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A STRATIGRAPHIC STUDY OF FUSULINID FORAMINIFERA
IN THE CHERCKEE GROUP (PENNSYLVANIAN) COF
WESTERN MISSOURI AND KANSAS

ABSTRACT
Limestones or shaly limestones, from four
stratigraphic levels in the Cherokee group
(Desmoinesian series) of Missouri and Kansas, contaln
eight species and two varietlies of fusulinid
fcraminifera, of which four specles and two varieties
are‘new,_and one ophthalmidiid foraminiferal specles

(Hemigordius cf. regularis Plummer). The next

to highest limestone (cep rock of the Fleming coal)
1s correlated with the Seahorne limestone of
western Illinois, the Stonefort limestone of
southern Illinols, =nd the lMuntervillie limestone

of Iowa. Hemigordiusg regularisg, a limestone facies

foraminifer apparently marks a correlatable interval
in the Ardmore limestone. Descriptions of the

fusulinids anéd the opthalmidiid are presented.'



INTRODUCTION

A detailed description of fusulinid foraminifera
from Pennsylvanian strata of western Missouri and south—'
eastern Kansas 1s presented. The stratigraphy of the
area has been previously determined, in part, because
of the economlically important coals, but the microfauna
hasg received scant attention. Stratigraphic allocation
of these microfossils is intended to corroborate and
amplify established Mid-Continent correlations.

Several limestones and shaly limestones (Cherokee
group, Desmolnesian series) were collected during 1950
and 1951 in Crawford County, Kansas, and the adjolning
Vernon and Barton Countles of Missouri. Supplementary
collections of shales and clays, interbedded with
limestones, were made in Boone County, central Missouri
in 1951.

Earlier correlations of the Ardmore limestocne in
central and western Missouri has been corroborated by

two specles of microfossils (Hemigordius cf. regularis

and Fusulina new specles B). Neither has been reported
previously from the Cherokee groups. The shaly limestone
cap of the Fleming coal, crawford Gounty, Kansas, contains
a microfauna with elements identical with some occurring

35 feet below the Whitebreast coal, Iowa (Munterville



limestone), and with the Seahorne limestone of western

Iliinois. In addition, one specles, Wedekindellina

euthysepta, which is common to both strata, also occurs

in the 8tonefort limestone of southern Illinols. A
tentative correlation of these units is proposed on thils
basgis.
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PREVIOUS WORK

The general features of the Cherokee group
(figure 1) were described some fifty years ago, but
detailed work on the subdivisions treated in this paper
was not published until a comparatively recent date. A
conprehensive survey of the development of clasgsifi-
cation of Pennsylvanian rocks of the Mid-Continent
region, by Moore (1948, pp. 2014-2017), inecludes much
material not dlscussed here, as well as a complete
bibllography.

Development of stratlgraphic terminology: 8Strata

from the base of the Desmoinesian series to the base of
the BlackjJack Creek limestone were known until 1948 as
the "Cherokee shale.® At that time, they were ralsed

to the status of a group (Moore, 1948, pp. 2026). The
group was named for Cherokee County, Kansas (Hayworth
and Kirk, 1894, p, 105) in which the type section was
selected. Prior to 1900, the main features of the
Cherokee group had been noted: several coals had been
named; the various memnbers, including sandstones, shales
and limestones had been noted, but were generally not
named; thicknesses had been measured, and the marine
and non-marine character of the beds recognized (Hayworth,
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The Cherokee group had not been subdivided by 1915,
but had been traced across kissouri, from Kansas to Iowa,
and correlated with strata in Kansas (Hinds and Greene,
1915, pp. 36-61). Reglonal variations were carefully
noted, many sections neasured, and a faunal study
undertaken by Girty (1915). Nomenclature was not standard-
1zed even within the state.

A detailed descripticn of the stratigraphy of
Vernon County, Misscuri, partly differentiated the
Oherokee "shale.® Local names were given to coels and
to important limestones and sandstones, and correlation
of some these units attempted on a county or interstate
basis (Greene and Pond, 1926, vp. 34-54).

A reclassification of Pennsylvanlan rocks of
Kansas, by Moore (1935, pp. 21-42), included rearrange-
ment of units, definition of boundaries, and cdescription
of the ®cyclic* nature of the strata. The Cherokee
*shale", however, was not subdivided.

In 1938, a highly detalled and comprehensive study
of the southeastern Kansas coal field (Pierce and
Courtier, 1938, pp. 21-42) was issued. Lithic units
were mapped in the entire area, for the first time,
and correlation with the western Misgsouri coal area

was madee In addition, faunsl énd floral collections



were a basls for correlation with Illinois and Iowa.

Cline (1941, pp.25-72) made a traverse between Missourl
and Iowa in an attempt to clarify middédle Pennsylvanian
correlation. The upper Desmoinesian and lower Missourian
series, of the two states, were correlated with units in
Missourli and Kansas. The lowest formation described was
the Ardmore limestone.

Recent workers (Moore and Thompson, 1949, ppe. 275-
302 and Moore, 1949, pp. 37-47) add little information
about the Cherokee group. Series names are proposed, and
the most recent findings summarized.

Development of blostratigraphy: Fusulines have been

described from Pennsylvanian and Permian formations for
many years., The most significant results, however, have
been published quite recently, especially in relation to
the Cherokee groupe Although some of the fusulinid
specles discussed here have been reported elsewhere,
only occurrence in the interior basins and areas east of
the Rocky Mountains will be considered.

One of the first important papers on the paleontology
of the Cherokee group was written by Girty (1915). Two

fusulinids were reported, Fusulina cylindrica Fischer and

Girtyina ventricosa Meek and Haydn (=Triticites). Their

stratigraphic position was not clear, as horizons were

not well defined at the time.



In 1927, Dunbar and Condra (1927, pp.78-80) reported

Fusulinella meeki Dunbar and Condra (= Fusulina) from

‘the undifférentiated Cherokee "“"shale% of Missouri, Roth
(1930) using sﬁbsurface samples in Kansas, Oklahacna,
South Dakots and Colorado, correlated formations as far
west as Eagle County, Colorado, with the Cherokee and
Marmaton'groups of the Mid-Continent. Species of Fusulina,
which had not been repbrted above the Desmoinesian seriles,
were the basis of this correlation. The fauna and strati-
graphy of one of these formations (McCoy formation) were
subsequently discussed by Roth and Skinner (1930), and
many new specles of fusulinlids were briefly described and
figured.

Thompson (1934), in a study of the Desmolneslan series
of Iowa, correlated several formations in Iowa and Illinois.
Many new species Were described, a number of which are
commonly widespread in both the eastern and western Basins.
Correlation of some nmiddle Pennsylvanian formations, based
on additional faunal evidence, was published later by
Thompson (1935, ppe. 291-298). Seven new species from the
BOggy formation of Oklahoma were described, figured and
compared with the microfauna found in Iowa, 30 to 60 feet
below the Whitebreast coal.

Bailey (1935) made a comprehensive treatment of the

microfossils, exclusive of fusulinids, of the lower



Pennsylvanian (Cherokee and a portion of the Marmaton
group)e. Foraminifera, ostracodes, conodonts and other
forms were described and stratigraphic ranges of the

fauna given. The study has alded in correlating the upper
boundary of the Cherokee in central Missouri with that in
Kansas.

A number of fusulinid specles, from the mid-portion
of the Cherokee shale and other Pennsylvanian strata of
South Dakota and Wyoming, were reported by Thompson
(1936). Similarity to species found in Iowa apd"Illinois

was noted, and one specles, Fusulina euryteines Thompson,

reported from Wyoming. Thesge forms are consPecific with
those previously found in Missouri, Iowa, Illinois and
Oklahoma. Because of these faunal relationships, Thompson
correlated and stratigrasphically placed the formationse.

Pierce and Courtier (op. cit., ppe 39-42) collected
fossil plénts and fusulinids at stations ranging from Just
above the Pilot coal to a level within the Marmaton group.
The microfossils were submitted to Henbest (1938) for
examlnation, and some beds Were tentatlvely correlated
With limestones in Illinois. Several specles were
ldentified with those previously reported by Thompson
in Iowa ( 1934).

A paper on invertebrate faunas of southeastern Kansas

by Williams (1938, ppe. 92-122) made little reference to
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microfossils, as the assemblage consisted mainly of
mollusks and brachiopods.

A report on Pennsylvanian strata of western.Illinois
and southern Iowa, microfaunal and lithologlcal, was made
by Weller and others (1942). Their detailed correlations,
from the middle Desmoinesian to the lower Missourian
series, apply to the Kissouri and Kansas sections, Dunbar
and Henbest (1942), established generic and specific
ranges and summnarlzed Pennsylvanian correlation from
Kansas to Ohio. The Ardmore limestone was traced from
Kansas through Missouri, Iowa, and Illinois.

Correlations of eastern Utah and northwestern
Colorado, with middle Pennsylvanian sections in Kansas
and Iowa, were made by Thompson (1945). This work was
based on a large fusulinid fauna and a zonation of the

genera Mlllerella, Fusulinella, Fusulina, and Wedekindelllna.

Thompson (ppe 40-42) noted that Pennsylvanian formations
in most of North America, can be referred to five major
faunal zones, defined by predominance of these and other
genera.

The importance of fusulinids in zonation was again
stressed by Thompson and Moore (1949). A correlation chart
of Pennsylvanian formations, from the Mid-Continent to the

Laramee Mountains, Wyoming, was also givene.
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DESCRIPTION OF AREAS

Vernon and Barton Coﬁnties, liissourl, adjoin Crawford
County, Kansas, where part of the southeastern Kansas coal
field is located. Most of the fleld work was done in
this area, although Boone County, in central Mlgsouri,
was the source of additional faunal and stratigraphic
_material.

The southeastern Kansas coal field contains approxi-
mately 1000 square miles. lMost of this area is within
the Osage Plains Section of the Central Lowland physio-
grapvhic province. The Ozark uplift is situated to the
east. The surface 1s almost flat throughout. Maximum
differences in elevation of 250 feet in Kansas and 150
feet in Missouri have been reported (Pierce and Courtier,
1938; Greene and Pond, 1926). Dralnage is southward into
the Neosho River in Kansas, and eastward into the Osage
River in Missourl. These rivers are broad and shallow,
with wlde meanders. Cherokee strata are exposed over
much of this area; the prevalling dip 1s low and to the
northwest. Thilckness varies from 350 to BOO feet, the
lesser thickness being more common.

Boone County, Just north of the Missourl River, 1s
within the Dissected Till Plains section of the Central

Lowland Province. In this %"subsection®, however, little
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dissection has occurred, in contrast with other portions
of the section. The formerly dissected surface, smoothed
by glaclation, forms the present rolling plaine. Iajor
drainage 1s south into the Missouri River. Most of the
exposures include Carboniferous rocks, with Misslissippian
strata in the southern portion of the county and Penn—
sylvanian in the northern. The rocks dip gently to the
northwest and the Cherokee group has a reported maXimum
thickness of 109 feet near Columbia (Hinds and Greene,
1915).
STRATIGRAPHY OF THE CHEROKEE GROUP

The Cherokee group includes strata from the base of
the Desmolnesian serles to the base of the Blackjack Creek
limestcne (lower Fort Scott limestcne). It overlaps the
Mississipplan older rocks at 1ts eastern limitse On the
west, 1t 1s overlain conformably by Pennsylvanian strata.
The Cherokee group outcrops in a belt of varying width
extending from northeastern Cklahoma to nortiwestern
. Iowa. Exposures have been measured in northeastern Okla-
home, southeastern Kansas, Iowa, and various portions of
Missouri (Pond and Greene, 1926; Plerce and Courtier,
1938; Cline, 1941; lMcQueen, 1943).

Many units in Kansas and llissourl have not been
named, and can be located stratigraphically only by

measurements relative to named coals. Variation in
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thickness and lithology is common, with resﬁltlng diffi-
eulty in definition and correlation of beds.

In southeastern Kansas and adjolnlng areas, the
Cherokee belt 1s about 20 miles wlde. Distribution further
nerth 1s more irregular, and the width of outcrop 1is
frequently greater. Variation in thickness is considerable,
both locally and areally. A maximum thickness of several
thousand feet 1s found in Oklahomae In general, thicknesses
decrease north of Oklahoma, with a maximum thickness of
700 feet in northwestern Missouri (Hinds and Greene, 1915).

Clastic rocks predominate, consisting chiefly of
shales, sandy shales, and sandstones. Some limestones
_are also present. Both marine and non-marine unlts are
recognized, and several geologlsts, including Moore
(1936, 1949) and Abernathy (1937), postulate "ecyclic"
sedimentation in the Cherokee groupe. The nomenclature

of the various units considered here 1s shown in figure 2.

| DESCRIPTION OF SECTIONS
The low rellief, varying less than 200 feet over
large areas, and the low regional dips 1limit the extent
of exposures, pits and cuts. Therefore, no complete
stratigraphic section has been observed or measured at any
single locality. A composlite chart (figure 3) was
Prepared from sections observed in several countiese.

Published sources (Pierce and Courtier, 1938, pp. 19, 40;



Greene and Pond, 1926, Fig. 3) stratigraphically located
these sections. Ranges in thickness and differences in
1lithology are stressed in the chart, as these factors are
commonly variable. Usually a single section 1s gliven
for several localities.

Section 1: A persistant bed of limestone, one to one
and a half feet thick, underlies the Welr-Pittsburg coal
(not noted by Greene and Pond, 1926). This bed is reddish-
brown to reddish-violet, and contains a distinetive
brachiopod and crinoid fauna. It has been tréced over a
portion of Barton County, where it occurs from one to
twenty feet below the coal, and maintains 1ts thickness
and lithologic character throughoute Pilerce and
Courtier (1938, p. 119) report its presence in both
Barton and Cherokee Counties. No fusulinids were
found, although a number of outerops were examlned at
several localities.

Section 2. The persistant Walker coal in Barton
County is eharacterized by a cap bed of red or blaeck
clay-shale one foot thicks The beds are frequently non-
marine snd entirely unfossiliferous. A gray marine
limestone is frequently present, elther replacing the
non-marine stratum, or occurring above it. Fusulimds
are rare in the limestone, especially when numerous

gastropods and pelecypods are present. Only one specles,

15



Fig.3 Stratigraphic sections of
collecting localities
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Wedekindellina n. sp;'B was found. Shales and clays

underly the coal, and aid in stratigraphlically placing
the section.

Section 3. The Mineral coal (Kansas) and the Rich
Hill coal (Missouri) have been correlated bacause of the
similarity of the o#erlying black shaly marine limestones
and the relationship between older and younger shales and
coals (Pierce and Courtier, 1938, pp. 71-72). The
diagnostic limestone, and thick underlying‘shales and
sandy-shales, located this section in the stratigraphic
column. Collections from the limestone in Missourl
contained rare, poorly preserved fusulinids. The bed
over the lineral coal, however, has an abundant fauna,
including Fusulina sp. A var. l. A faunal comparison
between the two states was not attempted, as the poor
preservation prevented ldentification of the Missouri
forms.

Section 4. The siliceous limestcne concretions and
the Croweburg coal, cbserved in both this section and in
section 5, are highly diagnostic, and help to place the
sections stratigraphically. The gray shaly limestone,
lmmediately overlylng the Fleming coal, contains a locally

abundant fusulinid assemblage: Fusulina aff. meekl

tregoensis, Fo. cf. spissiplicata, Wedekindellina euthysepta,

17
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Wedekindellina n. sp. Ae. The lithology changes laterally,

in a short distance, to a gray shale wlth few marine
fossils.

Section 5. The Ardmore limestone i1s areally extensive,
resistant, and easlily recognized. In Vernon cgounty a
widely used name 1s "Dismond Rock" because of the character-
istic Jointing. It consists of either: (a) a single
three to four foot gray limestone bed, weathering to a
buff color, or (b)twoe limestones with an interbedded
shale, 12 feet thick. Abundant foraminifera, including

Hemigordius cf. regularis, Fusulina n. sp. B and Fusulina

n. sp. B, var. 1l are found in the limestone. The sili-
eeous limestone concretions, below the Ardmore and above
the Walker (Croweberg in Kansas), are diagnostic for
ldentification and correlation.

Section 6. In Boone County, Missourl, the Ardmore
consists of a three or four unit limestone, with inter-
bedded clay-shales. Good exposures are found in stream
banks and open cuts. Thickness of twelve feet i1s commone.
These shales contain a well preserved fusulinid fauna,
epparently identical to thagf found in the limestone in

Vernon County. Hemlgordius cfe. regularis, however, 1is

limi ted to the limestone faclese.
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COLLECTING LOCALITIES

Vernon County, Missouri;l/5 mile south of lMoundville,

Missouri; on lissouri Highway 43, in roadcut 100
yYards north of railrosd crossing; western part of
Section 4, Te 34 N, Re 2 W; massive gray limestone
above Walker (Pilot ) coale. Fusulinids raree.

[

Barton County, Missouri; 3 miles south of inter-

section of County Road K and Missourl Highway 43;

SE 1/4; Sec. 18, Te. 32 N, Re. 32 W; limestone below
Weir~-Pittsburg coal; massive reddish-violet limestone,
from 12 to 25 feet below coal in roadcute No
fusulinids found; abundant brachiopods and crinold

partse.

Barton County, uissouri;l mile south of Liberal,

Missouri; SW 1/4, SE 1/4, Sec. 12, Te. 32 N, R. 33 V.,
elevation 995 feet; limestone below Welr-Pittsburg
coal, nassive, recdish-violet, less than 2 feet
thick; top of limestone Just below coal. No

fusulinids found.

Barton County, Missourl; Near middle of last cut of

Alston Coal Co.; 1 mile north of intersection of
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U. S. Highway 160 and Missouri-Kansas state line;
NE 1/4, SW 1/4, Sece 31 Te 32 N, Re 33 W; limestone
overlying Welker coal. Fusulinids rare; fauna

mainly nolluscane

Vernon County, lissourli; Strip pit, 3/4 mile west of

Bronaugh; NW 1/4, Sec. 19, T. 34 N, R. 33 W; black
calcareous shale weathering to buff; above Rich

Hill coale. Sparse fusulinid fauna.

Vernon County, Missouri; 5 miles east of Bronaugh;

8W 1/4, SW 1/4 Sec. 18, Te 34 N, R. 32 W; massive
3 to 4 foot limestcne, with two master vertical
Joints producing dilamond shaped wedges. Abundant

fusulinidse.

Vernon County, Missouri; In strip pit, one mile

west of lloundville; NE corner Sec. 6, Te 34 N, R.

32 W; buff to red limestone and calcareous shale

~overlying the Pilot coal; limestone one foot or

less thick. Few fusullinids found.

Crawford County, Kansasj O.4 mile east of Frontenac

in strip pit; Just off U. S. Highway 160; NE 1/4,

NW 1/4, Sec. 4, Te 30 8, Re 25 E; black calcareous
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shale above llineral coal. Many fusulinids found.

Crawford County, Xansasy 3 mines north of Mulberry

in strip pit; SE 1/4, NW 1/4, Sec. 24, T. 283, R.
25 E; shaly limestone cap of Fleming coal, dark

gray; highly fossiliferous. Abundant fusulinlds.

Boone County, Missouri; In creek bed, 200 feet behlnd

Gillesoie School; SW 1/4, SE 1/4, NE 1/4, Sec. 27,
Te 49 N, R. 12 W; shales between Ardmore limestone

outcrops. Abundant fusulinids.

Boone County, Missourl; In creek bed, NE 1/4, Sece.

21

12, T 49 N, R. 12 W; shales between Ardmore limestones.

Abundant fusulinildse.

Crawford County, Xansas; 2 1/2 mlles west of lulberry in

strip pit; W half, NE 1/4, Sec. 3, Te. 29 S, Re 25 E;

limestone and shale directly above Llineral cosl.

No fusulinids present; large numbers of gastropodse.

Same as 11, except that shaller portions were sampled.

The fauna 18 similar to that of station 1ll.

Vernon County, HMissouri;In strip plt, one mile south

of Moundville; SW 1/4, NW 1/4, Sec. 5, T. 34 N, R.
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32 W; red limestone and shales above Walker

(Pilot) coal. Shales unfossiliferous and non—

maerine. Limestone contained no fusullinldse.

BIOSTRATIGRAPHY OF FUSULINES OF THE CHEROKEE GROUP
Several fusuline genéra are important in zonation of

Pennsylvanian rocks of the Mig-Continent region (Dunbar
and Condra 1927; Roth and Skinner, 1930; Dunbar and Henbest,
1942; Thompson, 1945; Moore and Thompson, 19489; Moore,
1949). In addition, several sub-zones were established
on the basis of the presence of diagnostic species (Dunbar
and Henbest, 1942). Ranges and zones of four important

genera are glven belows

Series Atokan Desmoinesian Missourian
Zone FMusulinella Fusulina Triticites
Fusulinella _
Range Fusulina
of Wedekindellina
Genera Triticltes

Table I, Ranges and zones of some oritical genera in the
Mid-Continent region (modified from Moore and Thompson, 1949).

Fusulina is restricted to the Desmolnesian seriese.

Fusulinella ranges from the Atokan series into the

Desmoinesian, and overlaps the range of Fusulina.
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Wedekindellina 1is approximately co-extensive with

Fusulina, and was long believed to be limited to the
Desmoinesian, Evidence of extension of range into the
Migsourian series, however, has been presented by Newell
and Keroher (1937). This extended range has been accepted
by Dunbar and Henbest (1942), but questioned by Moore and
Thompson (1949).

In the Cherokee strata studied, only Fusulina and

Wedekindelllina are represented. The specles of Fusulina
lack characters diagnostic of the more advanced forms of
this genus, such as intense septal folding, thinner
eplthecal deposlits, and slighter chomata.

The species of Wedekindellina give no evidence

regarding stratigraphic position within the range of the
genus. Unfolded septa and heavy axial filling are un-
changed throughout the Cherokee section. Even the slight
folding at the poles, observed in the Yyounger specimens,
18 also characteristic of the older formsa.

The absence of both Fusulinella and highly evolved

Fusulina suggests a position in the lower portion of the
Fusulina zone defined by Moore and Thompson (1949). This

agrees with the generally accepted stratigraphic level

of the Cherokee groupe.
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All of the species treated here are restricted to
single limestone or shale intervals. This lack of a
vertical range may have one or more possible explanations:
very rapld evolution, presence of major or minor hiatuses,
absence of record of marine deposition, and/or facies
changese.

The Ardmore limestone contalns one or more shale
members. PFusulina n sp. B and Fusulina n sp. B Var. 1
are found in both limestone and shale facies at comparable

levels at widespread localities. Hemlgordius cf. regularls,

however, 18 restricted to 2 limestone facies in both
western and central Missouri. Apparently, this species
18 more narrowly restricted than the fusulinids found

in this formation.

CORRELATION OF FUSULINID-BEARING STRATA
Some faunal evidence for extension of Mid-Continent
correlation was found in one limestone intervale 1In
addition, existing correlations are amplified and
corroborated. Figure 4 lists a modification of the most

recent data.
On the evidence of Wedekindellina euthysepta (Henbest),

the limestone bed overlying the Pilot coal (Kansas),
Henbest (1938) placed the bed somewhat lower than the

‘SBtonefort limestone of Illinoise. However, Wedekindellina




n. sp. B was found above the Walker (Pilot) coal (Horizpn
B, figure 3) and has not been previously reported. Its
use 1s consequently limited until additional occurances
and range are listed.

The Mineral (Kansas) and the Rich H1ll coals (Missouri)
have been previously correlated (Pierce and Courtier,
1938). A microfauna different from that reported from the

overlying limestone at Rich Hill, Missourl (Dunbar and
Condra, 1927) was found, however, above the Mineral
(Horizon G, figure 3). PFurther study will be required,
therefore, before this correlation can be accepted
without reservation.

Samples from the limestone cap of the Fleming coal
(Horizon D, figure 3) contained a fairly large assemblage
of fusulinids, although the member was previously re-
ported to be unfossiliferous (Moore, 1949). Two of the

specles, Fusulina pumila Thompson and Wedekindellina

euthysepta (Henbest), have been described from the

Hunterville limestone, 35 feet below the Whitebreasi coal
in Iowa (Thompson, 1934). Both speciles have also been
found in the Seahorne limestone of western Illinols, and

Y. euthysepta has been reported from the Stonefort lime-

stone of southern Illinois (Dunbar and Henbest, 1942,

Pr. 14, 15). It is believed that the Stonefort lime-

25
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stone and the Seahorne are simllar in age, although the
fusulinids differ in part (1942, p. 22). The cap
limestone of the Fleming coal therefore is to be cor-
related approximately, with the Munterville and Seahorne
limestones, and possibly with the Stonefort limestone,

The occurrence of Hemigordius cf. regularis Plummer,

Fusulina n. sp. B, and Fusullna n. sp. B var. 1, in the

Ardmore limestone in both western and central Missourl,

corroborates previous correlations. However, the fauna

of the Oak Grove limestone 1in Illinois is not comparable
to that of the Ardmore, although correlatien of the beds
has been widely accepted.
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FIG.4. CORRELATION OF CHEROKEE GROUP IN NORTHERN
MID-CONTINENTAL REGION (modified from Moore,1948).
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TECHNIQUES EMPLOYED IN FUSULINE STUDY

S¢paration of fusulines: Most foraminifera have been

described and figured on external characters, although
some modern wWorkers stress internal characters in all
forms. Fusulines, however; because of homeomorphy in
external characters, require accurately oriented thin
sections for classifieation and identifications. Free
specimens are therefore desirable, as they ean be most
easlly prepared for study and identification.

Fusulines in argillaceous limestones can be freed
through the use of one of the following methods:

a) In a clay matrix, preparation of fusulines.
requires only soaking and boi}lng,ﬁviﬁh'ﬁhe a1d ir s
deflocculating agent such aa iétra sodium pyrophosphate
or washing soda, and a decanting of the clay particles.

"~ b) When a smaller proportion of clay is present, the
above method is generally ineffective. After socaking and
boiling, the broken rock is placed in an iron mortar,
covered with water, andserushed by direect blows. A grindg-
ing action of the pestle should be avoidédg The chlef
disadvantage of this method 1s that many of the longer
and more slender specimens may be broken, Nevertheless,
the rock, when highly fossiliferous, will usually yield

enough material to permit an adequate gzndy.”
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¢) In pure limestones, separation of isolated indi-
viduals is impossible 1f specimens are deeply imbedded. |
Random matrix sections are the only feasible means of
studye These may be used satisfactorily i1f enough sections
are made.

Sectionling: Specimens are first separated into

tentative speciflic groupse The followling technlque has
proved successful in sectiening, and has the advantage of
using a minimum of mechanical equipment.

Canada balsam 1s slowly heated on a slide until most
of the solvent has evaporated. When cooled, 1t is tough
but not brittle. It has been most practical to prepare
several slides at a time on the lowest heat of an electric
hot plate. Preheated specimens are imbedded in the warm
balsam, oriented and held in positioﬁ while the balsam
cools. Initial grinding 1s done on a frosted glass plate
with & medlum abrasive (200 grit silicon carbiﬂej,rand
completed on aAsecond.piate with finelpowder‘(sdé grit
silicon carbide) when the desired plane is clbsely approach-
ede BSometimes the surface 1s polished with "levigated
alumina®, The specimen is then reheated and turned,
so that the ground surface is pressed 1n close, even
contact with the slide, and grinding is completed on

the seeond sidee.
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The following precautions should be observed to pro-
cure the best results:

1) In mounting, the specimen should be dry to avoid
the formation of an excess number of bubbles.

2) While still plastic, the balsam should be packed
around the specimenvwith & heated needle to provide it
with necessary support. This is especially true for
saglittal sections and the ends of elongate forms.

3) Extreme care should be exercised to avold con-
tamination of the fine grinding plate by,coarser abrasive,
since one graln of the coarse powder can seriously mar
a polished surface or rip out entire porﬁions of a thin
slice.

‘ 4) Bubbles beneath the section must be removed,
as the bond bétween,the.speéimen and the slide 1s ie
destroyed by thelr preésence.

5) The slide must be washed and dried when changing
from the coarae to the fine grinding media, before turning
the speelmen and upen completidh., This helps avoid
contamination of the grinding plates, and prevents the
warmed balsam from retaining any abrasive picked up
during grindinge

Covering and labelling: The cover glass is mounted on

the completed section with liquid Canada balsam (medium-thin
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solution in xXylene). The cover ig pressed down with a
rubber eraser, and excess balsam removed with a needlee.
The slide is then heated in an oven or drying cabinet
for several days at a temperature of 40 to 45 degrees C.
It is subsequently cleaned and the edges of the cover
glass painted with spar varnishe. The permanent label is
then added. Temporary labels should be put on slides,
before sectiening is begun, with a glass marking pencil.

Orientation: Oriented thin sections reveal structures

upon which classification and identification of fusulines
is based. Correct orientation permits direct comparison
wlth standard measurements, descriptions, and figured
sections. Erroneous measurements and descriptions result
from the use of oblique sections.

Two sections passing through the center of the test
and coinelding with the major axes, are needed to expose
all essential charactera. The axial section is ocut from
end to end, the sagittal through the equatorial plane.

In addition, a tangential section, parallel to the ma jor
axia but reaching only to the base of the penultimate whorl,
is often useful.

A correctly oriented axial section shows bilaterally
symmetrical, elliptical or offset hemi-elliptical | |

volutions and cuts the center of the proloculum. A



continuous spiral indicates an oblique section.

The following technique has proved most useful, in
cutting axial thin sections of poorly preserved specimens.
In these sections, the exact location of the center of
the proloculum is frequently difficult to ascertain. It
is often helpful to cease grinding somewhat short of the
proloculum, turn the specimen, and grind to the center of
the proloculum on the other side, using transmitted
lighte This thin slice, although fraglle, can be turned
in the heated balsam with the ald of a wooden matchstick
sharpened to a sliver-like point.

A detalled deseription of all phazes of orientation
and seetioning is given by Dunbar and Henbest (1942,

Pp. 57-74).

Preparation of illustrations: Illustrations of

fusuline foraminifera (Plates 1-4) were made with a
Photographic enlarger. The three by one inch thin
section slides were placed upon a 35 mm. negative holder,
and the image proJjected upon a high-contrast enlarging
paper. Projecting distance varied from three to seven
feet, depending upon the size of the mierofossil.
Exposure time ranged from 30 %o 90 seconds, increasing
geometrically with distance. Images of the opthalmidiid

speciee were too amaij.ifor _successful use of this method,
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and therefore, were magnified by a petrographic mlcroscope
before exposure on the photographic paper. Praojection

distance of two feet enlarged the image suffielently.

MORPHOLOGY OF THE FUSULINID SHELL
The fusulinid foraminifera are characterized by a
calcareous-perforate test and a planispiral-involute plan
of growth, of which the outstanding feature 1s generally
an elongate axis of colling. A fusiform or subelliptieal
axial profile results. Unlike many foraminifera, fusulinidis
have nelther single nor multiple apertures. Microscopie

pores in the antetheca (sepftsl face) serve the functien

of the aperture, according to current views.

The centrally located proloculum 1is commonly

spherical to subapherical, with a falrly large size range

(about 20 to 300 microns). Successive spiral walls

are secreted around the proloculum. In the family
Fusulinidae, two types of wall can be distinguished; the
fusulinine and the schwagerinine (Dunbar, in Cushman,
1948, p. 1l44). Only the fusulinine i1s duscussed hetre,
as the fauna examined contained no schwagerinine forms.
The completely developed fusulinine wall is composed
of four calcareous layers, differing in density and
thiekness. The two innermost, combining to form the

protheca, consist of a thin, dark, outer layer, the teatunm,
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and a thicker, less dense, lnner layer, the diaphanotheca.

The protheca is present in all volutions. The outer
layers, the epitheca, coat the protheca above and belowe

The inner tectorium below adjoins the diaphanotheca and

the outer tectorium (above) is adlacent to the tectum.
Eplthecal deposits are scant in the penultimate wherl,
and entirely missing in the latter portion of the outer-
most whorl. On this evidence, many workers (White, 1932;
Dunbar and Henbest, 1942; Thompson, 1948) consider the
protheca a primary deposit and the epitheca a secdndary
deposit.

The area between successive spiral walls is divided
into chanbers by transverse partitions, the gepta. These
traverse the full length of the test and are formed con-
secutively by‘a flexure of the chamber wall toward the
preceeding volution. The septa, like the spiral wall,
show a four layered structure. The traces of the septa
on the exterloi are seen as fine depressions called
segjalvfﬁrrows (sutures). The degree of septal folding

1s an important taxonomic and evolutienary characters

Septal pores are tiny scattered holes penetrating
the “sépta. Because of eplthecal filling, they are rarely

seen execept in the outermost septa. Mural pores, seen

in transverse section, are flne tubules passing through

the entire wall, and are sometimes visible in the outermost



whorls of well preserved specimens.

The tunnel and the chomata are believed to be
secondary structures, as evidenced by thelr absence or
incomplete development in the outermost volutions of
both mature and immature forms (White, 1932, pe. 13)
(Plate 1, fig. 7; Plate 4, fig. 7). In eroded specimens,
the tunnel is visible externally as a shallow depression
in the plane of the colling, encircling the central
portion of the equatorial plane. It is bordered laterally
by two ridges, the chomata, formed by accumulations of
epltheeal materiale The tunnel is formed by resorption
of a portion of the septa in the equatorial area and
appears as a passageway in axial section. It appears to
have provided, at least partly, an opening for inter-
communication between chambers.

MEASUREMENT OF FUSULINID CHARACTERS

Many fusulinid characters lend themselves to precise
measurement. Methods of measurement, however, must be
described so that the resulting numbers can be correctly
analyzed. For example, measurements of the tunnel angle
may vary several degrees, depending upon which portion
of the chomata 18 used to define the tunnel. Therefore,
measuring techniques are briefly outlined below.

Axilal Length: Measurement has been made of a half

length, from the center of the proloculum to the tectum
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at the polar region of each volution, or of a full length,
from the tectum of one pole to that of the other. Half
lengths were usually measured when one end of a specimen
was broken or showed obscure structure, or when an
arcuate axis produced a pronounced foreshortening of one
end. In all cases of half length measurement, the largest
side was measured. For standardization, half lengths
have been doubled in all tablese.

Diameter: The dliameter was measured at the widest
part of the test in the equatorial plane. The tectum of
successive volutions serves as the boundary of each
méaeurement. ‘Most frequently, half diameter (radius
vector) measurements were made from the center of the
proloculum, in axial section, to the tectum in the
tunnel floor of successive volutions. Half diameters
are used for speed and convenience, and are doubled in
the tables given.

Wall Thickness: Thickness of the spiral wall was

measured in the floor of the tunnel, following the practice
recommended by Dunbar and Henbest (1942, p. 63), to
standardize this measurement. The outer tectorium, which
belongs to the succeeding volution, is thinnest here
because of resorption of this portion of the wall in the

development of a tunnele Variation in these measurements,
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however, 1is still greate In a single tunnel floor, thick-
ness of the outer tectorium may differ as much as five or
more plerons. It 1s also commonly thleker in the center
of the tunnel. The other three wall layers are usually
failrly constant in this area. Measurements were usually
made in the central portion of the tunnel floor, and
included all four wall elements.

Tannel Angle: The revolving stage of a petrographic

mioroscope was used to measure the tunnel angle. The
center of the proleoculum forms the apex of the angle to
be measured; in each volution, a point approximately
midway on the slope of the chomata bordering the tunnel
completed the desired angle. All tunnel measurements
€lven used the center of the proloculum as the apex,
according to the procedure outlined by Dunbar and Henbest
(1942, Pe 63)e (In cases of a rapidly expanding tunnel
angle, it 18 possible that the apex of the angle may not
be the center of the proloculume The intersection of
lines between successive chomata of the outermost
volutions would form the apex of the expanded angle.

For this method, the general trend of the tunnel must be
followed, although the angle is measured at each volutlon.)

Septal Count: In sagittal aection, the count 1s

easlly made by running a cross hairline between the center



of the proloculum and the posterior side of the first
chamber, and counting the number of septa to this line.

Counts of incomplete outermost volutions are not listed.
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Fig.5 DISTRIBUTION OF MICROFOSSILS IN CHEROKEE GROUP

Ardmore limestone |Shaly limestone Limestone Limestone
Cap of Cap of Above :
‘Limestone | Shale Fleming coal Mineral coal Pilot coal
Horizon F | Horizon E Horizon D Horizon C Horizon B
8 16 (14 (16 " 20 10 3(6 |9
Fusulina m.sp.B VA |VA | VA | VA
Fusulina sp.B,vor.| A A |A ]| A
Hemigordius sp.cf.H
VA | VA
regularis
Fusulina sp. off. F. ¢ 5
meeki var. tregoensis
F. pumila VA VA
F.sp. cf.F.spissiplicata A A
Wedekindellina euthysepta F
Wedekindellina n. sp. A VR R
Fusulina n.sp. A VA
F.n. sp.A,Var.l VA
Wedekindellina, sp.B VR(VR| R

VA= Very abundant = over 50

A = Abundant

C =Common
F=Few

R = Rare

VR = Very rare

25 to 50
10 to 25
- 6 tol0
2to$




Order Foraminifera D'Orbigny, 1826
Family Fusulinidae Moller, 1878
Subfamily Fusulininae Rhumbler, 1895 (emende. Dunbar
and Henbest, 1930)
Genus WEDEKINDELLINA Dunbar and Henbest, 1933
Boultonia (in part) Lee, 1927, Paleontologlica Sinica,
ser. B, vol. 4, fasc., 1, pe.ll.

Fusulinella (in part) Henbest, 1928, Jour.

Paleontology, vol. 2, p. 80,
Wedekindella Dunbar and Henbest, 1930, Am. Jour.

Sci., 5th ser., vol. 20, p. 357,
Wedekindia Dunbar and Henbest, 1931, Am. Jour. Scl,

5th ser., vol. 21, p. 458. Skinner, 1931, Joure.

Paleontology, volas 5, Pe. 259.

Wédekindellina Dunbar and Henbest, 1933, in

Cashman, Foraminifera, etc., Cushman Lab. Foram.
Research, Spec. Pub. 4, p. 134 (for full
synonymy, see Thompson, 1948, Univ. Kansas,
Paleont. Contrib., ?rotozoa, Art. I, D. 43).

Genotype: Fusulinella euthusepta Henbesf, 1928,

original designatione.
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WEDEKINDELLINA EUTHYSEPTA (Henbest)
Plate 1, figures 1-4
Fusulinella euthusepta Henbest, 1928, Jour.

Paleontology, vol. 2, ppe 80-81, pl. 8,
figs. 6~8, pl. 9, figse. 1-2,
Wedekindella euthysepta (Henbest)e. Dunbar and

Henbest, 1930, Am. Jour. Sci., 5th ger., vol.
20, ppe. 357364,
Wedekindia euthysepta (Henbest). Dunbar and Henbest,

1931, Ame. Jour. Scl., 5th ser., vol. 21, pe. 458.

Wedekindellina euthysepta (Henbest). Dunbar and

Henbest, 1933, in Cushman, Foraminifera, etc.,
Cushman Lab. Foram. Lab. Research, Spec. Pub.
4, p. 134, key plate 10, figs. 1315,

Wedekindellina dunbari Thompson, 1934, Unlv. Iowa

Studies, vol. 16, pp. 285-287, pl. 20, figs.
3, 6, 15. 16, a]-.

Description: Test elongate, lateral slopes failrly

stralght, ends bluntly pointed, septal furrows shallow,

axls stralght; antetheca lacks septal folding. Maximum

length, 2 mm.; diameter, O.55 mm.; maximum number volutions

seven; form ratio at seventh volution, 4.2,

Proloculum spherical to subspherical, minute,

4554 mlorons. Elongation proceeds falrly regularly;



form ratio 2 in early volutions, 4.2 in later volutions.

Spiral wall relatively thin; tectum a thin dark
line, frequently visible through heavy epithecal deposits.
Diaphanotheca thin, apparently structureless. Inner and
outer tectoria approximately equal in thickness, equal
to or exceeding dlaphanotheca. Chomata asymmetrical,
sharply curved toward tunnel, gently sloped toward poles,
laterally fusing with septa. 8Septa not folded, except
at poles, where weak folding appears. Heavy epilthecal
deposits fill axial region from near center to poles.

No septal pores observed.

Septal counts average ten per whorl in first
volution, inereasing regularly to 23 in eighth whorl.
Tunnel narrow, frequently erratic in course; angle fairly.
constant, increasing slightly in outer whorls; angles of
inner whorls from 13 to 16 degrees, outer whorls 18 to
20 degrees.

Localify: Station 11, Crawford County, Kansas.

Range and distribution: Shaly limestone cap of

Fleming coal, Cherokee group, Crawford county, Kansase.
Also reported from: thirty-five feet below White-

breast coal, Cherokee group, Iowa (Thompson, 1934,

P. 285); several limestone intervals, Cherokee group,

southeastern Kansas (Henbest, 1938, ppe. 41-42); Ardmore
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limestone, Cherokee group, central Missouri (Johnson, 1939);
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Seville and Stonefort limestones, Tradewater group and
Oak Grove limestone, Carbondale group, DPesmolnesian
series, Illinois (Dunbar and Henbest, 1942, p. 29).

Comparisons: Wedekindellina euthysepta resembles W

henbestl (Skinner) (1931, p. 259) most closely; it differs
chiefly 4in relative sizé ahd density of epithecal
filling. W. euthysepta 1s consistantly smaller at
similar stages in dqevelopment, and its axial filling is
pronouncedly densere

S8ectioned specimens fall within the size range of

both W. uniformis Thompson (1934, p. 289) and W. elfina

Thompson (1934, p. 287). W. euthysepta is appreciably

more slender in later volutions than elther of these.
It also shows a heavier axial filling than W. elfina,
especially in early whorlse.

Remarksg: Comparatively few individuals were found,
and preservation 1s generally poor. The chamber filling
conslsts of brown argillaceous material in addition to
the usual crystalline calcite. Ten thin sections were
ground.

Most sectioned specimens are small, attaining a
maximum of seven volutions, whereas nine to ten whorls
are reported by Dunbar and Henbest (1942, p. 99). Wall
thickness and chomata also seem somewhat slighter than

those described by Dunbar and Henbeste.
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WEDEKINDELLINA new specles A
Plate 1, figures 8-10

Description: Test very elongate, lateral slopes

straight to convex, ends moderately to sharply pointed,
eXternal furrows straight and shallow, axis arcuate.
Specimens of maximum size 8 to 9 volutions; length, 3.9
mne ; dlameter, 0.8 mm.; form ratio, 4.9 to 5.0.

Prolooculum spherical to slightly subspherical, small
(61 to 65 microns in diameter). Rapid elongation shown
in ontogeny; form ratios l.4 in first whorl to 4.4 in
fourth; subsequent change gradual, form ratio 5.0 in outer-
most volution.

Protheca very thin, rarely exceeding nine microns;
dlaphanotheca clear, apparently structureless; teetum
thin and dense, frequently visible through thick epithecal
deposits. Both inner and outer tectorla pgenerally
thinner than protheca in equatorial region. Axial reglon
almost completely filled with dense epithecal material.

Chomata weakly developed, forming low asymmetrical
ridges approximately one~fifth to one-third helght of
chamber, fusing laterally with septa. B8epta not folded,
apparently not even at poles. No septal pores observede.

Septal number increases slowly and regularly from

10 in first volution to 23 in last. Tunnel narrow,



8lit-llke, angle fairly constant, ranging from 18 to 21
degrees. Floor covered with thin epithecal layer,
frequently locally absent.

Locality: Station 11, Crawford County, Kansas.

Range and distributlon: Known only from the cap

rock of the Fleming coal, Crawford County, Kansase.

Comparisong: Wedekindellina ne. sp. A closely resembles

W. henbesti (Skinner) (1931, p. 259) in length at
comparable volutions, axial filling and wall thicknesse
It differs, however, in several outstanding characters.
In specimens of 10 to 11 whorls, the form ratio of W.
henbestl is 4.0, while the new specles reaches a ratio
of about 5.0 in the seventh to eighth volutions. The
tunnel angle and proloculum of the new specles are
smaller than those of W. henbesti.

W. euthysepta (Henbest)(1928, p. 80) is smaller at

corresponding volutions, has a smaller proloculum and
heavier axial filling, and 1s less elongate than the new
species. W. ultimata Newell and Keroher (1937, p.700)
has a larger proloculum and tunnel angle; length and
diameter for corresponding volutions are greater; and
the axlal profile 1s blunter than in the new specles.

We ellipsoides Dunbar and Henbest (1942, p. 101) is too

thick and blunt to be confused with this specles. All

other described American species are smaller and more

ventricosee
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TABLE 3, MEASUREMENTS IN MM, OF WEDEKINDELLINA new species A

Length Diameter Form Ratio
1 2 1 2 1 2
Vole.

0 0,061 0,065 0.061 0,061 ese nroe
1 0.14 0,18 0.10 0,10 1.4 1.8
2 0.36 0.37 0.15 0,16 2.4 2.3
3 0.68 0,74 = 0,20 0,20 362 3e7
4 0s92 1,24 0.27 0,28 3.4 4.4
5 1.66 1.68 0.35 0,38 4,8 4,4
6 2432 2436 0.48 0,52 4,8 4.5
7 3.04 3432 0.61 0,67 5.0 5.0
8 3.94 essse 0.80 cecse 4,9 coe

Tunnel Angle

in Degrees Wall Thickness Septal Count
1 2 1 2 3

Vol.
1 12 —_— ceses 0,007 10

2 ace 20 0,009 0,009 13

3 18 20 0,009 0,009 15

4 21 19 0,011 0,014 18

5 20 20 0,011 0,009 18

6 oo 18 0,012 sceee 21

4 20‘ eee 0,009 ccoee 23



Thompson (1934, p. 284) doubtfully refers some

specimens to W. euthysepta,although they are remarkably

more elongate and posegss a wider tunnel than the holotype.

The form ratio compares favorably with Wedekindellina

n. spe. A., but the smaller proloculum and wider tunnel

of Thompson's species serve to Separate these formse.
Remarks: This specles 1s based on three specimens

found at station 1ll. It 18 rare; although the limestone

was highly fossiliferous, a thorough search for addltlonal

specimens proved fruitlesse.

WEDEKINDELLINA new speclies B
Plate 1, figures 5-7

Description: Test small, elongate fusifornm, lateral
slopes straight to slightly convex, ends acutely polnted,
axis straight. External furrows stralght and shallow.
Specimen of 9 whorls has length, 2.84 mm.; dlameter,
0.98mm.; form ratio, 2.9.

Proloculum spherical, minute, dlameter 56 mlcrons.
Elongation proceeds rapidly in ontogeny, near maximum
proportions of 2.8 reached in fifth vélution. Subsequent
changes in form ratio slight.

Protheca very thin, not exceeding 9 microns;
dlaphanotheca clear, apparently structureless; tectum

very thin and darke. Inner and outer tectoria thin in
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equatorial region, approximately equal in thickness to
protheca. Axial region almost completely filled with
epithecal material.

Chomate have fairly weak development, forming
asymmetrical ridge bordering tunnel, and merging laterally
with septa. Helght approximately one-third that of
chamber. Septa not folded except for weak folding at
proles. No septal pores observed.

Septal number increases slowly from 10 in the first
volution to 26 in the fifth; very little change in
subsequent volutions. Tunnel narrow, slit-like, ranging
from 16 to 20 degrees throughout, with no ontogenetic
changes apparent. Floor covered with thin epithecal
layer, frequently locally absent.

Locality: Stations 3 and 9, Vernon County, Missouri,

and station 6, Barton County, Mlssourie.

Range and distribution: Known only from the lime-
stone overlying the Walker (Pilot) coal, Vernon and

Barton Counties, Missourle

Comparison: Wedekindellina n. spe B-1s similar to

W. uniformig Thompson (1934, pe. 289) but differs in the

following important characters; the new specles has a
greater number of volutions, is larger at comparable

volutions, and has a larger proloculum. W. coloradoensis




(Roth and Skinner) (1930, p. 341) is larger at comparable
volutions and in gross size, has a wider tunnel angle,
stronger chomata, and a thicker spiral wall than W. nespe.

Be W. excentrica (Roth and Skinner) (1930, p. 340) 1is

also larger at comparable volutions and in gross size and
has thicker septa and stronger chomatay than the new
specles. This new species is found at the same strati-

graphic level as W. euthysepta (Henbest) (1928, p. 80),

but differs from it in smaller size, more obese form,

lower tunnel angle and slighter chomatae.

Tunnel
Form Angle Wall Septal
Length Diameter Ratio (Degrees) Thickness Count
oL 1 1 1 1 1 2

0 0,056 0.056 ass - o aa® P
1 0,10 0.08 1.3 - 0.009 10
2  0.24 0.12 2,0 16 0,009 14
3 0.42 0.16 2,6 16 0.014 17
4 0,64 0.24 247 20 0.014 22
5 0.96 0.34 2.8 16 secee 26
6  1.24 0.45 2.8 20 0.012 24
7 1.76 0.60 2.9 16 0.018 26
8 2.24 0.80 2.8 17 0.018 27
9 2,84 0.98 2.9 17 6.014 ces

TABLE 4, MEASUREMENTS IN MM. OF WEDEKINDELILINA new species B



Remarks: This species 1s based upon three specimens,
an axial, a saglittal, and & slightly oblique axial section
which was not measured. Weathering of additional specimens
prevented the preparation of measurable thin sectionse.
However, sectioned specimens from stations 3 and 6 are
believed conspecific with specimens dascribed from
stafion 9 because of similar size, form ratio, and character
of septae.

Genus FUSULINA Fischer, 1829

Fusulina Fischer, 1829, Bulle. Soc. Natrualistes
Moscou, vols 1, p. 330. (For complete synonymy,
see Thompson, 1948, Univ. Kansas, Paleont.
Contrib., Protozoa, Art. 1, p. 41)

Schellwienia Staff and Wedekind, 1916,’Upsa1a Unive.

Geol. Inst., Bull., vol. 45, Art. 4, Ppe 24-25.
Girtyina (in part) of authors (not Girtyina Staff,
1909 ). ”
Beedeina Galloway, 1933, Manual of Foraminifera, pe
401, (Type specles: Fusulinella girtyi Dunbar

and Condra, 1927, Nebr. Geol. Survey, ser. 2,

Bulle. 2, pp. 76-78, original designation).

Genotype: Fusulina cylindrica Fischer 1829

(monotypy.)e
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FUSULINA sp. aff. F, MEEKI var. TREGOENSIS Roth and Skinner
Plate 2, figures 1-3

?Fusulina méeki var. tregoeneis Roth and Skinner,

.1930, Jour. Paleontology, vol, 2, Ppe. 345-546,
pPle. 29, fig. 8. |

Descriptiont Test small, globular, poles bluntly

pointed, lateral slopes convex to slightly concave, axis
straight; antetheca slightly folded. Largest specimens
of seven volutions; 1ength,.2.2 mm., diémeter, 1.3 mme
Form ratio, le7 in largest observed specimens.

Proloculum spherical to subspherical; diameter, 54
To 90 microns. Coils tight, growth regular, with little
variation from whorl to whorl. Protheca thin, increasing
in outer whorls, reaching maximum thickness of 14 milcrons;
dlaphanotheca appears cloudy, structureless; tectum a
thin dark line. Inner tectorium weakly developed,
generally thinner than protheca; outer tectorlium heavy.
Teetoria appear denser than diaphanotheca.

Chomata highly developed, forming typlcal asymmetrical
ridges; length twice height, height two-thirds that of
chamber. Eplthecal deposits heavy, thickening septa,
partly filling chambers in axial region. First volutions
fusulinelloid, with fairly straight septa, folding restricted

to end zones; outer volutions typical of Fusulina, with



three to four folds laterally in seventh volutione. No
septal pores observed.

Chambers increase regularly from 10 in first volution
to approximately 29 in seventhe Tunnel moderately
narrow, angle remaining fairly constant throughout all
volutions, ranging between 17 and 25 degrees. Inner walls
of chomata stralght, normal to long axis, glving slit-like
appearance to tunnel. Floor covered with heavy
eplthecal depositse.

Locality: Statien 11, Crawford County, Kansase

Range and distribution: Shaly limestone cap of Fleming

coal, Crawford County, Kansas. F. meekl var. tregoensis

is found at the horizon of "Cherokee age®, in reddish-
brown shale from 3850-3960 feet below the surface, in
Trego County, Kansas (Roth and Skinner, 1930, pe 346).

Comparison: A strong similarity exists between

this form and Roth and Skinner's variety. Both forms

show well developed, persistant chomata, similar wall
thlckness, narrow tunnels of 19 to 23 degree angles, small
Prolocula and comparable éeptal counts. Some important
differences, however, are apparent.. Roth and Skinner
describe "septa strongly folded throughout® and a form
ratio of l.47. Our specimens, on the contrary, exhibit
fusulinelloid septal structure in the first few volutions

with pronounced septal folding in the outer whorls only.
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1
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Form ratios reach a maximum of 2.0, No further comparisons
with this species can be made, as the original description
is very brief and only one polished axial section figurede.
F. pumila Thompson (1934, p. 313) resembles this form
in septal folding, tunnel angle, form ratio, and chomata.
Chlief differences are the smaller size and thicker
eplthecal deposits of the Kansas form. Dunbar and Henbest
(1942, p. 108) suggested that F. pumila may be identical
ﬁith.g.'ggggi var. treggénsis. This view seems untenablee.
The difference in size and septal folding of the two
specles seem adequate for separation. The Kansas fornm

appears to be intermediate between F. meekl var tregoensis

and F. pumila.
F. euryteines Thompson (1934, pe 310) has a somewhat

larger tunnel angle .than F. aff. meeki tregoenslse. It is

also larger, more slender, and has a markedly higher septal
count. F. distenta Roth and Skinner (1930, p. 346)

i1s larger, in all stages, with more strongly folded

septa.

Remarks: F. aff. meekl tregoensis is abundant at

Station 11, but poor preservation makes measurements past
the seventh volution impossible. Fifteen thin sectlons
Were ground,

One specimen had a "juvenarium" of one and & half
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volutions nearly at right anglés to the plane of coiling
of the remainder of the test. The proloculum was only
slightly smaller than average, so the specimen apparently
was not microspheric.
FUSULINA PUMILA Thompson
Plate 2, Figures 79

Fusulina pumila Thompsen, 1934, Iowa Univ. Studies,

vol. 16, no. 4, p. 313, pl. 22, figs. 6, 8,
10, 11.

Description: Test small, bluntly fusiform, lateral

81Q§es frequently convex above and concave below; axis
straight. Length at 6 volutions, 2.12 mm., diameter of
1.04 mm. Form ratio of largest specimen, £.0.

Proloculum spherieal to subspherical, diameter 77
to 95 microns. Rate of grOWth.regular with little change
in relative prqoportions throughout ontogenye

Protheca thin, increasing from approximately 8 in
third volution.to 12 microns in sixth volution.
Diﬁphapqtheca appears structureless and cloudy; tectum
thinner ana denser, tectoria somewhat thicker and darker.
Inner and outer tectoria equal.

Chomata prominent, broadly rounded at top, assymmetrical,
S8teepest slope toward tunnel, height three quarters that

of chamber, eonsiderably wider than tunnel, becoming
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nearly rectangular in outermost volutions. First few
volutions have septal folding confined to ends of axes,
where 1t is rather intense; in later volutions, lateral
slopes contaln more numerous and higher fluting. In
seventh volution, approximately 4 folds on each half-
volution attain one~half to three~quarters height of
chamber,

Septa increase regularly from 11 in first to about
30 in fifth volution. Tunnel angle relatively constant,
frequently varying one to two degrees in entire ontogeny,
average range l8 to 23 degrees. Straight sides of chomata
give tunnel a broad slit-llke appearance.

Locality: Station 11, Crawford County, Kansas.

Range and distribution: Shaly limestone cap of

Fleming coal, Crawford County, Kansas. F. pumlla hasg
been reported from.Monroe County, Iowa, 35 feet below the
Whitebreast coal (Thompson, 1934, p. 313); Seahorne
limestone, Randolph County, Illinois (Dunbar and.Henbéét,
1942, p. 109).

Comparison: For a detailed comparison of F. pumila

Wwith F. meeki var. tregoensis, (1950 pp. 345-346) see

that species. F. pumila differs from F. kayl Thompson
(1934 P«303) in its more obese form, smaller size, bluntly
Pointed poles, and more massive chomata. It is similar

to F. euryteines Thompson (1934 pe 310) but the latter
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can be distinguished by its larger size, ventricose forn,
less hlighly developed chomata, and more intense septal
folding (especially at the poles).

Remarks: This species, like F. meeki vav. tregoensis,

shows an ontogeny which seems both to indicate and to
corroborate a low stratigraphic position.ln the Cherokee
groupe The first few volutions are typically fusulinellold,
while the outer whorls diéplay the moré intense folding
indicative of Fusulinae.

In one specimen, the first one and a half volutions
are colled obliquely to the plane of the remainder of
the test, producing an unsymmetrical ®juvenarium®. This
18 not dlagnostic of a microspheric individual, for the
proloculum varies only slightly from the norm.

FUSULINA spe cf. Fo. SPISSIPLICATA Dunbar and Henbest
flate 2, figures 4-6

?Fusulina spissiplicata Dunbar and Henbest,

1942, Ill. Geol. Survey, Bulle 67,

pp. 105-107, pl. 7, figs., 1-12

DescFiption: Test elongate, fusiform, poles fairly

acute, axis stralght, lateral slopes straight to gently
convex. Septal furrows shallow, straight to sinuous.
Specimens reach maximum of 7 volutions; length, 3.7 mn.,

diemeter, 1.2 mm; form ratio, approximately 3.l.
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Proloculum spherical to subspherical, dlameter 72 to
103 microns. Length of test increases with growth;
form ratio in first volution l.7, gradually reaching
3¢l to 3.3 in seventh.

Protheca thin, increasing from 6 m;orons in early
volutions to 12 microns in seventh voluﬁion...niaphén—
otheca apparently structureless; tectoria thin, approxi-
mately equal in thicknésé'to protheca. Chomata massive,
asymmetrical, steepest slope toward tunnel; sometimes the
slope drops abruptly to floor of tunnel, at others a
distinet concavity i1s apparent; heigﬁta Onthalf to three-
quarters that of chamber; height twice width.

Septa not folded except at ends in first two or
three volutlions; folding'moderatelj‘intense on lateral
slopes in succeeding volutiohs,-reaching one-half to two-
thirds height of volution; highly intense in end zones
throughout ontogenye.

Chambers increase from 1l in first volution to
approximately 32 in sixth. Tunnel narrow, glit-like or
ellipsoldal depending on characteristic chomata; floor
with variable thickness of epl theca; tunnel angle

increases from 18 degrees in first volution to 28
in s ixthe.
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TABLE 7, MEASUREMENTS IN MM, O FUSULINA spe ¢f. F. SPISSIPLICATA LUNBaR AND HENBEST
Length Diameter Form Ratio
1 2 3 4 5 1 3 3 4 5 1 2 3 4 5

Vol.

0 0s090 0,090 0,099 0,076 0,072 04081 0,090 0,095 0.076 04077
1 0420 0.24 0.88 0416 0,20 0.19 0.6 0.6 0,16 0.1l 1.0 15 1.7 1.0 1.8
2 0436 052 0448 0.3C 0.40 0029 0e24 0e20 0428 0,17 l.2 2,2 1.8 1l 23
B 04BE 0088 0476 0,64 0,62 0482 0.36 0438 0438 0426 20 24 24 17 244
4 1,64 1,26 1,28 1,04 1.00 0056 0448 0450 0452 034 2.8 2,6 246 240 340
5 2,28 1496 2,00 2,16 1.54 0.4 0468 0468 0472 Oodt 2.7 2.9 2.9 30 3.4
6 3.40 2,98 Z,72 2,06 2,28 1418 0488 0490 0.9 0068 2.9 3.3 3.0 2.9 3.4
7 eeeee oseese 3eBH  ceeee ssees  seece 1o20  ceese eeees 0o88 wse.  mas  ase-  s&s  see

Tunnel angle in Legrees #all Thickness Septal Count
1 3 3 4 5 1 2 3 4 5 6 ? 8

Vol. '

1 22 17 18 25 04011 0,009 0.069 ....; ieae 13 11 13
e 21 16 18 25 27 0.011 0.011 0.016 0.0l11 0.011 17 18 17
3 23 21 23 24 21 0,018 0.009 0.018 0,014 0,018 20 2l 21
4 2 24 20 24 20 0.027 0.,014 0,020 0,023 0,018 25 23 25
5 29 25 26 26 20 - 0,085 0.0l 0,016 0,083 0,023 27 24 26
¢ 2= 26 s¥s  mes  Ase 04032 04018 «eeee 0.023 0,083 327 297 28?
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Locality: Station 11, Crawford County, Kansas.

Range and dlstribution: Shaly limestone ecap of the

Fleming coal, Crawford County, Kansas; F. spissiplicata

1s common in the Oak Grove limestone, Madison County,
Illinois (Dunbar and Henbest, 1942, p. 105),

Comparison: F. spissiplicata resembles this form

closely in its fusulinelloid stage, tunnel angle,form
ratiae, character and thickness of wall, size, and external
appearancee. Differences are minor: septa appear more

intensely folded in the outer volutions of F. spissiplicata

than in the Kansas specimens, and chomata show an
ontogenetic change which i1s not present heree.

F. kayi Thompson (1934, p. 303) 18 described as having
septa "very highly fluted throughout the length of the
shell" (Thompson, 1934, p. 303).

Fe. of. spigsiplicata lacks such fluting in the first

several volutions, is slightly more elongate, and contalns
more massive chomata. Similarities include size of
proloculum, nature of tunnel and tunnel angle, gross
slze, and wall thicknesse

Both F. pumlila Thompson (1934 p. 313) and F. meekl
var. tregoensis, Roth and Skinner, (1930, pp. 345-6)

resemble F. cf. gplssiplicata in ontogeny, although they

are distinguished by form ratio, nature of chomata, and
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difference in sizee.
Remarksg: Verification of this tentative identifi-

cation would extend the range of F. splssiplicata to a

lower limestone. Ontogenetic features seem to indicate
a stage of development parallel to ccher speclies of
Fusulina found in this horizon.

Preservation was fairly good, and the specles was
quite abundante Fifteen thin sections were made. One
spécimen with a large proloculum has a "Jjuvenarium® of

one volution coiled obliquely to the plane of coiling.

FUSULINA new species A
Plate 3, figures 1-5

Description: Test small, fusiform, broadly and evenly

arched, poles bluntly pointed, lateral alopes straight
to slightly convex, axis straight, antetheca folded at
poles. External furrows shallow, straight to sinuous,
twisted at poles. Length (specimens of 7 volutions),
3¢6 to 4,0 mm., dlameters, l.6 to l.9 mm., form ratio,
2.0 to 2.3.

Proloculum subspherical, small (diameter from 59
to 86 microns). Growth regular; form ratio changes
slowly from approximately l.l in flrst volution to about
2.1 in fifth, remaining constant in subsequent whorls.

Protheca thin, (maximum thickness 9 to 10 microns in sixth
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volution); tectoria dense, darker than dlaphanotheca;
tectum a thin dark layer. Inner tectorium fairly thin,
equal to or slightly thinner than diaphanotheca; outer
tectorium two to three times thickness of inner., Falirly
coarse mural pores penetrate all wall layers.

Chomata massive, symmetrical to asymmetrical, width
somewhat greater than height; height one-half to three-
quarters that of volution. Septal folding intense,
at end zones in early volutions, extending to equatorial
region in third or fourth volution. Folding in septa
reaches three-quarters to full height of chamber; folds
do not meet in central reglione

Septa increase regularly from about 10 in the first
whorl to approximately 33 in seventh volutione. Tunnel
moderately broad, slit-like, frequently expanding rapidly
in last volution. Tunnel angle increases from average
of 17 degreeé in early volutions to about 29 in sixth
whorle. Floor of tunnel covered with varylng thicknesses
of eplthecal deposits, increasing toward outer volutlonse

Locality: Station 10, Grawford County, Kansas.
Range and distribution: Known only from the shaly

limestone above the Mineral coale.

Comparison: This specles 1s very similar to F. kayl

Thompson, (1934, p. 303), but certain consistent differences
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seem to indicate that 1t is new. Fusullna kayl has a

form ratio of 2.8, in the outermost whorl, and is
described as having a uniform rate of increase. Fusulina
new gpecies A, on the eontrary, reaches a maXimum form
ratlio of 2.1 to 2.3 fairly early in the ontogeny, and
maintains 1t with little variation to the outermost
whorls, sometimes even showing a slight inerease in
thickness in the last volution. The proloculum of the
new specles is smaller, tunnel angle is larger,
(especially in the outermost volutions), and the spiral
wall of the later whorls 1s twioce the thickness of that
of F. kayi. In addition, the septal number of F. kayl

is appreciably highere.

F._euryteines Thompson (1934, pe 310) 1is larger,
has a higher septal eount, and a larger proloculum

than Fusulina new species A. F. rockymontana, Roth and

Skinner (1930, p. 344) is larger, has a considerably
larger proloculum than in the new species, and the septal

number is higher.
Remarks: This species is abundant at station 10.

Preservation was good; fifteen thin sections Were ground.
FUSULINA new specles A new varlety
Plate 3, figures 6-10

This variety differs from Fusulina new specles A

mainly in its elongate axial profile. Fusulina new specles
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A attains a maximum form ratio of 2.1 to 2.3 in largest
specimens, whereas the new variety reaches a ratio of
2.9 to 3.3. Elongation is fairly rapid and, in half the
specimens sectioned, relative adult proportions are
reached in the fifth volution. Differentiation on other
characters is difficult, since they are all simllar to
those of Fusulina ne. spe Ao

Locallity: Station 10, Crawford County, Kansas.

Range and distribution: Known only from the shaly

limestone above the lineral coal, Crawford County, Kansase.

Comparison: The form ratio of Fusulina kayl Thompson

(1934, pe 303) is similar to that of this variety, but

the uniform rate of increase separates 1t. In the third
volution, F. kayl has an average form ratio of 1.9, and

the new variety one of 2.1« However, in the fifth

volution, where F. kayl has a form ratio of 2.4, the new
varliety averages 2.9 In addition, the proloculum of the

new variety 1is smaller, the tunnel is wider (especially

in the outermost volutions) and the septal number appreciably

lower than in Fusulina kayl.

Remarks: Separation of this wvariety Fusulina
n. spe. A on external features is difficult, as the
poles are frequently worn, producing a thickened appear-

ance. The new varlety 1s abundant at station 10. Eight

sections were madee
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FUSULINA new specles B

Plate 4, figures 1-5

Description: Test moderately large, elongate fusiform,

poles acutely poilnted, axis straight to slightly arcuate,
lateral slopes straight to somewhat convex. Septal
furrows sinuous across equatorial zene, twisted at poles.
S8pecimens of 7 to 8 volutions; length, 6.8 to 7.l mm.;
dlameter, 2.3 to 2.5 mm.; form ratio, 2.7 to 3.2.
Proloculum small, spherical to subspherical, diameter;
68 to 104 microns; elongation proceeds regularly through-
out ontogeny. Spiral wall moderately thick, protheca
thinner than either of the tectoria; inner tectorium
generally exceeds outer in thickness, tectum not easlly
distinguished. Eplthecal deposits thin but extensive.
No septal or mural pores observed.
Chomata falrly massive, symmetrical to asymmetriecal,
high, (frequently reaching three-quarters to seven-
elghts of volution) width less than height. Septal folding
intense throughout, reaching three-quarters to full
height of volution in equatorial region. Septa fused in

outer volutionse.

Number of chambers per volution increase slowly and
regularly from about 10 in the first whorl to 33 in the
seventh. Tunnel high and slit-like, angle ranging from
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15 to 32 degrees. Floor covered by thin eplthecal deposit.
Locality: Station 8, Vernon County, Missourl;
stations 14 and 16, Boone County, Missouril.

Range and distribution: Known only from the Ardmore

limestone, western and central Missourl.

Comparisons: Fusulina hayworthi (Beede) (Dunbar and

Henbest, 1942, pe. 119) resembles Fusulina n. spe B 1n
length, and character and angle of tunnel. However, the
proloculum of F. hayworthl is conslderably larger, the
form thicker, the septal folding more intense, and the
chomata slighter than Fusulina n. spe. Be.

It seems unlikely that the new specles would be
confused with other described fusulinids from the middle
Pennsylvanian. The small proloculum and large size are
highly dlagnostic of the specles.

Remarks: Fusulina new species B seems to have some

affinity with F. hayworthi, which 1s found stratigraphically
higher in Illinois and Kansas (1942, p. 121). It is possibly
an earlier from of the higher species.

The forms found in western Missouri were abundant
in the "Diamond Rock", but preservation was very poor,
and only two good axlal sections were made. Large numbers
of specimens were obtailned from the shale and clay between
the second and third limestones of the Ardmore in Boone

County, M1ssour1; slx thin sections were ground. The



external preservation was excellent, although internally,
many specimens Were partly filled with arglllaceous

material.

FUSULINA new species B new variety

Plate 4, figures 6-8

This variety @lffers from Fusulina new speclies B
in several characters: shorter length, more ventricose
form, and in pattern of growth. Specimens of 7 to 8
volutlions reach a length of 5.0 to 6.5 mme.; dliameter of
1.9 to 2.6 mm.; form ratio, 2.4 to 2.6, average 2.5.
Fusulina new specles B, on the contrary, reaches a
length of 6.8 to 7.1 mm. at comparable volutions, and a
form ratio of 2.7 to 3.3, with an average of 3.0. Rela-
tive adult proportions of the new varliety are found in
‘the fourth or fifth volutions, subsequent volutions
remaining constant, or becoming slightly more obese in
forme. Fusulina new specles B generally does not show

this rapld elongation.

Locallity: Stations 14 and 16, Boone County, Missourl.

Range and distribution: Known only from the Ardmore

limestone, Boone County, Missouri.

Comparison: Fusulina hayworthi (Beede) (Dunbar and

Henbest, 1942, p. 119) has a comparable length, form ratio,

and tunnel. It differs in having a much larger proio—
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culum, more intense septal folding, and slighter chomata
than the new varietye.

Remarks: This variety was found at stations in
Missouri, in lesser numbers than Fusulina new speciles
Be Preservation was comparable to that of Fusulina ne.
s8p. Ten thin sections were made.

It is possible that the new variety may fall within
the range of specific variation of Fusulina new specles
B, but it is belleved that the characters listed above
serve to separate one from the other.

Family Opthalmidiidae
Subfamily Cornuspirinae

Genus HEMIGORDIUS Schubert, 1908

Cornuspira Howchin, 1895, Roye. Soce. South Australia,

Trans. Proc., vol. 19, p. 195, (not Schultze,
1854).

Hemigordius Schubert, 1908, Jahrb. ke ke Geol.

Relchs., vol. 58, De 381.

Genotype: Cornuspira schlumbergeri Howchin, 1895,

original designation.

HEMIGORDIUS spe. cfe H. REGULARIS Plummer
Plate 4, figures 9-10

?Hemlgordius regularis Plummer, 1930, Texas Univ.,

Bull., No. 3019, p. 20, fig. 1.

74



75

Description: Test calcareous-lmperforate, discoidal,

composed of a non-septate evolute tube, colled in varying
planes in early stages, planispiral in later whorls, attain-
ing about four planispiral volutions; greater dlameter
range, 0.21 mme to 0,46 mm.; mode, 0.26 to 0.36 mn.;
thickness range, O.7 to 0,12 mm.; aperture formed of

open end of tube; periphery rounded; evolute character

not easily seen externally, the exterior being obscured

by a secondary calcareous deposite. Some dimensions

are shown in the following table.

TABLE 12. MEASUREMENTS IN MM, OF HEMIGORDIUS cf. REGULARIS

PLUMMER
Specimen Greater
No. Diameter Thickness
0.21 ccce

2 0.22 0.7
3 0.24 ecse
4 0.26 ecee
5 0.32 0.11
6 0.34 ccee
7 0.34 0.11
8 0.42 coce
9 0.46 0.12



Locality: Station 8, Vernon County, and station 16,
Boone County, Mlissouri.

Distribution: Ardmore limestone, Desmolneslan serles,

Missourl; Hemigordius regularig was described from the

"Grayford® formation, Brownwood shale, Pennsylvanian,
Wise County, Texas (Plummer, 1930, p. 20).

Comparison: Hemigordius regularis Plummer reaches

a dlameter of 0.30 mm., which is within the modal range
of He cf. regularis. The figured specimen 1s evolute
(Plummer, 1930, Pl. 1, fig. 1) The Missouri form has

a simllar plan of growth, comparable aperture, and readhag_

a somewhat larger size. However, a secondary calcareous
deposit covers or obscures the exterior.

Remarks: Free specimens were unavallable for study,
although some entire tests were seen imbedded in matrix.
The above description is based on nine thin sections, five
median and four vertlcale. The specles 1s very abundant
in the. Ardmore limestone of Western Missouri and central
Missourli. H. cf. regularis seems restricted to the lime-
stone facles of the Ardmore limestone. Bailey (1935,

Pe 489) does not list the specles in a listing of
foraminifera from the shale and clay beds of central
Missourl, and i1t was also not found in the shale facles

of the Ardmore.
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Figse.

Figse.

Figs.

Explanation of Plate 1

1-4: Wedekindellina euthysepta (Henbest).
ghaly limestone cap of Fleming coal, station
11 (Crawford County, Kansas). (Page 4l.)
l. Tangential section, length 2.20 mm. 2. Axlal
section, length 1,60 mm. 3. AXial section,
length 2.08 mme 4. Sagittal section, greater
diameter 0.72 mm. (Figures 2-4 are numbered in
Table 2 as speeimens 3, 2, and 8, respectively)e
6-7: Wedekindellina ne. sp. Be. Limestone cap of
Walker (Pilot) coal, station 9, (Vernon
County, Missouri). (Page 48.)
6. Axial section, length 2.84 mm. 6. Oblique
axial section, length 1,86 mme 7. Saglttal
section, greater diameter 1,00 mme. ( Figs. 5

and 7 are -numbered in Table 4 as specimens 1 and
2, respectively)e.

8-10: Wedeklndelllna Ne SPe Ao

Shaly limestone
cap of Fleming coal, stations 11 and 20,
(Crawford County, Kansas.) (Page 45.)

8, Axial section, station 11, length 3.94 mm.

9« Axial section, station 20, length 3.32 mm.

10, Bagittal section, greater dlameter 0.66 mm.

(Figures 8-10 are numbered in Table 3 as specimens
1, 2, and 3, respectively. )

"
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Explanation of Plate 2

1-3: Fusulina aff. meeki var. tregoensis Roth
gkinner. Shaly limestone cap of Fleming
coal, station 11 (Crawford County,
Kansas). (Page 52).

l. Axial section, length 1.96 mm., showing

oblique *Juvenarium®., 2. Axial sectlion, length

2.20 mme 3. BSagittal section, greater diameter

0.96 mm., apparently specimen had ®juvenarium”

at right angles to plane of coiling. (Figs. 1-3

are numbered in Table 5 as specilmens 4, 2, and 7,

respectively. )

4-6: Fusuline cf. splssiplicata Dunbar and Henbest.
Shaly limestone cap of Fleming coal, station
11, (Crawford County, Kansas). (Page 59.)

4. Axial section, length 3.40 mme 5. Axial

section, length 3.68 mm. 6. BSBaglttal section,

greater diameter 1.00 mm. (Figs. 4-6 are numbered

in Table 7 as specimens 1, 3, and 8, respectivelYe.)

7-9: Fusulina pumila Thompson. Shaly limestone
cap of Fleming coel, station 11, (Crawford
County, Kansas). (Page 56.)

7. Axial section, length 2.12 mm. 8. Axial

section, length 1l.76 mm., 9. Saglttal section,

greater dlameter 1.38 mm. (Figs. 7-9 are

numbered in Table 6 as specimens 3, 5, and 7,
respectivelye.




PLATE 2




Figs.

Flgse

79

Explanation of Plate 3

1-5: Fusulina new specles A. Limestone cap of
the Mineral coal, station 10, (Crawford
County, Kansas.) (Page 63.)

1. Axial section, length 2.56 mm. 2. Axial

section, length, 3.167 mme. 3. Axial section,

length 3.08 mm., showing "juvenarium" of one and

a half whorls. 4. Tangential section, length

256 mm., showing character of septal folding.

6. Saglttal section, greater diameter 1l.28 mme.

(Figs. 1-3, and 5, numbered in Table 8 as speci-

mens 4, 3, 5, and 6, respectively).

6~-10: Fusulina new specles A new variety.
Limestone cap of the Mineral coal, station
10, (Crawford County, Kansas). (Page 66.)

6. Axial section, length 2.96 mme 7. Axial

section, length 2.68 mm., showing sagittal section

of fusulinid inside test, between chomata on

right side and fold 1n outermost volution.

8. Axlal section, length 3.80 mm. 9. Sagittal

section, greater diameter 1.70 mm. 10, Saglttal

section, greater dliameter 1l.44 mm. (Figs. 6-10

are numbered in table 9 as specimens 1, 4, 3,

6, and 5, respectively.
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Explanation of Plate 4

1-5: Fusulina new sgpecies B, Ardmore lime-
stone, station 8 (Vernon County, Missourli);
stations 14 and 16, (Boone County,
Missouri). (Page 69.)

l. Axial section, length 7.12 mme 2. Axial

seoction, length 6.48 mm. 3. Axial section,

length 6.80 mme 4. Saglttal section, greater
diameter, 1l.62 mm. 5. Sagittal seetion,

greater dlameter, 1.38 mm. (Figures 1, 3, and 5,

were found at station 8; figs. 2 and 4 were

collected at station 14.) (Figs. 1-5 are

numbered in Table 10 as specimens, 1, 3, 2, 7,

and 8, respectively.)

6~8: Fusulina species B new variety. Ardmore
limestone, station 14 (Boone County,
Missouri). (Page 72.)

6e Axial section, length 5.00 mme 7. AXxial

section, length 6.48 mm. 8. Saglittal section,

grbéter diameter l.64 mm. (Figs. 6-8 are

‘numbered in Table 11 as 4, 2, and 7,

respectively. )
9-10: Hemigordius cf. regularis Plummer.
Ardmore limestone, station 8 (Vernon
County, Missouri). (Page 74.)
9. Median section, greater diameter O.42 mm,
10, Vertical section, thickness O.11 mm; greater
diameter 0.34 mm. (Pigs. 9 and 10 are numbered
in Table 12 as specimens 8 and 7 respectively.)
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