other
wise free of fossils .......... ...................

4. Shale,medium to dark brownish gray, cal
careous, well laminated , contains Lingula
and Orbiculoidea well preserved and slight
ly Aattened

Thickness Bennett Shale Member exposed

35. Limestone , light gray , microgranular to
aphanitic , somewhat argillaceous, massive ,

uniform , varies to somewhat nodular ......... 1.0
36. Shale, medium to light greenish gray, faint
trace of very fine sand, calcareous, poorly
laminated or crudely bedded in places, but
usually even textured, weathers to crude
blocky debris ........... ..........

37. Siltstone, light greenish gray, argillaceous ,
faint trace of very fine sand, calcareous,
crudely laminated ..... ....... ... 3.0

38. Siltstone, as above but varies to light green

is
h

buff , weathers light brownish gray . . . . . . 2 . 0

3
9 . Siltstone , as above but softer and lacks

laminae , calcareous . . . . . . . . . . . . 2 . 0

Thickness Johnson Shale approximately 1
5 . 0

0 . 8

. . . . . . . . . . . . . - 0 . 7
2 . 5

Humboldt Section . - SE SE sec . 16 , T . 1 N . , R . 13 E .

West side o
f

road cut in crest o
f

small hill in Richard
son County , Nebraska (Fig . 1

0
) .

Thickness,Sample

Red Eagle Limestone

0 . 9
3 . 4

Glenrock Limestone Member

5 . Limestone , medium grayish brown , hard ,

aphanitic matrix for abundant fusulinids
and brachiopod fragments , trace o

f yellow
iron stain , rusty -brown weathering , single
massive bed , ledge -former , undulatory base

(relief 0 . 1 ) . . . . . . . . . . . . . . . . . . .

Thickness Red Eagle Limestone exposed

Johnson Shale

6 . Shale , light yellowish brown , calcareous ,

well laminated , compact
7 . Limestone , boxwork , light yellowish brown ,

very clayey , randomly pitted . . . . . . . . . . . . . . . . . . . . .

8 . Limestone , very light gray to brownish
yellowish gray , very argillaceous and silty ,

poorly laminated in upper 0 . 5 foot grading

downward to massive , even textured , hard ,

resistant

feet

Bennett Shale Member

1 . Shale , dark to medium brownish gray , cal
careous , well laminated , emits fetid odor
when attacked b

y HCI . . . . . . . . . . . . . . . . . . .

2 . Shale , medium brownish gray , calcareous ,

well laminated , trace o
f

Orbiculoidea frag
ments , compact , similar to above . . . . .

. . . . . . . . . . . . 0 . 5
0 . 5 1 . 0
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figure 1
0 . - Columnar section , insoluble residues , and fossils of the Humboldt section .
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2.0

9. Shale, very light gray, very calcareous, silty,
moderately to well laminated , grades
downward to more resistant moderately to
poorly laminated mudstone and shale ........

10. Mudstone , very light greenish gray with
slight yellowish -brown tint, silty, calcare

ous, moderately to poorly laminated , fairly
massive , soft ...........

11. Shale, light greenish gray, silty, calcare
ous, well laminated ....

12. Limestone , very light greenish gray, poor
ly laminated , verymuddy .....

Thickness Johnson Shale exposed

3.5 .......

0.5

***........... 0.5
9.0

7. Shale, similar to above, calcareous, occa
sional CaCO3 seams or stringers , well lami
nated ............... 1. 4

8. Shale, medium brownish gray, silty, cal
careous,mostly weathers to buff , well lami
nated, tough and brittle , ostracodes and
small brachiopod fragments common , fos
sils oriented parallel to laminae . 0.6

9. Limestone , medium to light gray , very
finely silty, microgranular to microcrystal
line , well laminated , platy and faggy
debris, platestone, weathers to light brown

is
h

gray . . . . . . . . . . . . . . . . . 1 . 0

1
0 . Shale , light yellowish gray , calcareous ,

moderately laminated , silty , debris some
what blocky . . . . . 1 . 0

1
1 . Shale , light to medium greenish gray with

rusty mottling , some shale pebble breccia
with rusty -weathering granules in shale
matrix , compact , calcareous . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1

1
2 . Shale , light greenish gray with some rusty

yellow clay mottling , well to poorly lami
nated , varies to mudstone , calcareous . . . . . . . . 0 . 9

1
3 . Mudstone , medium to light greenish gray ,

vaguely laminated , blocky irregular debris 0 . 5

1
4 . Shale , varies to mudstone , very light gray

to greenish gray , rare trace of very fine
sand grains a

t

random , calcareous , poorly
laminated . . . . . . . . . 2 . 0

Thickness Johnson Shale exposed 1
0 . 0

1 . 3

Manhattan Section . — NE sec . 7 , T . 10 S . , R . 8 E . In west
bank o

f

road cut o
n

Kansas Highway 1
3

near north
eastern outskirts o

f
Manhattan along northeast side o

f

Bluemont Hill , Manhattan , Riley County , Kansas (Fig .

1 . 5 1
2
) .

. . . . . 2 . 0

Frankfort Section . — NE NW sec . 2
1 , T . 4 S . , R . 9 E . In

west side o
f

Kansas Highway 9
9

road cut south o
f

railroad , / 4 mile south o
f

Frankfort , Marshall County ,

Kansas (Fig . 11 ) .

Thickness,

Sample fcel

Red Eagle Limestone

Howe Limestone Member

1 . Limestone , medium to light brown and
brownish gray , fine to microcrystalline

where intact , badly decayed and pitted ,

much recrystallized with traces o
f opaline

silica ; lower 0 . 2 foot is a light -yellowish
gray , porous , soft , clayey , microcrystalline

limestone with much leached - oolite type o
f

porosity ; ghosts o
f

fossils (foraminifers ,

high -spired gastropods ) . . .

Bennett Shale Member

Covered

2 . Shale , medium to dark gray , weathers to

light brownish gray , well laminated , traces

o
f

Orbiculoidea fragments , rare trace o
f

carbonaceous remains . . . . . . . . . . . . .

3 . Shale ,medium to light brownish gray with
yellowish clayey mottling , poorly to well
laminated , common Orbiculoidea frag

ments , calcareous , soft . . . . . . . . 0 . 2

Thickness Bennett Shale Member 3 . 7

Glenrock Limestone Member

4 . Limestone , medium to light gray and
brownish gray , some limonitic yellow stain ,

hard , microgranular matrix for abundant
fusulinids and rare brachiopods in upper

0 . 5 foot , rare larger brachiopods (Com
posita ? ) ,middle 0 . 5 foot has few fusulinids
but contains common brachiopod frag

ments in aphanitic to microgranular light

to very light brown matrix , lower 0 . 7 foot
similarly rich in smaller brachiopod frag
ments but matrix is light brown and apha
nitic , several kinds o

f

foraminifers , tiny
snails and ostracodes , trace of limonite . . . . . . 1 . 8

Thickness Red Eagle Limestone 6 . 8

Johnson Shale

5 . Shale , clayey , medium brown , moderately
laminated , calcareous , traces of (plant ? )

carbonaceous remains , compact . . . . . . . . . . . . . .

6 . Limestone , very light gray to brownish
gray , argillaceous , varies to very calcareous
mudstone , moderately laminated . .

. . . . . 0 . 5

. . . . . . . . . . . . . . 1 . 5

Thickness,

Sample feet
Roca Shale

1 . Shale , light greenish gray , varies to mud
stone , slightly calcareous , trace o

f
calcare

ous mudstone stringers

2 . Shale and mudstone , light greenish gray to
olive green , noncalcareous

3 . Limestone , very light brownish gray , mar

ly , argillaceous . . . . . . . . . . . . .

4 . Shale , light greenish gray . . . . . .

5 . Shale and mudstone , maroon with green

is
h
- gray mottling , slightly calcareous , com

pact

6 . Mudstone , very light brownish gray , mar

ly , trace of calcite crystals , soft to compact
and resistant , trace of pale -greenish tint ,

slightly nodular .

7 . Shale , light greenish gray varying to ma
roon tint , noncalcareous

8 . Shale , brick red with buff lime nodules ,

varies to poorly laminated mudstone ,

slightly calcareous

9 . Shale , similar to above but lacking lime
nodules

1
0 . Mudstone , light greenish gray , compact

blocky debris , minute traces of calcareous
shell fragments (Crurithyris ? ) , moderately
laminated

1
1 . Limestone , light brownish gray , micro

granular with fine - to medium -crystalline

0 . 5

- - - - 06

. . . 1 . 0
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FIGURE 1
1 . — Columnar section , insoluble residues , and fossils of the Frankfort section .

0 . 9 0 . 6

clear calcite blebs and stringers o
f pale

green calcareous mudstone , nodular . . . . . . . . . . .

1
2 . Shale , light greenish gray , calcareous , well

laminated , minute nodular blebs of amor
phous calcareous material . . . . . 1 . 2

1
3 . Shale , medium maroon to grayish maroon

in lower 1 . 0 foot , silty , noncalcareous
where compact , extremely well laminated
especially in upper 1 . 0 foot , calcareous
where color is redder and shale is softer . . .

1
4 . Shale and mudstone , light gray , noncal

careous , extremely well laminated within
thicker more blocky units , trace of micro
cross laminations , laminae are silty . . . . . . . . . . . .

1
5 . Mudstone , light greenish gray to grayish

olive green , calcareous , chalky . . . . . . . .

1
6 . Mudstone , light gray , calcareous , vaguely

laminated , chalky to silty . 1 . 0

Thickness Roca Shale 1
8 . 5

2 . 0
1 . 0

grades through 0 . 2 foot to underlying
shale

Thickness Howe Limestone Member 3 . 6
Bennett Shale Member

2
0 . Shale , light gray and brownish gray with
yellow and rusty mottling , moderately to

well laminated , calcareous , very fossil
iferous (brachiopods and spines , fish
teeth ? ) , possibly weathered from medium
gray color . . . . . . . . . . . . . . . 1 . 0

21 . Shale , light greenish brown with rusty
and gray yellowish tints , very fossiliferous

(brachiopod fragments , Derbyia ? ) , calcare
ous , well laminated , trace of fenestellate
bryozoans 1 . 0

2
2 . Shale , medium to light gray (probably

weathered from dark gray ) , possible Lin
gula ? molds , calcareous ,moderately lami
nated , slightly silty , compact , somewhat
wafery . . . . . . . . 1 . 0

2
3 . Shale , medium to dark gray , moderately

laminated , brachiopod fragments (Com
posita ? ) , calcareous . . . . . . . .

Thickness Bennett Shale Member 4 . 2

Glenrock Limestone Member

2
4
- 2
5 . Limestone , medium to light gray and

brownish gray , granule breccia , fragments

. . . . .

1 . 2

Red Eagle Limestone

Howe Limestone Member

1
7 . Limestone , light yellowish brown , clayey ,

somewhat vuggy , massive , thick bedded ,

some rusty iron stain . . . . . . . .

1
8 . Limestone , similar to above , grayish tint . .

1
9 . Limestone , light brownish gray with yel

lowish tint , very similar to above , base

. . . . . . . . 1 . 5
1 . 5
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o
f aphanitic limestone in microcrystalline

and calcarenitic matrix containing trace o
f

foraminifers and brachiopod fragments ,

similar to Paxico section but slightly more
conglomeratic near base . . . . . . . . . . . . . . 1 . 3

Thickness Red Eagle Limestone 9 . 1

Johnson Shale

2
6 . Shale , medium to light gray , weathers to

light brownish gray , well laminated , cal
careous , some laminae are dark gray . . . . . . . .

2
7 . Shale , medium to slaty gray , weathers to

light gray , well laminated , frail ostra
codes along some laminae , calcareous

2
8 . Shale , light brownish gray , . probably

weathered from medium gray , common
ostracodes especially along some laminae ,

trace o
f

mud -crack fillings and possibly
subtle ripple marks , slightly resistant . . . . . . . . 1 . 0

2
9 . Shale , medium slaty gray , weathers buff ,

well laminated , compact , wafery , minute
frail ostracodes along laminae appear a

s

white Aecks , slightly calcareous . . . . . . . . . . . . . . . . . 1 . 5

3
0 . Limestone , medium to light gray , weath

ers buff , aphanitic , moderately to well
laminated , platestone , compact ,muddy . . . . 0 . 7

3
1 . Limestone , similar to above but laminated

within thicker more flaggy units , muddy . .

3
2 . Marl , very light grayish brown , probably

weathered from darker gray , moderately
laminated , very argillaceous . 0 . 9

3
3 . Mudstone , light to very light brownish

gray , well to moderately laminated , slight

ly wavy laminae , top has a light -rusty

brown to gray -brown irregular argillaceous

limestone 0 . 1 foot thick . . . . . . . .

3
4 . Limestone , light brownish gray , grades to

shale above and below , aphanitic with
traces o

f

microcrystalline to medium crys
tals o

f

clear calcite , hard . . . . . . . . . . . . . . . . . . . . . . . . . . .

3
5 . Shale , light gray , calcareous , compact . . . . . . 0 . 7

3
6 . Shale , very light gray with some greenish

tint , chalky , laminated

3
7 . Shale and mudstone ,medium gray in upper

0 . 5 foot grading to light gray in lower 1 . 0

foot , calcareous ,moderately laminated . . . . . . . .

3
8 . Shale , light grayish green , compact , non
calcareous , moderately laminated . . . . . . . . . . . . . .

3
9 . Shale , similar to above , slightly calcareous 1 . 6

4
0
. Limestone , light greenish gray , wavy lami

nae , argillaceous , varies to calcareousmud
stone . . . . . . . . .

4
1 . Shale , medium to light gray with slight

greenish tint , moderately laminated , cal
careous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4
2 . Shale , light grayish green , varies to light

greenish gray and gray , clayey a
t top ,

muddy downward , minute grains o
f

tan
calcareous material in upper 0 . 4 foot . . . . . . . . . 1 . 0

4
3 . Shale , medium to light gray , muddy ,

slightly calcareous . . . . . . 0 . 6

Thickness Johnson Shale 1
7 . 8

. . . . . . 1 . 5

H

-
| Ba

ir
d
ia

1 . 2
1 . 2

Paxico Section . — SW se
c
. 30 , T . 11 S . , R . 12 E . North

side o
f

abandoned U . S . Highway 4
0

road cut , in

crest o
f

hill , Wabaunsee County , Kansas (Fig . 13 ) .
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. . . . . . . . . 1 . 0

. . . . . . . . . . . . 0 . 7

gray aphanitic matrix , fossils oriented
vaguely parallel to bedding plane . . . . . . . . . . . . 2 . 0

Thickness Red Eagle Limestone 1
2 . 1

Johnson Shale

1
2 . Shale , dark to medium gray , weathered to

mottling o
f light gray buff , well lami

nated , somewhat Aakey , clayey , slightly
calcareous . . . . . . . . . .

1
3 . Shale , dark to medium gray , weathered to

mottling o
f light gray , similar to above ,

slightly calcareous . . . . . . . . . . . .

1
4 . Shale , dark to medium gray , weathered to

light brownish gray , well laminated , flaky ,

rare trace o
f

carbonaceous ? remains , trace

o
f

delicate ostracode fragments along lami
nae , slightly calcareous . . . . . . . . . .

1
5 . Mudstone , very light brownish gray , cal

careous , argillaceous , varies to calcareous
poorly laminated mudstone and shale . . . . . . . .

1
6 . Shale , medium gray , weathered to light

yellowish gray , calcareous , laminated vary

in
g

to poorly laminated mudstone . . . . . . . . . . . .

1
7 . Mudstone , medium to light brownish

gray , calcareous , poorly to moderately

laminated with some shale a
s
in above . . . .

1
8 . Siltstone , medium to light brown and

grayish brown , argillaceous , calcareous ,

well laminated ; varies to very finely silty

shale , calcareous , well laminated , brittle
waferlike debris 1 . 1

1
9
. Siltstone ( o
r

calcisiltite ) , medium to light

brownish gray , hard , well laminated , cal

careous , weathered to platy debris , plate

1 . 0

. . . . . . . . . . . . . . . . . . . . . . . . .

Thickness,

Sample feet

Red Eagle Limestone

Howe Limestone Member

1 . Limestone , light gray and brownish gray ,

pitted , decayed and vuggy , random blebs

o
f secondary opaline silica , vugs contain

yellowish clay , mainly medium to finely

crystalline pure to argillaceous matrix ,

hard . . . . . . . . . . . . . . . . . . . . . 0 . 3

2 . Limestone , light brownish gray , clayey ,

soft , very badly decayed , vague ghosts o
f

pseudo -oolites and possibly ostracodes and

foraminifers . . . . . . .

3 . Limestone , similar to above but slightly

harder and with clearer ghosts o
f pseudo

oolites , rare high -spired gastropods , pelecy

pod casts in argillaceous fine -grained

limestone , poorly preserved brachiopods ,
trace o

f

iron oxides

Thickness Howe Limestone Member 1 . 7
Bennett Shale Member

4 . Limestone , very light gray to brownish
gray , minute Alecks of yellowish clay and
dark -brown shell material with possible

very fine silt , compact , pitted in places ,

unfossiliferous . . . . . . . . . . . . 0 . 9

5 . Limestone , varies to calcilutite , light yel

lowish gray , very fine grained , argillace

ous , vague trace o
f

lirate costate brachio
pods (possibly Derbyia ) 0 . 5

6 . Limestone , similar to 3 and 4 but lacking

Alecks, trace o
f secondary chert , trace of

brown cutaneous shell fragments (Orbicu
loidea ? ) . . . . . . . . . . . . . . . . 1 . 0

7 . Limestone , light brownish gray , muddy ,

vague lirate brachiopod molds , very slight

ly calcareous , occasional small vugs and
yellowish clay , possibly finely silty . . . . . . . . . . . . 2 . 0

8 . Limestone , argillaceous to finely silty ,

microcrystalline , compact , rare trace o
f

brown Orbiculoidea fragments , trace milky

chert . . . . . . . . . .

9 . Shale , very dark gray , weathers buff , well
laminated , trace o

f

Orbiculoidea fragments 2 . 0

1
0 . Shale , buff , weathered from dark gray ,

well laminated , Orbiculoidea fragments

common , 7
4
-inch Orbiculoidea coquina

along some laminae , trace o
f Lingula ,

fragments randomly oriented but some

what compressed parallel to bedding plane 0 . 5
-

Thickness Bennett Shale Member 8 . 4
0 . 7

stone . . . .

2
0 . Mudstone , very light greenish gray , cal

careous 1 . 5

Covered . . . . . . . . . . . . .

Thickness Johnson Shale 2
5 . 0
1
4 . 0

Alma Section . - SW NE sec . 1
1 , T . 12 S . , R . 10 E . In

east bank o
f

Mill Creek , north o
f bridge , Wabaunsce

County , Kansas .

Thickness,

fect. . . . . . . . 1 . 5 Sample

Grenola Limestone
1 . 5

Sallyards Limestone Member

1 . Limestone , very light gray , silty to chalky ,

porous , spongy , grades upward to calcare

ous wavy -bedded shale , irregular rubbly

weathering , Pseudomonotis

Roca Shale

2 . Shale , light greenish gray , slightly silty ,

varies to mudstone , moderately to poorly

laminated , calcareous , compact , arenaceous
foraminifers . . . . . . . .

3 . Shale , similar to above . .

4 . Shale , maroon , varies to mudstone , poorly

to moderately laminated , very slightly

calcareous

5 . Shale , medium to light gray and brownish
gray , calcarcous , moderately to well lami
nated , somewhat blocky debris . . . . . . . . . . . . . . . . . .

6 . Shale , similar to above . .

7 . Shale , similar to above , well laminated ,

wafery debris , random lenticular nodules

Glenrock Limestone Member

1
1 . Limestone , medium brownish gray to

brown with some yellowish - rusty iron

stain , weathered light brownish gray a
t

top , fusulinids sparse in upper 0 . 5 foot ,

trace o
f brachiopod fragments and spines ,

Crurithyris a
t top , hard , ghosts o
f

fossils

(vague foraminifers ? ' ) ; lower 0 . 5 foot is

granule breccia o
f light -brownish -gray

aphanitic limestone fragments and fossil

remains ( c . g . , brachiopods , fusulinids ,

ostracodes , brachiopod spines , bryozoans ,

tiny spired gastropods ) in light -creamy

0 . 9
0 . 9

. . . . . . . . . . . . . 1 . 2
1 . 0
0 . 8
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FIGURE 1
3 . - Columnar section , insoluble residues , and fossils of the Paxico section .

0 . 6

1
2 . Shale , light greenish gray , moderately to

poorly laminated , varies to mudstone , non
calcareous to slightly calcareous . . . . . . . . . . . . . . 1 . 0

Thickness Roca Shale 1
0 . 1

0 . 8

o
f

medium -gray fine -granular to micro
crystalline slightly argillaceous limestone .

8 . Shale , medium gray , silty , contains traces

o
f

black carbonaceous remains , calcareous ,

well laminated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 . Shale , medium to light gray , finely silty ,

well laminated , varies in some places to

poorly laminated mudstone , calcareous ,

ripple marks suspected . .

1
0 . Limestone ( calcisiltite ) , light to very light

gray and brownish gray , very finely silty

to clayey , varies to mudstone , slightly cal
careous , a few vugs , even textured . . . . . . . . . . .

1
1 . Limestone , very light brownish gray , simi

lar to above , some vague laminae within
thicker beds , very finely silty to clayey ,

varies to mudstone . . . .

1 . 0

0 . 7

Red Eagle Limestone

Howe Limestone Member

1
3 . Limestone , light gray to very light yellow

is
h

gray , argillaceous , pitted , weathers
yellowish chalky gray . . . . . .

1
4
. Limestone , medium to light brownish

gray , pseudo -oolitic (osagite ) , microcrys

talline matrix , rare small vugs . . . . . . . . . . . . . . . . .

1
5 . Limestone , very light gray mottled with

very light yellowish -gray clayey material ,

Accks o
f

brown -rusty clay throughout ,

0 . 9

- . . 0 . 5

1 . 0
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1 . 2

. . . . . . . 5 . 0

. . . . . . . . . . . . . . . 1 . 2

gray a
t top suggests similarity to Pawnee

section , top lumpy with dark gray in the
lows between lumps

Johnson Shale

Covered

2 . Limestone , medium brownish gray , very
hard , very even textured , moderately to

well laminated , platy to flaggy , argil

laceous ? , unfossiliferous , platestone varies

to fagstone . . . . . . . . . . . . . . . . . . . . . . .

Covered interval , not measured . . . . . . . . . . . . . . .

Shale , greenish gray , ca !careous ,moderate

ly to well laminated , badly slumped ,

mostly covered , seen in random patches

o
n slopes / mile north o
f

above .

1 . 0

0 . 5

microgranular to microcrystalline , trace

o
f ghosts o
f

oolites . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 4 .

Thickness Howe Limestone Member 1 . 6

Bennett Shale Member

1
6 . Siltstone , light gray with brown Aecks as

above , calcisiltite varying to calcareous
mudstone . . . . . . . . . . . . . . . . .

Covered . . . . . . . . . . 17 . 8

Thickness Bennett Shale Member ,

a
s much a
s

1
9 . 0

Thickness Red Eagle Limestone ,

a
s much a
s

2
0 . 6

Johnson Shale

1
7 . Shale , dark gray to light brown where

weathered , similar to below but ostracodes
are less obvious , slightly calcareous . . . . . . . . . . . . 0 . 5

1
8 . Shale , dark gray , very well laminated to

very fissile , calcareous , rare to common
ostracodes cf . Bairdia along laminae , very
rare trace o

f

fish teeth ? , rare carbonaceous
remains , some laminae are covered almost
entirely b

y

ostracodes in a fine -grained

calcareous matrix . . . . . . . . . . . . . . . . . . . .

Shale , very light brownish gray , calcare
ous , moderately to well laminated , slightly
silty to argillaceous , varies to claystone ,

rare trace o
f

CaCO3 grains o
f

silt size ,

ostracode ? shell fragments . . . . . . . . . .

2
0
. Limestone , very light brownish gray ,

microgranular , even textured , trace o
f

silt ,

similar to below but slightly softer and
not laminated . . . . 0 . 5

2
1 . Limestone , very light brownish gray ,

microgranular , trace of silt , believed to be

a weathered variety o
f

below , well lami
nated , platy . . . . . . . . . . . .

2
2 . Limestone , medium gray , microcrystalline

to microgranular , brittle , hard ; very thin
bedded to laminated , platy , or slightly
argillaceous platestone . . . . . . . . . .

Covered

Thickness Johnson Shale , estimated 10 . 0

Foraker Limestone

Long Creek Limestone Member

2
3 . Limestone , light brown and gray , pitted ,

microgranular to microcrystalline , argil
laceous , weathers to light yellowish gray
brown . . . . .

0 . 5

* . . . . . . .
. . . . 0 . 6

Eskridge Section . — SE NE sec . 17 , T . 14 S . , R . 12 E . In

south bank o
f

small creek just west o
f

Kansas High
way 9

9 , Wabaunsee County , Kansas ( Fig . 1
4
) .

Thickness,

Sample feet

Red Eagle Limestone

Glenrock Limestone Member

1 . Limestone , light brownish gray , micro
granular matrix for common to abundant
fusulinids and a few foraminifers and
brachiopod fragments , top 0 to 1 inch is

coquinoid fusulinid limestone with trace

o
f shaly material ( a
s

in Bennett ) and
Orbiculoidea fragments in a slightly argil
laceous matrix 0 . 9

Johnson Shale

Covered . . . .

2 . Shale ( slumped ) , varies to mudstone , buff ,

poorly to moderately laminated , even tex
tured . . . . . . .

3 . Shale , buff , probably weathered from
medium gray , well laminated , waferlike ,

calcareous . . . . . . . . . . . . . . 0 . 6

4 . Limestone , medium gray , weathered buff ,
argillaceous to silty , well laminated , com
pact , platestone , minute textural differ
ences from layer to layer , trace o

f very
shallow channelling ( 1 - 2 mm ) , trace of

fucoids , vague ripple marks . . . . . . . . . . . . . . . . . . . . . . . .

Limestone , medium gray weathered medi

u
m

buff , argillaceous to silty , vague rare
laminae , essentially a massive unit . . . . . . . . . . .

6 . Shale , medium to light brownish gray ,

very finely silty , calcareous , rare trace of

carbonaceous remains u
p

to 4 inch , well
laminated , Aaky to waferlike debris , lami
nations are slightly undulatory . . . . . . . . . . . . . . . . . .

7 . Shale , light greenish gray , moderately to

poorly laminated , varies to mudstone
yielding blocky debris , noncalcareous . . . . . . . .

8 . Shale and mudstone , very calcareous , very
light to light brownish gray , moderately

to poorly laminated . . . . . . .

9 . Mudstone , light greenish gray , calcareous ,

poorly laminated , varies to shale . . . . . . . . . . . . . .

1
0 . Shale , light gray with greenish tint , cal

careous , moderately to well laminated . . . . . .

1
1 . Shale , medium to light gray and greenish

gray , calcareous , varies to argillaceous

. . . . . . . . . . . . 6 . 9

0 . 5

. . 3 . 0

Keene Section . - SE sec . 24 , T . 13 S . , R . 12 E . In bank

o
f

stream north o
f

small bridge on east -west road ,

Wabaunsee County , Kansas .

Thickness,

feetSample

Red Eagle Limestone

Glenrock Limestone Member

1 . Limestone , very light brownish gray with
some yellowish clayey iron oxides , hard ,

compact , aphanitic matrix for abundant

fusulinids and common brachiopod frag

ments and smaller foraminifers , top e
x

posed and weathered but change to darker
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1.0

limestone and mudstone of same color ,
trace of carbonaceous remains, some silt ,
vague tubes and blebs of greenish clayey
material ........ ...........

12. Shale and mudstone , light greenish gray,
calcareous,moderately to rarely laminated ,
trace of s

ilt 1 . 0

Thickness Johnson Shale exposed 1
2 . 2

. . . . . .

Eskridge Quarry Section - NW sec . 3
2 , T . 14 S . , R . 12 E .

In large quarry % mile west o
f

Kansas Highway 9
9 .

Large spoil heap can b
e

seen for several miles .

Wabaunsee County , Kansas (Fig . 15 ) .

1 . 0

Thickness,

feet 1 . 0Sample

Red Eagle Limestone

4 . Limestone , light brownish gray , weathered
light rusty gray ,massive ,medium to thick
beds , hard , aphanitic to microcrystalline

matrix for abundant fossil detritus , brachi
opods , foraminifers , crinoid discs , spines ,

some clear medium to coarse calcite crys

tals , somewhat wavy irregular bedding
planes , very rare greenish -gray clayey
limestone in random wisps . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

5 . Limestone , light brownish gray , some
microvugular pores , aphanitic matrix for
common fossil detritus a

s

above , trace
foraminifers , Tolypammina ? . . . .

6 . Limestone , a
s

above , some vugular porous
development in association with solution

o
f

fossils . . . . . . . . . . . . . . . . . . .

7 . Limestone , light brownish gray , aphanitic
matrix for rare fossil detritus a

s

above ,

random microvugular pores , trace o
f stylo

lites , thick massive beds , hard . . . . . . . . . . . . . . . . . .

8 . Limestone , as above with slightly more
crystalline calcite fossil detritus , some vugs 1 . 0

9 . Limestone , light brownish gray , aphanitic

to microcrystalline matrix for rare fossil
detritus a

s

above , trace o
f stylolites . . . . . . . . . . . . 1 . 0

1
0 . Limestone , as above , with crinoid discs ,

medium to thick massive beds . . . . .

1
1 . Limestone , as above with vugs and com

mon clear calcite crystalline fossil detritus 1 . 0

1
2
. Limestone , a
s

above with large vugs , some
vugs border o

n

calcite -lined geodes , trace

o
f stylolites . . . . . . . . . . . . 1 . 0

1
3 . Limestone , as above ; exposed above water 1 . 0

Thickness Bennett Shale Member exposed 1
3 . 0

Thickness Red Eagle Limestone exposed 1
3 . 0

Bennett Shale Member

1 . Limestone , light greenish gray , argillaceous

to pure crystalline , weathered to light yel
lowish brown , aphanitic to medium crys

talline and coarsely (clear ) crystalline

where recrystallized , uneven rubbly bed
ding 3 inches , rough debris , trace o

f

stylolites , very fossiliferous ; common cri
noid columnals with fragments o

f pro
ductid brachiopods , echinoid spines , ostra
codes , and chambered foraminifers in

crystalline and greenish -gray lime matrix . .

2 . Limestone , similar to above with slightly
fewer fossils , crinoid debris common

3 . Limestone , as above but with more apha
nitic matrix fo

r

fewer fossils , brachiopod
fragments common , Crurithyris ? seen e

s

sentially undamaged . . . .

1 . 0
1 . 0

1 . 0

. . . . . . . . 1 . 0

. . . 1 . 0
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Figure 1
4 . - Columnar section , insoluble residues , and fossils of the Eskridge section .
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Figure 1
5 . - Columnar section , insoluble residues , and fossils of the Eskridge Quarry section .

1 . 0
Eskridge South Section . - NE sec . 6 , T . 1

5
S . , R . 12 E .

On northeast side o
f

road leading into farmyard ,

Wabaunsee County , Kansas .

Thickness,

Sample feet

Red Eagle Limestone

Glenrock Limestone Member

1 . Limestone , light grayish brown , aphanitic

matrix for abundant fusulinids with rare
brachiopod fragments and other foramini
fers , upper 1 / 2 inch argillaceous with
patches o

f

dark -gray shaly material , clus
ters o

f

fusulinids a
t top form coquina with

trace to rare Orbiculoidea and bryozoan
fragments and yellow weathered clay in

matrix , top gently undulatory , weathered ,

lower 0 . 3 feet has fewer fossils . . . . . . . . . . . . . . . . 0 . 8

Johnson Shale

Covered . . . . . . . . . . . 5 . 0

2 . Shale , buff , weathered from dark gray ,

well laminated , calcareous , frail plain
ostracodes and delicate plant remains along

laminae , compact , Aaky to waferlike . . . . . . . .

3 . Siltstone , varies to mudstone , light yel
lowish to brownish gray , calcareous ,

moderately to well laminated . . . . . . . . . . . . . . . . .

4 . Limestone , light yellowish to brownish
gray , very muddy , well laminated within
medium to thin beds , resistant . . . .

Covered

5 . Limestone , light yellowish to brownish
gray , weathered from medium gray ,mud

d
y , well laminated , platy to flaggy , very

evenly laminated and even textured be
tween laminac

6 . Limestone , similar to above but poorly
laminated , even textured

7 . Mudstone and shale , moderately to well
laminated , light greenish gray with some
yellowish tint , slightly to moderately cal

0 . 7
0 . 8
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careous, possibly weathered from darker

shale or mudstone ... 1.0

Thickness Johnson Shale exposed 15.0

40

Judith Section. - NW NW se
c
. 7 , T . 15 S . , R . 12 E . In

east gutter o
f

road u
p

hillside , Wabaunsee County ,

Kansas .

Thickness,

Sample feet

Red Eagle Limestone

Bennett Shale Member

Limestone , not sampled , very similar to

Eskridge Quarry . . . . . . . . . . 1
6
. 0

1 . Limestone , medium to light brownish
gray , microgranular , slightly argillaceous

matrix fo
r

common Orbiculoidea debris

( some almost intact ) , trace o
f spines ,

crinoid discs , brachiopods , foraminifers . . 0 . 5

2 . Limestone , medium to light gray and
brownish gray , microgranular , somewhat
argillaceous matrix for common Orbicu
loidea fragments , trace of fish teeth , thin

to medium bedded , massive , base of re

sistant cliff - forming unit . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 5

3 . Shale and mudstone , medium brownish
gray , weathered from dark gray , calcare
ous , Orbiculoidea nearly intact but flat
tened . . . . . . . . . .

4 . Shale , dark gray , weathered buff , moder
ately to well laminated , trace o

f Orbicu
loidea fragments , slightly calcareous . . . . . . . . 1 . 0

5 . Shale , dark gray , weathered buff , poorly

to well laminated varying to fissile , Or
biculoidea commonly preserved nearly in

tact o
r

a
s

debris , trace of Lingula , rare
trace o

f

carbonaceous remains , calcite
crystals along some laminae . . . . . . . . . . . . . . . . . . . 0 . 5

6 . Shale , dark gray , weathered medium
brownish gray , very well laminated , fis
sile , Alaky to waferlike , calcareous , rare
trace o

f

Orbiculoidea and Lingula ? frag
ments , compact . . . . . . . . . 0 . 5

7 . Shale , dark gray , fissile , waferlike , varies

to crudely laminated mudstone in places ,

trace o
f

minute Orbiculoidea fragments
possibly reworked from base , rare trace of

conodonts and fish teeth , weathered buff ,

compact , brittle and tough , slightly cal
careous 1 . 0

Thickness Bennett Shale Member 2
0 . 5

0 . 5

Thickness,

Sample feet

Red Eagle Limestone

Howe Limestone Member

Limestone , light brownish gray and gray

is
h

brown , typical fine osagite , foramini
fers common , rare large bellerophontid
gastropods and straight nautiloid cepha
lopods near top , undulatory lower contact ,

weathers light rusty brown along joints ,

light - to medium -gray weathering in e
x

posed hillside benches , some deep sur
ficial pitting in field exposures . . . . . . . . . . . . . . 5 to 6

Bennett Shale Member

1 . Limestone , light gray to light brownish
gray , aphanitic with some clear fine to

coarse calcite crystals a
t

random , stringers

o
f greenish clay , trace o
f

crinoid discs and
brachiopod fragments and fenestrate bryo
zoans , nodular bedding planes , rubbly de
bris , medium to thin bedded , some sili
cified fossils 6 . 5

2 . Limestone , light brownish gray , aphanitic

to microcrystalline with crystalline calcite
fossil remains , crinoid discs , productid
spines , foraminifers , hard , compact , mas
sive unit with irregular boundaries 0 . 5 to 1 . 0

3 . Limestone , similar to 1 but more greenish
clay associated with stylolites , greenish
clay interbedded material . . . . . . . . . . . . . 1 . 0

4 . Limestone , similar to 1 but less green clay 1 . 0

5 . Limestone , light gray to greenish gray and
brownish gray , aphanitic matrix for com
mon fossils (intact crinoid columnals ,

brachiopods , fenestrate and ramose bryo
zoans , and foraminifers ) , some fossils e

s

pecially brachiopods replaced b
y milky

opaline silica , similar to above . . . . . . . . . . . . . . . . . . . .

6 . Limestone , light gray to greenish gray ,

aphanitic matrix , some parts fossiliferous ,
crystalline , light brownish gray , brachi
opods , echinoid and productid spines ,
brachiopod fragments , rubbly , thin bedded ,

hard , some fossils silicified 0 . 5

7 . Limestone , similar to above , secondary cal
cite stringers and aphanitic brachiopod
fillings produce pseudobrecciated appear

ance in some places . . . . . . . . . . . . . . . . . . . . . . . 0 . 5

8 . Limestone , light brownish gray , aphanitic

to medium crystalline , similar to above ,

very fossiliferous , crinoid columnals abun
dant (articulated ) , fragments o

f branching
structureless algal ? material , fenestellate
and ramose bryozoans , spines as above ,

weathered light gray . . . . . . . . . . . . . . . . 0 . 5

9 . Limestone , light brownish gray with some
faintly rusty yellow tint , medium to thick
bedded , hard , massive ; aphanitic to micro
crystalline matrix for common fossil de
tritus ranging from normal sizes o

f

crinoid
discs (mainly disarticulated ) and brachio
pods to minute microscopic debris o

f great
variety including bryozoans , ostracodes ,

foraminifers , ? rare trace Orbiculoidea frag
ments

1
0 . Limestone , matrix similar to above , ran

domly vuggy , trace o
f

white opaline
replaced brachiopod shells , few megafossils 2 . 0

1 . 0

. . . . . . . . . . . . . .

. . . . . . . . . . .

Glenrock Limestone Member

8 . Limestone , light brownish gray , massive ,

matrix weathered faint light yellowish
gray in places , microgranular to aphanitic
matrix for abundant fusulinids through

out , trace o
f

foraminifers , brachiopods ,

ostracodes , top grades through 1
2

inch o
f

medium - to light -brown shale and argil
laceous limestone with abundant Orbicu
loidea and rare brachiopods (Lingula ? ,

Crurithyris ? ) and fish teeth . . . . . . . . . . . 0 . 9

Thickness Red Eagle Limestone 2
1 . 4

. . . 2 . 0

Coffman Ranch Section . - S / 2 NW sec . 23 , T . 15 S . , R .

1
1
E . In quarry and along creek bank o
n

Coffman
Ranch property , Lyon County , Kansas ( Fig . 16 ) .
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McCrone- Red Eagle Cyclothem(Lower Permian) in Kansas 95

0.5

1.0

1.0
1.0 careous 0.5

· 1.0
10

Johnson Shale

25. Shale, light yellowish gray brown , well
laminated , trace of carbonaceous plant re
mains and greenish -gray and dark -gray

shale granules in calcareous clay matrix ,
weathered light grayish yellow ..................

26. Shale, light brownish gray, trace of rusty
yellow tint , well laminated , probably
weathered from medium gray, slightly
silty, trace of carbonaceous plant remains,
rare trace of frail ostracodes associated
with medium -gray shale remnants , cal

...................
27. Shale, light brownish gray, probably
weathered from medium to dark gray,
frail ostracodes common along laminae
and abundant in thin laminar beds, well
laminated , slightly silty, calcareous, rare
trace of carbonaceous plant remains ........

28. Shale , medium to light brownish gray,
well laminated , calcareous, vague but
abundant frail ostracodes as above ............

29 . Shale, light brownish gray, well laminated ,
probably weathered from medium gray,

similar to above, rare trace of carbonaceous
remains and ostracodes ..... .......

30. Limestone , very argillaccous (possibly cal
cimudite ), microgranular , massive , vague
ly laminated , rare trace of black carbona

ceous remains, microgeodes ......................
31. Limestone , similar to above, light brown

is
h

gray , very argillaceous , well lami
nated , not visibly fossiliferous . . . .

Thickness Johnson Shale exposed

1 . 0

. . . . . . . . .

1 . 0
3 . 0

1
1 . Limestone , similar to above , columnar

stylolites up to 2 inches . . . . . . . . . . . .. . . . . . . . . . . . . . . . 1 . 0

1
2 . Limestone , similar to above , light brown

is
h

gray , aphanitic matrix for rare medi
u
m crystals o
f

calcite and common small
nodules , horn corals rare , hard . . . . . . . . . . . . . . . . 1 . 0

1
3 . Limestone , similar to above , a few small

vugs , harder than below (possibly owing

to less clay ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
4 . Limestone , similar to above , medium

bedded , vugs developing a
t

solution cavi
ties associated with intcriors o

f articu
lated brachiopod shells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
5 . Limestone , similar to above , stylolites . . . . . . . .

1
6 . Limestone , similar to above , trace of rusty

yellow stain a
t

weathered surface , rare
trace o

f

Orbiculoidea fragments . . . . . . . . . . . . . . . .

1
7 . Limestone , similar to above . . . . . . . . .

1
8 . Limestone , similar to above , seems more

clayey , abundant microfossils 1 . 0

1
9 . Limestone , similar to above , rare trace of

Orbiculoidea , fish tooth seen . . . . . . .

2
0 . Limestone , similar to above , microfossil

debris abundant , productid and echinoid
spines , trace of Orbiculoidea fragments seen 0 . 5

2
1 . Shale , dark gray to medium brownish

gray , well laminated , calcareous , Orbicu
loidea fragments common , rare trace of

frail Lingula ? fragments , some Orbicu
loidea well preserved but flattened (apical
one -third seems to resist flattening ) , in
tact specimens in place ? , minute Aecks o

f

black carbonaceous matter , conodonts ,

trace o
f

calcareous nodules o
r

lenticles in

upper 0 . 5 foot 1 . 0

2
2 . Shale , similar to above , some weathered to

light brownish gray , softer than below ,

moderately to well laminated , somemicro
geodes , interlaminated with below through

1 inch 0 . 5

2
3 . Shale , black to dark gray , compact , brittle ,

much harder than above , very slightly cal
careous but calcareous where weathered

to medium to light brownish gray and
along slightly silty laminae o

f

same color ,

not visibly fossiliferous · 0 . 5

Thickness Bennett Shale Member 2
7
. 0

Glenrock Limestone Member

2
4 . Limestone , medium brownish gray , mas

sive , moderately hard , aphanitic matrix for
profuse fusulinids (almost a fusulinid co
quina in places ) , common small brachio
pods , foraminifers , spines ; evidence o

f

worm tubes composed o
f

medium -gray
clayey material from Bennett above and
containing Orbiculoidea fragments to the
bottoms o

f

the tubes , no tubes reach the
base o

f

this limestone ; at top lithology
changes through less than 1

6

inch from
fusulinid subcoquina to Orbiculoidea sub
coquina and thence upward to dark -gray
Orbiculoidea -bearing shale o

f

the Bennett ,

lower 1 / 4 inch of shale contains rare fusu
linids (probably detrital ) , fossils here show
crude orientation parallel to bedding
plane ; base gently undulatory through 1

inch

Thickness Red Eagle Limestone 3
3 . 4

0 . 5
7 . 5

Allen Section . - NW S
W

sec . 36 , T . 15 S . , R . 11 E . In

south cut bank o
f

small stream cast o
f bridge o
n

north -south county road , Lyon County , Kansas (Fig .

1
7
) .

Thickness,

feetSample

Red Eagle Limestone
1 . 0

Bennett Shale Member

1 . Limestone , medium to light gray , moder
ately laminated ,muddy and shaly , slight

ly silty , trace o
f spine fragments and

minute brown phosphatic remains (Orbi
culoidea fragments )

2 . Limestone , medium to light gray , shaly ,

trace o
f

brown Orbiculoidea fragments ,

spine remains , more massive in upper 0 . 5

foot , common crinoid stems intact . . . . . . . . . . . .

3 . Limestone , similar to above with spines
and rare horn corals , trace o

f opaline
creamy chert , trace o

f

MnO . . . . . . . . . . . . . . . .

4 . Limestone , light gray with faint brownish
tint , weathered light yellow gray , apha

nitic , light - and medium -gray secondary
opaline and porcellaneous chert nodules
and silicified fossil fragments , Linoproduc

tus , Dictyoclostus and other brachiopod
fragments and spines , rare trace o

f

fusu
linids and Ostracodes and crinoid discs ,

trace o
f

Orbiculoidea fragments , some
fusulinids in chert ( cf . Triticites rockensis )

0 . 7

. . . . . 0 . 4

1 . 0
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McCrone- Red Eagle Cyclothom (Lower Permian) in Kansas

....... 0.9

5. Limestone , similar to above, common
Orbiculoidea and trace of other brachiopod
fragments and spines most obvious , some
fossils silicified , some parts contain abun
dant Orbiculoidea fragments, very rare
fusulinids .

6. Shale, medium to light gray brown , clayey,
calcareous, common Orbiculoidea frag
ments (some parts subcoquinoid ) , moder
ately laminated ... .... .................. 0.05
7. Shale, medium to light brownish gray,
clayey to very finely silty, calcareous, well
laminated , trace of Orbiculoidea fragments
8. Shale, dark gray, calcareous, well lami
nated, soft, fissile ..... 0. 3
9. Shale, medium grayish brown , well lami
nated, calcareous ...........

Thickness Bennett Shale Member exposed 6.05

Allen No. 2 Section. - SW NW sec. 35, T. 15 S., R. 11
E. Beside bridge on north -south county road , Lyon
County , Kansas (Fig . 18) .

Thickness,
Sample feet

Roca Shale

1. Limestone , light gray with brownish tint,
aphanitic , hard , dense, rare clear calcite
crystals at random ........ ........ 0.7
2. Shale, medium to light greenish gray, cal
careous, well laminated , soft to moderately
compact, slightly silty, subtle green- gray
and buff intralaminations 0.5

3. Shale and mudstone , medium to light
greenish gray, noncalcareous, grades up
ward into above ............... 1.0

Thickness Roca Shale exposed 2.2

......

0.5

..... 0.3

... 1.3

Red Eagle Limestone

Howe Limestone Member

4. Limestone , in algal buns topped and sur
rounded by greenish mudstone as above,
osagitic, tan oolites and pseudo-oolites in
green clay (with some CaCO3 ) matrix ,
some portions foraminiferal with an
aphanitic to microcrystalline matrix and
vague to well -defined concentric laminar
structure forming the buns , some smal
high -spired gastropods seen, one nautiloid
cephalopod found beneath a bun ......... ..... 0.2

5. Limestone , light brownish gray, foramini
feral and pseudo-oolitic with some tiny
gastropods as above, matrix medium to
aphanitic tan CaCO . , some leached oolite
porosity , hard ... ..... 1. 0

6. Limestone , transition between above and
below , some medium vugs ........
7. Limestone , light brownish gray with
greenish-gray clay seams, vugs, micro
crystalline to medium -crystalline matrix

fo
r

abundant crystalline fossil fragments ,

brachiopods , foraminifers , spines . . . . . . . . . . . . . . . .

8 . Limestone , similar to above , richly fossil
iferous , brachiopods , crinoid discs , spines ,

rare gastropods , rare fenestellate bryozoans ,

rare ostracodes , trace o
fmilky opaline chert 0 . 5

Thickness Howe Limestone Member 3 . 2

. . . . . . .

Glenrock Limestone Member

1
0 - 11 . Limestone , light brownish gray ; micro

crystalline matrix for abundant fossil de
tritus including fusulinids , foraminifers

( cf . Tolypammina ) , brachiopod fragments ,

ostracodes , and algally coated brachiopod
fragments ; fossils oriented roughly parallel

to bedding , to
p

has high -spired gastropods
and algal blebs , a single massive unit ,

fragments o
f aphanitic limestone material

give rare brecciation effect in lower 0 . 6

foot , fusulinids rare to absent in lower part

o
f

unit

Thickness Red Eagle Limestone exposed 7 . 3
5

Johnson Shale

1
2 . Shale and mudstone , light yellowish gray ,

probably weathered from medium gray ,

vaguely laminated , calcareous , chalky . . . . . . . . 1 . 0

1
3 . Shale , medium to light grayish brown ,

weathered from medium gray , well lami
nated , soft to compact , calcareous , frail
white ostracodes along laminae , rare trace

o
f

carbonaceous (plant ? ) remains and fish
teeth

1
4 . Shale , light brownish gray , calcareous , well

laminated , common fragmental carbo
naceous plant remains along laminae with
frail ostracodes . . . . . . . . . . . . .

1
5 . Shale , medium brownish gray , weathered

from dark gray , calcareous , well laminated ,

frail small ostracodes , mostly broken along
laminae , finely divided black carbonaceous
remains . . . . . . . . .

1
6 . Shale , medium to light brownish gray ,

similar to above with rare plant remains
along some laminae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
7 . Shale , medium to light greenish gray with

some yellowish tint , calcareous , lacks plant

remains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
8
. Shale , light yellowish to brownish gray ,

well laminated , compact , harder than
above , very calcarcous . . . . . . . . . . . . . . . . . .

1
9
. Limestone , very light brownish gray , argil

laceous , aphanitic , massive with vague

papery laminae , vague ripple marks near
top

2
0 . Limestone , similar to above but harder

and more resistant , vaguely laminated . . . . . .

Thickness Johnson Shale exposed 6 . 6

1 . 0

1 . 0

0 . 5

0 . 5

. . . 0 . 5

1 . 0
1 . 0

0 .

Bennett Shale Member

9 . Limestone , light gray , argillaceous , poorly
laminated , varies to calcareous mudstone ,

trace o
f brachiopods , ostracodes , spines . . . . . .

Covered . . . . . . . . . . . . . . . . .

1
0 . Shale , light gray with pale -green cast , pos

sibly weathered from medium gray , cal
careous , rare trace o

f

fish teeth ? , ostra
codes , Orbiculoidea , well laminated . . .

1
1 . Shale , light brownish gray , calcareous ,

well laminated , trace o
f

Orbiculoidea ,

ostracodes , brachiopod fragments . . . . . . . . . . . . . .

1
2 . Shale , medium gray , weathered buff , cal

careous , well laminated , trace o
f

ostra
codes , brachiopod fragments , trace o

f

spines , grades to below . . . . . . . .

1
3 . Limestone , medium to light gray , very

10

1 . 0

1 . 0

. . . 10

1 . 0 0 . 5
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McCrone- Red Eagle Cyclothem(Lower Permian) in Kansas

....... 1. 2

muddy , varies to calcareous mudstone ,
fossiliferous , brachiopods , rare Orbicu
loidea , spines ........................

14. Limestone , medium gray, argillaceous ,
weathered light buff , some buff secondary
porcellancous chert concretions, fossilifer
ous ; aphanitic matrix for fusulinids , fora

minifers , brachiopod fragments , and
spines; massive, resistant, hard .................. 0.6

15. Limestone , light brownish gray, hard ,
similar to above but lacks chert, some
milky opaline chert replacements of fossil
fragments ; aphanitic matrix for profuse
fossil detritus including brachiopod frag
ments , spines, small foraminifers , and
Orbiculoidea ...... 0.7

16. Shale, medium gray, mostly weathered to
gray buff , moderately to well laminated ,
calcareous, Orbiculoidea fragments com

mon , trace of spines and brachiopod frag
ments ( cf. Crurithyris ), slightly silty ........ 0.3

17. Shale, very dark gray, very well lami
nated, very slightly calcareous, rare
laminar lenticles of marly clay and sub
coquina of Orbiculoidea fragments , very
rare fish teeth, small spines, very frail
Ostracodes, disclike foraminifers (Ammo
discus?) , dark -brown possible fish bones? 0.3

Thickness Bennett Shale Member 7.6

0,5

. ....... .

1.0

0.5

1.0

Glenrock Limestone Member

18. Limestone , medium gray to brownish
gray, aphanitic to microcrystalline matrix
for abundant fossils, fusulinids (Triti
cites?) and brachiopod fragments common ,

rare frail coiled or wormlike foraminifers
( Tolypammina ?) , spines, some sub
rounded fragments of medium -gray or
bluish -gray aphanitic limestone give sparse
conglomeratic effect; top undulatory , dis
tinct , and coated with subcoquina of
Orbiculoidea and Lingula ? fragments in
a very dark gray clay matrix ; crude worm
burrows similar to Pawnee locality which
contain Orbiculoidea fragments are 2
inches below top of this unit , some algal
CaCO3 coatings on brachiopod fragments ,
rare trace of pyrite , one or two broken
fusulinids at base of overlying Orbicu
loidea subcoquina ...

Thickness Red Eagle Limestone 11.7

4. Limestone , light gray, faintly greenish,
shaly, poorly to nonlaminated , calcareous .. 0.2
5. Mudstone , light gray, faintly greenish, cal
careous, vaguely laminated in some places,
chalky . ......... 1.5
6. Shale and mudstone , medium to light
greenish gray , green in patches, calcare
ous, compact, rubbly debris ....... 0.8
7. Limestone , medium to light greenish gray,
argillaceous , green clay in wormy tubes
up to 1/ 16 inch diameter , trace brachiopod

fragments , one ostracode seen . .................. 0.3
8. Shale, medium to light grayish green , cal
careous, nonuniform mixture of green clay
and light-grayish-brown calcareous ma
terial, moderately wavy laminae ....

9. Shale, varies to mudstone , medium green
with grayish cast, noncalcareous , irregular
blocky debris ..... ............... ..

10. Shale , medium gray to bluish gray, varies
to mudstone , compact, irregular blocky
debris, noncalcareous ..........

11. Limestone , light brownish gray, argil
laceous, pitted, vague broken small buns
at top suggest algal origin .........

12. Shale, light gray, faintly brownish , chalky,
poorly laminated , noncalcareous ................

13. Shale and mudstone , dark brick red, silty,
poorly to moderately laminated , blocky
debris , noncalcareous

14. Shale , brick red, softer than above, ir
regular blocky debris , calcareous, moder
ately to poorly laminated ............................

15. Shale and mudstone , medium to light
gray with pale -brick -red cast, silty, blocky
debris , very calcareous ...

16. Shale, medium gray with brownish tint ,
blocky debris, noncalcareous , compact ......

17. Shale,medium greenish gray to gray, com
pact , very slightly calcareous, moderately
laminated

18. Limestone , light brownish gray, argil
laceous, wavy thin bedding , aphanitic ...... 1.0

19. Limestone , light gray, shaly, very thin
wavy beds, faintly brownish , aphanitic ....

20. Shale, light gray, faintly greenish , very
calcareous, well laminated , waferlike de
bris, compact , rare trace of faint inter
ference ripples, silty ......

21 . Shale, similar to above but slightly harder
and more resistant

22. Shale, light gray, some pale-brick -red
mottling , well laminated , softer than
above, silty, calcareous 1.0

Covered 3.5

Thickness Roca Shale 21.3

Red Eagle Limestone

Howe Limestone Member

23. Limestone , medium grayish brown , weath
ered light rusty yellowish brown to light

brown , pseudo-oolitic , foraminiferal , com
mon microcrystalline clear calcite matrix
for oolites ; foraminifers , ostracodes?, small
brachiopods ?, or clams? coated by algal
CaCO3 yield pseudo-oolites ; exposed ........ 0,5

0. 9

..... 10

Dunlap Section.- SE SE sec. 23, T. 17 S., R. 9 E. In
west bank of road cut just south of bridge , Norris
County , Kansas .

Thickness,
feetSample

Roca Shale

1.0

1. Mudstone and shale, light grecnish yel
lowish gray, calcareous, moderately to
poorly laminated , arenaceous foraminifers
2. Mudstone , similar to above, rare patches of
light greenish gray associated with rusty
yellow flecks ...............

3. Shale, light gray, faintly greenish, flecks

of rusty weathering , well laminated , cal
careous, some laminac are wavy ............. ...

1.0

1.0
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Figure 1
9 . — Columnar section , insoluble residues , and fossils of the Saffordville section .

1 . 5
feet
1 . 0

Saffordville Section . - NW S
W

se
c
. 30 , T . 19 S . , R . 9 E .

In south bank o
f

Cottonwood River east o
f

stone
bridge , Chase County , Kansas (Fig . 19 ) .

Thickness,Sample

Red Eagle Limestone

Howe Limestone Member

1 . Limestone , medium brownish gray , micro
crystalline , badly pitted and weathered . . . . 0 . 8

2 . Limestone , medium brownish gray , micro
crystalline matrix for extremely abundant
foraminifers o

f

several kinds , some ostra
codes , some fossils coated with secondary
algal calcite giving pseudo -oolitic effect ,

typical osagite . . . . . . . . . . . . . . . . . 1 . 0

Thickness Howe Limestone Member 1 . 8

4 . Limestone , light buff , similar to above ,

thin and wavy -laminated rubbly beds ,
aphanitic matrix , linear algae . . . . .

5 . Limestone , light buff , aphanitic to micro
crystalline matrix , some vugs , random
clear medium calcite crystals , hard ; this is

upper part o
f
3 . 0 -foot massive unit with

medium intrabeds

6 . Limestone , similar to above , rare crinoid
discs , brachiopod fragments and spines ,

rare traces o
f

ostracodes , rare stringers o
f

linear algae , traces o
f vugs along stylolites ,

a rare trace o
f Rhombopora ? , one high

spired tiny gastropod . . . .

7 . Limestone , similar to above , vuggy , some
large broken bilobate brachiopods (Jure
sania ? ) , some linear algae . . . . .

8 . Limestone , buff and rusty brown , aphanitic

to medium crystals , peculiar wavy and
brecciated layers o

f

hard and soft lime
suggesting a combination o

f algal deposi

tion and shrinkage -crack filling , Ammo
vertella along algal sheets , somewhat simi

la
r
to 5 . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 . Limestone , medium to light brownish
gray , aphanitic , calcareous to argillaceous
matrix for small brachiopod fragments and

1 . 0
1 . 0

Bennett Shale Member

Covered , weathered fossil remains in soil
suggest similarity to shale a

t

Elmdale . . . . . 7 . 5

3 . Limestone , light -gray aphanitic matrix for

a few clear crystalline brachiopod frag
ments and rusty -brown stringers o
f pos

sible algal origin , traces o
f

random clear
calcite crystals , algal ? mounds , rare traces

o
f

ostracodes and coiled foraminifers . . . . . . . 0 . 4

0 . 5
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0.2

chiopods or clams? with encrusting fora
minifers as below , matrix of clear calcite
varying to clayey microcrystalline calcite .. 0.3

10. Limestone , medium to light brownish
gray, microcrystalline matrix for abundant
arenaceous foraminifers , rare " osagia,"
medium to thin bedding ..........

11. Limestone , light rusty yellow , badly pitted
and vuggy, decayed, clayey, fairly even
textured , microcrystalline matrix where
intact ... 1.5

Thickness Howe Limestone Member 2.5

0.7

.......

spines, rare crinoid discs and rare fusu
linids , softer and more shaly than above,
grades downward into calcareous mudstone
barren of fusulinids ...... ............ ...

10. Mudstone , medium gray, calcareous, very
clayey, traces of brachiopods and spines,
traces of brown plant? remains and /or
fish? remains,moderately laminated ..........

11. Shale, medium gray, moderately lami
nated, calcareous, rare trace of fenestellate
bryozoans , frail brachiopods , ostracodes .... 0.5

12. Shale , dark gray, well laminated with
intrabeds of shale as in above containing
abundant Orbiculoidea fragments (sub
coquina ) with fewer frail Lingula oriented
parallel to laminae , traces of fish teeth and
brachiopod spines

Shale, same as above ..

Thickness Bennett Shale Member 15.8

Thickness Red Eagle Limestone exposed 17.6

Johnson Shale

13. Limestone , medium gray, aphanitic , hard ,
moderately laminated , rough platy debris,

trace of very delicate brachiopods , ostra
codes common ... 1.0

.. 0. 2
1.0

1.0

.
feer

1.0
2

Bennett Shale Member

12. Clay , light yellow , calcareous, marly ,
varies to soft pitted clay limestone ............ 0.3

13. Shale, light brownish gray, faintly yel
lowish , well laminated , rare ostracodes,
trace of spine fragments

14. Shale , light gray, calcareous, fossiliferous ,
well laminated , rare thin limestone wafers
containing abundant fossils, trace of ostra
codes and spine fragments , brachiopods ....

15. Shale, light brownish gray, faintly yellow

is
h , calcareous , fossiliferous , Neospirifer ,

bryozoans , productid spines , brachiopods ,

well laminated . . . . . . . . . . . . . . . . . . 0 . 5

1
6 . Shale , light brownish gray , similar to

above , calcareous , grades to below . . . . . . . . . . . .

1
7 . Limestone , light brownish gray , aphanitic

to microcrystalline ; rare to common fora
minifers with brachiopods , linear algae
and productid spines ; compact , a single
unit with wavy intrabeds . . .

1
8 . Limestone , very light brownish gray , apha

nitic to microcrystalline , hard , medium
bedded , some microvugs and small vugs . . 1 . 0

1
9 . Limestone , similar to above ,more vuggy . .

2
0 . Limestone , similar to 18 , some stylolites . .

2
1 . Limestone , similar to 18 , abundant micro

fossil detritus vaguely preserved . . . . . . . . . . . . . . . .

2
2 . Limestone , medium gray to light brown

is
h

gray with rusty yellow tint , shaly ,

well to moderately laminated , wavy lami
nae , fossiliferous , common brachiopod
fragments and spines oriented roughly
parallel to the laminae , some fusulinids ,

bryozoans , crinoid discs . . . . . . . . . . . . . . . . . . . . 0 . 3 to 0 . 4

2
3
. Limestone , medium grayish brown to

brownish gray , composed largely o
f very

fine well -broken fossil detritus , brachio
pods , spines , foraminifers , very rare fish
tecth , some dark brown carbonaceous ? re

mains , rare trace o
f

Orbiculoidea frag

ments and fusulinids , aphanitic to micro
crystalline matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 3 to 0 . 4

2
4 . Shale , dark gray to medium brownish

gray a
t top , calcareous , grades from fos

siliferous limestone above downward into
argillaceous limestone below , fills worm

burrows in 2
5 , vague ripple marks , trace

o
f

Orbiculoidea , rare fish teeth , base is al
most a coquina o

f

Orbiculoidea . . . . . . . . . . . . . . . 0 . 1

Thickness Bennett Shale Member 9 . 7

Thickness Red Eagle Limestone 1
2 . 2

Elmdale Section . Near C se
c
. 26 , T . 19 S . , R . 7 E .

Road cut in hillside above bridge 1 mile east o
f Elm

dale , Chase County , Kansas (Fig . 2
0
) .

Thickness.

Sample

Roca Shale

1 . Shale , light greenish gray , calcareous ,

moderately laminated , very finely silty . . . . . . 1 . 0

2 . Shale , light olive green to gray , calcareous ,

moderately laminated , rare trace of black
carbonaceous ? remains
Covered

3 . Mudstone , medium maroon to greenish

gray and gray , slightly calcareous , blocky
debris . . .

Limestone , light gray and greenish gray ,

very muddy . 0 . 2

4 . Mudstone , medium gray to greenish gray
with maroon tint along microfractures ,

similar to above , noncalcareous to slightly

calcareous . . . . . . .

5 . Shale , light gray to greenish gray , very
calcareous , compact , trace of silt , argil
laceous lime nodules near base

6 . Mudstone , medium greenish gray , calcare
ous in fractures , similar to 3 and 4 , poorly
laminated . . . . . . . . . . 1 . 0

7 . Shale , medium to light gray , slightly cal
careous , trace of pale -greenish -maroon tint

8 . Shale , medium to light gray and greenish

gray , slightly calcareous , moderately lami
nated 1 . 0

Covered , presumably shale . . . . . . . . . . . . . . 4 . 0

Thickness Roca Shale 1
4 . 0

Red Eagle Limestone

Howe Limestone Member

9 . Limestone ,medium brownish gray to light
yellowish gray , massive , pelletoid , pseudo
oolitic (osagite ) , some algae - coated bra

. . . . . 1 . 0
1 . 0

0 . 8
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Figure 20 . — Columnar section , insoluble residues , and fossils o
f the Elmdale section .
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1. 0

pora, trace of brachiopod fragments , Cru
rithyris , Chonetes, productid spines, echi
noid spines and plates, holothurian wheels ,
gastropods (Anematina ?) ..
3. Limestone , light buff , fossiliferous , micro
crystalline to aphanitic matrix for brachi
opod fragments, linear algae, trace of ostra
codes (Amphissites ), hard to moderately
hard , weathered yellowish ..........................
4. Limestone , light brownish gray, aphanitic
to somewhat microcrystalline matrix for
common brachiopod fragments , Crurithy
ris , very rare Orbiculoidea , crinoid discs,

Fenestella?, somewhat argillaceous along
wavy shaly stringers, some thick and thin
linear algae ....... .....

Thickness Bennett Shale Member

0.9

1. 2

8.6

0.5

Johnson Shale

25. Limestone , light gray, faintly brownish ,
very argillaceous , vaguely laminated , thin
worm burrows in upper 0. 1 foot filled
with Orbiculoidea -bearing black clay and
black muddy limestone from 24, tubes also
contain fish teeth, grades to calcareous
shale below , massive in upper part , even
textured, top slightly undulatory below cap

of black Orbiculoidea shale, trace of black
phosphatic bone ? remains, top contains
random rare roughly tubular 1- to 2-inch
lumps of fusulinid -bearing limestone simi
lar to Glenrock lithology , lumps appear to
be decapitated burrow fillings ...... 1.0

26. Shale, light brownish gray, calcareous,
moderately to well laminated , trace of
black plant remains and plant molds ........ 1.0

27. Shale, light brownish gray, weathered
from medium gray, well laminated , cal
careous, trace of plant remains and ostra
codes 0.6

28. Limestone , light brownish gray , laminated ,
vaguely ripple marked , hard , argillaceous ,

aphanitic , common ostracodes along lami
nae near to

p
( platestone equivalent ) . . . . . . . . 0 . 3

2
9 . Limestone , medium to light brownish

gray , even textured , some small vugs and
microgeodes , argillaceous , aphanitic . . . . . . . . 0 . 5

3
0 . Clay , light yellowish gray , marly . . . . . . . . . . . . . .

3
1 . Mudstone ,medium to light brownish gray ,

calcareous , trace o
f pale -greenish -gray silt

granules , moderately to poorly laminated ,

blocky debris . . . . . . . . . . . . . . . . . . 2 . 0

3
2 . Shale , light gray , faintly greenish and

brownish , calcareous , finely silty . . . . . . . . . . . . . . .

3
3 . Mudstone , medium grecnish gray , faintly

bluish , clayey , noncalcareous , irregular
blocky debris , fairly hard . . . . . 2 . 0

3
4
. Shale , similar to above , medium to light

greenish gray , noncalcareous . . . . . 1 . 0

3
5 . Shale , light brownish gray , calcareous ,

moderately to well laminated , clayey to

very finely silty . . . . . . . . 1 . 3

3
6 . Limestone , light yellow gray , argillaceous

and shaly , grades to below 1 . 4

3
7 . Mudstone , medium to light yellow gray ,

very calcareous , similar to above . . . . . . . . . . . . . .

Thickness Johnson Shale exposed 1
4 . 4

Johnson Shale

5 . Shale , medium to light yellowish buff ,

well laminated , calcareous , rare fossils . . . . . .

6 . Limestone , argillaceous , and shale , cal
careous ; medium to light grayish brown ,

moderately to well laminated , wavy lami
nae , rare to common delicate ostracodes ,

brachiopod fragments , rare black car
bonaceous plant remains . . . . . . . . . .

7 . Shale , medium brownish gray with pale
yellow to greenish cast , brown carbo
naceous remains , Ammodiscus , Tetrataxis ,

Bairdia , Bythocypris , Cavellina , holothu
rian "wheels , " Crurithyris ? Distacodus . . .

Thickness Johnson Shale exposed

0 . 3

1 . 0
1 . 8

feet

Sallyards Section . — SW NW sec . 11 , T . 26 S . , R . 8 E .

At turn of the road 1 mile south of Sallyards , Green
wood County , Kansas ,

Thickness,

Sample

Red Eagle Limestone

Bennett Shale Member

1 . Limestone , medium gray , aphanitic matrix
for crinoid discs , bryozoans , brachiopods ,
Schuchertella . . . . . .

2 . Shale , mottled buff to olive gray , clayey ,

calcareous , soft , crinoid discs , bryozoans ,

Fenestrellina , Distacodus , Streptognatho

dus , Orbiculoidea , Bigenerina , Tetrataxis . . 1 . 0

Thickness Bennett Shale Member exposed 2 . 0

. . . 1 . 0

1 . 0

Turnpike Section . — (Mile 118 . 1 ) se
c
. 17 , T . 20 S . , R .

1
0
E . Lyon County , Kansas .

Thickness,

feetSample

Red Eagle Limestone

0 . 5

Howe Limestone Member

1 . Limestone , very light brownish gray ,

microcrystalline matrix for abundant fora
minifers , hard , exposed . . . . .

Bennett Shale Member

Covered . . . . .

2 . Shale , buff , weathered from medium gray ,

very calcareous , moderately to well lami
nated , Tetrataxis , Bigencrina , ostracodes ,

Amphissiles , Bairdia , Bythocypris , Minil

y
a , Penniretoporu , Fenestellina , Rhombo

Piedmont Section . — NE S
W

sec . 30 , T . 27 S . , R . 8 E .

5 miles west and 32 miles north o
f

Piedmont ,

Greenwood County , Kansas .

Thickness,

Sample feet

Red Eagle Limestone

Bennett Shale Member

1 - 2 . Limestone , light gray to brownish gray ,

some yellowish -rusty clay in vugs and
leached fossils , aphanitic to microcrystal
line matrix for abundant fusulinids , rare
crinoid discs and brachiopod spines , medi

u
m

indistinct beds , heavily pitted , de

tached from limestone ledge below ( float
ing )

5 , 5



McCrone- Red EagleCyclothem (Lower Permian) in Kansas 105

Thickness,
feetSample

Grenola Limestone

........ 1.0
0.5

........ 1.0

Sallyards Limestone Member :

Limestone , Aviculopecten and other fossils

Roca Shale

1. Shale and limestone , interlaminated ; cal
careous shale, light brownish to yellow

is
h

gray , moderately to well laminated ,

soft ; thin light -gray aphanitic limestone
interlaminated u

p

to 0 . 5 inch thick ; trace

o
f

fenestrate bryozoans

2 . Mudstone , very light to light brownish
gray , marly , some small lime nodules

3 . Mudstone , very light brownish gray , shaly ,

chalky

4 . Mudstone , light pinkish gray , calcareous ,

chalky

5 . Mudstone , light pinkish gray , calcareous ,

chalky , poorly laminated

6 . Mudstone , very light greenish gray , chalky 0 . 5

Covered , presumably shale . . . . . . . 4 . 0

7 . Claystone , brick red , somewhat chopped
up by slumping . . . . . . . . 0 . 5

Covered , presumably shale . . . . . . . . . . . . . . . . . . . . . 5 . 5

Thickness Roca Shale 1
4 . 5

dules . . . . . . . .

. . . . . . . .
. . . . 1 . 0

10

1 . 0

. . . . . . . . . 1 . 0

. . . . . . . . . . .
. . . 1 . 0 Red .

Red Eagle Limestone

3 . Limestone , light brownish gray o
r buff ,

yellowish clayey material in vugs , micro
crystalline matrix for very rare brachi
opod fragments , ostracodes , fusulinids ,

much vugular and leached fossil porosity . . 1 . 0

4 . Limestone , light gray buff , much less
porosity than above , microcrystalline
matrix for rare brachiopod fragments ,

spines , ostracodes , foraminifers ? , very rare
fusulinids . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

5 . Limestone , similar to above , rare small
vugs , tighter than above , some pitting a

t

surface , medium bedded . . . . . . . . . . . . . . .

6 . Limestone , similar to above with extremely
rare traces o

f

Orbiculoidea fragments ,

medium bedded . . . . . . . . . . . . . .

7 . Limestone , similar to above with common
fusulinids , lacks Orbiculoidea fragments . .

8 . Limestone , similar to above , trace o
f

chert
nodules ; upper part of a 4 -foot massive
unit with medium to thick intrabeds . . . . . . . .

9 . Limestone , similar to above , crinoid discs ,

dark gray chert nodules containing fusu
linids

1
0 . Limestone , similar to above , crinoid discs ,

brachiopod fragments , rare ostracodes ,

common fusulinids . . . . . . . . . . . . . . 1 . 0

1
1 . Limestone , similar to above , medium to

thick beds with undulatory (relief 2

inches ) bedding planes . . . . . . . . . .

1
2 . Limestone , medium to light gray and

brownish gray , similar to above , apha
nitic to microcrystalline matrix for abun
dant Orbiculoidea fragments and common
fusulinids , brachiopod fragments , spines ,

small crinoid discs , common rusty stains

in pores throughout , hard , resistant . . . . . . . . . . . . 0 . 6

1
3 . Limestone , similar to above but fewer

fossils

1
4 . Limestone , medium grayish brown , fossil

content similar to above , extremely rare
presence o

f

ramose bryozoans . . . . . .

1
5 . Limestone , medium to light gray , argil

laceous ? , common fusulinids , rare brachio
pod fragments , some linear algae , uniform
texture ,microcrystalline to microgranular . . 1 . 0

1
6 . Limestone , grades to above , medium gray ,

argillaceous , extremely rare trace of pyrite ,

abundant fusulinids . . . .

Covered . . . . . . . . . . . . . . 1
0
. 5

Thickness Bennett Shale Member 2
4 . 1

Glenrock Limestone Member

1
7 . Limestone , medium gray brown and

brownish gray , contains abundant fusu
linids , thin bedded , weathered rusty
brown , microcrystalline matrix , hard ,

medium -gray chert blebs , fusulinids con
tain milky opaline chert , rare Dunbarinel

la ? , common Triticites ? , lower part con
tains very abundant fusulinids . . . . . . . . . . . . . . . . . . 1 . 5

Thickness Red Eagle Limestone 2
5 . 6

2 . 0

. . 0 . 5
0 . 5 1 . 0

1 . 0

. . . . . . . . . . . . . .

0 . 5

Howe Limestone Member

8 . Limestone , light yellowish gray , typical
osagite , foraminiferal ? , some ostracodes ,

small gastropods and brachiopods , deeply

pitted , yellowish weathering . . . . . . . . . . . . . . . . . . . . . .

Bennett Shale Member

9 . Limestone , buff , microcrystalline matrix
for medium crystalline rare fossil remains
such a

s brachiopod fragments , hard , medi

u
m

bedded , massive .

1
0 . Limestone , light brownish gray , some yel

lowish limonitic clay tint , medium to thin
bedded within massive thicker unit . . . . . . . . . .

1
1 . Limestone , similar to above , medium to

thin bedded

1
2 . Limestone , light brownish gray , thin

bedded , microcrystalline , trace o
f

ostra
codes and brachiopod fragments , some
microvugs and leached fossil porosity ,

similar to above but lacking yellowish

stain

1
3 . Limestone , light brownish gray to gray

brown , medium bedded , microcrystalline
matrix for common brachiopod fragments

and spines and trace o
f

crinoid discs , some
yellowish stain , medium crystalline clear
calcite fossil remains and some leached

fossil pores

1
4 . Limestone , similar to above with fewer

brachiopod fragments .

1
5 - 16 . Limestone , similar to 13 but no yellow

stain and almost n
o pores , hard , dense . . . . . .

1
7 . Limestone , light brownish gray with some

limonitic yellow clay stains in leached fos

1 . 0
2 . 0Grand Summit Section . - SE se
c
. 3 , T . 31 S . , R . 8 E .

Along railroad cut 4 miles west and 2 miles north o
f

Grenola , Elk County , Kansas (Fig . 21 ) .
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0.6

0.3

... 0.7

.......

muddy , varies to calcareous mudstone ,

fossiliferous , brachiopods , rare Orbicu
loidea , spines ............... 1.2

14. Limestone , medium gray, argillaccous ,
weathered light buff, some buff secondary
porcellaneous chert concretions , fossilifer
ous ; aphanitic matrix for fusulinids , fora
minifers , brachiopod fragments , and
spines; massive , resistant, hard ....

15. Limestone , light brownish gray, hard ,
similar to above but lacks chert , some
milky opaline chert replacements of fossil
fragments ; aphanitic matrix for profuse
fossil detritus including brachiopod frag
ments , spines, small foraminifers , and
Orbiculoidea .

16. Shale, medium gray, mostly weathered to
gray buff , moderately to well laminated ,

calcareous, Orbiculoidea fragments com
mon , trace of spines and brachiopod frag

ments (cf. Crurithyris ), slightly silty ........ 0. 3
17. Shale, very dark gray, very well lami
nated, very slightly calcareous, rare
laminar lenticles of marly clay and sub
coquina of Orbiculoidea fragments , very
rare fish teeth, small spines, very frail
ostracodes, disclike foraminifers ( Ammo
discus ? ) , dark -brown possible fish bones ? 0. 3

Thickness Bennett Shale Member 7.6

Glenrock Limestone Member

18. Limestone , medium gray to brownish
gray, aphanitic to microcrystalline matrix
for abundant fossils, fusulinids ( Triti
cites? ) and brachiopod fragments common ,
rare frail coiled or wormlike foraminifers
( Tolypammina ?) , spines, some sub
rounded fragments of medium -gray or
bluish -gray aphanitic limestone give sparse
conglomeratic effect; top undulatory , dis
tinct, and coated with subcoquina of
Orbiculoidea and Lingula ? fragments in
a very dark gray clay matrix ; crude worm
burrows similar to Pawnee locality which
contain Orbiculoidea fragments are 2
inches below top of this unit , some algal
CaCO3 coatings on brachiopod fragments ,
rare trace of pyrite, one or two broken

fusulinids at base of overlying Orbicu
loidea subcoquina

Thickness Red Eagle Limestone 11.7

4. Limestone , light gray, faintly greenish,
shaly, poorly to nonlaminated , calcareous .... 0. 2

5. Mudstone , light gray, faintly greenish, cal
careous, vaguely laminated in some places,
chalky

6. Shale and mudstone , medium to light
greenish gray , green in patches, calcare
ous, compact, rubbly debris ....... 0. 8

7. Limestone , medium to light greenish gray,
argillaceous , green clay in wormy tubes
up to 1/ 16 inch diameter , trace brachiopod
fragments , one ostracode seen ....................
8. Shale, medium to light grayish green, cal
careous, nonuniform mixture of green clay
and light -grayish-brown calcareous ma
terial , moderately wavy laminae .... 0.5
9. Shale, varies to mudstone , medium green
with grayish cast, noncalcareous, irregular
blocky debris .............. 1.5

10. Shale, medium gray to bluish gray, varies
to mudstone , compact, irregular blocky
debris , noncalcareous ........

11. Limestone , light brownish gray, argil
laceous, pitted , vague broken small buns
at top suggest algal origin ... 1.0

12. Shale, light gray, faintly brownish , chalky ,
poorly laminated , noncalcareous ................

13. Shale and mudstone , dark brick red, silty,
poorly to moderately laminated , blocky
debris, noncalcareous ........

14. Shale, brick re
d
, softer than above , ir

regular blocky debris , calcareous , moder
ately to poorly laminated . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 1 . 0

1
5 . Shale and mudstone , medium to light

gray with pale -brick -red cast , silty , blocky
debris , very calcareous . . . . . 1 . 0

1
6 . Shale , medium gray with brownish tint ,

blocky debris , noncalcareous , compact . . . . . .

1
7 . Shale ,medium greenish gray to gray , com

pact , very slightly calcareous , moderately

laminated . . . . 0 . 2

1
8 . Limestone , light brownish gray , argil

laceous , wavy thin bedding , aphanitic . . . . . . 1 . 0

1
9 . Limestone , light gray , shaly , very thin
wavy beds , faintly brownish , aphanitic . . . .

2
0 . Shale , light gray , faintly greenish , very
calcareous , well laminated , waferlike de
bris , compact , rare trace of faint inter
ference ripples , silty

2
1 . Shale , similar to above but slightly harder

and more resistant

2
2 . Shale , light gray , some pale -brick -red

mottling , well laminated , softer than
above , silty , calcareous . . 1 . 0

Covered 3 , 5

Thickness Roca Shale 2
1 . 3

Red Eagle Limestone

Howe Limestone Member

2
3 . Limestone , medium grayish brown , weath

cred light rusty yellowish brown to light
brown , pscudo -oolitic , foraminiferal , com
mon microcrystalline clear calcite matrix
for oolites ; foraminifers , ostracodes ? , small
brachiopods ? , or clams ? coated b

y

algal

CaCO : yield pseudo -oolites ; exposed . . . . . . . . 0 . 5

us . . . . . . . . . . .

09

1 . 0

Dunlap Section . - SE SE sec . 23 , T . 17 S . , R . 9 E . In

west bank o
f

road cut just south o
f bridge , Norris

County , Kansas .

Thickness,

feetSample

Roca Shale

1 . 0

1 . Mudstone and shale , light greenish yel

lowish gray , calcareous , moderately to

poorly laminated , arenaceous foraminifers

2 . Mudstone , similar to above , rare patches of

light greenish gray associated with rusty
yellow flecks . . . . . .

3 . Shale , light gray , faintly grecnish , flecks

o
f rusty weathering , well laminated , cal

carcous , some laminac are wavy . . .

1 . 0
1 . 0
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Figure 1
9 . — Columnar section , insoluble residues , and fossils of the Saffordville section .

1 . 5
feet

. . . . . . . . . . . . 1 . 0

Saffordville Section . — NW S
W

sec . 30 , T . 19 S . , R . 9 E .

In south bank o
f

Cottonwood River east o
f

stone
bridge , Chase County , Kansas (Fig . 19 ) .

Thickness,

Sample

Red Eagle Limestone

Howe Limestone Member

1 . Limestone , medium brownish gray , micro
crystalline , badly pitted and weathered . . . 0 . 8

2 . Limestone , medium brownish gray ,micro
crystalline matrix for extremely abundant
foraminifers o

f

several kinds , some ostra
codes , some fossils coated with secondary
algal calcite giving pseudo -oolitic effect ,

typical osagite . . . . . . . . . . . . . . . . . . . . . · 1 . 0

Thickness Howe Limestone Member 1 . 8

4 . Limestone , light buff , similar to above ,

thin and wavy -laminated rubbly beds ,
aphanitic matrix , linear algae . . . . . . . . . . . . . . . . . . . .

5 . Limestone , light buff , aphanitic to micro
crystalline matrix , some vugs , random
clear medium calcite crystals , hard ; this is

upper part o
f
3 . 0 -foot massive unit with

medium intrabeds

6 . Limestone , similar to above , rare crinoid
discs , brachiopod fragments and spines ,

rare traces o
f

ostracodes , rare stringers of

linear algae , traces of vugs along stylolites ,

a rare trace o
f Rhombopora ? , one high

spired tiny gastropod

7 . Limestone , similar to above , vuggy , some
large broken bilobate brachiopods (Jure
sania ? ) , some linear algae

8 . Limestone , buff and rusty brown , aphanitic

to medium crystals , peculiar wavy and
brecciated layers o

f

hard and soft lime
suggesting a combination o

f algal deposi

tion and shrinkage -crack filling , Ammo
vertella along algal sheets , somewhat simi
lar to 5 . . . . . . . . .

9 . Limestone , medium to light brownish
gray , aphanitic , calcareous to argillaceous
matrix for small brachiopod fragments and

. . . . . . . . . . . . . . . 10

. . . 1 . 0

Bennett Shale Member

Covered , weathered fossil remains in soil
suggest similarity to shale a

t

Elmdale . . . . . . 7 . 5

3 . Limestone , light -gray aphanitic matrix fo
r

a few clear crystalline brachiopod frag
ments and rusty -brown stringers of pos
sible algal origin , traces o
f

random clear
calcite crystals , algal ? mounds , rare traces

o
f

ostracodes and coiled foraminifers . . . . . . . . 0 . 4

. . . . . . 0 . 5
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chiopods or clams? with encrusting fora
minifers as below , matrix of clear calcite
varying to clayey microcrystalline calcite .. 0.3

10. Limestone , medium to light brownish
gray, microcrystalline matrix for abundant
arenaceous foraminifers , rare “osagia,”
medium to thin bedding ......

11. Limestone , light rusty yellow , badly pitted
and vuggy, decayed, clayey, fairly even
textured , microcrystalline matrix where
intact ....................

Thickness Howe Limestone Member 2.5

0.7

0.5

spines, rare crinoid discs and rare fusu
linids, softer and more shaly than above,
grades downward into calcareous mudstone
barren of fusulinids ............ 0.2

10. Mudstone , medium gray, calcareous, very
clayey, traces of brachiopods and spines,
traces of brown plant ? remains and /or
fish? remains, moderately laminated .......... 1.0

11. Shale , medium gray, moderately lami
nated , calcareous, rare trace of fenestellate
bryozoans , frail brachiopods , ostracodes ....

12. Shale, dark gray, well laminated with
intrabeds of shale as in above containing

abundant Orbiculoidea fragments (sub
coquina ) with fewer frail Lingula oriented
parallel to laminae, traces of fish teeth and
brachiopod spines ..............
Shale, same as above ......

Thickness Bennett Shale Member 15.8

Thickness Red Eagle Limestone exposed 17.6

Johnson Shale

13. Limestone , medium gray , aphanitic , hard ,
moderately laminated , rough platy debris ,
trace of very delicate brachiopods , ostra

codes common ...... 1.0

0.2

1.0

.......... 0. ....

Elmdale Section. —Near C se
c
. 26 , T . 19 S . , R . 7 E .

Road cut in hillside above bridge 1 mile east o
f Elm

dale , Chase County , Kansas (Fig . 20 ) .

Thickness,

Sample feet

Roca Shale

1 . Shale , light greenish gray , calcareous ,

moderately laminated , very finely silty . . . . . 1 . 0

2 . Shale , light olive green to gray , calcareous ,

moderately laminated , rare trace o
f

black
carbonaceous ? remains . . . . . . . . . . . . . . 1 . 0

Covered . . . . . . . . . . . . . . 2 . 0

3 . Mudstone , medium maroon to greenish

gray and gray , slightly calcareous , blocky
debris . . . . . . . . . . . . . . . . . . . . . . 1 . 0

Limestone , light gray and greenish gray ,

very muddy . . . . . . . . . .

4 . Mudstone , medium gray to greenish gray
with maroon tint along microfractures ,

similar to above , noncalcareous to slightly
calcareous . . . . . . . . . . 1 . 0

5 . Shale , light gray to greenish gray , very
calcareous , compact , trace o

f

silt , argil

laceous lime nodules near base . . . . . . . . . . . . . . . . . . 0 . 8

6 . Mudstone , medium greenish gray , calcare
ous in fractures , similar to 3 and 4 , poorly
laminated . . . . . . . . . . . . .

7 . Shale , medium to light gray , slightly cal
careous , trace of pale -greenish -maroon tint

8 . Shale , medium to light gray and greenish
gray , slightly calcareous , moderately lami
nated

Covered , presumably shale . . . . . . .

Thickness Roca Shale 1
4 . 0

Bennett Shale Member

1
2 . Clay , light yellow , calcareous , marly ,

varies to soft pitted clay limestone . . .clay limestone . . . . . . . . . . . . 0 . 3

1
3 . Shale , light brownish gray , faintly yel

lowish , well laminated , rare ostracodes ,

trace o
f spine fragments

1
4 . Shale , light gray , calcareous , fossiliferous ,

well laminated , rare thin limestone wafers
containing abundant fossils , trace o

f

ostra
codes and spine fragments , brachiopods . . . . 1 . 0

1
5 . Shale , light brownish gray , faintly yellow

is
h , calcareous , fossiliferous , Neospirifer ,

bryozoans , productid spines , brachiopods ,

well laminated . . . . . . . . . . . . . . . . . . . . . . .

1
6 . Shale , light brownish gray , similar to

above , calcareous , grades to below . . . . . . . . . . . .

1
7 . Limestone , light brownish gray , aphanitic

to microcrystalline ; rare to common fora
minifers with brachiopods , linear algae
and productid spines ; compact , a single
unit with wavy intrabeds . . . . . . . . . . .

1
8 . Limestone , very light brownish gray , apha

nitic to microcrystalline , hard , medium
bedded , some microvugs and small vugs . .

1
9 . Limestone , similar to above ,more vuggy . .

2
0 . Limestone , similar to 18 , some stylolites . .

2
1 . Limestone , similar to 18 , abundant micro

fossil detritus vaguely preserved . . . . . . . . . . . . . .. . . . 1 . 0

2
2 . Limestone , medium gray to light brown

is
h

gray with rusty yellow tint , shaly ,

well to moderately laminated , wavy lami
nae , fossiliferous , common brachiopod
fragments and spines oriented roughly
parallel to the laminae , some fusulinids ,

bryozoans , crinoid discs . . . . . . . . . . . . . . . . . . . . 0 . 3 to 0 . 4

2
3 . Limestone , medium grayish brown to

brownish gray , composed largely of very
fine well -broken fossil detritus , brachio
pods , spines , foraminifers , very rare fish

0 . 2
1 . 0

1 . 0
1 . 0

. . . . . . . . 4 . 0

mains , rare trace o
f

Orbiculoidea frag

ments and fusulinids , aphanitic to micro
crystalline matrix . . . . . . . . . . . . . . . . . . . 0 . 3 to 0 . 4

2
4 . Shale , dark gray to medium brownish

gray a
t top , calcareous , grades from fos

siliferous limestone above downward into
argillaceous limestone below , fills worm
burrows in 25 , vague ripple marks , trace

o
f

Orbiculoidea , rare fish teeth , base is a
l

most a coquina o
f

Orbiculoidea . . . . . . . . . . . . . . . . 0 . 1

Thickness Bennett Shale Member 9 . 7

Thickness Red Eagle Limestone 1
2 . 2

Red Eagle Limestone

Howe Limestone Member

9 . Limestone , medium brownish gray to light
yellowish gray , massive , pelletoid , pseudo
oolitic (osagite ) , some algae -coated bra
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FIGURE 2
0 . — Columnar section , insoluble residues , and fossils of the Elmdale section .
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0 . 5
0 . 1

ing fusulinids and small brachiopods ,

earthy , calcareous , trace o
f

carbonaceous
plant remains , ostracodes , brown phos
phatic remains . . . . . . . . . . . . . . . 0 . 5

3
0 . Shale , very light brownish gray with yel

lowish cast , well laminated , calcareous ,

trace o
f

minute carbonaceous plant re
mains , lime nodules of similar color rarely
contain tiny spinose brachiopods cf .

Chonetes ? 1 . 0

3
1 . Shale , similar to above . . . . . . . . . . . . . . . . . 1 . 0

3
2 . Limestone , medium gray , nodular , u
p

to

0 . 5 foot thick , aphanitic , very rare high
spired gastropods cf . Leptoptygma o

r

Anematina ? , weathered light buff , hard . . . 0 . 5

3
3 . Shale , medium gray , weathered light to

medium buff , well laminated , trace of

brachiopod fragments cf . Linoproductus

(Alattened ) , common black plant remains
along some laminae . . . . . . . . . . . . . . . . . . . . . . . . .

3
4
. Limestone , similar to 3
2 , hard . .

3
5 . Shale , similar to 33 , some small nodular

aphanitic limestone with trace o
f gastro

pods . . . . . . . . . . .

3
6 . Shale , similar to above with Lino produc

tus commonly associated with limestone
nodules . . . . . . . . . . . . . . . . .

3
7 . Limestone , light yellowish gray , hard , ap

pears earthy , somewhat similar to mud

stone below , aphanitic to microcrystalline ,

trace o
f

Ostracodes , possibly algal crystal
line limestone in small l -inch waves . . . . . . . .

3
8 . Mudstone , light brownish gray , calcareous _ 1 . 0

Thickness Johnson Shale exposed 7 . 5

. . . . .

si
l

pores , microcrystalline matrix for com
mon brachiopod fragments and spines ,

trace o
f

crinoid discs , some microvugular
pores . . . . . . . .

1
8 . Limestone , medium to light brownish

gray , lower part of a 1 . 5 -foot bed , micro
crystalline matrix for medium crystals o

f

clear calcitic fossil remains , abundant
brachiopod fragments . . . . . 1 . 0

1
9 . Shale , light yellowish gray brown , very

calcareous , clayey , rare trace o
f

Orbicu
loidea fragments

2
0
- 2
1 . Limestone , medium to light brownish

gray and gray with wavy rusty stringers
undulating parallel to bedding plane ,mas
sive unit which weathers to thin wavy

beds owing to very thin shaly intrabeds

o
r partings , microcrystalline matrix for

common brachiopod fragments (Crurithy

ri
s
? ) and rare crinoid discs , but some

aphanitic parts are free o
f

fossils , much
fine to medium crystalline clear calcite

shell remains o
r

leached fossil fillings ,

wavy algal material similar to that seen

a
t

Saffordville section , hard 1 . 4

2
2
- 2
3
. Limestone , massive unit which weathers

to thin wavy intrabeds , similar to above
with fewer brachiopods and n

o rusty
stringers , some linear algae ? in aphanitic
wavy portion , very rare fusulinids seen ,

trace o
f

crinoids 2 . 0

2
4 . Limestone , medium to light brownish

gray , microcrystalline matrix for rare bra
chiopod fragments and spines , hard , rare
crinoid discs , possibly linear algae , Jure
sania , horn corals . .

2
5 . Limestone , light to medium yellowish

gray , moderately to well laminated , shaly ,

brachiopod fragments and spines , rare
trace of fusulinids . 0 . 2

2
6 . Limestone , medium to light gray and

brownish gray , microcrystalline hard to

softer argillaceous matrix for common
Orbiculoidea fragments , rare trace o

f

glauconite grains , brachiopod fragments ,

very rare fusulinids . . . . . . . . . . . . . . . . . . . . . . 0 . 2
5

2
7 . Shale , medium to light brownish gray

with limonitic yellow cast , abundant
Orbiculoidea fragments , trace of conodonts
and ostracodes , larger brachiopod frag
ments and glauconite grains rare , very

rare fusulinids , rare trace of gastropods ,

very fossiliferous , calcareous , undulatory

boundaries , well laminated . . .

Thickness Bennett Shale Member 1
3 . 85

1 . 0

. . . . . . . . . . 1 . 0

0 . 3

. . . . . . . . .

2 . 0

. . . . . . . . . . . . . . . . . . . . . . . 0 . 1

Highway 3
8

Section . - S -line sec . 21 , T . 3
2
S . , R . 8 E .

In Kansas Highway 3
8

road cut , Cowley County ,

Kansas ( Fig . 22 ) .

Thickness,

Sample fect

Red Eagle Limestone

Howe Limestone Member

1 - 2 . Limestone , light yellow brown ; aphanitic

to microcrystalline matrix for rare fossil
fragments such a

s

ostracodes , brachiopod
fragments and spines ; color due to finely

divided limonitic material throughout ,

pitted and rounded to
p
, medium to thin

bedded within thicker major beds ,

slightly osagitic . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3 . Limestone , light buff with some pale
yellow tint , aphanitic to microcrystalline
matrix for rare brachiopod fragments and

small wavy algal sheets ? , rare blebs of

fine to medium clear calcite crystals , hard ,

some vugs . . . . . . . . .

4 . Limestone , similar to above , bedding a
s

above , trace o
f

ramose bryozoans and
small brachiopods . . . . . . . . . . . . . . . . . . . .

Thickness Howe Limestone Member 4 . 0

Bennett Shale Member

5 - 7 . Limestone , light brownish gray , micro
crystalline matrix for fossils similar to

above , some brachiopods nearly intact ,

some vugs , very hard , less weathered than

. . . 1 . 0

Glenrock Limestone Member

2
8 . Limestone , medium brownish gray , apha

nitic to microcrystalline matrix for com
mon fusulinids ( Triticites sp . ) , rare bra
chiopod fragments and spines , some
medium - to dark - gray round spots that
suggest worm burrows and contain some
small Orbiculoidea fragments . . . . . . . . . . . . . . . . . . . .. . . 0 .25

Thickness Red Eagle Limestone 1
6 . 1

. . . . . . . . . . . . . 1 . 0

Johnson Shale

2
9 . Shale , light brownish gray with light -gray
argillaceous chalky lime nodules contain
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1.0

1.0
1.0

1.0

1.0

0. 15

-...

above, some fragments of unidentified
fenestrate bryozoans and ostracodes on
weathered surface, random fine to medium
clear calcite crystals throughout , fresh sur
face does not reveal the fossil material
revealed on weathered surface, medium to
thick beds, wavy to nodular bedding
planes ...... .................... 3.0
8. Limestone , light brownish gray, aphanitic
to microcrystalline matrix for obscure
fossil debris much more finely broken than
above, rare brachiopods and spines, ex
tremely rare fusulinids 1.0
9. Limestone , similar to above, slightly more
argillaceous ... 1. 0

10. Limestone , medium grayish brown to light
brownish gray, pitted to vuggy with
medium secondary calcite crystals, varies
to microcrystalline and aphanitic , weath
ered surface reveals brachiopod fragments

and bryozoans not observable on fresh
surface, Wellerella ? ....... ... ..... ... ....

11. Limestone , similar to above, heavily
pitted and weathered in this sample, only
brachiopods seen

12. Limestone , light yellowish to brownish
gray, aphanitic to microcrystalline matrix
for common small brachiopod and ostra
code fragments and spines, some limonite
lined leached-fossil pores

13. Limestone , medium grayish brown to light
brownish gray, microcrystalline matrix for
brachiopod fragments, interbedded argil
laceous limestone with fossil fragments ,
linear algae? ........... 1.0

14. Limestone , light gray with medium - to
dark -gray wavy clay seams cf. northern
Bennett shale as interbeds, aphanitic to
microcrystalline matrix for profuse fossils
similar to above but more finely divided ,
Schuchertella ?, bryozoans , Hustedia ..

15. Limestone , light brownish gray, micro
vugular porosity, microcrystalline matrix
for fossil fragments ............... 1.0

16. Limestone , medium gray, aphanitic to
microcrystalline matrix fo

r

fossils a
s

above , some fenestrate bryozoans seen o
n

weathered surface . .

1
7
. Limestone , similar to above with some

wavy linear algae , some weathered to light
brown , wavy dark -gray clay interbeds ,

much secondary calcite crystals a
s

in a
ll

units above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

1
8
. Limestone , medium to dark gray , weath

ered medium to light grayish brown , very
shaly , sometimes varies to similar cal
careous shale , moderately to well lami
nated , rare Orbiculoidea fragments and
common brachiopod fragments o

f

other

0 . 2

Thickness Bennett Shale Member 1
3 . 2

Glenrock Limestone Member

1
9 . Limestone ,medium gray , very argillaceous ,

soft , abundant fusulinids , some crinoid
discs and brachiopod fragments , Com
posita seen , rare wormy tubes o

f black
clay , uneven , up to . . .

Thickness Red Eagle Limestone 1
7 . 7

Johnson Shale

2
0 . Marl , varies to soft very calcareous shale ,

light yellowish to brownish gray , trace of

brown and black plant remains and brown

o
r waxy plant remains , trace of frail

lirate brachiopods and ostracodes . . . 0 . 4

2
1 . Limestone and shale ; limestone medium

gray , microcrystalline , up to 0 . 4 foot in

place , argillaceous , fairly even textured ,

nodular lime lenticles in shale a
t

random
and in definite thin horizons ; shale buff ,

probably weathered from medium gray ,

moderately to well laminated , calcareous ,

rare trace o
f

brown carbonaceous material 1 . 0

2
2 . Limestone and shale , as above , limestone

is aphanitic , shale contains frail lirate
brachiopod fragments and rare to common
carbonaceous broken grassy plant frag
ments , long unbroken productid spines ,

trace o
f

ostracodes , one lamina has profuse
brachiopod and spine fragments with some
ostracodes and common black plant re

mains , productid brachiopods common . . . . 1 . 0

2
3 . Limestone and shale ; shale light gray with

rare plant remains and tiny Ostracodes ,

calcareous ; limestone aphanitic , light gray
2
4 . Limestone , nodular , and shale , as above . .

2
5 . Shale , medium gray , well to moderately

laminated , calcareous , frail ostracodes ,

rare trace o
f very finely divided plant re

mains , Linoproductus ?

Limestone , medium gray , aphanitic , very
tight , some rare vugs , hard

2
6 . Shale and limestone , medium gray , inter

laminated , trace of black plant remains ,

one possible fish scale seen and fragments

o
f

other brown phosphatic material ,

moderately to well laminated , trace o
f

ostracodes 0 . 7

Limestone , medium to light gray , very
even thickness , some crude interlamina
tions , aphanitic , even textured , hard . . . . . . . . . .
Conglomerate , calcareous and argillaceous
granule - and sand -size particles o

f

shale
and fossil detritus in silty to micro
crystalline calcareous matrix , ostracodes ,

microbrachiopods , possibly foraminifers ,

rare trace o
f

vitreous coal material , rare

trace o
f pyrite , conglomerate fragments
come from unit below .

Shale , light brownish gray , calcareous ,

common carbonaceous plant remains , trace

o
f

Wellcrella , rare trace o
f

brown phos
phatic remains , grades u

p

to above . . . . . . . . . .

2
7 . Limestone , light brownish gray , apha

nitic , some random blebs o
f

fine to medi

u
m crystalline calcite , argillaceous . . . . . . . . . . . 0 . 7

2
8 . Shale and mudstone , some o
ff -white limy

marly nodules , light yellowish gray ,

weathered from pale light greenish gray ,

calcareous . . . . . . . . . . .

2
9 . Shale , light to medium yellowish gray ,

very well laminated , calcareous , some off
white marly interlaminations

3
0 . Shale , similar to above with slightly more

laminations , calcareous , clayey . . . . . . . . . . . . . . . . . .

3
1 . Mudstone , light brownish gray , calcareous ,

vaguely laminated , some carbonaceous
plant remains common along the laminae ,

rare trace o
f

Ostracodes 1 . 0

1 . 0

0 . 1

. . . . . 1 . 0

0 . 1

types . . . .

0 . 5

0 . 5

* * * . . . . . . . . . . . .
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LU 1 . 0

1 . 0

10

3
2 . Mudstone , light to medium brownish

gray , calcareous , very rare trace o
f plant

fragments , very rare small sands and
granules o

f crystalline tan limestone . . . . . . . . 1 . 0

3
3 . Mudstone , similar to above with some

greenish gray lime and shale grains and
sands well rounded to angular . . . . . . . . . . . . . . . .

3
4 . Mudstone , similar to above with some

angular mud granules . . . . . . . . . . . . 1 . 0

3
5 . Mudstone , light brownish gray , very cal

careous , marly , somewhat similar above
but rare sand grains . . . . .

3
6 . Mudstone , maroon , calcareous . . . . . . . . . . .

Mudstone , maroon gray , calcareous , vague

ly laminated , some granules of greenish
gray shale . . 1 . 0

3
7 . Mudstone , light greenish gray , calcareous

with granules o
f

brown limestone a
s

below 0 . 5

3
8
. Mudstone , similar to above with brown

aphanitic microcrystalline medium - to
dark -brown limestone in nodules and
crude networks 0 . 7

39 . Limestone , similar to material in nodules
above ,medium to dark brown and brown

is
h

gray , aphanitic to microcrystalline ,

trace o
f pale -green clay blebs , rare trace

o
f

Ostracodes

4
0
. Shale , light greenish gray to olive green

is
h

gray , vaguely laminated , some ran
dom buff aphanitic lime nodules . . . . . . . . . . . . . . 0 . 5

4
1
. Shale , light gray , calcareous , vaguely

laminated , somewhat chalky , trace o
f

brachiopods and ramose bryozoans . . . . . . . . . . 0 . 5

Covered

Thickness Johnson Shale 2
3 . 05

1 . 3 10

1 . 0

. . . . . . . . . . . 10

1 . 9

careous , trace o
f

dark -gray carbonaceous

remains , some light -gray chalky lime
nodules , silty ? . . . . . . . . . 1 . 0

2 . Shale , buff , weathered from medium gray ,

rare traces o
f

carbonaceous grassy plant

remains , ostracodes at random , gastropods

cf . Anematina . . .

3 . Mudstone , light brownish gray , round
granules o

f crystalline limestone , off -black
nodules and other possible shale detritus ,

calcareous 1 . 0

4 . Mudstone , light brownish gray , calcareous 1 . 0

5 . Mudstone , light yellowish to brownish
gray , calcareous , moderately to poorly
laminated

6 . Mudstone , light yellowish brown . . . . . . . . . . . . . .

7 . Mudstone , light pinkish gray , calcareous . . 1 . 0

8 . Mudstone , light pinkish gray , calcareous ,

chalky

9 . Mudstone , light pinkish gray , calcareous . .

1
0
. Mudstone , similar to above . .

1
1 . Mudstone , light brick re
d

. . . . . . . . . . . . . . . . 1 . 0

1
2 . Mudstone , similar to above . . . . . . . . . . . . . . . . . 1 . 0

1
3 . Mudstone , brick re
d
. . . . . . . . . . .

1
4 . Mudstone ,medium to light brick red . . . . . . . 1 . 0

1
5 . Mudstone , similar to above . . . . . . . . . . . . . . . . . . . . . . 1 . 0

1
6 . Mudstone , medium to dark brick red . . . . . . . .

1
7
. Mudstone , similar to above

1
8
. Mudstone , light greenish gray to olive

green with some brick -red flecks , grading

to brick -red mudstone , calcareous . . . . . . . . . .

1
9 . Mudstone , red and green as above with

small light -gray chalky lime nodules , some
greenish and brownish - red weathering . . . . 0 . 3

Thickness Roca Shale 1
7 . 5

Red Eagle Limestone

Howe Limestone Member

2
0 . Limestone , light brownish gray , hard ,

thick to thin very irregular bedding , pitted ,
weathers light rusty to yellowish gray ,

microcrystalline to fine crystalline matrix
for possible fossil fragments , trace wormy
brick - red argillaceous stringers a

t

random
which probably yield pitting when weath
ered

2
1 . Limestone , medium to light brown and

yellowish and grayish brown , brick -red
stringers o

f argillaceous material similar

to shale above , aphanitic to finely crystal

line , trace o
f

crinoid discs , weathers to

light rusty yellow . . 0 . 5

2
2 . Limestone , similar to above with 5
0 per

cent brick - re
d

argillaccous limestone
stringers . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

2
3 . Limestone , similar to above . . . . . . . . . . . . . .

2
4 . Limestone , light brownish gray ; micro

crystalline matrix for traces o
f

ostracodes ,

brachiopod fragments , and crinoid discs ;

some brick - red argillaceous limestone
stringers , probably 2

2

and 2
3

were simi
lar before weathering turned them yellow 1 . 0

Thickness Howe Limestone Member 4 . 0

Red Eagle Section . - S
W

S
E

sec . 25 , T . 28 N . , R . 6 E . In

south wall o
f

road cut o
n

east -west road 2 miles west

o
f

Foraker , Osage County , Oklahoma .

Thickness,

Sample feet

Red Eagle Limestone

Bennett Shale Member

1 . Limestone , light brownish gray , micro
crystalline matrix for clear calcitic bra
chiopod fragments , some limonite -lined
vugs , hard , medium bedded , resistant . . . . . . 1 . 0

2 . Limestone , light brownish gray , micro
crystalline to medium crystalline matrix

for brachiopod fragments , similar to above
but larger vugs , medium bedded . . . . . . . . . . . . . 2 . 0

3 . Limestone , similar to above but few vugs ,

aphanitic to microcrystalline matrix for
finely crystalline clear calcitic brachiopod
fragments . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 0

4 . Limestone , similar to 2 . . . . . . . . . . . . 1 . 0

Thickness Bennett Shale Member exposed 5 . 0

Thickness Red Eagle Limestone exposed 5 . 0

· 0 . 5
1 . 0Burbank Section . — Near center sec . 2
5 , T . 26 N . , R . 5

E . In quarry just north o
f Highway 6
6 , 1 / 2 mile cast

o
f

Burbank , Osage County , Oklahoma ( Fig . 2
3
) .

Thickness,

Sample feet

Roca Shale

1 . Shale , light yellowish gray brown , prob
ably weathered from medium gray , cal
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FIGURE 2
3 . — Columnar section , insoluble residues , and fossils o
f

the Burbank section .
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1.0

1.0

Bennett Shale Member

25. Limestone , medium to light greenish
gray, somewhat argillaceous , aphanitic to
microcrystalline matrix fo

r

rare crinoid
discs and brachiopod fragments , medium
bedded , locally more o

r

less argillaceous
along beds , almost shaly in some places . . . .

2
6 . Limestone , similar to above , some small

dark -brick -red wormy stringers , trace o
f

coated shell fragments (Osagia ? ) . . . . . . . . . . . .

2
7 . Limestone , similar to above , large brachio

pod fragments (Neospirifer ? ) . . . . . . . . . . . . . . . . . . .

2
8 . Limestone , medium to light greenish gray ,

microcrystalline to aphanitic - argillaceous

matrix for common crinoid discs , some
discs single , some discs articulated , fairly
soft , grades to harder laterally . . . . . . . . . . . . . . . . . .

2
9 . Limestone , similar to above but harder . . . .

3
0 . Limestone , similar to 28 . . . . . . .

3
1 . Limestone , light to medium greenish gray ,

fine grained to aphanitic matrix for com
mon crinoid remains , rare brachiopod
fragments and very rare fenestellate bryo
zoans with crude orientation parallel to

bedding planes , hard . . . . . . . . . . .

3
2
. Limestone , similar to above . . . . . .

3
3 . Limestone , light brownish gray , hard ,

microcrystalline matrix for fossils a
s

above ,

stringers and intrabeds o
f shaly Time

material and limy shale which grade in

and out laterally , possibly linear algae ,

trace o
f

fenestellate bryozoans . . . . . . . . . . .

3
4 . Limestone , light brownish gray , hard ,

resistant , microcrystalline -aphanitic matrix
for brachiopod fragments , more argil
laccous interbeds . . . . . . . . .

3
5 . Limestone , medium to light brownish

gray , similar to above but slightly more
argillaceous a

s

in 3
1 . . . . . . . . . .

3
6 . Limestone , similar to above , medium

brownish gray , argillaceous aphanitic

matrix with crinoid stems common in

crude preferred orientation ; grades in and
out laterally into medium -gray very shaly

laminated limestone with traces o
f brachi

opod fragments , more argillaceous with
shaly interbeds below this bed . . . . . . . . . . . . . . . . . .

3
7
. Limestone , similar to above

3
8 . Limestone , medium brownish gray , some

what shaly , crudely laminated , similar to

above , aphanitic . . . . . . . . . . . . .

3
9 . Limestone , similar to above , some thin

wavy dark - gray calcareous shale interbeds ,

contains productid spines , rare ostracodes ,

brachiopod fragments . . . . . 1 . 0

4
0 . Limestone , similar to above . . . . . . . . . . . . . . . . . . . . . . 1 . 0

Thickness Bennett Shale Member exposed 1
7 . 0

Thickness Red Eagle Limestone exposed 2
1 . 0

1 . 0
1 . 0
1 . 0

. . . 1 . 0

1 . 0
1 . 0
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