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N. GARY LANE

University of California at Los Angeles

Paleoecology of the Council Grove Group

(Lower Permian) in Kansas, Based Upon

Microfossil Assemblages

ABSTRACT

Shale samples were obtained at one-foot intervals
throughout a composite scction of the Council Grove
Group (Lower Permian) in north-central Kansas. Each
sample was treated and thoroughly searched for micro-
fossils, which were identified and their abundance in
each sample recorded. All available microfossils were
utilized for study of paleoenvironments in preference to
rehance upon only one kind. Eleven kinds of foramini-
fer< and 21 genera of ostracodes, as well as conodonts,
holothurian sclerites, fish remains, fragments of inarticu-
latc brachiopods, and charophytes were recognized and
their abundance plotted. Stratigraphic distribution of
taxa was determined and fossil assemblages were named
after commonly occurring forms. Distinct assemblages of
microfossils can be recognized which reflect cyclothemic
deposition of the beds and which show a regular alter-
nation that 1s judged to have palcoecologic significance.
Paleoecology of the microfossils is interpreted by com-
parison with living representatives of the fossils (where
possible), fossil associations, and containing shale types.
A salinity gradient is postulated from fresh water through
brackish to marine water, each category being represented
by a distinct suite of microfossils. Within beds laid down
under marine conditions different assemblages of micro-
fossils are judged to have been controlled cither by depth
of water, salinity, or other important ecologic factors.
Résumé

Il a été prélevé des échantillons de schiste 3 des
intervalles d’'un pied, d’'un bout i l'autre d'une coupc
mixte du groupe de Council Grove (bas permien), dans
la partie nord-centre de I'état de Kansas. Chaque échan-
tillon a été traité et examiné minuticusement, afin de
trouver des microfossiles; ces microfossiles ont été identi-
fiés et, pour chaque échantillon, leur degré d’abondance
a ¢té noté. Tous les microfossiles ainsi trouvés ont servi
2 unc étude du milieu paléontologique, solution qui a
¢té préférée 3 une étude basée sur une seule espece. Onze
especes de foraminiféres et vingt et un genres d’o.tra-
codes, ainsi que des condonents, des sclérites holothuri-
ens, des vestiges de poissons, des fragments de brachio-
podes inarticulés et des charophytes ont été repérés ct
leur abondance enregistrée. La répartition stratigraphique
des espéces a été déterminée et les assemblages fos-
siles ont requ des noms, d'aprés les formations se re-
produisant le plus communément. On peut reconnaitre
des assemblages distincts de microtossiles  témoignant
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d'un dépot cyclothémique des couches et présentant unc
alternance réguliére que 1'on estime avoir une significa-
tion palévecologique. La paléoccologie des microfossiles
est interprétee par voic de comparaison avec les especes
représentantes vivantes des fossiles (lorsque cela est pos-
sible), les associations de fossiles et les espéces con-
tenant du schiste. Une courbe de salinité est figurée en
partant de I'cau fraiche, jusqu’a I'cau saumitre et I'cau
de mer, chaque catégoric étant représentée par une sé-
quence  distincte de  microfossiles. A lintérieur  des
couches déposées dans des conditions correspondant 2
I'ecau de mer, les différents assemblages de microfossiles
sont estimés avoir été conditionnés, soit par la profondeur
dans I'cau, la salinité ou lcs autres importants facteurs
écologiques.

Resumen

Se obtuviecron muestras de lutita a intervalos de un
pic a lo largo de la seccién completa del Council Grove
Group (Pérmico Inferior) en el norte central de Kansas.
Cada muestra fué tratada y examinada enteramente en
busca de microfésiles, los cuales fueron identificados y su
abundancia en cada muestra fué registrada. Todos los
microfdsiles disponibles fueron utilizados para el estudio
de los palecambientes, en vez de confiar en una sola
clase. Once clases de foraminiferos y 21 clases gencrales
de ostraciodes, asi como también conodontes, escleritas
holoturias, restos de peces, fragmentos de braquiépodos
inarticulados v grupos dec plantas algdceas fueron recono-
cidas y su abundancia fué trazada. Distribucién estrati-
grafica de grupos de organismos (taxa) fué determinada
y se les asignaron nombres a los agregados de fésiles de
acuerdo a ciertas formas que ocurren cominmente. Puc-
den reconocerse agregados precisos de microfosiles que
indican deposicion ciclica de las capas y las cuales mues-
tran una alternacion regular que sc juzga tener signifi-
cado paleoccoldgico. La paleoecologia de los microfosiles
se interpreta por medio de una comparacion con repre-
sentantes vivientes de los fdsiles (dentro de lo posible),
asociaciones de fosiles y los tipos contenidos en lutita.
Se postula una gradiente de salinidad basindose en agua
dulce, salobre v agua de mar, cada categoria siendo rep-
resentada por una serie distinta de microfdsiles. Dentro
de capas depositadas bajo condiciones marinas, diferentes
asociaciones de microfosiles se juzgan haber estado con-
troladas ya sea por la profundidad del agua, por la
salinidad o por otros importantes factores ecoldgicos.



Zusammenfassung

Schieferproben wurden in Abstianden von ctwa 30 ¢cm
innerhalb des gesamten, zusammengesctzten  Abschnitts
der Council Grove Group (Nicderpermisch) in Nord-Mit-
tel-Kansas entnommen. Jede Probe wurde zubereitet und
grindlich auf Mikrofossilien untersucht, die dann iden-
tifiziert und gemiss der Hiufigkeit ihres Vorkommens
registriert wurden. Simtliche vorhandene Mikrofossilicn
wurden zum Studium der Palioumwelt benutzt anstatt
nur cine einzelne Gruppe als Grundlage zu verwenden.
Elf Abarten von Foraminiferen und 21 Arten von Ostra-
koden wie auch Kegelzahnorganismen, Kalkschalenwas-
serpolypen, Fischiiberreste, Fragmente Armmuschelticr-
chen und algenartige Pflanzen (Charophyten) wurden
erkannt, und die Hiufigkeit ithres Vorkommens wurde
genau vermerkt. Die schichtenweise Verteilung der ver-
schiedenen  Einheits-Arten wurde  festgelegt, und  dic
Versteincrungsgefige wurden nach hiiuhg vorkommen-
den Formen benannt. Ganz bestimmte Aufbauten von
Mikroversteincrungen konnen cerkannt werden, was die
rhytmische Bettablagerung widerspiegelt, die ¢inen regel-
miissigen Wechsel aufweist, von dem angenommen wird,
dass er von Bedeutung beim Studium der prihistorischen
Zeit ist.  Dic Paliokologie der Mikroversteinerungen
wird, sofern moglich, mittels Vergleich mit Icbenden
Vertretern der  Versteinerungen, Versteincrungsgruppice-
rungen und Arten von Schicferschichten die die Fossilien
enthalten interpratiert.  Der zunchmende Salzgehalt st
auf den Ubcrgang von Siisswasser durch Brackwasser
auf Seewasser zurtickzufiihren, wobei jede Kategorie
durch eine deutlich erkennbare Gruppe von Mikrover-
steincrungen vertreten ist. Innerhalb von Ablagerungen,
die sich unter Scewasserbedingungen  entwickelten, st
man der Ansicht, dass die verschiedenen Mikro-Ver-
steinerungsgruppen unter dem Einfluss eines der folgen-
den Faktoren stand: Wasserticfe, Salzgehalt oder andere
wichtige, auf gegenseitigen Umgang der Mikroorganis-
men und Umweltscinflisse beruhende Faktoren.

INTRODUCTION

The purpose of this study was to examine
carefully microfossils found in the shales of a
composite section of the Council Grove Group,
Lower Permian, of north-central Kansas. The
shales were sampled at one-foot intervals and
microfossils obtained from each sample were
identified and their relative abundance deter-
mined. (The location of measured sections is
given under Localitics Sampled.) Microfossil
assemblages are described and their vertical dis-
tribution within the shales is discussed. The in-
formation gathered provides a hasis for the
interpretation of paleoenvironments of the
shales and the relating of these ancient environ-
ments to Lower Permian cyclothems. Paleo-
ecological interpretation of the assemblages is
based primarily upon comparison with living
relatives of some of the microfossils, shale lithol-
ogies, associated megafossils, and consideration
of vertical sequential changes in assemblages
throughout the Group.

The Council Grove Group is the middle
group of the Gearyan Stage in Kansas, being
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overlain by the Chase Group and underlain by
the Admire Group. The Council Grove Group
is about 310 feet thick across Kansas and con-
sists predominantly of limestones and shales.
The rocks of the Group are divided into 14
formations which consist of an alternation of
seven limestone and seven shale formations.
None of the shale units are divided into mem-
bers, but the lower five limestones (Bader, Beat-
tie, Grenola, Red Eagle, and Foraker) are di-
vided into three or more members. Four of the
five limestone formations listed above consist of
two limestone members and a middle shale
member. The Grenola Limestone comprises
three limestones with two intervening shales.
The upper two limestone formations (Crouse,
Funston) are not divided into members. The
formations and members of the group are shown
on Plate 1.

The shales of the Council Grove Group ex-
hibit wide variation in color—red, green, gray,
brown, and black. Some shale formations may
enclose beds of coal (Eskridge, Stearns), or
gypsum (Easly Creek). There has been little
study of the grain size or mineralogy of the
shale formations, although shale members of
limestone formations have been studied (Imbrie,
1955; McCrone, 1964). Sandstone is a minor
lithologic type in the Group, and no sandstone
beds were encountered in the sections that pro-
vided the basis for this study.

The most topographically conspicuous beds
in the Council Grove Group are the limestones
because they are more resistant to weathering
than intervening shales. The thickest and most
persistent limestones are found in the lower
part of the Group, and several limestones have
been given formational or member rock-strati-
graphic designation. In addition to thicker lime-
stone beds that have been given names, thin,
nonpersistent layers of limestone commonly are
included in the shale formations. A wide varie-
ty of lithologic types of limestone are present in
the Group, and some of the lateral variations in
lithology and fossil content of the limestoncs
have been studied in detail, especially in recent
studies by Imbrie, ez al. (1959), Laporte (1962),
and McCrone (1964).

In the first part of the study the major kinds
of microfossils found are discussed and their
stratigraphic distribution and arrangement into
assemblages noted. The second part of the study
comprises paleoccological interpretations.

ProcEDURES

Seven scctions within the Council Grove
Group were measured during the summer of
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1958, and the shales contained in them were
sampled at one-foot intervals. These sections
afford a composite section through the Group,
encompassing 14 formations. Samples were
treated and fossils isolated and identified during
1958-59; reference sections were checked and
additional samples collected in August, 1959.
Each sample was divided and one-half was
soaked in kerosene, then boiled in water with a
small amount of sodium carbonate, and the fine
fractions decanted. The samples were then
dried and sieved. The fraction between US no.
35 and 115 sieves was treated further. Samples
that did not disaggregate easily by the above
method were pulverized with a rubber-tipped
pestle and treated again. The sieved fraction
was then placed in a 50 ml beaker with a small
amount of wetting agent (commercial deter-
gent) and water and put in an ultrasonic vibrat-
ing tank for one to five minutes, then decanted
and dried. It was found that the vibrator was
not useful in the first stages of breaking down
the sample, but that it was extremely valuable in
removing small bits of clay and silt from fossils
after they had been released from the matrix.
Each sample was examined under the binoc-
ular microscope and specimens mounted on
cardboard slides. Initially, a weight of one gram
of treated sample was used and an attempt was
made to pick all the fossils from that amount.
This method soon proved unsatisfactory. It was
impossible to remove or break down all the fine
shale particles in the samples. Some samples
consisted almost entirely of small shale particles
with relatively few fossils, whereas other sam-
ples, which broke down completely, were com-
posed almost entirely of fossil debris. This dif-
ference in proportion of shale and fossil ma-
terial is due to the ease and completeness with
which the shale is disaggregated and not to
actual differences in abundance of microfossils.
It was found by examination of the entire
treated sample that rare microfossils frequently
are not present in a given one-gram sample.
Consequently, this method was abandoned and
the entire prepared sample (5 to 40 g) from
cach one-foot interval was picked thoroughly on
three separate occasions. It was found that some
rare or inconspicuous forms were overlooked on
first or even second inspection of the sample.
Additional microfossils doubtlessly could be dis-
covered with additional collecting. This method
of repeated picking is judged to be more reliable
than the first-mentioned one, although more
time consuming. After the samples were picked,
the aggregate number of specimens in each
taxon on the slides was tabulated and entered
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on the chart showing distribution of microfossils
in the Group (Plate 1).

LocaAvLiTies SAMPLED

The following sections constitute a complete
composite section throughout the shales of the
Council Grove in north-central Kansas in the
vicinity of Manhattan, from which samples
were obtained which yielded the microfossils
used in this study.

Section 1. Upper Hamlin Shale Member of
the Janesville Shale (Admire
Group) through Johnson Shale.
Road cut on north side of US
Highway 40 about 0.25 mile east
of bridge over Mill Creek, SW
SW sec. 30, T 11 S, R 12 E. Stop
10, Kansas Geol. Soc. Guidebook,
October, 1949.

Section 2. Bennett Shale. Road cut on west
side of Kansas Highway 13, 1.0
mile north of Manhattan, Kan-
sas, NE SW NE sec. 7, T 10 S,
R 8 E.

Roca Shale. Road cut on east side
of Kansas Highway 13, along sec-
tion line between NE sec. 32 and
SE sec. 29, T10S,R 8 E.

Sallyards Limestone Member of
the Grenola Limestone through
Eskridge Shale. Road cut 0.5
mile east of intersection of US
Highway 40 and Kansas High-
way 99. Stop 9, Kansas Geol.
Soc. Guidebook, October, 1949.

Cottonwood Limestone through
lower Stearns Shale. Road cut 2.9
miles east of intersection of Kan-
sas Highway 13 and US Highway
40, 0.9 mile east of Geary-Riley
county line, and 0.8 mile east of
bridge over Deep Creek.

Stearns  Shale through Easly
Creek Shale. Road cut along
Skyline drive southeast of Alma,
Kansas, SW SE sec. 13, T 12 S,
R 10 E. Stop 8, Kansas Geol.
Soc. Guidebook, October, 1949,

Blue Rapids Shale through Spei-
ser Shale. Road cut south of
Manhattan, Kansas, on east side
of Kansas Highway 13, 2.8 miles
south of Kansas River bridge, NE
sec. 4, T11S,R 8E. .

Section 3.

Section 4.

Section 5.

Section 6.

Section 7.
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DESCRIPTION OF MICROFOSSILS

Thirty-seven kinds of microfossils were rec-
ognized in the samples used in this study. These
include 10 genera of Foraminifera (other than
long-axis fusulinids, which were noted but not
identified), 21 genera of ostracodes, fragments
of the brachiopod Orbiculoidea, conodonts, holo-
thurian sclerites, fish teeth and scale fragments,
and charophytes. No attempt was made to iden-
tify the genera of the latter four categories. The
microfossils are discussed below.

CHAROPHYTES

Remains of the calcified obgonia (gyrogo-
nites) of these algae were found in abundance
in the basal Eskridge Shale and Johnson Shale
and scattered throughout the Blue Rapids Shale.
Many specimens are crushed or distorted; the
majority are black, although some light brown
and a few clear white gyrogonites were found.
Apparently several types are represented. Only
Catillochara moreyi (Peck) has been reported
from the Lower Permian of Kansas (Peck and
Eyer, 1963). Fossil charophytes are generally
believed to have lived in brackish or fresh water,
as do the living genera (Peck, 1953).

ForRAMINIFERS

Fusulinids.—Long-axis fusulinids were found
extensively in the Hughes Creek Shale Member
of the Foraker Limestone, but only a single oc-
currence was noted above this shale, that being
in the lower part of the Neva Limestone Mem-
ber of the Grenola Limestone. These large pro-
tozoans occur only in limestones up through
the Beattie Limestone (Thompson, 1954).
Many of the specimens obtained were small,
immature individuals of the same size range as
other microfossils. No attempt was made to
identify genera.

Globivalvulina—This foraminifer is the
most abundant and widespread protozoan in
shales of the Group. It reaches peak abundance
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in the dark gray shales of the Hughes Creck.
It occurs typically with a variety of other micro-
fossils in beds that contain a conspicuous fauna
of larger invertebrates. Globivalvulina was not
found in thick shales between prominent lime-
stone units. Where the genus is found in
abundance, there is considerable range in its size
and number of chambers.

Endothyranella(?).)—This foraminifer is
most common in the Hughes Creek Shale and
was not found above the lower part of the
Neva Member.

Nodosinella—This genus occurs commonly
in the Hughes Creek Shale but was not found
in younger rocks of the Group. Specimens dis-
solved in dilute hydrochloric acid yielded no
residue of non-calcareous matenal.

Tetrataxis—Tetrataxis is the next most
abundant smaller foraminifer in the Council
Grove Group. It was found in more samples
(45) than any other foraminifer, but many of
these occurrences consisted of one or two speci-
mens only. Isolated specimens of the genus
commonly appear slightly worn, with rounded
edges, perhaps indicating transportation prior to
incorporation in the sediment. The genus ranges
throughout the Group but is most common in
the Florena Shale Member of the Beattie Lime-
stone and shales of the Neva and Eiss Lime-
stones. There is little variation in size of speci-
mens, and small, clearly immature specimens
are rare.

Textularia*—Although Textularia was found
in 11 samples, most of these occurrences con-
sisted of only one or two specimens. Only sam-
ples from the Neva Limestone and the Hamlin
Shale contained more than eight specimens.

Glomospira—Only two specimens were dis-
covered in the middle part of the Hughes Creek
Shale, and both of these are similar to Glomo-
spira diversa Cushman and Waters.

Deckerella—Specimens of Deckerella were
found in the Hughes Creek Shale and Neva
Limestone. Individuals in the Neva are over 1
mm in length, and are consistently larger than

1 This foraminifer was cxamined by Dr. Doris E. Nodine
Zuller, State Geoluyxical Survey of Kansas, The University of
Kansas, who stated:  *The external form of this foraminifer
resembles Endothyranella, but the internal structure and seccondary
deposits, which can be scen in thin section, resemble thosc of
Endothyra. Tt cannot be related to any previously described
genus.  The two specimens secn in thin scction were highly
recrystallized.  The suatigraphic occurrence of this form is higher
than that ever recorded for Endothyra or Endothyranclla.”

2 Specimens recorded as Textwlaria from the lower Neva shale
(<amples 115 and 116, PI. 1) have been examined by Dr. Helen
Tappan Loeblich, Department of Geology, University of California
at Los Angcles, who behieves that “they are the juvenile stages
of the Climacammina that s found in the samc sample, rather
than a species of Textularia.”
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specimens from the Hughes Creek. The later,
uniserial part of the test is commonly crushed.

Climacammina.—This large foraminifer was
found only in the shale unit of the lower Neva.
Specimens 2 mm in length occur there in asso-
ciation with many other microfossils. The
uniserial portion of the test is commonly flat-
tened and distorted.

Ammodiscus—This genus is especially com-
mon in a single sample from both the Eskridge
Shale and Funston Limestone. No specimens
were obtained from units older than the Esk-
ridge. The specimens are typically light brown
or 1vory in color and exhibit considerable range
in size within a single sample. When these
specimens are digested in acid, the test disinte-
grates, and a fine residue of silt- and clay-sized
particles remains. Specimens of Textularia,
Glomospira, Deckerella, and Climacammina,
when similarly treated, also disintegrate com-
pletely. Except in shales of the Eiss Limestone,
>eds containing Ammodiscus typically do not
vield a great variety of other microfossils.

A mmovertella—Specimens assigned to this
adnate genus exhibit a wide variety in form.
Some specimens are still attached to fragments
ot brachiopod spines or shell fragments. Others
have broken loose, and the open underside of
the test can be seen. All specimens retain their
shape after treatment in hydrochloric acid, al-
though some calcareous cement is removed, be-
cause all specimens effervesced. Ammovertella
is common in shales just above or below thin
limestones containing abundant Osagia—a form-
genus of intergrown calcareous algae and Am-
movertella (Lane, 1958)—indicating that envi-
ronments were suitable for Ammovertella both
before and after peak algal growth occurred.
The genus has been found associated with simi-
lar algal limestones in Pennsylvanian rocks of

Kansas (Ireland, 1956).

OsSTRACODES

In terms of number of recognizable genera,
ostracodes are the most abundant microfossils
in the Council Grove Group. Specimens con-
sisting of both complete carapaces and single
valves are common. Each fossil, whether single
or complete, was counted as a single specimen.
Some genera, e.g., Hollinella, were found only
as single valves. Others, e.g., Cavellina, ?Coryel-
lites, Healdia, consisted almost exclusively of
complete carapaces. Still others, e.g., Geisina,
Carbonita, occurred in some samples predomi-
nantly as complete carapaces and in other sam-
ples as single valves. Immature instars are com-
mon in some samples and rarc in others. Such
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moult stages could be identified to genus and
were included in counts of abundance.

The large number of known genera of late
Paleozoic ostracodes presents a problem in the
generic assignment of such a large number of
individuals as are reported here. Diagnostic
characters separating closely similar genera are
commonly variable in nature and gradational
forms are not uncommon. A conservative ap-
proach is used here, with relatively few genera
recognized.

Carbonita—This ostracode is the most abun-
dant one in the shales of the Council Grove
Group. Large numbers of specimens were ob-
tained from many samples, commonly in asso-
ciation with only a few other microfossils. The
genus has been recognized for many years in
the European Carboniferous as a fresh- or brack-
ish-water form. Scott (1944) first pointed out
the presence of “fresh-water” ostracodes in
Pennsylvanian cyclothems of Illinois and lower
Permian beds of Pennsylvania and West Vir-
ginia.

The isolated abundant occurrence of this
genus clearly indicates a habitat distinct from
that of the majority of the microfossils which
are associated with larger marine invertebrates
or foraminifers.

?Candona—These specimens seem to be
related to Candona planidorsata Cooper from
the Pennsylvanian of Illinois. The genus is
found in abundance only in the Hooser Shale
Member of the Bader Limestone and the Esk-
ridge Shale and is invariably associated with
Carbonita.

Gutschickia—Specimens referred to this
genus do not occur below the Eskridge Shale
and are found commonly only in the Hooser
Shale. Most specimens are preserved with both
valves intact.

Darwinula—Individuals identified as Dar-
winula are similar to specimens of D. pungens
illustrated by Cooper (1946). The genus is not
abundant in the Council Grove samples, but it
1s most common in the Stearns Shale,

Geisina—Qstracodes identihed as Geisina
are commonly associated with Carbonita. Kloe-
denellid ostracodes from Pennsylvanian and Per-
mian rocks were largely referred to a single
genus (Jonesina) in older literature, but species
now are assigned to many genera. Jonesina
howardensis Kellett 1s the only described specics
from Kansas similar to specimens here referred
to Gersina. The genus does not occur below the
Grenola Limestone; it is especially common in
the Salem Point Shale Member of the Grenola
Limestone and the Hooser Shale.



Hollinella—This large, distinctive ostracode
was found throughout the Group. Hollinella
typically occurs as isolated valves and commonly
only a few specimens are obtained from each
sample. The valves usually are broken, crushed,
or show evidence of wear, suggesting pre-burial
transportation.

Bairdiacypris—This genus typically occurs
in beds that also contain Basrdia, and it is not
commonly found except in association with the
latter genus.

Bairdia—This genus was found in many
samples throughout the section, but is rare or
absent in shales such as the Johnson and Esk-
ridge, which lie between limestone formations.

?Coryellites—Ildentification of this genus is
questionable because most, but not all, species
assigned to Coryellites by Cooper (1946) have
been reassigned to Bythocypris (Cordell, 1952).
In this study populations of bythocyprid ostra-
codes, especially in the Hughes Creek Shale,
that accord with Cooper’s original description
of the genus are tentatively assigned to Coryel-
lites.

Sansabella.—Specimens of this genus are
similar to Jonesina bolliaformis (Ulrich & Bass-
ler) figured by Kellett (1933), which has been
placed in Sansabella (Cooper, 1946). The genus
is common throughout the Council Grove Group
in shales containing other marine microfossils.

Oliganisus.—Ostracodes of this type are not
common in the samples and were recognized
definitely in only two samples.

Monoceratina—This small distinctive ostra-
code occurs sparsely in but four samples.

Pseudobythocypris—This genus occurs only
in the Legion Shale Member of the Grenola
Limestone and in shales of the Easly Creek.
[ The old name Bythocypris is not used here, as
it applies to a different kind of ostracode (Shav-
er, 1958).]

Amphissites—This ostracode is common
throughout the Group and especially in shales
of the Neva Limestone, Florena Shale, and Eiss
Limestone Member of the Bader Limestone.
[The genus Ectodemites Cooper, which is close-
ly similar to Amphisates, is considered to be a
junior synonym of the latter (Echols and
Creath, 1959).]

Kirkbya—This ostracode was found in only
six samples. It is especially common in shales of
the Neva Limestone Member.

Knightina—Knightina was found in seven
samples, its greatest abundance being in the
Eiss Limestone Member. Like Kirkbya, this
genus occurs only rarcly below the Neva Lime-
stone.
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Stlenites—This ostracode was collected from
shales in the upper Eskridge, the Bennett Shale
Member of the Red Eagle Limestone, and the
Hughes Creek. Silenites does not occur in abun-
dance in any sample.

Cavellina.—Abundant carapaces of Cavellina
occur in the Hughes Creek Shale, where the
genus is the most common ostracode. Speci-
mens are also plentiful in shales of the Neva,
but only a few specimens were obtained from
samples higher than the Neva. Cavellina occurs
in only one sample in the Florena and is absent
in the Eiss, although both units contain a wide
variety of other ostracodes. This genus is almost
always found with both valves intact, and single
valves are rare.

Kellettina and Roundyella—These two ge-
nera are found only in the upper and lower
shales of the Neva Limestone Member, in asso-
ciation with many other microfossils.

Healdia—Healdia is most common in the
Hughes Creek Shale, but ranges throughout the
Group. The genus typically occurs sparsely in
most samples and is restricted to shales that also
contain a variety of other microfossils.

CoNonoNTs

A total of nine shale samples contained cono-
donts, but eight of these yielded fewer than five
specimens. Individual conodonts commonly are
broken and most specimens are of the platform
type, similar to Idiognathodus. Two specimens
each of a Hindeodella- and a Prioniodus-like
form were found in the lower shale of the Neva.
Conodonts were found in black shales in the
Hughes Creek, but they also occur in dark gray
shales and are most abundant in brown shales
of the lower Neva. Specimens were not found
in black shales in the Legion and Bennett Shale
Members. All but one of the conodont-bearing
samples are from the Grenola Limestone or
older beds in the Group. A single specimen was
found above the Grenola in the uppermost
Speiser Shale, at the very top of the Group.

HovroTHURrOID ScLERITES

Calcareous ossicles or sclerites of holothuri-
ans are common in many of the marine shales
of the Council Grove Group. Four distinct
types of sclerites can be recognized, of which
the small wheels called Protocaudina are most
common. These are especially abundant in the
Hughes Creck  Shale, Bennett Shale, Neva
[Limestone, and Florena Shale members. In
some beds small wheels are associated with
hooks, such as Ancistrum, which are less wide-
ly distributed and less common than the wheels.
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A third type of sclerite consists of convex disks,
flattened on one side and strongly convex on
the other. The convex side has a cribrate, im-
perforate surface and a central depression at
the apex. This form is similar to Etheridgella,
but it lacks the elevated apex of that genus.

The fourth type includes small, flat, penta-
gonal disks that have a fine reticulate ornamen-
tation on both sides and are imperforate. These
are abundant in the Eiss Member, but they were
not found elsewhere. No known genus of
sclerite seems to be similar to them. The latter
two types do not occur in association with
wheels or with each other and presumably rep-
resent remains of different holothuroids.

The Etheridgella-type sclerite is common in
the Eskridge Shale (Samples 90 and 91), where
it is associated with hooks, but not wheels; this
type is also common in one bed (Sample 48)
where it occurs with no other sclerites but with
common Ammodiscus and Hollinella. The flat-
disk sclerites were found only in the upper Eiss
shales, without other sclerites in association.

The sclerite associations can be grouped as
follows: wheels and hooks, Neva, Speiser, and
Hughes Creek; wheels alone, Florena and
Hughes Creek; Etheridgella alone, Easly Creek;
Etheridgella and hooks, Eskridge; flat penta-
gonal disks alone, Eiss.

These different associations probably repre-
sent remains of several distinct holothuroids
that lived in different environments.

BRrACHIOPODS

Orbiculoidea.—Fragmentary remains of this
megafossil are included with microfossils for
several reasons. The fragments are abundant in
some beds and can easily be recognized as be-
longing to the genus. Inarticulate brachiopods
are judged to be important in the recognition of
cyclic phases of deposition; consequently, they
are worthy of note in a study of this kind. It is
impossible to determine the actual number of
complete specimens which may be represented
by these fragments, so that the number of frag-
ments recorded here give only a very rough
estimate of the abundance of the genus. Never-
theless, to record the occurrence of these brachi-
opods is justified because of their use in paleo-
ecological interpretations. Fragments of Lin-
gula are rare and occur only in samples that also
contain Orbiculoidea.

Fisu TEETH AND ScALts

Bony fragments of fish are found in many
beds of the Council Grove. These fossils con-
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sist of small, whole scales, broken larger scales,
denticles, and a variety of teeth, including small,
blunt teeth and sharp, elongate ones. A few
teeth of the pleurocanth shark type were en-
countered, and many of the teeth and scales
probably belong to paleoniscid fish. Although
these vertebrate fossils were found in 44 sam-
ples, they consist commonly of only one or two
specimens. Abundant fish remains were found
only in shale samples from the Legion Shale,
lower Neva Limestone, Funston Limestone, and
Blue Rapids Shale. Three samples containing
abundant fish remains also contain Orbiculos-
dea and the other one (Blue Rapids) contains
only two charophyte gyrogonites.

Although the fish fossils are too fragmen-
tary to be identified as to genus, an occurrence
of similar fish remains in the Roca Shale, dis-
covered by the author in 1959, is noteworthy.
At a locality 1.4 miles east of Fairview, Kansas,
in a road cut on the north side of Kansas High-
wav 36, a thin stringer of limestone one inch
thick and three feet long yielded large quantities
of small fish teeth and scales that were removed
from the matrix with dilute acetic acid. The
limestone matrix consisted largely of innumer-
able carapaces of the ostracodes Carbonita and
Geisina,

The vertebrate material was submitted to
T. H. Eaton, Museum of Natural History, The

University of Kansas, who reported:

“This material (UKMNH No. 1756) contains many scales
of paleoniscid fish, with isolated teeth and bone fragments of
the same. but the genus is not determinable (perhaps Elonich-
thyv¢}: one picce is a fragment of the occipital portion of a
braincase.  The paleoniscides were primarily fresh-water fishes.

“Also there are a few very small teeth of Xenacanthus, a

fresh-water pleuracanth <hark, and at least two Cladodus teeth
{this name refers to a type of shark tooth, but the genus is
uncertain, as several different ones have such teeth). Thus it

is highly probable that the deposit is from fresh water rather
than a marine environment.'’

OrHer FossiLs

Many fossils besides the ones discussed here
were observed in the shale samples. These are
not included on the distribution chart but de-
serve brief mention. Fragments of echinoid
plates and spines, small crinoid columnals, por-
tions of fenestrate and ramose bryozoans, pro-
ductid brachiopod spines, and shell fragments
of a variety of macroscopic invertebrates, es-
pecially brachiopods, were found. These are
most common in the Hughes Creck, Neva, Flo-
rena, and Eiss samples.

Black shale in the lower part of the Legion
Shale (Sample 128) vielded numerous small,
brown, twiglike fragments of plant material that
could not be identified.
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Molluscan remains are present in a number
of samples including ones that do not contain
other macrofossils. These fossils consist of small
pelecypods and gastropods. Most specimens are
fragmentary, crushed, or are internal molds that
could not be identified. Some of these were
probably immature individuals. Internal li-
monitic molds of high-spired gastropods and
small nuculoid pelecypods are present in dark
gray shales of the Hughes Creek. A variety of
small pelecypods, including ones that show
hinge structure, and high- and low-spired gas-
tropods are present in the Roca Shale in associa-
tion with Carbonita. Fragments of very thin-
shelled, extremely low-spired, discoidal gastro-
pods are present in association with Carbonita.
Internal molds of small high-spired gastropods
are present in beds that also contain Ammover-
tella, such as in the Hooser Shale Member
(Sample 51).

STRATIGRAPHIC DISTRIBUTION
OF MICROFOSSILS

Apmire Group

JANESVILLE SHALE
Hamlin

Shale

Member.—Seven one-foot

Kansas Geol. Survey Bull. 170, Pt. S, 1964

samples were obtained from the upper part of
the Hamlin Shale to provndc information about
microfossils in beds just below the Council
Grove Group. The lowest three samples were
unfossiliferous; the next sample contained Car-
bonita and Darwinula. The upper three feet of
the Hamlin contains a microassemblage com-
parable to that in the Hughes Creek Shale
above.

Councit Grove Group
FORAKER LIMESTONE

Hughes Creek Shale Member—At the lo-
cality sampled the Hughes Creek provides the
thickest and best documented record of marine
microfossil distribution. Fusulinids, Globsval-
vulina, Cavellina, ?Coryellites and Bairdia are
abundant (Fig. 1). ?Coryellites occurs in 14
samples in this Member and in only eight other
samples in the remainder of the Group. The
dark gray shales contain an abundant macro-
fauna of invertebrates, as well as an extensive
microfauna. Black shale near the top of the
Member has a fauna restricted to fragments of
Orbiculoidea, fish teeth and scales, and cono-
donts. Limy shale near the base of the Member
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Ficure 1.—Distribution of common microfossils in the Hughes Creck Shale.

abundance according to scale above.
Microfossils: I, fusulinids;
8, Sansabella;

2, Globivalvuima:
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Width of “balloons” indicates relative

Relative abundance symbaols and sample numbers are the same as on Plate 1.
3, Cavellina: 4,
9. conodonts; 10 fish teeth and scales: 11, Orbiculoidea.

PCorvellites: S, Bairdia; 6, Tetrataxis: 7, Bairdiacypris;
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(Samples 197 and 198) yielded only a few
specimens largely because of difficulty in prep-
aration of the calcareous samples. The charac-
teristic assemblage of this shale is virtually con-
tnuous up through the Member, beginning next
above the American Limestone Member of the
Foraker Limestone and continuing to the base
of the Long Creek Limestone Member of the
Foraker Limestone. The microfauna is essen-
ually similar above and below thin limestones
within the shale of the Hughes Creek, except
where black shales intervene. Fusulinids are
more common and widely distributed in this
Member than in any other shale in the Group.
The Hughes Creek becomes increasingly limy
farther south in Kansas, until it becomes a
fusulinid-bearing, cherty limestone (Moore, et
4. 1951).

JOHNSON SHALE

In sharp contrast to the uppermost beds of
the Hughes Creek, the basal shale of the Long
Creek Limestone contains a charophyte-Car-
bonita-Orbiculoidea assemblage. Charophytes
are restricted to the lower six feet of the unit,
but no fossils were obtained from the lowest
foot. Carbonita reaches peak abundance in the
middle part of the Johnson, and here occurs
with rare to common fish fragments. Both
Cuarbonita and fish remains continue up to the
base of the Glenrock Limestone Member of the
Red Eagle Limestone.

RED EAGLE LIMESTONE

Bennett Shale Member —The mottled brown
and black lower part of the Bennett contains fish
remains and fragments of inarticulate brachio-

' pods. These fossils are replaced in the upper

part of the shale by abundant holothurian scle-
rites, Bairdia, and Silenites. Although fusulinids
are common in the Glenrock Limestone below,
none were found in the Bennett.

ROCA SHALE

The Roca Shale is one of the least fossilifer-
ous of the shales sampled. Apart from Car-
bonita in the middle of the shale, few other
microfossils were encountered. The most abun-

+ dant fossils are fragments of small, probably

immature, pelecypods and gastropods (abundant
in Sample 136; rare in Sample 140). It was
impossible to identify these molluscan  frag-
ments.

CRENOLA LIMESTONE

Legion Shale Mcember—The Legion Shale,

| where sampled, consisted of a lower black and
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an upper brown shale. The lower part contains
fish remains and orbiculoid brachiopod frag-
ments and a few Tetrataxis. The upper brown
part contains Sansabella, and Hollinella, to-
gether with Bairdia and Ammovertella in the
upper one foot. Ammovertella carries over into
the Burr Limestone Member of the Grenola
Limestone as part of the form genus Osagia, an
association of algae and this adnate foraminifer.

Salem Point Shale Member.—This shale
member marks the reappearance of the Car-
bonita assemblage within the Grenola. Carbon-
ita and Geisina are both abundant, especially in
the upper half of the Member. Fish teeth and
scales are the only common microfossils in the
upper one foot.

Neva Limestone Member.—Although this
Member is largely limestone, it includes a two-
foot shale near the base and a three-foot shale
near the top. Both of these shales contain an
abundant and varied microfauna (Fig. 2,C).
The lowest sample in the Neva (No. 116), con-
sisting of brown shale, contains abundant cono-
donts, fish teeth, and orbiculoid fragments simi-
lar to the assemblage in the black shales in the
Hughes Creek. The upper three feet of shale
contains a varied ostracode-foraminifer assem-
blage dominated by Globivalvulina and Bairdia.
Orbiculoidea and conodonts were found in only
one sample above the Neva.

ESKRIDGE SHALE

The Eskridge Shale samples begin with mi-
crofossils, among which charophytes and Car-
bonita are especially abundant. Ammodiscus is
first found in the lower Eskridge Shale. A thin
shale bed (No. 100) between two thin limestone
beds contains Ammodiscus and Hollinella.
?Candona and fish teeth are associated with
abundant Carbonita above this thin shale. The
upper Eskridge contains a more varied assem-
blage, including holothurian sclerites, Deckerel-
la, Cavellina, and Silenites. The highest beds in
the Eskridge contain Bairdiacypris, Hollinella,
and abundant Ammovertella, clearly associated
with a thin algal limestone at the base of the
Cottonwood Limestone Member of the Beattie
Limestone.

BEATTIE LIMESTONE

Florena Shale Member—An abundant and
varied assemblage of microfossils is present in
the Florena (Fig. 2.B), including Globivalvu-
lina, Bairdia, Amphissites, and  Tetrataxis.,
There is a gradual decrease in abundance and
variety of the assemblage from bottom to top of
the shale and the upper part of the Florena con-
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tains only a few fish teeth, Ammodiscus, Geisi-
na, Darwinula, and Carbonita, foreshadowing
the typical Stearns assemblage above.

STEARNS SHALE

Just above the algal Morrill Limestone Mem-
ber of the Beattie Limestone the Stearns Shale
contains rare Cavellina, ?Coryellites, Bairdia and
Ammodiscus, which do not occur farther up in
the formation. Carbonita and fish remains typ-
ify the Stearns microfauna, as well as associa-
tions of Carbonita, Geisina, Gutschickia, and
Darwinula.

BADER LIMESTONE

Eiss Limestone Member.—There is an abrupt
faunal change from the highest Stearns Shale
to lowest shale in the Eiss, on either side of a
thin limestone marking the base of the Bader.
The Eiss is predominantly shale at the exposure
sampled and contains a microfauna dominated
by Sansabella, which increases in abundance up-
ward in the Member (Fig. 2,4). Bairdiacypris,
Tetrataxis, and Amphissites are confined to the
lower half of the unit and all decrease in abun-
dance upward. Holothurian ossicles and Am-
modiscus occur most commonly in the upper
part.

Kansas Geol. Survey Bull. 170, Pt. 5, 1964

Hooser Shale Member—Thin brown and
gray shales of the Hooser contain a typical
Carbonita assemblage. Red and green shale are
present in the Hooser at other localities. The
microfossils increase in variety, but not abun-
dance, upward in this Member. Guischickia
and ?Candona are present only in the upper
half. Hollinella and Ammovertella occur in the
upper foot just below algal limestones of the
Middlesburg Limestone Member of the Bader
Limestone.

LEASLY CREEK SHALE

With the exception of the Roca, the Easly
Creck contains the most sparse micro-assemblage
in the Group. Of 16 samples only two yielded
microfossils. The lowest two-foot shale of the
formation contains holothurian remains, Ol:-
ganisus, Sansabella, Hollinella, Ammodiscus,
and fish remains. The middle part of the Easly
Creek is largely red and green unfossiliferous
shale, and in Marshall County, Kansas, the basal
portion of the unit contains an eight-foot bed
of gypsum.

BLUE RAPIDS SHALE

Rare to moderately common microfossils in
the Blue Rapids Shale include charophytes,

A. Eiss Limestone
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Ficure 2.—Distribution of common microfosals in shales of the Eiss Limestone, the Florena Shale, and the Neva

Limestone. For explanation see Figure 1. Microfossils:

1, Globivalvuling; 2, Healdia: 3, holothurian ossicles; 4,

Textularia; 5, Knightina; 6, Amphissites; 7, Sansabella; 8, ?Corvellites: 9, Bairdia; 10, Bairdtacypris; 11, Tetra-

taxis; 12, Hollinellu; 13, Ammodiscus; 14, Carvellina:
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15, fish teeth and scales; 16, Kirkbya:; 17, conodonts.
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Carbonita at the base, and scattered Tetrataxis
and fish teeth.

FUNSTON LIMESTONE

A thin two-foot green shale in the Funston
carries abundant fish remains and scattered
Orbiculoidea fragments in the lower foot and
abundant Ammodiscus in the upper foot.

SPLISER SHALE

Carbonita dominates the microfauna of the
Speiser, except for the upper two feet, which
vielded an assemblage consisting of Globivalvu-
lina, Tetrataxis, Amphissites, and holothurian
sclerites, just below the Threemile Limestone
Member of the Wreford Limestone, the basal
unit of the Chase Group. Ammovertella is re-
stricted to a one-foot shale at the base of the
formation, just below a thin Osagia limestone.

PALEOECOLOGY
MicRroFOsSSIL ASSEMBLAGES

It was hoped that after the microfossils in
each sample had been picked, identified, and
their relative abundance and stratigraphic occur-
rence plotted, they could be grouped into fossil
assemblages based on common occurrences that
would have paleoecologic significance. A num-
ber of preliminary methods for deciding which
fossils consistently occurred together in (or were
both absent from) the same samples, and which
utilized some sort of index of affinity or asso-
ciation, were tried and found wanting. The
grouping method proposed by Fager (1957) and
employed by Johnson (1962) finally was used,
although the index of association suggested by
each author above was not utilized. Fager and
McGowan (1963) have suggested an index of
the form:

nA.B 1
\/ nd-nB 2\ nB’

where nA,B is the number of joint occurrences
of taxa A and B, nA is the total number of oc-
currences of taxon A, nB the total number of
occurrences of taxon B, such that n4=nB can
be used as a basis for this grouping method.
Fager found a cutoff-value of 0.50 appropriate
for the material with which he has been work-
ing. It was found that this cutoff-value led to
only one group in the Permian microfossils. As
this was unsatisfactory, other values were tried
and finally a cutoff-level of 0.250 was accepted.
At the 0.250 level there was a total of 81 pairs
of taxa with association indices at this level or
higher. These pairs involved 23 of the 37 cate-
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gories of microfossils used in this study, which
were then grouped according to Fager’s method
(Fig. 3,B).

The groups of mutually associated taxa in-
clude one large group of nine that consists of
Cavellina, Bairdia, Tetrataxis, Bairdiacypris,
Amphissites, Hollinella, Globivalvulina, Sansa-
bella, and holothurian ossicles (Fig. 4). Exclu-
sively associated with members of this group
were Nodosinella and Monoceratina. Two
groups of three each were formed that included
Deckerella, Knightina, and Kirkbya, as well as
Carbonita, Geisina, and Darwinula, of which
the latter group was exclusively associated with
fish teeth and scales and ?Candona. Two groups
of two each consisted of fusulinids and Textu-
laria as well as ?Corycllites and Healdia.

The following samples (see Plate 1) are con-
sidered representative of each of the groups de-
fined above:

Globivalvulina and others: Samples 80 (Flo-
rena Shale), 112 (Neva Limestone), 176
(Hughes Creek Shale).

Healdia-? Coryellites:  Samples 59 (Eiss
Limestone), 187, 189, 191, 194, 197, 198
(Hughes Creek Shale).

Fusulinids-Textularia: Samples 116 (Neva
Limestone), 182, 185, 191 (Hughes Creek
Shale), 203, 204 (Americus Limestone).

Deckerella-Kirkbya-Knightina: Samples 113,
115 (Neva Limestone).

Carbonita-Geisina-Darwinula:
65, 70, 74 (Stearns Shale).

Among the 14 identified taxa that had no
association indices of 0.250 or higher are in-
cluded a number of forms that are judged,
based upon their distribution and occurrence, to
have significance for environmental interpreta-
tion (Fig. 5). Consequently, all taxa not in-
cluded in the groups above that occur in four
or more samples are listed below with the other
two taxa with which they had highest and next
highest indices of affinity. The remaining six
genera occur in only one or two samples. The
eight taxa listed below will be considered in the
next section on interpretation of the assem-
blages.

Endothyranella(?): Silenites (0.223), Bair-

diacypris (0.208).

Orbiculoidea fragments: Fish teeth and
scales (0.212), Carbonita (0.181).

Ammovertella: Sansabella (0.240), Amphis-
sites (0.233).

Conodonts:  Globivalvuling (0.233), Textu-
laria (0.231).

Samples 64,
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‘une—Puleoecology of the Council Grove Group (lower Permian) in Kansas 15

Ammodiscus: Carbonita (0.170), Hollinella
(0.153).

Charophytes: Carbonita (0.119), fish teeth
and scales (0.073).

Gutschickia: Carbonita (0.215), ?Candona
(0.124).

Silenites: Holothurian ossicles (0.243), En-
dothyranella(?) (0.223).

INTERPRETATION OF ASSEMBLAGES

The preceding discussion has set forth sali-
ent features of the kinds of microfossils present
‘n shales of the Council Grove Group, their
stratigraphic  distribution through the Group,
:nd the assemblages of small fossils present.
This data provides the raw materials for paleo-
zzological interpretation of the microfossils and
sensideration of past environments.

Environmental interpretation may be drawn
rom a number of lines of evidence. Compari-
wn of the occupied habitats of living plants and
:nimals that are also recorded as fossils together
»ith evidence derived from fossil associations
ind their enclosing sediments may provide clues
1o ancient environments. Earlier paleoenviron-
mental reconstructions based on the same kinds
{ fossils found in other areas or in rocks of
iiffering ages may be useful. The vertical dis-
‘ribution of individual taxa and assemblages
sroughout the Group and their relationship to
cach other allow inferences as to past environ-
mental conditions. These lines of evidence pro-
«ide the bases for the paleoecological part of
:kis study.

One of the fruitful lines of paleoecological
investigation of fossils in Cenozoic and, to some
extent, in Mesozoic rocks has been the compari-
son of environments inhabited by living plants
and animals with that postulated for their fossil
snalogues. The validity of this inductive
method rests on the assumption that organisms
have not appreciably changed their environmen-
1al requirements through long spans of time. In
zlder and older rocks comparisons become in-
creasingly difficult, partly because increasingly
larger categories of organisms have become ex-
t'nct and because the prerequisite assumption
¢f non-evolution of habitat requirements must
e made for increasingly long periods of time.

If such an approach is attempted in a study
of early Permian microfossils, the assumption
nust be made that whatever taxonomic level is
considered, whether genus, family, or order, its
- sbitat has not been appreciably altered throush
1he last 200 million years. At present there is
no adequate test that can be applied to such an
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assumption to determine its validity. Most
paleontologists probably would agree that com-
munity evolution and consequent shifting of
environmental requirements must have taken
place continuously throughout geologic time,
just as organic evolution has proceeded, appar-
ently without interruption.
Charophytes—Living charophytes are found
principally in fresh-water ponds and lakes, in
quiet water on soft bottoms. A few live in
brackish water, e.g., in the upper reaches of the
Baltic Sea, where they are found in water of
salinity up to about 6%c (Segerstrile, 1957).
The assumption is made that the early Permian
charophytes reported in this study also lived in
fresh water, although it is certainly a possibility
that the odgonia might have been carried out
into saline waters before deposition.
Foraminifers—Three genera of foraminifers
found in the Council Grove Group are still liv-
ing—Textularia, Ammodiscus, and Glomospira.
Living species of Textularia have been reported
from water as shallow as 12 feet (Bandy, 1953)
to as deep as 12,000 feet (Cushman, 1911).
Ammodiscus has been reported from depths of
18 feet (Cushman and Valentine, 1930) to
depths of 18,000 feet (Cushman, 1911). The
genus is typically found on a mud or sand bot-
tom. Glomospira has been recovered from
depths of about 50 feet to over 10,000 feet.
Clearly, the total bathymetric range of extant
genera of foraminifers that are also found in
Lower Permian rocks is of little significance.
Ostracodes—Among early Permian ostra-
codes identified the following genera are still
extant: Candona, Darwinula, Bairdia, and
Monoceratina. Bairdia is typically a marine
ostracode and is commonly found at depths of
20 to 50 meters (Grekoff, 1956), but it may
also be found in littoral environments. Mono-
ceratina is benthonic, living in neritic marine
waters. These two gencra then should be in-
dicative of deposition under marine conditions.
Candona is common today in fresh-water
lakes and streams, but it is found also in shal-
low brackish water of salinity up to 2 or 3 parts
per thousand (Wagner, 1957). In Europe Dar-
winula occurs in much the same range of sa-
linity and depth as Candona, but Van den Bold
(1958) rcports Candona and Darwinula in
Trinidad, the former as typical of upper courses
of rivers, 400 to 2,000 feet above sea level, and
Darewinula 50 to 600 feet above sca level.
Both Candona and Durwinula are considered
to be typically  fresh-water ostracodes  today.
They occur in shales of the Lower Permian to-
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gether with charophytes, which are also mainly
fresh-water, as well as with teeth and scales of
palaeoniscid and pleuracanth fishes, both of
which are considered to be fresh-water in habi-
tat. Consequently, the Geisina-Carbonita-Dar-
winula assemblage with its association of ?Can-
dona and fish teeth and scales is interpreted to
represent a fresh-water group of organisms in
shales of the Council Grove Group.

The fresh-water Carbonita assemblage is not
entirely excluded from slightly brackish-water
habitats. Presumably, however, these ostracodes,
along with charophytes and fishes, lived in
waters not so closely related to the strand line,
perhaps in shallow pools and ponds on a broad
backshore area in which there were fresh- or
brackish-water lagoons. The commonly imbri-
cated nature of Carbonita valves is suggestive of
quiet, shallow water in which the carapaces be-
came dissociated and then washed to and fro,
resulting in many valves stacked one within the
other. The Carbonita assemblage is more close-
ly associated with red and green shales than any
of the other groups, although it is much more
common in green than in red shales. This would
suggest a broad subaereal backshore of fine red

Coryellites
Bairdia

@‘)

Globivalvuling

o
Holothurian

Sansabella

()

Monoceralinag Ossicles

O

Cavellina

Deckerella

<D

Bairdiacypris

Amphissites

. / Fish teeth
Hollinella @ ond scales
Tetrataxis

Kansas Geol. Survey Bull. 170, Pt. 5, 1964

muds with semipermanent ponds of fresh or
slightly brackish water scattered over the flat.
The red muds, by reduction, became green muds
in these bodies of water. The entire area prob-
ably was only slightly above sea level but may
have been very broad, so that ponds on the
landward side could have been a relatively great
distance from the open sea.

The large group of nine taxa that includes
Bairdia, and holothurian sclerites, as well as the
three smaller groups of foraminifers and ostra-
codes, are judged to have been marine organisms
(Fig. 4).

The presence of groups of organisms that are
interpreted to have lived in fresh-water habitats
versus those that lived in marine waters leads to
the postulate that within the shales studied one
of the factors affecting distribution of micro-
organisms is a salinity gradient from fresh
water at one end to water of normal marine
salinity at the other end. It follows from this
that ancient shorelines would be represented
within the rock record of the Council Grove
Group, and that some of the shales would rep-
resent brackish-water conditions of deposition

Neritic

Fusulinids Assemblage

(Q“\f ;

Textularia

Fresh-water
Assemblage

Nodosmnella

Carbonita

)

Darwinula

@ Geising

Fictre 4.—Assemblages of microfossils obtained by using Fager's (1957) grouping method and their interpretation

in terms of a salinity gradient.
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lLane—Pualcoccology of the Council Grove Group (Lower Permian) in Kansas 17

intermediate in salinity between fresh and com-
pletely marine waters.

Among fossils that could indicate the brack-
ish-water conditions hypothesized above, the
two most likely are Ammodiscus and Orbicu-
loidea. Neither of these two genera is closely
enough associated with any marine or fresh-
water form to have been included in groups of
clearly fresh-water or marine habitat. Ammo-
discus is most closely associated with Carbonita,
on the one hand, and Hollinella, on the other
hand. and so can be inferred to have lived in
brackish water. Orbiculoidea has the closest
index of affinity with fish teeth and scales and
Carbonita, but since no brachiopods, so far as is
known, live or have lived in fresh water, this
genus is interpreted to have lived in brackish
waters close to the shoreline (Fig. 5). If Am-
modiscus and Orbiculoidea do represent part of
a brackish-water fauna, the preserved elements
of this fauna are clearly less diverse than are
preserved parts of the fresh-water or marine
faunas. In other words, diversity increases from
brackish into fresh water or from brackish to
marine water, a situation that is also true today
(Gunter, 1947, 1947a). Intertidal or littoral en-
vironments and near-littoral lagoons, estuaries,
and periodically submerged mud flats are the
environments that are characterized by such
conditions today, and the Orbiculoidea-Ammo-
discus group may have lived in such habitats as
these.

The assemblages found in shales of the
Council Grove Group have their closest de-
scribed counterpart in ostracode-foraminifer as-
semblages described from the Namurian and
Westphalian of the Ruhr District of Germany

~
/ Neritic
/' Assembloge
7
i = e
! '~‘~‘_’U L Conodonts
| ? Endornyronelia ) )}
/]
Ammovertello /
/ i
/ 4
4 Ordicuioidea
Ny % ,
- e . .
- Margingl  Ammeascus - Fresh-water N
Assemblage / ©  Assembloge X
FN _ \
1
o« |
ot R /
Croroprytes Gursonbio /
\\ ‘/,'

Ficure S5.—Grouping interpretation of microfossils that
had no indices of affinity of 0.250 or greater.
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(Kremp, 1952). Kremp was able to recognize
three principal microfaunal assemblages that oc-
cur between spore-bearing beds closely associ-
ated with coal on the one hand, and Lingula
and marine megafossil-bearing beds on the other
hand. Succeeding fossil phases, from top to
bottom, of the German cycles are: 4. micro- and
megaspores, b. ostracodes of the Carbonita
group (Carbonita, Candona, and Gutschickia),
c. ostracodes of the Jonesina group (Jonesina,
Sansabella, and Sulcella), d. arenaceous fora-
minifers (Ammodiscus, Glomospira, Glomospi-
rella, and Hyperammina), e. Lingula, and f.
small goniatites, brachiopods, pelecypods, and
gastropods.

The typical sequence in these European beds
clearly represents an almost complete record of
the regressive hemicycle; transgressive phases
are confined to beds just above coals and are
poorly represented or absent. Commonly minor
fluctuations within the regressive hemicycle are
recorded. The Carbonita group of ostracodes is
essentially the same as the assemblage recorded
here from the Council Grove strata. The
Jonesina group is sulcate and seemingly corre-
sponds to Geisina as used in this report, which
is commonly found in association with Car-
bonita. The Lingula phase corresponds to the
Ammodiscus-Orbiculoidea  brackish-water  as-
semblage as interpreted here and marine mega-
fossils to the marine microfaunal assemblages of
the Council Grove. The rocks under study here
present a much better record of marine micro-
fossils than is found in the Carboniferous of the
Ruhr. However, the similarity of the ostracode
assemblages is strikingly similar, considering the
difference in the ages of the rocks. In both cases
the controlling factor is judged to have been
salinity of water.

Distribution of microfossils in the Council
Grove Group (from bottom to top) will be con-
sidered in this section. Two aspects of vertical
distribution are considered. First, the median
sample station occurrence of each microfossil
within the Group; second, the vertical sequence
of microfossils within more or less continuous,
thinner, shale intervals.

Casual inspection of the stratigraphic distri-
bution of microfossils within the Group (Plate
1) reveals that there are conspicuous differences
in occurrence of specific microfossils. Fragmen-
tary Orbiculoidea, conodonts, ?Coryellites, and
fusulinids are largely restricted to the lower half
of the Group. Nodosinella and Glomospira oc-
cur only in the Hughes Creck Shale Member.
Ammodiscus is present only in the Eskridge
Shale and higher beds, and Ammoverteilu is not
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found below the Legion Shale Member. In
order to provide a more complete picture of
vertical distribution of all taxa, the median sam-
ple station occurrence of each form within the
Group was determined (Table 1). The shale
sample numbers on Plate 1 are used to record
the median occurrences, which are based on
total number of feet of rock in the Group in the
sections measured. When a fossil occurred in an
even number of samples, the middle of the in-
terval between the two samples on either side of
the median was listed. The median bed of shale,
excluding limestones, is between samples 101
and 102 in the Eskridge Shale. This is close to
the median bed (Sample 98) of the Group, in-
cluding the limestones. A total of ten taxa have
median occurrences above the median thickness
of the group, with Ammodiscus and Gutschick-
ia having the highest medians. Twenty-one taxa
have median occurrences below the median in-
terval of the group, six fossils not being con-
sidered because they occurred in only one or
two samples.

Most of the taxa in the fresh-water assem-
blage have median occurrences high in the
Group. Many of the fossils in the main and sub-
sidiary neritic assemblages have low median oc-
currences, including especially the Coryellites-
Healdia group. There is a distinct gap in medi-
ans between Texrularia (median sample, 116)
and Deckerella (median sample 146'4). There
are less distinct breaks in the distribution of
medians between Ammodiscus and Darwinula,
Hollinella and Monoceratina, Silenites and cono-
donts, and an Endothyranellalike foram and
Globivalvulina,

The median sample occurrences of all 31
taxa considered here range through a total of
133 feet of shale samples and through 174 feet
of rock, including limestones. This range of
medians, including approximately 60 percent of
the total thickness of the Group, strongly sug-
gests that there is a gradual change in gross
composition of the microfauna through the
Group apart from the cyclic occurrences of in-
dividual taxa through a number of units. This
gradual faunal change includes reduction in
number of occurrences of some taxa from bot-
tom to top, as well as appearance or increase in
abundance of other taxa in higher beds. The
conclusion is that superimposed on the cyclic ar-
rangement of microfossils and rock types there
was a gradual environmental change taking
place during deposition that did not obviously
affect the gross physical character of the rocks.
In Permian rocks above the Council Grove
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Taser. . —Median sample stition occurrences of micro-
fosstls in the Counal Grove Group, Lower Peraan,

Taxa Median Sample Number®
Gutschickia 57
Ammodiscus 59
Durwinula 74
Geisina 77
Fish teeth 78
Amphissites 83
Ammovertella 841,
Hollinella 871,
Monoceratina 95!,

?Candona 97 1

991,
1012 —Median shale sample

Carbonita

Sansabella 105
Charophytes 106
Holothurians 112
Kmightina 13
Kirkbya 1134
Tetrataxis 113,
Barrdiacypris 115
Textularia 116
Deckerella 1462
Buirdia 148
Stlenites 148
Conodonts 158,
Orbiculoidea 160
‘Endothyranclla 163
Globivalvulina 173
Cavellina 179%;
Fusulinids 183);
Healdia 186
*Coryellites 187!
Nodosinella 189

* Sample numbers same as on Plate .

Group (e.g., Sumner and Nippewalla groups)
there is an increasing abundance of unfossilifer-
ous clastics and evaporites, including redbeds,
gypsum, salt, and shales, that may represent
fresh-water, marginal marine, and hypersaline
deposits. Gradual faunal changes observed in
the Council Grove Group are probably related
to gradual restriction of the marine basin of
deposition, expansion of nonmarine depositional
areas, including shallowing of, as well as grad-
ually increasing salinity of, marine water in
which the sediments were laid down. Some of
the microfossils were not able to adjust to in-
creasing salinity and shoaling, and so are
mainly confined to lower beds in the Group;
other microfossils were able to tolerate such
changes and made their first appearance or in-
creasingly flourished in the younger strata. In
order to test this hypothesis it would be neces-
sary to study microfossil assemblages in the
Admire Group (bclow) and the Chase Group
(above).

Not only was the vertical distribution of in-
dividual taxa of microfossils throughout the
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entire group a consideration, but the nature of
sequential changes in distribution of contained
fossils through smaller intervals of shale were
considered and were deemed to have signifi-
cance. Some shales contain essentially the same
microfossils from bottom to top, whereas others
exhibit gradual changes in the types of fossils
present. Four sequential patterns of distribution
of microfossils can be observed as follows:

(1) The microfossils may range through a
number of feet of shale without appre-
ciable change in kind or abundance.
The Johnson, Legion, Stearns, and
Hooser shales show examples of this
pattern.

Abrupt changes in assemblages may oc-
cur within a single shale sequence, but
shales containing the new assemblage
may be separated from subjacent or
superjacent shales by thin limestone
layers. Samples 177-178 and 201-202 in
the Hughes Creek, samples 115-116 in
the Neva, samples 88-89-90 in the Esk-
ridge Shale, and samples 2-3 in the
Speiser Shale are examples of this pat-
tern.

Pronounced differences in assemblages
may occur on either side of relatively
thick limestone beds, commonly of
member rock unit rank. Examples of
this pattern include microfaunas in
shales just above and below the Long
Creek, Glenrock, and Morrill limestones,
the upper limestone bed of the Neva,
and the lower and upper limestones of
the Eiss.

Some shales have assemblages of small
fossils that change gradually through-
out the section, with individual taxa be-
coming relatively less common or more
abundant from base to top (Fig. 2).
Examples are the Florena and Eiss
shales.

The four distributive patterns outlined above
can be interpreted as follows: (1) It seems ob-
vious that some shales (pattern 1) record long-
continuing deposition of shale in approximately
the same environment. Shales that show exam-
ples of this pattern commonly contain Carbonita
and other members of the fresh-water assem-
blage. (2) Some thin limestone layers (lime-
stones between samples 2 and 3, and 177 and
178) within thicker shale sequences scem to
mark relatively sudden, temporary, changes in
the environment of deposition, as denoted by
microfossils, whereas other thin limestone lavers

(2)

(3)

4
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(within the Eskridge Shale, for example) pres-
ent within shale sequences have similar micro-
faunas just above and below. These latter lime-
stones seemingly were deposited in the same
environment as the shales enclosing them, and
perhaps record temporary cessation of clastic
sedimentation but continuing deposition of car-
bonate materials. The first-mentioned thin
limestone beds may have been formed during
relatively abrupt changes in the environment of
deposition, or accumulated during a longer
period of time marked by non-deposition of
shale, during which the environment grad-
ually changed, so that when shale began to be
deposited again, the microfossil assemblage had
changed in response to environmental change.
(3) Either the abrupt change from clearly ma-
rine limestone to shale with a very different
(Carbonita assemblage) microfossil aspect is
due to a relatively rapid change in depositional
environment, not recorded at the limestone-shale
interface, or to a gradual change within the
limestone bed. (4) A gradual change in the en-
vironment of deposition is recorded by deposits
containing a gradually altering microassemblage.

Patterns (1) and (4), then, are taken to in-
dicate long stability and gradual environmental
change respectively. If the other two patterns
also involve long-continuing gradual changes,
then patterns (2) and (3) may be taken to be
characteristic of sequences of rock that indicate
less stability and abrupt environmental changes.
Many of the examples of patterns (2) and (3)
involve the Carbonita assemblage. This assem-
blage has been interpreted to have lived in
fresh or brackish water. It seems entirely possi-
ble that the apparent changes in sedimentation
rates and microfossil assemblages commonly oc-
cur where the change is from non-marine to
marine, or vice versa.

CoMPARISON WITH PREVIOUs INTERPRETATIONS

Interpretation of microfossil groupings must
take into account recent studies by several work-
ers who also have been concerned with the
paleoecology of the Council Grove Group and
other Lower Permian rocks in Kansas. Exten-
sive review of the factual data and diverging
interpretations based upon that data is not per-
tinent here, but an introduction to the problem
can be gained from Elias (1937), Hattin (1957),
Imbrie, er al. (1959), Laporte (1962), Elias
(1962), and McCrone (1964).

Imbrie and associates have accumulated lith-
ologic, faunal, and paleogeographic data that
support the conclusion that during the deposi-
tion of the Beattie Limestone turbulence and
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salinity of water, and rate of terriginous influx
were more important causal factors in con-
trolling vertical and lateral distribution of li-
thology and fossils than were changes in depth
of water or distance from shore. They also con-
cluded that the water in which the Beattie
Limestone was deposited was shallow—30 feet
or less in depth. By inference, it is possible to
extend their conclusions to other lithologically
and paleontologically similar, generally marine,
limestone formations in the Council Grove
Group.

On the other hand, Elias (1937, 1962)
argued that water depths fluctuated regularly
during regressions and transgressions of the
shallow seaway, although the rates' of with-
drawal and flooding of the sea may have been
slow or rapid at different times. Consequently,
in his opinion, water depth was a primary con-
trolling factor in the distribution of marine
organisms and, to a lesser extent, of lithologies.
He postulated that maximum depth of water
was about 150 to 180 feet and that most fusu-
linids lived at those depths.

Much of the important data upon which
these differing views are based have been col-
lected from studies of limestones, which have
been explicitly excluded from this study. Be-
cause the limestones are interbedded with the
microfossil-bearing shales reported here, and
the above interpretations must be taken into ac-
count in any further conclusions, I would like
to comment on the above conclusions.

The studies cited above raise a question in
regard to two aspects of the paleoecological in-
terpretation: what were the general habitat re-
quirements of fusulinids, and what does abun-
dance of marine algae in limestones signify?

There is no doubt, from studies of Pennsyl-
vanian rocks by Harbaugh (1959, 1960) and of
the Beattie Limestone by Imbrie, ez al. (1959),
that fusulinids and algae commonly do occur
together, or in closely contiguous beds. From
physical evidence of associations of algal brec-
cias, current-bedded algal limestone, and odlitic
limestones, much of the algae and associated
fusulinids probably accumulated in the zone of
greatest wave action. However, the depth of
water to which waves are capable of agitating
bottom sediments varies widely. Such factors as
wind velocity, direction, and duration, and fetch
determine the water depth to which wave action
is effective. These factors are almost impossible
to estimate, and if there were occasional violent
storms they could have stirred bottom sediment
at depths that were far below the reach of non-
storm waves. So, postulation of deposition of
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sediments within the “zone of active wave ac-
tion” does not indicate precise estimates of water
depths, although it probably does mean that the
water was not very deep.

While it is true that all known Recent ma-
rine algae live in the photic zone, that zone itselt
has variable limits. Most of the fossil algae
( Osagia, Ottonosia, Anchicodium), which have
been found in limestones of the Council Grove
Group, presumably were simple green or blue-
green algae, although it should be emphasized
that their taxonomic affinities with living groups
of simple algae are not known. Blue-green
marine algae can survive, but probably not
flourish, in light intensities as low as 10 foot-
candles® which in clear water could mean
depths of about 200 meters. However, optimum
light intensity for their growth is about 500 foot-
candles, which might be characteristic of water
5 to 15 meters deep, depending upon the clarity
of the water,

The occurrence of a green algae growing on
the underside of cobbles in a completely dark
or poorly lighted environment, cited by Elias
(1962), deserves comment. Many terrestrial
species of green algae can live in complete dark-
ness in soils down to depths of a meter or more.
These plants are able to cease ordinary photo-
synthetic activity (although they retain chloro-
phyll) and, instead, to obtain their food from
surrounding organic nutrients and to take on an
existence (organotrophic) more like saprophytes
or animals. This organotrophic condition is rare
in blue-green terrestrial algae—only two or three
species are known that adapt to total darkness—
although many species, because of their con-
tained pigments, can thrive under conditions of
very dim light. No living marine algae has ever
been reported to have attained this organotroph-
ic state, although it is possible that there are
such algae living today that are as yet unknown
to us, or that marine algae might have, at one
time or another in the past, adapted to this con-
dition. Considering the optimum conditions in
which simple marine algae thrive today, it seems
safe to say that they flourish in water depths not
in excess of about 50 or 60 feet, probably less,
depending upon the latitude, the clearness of
water, and the species. Therefore, because of
the abundant evidence of flourishing fossil algae
in Pennsylvanian and Lower Permian limestones
in Kansas, associated physical evidence of wave
action, and the occurrence of fusulinids in algal

# Information on lwving algac presented here was kindly fur-
aished to me by Dr. Bruce €. Parker, Department of Botany,
Uanersity of Califormia, Los Angeles.
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limestones, these rocks are judged to have been
deposited in shallow water.

The limits of depth of water for certain
phases of the cyclothems of the Big Blue series
proposed by Elias (1937) are open to question
on the basis of more recent studies. For exam-
ple, Elias’ depth limit of 90 feet between his
molluscan and mixed phases is based mainly on
the supposition that most living inarticulate
brachiopods are found above that depth and
most articulates below. His source is Schuchert’s
(1911) paper; Cooper (1937) has shown that
Schuchert’s conclusions can no longer be main-
tained in light of present knowledge of living
brachiopod distribution. The maximum depth
of water set by Elias for the fusulinid phase is
180 feet. This is based upon the observation
that living larger foraminifers most commonly
are not found below this depth. However,
most of these Recent foraminifers live in clear
tropical waters and contain commensal algae
(zooxanthellae) that must live in the photic
zone (Yonge, 1957). Consequently, in order to
validly assume a similar depth restriction for
fusulinids, it seems necessary to make the cor-
relative assumption that these extinct proto-
zoans also contained commensal algae. This
assumption is not explicitly stated by Elias, nor
has it been made by any student of fusulinids to
the writer’s knowledge. The fusulinids may
have lived at depths considerably shallower or
deeper than those proposed by Elias. It can be
postulated that those species of fusulinids that
are characteristically found in association with
fossil algae may have contained zooxanthellae in
their cytoplasm and because of this were re-
stricted to the photic zone.

One must conclude that absolute depth
values are almost meaningless in attempting to
reconstruct the paleoecology of fossils as old as
those found in early Permian beds. The accu-
mulated data seems to favor relatively shallow
water deposition for most of the marine rocks in
the Council Grove Group, but whether the
water reached maximum depths of 10, 30, 60,
or 100 feet is open to question, and it can only
be hoped that further careful research may pro-
vide some more concrete answers.

Google

Finally, it is judged that the microfaunal
marine assemblages reported here from the
Council Grove Group do not provide unequiv-
ocal confirmation or refutation of either of the
two postulated sets of primary controls dis-
cussed above.

The Globivalvulina-Bairdia assemblage, or
portions thereof, seemingly is ubiquitous in ma-
rine shales of the Council Grove Group. The
Healdia-? Coryellites and the fusulinid-Textu-
laria assemblages are most common in dark
gray shales, especially in the Hughes Creek
Shale and in dark gray shale of Sample 59 of the
Eiss Limestone. The dark color of these shales
probably is due to the presence of relatively large
amounts of organic carbon that was not de-
stroyed by bacteria or other scavengers, as was
the carbon in the lighter gray or brown shales
of the Group. Presumably, turbulence of water,
differences in amount and kind of zod- and
phytoplankton, and rate of sedimentation, rather
than depth of water, could have been the con-
trolling factors. Dark shales in the Hughes
Creck contain the bulk of fusulinids reported in
this study. Under Elias’ hypothesis, the Hughes
Creek Shale, then, would represent the sediment
deposited under the deepest water conditions
among the shales studied.

The Deckerella-Kirkbya-Knightina assem-
blage is characteristic of brown or light-gray,
calcareous shale, as in samples 112 to 114 in the
upper Neva Limestone Member, where this as-
semblage occurs in association with many ele-
ments of the Globivalvulina assemblage, Pre-
sumably, lightcolored calcareous shales of this
kind represent a different set of ecologic condi-
tions than those that existed during deposition
of dark gray shales.

Further study of microfossil assemblages in
shales of other sections of the Council Grove
Group, and of other groups within the Lower
Permian and Upper Pennsylvanian of Kansas
and adjacent states, would shed much light on
the nature of microfossil assemblages. Such
studies could be fruitfully combined with a
study of the clay mineralogy and trace element
composition of the shales, and of pollen-spore
assemblages that might be obtainable by other
methods of sample preparation.



22 Kansas Geol. Survey Bull. 170, Pt. 5, 1964

REFERENCES

Banpy, O. L., 1953, Ecology and palcoccology of some Califorma Foraminifera. Pt. 1. The frequency distribution
of Recent Foraminifera off California: Jour. Palcontology, v. 27, p. 161-182,

Cooprir, C. L., 1946, Pennsylvanian ostracodes of 1llinois: Hlinois State Geol. Survey Bull., v. 70, p. 9-123.

CooptR, G. A., 1937, Brachiopod ccology and palcoccology: Natl. Rescarch Council (1936-1937), Rept. Committee on
Palcoccology, p. 26-53.

CorptLr, R. J., 1952, Ostracodes from the Upper Pennsylvanian of Missouri: Pt. 1. The family Bairdiidac: Jour.
Palcontology, v. 26, p. 74-112.

CusuMman, J. A, 1911, A Monaograph of the Foraminifera of the North Pacific Occan: U.S. Natl. Muscum, Bull. 71,
596 p.

vand VarLentineg, W, W., 1930, Shallow-water Foraminifera from the Channel Islands of Southern Cali-
fornia: Contrib. Dept. Geol., Stanford Univ., v. 1, no. 1, p. 1-51.

Ecnous, D. I, and Creatn, W. B, 1959, Survey of Mississippian, Pennsvlvanian, and Permian Ostracoda recorded in
the United States: Micropaleontology, v. 5, p. 389-414.

Evrias, M. K., 1937, Depth of deposition of the Big Blue (Late Paleozoic) sediments in Kansas: Geol. Soe. America
Bull,, v. 48, p. 403-432.

, 1962, Comments on recent paleoccological studies of Late Palcozoic rocks in Kansas: Kansas Geol. Soc.
Guidebook, 27th. Field Conf., p. 106-114.

Facer, E. W., 1957, Determination and analysis of recurrent groups: Ecology, v. 38, p. 586-595.

.and McGowax, J. A., 1963, Zooplankton species groups in the North Pacific: Science, v. 140, no. 3566,
p. 453-460.

GrekorF, N., 1956, Guide Pratique pour la détermination des Ostrocades post-Paléozoiques: Inst. Frangais du Pétrole.
Div. Sédimentologie, Protat Fréres, Mason, 95 p.

Gu~TER, Gorpon, 1947, Paleoccological import of certain relationships of marine animals to salinity: Jour. Paleon-
tology, v. 21, p. 77-79.

. 1947a, Extended remarks on relationships of marine animals to salinity: Jour. Palcontology, v. 21, p. 498-
500.

HarsatcH, J. W., 1959, Marinc bank development in Plattsburg Limestone (Pennsyvlvanian), Neodesha-Fredoma
area, Kansas: Kansas Geol. Survey Bull. 134, pt. 5, p. 289-331.

————, 1960, Petrology of marine bank limestones of Lansing Group (Pennsylvanian), southcast Kansas: Kansas
Geol. Survey Bull. 142, pt. 5, p. 189-234,

Harrin, D. E., 1957, Depositional environment of the Wreford megacyclothem (Lower Permian) of Kansas: Kansas
Geol. Survey Bull. 124, p. 1-150.

IntsriE, JouN, 1955, Quantitative lithofacies and biofacies study of the Florena Shale (Permian) of Kansas: A,
Assoc. Petroleum Geologists Bull,, v. 39, p. 649-670.

, LaporTE, Lo, and MrrriaMm, D. F., 1959, Beattic Limestone facies and their bearing on cvclical sedimen-
tation theory: in Kansas Geol. Soc. Guidebook, 24th Ficld Conf., south-central Kansas, p. 69-78.

Irtrano, H. A., 1956, Upper Pennsylvanian arcnaccous Foraminifera from Kansas: Jour. Paleontology, v. 30, p. 831-
K64,

Jounson, R. G., 1962, Interspecific associations in Pennsylvanian fosal assemblages: Jour. Geology, v. 70, p. 32-55.

Kreeerr, Berty, 1933, Ostracodes of the upper Pennsylvanian and the lower Permian strata of Kansas, I. The Apar-
chitidae, Beyrichindae, Glyptopleuridae, Kloedencllidae, Kirkbyidae, and Youngicllidac: Jour. Paleontol-
ogy, v. 7, p. 59-108,

, 1935, Ostracodes of the upper Pennsylvanian and lower Permian strata of Kansas, III. Bairdiidae (con-
cluded), Cvtherellidae, Cypnidinidiae, Entomoconchidae, Cvthenidae, and Cypridac: Jour. Palcontology, v.
9, p. 132-166.

, 1936, Carboniferous ostracodes: Jour. Palcontology, v. 10, p. 769-784.

Kreate, GirHARD, 1952, Sporen-Vergesellschaftungen und Mikrofaunen-Horizonte im  Ruhrkarbon: Cong. Avanc.
Frudes straug. et géol. Carbonifére 3rd, C.R., t. 1, p. 347-357.

Laxe, No G, 1958, Environment of deposition of the Grenola Limestone (Lower Permian) in southern Kansas:
Kansas Geol. Survey Bull. 130, pt. 3, p. 117-164.

Google



Lane—~Pualeoccology of the Council Grove Group (Lower Permyan) in Kunsas 23

LarorTi, L. F,, 1962, Paleoccology of the Cottonwood Limestone (Permman)  northern Mideontinent:  Geol, Soc.
America Bull,, v. 73, p. 521-544.

Mc CroNe, A, W., 1964, Palcoccology and Biostratigraphy of the Red Eagle Cyclothem (Lower Pamian) in Kansas:
Kansas Geol. Survey Bull. 164, 114 p.

Moore, R. C., Fryg, J. C, JewrrT, J. M, Ler, Warrace, and O'Coxxor, H. G., 1951, The Kansas rock column:
Kansas Geol. Survey Bull. 89, p. 1-132.

Prck, R. E.,, 1934, The North American Trochiliscids, Palcozoic Charaphyta: Jour, Palcontology, v. 8, p. 83-119.
, 1953, Fossil Charophytes: Botanical Review, v. 1Y, p. 209-227.

and Ever, J. A., 1963, Pennsylvanian, Permian, and Trassic Charophyta of North America: Jour. Palcon-
tology, v. 37, p. 835-844, pl. 100-101.

ScHUCHERT, CHARLES, 1911, Palcogeographic and geologic significance of Recent Brachiopoda: Geol, Soc. America

Bull., v. 22, p. 258-275.
Scort, H. W, 1944, Permian and Pennsylvaman fresh-water ostracodes: Jour. Paleontology, v. 18, p. 141-147,
StGrRrsTRALE, S, G., 1957, Baltic Sea: Geol. Soc. Amcerica, Mem. 67, v. 1, p. 751-800.

Suaver, R. H,, 1958, A swdy of Pseudobythocypris ped formis, a new rame for an old ostracode: Amesican Mid-
land Nat,, v. 59, p. 120-137.

THovipson, M. L., 1954, American Wolfcampian fusulinids: Univ. Kansas Paleont. Contrib., Protozoa, art. 5, 225 p.
Vax peN Boup, W. A, 1958, Distribution of fresh-water ostracedes in Trinidad: Micropaleontology, v. 4, p. 71-74.

Wacnir, C. W, 1957, Sur les ostracodes du Quaternaire ricent des Pavs-Bas et leur utihisazon dans éude glologi-
que des dépits Holocene: Mouton & Co., 's-Gravenhage, 158 p.

Yosor, C. M, 1957, Interrelations of organisms, C. Symbiosis: Geol. Soc. America, Mem. 67, v. 1, p. 429-442,

Google



BULLETIN 170 1964 REPORTS OF STUDIES

Part 1. Archaeolithophyllum, an Abundant Calcarcous Alga in Limest of the Lansing Group (Pennsylvanian),
Southeastern Kansas, by John L. Wray, p. 1-13, pl. 1-2, fAig. 1-4, June, 1964.

Part 2. Precambrian-Paleozoic Contact in Two Wells in Northwestern Kansas, by Robert W. Scott and Marcus N.
McElroy, p. 1-15, fig. 1-7, July, 1964.

Part 3. Mathematical Conversion of Section, Township, and Range Notation to Cartesian Coordinates, by Donald
1. Good, p. 1-30, fig. 1-8, June, 1964,

Part 4. Actvities of the Kansas Basement Rocks Committce in 1963 and Additional Precambrian Wells, by Virgil
B. Cole, Danicl F. Merriam, and William W. Hamblcton, p. 1-11, fig. 1-3, July, 1964.

Part 5. Paleoecology of the Council Grove Group (Lower Permian) in Kansas, based upon Microfossil Assemblages,
by N. Gary Lane, p. 1-23, pl. 1, fig. 1-5, December, 1964,

Google




|70, Part 5

Bulletin

STATE GEOLOGICAL SURVEY OF KANSAS

Plate |

au0jsawi] DjOUdIH

J|0ys D0y auojsawi] abo3 pay

3IDyS uosuyor

QuosawIT JayoJ04

L aious

Sl|IAsauD®

JUOISPWIT DABN

[us uorbaTfig]

's7 amoH [ ys :o:cum_...u.h:._u

['s7 %0 bue]

ajoys ¥23ai) Saybny

[ soauawwds

3045 UNWOH

"uS juiod walps [ 's7.ung]
|

| el

L] R s000S
18] ® + ODEODDO®®-« O e® :
m . .

3] .

B

%]

|5 8000 @0 +000008+« 55O+ 0
= o ONN . . .

g

&

&

[e]

B

&1

5

1S

2

[=]

Q

o}

e ®OON & & N NN

PODPe+s® |CO/ @

7/

1[2]3]a]s[s[7]e]s o] u]e[i3]1a]is]is]17] 8]

tribution of Microfossils

1S

Relative Abundance and D

Permian)

Grove Group (Lower

in shales of the Council

Legend

Shale Color Symbols

D Brown

Fossil Abundance Symbols

D Groy or dork gray

Number of
Specimens
lor2

c
°
=
>
=« 8
C s @
2 9 2
@ o ©
© o~
v @ S M
3 2 2.2
m ow oo =
~NO e e

. Red, purple, or maroon

33 10 64

a

m Red and green

over 64

10 feet
Vertical scale

uoijowsog

ST PJOjAIM

2|oys Jasiadg

uojsung 310uS spidoy anig

57 asnoud]

9|0ys %994y Ajso3

Quojsawin sapog _

3|0US SUJDaIS

aucisawi 811i08g

a/0ys abpliws3y

isquap

ST anwaeadiyl

|j0qwig 10j0) 8|DYS

jagwny 3jdwosg

|t I

-

32
33

<+ @
"

57 u:ﬁu_u?_z_ S .,o..ouI_

duoisawin ss13

210YS DUIO|4 _

ST POOMUCI0D

23

 —— B [ |

» © -
e @

83
J
1

salfydeoioy)

0/iu0QID)

DjAuImMI0g

buopuBI |

DI¥2IY2sing

080

0uISIan

sjuawbosy oapiona1gip

§3|D25 pub Yiaay ysi4

Snasipowwy

Sjuopouoy

offeuIlOH

/@13 0Wwy

Six0i04}3)

5140420104108

oiprog

EETEL T EY,

0//8qSU0S

snswobio

ouijoi@louvolw

o4rdsowor9

s140020yiAgopnasq

seyissiydwy

ofgyiiy

outjybiuy

0140[A X 3]

S8jIud|IS

ouilj@Ang

QUII@lIaY

ofujizfiafiafis s 17|18 |19 [20]21 | 22|23 [24| 25| 26|27 | 28| 29|30 31 |32|33|34]|35|26|37

ojafpunoy

CuUIWWDIOWI)

D//842%230

$9]01550 UDLINYI00H

I

ofj9uISOPON

DUIINAIDAIGO/D

0/18u0shyiopu3

2|3)4(s[6|7]|8 |9

spluinsny

|




	uc1-b4034848-1696447855.pdf
	Section 8 (Page 1)

	plate1 (7).pdf



