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SMALLER MISSISSIPPIAN AND LOWER PENNSYLVANIAN CALCAREOUS
FORAMINIFERS FROM NEVADA

PAaur Louls

ABSTRACT

Seventy-seven species of smaller calcareous foraminifers
belonging to thirty-two genera and fourteen families, and
two groups of uncertain affinity are distinguished in
Mississippian and Lower Pennsylvanian strata from four
localities in southern and eastern Nevada. Most belong to
the Superfamily Endothyraceae, a group characterized by
skew, planispiral, or erect growth, a simple or cribrate

aperture, and a layered wall of secreted calcite. Five new
species are named.
The Mississippian foraminifers permit recognition of

assemblage zones based on the global zonation scheme of
Bernard Mamet. The Pennsylvanian strata are not zoned.

Formations studied in the Arrow Canyon Range, north-
central Clark County, include the Crystal Pass Limestone,
Dawn Limestone, Anchor Limestone, Bullion Limestone,
Yellowpine Limestone, Battleship Wash Formation, Indian
Springs Formation, and the lower part of the Bird Spring
Formation. The Joana Limestone was studied southwest
of Ely, Nevada, at Ward Mountain in the Egan Range,
and the lower part of the exposed Ely Limestone was
studied northwest of Ely in the vicinity of the Moorman
Ranch and in the Butte Mountains.

The upper part of the Crystal Pass Limestone in the
Arrow Canyon Range contains foraminifers that appear
to be late Kinderhook in age, but the lower beds lack
stratigraphically wseful foraminifers. The entire formation
has been previously assigned to the Late Devonian on the
basis of conodont assemblages. The Dawn Limestone
which disconformably overlies the Crystal Pass Limestone
is early and middle, and, possibly, late Osage in age. The
successively overlying Anchor and Bullion Limestones con-
tain only sparse, nondiagnostic foraminifers, but, based on
their stratigraphic position, they are late Osage to middle
Meramec. The overlying Yellowpine Limestone and the
lower beds of the Battleship Wash Formation contain a
well developed middie and late Meramec fauna; however,
the upper part of the Battleship Wash is middke to late
Chester with no evidence of an intervening early Chester
fauna. The Indiana Springs Formation and the
part of the overlying Bird Spring Formation are late
Chester. The remainder of the Bird Spring that was
measured was deposited in Morrow time.

Al Ward Mountain the Jlower wmember of the Joana
Limestone has a late Kinderhook fauna. The upper member
is Osage in age.

Foraminifers are scarce in the lower part of the exposed
Ely Limestone at the Moorman Ranch and Butte Mountains
sections, The microfaunal associations suggest a Morrow
age for these rocks.

lowest
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INTRODUCTION

Until recently, Mississippian calcareous foramin-
ifers were little studied in North America. The
pioneering American works on these organisms
in the 1950’s and early 1960%, although useful,
described a fauna of only limited diversity and
did not utilize the wealth of taxonomic and strati-
graphic information available from foreign sources
in Europe and Asia where Carboniferous foramin-
ifers have been intensively studied for many
years. The publications of Mamet, Skipp and other
workers in the last few years, however, have pro-
vided an awareness of the variety of North Amer-
ican microfaunas and of their similarity to foreign
assemblages.

In the western United States Maississippian
foraminifers have been studied at scattered loca-
tions in the Cordilleran region (E. J. Zeller, 1957),
in eastern Nevada-central Utah (Chilingar and
Bissell, 1957, Woodland, 1958), New Mexico
(Armstrong, 1958, 1967), Idaho (Skipp, 1961;
Skipp and Mamet, 1970; Mamet er al., 1971),
northern Arizona (Skipp ef al, 1966; Skipp,
1969) and the northern Cordillera (Sando et al.,
1969). Previously, the precise ages of Mississip-
pian strata in southern and eastern Nevada were
not well defined because of limited faunal studies.
The present investigation, therefore, was under-
taken in areas of known stratigraphy to describe
systematically the foraminifers, to zone the sedi-
ments on the basis of the microfaunal assemblages,
and to compare the age of the strata as defined

(5)
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FIGURE 1

Index map of measured sections.

by the foraminifers with that indicated by other
faunal groups.

Seventy-seven species, thirty-two genera and
three subgenera of smaller calcareous foraminifers
from fourteen families, and two groups of un-
certain affinity are distinguished in four measured
sections; five new species are named. Most belong
to the Superfamily Endothyracea, but others
represent the Parathuramminacea, Fusulinacea,
Ammodiscacea and Miliolacea. The age of the
specimens ranges from late Kinderhook, or pos-
sibly older, to Morrow.

METHODS OF STUDY

In the field, four sections (see index map, figure
1) were measured with Brunton compass and
Jacob’s staff during the summer of 1966 and the
winter of 1969. Approximately two hundred and
twenty samples were collected at intervals of
twenty feet except for closer spacing where lithol-
ogies changed. An acetate peel was made from
each limestone sample. The peels were examined
for multilocular foraminifers. Fifty-eight samples
contained specimens. Three unoriented thin sec-
tions were cut from each of these samples, and

they provide most of the data for the study.
Measurements and identifications were made by
microscopic examination or from photomicro-
graphs. The shale samples from the Indian Springs
Formation were broken down in Stoddard solution,
washed and sieved. Whole specimens were picked
from the residue.

LOCALITIES

ARROW CANYON RANGE

A composite section of Lower Mississippian
through Lower Pennsylvanian strata was assembled
in the Arrow Canyon Range, north-central Clark
County, Nevada. The two oldest formations, the
Crystal Pass and Dawn Limestones, were measured
on the west side of the range in the SE 14, Sec.
10, and NE 4, Sec. 15, T. 16 8., R. 63 E. (figure
2}. The lower two members of the Anchor Lime-
stone were measured at the west end of Battleship
Wash in or near the SW 14 Sec. 14, T. 14 S., R.
64 E. (unsurveyed, figure 3, ¢, d). The upper
member of the Anchor Limestone, the Bullion
Limestone, Yellowpine Limestone, Battleship Wash
Formation, Indian Springs Formation and lower
part of the Bird Spring Formation were measured
in Arrow Canyon at the northeastern end of the
range in approximately the east half of Sec. 11 and
west half of Sec. 12, T. 14 8., R. 64 E. (unsur-
veyed, figure 3, e, f, g).

WARD MOUNTAIN

The Lower Mississippian Joana Limestone sec-
tion was measured on the west side of Ward
Mountain in the Egan Range a few miles south-
west of Ely, Nevada, in the SW 4, Sec. 25, T. 15
N., R. 62 E. (figure 4}.

MoorMAN RANCH aND BUTTE MOUNTAINS

The lower part (Lower Pennsylvanian) of the
Ely Limestone was measured in two areas. The
Moorman Ranch (Illipah) section is located about
thirty-five miles west of Ely, Nevada, at the south
end of the Butte Mountains along U. S. Highway
50 in the south half of Sec. 12, T. 17 N, R. 58 E,
(figure 5). The other section is in the NW 14,
T. 21 N, R. 59 E. (sections unsurveyed) in the
Butte Mountains (figure 6) about twenty-five miles
north of the Moorman Ranch section.

STRATIGRAPHY

PRrREVIOUS WORK

Carboniferous rocks in the Arrow Canyon
Range were first mentioned by Spurr (1903} and
Longwell {1928) and later shown on reconnais-
sance maps of Clark County, Nevada, by Bowyer

(6)
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Arrow Canyon Range:

a, Crystal Pass Ls.; b, Dawn Ls.; base map—Arrow

Canyon, Nevada, Quad., 1:62,500, ed. 1958, U. S. Geological Survey.

et al. (1958) and Longwell er al. (1965). Langen-
heim et al. (1962) published the first detailed
rock descriptions. The stratigraphy and rock no-
menclature were further developed in articles by
Langenheim and Langenheim ({(1965), Webster
and Lane (1967) and Webster (1969). The
paleontology, age, and/or petrology were discussed
by Langenheim and Collinson (1963}, Coogan
(1964), lLangenheim and Langenheim (1965),
Carss and Carozzi (1965), Cassity and Langen-
heim (1966), Heath er al. (1967), Webster and
Lane (1967) and Webster (1969).

Spencer (1917) named the Joana Limestone for
strata outcropping just west of Ely, Nevada. The
formation has been mapped and studied in the
Ward Mountain area by Chilingar and Bissell
(1957), Woodland (1958), Langenheim (1960,

1962), Stensaas and Langenheim (1960) and
Brew (1971).

Lawson (1906) named the Ely Limestone for
exposures in the Robinson Mining District west
of Ely, Nevada. The unit was redefined by
Spencer (1917), Pennebaker (1932), Dott (1855)
and Steele (1960) who designated a reference
section west of the Moorman Ranch (Illipah)
near U.S. Highway 50.

Steele’s reference section, one of the localities
where the lower part of the Ely Limestone was
studied for this report, was mapped by Humphrey
(1960), and measured and described by Lane
(1960), Mollazal (1961} and Bissell (1964)
among others. The other section of the lower
Ely Limestone in the central Butte Mountains was
measured north of the area mapped by Douglass

(7}
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Arrow Canyon Range: c, lower member Anchor Ls.; d, middle member Anchor Ls.; e, upper member
Anchor Ls., Bullion Ls., Yellowpine Ls., lower part Battleship Wash Fm.; f, upper part Battleship
Wash Fm., Indian Springs Fm., lower part Bird Spring Fm.; g, lower part Bird Spring Fm.; base map
and symbols same as figure 2.

(1960) and in approximately the same location A quite complete history of work on the Ely
as section 33 of Bissell (1964, pp. 566-567). Limestone was presented by Bissell (1964).

The age of the lower Ely Limestone in the
vicinity of Moorman Ranch has been discussed ARROW CANYON RANGE

by Steele (1960), Humphrey (1960), Lane (1960, The Crystal Pass Limestone (258 feet thick) is
1962), Motlazal (1961), Bissell (1964), Coogan composed of light gray to white weathering, fine
(1964), Rich (1967) and Dunn (1970). grained, non-cherty limestone beds one to two

(8)
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FIGURE 4

Ward Mountain:

Joana Ls.; base map—Ely, Nevada,

Quad., 1:62,500, ed. 1958, U. S. Geological Survey; see
figure 2 for explanation of symbols.

feet thick, The base is placed at the top of a pair
of dark gray weathering limestone bands belonging
to the underlying Arrow Canyon Formation, The
uppermost Crystal Pass beds exhibit the “worm
borings” described by Langenheim et al. (1962,
p. 601). Macrofossils are scarce. In thin section,
the lithology is dominantly recrystallized bio-
pelmicrite and biointramicrite, Multilocular for-
aminifers occur in only one sample (CP 3).
Simple, unilocular or bilocular forms (e.g. cal-
cisphaerids, radiosphaerids, Earlandia), however,
appear in all samples.

The Dawn Limestone (214 feet thick) rests
disconformably on the Crystal Pass. It is dark
gray or black, thin bedded and medium grained.
Chert is sparse buf becomes more abundant near
the top of the formation. Crinoidal debris and
other fossil material are common. Complex
foraminifers occur in recrystallized biopelmicrite
and biointrasparite,

The contact between the Dawn and the over-
lving Anchor Limestone is gradational and is
placed at the base of the first continuously bedded
chert unit. The Anchor (668 feet thick) can be
divided into a lower and upper member containing
abundant, closely spaced chert beds and a middle
relatively chert free member whose flint content,

however, is highly variable laterally. The lime-
stone is light to dark gray, fine to coarse grained,
partially recrystallized and contains a high per-
centage of crinoidal and bryozoan debris along
with some dolomite rhombs and authigenic silica.
Only simple microfossils (calcisphaerids and
Earlandia) are found.

The Bullion Limestone (266 feet thick) directly
overlies a thick, cherty sequence belonging to the
upper member of the Anchor Limestone. Scat-
tered chert nodules appear throughout the Bullion,
but consistently well developed bedded chert units
are lacking. The limestone weathers medium to
dark gray, is fine to coarse grained and is generally
massive. Most thin sections are composed of re-
crystallized crinoidal biomicrite. Bryozoan frag-
ments are common; dolomite rhombs and authi-
genic silica are also present. Multilocular fora-
minifers were found in two samples only. Sample
B 6, a crinoidal-bryozoan biomicrite, contains a
single specimen, and sample B 3, a biomicrite with
less crinoidal debris, contains numerous speci-
mens.

The Arrowhead Limestone, which lics between
the Bullion and Yellowpine Limestones in the
type Goodsprings area (Hewett, 1931, p. 18}, is
absent in the Arrow Canyon Range (Langenheim

9)
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Moorman Ranch (IHlipah):

Ely Limestone; base map—

Hlipah, Nevada, Quad,, 1:62,500, ed. 1951, U. 8. Geo-
logical Survey; see figure 2 for explanation of symbols,

et al., 1962, p. 602). Without the intervening
Arrowhead, the basal Yellowpine beds are not
readily distinguishable from those of the Bullion
whose upper contact is arbitrarily placed at the
top of a whitish weathering limestone bed ap-
proximately two feet thick. In general the Yellow-
pine (178 feet thick) is more thinly bedded than
the Bullion and contains abundant rugose corals.
A few sandy limestone beds occur in the upper
40 feet of the formation. Numerous foraminifers
are found in partially recrystallized biopelmicrite,
crinpid rich biosparite and biomicrite.

The base of the Battleship Wash Formation
(98 feet thick) is composed of a tan weathering,
sandy unit approximately 3 feet thick overlying
a prominent bench of Yellowpine Limestone.
Nodular limestones, calcareous sandstones, sandy
limestones and chert layers are scattered through-
out the lower part of the formation. Most of the
remaining strata consists of thick bedded, dark,
blocky fractured limestone. Megafossils including
plant fragments are abundant at the top of the
formation. Foraminifers occur in recrystallized
biomicrite, crinoidal biosparite and also in a
sample of sandy biopelmicrite (BW 3).

The Indian Springs Formation (211 feet thick)
lies conformably over the Battleship Wash Forma-

tion and is composed predominantly of varicolored
shale which erodes into a prominent strike valley.
The lower third of the formation is covered, but
exposures become progressively better farther up
the section. Sandstone layers and lenses and beds
of reddish colored, terrigenous and fossiliferous
limestone are common and become more nu-
merous toward the top. The ferruginous “marker”
conglomerate of Webster and Lane (1967, p. 510}
outcrops approximately 81 feet above the base on
the north wall of Arrow Canyon and is one foot
thick. Calcareous foraminifers were identified in
two limy shale samples.

The Bird Spring Formation lies conformably
on the Indian Springs. Only the lower part (261
feet thick) was measured. It is composed of gray,
thin to thick bedded, fine to coarse grained lime-
stones interlayered with calcareous shales, arena-
ceous and argillaceous limestones and some closely
to widely spaced chert beds., Foraminifers are
found in crinoid biosparite, biomicrite and sandy
biomicrite. Some recrystallization is apparent in
the limestones.

WARD MOUNTAIN

The Joana (408 feet exposed) is a light to dark
gray weathering limestone, divided into two mem-

(10)
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Butte Mountains: Ely Limestone; base map—FEly, Nevada; Utah, 1:250,000, ed. 1963,
U. 8. Geological Survey; see figure 2 for explanation of symbols.

bers at Ward Mountain. Both the lower and upper
contacts are covered. The lower member is a
massive, thick bedded, fine to coarse grained,
cliff-forming limestone, and has abundant nodular
chert at the base. The upper member is a platy,
thin bedded, fine to coarse grained limestone which
erodes as a steep slope. Thin, argillaceous lime-
stones and calcareous, shaly partings are common.
Chert appears as intermittent layers and scattered
nodules. Foraminifers are found in only a few
samples. Those from the lower member are de-
posited in recrystallized biomicrite, intrasparite
and oosparite in which the foraminifers are com-
monly located at the center of the ooliths. For-
aminifers from the upper member appear in
recrystallized biopelmicrite and recrystallized cri-

noidal biopelsparite. Some thin sections show

silification.

MoorMAN RANCH (ILLIPAH)

The lower 530 feet of exposed Ely Limestone
were measured above the covered base at this
location. Approximately the bottom third of the
section consists of thin bedded, platy, tan or yellow
to light gray weathering, fine grained, argillaceous
limestone with closely spaced banded chert al-
though some beds are thicker, more coarse grained
and have more widely spaced chert layers. A
large segment in the middle of the bottom third is
hidden by U. 8. Highway 50 and surrounding
alluvium. The remainder of the section is com-
posed of more thickly bedded, tan to gray weather-

(11)



ing, mostly fine grained limestone. Some beds are
arenaceous or argillaceous. Nodular and banded
chert is closely to widely spaced. The more re-
sistant units are exposed as ridges separated by
talus covered slopes. Foraminifers appear in bio-
micrite although few samples contain them.

BUTTE MOUNTAINS

The lower 490 feet of exposed Ely Limestone
were measured here. The base lies within a 55 foot
thick, covered slope above the sandy, fossiliferous
limestone beds of the underlying Jensen Member
of the Chainman Formation (terminology of
Arnold and Sadlick, 1962, p. 250; also called
Illipah Formation by Spivey, 1954, p. 1}. Much
of the limestone is fine to medium grained, tan
or yellow to dark gray weathering and argil-
laceous or arenaceous. Crossbedding is common.
Outcrops are discontinuous as the less resistant
units form rubble strewn slopes. Bedding is mostly
thin and platy although thicker, non-platy units
occur toward the top of the measured section.
Banded and nodular chert is locally abundant in
the lower beds but is more widely distributed in
the younger strata. As at the Moorman Ranch
section, foraminifers occur in only a few samples
which are composed of recrystallized biomicrite
and sandy biomicrite.

FORAMINIFERAL ZONATION

The foraminiferal zonation used in this paper
is the global scheme presented by Bernard Mamet
in Sando, Mamet and Dutro, 1969 and Mamet
and Skipp, 1970. The Mississippian is divided
into fifteen zones based on concurrent ranges and
peaks (acmes) of diverse cosmopolitan taxa. Other
publications using this zonal scheme in North
America include those of Mamet (1968a, 1968b,
1970), Mamet and Mason (1968), Mamet and
Gabrielse (1969), Mamet er al. (1971), Skipp
and Mamet (1970), Armstrong ¢f al. (1970) and
Petryk et al. (1970). The relationship of these
foraminiferal zones to North American and
European time-stratigraphic units and to Carbonif-
erous foraminiferal zones of the type Belgian
sections is illustrated in figure 7.

Other efforts to determine the age of Mississip-
pian strata on the basis of foraminifers have been
published by E. J. Zeller (1950, 1957), Chilingar
and Bissell (1957), Woodland (1958), Armstrong
(1958, 1967), Skipp (1961, 1969), McKay and
Green (1963) and Skipp, Holcomb, and Gutschick
(1966). These age determinations are based
almost exclusively on members of the Families
Endothyridae or Tournayellidae and do not in-
clude the more varied fauna used in Mamet's
scheme.
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Correlation of global foraminiferal zones with
North American and European time-stratigraphic
units and with the foraminiferal zones of the
type Belgian Carboniferous (from Sando et al.,
1969 and Mamet and Skipp, 1970).

The following zonal determinations are based
on the foraminiferal occurrences listed in Tables
1 through 4. Figure 8 shows the actual location
of samples within the measured sections and also
the division of the formations into foraminiferal
zones and series. Morrow rocks are not zoned.

Zone 7, of late Kinderhook-early Osage age, is
the oldest recognizable zone in this study. It is
characterized by the appearance of Padlaeo-
spiroplectamminag and Chernyshinella with the
species P. tchernyshinensis and C. glomiformis
being important zonal markers. Septaglomospira-
nella [dominantly §. primaeva (Rauzer-Chernou-
sova)] is abundant, and Septabrunsiina is found
locally. Rare Tuberendothyra and Endothyra?
appear in the upper part of the zone. Other faunal
elements include the simple organisms Bisphaera,
Earlandia, Paracaligella, Eovolutina, calcisphaerids

(12)




TABLE 1

Foraminiferal occurrences at Arrow Canyon Range. For limestone samples R represents average of
< 2 specimens per thin section, C represents average of > 2 < 5 specimens per thin section, A repre-
sents average of > 5 specimens per thin section. For shale samples of the Indian Springs Fm., R and
C are arbitrary designations based on time needed to find specimens.
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and radiosphaerids. Samples CP 5 and CP 6 from
the Crystal Pass Limestone, D 1 and D 2 from
the Dawn Limestone and J 1 through J 3 from
the Joana Limestone are assigned to this zone.

The lower samples in the Crystal Pass (CP
1-CP 4) have an assemblage of simple, unilocular
or bilocular forms similar to those of zone 7, but
without multilocular foraminifers their zonal posi-
tion cannot be ascertained. No foraminifers were
recovered beneath sample J 1 of the Joana, but
the age of these lowermost Joana rocks is most
certainly Kinderhook since Early Mississippian
fossils have been recovered both from the upper
part of the underlying Pilot Shale in the Con-
fusion Range to the east (Hose, 1966) and from
the basal Joana beds in the Pahranagat Range to
the south (Sandberg and Poole, 1970).

The Crystal Pass Limestone in the Arrow
Canyon Range has, until now, been placed in the
Upper Devonian for two reasons. First, because
the formation lacks useful macrofossils and lies
conformably upon known Upper Devonian strata
and disconformably beneath the Mississippian
Dawn Limestone, its stratigraphic position is ap-
parently Devonian (Langenheim, 1961, p. 127;
Langenheim e al., 1962, p. 601). Second, Langen-
heim and Collinson (1963) have found a conodont
assemblage which appears to be Late Devonian in
age.

Only a single Crystal Pass sample (CP 5), lo-
cated approximately fifty-five feet below the top
contact, has complex foraminifers, but the as-
semblage definitely appears to be of Early Missis-
sippian, probably late Kinderhook, age. This
suggests that at least the upper portion of the
Crystal Pass is Mississippian and that the cono-
donts from this level may be reworked. No
foraminiferal evidence was found concerning the
age of the formation beneath sample CP 5, but
these lower beds are probably no older than Fam-
menian since Waines (1962) has found late
Frasnian foraminifers from strata beneath the
Crystal Pass in the Arrow Canyon Range.

The disconformity at the base of the Dawn
probably represents a relatively short erosional
interval during earliest Osage time. It separates
the late Kinderhook strata of the upper Crystal
Pass from the early Osage beds of the lower Dawn.

Zone 8 is of middle Osage age. Important zonal
markers include the appearance of Septatournayella
tumula, the appearance and acme of Septabrunsiina
krainica and the acme of Tuberendothyra. Septa-
glomospiranella and Chernyshinella are found
throughout most of the zone. Other faunal ele-
ments are calcisphaerids, Parathurammina, Ear-
landia, Bisphaera, Eovolutina, Eotuberitina, Tour-
nayella and Endothyra?. Samples D 3 through
D 5 from the Dawn Limestone and J 4 and J §
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TABLE 2
Foraminiferal occurrences at Ward Mountain. See Table | for explanation of letter symbols.

FORMATION - e

JOANA

FORAM ZONES

~t

| 8

SAMPLE NUMBERS -——

J
1

XNu
£
—
[
[

calcisphaerids 0C

Fovolutina

Septaglomospiranella
S. primaeva (Rauz.-Chern.)
S. primaeva (Chernysheva)

Palaeospiroplectamnina
P.sp. A

Chernyshinella
C. paucicamerata
C. tumulosa

Parathurammina

Septabrunsiina
8. krainica

Earlandia
E. elegans

Endothyra (Tuberendothyra)
T. safonovae

Septatournayella
S. tumula

Tournayella
T. discoidea

Eotuberitina
Bisphaera

Endothiyra (Endothyra)

~ > ®

=

~ & >

=

o O x>
~
x

O RR RAHE

2C

from the Joana Limestone are definitely placed in
this zone. Dawn samples D 6 and D 7 and Joana
sample J 6 show neither a distinctive zone § Septa-
tournayella-Septabrunsiina-Tuberendothyra assem-
blage nor a distinctive zone 9 (late Osage) fauna
characterized by Spinoendothyra lipina (acme),
Carbonelle Dain (acme), specimens of the group
Endothyra prisca Rauzer-Chernousova and Reit-
linger (first appearance) and the first appearance
of Calcisphaera pachisphaerica (Pronia). In this
study the three samples are tentatively placed in
the older zone although they may belong to the
younger.

Using both macro- and microfossil evidence
Chilingar and Bissell {1957) assign a late Kinder-

hook-early Osage age to the Joana Limestone near
Ward Mountain. Woodland (1958) considers
these same rocks to be Osage on the basis of
foraminiferal evidence only. At Ward Mountain,
Huddle (in Brew, 1970, p. 36) recognizes a late
Kinderhook Siphonodella conodont assemblage
zone at the top of the lower Joana member, and
Duncan (in Brew, 1970, p. 36) dates the coral
and brachiopod faunas of the upper member as
Osage in age. Stensaas and Langenheim (1960)
assign a tentative late Osage-Meramec age to the
upper member in the same area on the basis of
rugose corals. Langenheim (1960, p. 79) points
out that the sections of Chilingar, Bissell and
Woodland are mostly limited to the lower member

(1%)



TABLE 3

Foraminiferal occurrences at Moorman Ranch.
See Table 1 for explanation of letter symbols.

TABLE 4

Foraminiferal occurrences at Butte Mountains. See
Table 1 for explanation of letter symbols.

ELY

ELY
FORMATION FORMATION
MORROW MORROW
SERIES SERIES
E E E Bu Bu Bu
SAMPLE NUMBERS —— 1 2 3 SAMPLE NUMBERS —— 1 2 3
Turrispiroides R R Endothyra (Endothyra) C R R
Endothyra (Endothyra) R R E. sp. A R
9 g
Parathurammnina R E2 sp. B R
. E. planiformis n. sp. R
Eotuberitina C A
e N o} isc R
Ozawainellidae R A eoarchaediscus
Eostaffella R C Planospirodiscus R
E. sp. A R Ozawainellidae R
Millerella C Eostaffella R
M cf. M. bigemmicula R E. cf. E. pinguis R
M. sp A
R R Globivalvulina R
calcisphaerids A . .
calcisphaerids 2C
Globivalvulina A .
G.sp. B R Glomospira A
G. sp. C R
G.sp. D R questionable Globoendothyra, indicative of zone 10
G. sp. F R or younger. From its stratigraphic position sample

and the ages do not conflict with those determined
by the corals.

The foraminiferal evidence at Ward Mountain
is too sparse to delineate precisely the ages of the
Joana members. My data coupled with Huddle’s
conodont assemblage suggests a late Kinderhook
age for the lower member although the forami-
niferally barren strata below sample J 1 may be
of an earlier Kinderhook age. The upper mem-
ber appears to be middle Osage and, near the top
of the formation, possibly late Osage, but no
Meramecian microfaunas were seen. The lower
beds of the upper member beneath sample J 4,
however, lack foraminifers, and, from their
stratigraphic position above the lower member,
they may be partly of early Osage age.

Zones 9 through 12 (late Osage to middle
Meramec) are represented by the Anchor and
Bullion Limestones in the Arrow Canyon Range
section. However, these zones are not readily
distinguishable because of a lack of strati-
graphically useful microfossils. Calcisphaerids and
Earlandia are found in both formations, but only
one sample (B 3} from the Bullion has numerous
multilocular foraminifers. However, the only
diagnostic forms found in B 3 are a pair of

B 3 is possibly in zone 12, The base of the Anchor
is considered to be in zone 9 since the top of the
Dawn Limestone cannot be placed unequivocably
above zone 8. Yet without the appropriate faunas
the age assignment of the basal Anchor can only
be tentative.

The Anchor and Bullion Limestones are com-
posed predominantly of coarse crinoidal debris.
In thin section the samples do not appear highly
abraded or well sorted, as smaller bryozoan frag-
ments and mud fill the interstices, and the sedi-
ment evidently suffered little transport. This dep-
ositional environment seems generally unfavor-
able to foraminiferal accumulation, probably be-
cause of foraminiferal intolerance of the crinoidal
biota. Significantly, sample B 3, a biomicrite, has
less crinoidal material than seen in other thin
sections. Skipp (1969, pp. 192-194) notes that
the distribution of some contemporaneous endo-
thyrid species mn the Redwall Limestone is ap-
parently related to the amount of encrinitic ma-
terial. Also, in Armstrong’s work (1967) on the
Arroyo Pefascao Formation, foraminiferal as-
semblages appear reduced in crinoid rich rocks.
On the other hand, Woodland (1958, p. 808) finds
that foraminifers are in greatest relative abundance
in encrinal rocks.

Sample ¥ 1 of the Yellowpine Limestone is

(16)
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Division of measured sections into foraminiferal zones and series, based on data gathered from sam-
ples listed on right side of each column.

assigned to zone 13 {(middle Meramec) on the

basis of the appearance of Eoendothyranopsis aff.
E. scitula and Endothyranopsis. Calcisphaerids,
Earlandia and Endothyra are also present. Zone
14 (late Meramec) has a fauna similar to zone
13, but with the important addition of Eoendo-

thyranopsis utahensis. Because this species is
missing in Y 1, the sample is assigned to the older
zone. No foraminifers were recovered from the
80 feet of strata between sample Y 1 and the base
of zone 15 (sample Y 2). However, since the
sampling interval is great, foraminifer-bearing
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rocks may have been missed, and a zone 14 as-
semblage might be found upon closer examination
of this interval.

Zone 15 (late Meramec) is the most easily
recognizable zone in the Arrow Canyon Range
section. The base of the zone (sample Y 2) is
marked by the appearance of Endothyranopsis
crassa. Eoendothyranopsis, Endothyranopsis and
Globoendothyra are at their acmes. Other im-
portant faunal elements include numerous
Eoforschia and Endothyra (mostly of the group
E. bowmani). Tetrataxis and Tournayelln are
abundant in some samples. Calcisphaerids, radio-
sphaerids, Brunsia, Parathurammina, Eotuberitina,
Earlandia, Sepratournayella, Septabrunsiing, Uvi-
ella, Plectogyrina and Archaediscus are scattered
throughout the zone, Samples Y 2 through Y 5
of the Yellowpine Limestone and samples BW 1
through BW 3 of the Battleship Wash Formation
are placed in this zone. Langenheim and Langen-
heim (1965, p. 232) consider the contact between
the Yellowpine and Battleship Wash to be a dis-
conformable surface representing a long stratal
hiatus. However, in view of the present micro-
faunal evidence, the erosional interval, if any,
must have been of very short duration.

Zone 161 (early Chester), characterized by the
first appearance of Neoarchaediscus, diminution of
Endothyranopsis and the extinction of Eoendo-
thyranopsis and the Tournayellidae, and zone 16s
{early Chester), characterized by the coexistence
of Neoarchaediscus, Plunospirodiscus, Archaediscus
and Pseudoendothyra, are apparently missing in
Arrow Canyon. Approximately 40 feet of forami-
niferally barren strata separate sample BW 3
{(zone 15) from sample BW 4 (zone 17-18). As
in the case of zone 14, intensive sampling of
this forty foot interval may reveal a zone 16 fauna,
but all available evidence points to a faunal hiatus
in about the middle third of the Battleship Wash
Formation.

Zone 17 (middle Chester) is marked by the
appearance of numerous Asteroarchaediscus inter-
mingled with Neoarchaediscus and Planospiro-
discus. Endothyra is also numerous, and rarer
elements include Archaediscus, Ozawainellidae
(undetermined Millerella or Eostaffella), and cal-
cisphaerids. Zone 18 (late Chester) differs from
zone 17 only in having an outburst of Globivalvu-
lina and the first appearance of Fostaffelling. Be-
cause of the similarity of the two zonal faunas and
lack of the diagnostic zone 18 taxa in Arrow
Canyon, 1 have grouped samples BW 4 and BW 5
from the upper part of the Batileship Wash
Formation into zone 17-18 undifferentiated.

Zone 19 (late Chester), characterized by the
appearance of FEosigmoilina and possible Quasi-
archaediscus (Q.7 sp. A}, includes the Indian

Springs (samples IS 1 and IS 2) and lower part
of the Bird Spring (sample BS 1) Formations.
Other foraminifers belong to Endothyra of the
group E. bowmani, Asteroarchaediscus, Neoarchae-
discus and FEostaffella. The abundance and di-
versity of the Endothyracea are generally low, and,
in the case of the Indian Springs Formation, the
sparsity of these foraminifers is no doubt attribut-
able to the unfavorable terrigenous depositional
environment.

Previously, zone 19 was questionably assigned
a latest Mississippian age because it does not
appear in the Midcontinent area where an apparent
hiatus separates Chester from Pennsylvanian strata
(Sando et al., 1969, pp. E16-E17, E21). However,
more recent work by Armstrong ¢f al. (1970} in
Alaska and Mamet er al. (1971) in Tdaho con-
firms a latest Chester age for the zone. Other
faunal evidence at Arrow Canyon supports a
similar age assignment. Webster and Lane (1967)
and Webster (1969) in their study of the macro-
fauna and conodonts in Arrow Canyon place the
Mississippian-Pennsylvanian boundary at the top
of the Rhipidomella nevadensis brachiopod zone
and the contemporaneous Grathodus girtyi simplex
conodont zone. These zones range from the base
of the Indian Springs Formation up through ap-
proximately the lower 47 feet of the Bird Spring
Formation (up through stratigraphic unit 28,
Webster, 1969, p. 68). Zone 19 faunas are con-
fined to the same strata.

The foraminiferal faunas found in sample BS
2 through BS 9 of the Bird Spring Formation are
considered Morrow in age and lie within the
lower half of the Sweptognathodus noduliferus-
Idiognathoides convexus conodont assemblage zone
of Webster (1969, pp. 22-23).
foraminiferal taxa in these samples include En-
dothyra, Planoendothyra, Globivalvulina, Plano-
spirodiscus (most prevalent, P. ¢f. P. minimus),

Neoarchuaediscus (especially N. incertus), Tetra- §

taxis, Turrispiroides and the Ozawainellidae (Mil-
lerella  and  Eostaffellay.  Asteroarchaediscus, §
Eotuberitina, Brunsia and calcisphaerids are also g
present. The alga Girvanella is locally abundant.

Some Morrow faunas are also found in the
lower Ely limestone at the Moorman Ranch and §
Butte Mountains sections. The Ely was studied 1
to compare the foraminifers with those found in f
the Bird Spring Formation at Arrow Canyon. §

The conodont assemblages of Dunn (1970)
strongly support a Morrow age for the basal Ely
strata in the vicinity of the Moorman Ranch.
Most other workers (Steele, 1960; Humphrey,
1960: Mollazal, 1961; Coogan, 1964; Bissell, 1964;
Rich, 1967) also favor a Morrow age assignment
at the Moorman Ranch and Butie Mountains
although Humphrey (1960) and Coogan (1964)}

(18)

The important B




say that the lower beds may be Late Mississippian
as is true in other areas (Hose and Repenning,
1959; Kellogg, 1960, 1963; Drewes, 1967; Brew,
1971).

Foraminifers are scarce throughout the mea-
sured sections. Of the three microfossiliferous
samples found at the Moorman Ranch section,
only E 3 has numerous foraminifers including
Globivalvuling. Ozawainellidae (Millerella and
Eostaffella), Turrispiroides, Eotuberitina and cal-
cisphaerids. This fauna resembles the Morrow
assemblages of the Bird Spring Formation. The
other samples have no well developed Morrow
faunas although E 1 (located approximately 48
feet above the exposed base) contains Turrispiroides
which first appears in the Pennsylvanian at Arrow
Canyon,

Only three foraminifer-bearing samples were
found at the Butte Mountains section. Sample
Bu 1 {about 40 feet above the exposed base) has
an apparent Morrow fauna of Neoarchaediscus,
Planospirodiscus, Globivalvulina, Eostaffella and
Endothyra. Sample Bu 2 has a possible specimen
of Endothvra planiformis which also occurs in
sample BS 3 (Morrow) of the Bird Spring Forma-
tion. Sample Bu 3 has abundant Glomospira.

SUMMARY

A well developed microfauna consisting domi-
nantly of members of the Superfamily Endo-
thyracea but containing important elements of
other groups permits recognition of Mississippian
foraminiferal biozones in southern and eastern
Nevada. Morrow strata are also recognized but
are not zoned.

The upper beds of the Crystal Pass Limestone
in the Arrow Canyon Range have late Kinderhook
(zone 7) foraminifers. The Jower beds, however,
have no stratigraphically useful foraminifers and
may be as old as Fammenian. A short erosional
interval, probably during earliest Osage time,
preceded the deposition of the overlying Dawn
Limestone which is early (zonme 7) and middle
(zone 8) and possibly late (zone 9) Osage in age.
Foraminifers become scarce in the successively
overlying Anchor and Bullion Limestones because
of the unfavorable depositional environment of
crinoidal debris. But, based on their stratigraphic
position, the two formations range possibly from
late Osage (zone 9) into middle Meramec (zone
12) time. The overlying Yellowpine Limestone
and the lower beds of the Battleship Wash Forma-
tion are middle (zone 13) to latest Meramec
(zone 15) in age although a zone 14 fauna was
not found in the Yellowpine. Early Chester
foraminifers (zone 16) were not seen in the
Battleship Wash, but middle and late Chester

species (zones 17-18) occur in the upper part.
The overlying Indian Springs Formation and the
lowest part of the Bird Spring Formation have
latest Chester faunas (zone 19), and the re-
mainder of the Bird Spring that was measured is
Morrow in age.

At Ward Mountain the foraminifers in the lower
Joana Limestone member appear to be late Kinder-
hook (zone 7); however, no foraminifers were re-
covered from the basal beds which may be older.
The upper member contains definite middle Osage
(zone 8) and possible late Osage (zone 9) faunas.
Early Osage strata are probably represented by
the beds directly above the lower member, but
no foraminifers were recovered from these rocks.

The lower part of the exposed Ely Limestone
at the Moorman Ranch and Bufte Mountains sec-
tions has sparse foraminiferal assemblages which
appear Morrow in age.

In this study, members of the family Tournayel-
lidae and Tuberendothyra are most useful in
identifying Kinderhook and Osage strata. The
Endothyridae and primitive Bradyinidae (Endo-
thyranopsis) are most useful in identifying Mera-
mec strata, and the Archaediscidae along with the
miliolid genus Eosigmoilina are most useful in
zoning Chester rocks. The potential of nonfusulinid
calcareous foraminifers in defining Lower Pennsyl-
vanian strata has not been widely explored. Cer-
tain taxa encountered in this investigation such
as Endothyra planiformis, Planospirodiscus? alti-
luminis, Turrispiroides, Planoendothyra and species
of Globivalvulina may prove useful for zoning
Morrow sediments.

SYSTEMATIC PALEONTOLOGY

Unless stated otherwise, the following genus and
species descriptions are based upon material re-
covered only in this investigation. Family and
subfamily descriptions in some cases are based
upon characteristics reported by others since all
features are not represented in the present speci-
mens.

Identifications were based almost entirely on
thin sections. Important identifying characteristics
of complex foraminifers include the diameter or
length, width, number of volutions, number of
chambers per volution, peripheral shape, secondary
deposits and manner of coiling. These parameters
are most easily determined in sagittal and axial
thin sections. Sagittal sections cut through the
proloculus perpendicular to the axis of coiling
of the final volution so that all the chambers of
the whorl are typically visible. Axial sections slice
through the proloculus in the axis of coiling of the
final volution. Other useful, and more plentiful,
sections are the diagonal ones which pass through
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the proloculus at an acute angle to the axis of
coiling and the tangential which miss the pro-
loculus.

The terms “small,” “medium” and “large” used
in reference to the diameter or length of the
organisms denote size ranges of << 0.40 mm., 0.41-
0.80 mm., and 2z 0.81 mm. respectively.

Superfamilies and the families within them are
introduced in their order of stratigraphic ap-
pearance. Samples which are located stratigraphi-
cally in figure § are listed in parentheses in the
“Occurrence” section of the individual descriptions.
Genus and species occurrences are also summarized
in Tables 1-4.

Specimens are deposited in the University of
Colorado Museum.

INCERTAE SEDIS

Calcisphaerids
Plate 1, figures 1-3

Description —Test is small, unilocular, smooth
and spherical. Wall is thin or relatively thick,
nonporous and composed of dark, fine to coarse
grained calcite. A few specimens have an outer
clear fibrous layer (Plate I, figure 3) which is
interpreted as a secondary crystallization feature.

Discussion—Organisms of this shape have been
assigned to various genera (e.g. Calcisphaera
Williamson, 1880; Archaesplicera Suleimanov,
1956; Polyderma Derville, 1950; Pachysphaera
Conil and Lys, 1964) on the basis of the thickness,
porosity, or layering of the wall. Specimens
found in this study, however, are not considered
distinctive enough to differentiate.

The affinity of calcisphaerids as well as that
of other simple, globular organisms is problem-
atical. They have been placed within both the
foraminifers and the algae (e.g. see Conil and
Lys, 1964, pp. 36, 50; Wray, 1967, pp. 47-48).
Conil (in Conil and Lys, 1966, pp. 208-209)
thinks that thin walled calcisphaerids may be a
stage in the life cycle of Eotuberitina.

Occurrence—Found in majority of samples.
(See Tables 1-4 for specific occurrences.)

Radiosphaerids
Plate 1, figures 4-7

Description—Test is small to medium in size,
free and unilocular. The spherical interior cavity
is surrounded by an inner, thin, dark microgranular
layer and an outer, thick layer of radially ar-
ranged spines, blades or contiguous prisms of
clear calcite. No aperture is seen.

Discussion.—Although formerly thought to be
limited to the Upper Devenian in North America
(Stanton, 1967), radiosphaerids have since been
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reported from rocks as young as Chester age in
eastern Canada (Mamet 1968b, 1970) and Mera- |
mec age in the western United States and Canada g
(Sando et al., 1969; Petryk et al.,, 1970; and this §
report). In Eurasia the group ranges from Upper
Devonian (Frasnian) through the lower Carbonif-
erous {Stanton, 1967) and has also been re-
ported from Upper Devonian strata in Australia
{Wray, 1967).

These specimens were not studied sufficiently
to be differentiated.

Occurrence—Zone 7 or older (CP 1, CP 3,
CP 4) Crystal Pass Limestone; zone 7 (CP §,
CP 6) Crystal Pass Limestone and (D 23 Dawn
Limestone; zone 15 (Y 4, ¥ 5) Yellowpine
Limestone and {BW 1) Battleship Wash Forma-
tion at Arrow Canyon Range.

Order FORAMINIFERIDA Eichwald, 1830
Suborder FUSULININA Wedekind, 1937

Superfamily PARATHURAMMINACEA
Bykova, 1955

Family PARATHURAMMINIDAE Bykova, 195§
Genus Bisphaera Birina, 1948
Plate 1, figures 8-11

Type species:
1948,

Description.—Test is free, unilocular, small fo
large and globular, ellipsoidal or slightly irregular
in shape. Slight constrictions of the wall tend to
divide the interior of the organism into two, i
some cases more, proto-chambers, but the uni
locular construction is always apparent. Wal
is thin, dark, fine grained calcite. Drusy infilling
of the interior cavity produces an inner, cles
fibrous layer. No aperture is seen.

Discussion.—Speciation is based on the dimen
sions, wall structure and shape (Conil and L
1964, p. 32). The wall may be composed of 2
single, dense or possibly perforate layer (Toomey
et al., 1970); or a dense outer layer and an inne
clear, fibrous zone which, however, may be st
ondary. As Conil and Lys point out (1964, g
32), the shape of such simple forms is of question
able taxonomic value because the environmen
rather than heredity may control the morpholog

This genus has been reported only recent)
from North America (Mamet and Mason, 196§
Sando et al., 1969; Petryk et al., 1970; Toomd
et al., 1970).

Material is too sparse to be speciated.

Occurrence.~—Zone 7 or older (CP 1, CP
CP 3, CP 4) Crystal Pass Limestone; zone
(CP 6) Crystal Pass Limestone; zone 8 (7D {
Dawn Limestone at Arrow Canyon Range. 7o
8 (J 5) Joana Limestone at Ward Mountain

Bisphaera malevkensis Birina,



Genus Eovolutina Antropov, 1950
Plate 1, figures 12-15

Type species:
1950.

Description.—Test is small and bilocular with
the proloculus surrounded by the second spherical
or subspherical chamber. Wall is dark, homo-
geneously fine grained calcite. Bach chamber has
a simple opening which commonly is not visible
in these specimens possibly because the angle of
section missed it.

Discussion—Material is
speciated.

Occurrence—Zone 7 or older (CP 1) Crystal
Pass Limestone; zone 7 (D 1) Dawn Limestone;
zone 8 (D 3, D 7) Dawn Limestone at Arrow
Canyon Range. Zone 7 (J 1) and zone 8 {J §)
Joana Limestone at Ward Mountain,

Eovoluting elementa Antropov,

too scarce to be

Genus Parathurammina Suleimanov, 1945

Plate 1, figures 16-21

Type species:
leimanov, 1945,

Descriprion.—Test is small, unilocular, free and
subglobular to polygonal in shape. Numerous
spiny or rounded tubular protuberances radiate
out from the shell. Apertures are located at the
ends of the tubes. The wall is thin to relatively
thick, dark, single-layered, fine grained calcite.

Discussion.—These specimens were not studied
sufficiently to be speciated.

Occurrence—Zone 7 (CP 5, CP 6) Crystal Pass
Limestone and (D 1) Dawn Limestone; zone 8
(D 6, D 7) Dawn Limestone; zone 15 (BW 2)
Battleship Wash Formation at Arrow Canyon
Range. Zone 7 (J 2) Joana Limestone at Ward
Mountain. Morrow (E 2) Ely Limestone at Moor-
man Ranch.

Parathurammina dagmarae Su-

Family EARLANDIIDAE Cummings, 1955
Genus Earlandia Plummer, 1930

Type species:
1930,

Description—Test consists of a spherical to
subspherical proloculus and a cylindrical or slightly
flaring second nonseptate chamber. Commonly
the wall at the base of the second chamber is
thickened internally, producing a slight constriction
in the passage between the two chambers. The
single layered wall is composed of fine grained
calcite, Aperture is an vnrestricted opening at the
end of the tubular chamber.

Discussion—Speciation of this genus is based
upon the maximum diameter of the proloculus,
thickness of the test wall and overall shape. The
plane of section, as well as breakage of the
foraminifer after death, makes it difficult to

Earlandia perparva Plummer,

{

ascertain the true length of the specimens and, in
some cases, the true diameter of the second
chamber.

Earlandia elegans (Rauzer-Chernousova
and Reitlinger), 1937

Plate 1, figures 22-27

Hyperammina elegans RAUZER-CHERNOUSOVA and
REITLINGER, In  Rauzer-Chernousova and
Fursenko, 1937, pp. 256-257, fig. 191.

Earlandia eleguns (Rauzer-Chernousova and Reit-
linger). Byxova and PoLENova, 1955, p. 29,
pl. 9, fig. 5; BogusH and YUFEREv, 1962, p.
70, pl. 1, fig. 1; ConmL and Lys, 1964, p. 53,
pl. 7, figs. 98-99; BocusH and YUFEREV, 1966,
pp. 83-84, pl. 1, figs. 18-19; MawmeT, 1970,
pl. 3, fig. 4.

Hyperammina minima BiriNg, 1948, pp. 155-158,
pl. 2, figs. 7-8.

Earlandia minima (Birina). ConNiL and Lvs, 1964,
p. 54, pl. 7, figs. 100-101; BocusH and
YUFEREV, 1966, p. 83, pl. 1, fig. 17.

Measurements—(based on 12 specimens) Maxi-
mum observed length: 0.330 mm. Maximum
observed external diameter of each tubular cham-
ber (11 specimens): 0.035-0.085 mm, aver-
age: 0.055 mm. External diameter of proloculus:
0.055-0.130 mm, average: 0.085 mm. Thickness
of prolocular wall: 0.005-0.015 mm. Thickness
of tubular wall (11 specimens): 0.005-0.025 mm.

Description.—The proloculus is spherical to sac-
shaped. A distinct juncture separates it from the
rectilinear, tubular chamber. Internal constrictions
at the base of the tubular chamber are found in
most specimens. The wall is dark and micro-
granular.

Discussion—FE. minima (Birina), 1948, is ap-
parently distinguished from E. elegans on its
smaller size alone. In the original description of
E. elegans (1937) the diameter of the tubular
chamber varies between 0.05 mm and 0.12 mm
and the shell has an average thickness of 0.018
mm. No measurements were given for the diam-
eter of the proloculus. The range of the tubular
diameters of my specimens are a little smaller than
in the type material. Bogush and Yuferev (1966,
pp. 83-84) assign specimens with dimensions
similar to mine to E. minima, and larger forms to
E. elegans. Conil and Lys (1964, pp. 53-54),
on the other hand, place specimens equal in
dimensions to mine with E. elegans, and some
smaller forms with E. minima. 1 have not scen
Birina’s original description, but it would seem
that E. minima and E. elegans form a dimensional
continuum and are divided arbitrarily. 1 feel that
the two species should be considered one and the
same; E. elegans has priority,
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Fics. EXPLANATION OF PLATE 1 Pack |

[-3. Calcisphaerids. x 60. e e e e e e e e e e e
1. (UCM 28128a}. Sample CP 4" Crystal Pass Limestone, Arrow Canyon Range.
2. (UCM 28125a). Sample CP 1, Crystal Pass Limestone, Arrow Canyon Range.
3. (UCM 28152a), Sample Y 1, Yellowpine Limestone, Arrow Canyon Range.
4-7. Radiosphaerids. X 60.
4. (UCM 28128b). Sample CP 4 Crystal Pas:. L!mestone Arrow Canyon Range
5. (UCM 28129a). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range.
6. (UCM 28157a). Sample BW 1, Battleship Wash Formation, Arrow Canyon Range.
7. (UCM 28157b). Sample BW 1, Battleship Wash Formation, Arrow Canyon Range.
8—11. Bisphaera Birina, 1948. e e e e e e
8. (UCM 28127a), X 60 Sample CP 3 Crystal Pass Limestone, Arrow Canyon Range.
9. (UCM 28130a), x 60. Sample CP 6, Crystal Pass Limestone, Arrow Canyon Range.
10. (UCM 28127b), x 60, Sample CP 3, Crystal Pass Limestone, Arrow Canyon Range.
. (UCM 28127¢c), X 40. Sample CP 3, Crystal Pass Limestone, Arrow Canyon Range.
12-15. Emoluz‘ma Antropov, 1950. x 75. .
i2. (UCM 28125b). Sample CP 1 Crysial Pass leest(me Arrow Canyon Range
13. (UCM 28182a). Sample I 5, Joana Limestone, Ward Mountain.
14. (UCM 28133a). Sample D 3, Dawn Limestone, Arrow Canyon Range.
15. (UCM 28178a). Sample J I, Joana Limestone, Ward Mountain.
16-21. Parathurainmina Suleimanov, 1945, X75. . .
16. (UCM 28137a). Sample D 7, Dawn leestone, Arrow Canyon Range
17. (UCM 28136a). Sample D 6, Dawn Limestone, Arrow Canyon Range.
18, (UCM 28129b). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range.
19. (UCM 28129¢). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range.
20. (UCM 28129d). Sample CP 35, Crystal Pass Limestone, Arrow Canyon Range.
21. (UCM 28185a). Sample E 2, Ely Limestone, Moorman Ranch.
22-27. Earlandia elegans (Rauzer-Chernousova and Reitlinger), 1937. x 75,
22. Diagonal section (UCM 28146a). Sample B 3, Bulilion Lzmestone Arrow Canyon
Range.
23. Broken? axial section (UCM 28155a). Sample Y 4, Yellowpine Limestone, Arrow
Canyon Range.
24, Diagonal section (UCM 28137b). Sample D 7, Dawn Limestone, Arrow Canyon
Range.
25. Broken? axial section (UCM 28142a). Sample A 5, Anchor Limestone, Arrow Canyon
Range.
26. Broken? axial section (UCM 28131a). Sample D 1, Dawn Limestone, Arrow Canyon
Range.
27. Diagonal section (UCM 28128c). Sample CP 4, Crystal Pass Limestone, Arrow Can-
yon Range.
28. Earlandia sp. A. x 75.
28. Broken? axial sect:on (UCM 2814”1)) Samp]e A 5 Anchor leestone, Arrow Canyon
Range.
29, 30. Earlandia sp. B. X 75. . .
29. Diagonal section (UCM 281583) Samp]e BW 2 Battleshlp Wash Formatlon, Arrow
Canyon Range.
30. Diagonal section (UCM 28153a). Sample Y 2, Yellowpine Limestone, Arrow Canyon
Range.
31-35. Eotuberitina Miklukho-Maklai, 1958. x 100.
31. Section through base (UCM 281862). Sample E 3 Ely Lxmestone, Meorman Ranch
32. Section through base (UCM 28186b). Sample E 3, Ely Limestone, Moorman Ranch.
33, Section throngh base (UCM 28186¢). Sample E 3, Ely Limestone, Moorman Ranch.
34. Three specimens: upper two sections through base; lowermost section missing base
(UCM 28186d). Sample E 3, Ely Limestone, Moorman Ranch.
35. Section through base (UCM 28136b). Sample D 6, Dawn Limestone, Arrow Canyon
Range.
36-40. Turrispiroides Reitlinger, 1959, X 75. ...
36. Tangential section, approaching axlal (UCM 28186e) Sample E 3, Ely Limestone,
Moorman Ranch.
37. Tangential section, approaching axial (UCM 28169a). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.
38. Tangential section, approaching axial (UCM 28186f). Sample E 3, Ely Limestone,
Moorman Ranch.
39. Tangential section (UCM 28186g). Sample E 3, Ely Limestone, Moorman Ranch.
40. Tangential section (UCM 28184a). Sample E 1, Ely Limestone, Moorman Ranch,

* Sample locations shown in fig. 8, p. 17.
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Occurrence.—Zone 7 or older (CP 4) Crystal
Pass Limestone; Zone 7 (D 1) Dawn Limestone;
zone 8 (D 7) Dawn Limestone; zones 9-12 (A 5)
Anchor Limestone and (B 3) Bullion Limestone;
zone 15 (Y 3, Y 4) Yellowpine Limestone at

Earlandia sp. A

Plate 1, figure 28

Measurements—(based on 1 specimen) Maxi-
mum observed length: 0.350 mm. Maximum ob-

Arrow Canyon Range. Zone 8 (J 4) Joana Lime- served diameter of tubular chamber: 0.100 mm.
stone at Ward Mountain. External diameter of proloculus: 0.095 mm.
EXPLANATION OF PLATE 2
Al figures X 60 unless indicated otherwise
Fics. PaGE

1. Paracaligella Lipina, 1955. x 50. . e . 24

1.

Axial section {UCM 2812%¢). Sample CP 5, Crystal Pass Limestone, Arrow Canyon

Range,
2-8. Eoforschia cf. E. nonconstricta (McKay and Green), 1963, . - 26
2. Tangential section; piece of shell wall missing at top (UCM 28157c) x 40 Sample
BW 1, Battleship Wash Formation, Arrow Canyon Range,
3. Tangential section, approaching axial (UCM 28157d), X 40. Sample BW 1, Battle-
ship Wash Formation, Arrow Canyon Range.
4. Tangential section (UCM 281358b), X 40. Sample BW 2, Battleship Wash Formation,
Arrow Canyon Range.
5. Tangential section, approaching axial (UCM 28158c), x 50. Sample BW 2, Battle-
ship Wash Formation, Arrow Canyon Range.
6. Tangential section approaching axial (UCM 28157¢), x 50. Sample BW 1, Battle-
ship Wash Formation, Arrow Canyon Range.
7. Tangential section (UCM 28154a), X 50. Sample Y 3, Yellowpine Limestone, Arrow
Canyon Range.
8. Tangential section (UCM 28154b), X 50. Sample Y 3, Yellowpine Limestone, Arrow
Canyon Range.
9,10. Seprabrunsiing Sp. A. e 28
9. Tangential section, approaching axial (UCM 281537f). Sample BW 1, Battleship Wash
Formation, Arrow Canyon Range.
10. Tangential section, approaching axial (UCM 28157g). Sample BW 1, Battleship Wash
Formation, Arrow Canyon Range.
11-18. Septabrunsiina krainica (Lipina), 1948. 27
11. Axial section (UCM 28182b). Sample J 5, Joana Limestone, Ward Mountain.
12. Tangential section, approaching axial (UCM 28182¢). Sample J 3, Joana Limestone,
Ward Mountain.
13. Tangential section, approaching axial (UCM 28135a). Sample D 5, Dawn Limestone,
Arrow Canyon Range.
14. Axial section (UCM 28135b). Sample D 5, Dawn Limestone, Arrow Canyon Range.
15. Axial section (UCM 28182d). Sample J 5, Joana Limestone, Ward Mountain,
16. Axial section (UCM 28135¢). Sample D 5, Dawn Limestone, Arrow Canyon Range.
17. Tangential section (UCM 28135d). Sample D 5, Dawn Limestone, Arrow Canyon
Range.
18. Diagonal section (UCM 28135¢). Sample D 5, Dawn Limestone, Arrow Canyon
Range.
19-21. Seprabrunsiina <f. 8. mckeei Skipp, Holcomb and Gutschick, 1966. . ... 28
19. Axial? section (UCM 28157h). Sample BW [, Battleship Wash Formation, Arrow
Canyon Range.
20. Tangential section, approaching axial; piece of shell wall missing at bottom (UCM
28155b). Sample Y 4, Yellowpine Limestone, Arrow Canyon Range.
21. Axial section (UCM 28157i). Sample BW 1, Battleship Wash Formation, Arrow
Canyon Range.
22-25. Septaglomospiranella primaeva (Chernysheva), 1940, 29

22. Diagonal section (UCM 28182¢). Sample J 5, Joana Limestone, Ward Mountain.

23, Tangential section (UCM 28135f). Sample D 5, Dawn Limestone, Arrow Canyon
Range.

24, Diagonal section (UCM 28131b). Sample D 1, Dawn Limestone, Arrow Canyon
Range.

25. Axial section (UCM 28129f). Sample CP 5, Crystal Pass Limestone, Arrow Canyon

Range,
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Thickness of prolocular wall: 0.015 mm. Thick-
ness of tubular wall: 0.025 mm.

Description.—A thin, smooth neck separates the
elongate proloculus from the flaring second cham-
ber. The tubular chamber has a thicker shell than
the proloculus. Wall is dark, microgranular calcite
with inclusions of larger grains.

Discussion.—The larger grains in the wall may
be primary but probably are secondarily enlarged
as the specimen is in a recrystallized biomicrite.
This form is distinguished from E. elegans by the
smooth neck and flaring tubular chamber.

Occurrence—Zones 9-12 (A 5) Anchor Lime-
stone at Arrow Canyon Range.

Earlandia sp. B
Plate 1, figures 29, 30

Measurements.—(based on 2 specimens) Maxi-
mum observed length: 0.190 mm. Maximum ob-
served external diameter of each tubular chamber:
0.055-0.065 mm. External diameter of proloculus:
0.050-0.060 mm. Thickness of prolocular wall:
0.005-0.010 mm. Thickness of tubular wall: 0.020
mm.

Description.—Proloculus is spherical and the
second chamber is rectilinear. No external con-
striction separates the two chambers. They are
differentiated internally by a thickening of the
test at the base of the tubular chamber. Wall is
dark and microgranular.

Discussion—These specimens differ from E.
elegans in the lack of an external juncture between
the two chambers and by the greater thickness of
the tubular wall relative to the prolocular wall.
The morphology is similar to E. bella (Reitlinger),
1950, which, however, has a light colored hyaline
wall.

Occurrence—Zone 15 (Y 2) Yellowpine Lime-
stone and (BW 2) Battleship Wash Formation at
Arrow Canyon Range.

Genus Paracaligella Lipina, 1955
Plate 2, figure 1

Type species: Paracaligella antropovi Lipina,
1955.

Description.—Test is large and irregularly tubu-
lar or sac-like with a terminal, elongate, narrow
tubular neck. Proloculus is ill-defined, and small
invaginations of the wall produce irregular, rudi-
mentary partitions throughout the organism. The
wall is dark, fine grained calcite with a few in-
clusions of larger crystals. Aperture is at the
end of the neck.

Discussion.—Paracaligella is rare in this study,
and the description is based essentially on one
specimen. Speciation is not attempted.

I have followed Skipp’s suggestion (1969, p.
197) and assigned this genus to the Family

Earlandiidae rather than the Caligellidae Re==%
linger, 1959, which is probably synonymous wis
the Earlandiidae.

Occurrence.—Zone 7 (CP 5) Crystal Pass Lime
stone at Arrow Canyon Range.

Family TUBERITINIDAE Miklukho-Maklai.
1958
Genus Eotuberitina Miklukho-Maklai, 1958
Plate 1, figures 31-35

Type species: Eotuberitina reitlingerae M-
klukho-Maklai, 1958, new name (=Tuberitin:
maljavkini Mikhailov [Suleimanov] in Reitlingss
1950; not Tuberitina maljavkini Suleimanos
1948).

Description.—Test is small, unilocular and a:-
tached. The shape varies from hemispherical 1=
spherical. The area of attachment is flat (Plate 1
figures 32, 33, 35), broadly concave (Plate 1
figure 31) or narrowly arched with outwardls
paired wall projections (Plate 1, figure 34). The
wall is thin, dark, fine grained calcite and generails
smooth, although a few specimens appear to have
short exterior protuberances. Some specimens
have an outer clear calcite layer or an inner clear
fibrous layer which, however, are probably second-
arily deposited. There is no aperture.

Discussion—The variable shape of the basal
attachment is probably caused by both the angle
of section and the size of the encrusted object
Specimens with narrow attachment areas probably
wrapped around thin objects.

These specimens are assigned to Eotuberitina
rather than Tuberitina on the basis of their
relatively thin, nonporous wall. Rich (1970, pl
144), on the other hand, has assigned to Tuberitina
similarly shaped but apparently porous walled
specimens from the lower Ely and Bird Spring
Limestones. However, the specimen figured by
Rich to show wall porosity (text-fig. 3, p. 1062)
strongly resembles Diplosphaerina Derville, 1952.
an organism composed of a large principal sphere
and a small peripheral one.

Material was not studied sufficiently to be
speciated.

Occurrence.—Zone 8 (D 6, D 7) Dawn Lime-
stone; zone 15 (Y 3) Yellowpine Limestone and
(BW 2) Battleship Wash Formation; Morrow
(BS 2) Bird Spring Formation at Arrow Canyon
Range. Zone 8 (J 5) Joana Limestone at Ward
Mountain., Morrow (E 2, E 3) Ely Limestone at
Moorman Ranch.

Family MORAVAMMINIDAE Pokorny, 1951
Genus Turrispiroides Reitlinger, 1959
Plate 1, figures 36-40

Type species: Turrispira mira Reitlinger, 1950.
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TABLE 5
Key to genera of the Tournayellidae.

WALL STRUCTURE SEPTA PRESENT

thin
thick non- septate initially
GENUS COILING aggluti-  aggluti-  through- non- SEPTA
nated nated out septate  ABSENT
Tournavella planispiral X X
Eoforschia planispiral X X
Septatournavella planispiral X X
Septabrunsiina initial volutions skewed, X X
final volutions planispiral
Uviella initial volutions skewed, X X
final volutions planispiral
Septagiomospiranella skew coiled throughout X X
Chernyshinella skew coiled throughout but X X
with chambers unilaterally
inflated
Palacospiroplectammina  initially skew coiled with X X

unilaterally inflated cham-
bers followed by an erect

biserial tube

Description—Test is small. The proloculus is
followed by a tubular, nonseptate chamber of at
least two and one-half to seven volutions. The
tube is evolute and coils in a low cone or in some
cases almost planispirally. A broad umbilical de-
pression forms on the ventral side. The spiral
suture is mildly depressed and, in axial section,
the tubular chamber appears semicircular or
slightly crescentic. The wall is thin, dark, fine
grained, secreted calcite and thickens around the
sutures. Aperture was not seen but is reported to
be the open end of the tubular chamber.

Discussion—The coiling of my specimens
closely resembles that of Mornotaxinoides Brazh-
nikova and Yartseva, 1956. This latter genus,
however, has an inner, granular wall layer sur-
rounded by hyaline material which also fills the
umbilical depression. No clear layer is apparent
in my specimens.

This genus differs from Cornuspira Schulize
1854, in its low, conical spire.

There is insufficient material for speciation.

Occurrence.—Morrow (BS 3, BS 4, BS 7) Bird
Spring Formation at Arrow Canvon Range. Mor-
row (E 1, E 3) Ely Limestone at Moorman Ranch.

Superfamily ENDOTHYRACEA Brady, 1884
Family TOURNAYELLIDAE Dain, 1953
This family is represented in Nevada by eight

genera: Tournayella, FEoforschia, Septatournay-
ella, Septabrunsiina, Uviella, Septaglomospiranella,

Chernyshinella and Palacospiroplectamming. The
first six are placed in the subfamily Tournayel-
linae; the last two in the subfamily Chernyshinel-
linae. Table 5 distinguishes the genera.

Species are differentiated according to size,
number of volutions, number of chambers or
pseudochambers per volution, peripheral shape
and in some cases by the presence of basal
secondary deposits. Secondary thickenings are not
common on the septa. The above features are
illustrated in the sagittal and axial views of
Septatournayella in figure 9.

Lipina (1965, p. 11) reports the tournayellid
wall to be a one-, two-, or three-layered structure
composed of randomly oriented, dark to light
colored, granular, secreted calcite with agglutinated
calcite particles present in some cases. The granu-
lar, single layered wall is most common, with
the differentiated wall best developed in the late
Tournaisian (late Osage). In this study some
Eoforschia specimens have a thin, dark, micro-
granular layer on the interior side of a thick
agglutinated zone. Many of the non-agglutinated
specimens have dark, homogeneous walls, but
others possess light colored grains commonly
oriented as discontinuous middle layers. There are
two probable explanations for these discontinuous
layers. First, they may represent the remains of
an original three-layered wall in which recrystal-
lization has partially destroyed the structure. Or,
second, the original wall may have been porcelane-
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FIGURE 9

Cross sections of Sepftatournayella. A Sagittal section; 5 volutions, 7 chambers in last volution. B
Axial section; 5% volutions. D, diameter; W, width; P, proloculus; NV, number of volutions; S, sep-
tum; Su, suture (Redrawn from Grozdilova and Lebedeva, 1960).

ous and finely perforate as Skipp et al. (1966,
pp. 7-8) contend. Diagenesis would change this
unstable wall to a dark, granular structure, but
the interior, being farthest from the surrounding
matrix, may have partially survived recrystalliza-
tion and is now seen as the discontinuous light
colored middle layers. Therefore, at least in the
case of my specimens, the thin, dark, granular,
homogeneous wall possibly is not primary, but a
result of secondary change.

In Eurasia the family appears in the Late
Devonian and becomes extinct in the late Visean.
In North America the family appears later, in the
Kinderhook, but also dies out at the same time in
early Chester.

Subfamily TOURNAYELLINAE Dain, 1953

Test is small to large. The proloculus is fol-
lowed by a pseudotubular chamber undivided in
the initial volutions and having slight thickenings
(pseudosepta) or anteriorly directed septa in the
later ones. Coiling is planispiral to skewed. The
periphery can be smooth or lobate. Most forms
are discoidal; some, however, are bimorphic with
an initial coiled area followed by an erect cham-
bered tube. The aperture is simple and rounded
and is located either at the base or in the middle
of the apertural face.

Genus FEoforschia Mamet, 1969

Type species: Tournayella moelleri Malakhova,
1953,

Description—Test is discoidal, evolute, broadly
umbilicate on both sides and generally large.
Coiling is essentially planispiral. The inner volu-
tions are tight, but the outer ones expand mod-
erately to rapidly and in some specimens have a
slightly crooked coil. A few diagonal sections
show internal constrictions (pseudosepta) in the
outer volutions. The peripheral outline is smooth.
Secondary deposits commonly fill the corners of
the volutions. The wall is thick and agglutinated
with numerous light colored calcite grains
randomly embedded in a dark, microgranular
matrix. The better preserved specimens have an
inner, dark, thin, secreted, microgranular layer.
No aperture was seen.

Discussion.—The thick, agglutinated wall sepa-
rates this genus from Tournayella and, along with
the absence of septa, distinguishes it from
Septatournayella. Uviella and Uvatournayella
have a similar wall but are initially skew coiled.

Foforschia cf. E. nonconstricta
(McKay and Green), 1963

Plate 2, figures 2-8

Tournayella? nonconstricta McKAy and GREEN,
1963, p. 27, pl. 7, figs. 4-5; pl. 8, figs. 7-8;
pl. 12, fig. 4.

Measurements.—(based on 11 specimens) Num-
ber of volutions (5 specimens): 6-7. Diameter
(8 specimens): 0.95-1.63 mm. Width (5 speci-
mens): 0.31-0.51 mm. Width/diameter (5 speci-

(26)


http:0.31-0.51
http:0.95-1.63

mens}: 0.34-0.44. Shell thickness last volution:
0.035-0.075 mm.

Description.—Test is large, discoidal, evolute,
generally planispiral, and broadly umbilicate on
both sides. Proloculus is relatively small. The
rate of expansion of the inner volutions is slow,
but the last two to three whorls expand moderately
to rapidly and, in a few specimens, have a slightly
crooked coil. Some pseudosepta are present in
the last volutions of a few specimens, but better
oriented sections are needed to determine the
number in each volution. The peripheral outline
is smooth. Secondary deposits fill in the corners
of the volutions. One specimen (Plate 2, figure 7)
has an unusual forked deposit on the floor of the
last volution. The thick wall is two-layered. The
outer layer is agglutinated, consisting of large,
light colored calcite grains dispersed in a thick,
dark microgranular matrix. The inner layer is
thin, fine grained and not always preserved. No
aperture or sagittal sections were seen.

Discussion.—These forms are related to E.
inonconstricta in the number of volutions, wall
structure and thickness and overall size but differ
in lacking irregular secondary basal deposits and
numerous pseudosepta. However, my specimens
are poorly oriented in regard to these internal
features which would probably be seen in sagittal
section. They have the same age range as those
of McKay and Green.

This species differs from Malakhova's type ma-
terial of T. moelleri {as seen in Skipp et al., 1966,
pl. 7, figs. 1-5) in being larger, having more
volutions., a more open aperture and possibly
thicker walls and a smaller proloculus.

Occutrrence~—r7Zone 15 (Y 3. Y 5) Yellowpine
Limestone and (BW 1, BW 2) Battleship Wash
Formation at Arrow Canyon Range.

Genus Septabrunsiina Lipina, 1955

Type species: Endothyra? krainica Lipina, 1948,

Description—The test is small to medium sized,
discoidal, evolute and slightly to distinctly um-
bilicate on one or both sides. The prolocuius is
followed by two and one-half to five volutions of
which the initial one to two are skew coiled and
commonly tight, and the remaining ones essentially
planispiral and more loosely coiled. Small, thick
septa divide the volutions into chambers but they
are not well developed in the initial whorls. The
peripheral outline is generally smooth. Secondary
deposits in a few species consist of mounds and
thickened floors. The wall is composed of dark,
microgranular calcite. In some specimens larger,
light colored grains are embedded in the dark
matrix, appearing as either scattered grains or a
middle layer. The aperture is low and basal.

Discussion —Septabrunsiina is distinguished from

Brunsiina Lipina, 1953 by the presence of small
septa. Many of my sections, however, are axial,
and, in these, the two genera cannot be dis-
tinguished because septa cannot be seen. Although
possibly allied to Brunsiina, these specimens are
classified with Septabrunsiina because their axial
parameters resemble those of species of this genus.

Septabrunsiina krainica (Lipina), 1948
Plate 2, figures 11-18

Endothyra? krainica Lirina, 1948, pp. 254-255,
pl. 19, figs. 3-6.

Septabrunsiina krainica (Lipina). LiriNna, 1955, p.
43, pl. 4, figs. 12-13; BoGgusH and YUFEREV,
1962, pp. 112113, pl. 2, fig. 21; LiriNa, 1965,
pp. 52--53, pl. 11, figs. 1-7.

Plectogvra anteflexa {(part) E. J. ZELLER, 1957,
p. 698, pl. 81, fig. 11.

Plectogyra sp. ARMSTRONG, 1958, p. 976, pl. 127,
figs. 16, 18.

Measurements.—(based on 12 specimens) Num-
ber of volutions: 2%-4. Diameter: 0.24-0.40
mm. Width (8 specimens): 0.09-0.18 mm.
Width/diameter (8 specimens): 0.35-0.45, In-
terior diameter of proloculus (7 specimens):
0.045-0.070 mm. Shell thickness last volution:
0.010-0.020 mm.

Description—Test is small, discoidal, almost
completely evolute and more deeply umbilicate
on one side. The initial one to two whorls are in
general only slightly skewed relative to the re-
maining volutions which are more or less plani-
spiral. The exterior volution is moderately high,
expanding rapidly from the Jow, inner volutions.
Septa are short, thick, and pointed well forward.
Chamber inflation is slight, and the periphery is
mostly smooth. The chamber floor is secondarily
thickened in a few specimens. Wall is dark, micro-
granular calcite, but some specimens have inclu-
sions of larger, light colored grains. Aperture is
a low, basal opening.

Discussion.—The slightly skewed coiling of my
specimens and the expansion of the whorls closely
resemble that of S. krainica although the average
size is smaller than previously reported (Lipina,
1965, p. 52). The axial dimensions fit those of §.
minuta (Lipina) which, however, has on the aver-
age more highly skewed coiling and more chambers
in the last volution. Although 1 have no complete
sagittal sections of S. krainica, the last volution of
the few diagonal and tangential sections (e.g. pl. 2,
fig. 17) appears to have fewer chambers than
the nine to fourteen reported for S,
(Lipina, 1965, p. 53).

Lipina (1965, pp. 52-53) places a single speci-
men of Plectogyra anteflexa E. J. Zeller and two

minita
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of Armstrong’s Plectogyra specimens with S.
krainica.

Occurrence—Zone 8 (D 5) Dawn Limestone
at Arrow Canyon Range. Zone 8 (J 5) Joana
Limestone at Ward Mountain.

Septabrunsiina cf. S. mckeei Skipp, Holcomb,
and Gutschick, 1966
Plate 2, figures 19-21

Septabrunsiina mckeei SKiPP et al., 1966, p. 21,
pl. 1, figs. 29-34.

Measurements.—(based on 3 specimens) Num-
ber of volutions: 4-5. Diameter: 0.41-0.51 mm.
Width: 0.15-0.19 mm. Width/diameter: 0.34-0.37.
Interior diameter of proloculus (1 specimen):
0.020 mm. Shell thickness last volution: 0.015-
0.025 mm.

Description—Test is medium sized, discoidal,
evolute and slightly umbilicate on one side only.
The initial one and one-half to two whorls are
skew coiled to the remaining essentially plani-
spiral volutions although the outer whorls do show
some coiling distortion. The rate of expansion of
the coil is gradual with the last one to two whorls
looser than the interior ones. A single specimen
has secondary basal mounds on the chamber floors.
The wall is dark, microgranular calcite, but one
specimen appears faintly layered in places. No
mature sagittal sections were seen.

Discussion—The mode of enrollment, dimen-
sions, and age of these forms are similar to those
of the Redwall specimens (Skipp et al., 1966),
but sagittal sections are needed for positive identi-
fication.

The axial sections of the species also resemble
those of an older species, S. minuta (Lipina) which
in sagittal section, however, appears to have a less
lobate periphery and more chambers in the last
volution.

Occurrence.—Zone 15 (Y 4) Yellowpine Lime-
stone and (BW 1) Battleship Wash Formation at
Arrow Canyon Range.

Septabrunsiina sp. A
Plate 2, figures 9, 10

Measurements.—(based on 3 specimens) Num-
ber of volutions: about 4-5. Diameter: 0.51-
0.60 mm. Width: 0.18-0.23 mm. Width/diam-
eter: 0.35-0.45. Shell thickness last volution:
0.015-0.020 mm.

Description.—Test is medium sized, evolute,
discoidal and shallowly umbilicate on both sides.
The outer two to three volutions are loose and
planispirally coiled or slightly distorted; the in-
terior coils are tightly enrolled and skewed. The
walls are dark, microgranular calcite. No sagittal
sections were seen.

Discussion—These specimens, from a sample
which also contains S. mckeei, differ primarily
from that species by possessing a double umbilicus.
They also resemble the doubly umbilicate species
S. krainica (Lipina) which is older. But sagittal
sections and better preserved specimens are needed
before any specific assignment, old or new, can be
made.

Occurrence—Zone 15 (BW 1) Battleship Wash
Formation at Arrow Canyon Range.

"Genus Septaglomospiranella Lipina, 1955

Granuliferella (part) E. J. ZELLER, 1957, pp. 694—
695.

Type species: Endothyra? primaeva Rauzer-
Chernousova, 1948 (not Chernysheva, 1940).

Description.—Test is small to medium in size,
discoidal, nonumbilicate, and partially evolute.
The one and one-half to four volutions are skew
coiled, and the exterior volution has three and
one-half to seven chambers. The rate of coiling
expansion is generally low although the last whorl
expands rapidly in one species. The chambers are
semicircular or asymmetric. Initial septation is
slight with later septa being of short to medium
length, thick and pointed slightly to well forward.
The periphery varies from smooth to lobate. Wall
composition is generally dark, granular calcite al-
though some larger, light colored grains are scat-
tered throughout the matrix. Aperture is basal
and simple.

Discussion.—Skipp et al. (1966, p. 22) question
the use of Endothyra? primaeva Rauzer-Chernou-
sova, 1948 as the type species, since Chernysheva
(1940) used the same name for a different species
also assignable to Septaglomospiranella. Skipp
et al. submit that Rauzer-Chernousova’s specimens
should be given a new species name. However,
Lipina in her 1965 publication (p. 63) not only
retains E.? primaeva Rauzer-Chernousova as the
type but changes the specimens assigned to Endo-
thyra primaeva Chernysheva to Septaglomospira-
nella compressa.

As Skipp et al. (1966, p. 22) also point out,
this genus and Chernyshinella are very similar in
the mode of enrollment and are distinguished
chiefly in that the periphery of Septaglomospira-
nella is generally less lobate and the chambers
more symmetrical. With increasing chamber asym-
metry in species of Septaglomospiranella the two
genera are difficult to distinguish.

Part of the coarse walled genus Granuliferella is
placed in synonymy with Septaglomospiranella
because, as noted by Skipp et al. (1966, p. 19),
the type species G. granulosa E. J. Zeller, 1957
appears identical to S. primaeva (Rauzer-Chernou-
sova).
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Septaglomospiranella primaeva
(Chernysheva), 1940
Plate 2, figures 22-25

Endothyra primaeva CHERNYSHEVA,
Rauzer-Chernousova, 1948), p.
fig. &,

Septaglomospiranella compressa LiPINA, 1965, new
name (=FEndotliyra primaeva Chernysheva),
p. 63, pl. 13, figs. 7-12.

Septaglomospiranella  compressa Lipina forma
rypiva. BRAZHNIKOVA ef al., 1967, pl. 2, figs.
13-14.

Septaglomospiranella  primaeva  (Chernysheva).
SkIrp et al., 1966, pp. 23-24, pl. 1, figs. 1-9,

1940 (not
125, pl. 2,

Measurements.—(based on 6 specimens) Num-
ber of volutions (5 specimens): 27-3%7 Diam-
eter: 0.29-0.41 mm. Width (2 specimens): 0.20-
021 mm. Width/diameter (2 specimens): 0.49-
0.52. Interior diameter of proloculus (2 speci-
mens) 0.040-0.045 mm. Shell thickness last volu-
tion: 0.015-0.025 mm.

Description.—Test is small to medium sized,
discoidal, nonumbilicate and partially evolute,
Coiling is skewed throughout. The interior whorls
are more tightly enrolled than the final one which,
in general, maintains a constant height or only
expands slowly. Septa are anteriorly directed,
thick and short, although some attain a moderate
length, and divide the shell into semicircular cham-
bers. The septal sutures are faintly depressed in
most specimens so that the periphery is smooth
or mildly lobate. Wall is composed of dark,
granular calcite, but a few inclusions of larger,
light colored grains also appear. Aperture was
not seen and is probably low and basal.

Discussion.—These specimens are classified with
S. primaeva (Chernysheva} based on the essentially
symmetrical chamber shape and on the generally
smooth periphery and constant height of the last

volution. The “Discussion” of 8. primaeva
(Rauzer-Chernousova) below distinguishes the
two species.

Occurrence.~Zone 7 (CP 5) Crystal Pass Lime-
stone and (D 1) Dawn Limestone; zone 8 (DD 5,
?D 7) Dawn Limestone at Arrow Canyon Range.
Zomne 8 (J 5) Joana Limestone at Ward Mountain,

Septaglomospiranella primaeva
(Rauzer-Chernousova), 1948
Plate 3, figures 1-5

Endothyra? primaeva RAUZER-CHERNOUSOVA, 1948¢
(not Chernysheva, 1940), pp. 5-6, pl. 1, figs.
12-14.

Septaglomospiranella primaeva (Rauzer-Chernou-
sova). LipiNa, 1955, pp. 46-47, pl. 4, fig. 21;
BoGusH and Yurerev, 1962, p. 111, pl. 2,
figs. 17-18; Lirina, 1965, p. 62, pl. 12, figs.

24-26; BRAZHNIKOVA et al., 1967, pl. 3, figs.
12-13.

Granuliferella granulosa E. J. ZeLLEr, 1957, p.
695, pl. 77, figs. 1, 7, 8, 14, 19-20; pl. 78,
fig. 2; pl. 79, figs. 3-5, 20-22; pl. 81, figs.
4-5, 7-8, 10; pl. 82, figs. 67,

Measurements.—(based on 10 specimens) Num-
ber of volutions: [%4-2%. Number of chambers
in last volution (7 specimens}: 5-7. Diameter:
0.23-0.37 mm. Width (I specimen): 0.21 mm.
Width/diameter (1 specimen): 0.70. Interior
diameter of proloculus (4 specimens): 0.035-0.050

mm. Shell thickness last volution: 0.015-0.0253
mm,
Descriprion~—Test is small, discoidal, non-

umbilicate and partially evolute. Coiling is skewed
throughout, but, in a few specimens, the last volu-
tion coils in one plane. The interior whorls are
tightly enrolled whereas the last volution generally
expands rapidly in height. Initial septa are quite
small, but the ones in the last whorl are of moder-
ate length, thick and pointed forward. The cham-
bers have a characteristically asymmetric shape.
Septal sutures are commonly depressed so that in
many cases the periphery is moderately to strongly
lobate. Wall is generally dark, granular calcite
although some specimens have inclusions of larger,
light colored grains. Aperture is a low, basal
opening.

Discussion—The asymmetric chambers, rate of
expansion and number of chambers in the last
whorl and lobate periphery of these specimens
closely resemble the type material of Rauzer-
Chernousova. §. primaeva (Chernysheva), 1940
differs primarily in having more symmetrically
shaped chambers and generally a smoother periph-
ery and a more tightly coiled final volution,

Skipp er al. (1966, p. 19) noted the apparent
synonymy of Granuliferella granulosa E. J. Zeller,
1957 with the present species and proposed that
G. granulosa is not an ancient endothyrid, as
previously thought, but a tournayellid. Many speci-
mens of §. primaeva (Rauzer-Chernousova), how-
ever, are completely septate with the later septa
being thick and well developed. This complete and
well developed septation is not ordinarily found in
the Tournayellidae and, therefore, 3. primaeva
(Rauzer-Chernousova) may, in truth, be more
closely related to the Endothyridae.

Occurrence~—Zone 7 (CP 5) Crystal Pass Lime-
stone and (D 1) Dawn Limestone; zone 8 (7D 7)
Dawn Limestone at Arrow Canyon Range. Zone
7 (J 1, 2) Joana Limestone at Ward Mountain.

Genus Septatournayella Lipina, 1955

Type species:
1953,

Tournayella segmentata Dain,
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Description—Test is small to medium in size,
discoidal, mostly evolute and umbilicate on both
sides. The proloculus is followed by a variably
expanding, generally planispirally coiled, tubular
chamber of two to six volutions. In a few speci-
mens the initial volutions are slightly skewed.
Septa are well developed in the outer volutions
but are limited to slight wall constrictions or are
lacking in the interior ones. QOne species has
nodular secondary deposits on the chamber floors.
The wall is calcareous, dark and microgranular
although some larger, light colored grains are
scattered throughout the matrix. The aperture was
not seen but is reported to be simple, terminal
and basal.

Discussion.—The distinct septa in the last volu-
tions distinguish this genus from Tournayella and
Eoforschia which also has a thick, agglutinated
wall.

The planispiral coiling separates Septatourna-
yella from the remaining tournayellids.

Septatournayella praesegmentata
Bogush and Yuferev, 1960

Plate 3, figures 6, 7

Septatournavella  praesegmentaia  BocusH and
YUFEREV, 1960, p. 26, pl. 1, fig. 11; BoGusH
and YUreRreyv, 1962, pp. 115-116, pl. 2, fig.
26; LipiNa, 1965, p. 43, pl. 8, figs. 10-11.

Measurements—(based on 2 specimens) Num-
ber of volutions: about 2. Number of chambers
in last volution: 6%%. Diameter: 0.21-0.23 mm.
Interior diameter of proloculus: 0.045-0.050 mm.
Shell thickness last chamber: 0.010-0.015 mm.

Description.—Test is probably discoidal, evolute
and umbilicate. Coiling is planispiral although
there may be some slight distortion in the last
volution. The whorls expand slowly in height.
The interior of the first volution is smooth or
has slight constrictions which develop into short,
thick septa in the outer whorl. Chambers are more
inflated posteriorly than anteriorly, giving an
asymmetrically lobate outline to the periphery.
Large light colored grains are interspersed in the
dark, microgranular matrix. Aperture is ap-
parently a very low, basal opening. No axial sec-
tions were seen.

Discussion—The dimensions of the present
specimens agree well with those of Bogush and
Yuferev (1962) and Lipina although the asym-
metrical inflation of the last chambers appears
greater in mine. This species differs from others
of Septatournayella in its smaller size and fewer
volutions.

Occurrence~—Zone 15 (Y 4) Yellowpine Lime-
stone at Arrow Canyon Range.

Septatournayella tumula
(E. 1. Zeller), 1957
Plate 3, figures 8, 9

Plectogyra tumula (part) E. 1. ZELLER, 1957, p.
697, pl. 77, fig. 5; pl. 79, figs. 7-9.
Carbonella  tumula  (Zeller). BoGUsH
Yurerev, 1966, p. 112, pl. 5, fig. 19.

Septabrunsiina tumula (E. J. Zeller). Skipp, 1969,
see description of subgenus Tuberendothyra
(p. 211) and remarks about Tuberendothyra
paratumula (p. 212).

and

Measurements —(based on 7 specimens) Num-
ber of volutions: 4-6. Diameter (6 specimens):
0.42-0.66 mm. Width (2 specimens): 0.30-0.33
mm. Width/diameter (2 specimens): 0.61-0.65, In-
terior diameter of proloculus {3 specimens):
0.040-0.050 mm. Shell thickness last volution:
0.015-0.025 mm.

Description—Test is medium sized, discoidal
and umbilicate on both sides. Coiling is essentially
planispiral, evolute or partially evolute although
the initial one to two volutions are slightly skewed
in some specimens. The interior whorls expand
moderately and steadily in contrast to the rapid
expansion of the exterior volution. Septa are
short, thick, V-shaped and pointed anteriorly.
Chambers are moderately inflated between septa;
the periphery is lobate. Low, but massive, un-
connected mounds line the floor of the chambers.
Wall is dark and granular with some small areas
of light colored calcite suggestive of a discon-
tinuous middle layer. Aperture was not clearly
seern.

Discussion—The coiling, secondary deposits
and the number of volutions of these specimens
are similar to Zeller’s figures. However, the ex-
pansion of the last volution is greater, and the
diameter is slightly larger.

Skipp assigns this species to Septabrunsiina be-
cause of the initial coiling skewness. Bogush and
Yuferev evidently consider the secondary basal
mounds to be part of the aperture and assign the
species to Carbonella Dain, 1953, a genus char-
acterized by a central aperture.

Occurrence—~—Zone 8 (D 3, D 5) Dawn Lime-
stone at Arrow Canyon Range. Zone 8 (J 5)
Joana Limestone at Ward Mountain.

Genus Tournayella Dain, 1953

Type species: Tournayellu discoidea Dain, 1953,

Description—Test is small to medium sized,
discoidal, evolute and umbilicate on both sides.
The second tubular chamber in many cases is con-
stricted by slight wall thickenings which tend to
divide the tube into pseudochambers, Coiling is
essentially planispiral, and the rate of expansion
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of the coil is generally slow. The thin walls are
composed of dark, microgranular calcite inter-
spersed with lighter, coarse grained crystals, and
appear layered in places. The aperture was not
seen but is reported to be a simple basal opening
at the end of the tubular chamber.

Discussion—The slight constriction of the
tubular chamber distinguishes this genus from the
smooth-tubed Cornuspira  Schultze, 1854, The
coiling and wall structure appear guite similar in
these two genera. Eoforschia differs in having a
thick, agglutinated wall.

Tournayella discoidea Dain, 1953
Plate 3, figures 10-15

Tournayella discoidea DaiN, in Dain and Groz-
dilova, 1953, pp. 32-33, plL. 2, figs. §-17;
BocusH and Yurerev, 1962, p. 113, pl. 2,
figs. 22-23; LiriNa, 1965, pp. 27-28, pl. 1,
figs. 23-29; BogusH and YUFEREY, 1966, pp.
109-110, pl. 5, figs. 8-10; Skiprp er al., 1966,
pp. 27-28, pl. 2, figs. 1-9; pl. 3, fig. 2.

Measurements.—(based on 9 specimens) Num-
ber of volutions 34-5. Diameter: .29-0.49 mm.
Width (5 specimens): 0.12-0.16 mm. Width/di-
ameter (5 specimens): 0.30-0.41. Interior diam-
eter of proloculus (4 specimens): 0.040-0.060
mm. Shell thickness last volution: 0.010-0.020
mm.

Description.—Test is small to medium sized,
discoidal, evolute and shallowly umbilicate on
both sides. The coiling is essentially planispiral
although some specimens show a slight skewness
in the initial volution and slight sinuosity in later
whorls. The coil expands slowly in height, but the
last whorl may expand more rapidly. Small bulges
on the interior wall slightly constrict the tubular
chamber, yet the peripheral outline is smooth.
The number of pseudochambers in the last volu-
tion could not be ascertained. Secondary deposits
are generally absent; however, the walls of one
specimen (plate 3, figure [0) appear laterally
thickened, and another specimen (plate 3, figure
12) has an apparent basal mound on the floor of
the last volution. The dark, microgranular wall
has light colored grains scattered throughout and
is discontinuously layered. Aperture was not seen.

Discussion.—These forms closely fit the dimen-
sions of Dain’s and Lipina’s specimens but are
much smaller than those of Skipp er al. which ap-
pear related to the variety T. discoidea Dain
forma maximag Lipina, 1955,

Qccurrence.—Zone 8 (D 6) Dawn Limestone;
zone 15 (Y 2, Y 3, Y 4) Yellowpine Limestone
at Arrow Canyon Range. Zone 8 (J 5} Joana
Limestone at Ward Mountain.

Genus Uviella Ganelina, 1966

Type species: Uviella aborigena Ganelina, 1966.

Description—Having only one specimen of
Uviella, 1 cannot adequately describe its variations.
But according to Ganelina (1966, p. 81-82) the
genus has three and one-half to six and one-half
volutions. The first one and one-half to two and
one-half whorls are skew coiled to the remaining
evolute, planispiral ones. Diameter is 0.58-1.08
mm; width is 0.40-0.58 mm. The first planispiral
whorls have slight wall constrictions which develop
into rudimentary septa in the outer volutions.
The wall is commonly agglutinated with numerous
inclusions of light colored calcite grains in a fine
to coarsely granular matrix. In a few specimens
the wall has a central light colored layer. Aperture
is a narrow opening at the end of the coil.

Discussion—In its manner of coiling Uviella
resembles Septabrunsiina, Uvatournayella Gane-
lina, 1966 and Brunsiina Lipina, 1953. The thick
agglutinated wall distinguishes it from the thin
walled, non-agglutinated Septabrunsiina. Uva-
tournayella has a similar wall but is non-septate,
and Brunsiing differs in being both non-septate
and non-agglutinated. The present genus also has
a wall similar to Eoforschia which, however, is
completely planispiral and lacks septa.

Ganelina (1966, p. 82) reports the genus oc-
curring in the Upper Devonian-lower Tournaisian
(upper Kinderhook) Etroeungt layers and the
upper Tournaisian (upper Osage) Cherepet and
Kizel horizons in the USS.R. My specimen is
younger, being of late Visean (late Meramec) age.

Uviella sp. A
Plate 3, figure 19

Measurements—(based on 1 specimen} Num-
ber of volutions: 5. Diameter: 0.70 mm. In-
terior diameter of proloculus: 0.055 mm.

Description—Test is medium sized. The first
volution is skewed at a large angle to the essentially
planispiral younger whorls. The rate of expan-
sion of the whorls is steady and moderate although
the end of the last volution appears more inflated.
The septa, extending back to the first planispiral
volution, are short and curved well forward. The
interior chambers appear slightly lobate. The
shape of the outer chambers could not be deter-
mined from this section. The wall is thick and
agglutinated. Large, light colored calcite grains
are embedded in a finer, dark, calcite groundmass.
The aperture was not seen.

Discussion—This specimen differs from Gane-
lina’s generic description (1966) in having fewer
skewed whorls and more septa. Although the
angle of the section is improper for determining
many parameters, the manner of coiling, septation
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and wall structure are exposed well enough to
assign this form to Uviella.

Occurrence~2Zone 15 (Y 3) Yellowpine Lime-
stone at Arrow Canyon Range.

Subfamily CHERNYSHINELLINAE
Reitlinger, 1958

Test is small to medium in size. Most specimens
are skew coiled throughout. Distinct sutural de-
pressions and anteriorly pointed septa, starting in
the initial volutions, partition the shell into convex
chambers. The periphery is lobate. In other speci-
mens the skewed volutions are followed by an
erect chambered tube. Aperture is a simple open-
ing at the end of the last chamber.

Genus Chernyshinella Lipina, 1955

Type species:
1948.

Description—The test is small to medium sized
and contains one to four, simple to highly skewed,
almost glomospiral, volutions. The height of the
whorl increases slowly to moderately. Septa de-
velop from the initial chamber and are generally
short and pointed well forward. The chambers,
which number three to six in the last volution,
characteristically inflate rapidly at the posterior
end and flatten out anteriorly. Sutures are de-
pressed and the periphery is lobate. Well de-
veloped secondary mounds and thickened walls
surround the proloculus in one species. The wall
composition is commonly dark, microgranular to
coarse granular, unlayered calcite although some
forms have larger, light colored grains scattered
throughout the wall, developing partially into a
coarse grained middle layer. Aperture is a basal
slit.

Discussion—The highly asymmetric chamber
shape, more lobate periphery and complete septa-
tion distinguish Chernyshinella from the closely
related skew coiled genus Septaglomospiranella.

Endothyra glomiformis Lipina,

Chernyshinella of. C. disputabilis Dain, 1958
Plate 3, figure 16

Chernyshinella dispuiabilis DaIN, in Bykova et al.,
1958, pp. 18-19, pl. 4, figs. 4a-b, 5-6; Lirina,
1965, pp. 82-83, pl. 18, figs. 21-22; GaANE-
LINA, 1966, pp. 91-92, pl. 7, figs. 8-9:
BRAZHNIKOVA ef al., 1967, pl. 4, figs. 5-6;
AIZENVERG ¢1. al., 1968, pl. 2, figs. 5-6.

Measurements.—(based on 1 specimen) Num-
ber of volutions: 1. Number of chambers in last
volution: 3. Diameter: 0.35 mm. Interior diam-
eter of proloculus: 0.065 mm. Shell thickness
last chamber: 0.040 mm.

Description—Test i3 small and nearly plani-
spirally coiled. The large profoculus is followed

3

by chambers of constantly high interior height.
The chambers inflate moderately at the posterior
end and are separated by short, thick septa angled
well forward. The peripheral shape is square.
Secondary thickenings may be deposited around
the proloculus. Wall is thick, dark, granular and
unlayered. Aperture is a large, basal opening.

Discussion—This figured specimen has fewer
chambers in the outside whorl and one-half volu-
tion less than those of Dain’s type material, but
square periphery, chamber shape, and large pro-
loculus are identical. Possibly it is a juvenile.

Figured specimens of Chernyshinella  oldue
(Grozdilova and Lebedeva), 1954 look quite
similar to C. disputzabilis but supposedly differ in
having a smoother periphery and less convex
chambers (Lipina, 1965, p. 83). Unquestionably
these two specles must be closely related.

Occurrence —Zone 7 (CP 5) Crystal Pass Lime-
stone and (?D 1) Dawn Limestone at Arrow
Canyon Range.

Chernyshinella glomiformis (Lipina), 1948
Plate 3, figure 18

Endothvra glomiformis LipINa, 1948, p. 254, pl.
19, fig. 9; pl. 20, figs. 1-3; MALAKHOVA,
1956b, p. 106, pl. 3, figs. 9-10.

Chernyshinella  glomiformis  (Lipina).,  LipiNa,
t955, pp. 48-49, pl. 5, figs. 4-7; DURKINA,
1959, p. 154, pl. 7, figs. 2, 5-7; LiriNa, 1965,
pp. 84-85, pl. 18, fig. 30; pl. 19, figs. 1-10;
Bocusn and YurEerev, 1966, p. 137, pl. 8,
figs. 15-16; GaNELINA, 1966, p. 89, pl. 7, figs.
5-7; BrazuNixova er al., 1967, pl. 5§, figs.
4-5, 9; AIZENVERG ¢! &f., 1968, pl, 2, figs. 2-3,

Chernyshinella glomiformis (Lipina) forma typica
Lipma. Coniv and Lys, 1964, p. 147, pl. 21,
figs. 417-423.

Measurements.—(based on 1 specimen) Num-
ber of volutions: about 4. Number of chambers
in fast volution: 4. Diameter: 0.40 mm. Shell
thickness last chamber: 0.025 mm.

Description—Test is small. The coiling is highly
skewed although the last volution tends to be
planispiral. The whorls expand moderately in
height. The short, anteriorly directed septa sepa-
rate the tear-shaped chambers whose rapid pos-
terior inflation causes a rather deep sutural de-
pression and a highly lobate periphery. The wall
is composed predominantly of dark, granolar
calcite, but in some areas there is a hint of a
coarse grained, light colored, middle layer. Aper-
ture is a small, basal opening.

Discussion.—This form differs from Cherny-
shinella  paucicameraia Lipina in having fewer
chambers in the last volution, more convex cham-
bers and greater sutural depressions.

)




Occurrence~Zone 7 (CP 5} Crystal Pass Lime-
stone at Arrow Canyon Range.

Chernyshinella paucicamerata Lipina, 1955
Plate 3, figure 17

Chernyshinella paucicamerata 1ipINA, 1955, pp.
50-51, pl. 5, figs. 13-15; CoNiL and Lys,
1964, p. 148, pl. 21, figs. 426-427; LIPINa,
1965, p. 86, pl. 19, figs. 12-14; BRAZHNIKOVA
et el., 1967, pl. 5, fig. 7.

Pleciogyra anteflexa (part) E. J. ZELLER, 1957,
p. 698, pl. 81, fig. 12.

Measurements.—(based on 1 specimen) Num-
ber of volutions: 3%. Number of chambers in
last volution: 6. Diameter: 0.29 mm. Shell
thickness last chamber: 0.025 mm.

Description—Test is small and highly skewed.
Each volution is coiled at approximately 90° to
the preceding one. The rate of expansion of the
coil is slow. Septa are small and have a strong
anterior direction. The chambers are asymmetri-
cally convex but not highly inflated. Sutures are
only slightly depressed, and the periphery is mildly
lobate. Wall is dark, granular calcite with some
patches of lighter coarse grains suggestive of a
middle layer. Aperture was not seen but is prob-
ably a very low opening at the base of the last
chamber,

Discussion—This specimen is a little smaller
than Lipina’s figured specimens. The “Discussion™
of Cherynshinella glomiformis (p. 32) distin-
guishes these two species.

McKay and Green (1963, p. 36) note the re-
semblance between Plectogyra anteflexa E. J.
Zeller, 1957 and Chernyshinella. Skipp (1969, pp.
223-224) places some of Zeller’s figured speci-
mens in Chernyshinella and others in Sepraglomo-
spiranelle. At least one of Zeller’s forms (1957,
pl. 81, fig. 12) is very similar to C. paucicamerata.
Lipina {1965, pp. 52-53) places two of his speci-
mens (Zeller, 1957, pl. 79, fig. 10; pl. 81, fig. 11)
into the genus Seprabrunsiina.

Occurrence~Zone 7 (J 2) Joana Limestone at
Ward Mountain.

Chernyshinella tumulosa Lipina, 1955
Plate 3, figures 20-22

Chernyshinella tunulosa LiriNa, 1955, p. 51, pl. 5,
figs. 16-18; LiriNa, 1965, p. 87, pl. 20, figs.
1—4; BocusH and YUFEREv, 1966, p. 138, pl
8, figs. 17-18; GANELINA, 1966, p. 92, pl. 7,
figs. 17-18.

Measurements—(based on 9 specimens) Num-

ber of volutions: 1-1%., Number of chambers in
last volution (8 specimens): 3-4, Diameter:
0.28-0.52 mm. Width (1 specimen): 0.19 mm.

Width/diameter (1 specimen): 0.50 Interior diam-
eter of proloculus (7 specimens): 0.065-0.120
mm. Shell thickness last volution: 0.010-0.030
mm.

Description.—Test is small to medium in size,
discoidal and partially evolute. When present,
the interior one-half volution is slightly skewed.
The chambers of the exterior volution are high
and ordinarily of constant height. Septa are thick,
short to moderate in length and pointed moder-
ately forward. The unilateral inflation of the
chambers is not highly pronounced, but the sutures
are depressed and the periphery is generally lobate.
The large proloculus is surrounded by a thick wall
and large nodes. These deposits are probably
secondary thickenings secreted at the base of the
exterior chambers. Wall is mostly dark, micro-
granular to coarse grained calcite. Large, light
colored grains are scattered throughout the darker
matrix in some specimens whereas others exhibit
a coarse, light, middle layer. Aperture was not
seen.

Discussion—The orientation of the septa in
these specimens is not as far forward as is common
in this genus nor is the asymmetrical inflation of
the chambers as well developed, although the
characteristic chernyshinellid shape is still ap-
parent.

The thickened prolocular wall and tubercles dis-
tinguish this species from others of the genus.

Occurrence~Zone 7T (? CP 5) Crystal Pass
Limestone and (D 1, ?D 2) Dawn Limestone;
zone 8 (D 3, D5, D 6) Dawn Limestone at Arrow
Canyon Range, Zone 8 (J 5) Joana Limestone at
Ward Mountain.

Genus Palaeospiroplectammina Lipina, 1965

Spiroplectamminoides Skipp, 1969, pp. 227-228,

pl. 24, figs. 8-12.

Type species: Spiroplectammina tchernyshinensis
Lipina, 1948.

Description.—Test is small to medium sized and
distinctly bimorphic. The initial portion of the
shell has one to one and one-half volutions similar
to Chernyshinella in coiling, segmentation and
peripheral outline. The outer volution contains
four to six chambers. The later portion is an erect
biserial tube of two to seven tiers which has a
greater total volume than the coiled portion. Wall
is dark, granular calcite interspersed with lighter
colored grains. Aperture appears to be a small
opening at the base of the last chamber.

Discussion.—Lipina (1965, p. 92) considered
Palacospiroplectummina to be an intermediate
stage between the families Tournayellidae and
Textularidae. The chernyshinellid features of the
initial whorls ally the genus to the tournayellids.
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FIGURE 10

Sagittal section of Palacospiroplectammina. L.
length; W, width; T, thickness; D, diameter of
coiled area; C, chamber; S, septum; 4 chambers
in the coiled area, 12 in the biserial area; 6
biserial tiers (redrawn from Conil and Lys,
1964).

Other calcareous Carboniferous forms with initial
endothyrid coiling were placed by Lipina (1965)
in the long-ranging textularid genus Spiroplectam-
mina but have since been shifted to a new endo-
thyrid  genus,  Endospiroplectammina  (Lipina,
1970).

For foraminifers morphologically similar to
Spiroplectammina but having an apparently se-
creted wall, Skipp (1969) created a new genus,
Spiroplectamminoides, and placed it in the family
Palaeotextularidae. However, during publication
of her paper, Skipp became aware of Palueospiro-
plectammina and suggested that the two genera
are probably the same. As many of the species
that Skipp associates with her new genus, such as
Spiroplectammina parva Chernysheva, 1940, S.
(chernyshinensis Lipina, 1948 and S. gutiula
Malakhova, 1954 have been included in Lipina’s
description of Palaeospiroplectammina, and be-
cause Skipp’s specimens have chernyshinellid
features, it is clear that Spiroplectainminoides is
a synonym of Palacospiroplectammina.

According to Lipina (1965, pp. 90, 92) Palaco-
spiroplectammina differs primarily from the sub-
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genus Birectochernyshinella (genus Chernyshinella)
in having the biserial area larger than the coile
portion.

Figure 10 illustrates the important parameters
of Palaeospiroplectammina.

Palacospiroplectammina parva
(Chernysheva), 1940

Plate 3, figure 23

Spiroplectammina parva CHERNYSHEVA,
130, pl. 2, figs. 1-2.

Palaeospiroplectammina  parva  (Chernysheva).
Lirina, 1965, p. 94, pl. 22, figs. 8-11
BrazHNIKOVA ef al., 1967, pl. S, fig. 3; LiPIN4
1970, pl. 2, fig. 4.

Spiroplectamminoides cf. S. parva (Chernysheva)
Skiep, 1969, p. 228, pl. 24, figs. 9-10, 12.

1940, p.

Measurements.—(based on | specimen) Length:
0.51 mm. Width of biserial chambers: 0.33 mm.
Diameter of coiled area: 0.32 mm. Number of
volutions in coiled area: about 1. Number of
chambers in last volution: 4. Number of cham-
bers in biserial area: 3. Shell thickness last cham:
ber: 0.035 mm.

Description.—Test size is medium. Short, thick,
anteriorly directed septa divide the initial coiled
volution into slightly lobate chambers on top of
which grows an erect two tieved biserial tube. The
septa in the biserial area are long, curved, and
slightly thickened at their lower end. Chambers
are large and moderately inflated. Wall is dark,
granular calcite, Aperture was not seen but is
probably a low, basal slit.

Discussion.—This specimen differs from the
holotype in being slightly larger and having one
less biserial tier. The ratio of coil diameter/length
reported to be one-third to one-half by Lipina and
Skipp, is almost two-thirds in this specimen. How-
ever, the number of whorls and chambers in the
cotled portion and the overall shape are simila
to previously described specimens of this species,
Were another biserial tier added, my specimen
would have dimensions similar to Skipp’s speci-
mens from the Redwall Limestone. Possibly mine
is a juvenile.

Occurrence—2Zone 7 (CP 5) Crystal Pass Lime-
stone at Arrow Canyon Range.

Palaeospiroplectammina tchernyshinensis
(Lipina), 1948
Plate 3, figures 25-28

Spiroplectammina tchernyshinensis LipiNa, 1948,
pp. 256-257, pl. 20, figs. 4-8; MALAKHOVA,
1956b, pp. 121-122, pl. 15, fig. 8; DURKINA,
1959, p. 221, pl. 24, fig. 3.

Spiroplectammina species McKay and
1963, p. 28, pl. 1, figs. 7, 13.
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TABLE 6

Genera and subgenera of the Endothyridae.

Subgenus Endothyra:

skew coiled; partially to completely evolute; sparse to well de-

veloped, commonly connected, secondary basal deposits; layered
and unlayered wall

Subgenus Globoendothyra:

skew coiled; involute; secondary basal deposits thinly connected

or not; thick, three-layered wall

Subgenus Tuberendothyra:

skew coiled; partially evolute; large, unconnected, club-shaped,

secondary basal deposits; mostly unlayered wall

Eoendothyranopsis:

Plectogyrina:

planispirally coiled; involute; layered wall; secondary deposits

innermost whorls planispiral and evolute, last whorl involute and

at approximately 90° angle to penultimate whorl; layered wall;
secondary deposits

Palacospiroplectammina tchernyshinensis (Lipina).
LipiNa, 1965, pp. 92-93, pl. 21, figs. 8§-17;
AIZENVERG ef al., 1968, pl. 1, figs. 8-10;
LiriNa, 1970, pl. 2. figs. 1-2.

Rectochernyshinella  tchernyshinensis  (Lipina).
GaNELINA, 1966, pp. 93-94, pl. 8, figs. 5-6.

Palaeospiroplectaminina  rchernyshinensis  subsp.
tehernyshinensis  (Lipina). BRAZHNIKOVA ¢/
al., 1967, pl. 5, figs. 1-2.

Spiroplectamminoides  of. 8. tchernyshinensis
{Lipina). Skipp, 1969, pp. 228-229, pl. 24,
figs. 8, 11,

Measurements—(based on 4 specimens) Length
{3 specimens): 0.60-0.75 mm. Width of biserial
chambers (2 specimens): 0.20-0.21 mm. Diameter
of coiled area (2 specimens): 0.14-0.18 mm.
Number of volutions in coiled area (2 specimens):
I. Number of chambers in last volution (2 speci-
mens): 4-5. Number of chambers in biserial area
(3 specimens): 9-12. Interior diameter of pro-
foculus (1 specimen): 0.040 mm. Shell thickness
biserial chambers: 0.015-0.025 mm.

Description—Test is medium in size. The small
initial coil is followed by a slightly expanding,
erect biserial tube of five to six tiers in mature
specimens. The coiled portion forms about one-
fourth the length of the shell. Chambers in the
coiled area are small and slightly lobate. The
biserial chambers are relatively large and well
inflated, and their septa are thick but lack second-
ary deposits. Wall appears to be a mixture of light
and dark granular calcite. Aperture was not seen.

Discussion~These specimens are smaller than
Skipp's Redwall forms but fit within the dimensions
of those described by Lipina. A juvenile specimen
is illustrated on Plate 3, figure 28.

Occurrence.—Zone 7 (D 1) Dawn Limestone
at Arrow Canyon Range.

Palaecospiroplectammina sp. A
Plate 3, figure 24

Meastrements.—(based on 1 specimen) Length:
0.35 mm. Width of biserial chambers: 0.21 mm.
Diameter of coiled area: 0.16 mm. Number of
volutions in coiled area: 1'%. Number of cham-
bers in last volution: about 6. Number of cham-
bers in biserial area: 6. Interior diameter of
proloculus: 0.045 mm. Shell thickness last cham-
ber: 0.020 mm.

Description—Test is small. One and one-half
skew coiled volutions are followed by three biserial
tiers of chambers. The biserial chambers initially
grow beside the coiled area and then rise up above.
Septa in the coiled area are small and indistinct,
and the small chambers are lobate. The biserial
chambers are relatively large, and their septa are
long, slightly curved but not secondarily thickened.
The wall is composed of light colored grains em-
bedded in a dark, microgranular matrix. Aperture
is probably low and basal.

Discussion.—This form is quite similar in ap-
pearance and dimensions to Palacospiroplectam-
mina parva (Chernysheva) but differs in that the
biserial chambers first grow laterally to the coiled
area instead of directly above.

Occurrence—Zone 7 (3 1) Joana Limestone at
Ward Mountain.

Family ENDOTHYRIDAE Rhumbler, 1895

Three genera, Eoendothyranopsis, Plectogyrina
and Endothyra including three subgenera, Endo-
thyra, Globoendothyra and Tuberendothyra, repre-
sent the Endothyridae in this study. Table 6 dis-
tinguishes the genera and subgenera.

Of all the families of the Endothyracea this one
has the most extensively developed secondary de-
posits. In sagittal view, typical septal deposits in-
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FIGURE 11

Morphological features of Endothyra. Dark areas represent secondary deposits. A.—Axial section
showing skew coiling; W, width; D, diameter; A, axis of coiling of last volution; LF, lateral chamber
fillings. B.——Sagittal section of slightly skew coiled form with 8!, chambers in last volution; Ap,
aperture; S, septal suture; C, club-shaped basal deposit; AT, anterior thickening at septal join; PT,
posterior septal thickening; M, basal mounds connected by thick floor covering. C.—Sagittal sec-
tion; Ap, aperture; Sp, basal spine. D.—Sagittal section: Ap, aperture; H, hamulus (basal hook);
M, basal mound probably resorbed remnant of former hamulus (modified from Conil and Lys,

1964).

clude thickenings on the anterior side at the join
and on the posterior side. Basal deposits include
large, club-shaped projections, spines, hooks
(hamuli) and mounds joined by connecting de-
posits in some specimens. All these basal protuber-
ances are actually continuous ridges situated be-
hind and parallel to the septa. In axial view,
lateral chamber fillings and paired mounds re-
sembling rudimentary chomata are seen in some
specimens although these two deposits are much
better developed in the Quasiendothyridae. Figure
11 illustrates a variety of these deposits. Other
forms (e.g. Endothyra torquida), however, Jack
some or most secondary deposits.

The wall can be a fine to coarse grained homo-
geneous layer or can exhibit two or three layers.
The three-layered wall is composed of a central
thick tectum and thin, upper and lower tectoria.
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As layered and unlayered walls are seen in the
same specimen, secondary alteration may account
for the homogeneous walls commonly reported as
primary.

Species are distinguished on a combination of
parameters including size, number of volutions,
number of chambers per volution, amount and
shape of secondary deposits and peripheval out-
line.

Genus Endothyra Phillips, [1846], emend.
Brady, 1876
Subgenus Endothyra Phillips, [1846], emend.
Brady, 1876, emend. Skipp, 1969

Type species: Endothyra bowmani Phillips,
[1846], emend. Brady, 1876.
Description.—Test is small to medium, discoidal



and umbilicate or non-umbilicate. The two to four
volutions commonly are partially evolute and skew
coiled, but the last whorl is more or less planispiral
and has five to nine chambers. One species, how-
ever, is evolute and almost planispirally coiled
throughout. The rate of expansion of the coil is
moderate to rapid. Septa are medium or long,
straight or curved and oriented perpendicular to
the wall or pointed forward. They can be devoid
of any secondary deposits or, more likely, be
thickened anteriorly at the septal join and on the
posterior side. The chambers are flush with the
septal sutures or inflated either in a regular convex
shape or with a slight asymmetry; the peripheral
outline is smooth to highly lobate. Where present,
secondary basal deposits are developed as thick,
connected, tuberculate or relatively smooth floor
coverings, also filling in the sides of the chambers
in some specimens. The wall varies from dark,
homogeneous, fine grained calcite to a three-
fayered structure. Aperture is a simple, low to
high, basal opening in sagittal sections. In those
species seen as whole specimens, the aperture is
crescent-shaped.

Discussion—Specimens of Endothyra apposita,
E. bowmani, E. excellens and E. rugosa are similar
to the subgenus Globoendotiyru in coiling, second-
ary deposits and wall structure. However, they
differ from Globoendothyra in being generally
smaller, more compressed in axial view, partially
evolute and commonly having a thinner wall and
more massive, thickly connected, secondary basal
deposits,

Group Endothyra bowmani

Many small to medium sized endothyrids closely
resemble Endothyvra (E.) bowmani Phillips, [1846],
emend. Brady, 1876 in having three to four skew
coiled volutions, generally lobate peripheries, six
to nine (commonly seven or eight) chambers in
the last whorl and thick, connected, secondary
basal deposits. An incomplete list of species with
these characteristics includes: E. acantha (Conil
and Lys), 1964; E. exceliens (D. Zeller), 1953:
E. irregularis (E. J. Zeller), 1957: E. kennethi St.
Jean, 1957; E. kentuckyensis (D. Zeller), 1953;
E. maxima (D. Zellery, 1953; E. obsoleta Rauzer-
Chernousova, 1948; E. pandorae (D. Zeller), 1953;
E. paraprisca Shlykova, 1951; E. phrissa (D.

Zeller), 1953; E. plectogyra (E. J. Zeller), 1950;
and E. rugosa (E. J. Zeller), 1957. They have
been described from rocks of Meramec, Chester
and Desmoines age (Visean, lower Namurian and
Westphalian).

These species are distinguished on the basis of
the shape of the secondary deposits, degree of
lobateness of the periphery, degree of coiling dis-
tortion, wall thickness and size. However, the
parameters of the species are quite similar, and,
in axial sections, distinctions other than size are
slight. Mamet has often used the term “group
E. bowwmani® (eg. Mamet, 1970; Mamet and
Skipp, 1970) to refer to these species which are
separated only by fine distinctions.

Three species, E. bowmani, E. exceliens and
E. rugosa, of the group E. bowmani are described
in this study. A fourth species, E. apposita Gane-
lina, is placed here only tentatively because its
smoother periphery suggests, instead, a possible
relationship with E. similis Rauzer-Chernousova
and Reitlinger, 1936,

Endothyra (E.) apposita Ganelina, 1956
Plate 3, figures 29, 30

Endothyra apposita GANELINA, 1956, p. 89, plL. 6,
figs. 7-8; BocUsH and YUFEREY, 1966, p. 121,
pl. 6, fig. 17; ConNiL and Lys, 1968, p. 516,
pl. 6, figs. 67-68; DvokAk and CoNmL, 1969, p.
82, pl. 3, fig. 37.

Plectogyra apposita (Ganelina). CoNiL
1964, p. 165, pl. 24, figs. 464468,

and Lys,

Measurements—(based on 3 specimens) Num-
ber of volutions: about 3. Number of chambers
in last volution (1 specimen): 6. Diameter:

0.39-0.45 mm. Interior diameter of proloculus
(1 specimen): 0.060 mm. Shell thickness last
volution: 0.015-0.020 mm.

Description—Test is small to medium in size.
The coiling is highly skewed throughout and the
enrollment of the last volution is commonly dis-
torted also. The rate of expansion of the last
whorl is rapid; the inner whorls are more tightly
coiled. Septa are long and have a slight to moder-
ate anterior direction. Secondary septal deposits
are found both at the join and along the posterior
side. Chamber inflation between the sutures is
slight; the periphery is smooth or mildly lobate.

EXPLANATION OF PLATE 3
All figures X 60

Figs.

1-5. Septaglomospiranella primaeva (Rauzer-Chernousova),

PacGE
1948, .. e 29

1. Tangential section, approaching sagitial (UCM 28179&) Sample J 2 Joana Lumestone,

Ward Mountain.

2. Tangential section, approaching sagittal (UCM 28179b).

Ward Mountain,

Sample J 2, Joana Limestone,
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6,7.

8,9

10-15.

16.

17.

19.

20-22.

23.

24,

25-28.

29, 30.

31,

3. Tangential section (UCM 28129g). Sample CP 5, Crystal Pass Limestone, Arrow
Canyon Range.

4. Axial section (UCM 28129h). Sample CP 5, Crystal Pass Limestone, Arrow Canyon
Range.

5. Tangential section, approaching sagittal (UCM 28129i). Sample CP 5, Crystal Pass
Limestone, Arrow Canyon Range,

Septatournayella pracsegmentata Bogush and Yuferev, 1560. I I

6. Diagonal section (UCM 28155¢). Sample Y 4, dewmnemeﬁmw Anmkfmwon
Range.

7. Sagittal section (UCM 28155d). Sample Y 4, Yellowpine Limestone, Arrow Canyon
Range.

Septatournayella tumula (E. J. Zeller), 1957,

8. Tangential section (UCM 28182f). SampleJ 5 Joana L:mestone Ward Mountam

9. Broken tangential section, approaching sagittal {UCM 28135g). Sample D 5, Dawn
Limestone, Arrow Canyon Range.

Fournayella discoidea Dain, 1953,

10. Axial section (UCM 28136¢). Sample D 6 Dawn Lxmestone Arrow Canyon Range

11. Tangential section, approaching axial (UCM 28182g). Sample I §, Joana Limestone,
Ward Mountain.

12. Axial section (UCM 28154¢). Sample Y 3, Yellowpine Limestone, Arrow Canyon
Range.

13. Tangential section (UCM 28154d). Sample Y 3, Yellowpine Limestone, Arrow
Canyon Range.

14. Axial section (UCM 28154e). Sample Y 3, Yellowpine Limestone, Arrow Canyon
Range.

15, Axial section (UCM 28136d). Sample D 6, Dawn Limestone, Arrow Canyon Range.

Chernyshinella ¢f. C. disputabilis Dain, 1958,

16. Near sagittal section (UCM 28129j). Sample CP 5 Crystal Pasﬂ Ilmestone Arrow
Canyon Range.

Chernyshinella paucicanerata Lipina, 1955, .

17. Tangential section (UCM 28179¢c). Sample J 2 Joana leestone, Ward Monutam

Chernyshinella glomiformis (Lipina), 1948. _

18. Tangential section (UCM 28129k). Sample CP 5 Crystal Pass leestone, Arrow
Canyon Range,

I9 Dxagonal sectmn (UCM °8154f) Samplc Y 3. Yellowpine Limestone, Arrow Canyon
Range.

Chernyshinella tumulosa Lipina, 1955, _

20 Diagonal section (UCM 28135h3. Samp]e D S Dawn leestonc Arrow Cdnyon Range
. Axial section (UCM 28133b). Sample D 3, Dawn Limestone, Arrow Canyon Range.

27 Diagonal section (UCM 28133c¢). Sample D. 3, Dawn Limestone, Arrow Canyon Range.

Palaeospiropleciamming parva (Chernysheva), 1940, :

23. Near sagittal section (UCM 281291) Sample CP 5 Crystal Pass L:mestone Armw
Canyon Ranpge.

Palaeospiroplectamminag sp. A, _______

24. Near sagittal section (UCM 28178b) Sample J I Joana L:meqtone Ward Mountam

Palaeospiroplectammina tchernyshinensis {Lipina), 1948, }

25. Sagittal section; juvenile (UCM 28131c). Sample D 1, Dawn L;mestone, Arrow Canyon
Range.

26. Tangential section (UCM 28131d). Sample D 1, Dawn Limestone, Arrow Canyon
Range.

27. Diagonal section (UCM 28131e). Sample D 1, Dawn Limestone, Arrow Canyon
Range.

28. Diagonal section (UCM 28131f). Sample D 1, Dawn Limestone, Arrow Canyon
Range.

Endothyra (E.)y apposita Ganelina, 1956. . .

29. Diagonal section (UCM 28154g), Sample Y 3 Yellowpme leestone‘ Arrow Canyon
Range.

30. Tangential section, approaching sagittal (UCM 28153b). Sample Y 2, Yellowpine Lime-
stone, Arrow Canyon Range.

Endo!l:vra (E.) bowmani Phillips, [1846], emend. Brady. 1876.
. Sagittal section (UCM 28165a). Sample IS 1, Indian Sprmgs Formatzon Arrow
Canyon Range.
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Figs.
1-6.

10-12.

14-16.

17, 18.

19, 20.

. Endothyra (E.) excellens (D. Zeller), 1953,

. Endothyra (E.) planiformis? n. sp.

EXPLANATION OF PLATE 4
All figures X 60

PAGE

Endothyra (E.) bowmani Phillips, [1846], emend. Brady, 1876, .. . ... ..

1. Axial section (UCM 28166a). Sample IS 2, Indian Springs Pormauon Arrow Canyon
Range.

2. Axial Section (UCM 28154h). Sample Y 3, Yellowpine Limestone, Arrow Canyon
Range.

3. Tangential section, approaching sagittal (UCM 28153¢). Sample Y 2, Yellowpine Lime-
stone, Arrow Canyon Range.

4. Whole specimen, side view (UCM 28165b). Sample IS 1, Indian Springs Forma-

tion, Arrow Canyon Range.

. Whole specimen, apertural view showing skewed coiling of last volution; second cham-
ber from beginning of last volution is partly damaged (UCM 28165¢). Sample IS 1,
Indian Springs Formation, Arrow Canyon Range.

6. Axial section (UCM 28155¢). Sample Y 4, Yellowpine Limestone, Arrow Canyon

Range.

Ln

7. Whole specimen, apertural view showing slightly skewed cmlmg of last vc)lutlon (UCM
28166b). Sample IS 2, Indian Springs Formation, Arrow Canyon Range.
8. Whole specimen, side view (UCM 28166¢). Sample IS 2, Indian Springs Formation,
Arrow Canyon Range.
9. Sagittal section (UCM 28166d). Sample IS 2, Indian Springs Formation, Arrow Canyon
Range.
Endothyra (E.) introjactans (Conil and Lys), 1964,
10. Diagonal section (UCM 28155f). Sample Y 4, Yellowpine Limestone, Arrow Canyon

Range.

I1. Axial section {UCM 28155g). Sample Y 4, Yellowpine Limestone, Arrow Canyon
Range.

12, Diagonal section (UCM 28155h). Sample Y 4, Yellowpine Limestone, Arrow Canyon
Range.

13. Axial section (UCM 28188a). Questlonable spemmen from %ample Bu 2 Ely Lime-
stone, Butie Mountains.

Endothyra (E.) planiformis n. sp. . e e e e

14. Sagittal section, damaged beneath aperture holotype {(UCM 2817{}) Sample BS
3, Bird Spring Formation, Arrow Canyon Range.

15. Tangential section, approaching axial, bottom crushed (UCM 28169b). Sample BS 3,
Bird Spring Formation, Arrow Canyon Range.

16. Tangential section (UCM 28169¢). Sample BS 3, Bird Spring Formation, Arrow
Canyon Range.

Endothyra (E.) rugosa (E. 1. Zeller), 1957, . . }

17. Sagittal section (UCM 28154i). Sample Y 3, Yellowpme leestone Arrow Canyon
Range.

8. Diagonal section (UCM 28155i). Sample Y 4, Yellowpine Limestone, Arrow Canyon
Range.

Endothyra (E.) torquida (E. 1. Zeller), 1957,

19. Tangential section, approaching axial (UCM 28155]) Samp]e Y 4 Yellowpme ere-
stone, Arrow Canyon Range.

20. Near sagittal section (UCM 28153k). Sample Y 4, Yellowpine Limestone, Arrow Can-
yon Range.

Endothyra (E)Y SP. Al e

21, Tangential section: (UCM 28169d). Sample BS 3, Bird Spring Formation, Arrow
Canyon Range.

22, Tangential section (UCM 2816%¢). Sample BS 3, Bird Spring Formation, Arrow
Canyon Range.

23, Tangential section (UCM 28187a). Sample Bu 1, Ely Limestone, Butte Mountains.

24, Tangential section (UCM 28177a). Sample BS 9, Bird Spring Formation, Arrow
Canyon Range.

Endothyra (E.)? of. E.? tumida (E. J. Zeller), 1957, -

25. Tangential section (UCM 28137¢). Sample D 7, Dawn Lzmestone Arrow Canyon
Range.

26. Tangential section, approaching sagittal (UCM 28131g). Sample D 1, Dawn Limestone,
Arrow Canyon Range.
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The last chamber has a thick forward directed
spine. Older chambers in the last whorl have low
mounds, regarded as the resorbed remnants of
former spines; thin, secondary floor coverings
connect the mounds, The wall appears primarily
two-or three-layered, and the secondary connecting
deposits add another layer. The aperture is a
simple, medium sized, basal opening.

Discussion.—According to Conil and Lys (1964,
p. 203) E. apposita differs from E. paraprisca
paraprisca Shlykova (see Rozovskaya, 1963, pl. I,
figs. 14-18; Conil and Lys, 1964, pl. 24, figs.
665-667, 1968, pl. 9, figs. 116-118) in having
greater coiling distortion (commonly all the
chambers of the last volution are not visible),
a less lobate periphery and a more sharply de-
fined basal spine in the last chamber. 1 as-
signed my specimens to E. apposita based on
their coiling and peripheral outline. Yet, I do
not feel completely confident in separating these
species because both have similar numbers of
volutions and chambers in the last volution, similar
enrollment and secondary deposits and both are
of Visean age.

Endothyra kentuckyensis and E. phrissa are two
lobate Chester species (described by D. Zeller,
1953, pl. 28, figs. 1, 4, 6, 16-17) which bear an
extremely close similarity to E. paraprisca para-
prisca and to cach other. The only apparent dif-
ference between Shlykova’s and Zeller’s species is
the slightly more massive secondary deposits of the
latter forms.

Occurrence—Zone 15 (Y 2, Y 3} Yellowpine
Limestone at Arrow Canyon Range.

Endothyra (E.) bowmani Phillips, [1846],
emend. Brady, 1876

Plate 3, figure 31; Plate 4, figures -6

Endothyra bowmani Phillips. Brapy, 1876, (part)
pp. 92-94, pl. §, figs. 1-2.

Endotliiyra  bowmani  Phillips, emend. Brady.
LoesrLicH and TaPPaN, in Loeblich, Tappan
et al., 1964, pp. C 343-C 346, fig. 262, 1-2;
MaMEeT, 1970, pl. 6, figs. 1, 3.

Endothyra bradyi, Mikaawov, 1939, p. 51, pl 4,
figs. 1-2.

Measurements.—(based on 16 specimens) Num-
ber of volutions (12 specimens): 3-3%. Num-
ber of chambers in last volution (7 specimens):
7-8%. Diameter: 0.31-0.43 mm. Width (6 speci-
mens): 0.17-0.23 mm. Width/diameter (6 speci-
mens): 0.46-0.53. Interior diameter of proloculus
(4 specimens): 0.030-0.050 mm. Shell thickness
last volution (13 specimens): 0.010-0.020 mm.

Description—Test is small to medium sized,
discoidal, partially evolute and slightly umbilicate
on one or both sides. Coiling is skewed through-
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out. In thin section the last one or one and one-
half whorls appear planispiral, but the whole
specimens (Plate 4, figure 5) show a slight devia-
tion of the coiling axis. The rate of expansion of
the last whorl is moderate to rapid. Septa are long,
thin and pointed anteriorly at a small angle.
Secondary deposits form at the septal join, but
no definite posterior thickenings were seen. The
chambers are only modestly inflated so that de-
pression of the septal sutures is slight and the
peripheral outline is mildly lobate, The floor of
the chambers is covered with a thick continuous
layer which fills in the corners of some specimens;
however, well developed mounds or hooks are
missing. The wall is generally dark, granular
calcite, but some sections show a faint layering
similar to that found in Endothyra excellens. The
aperture is a low, basal crescent.

Discussion.—RBrady considered E. bowmani and
Globoendothyra baileyi (Hall) the same species
and figured a cross section of the latter as a sagittal
view of E. bowmani (1876, pl. 5, fig. 4). The
International Commission of Zoological Nomen-
clature (China, 1963) upon validating £. bowmani
Phillips, [1846], emend. Brady, 1876 designated
Loeblich and Tappan’s specimen (1964, fig. 262,
1-2) as the neotype. The cross section of the
neotype (fig. 262, 2) is a drawing and provides
no information on wall structure and secondary
septal deposits. However, the floor of the cham-
bers appears covered by an irregularly shaped
thick basal deposit which lacks well developed
mounds or spikes. Based on this cross section I
have assigned to E. bowmani those specimens
which have thick basal deposits yet lack promi-
nent protuberances, whereas those E. bowmani-
like specimens with more tuberculate basal de-
posits have been assigned to other species. As the
shape of the secondary deposits is difficult to de-
termine in axial cuts, some of my axial sections
may actually belong to other tuberculate species
such as E. rugosa (E. J. Zeller). In these sections,
size was the differentiating factor.

Globoendothyra haileyi differs from E. bowmani
in its larger size, general lack of connecting de-
posits between basal protuberances and a more
bulbous shape in axial section.

Many whole specimens of E. bowrmani were
recovered from the shales of the Indian Springs
Formation,

Occurrence—~Zone 15 (Y 2, Y 3, Y 4) Yellow-
pine Limestone; zone 19 (IS 1, IS 2) Indian
Springs Formation at Arrow Canyon Range,

Endothyra (E.) excellens-(D. Zeller), 1953
Plate 4, figures 7-9

Plectogyra excellens 1D, ZELLER, 1953, p. 198, pl
28, figs. 8-9,
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Measurements.—(based on 3 specimens) Num-
ber of volutions (1 specimen): 3%. Number of
chambers in last volution: 7-8. Diameter: 0.56~
0.60 mm. Width (1 spectimen): 027 mm.
Width/diameter (1 specimen): 0.47. Interior
diameter of proloculus (1 specimen): 0.040 mm.
Shell thickness last chamber {1 specimen): (.020
mm,

Description—Test is medium sized, discoidal,
partially evolute and slightly umbilicate on both
sides. Coiling is skewed throughout. The last one
and one-half whorls appear to be coiled in the
same plane, but examination of whole specimens
(Plate 4, figure 7) shows a slight rotation of the
coiling axis of the final whorl. Expansion of the
coil is rapid throughout, Septa are long and
oriented slightly to well forward. Secondary septal
deposits are found at the join and on the posterior
tips of some septa. The chambers in the outer
whorl are large and well inflated; the periphery
is lobate. Basal secondary deposits are massive.
The last chamber has a large hook, and mounds,
the remnants of former hamuli, appear in the pre-
ceding four or five chambers. Thick deposits con-
nect the mounds and hook. The wall is composed
of a primary, thick, less dense tectum flanked by
two thin, dark, microgranular tectoria. The outer
tectorium, although not preserved in the spirotheca,
is also primary because it covers the anterior side
of the septa beneath the secondary thickenings at
the septal join. The lower tectorium is probably
secondary as it is not clearly visible under the
secondary septal deposits, The aperture is a high,
simple arch.

Discussion—These specimens were recovered
whole from shale of the Indian Springs Formation.
Three typical specimens were used for identifica-
tion. The coiling is quite similar to E. bowmani,
and in whole specimen E. excellens is distingunished
from the latter by its larger size and more lobate
periphery. In thin section E. excellens exhibits
better developed mounds and hooks than E. bow-
mani. Because of the invisibility of the basal
secondary deposits in whole specimens, identifica-
tion is best established by thin sectioning.

The single sagittal section of Endothyra kennethi
St. Jean (1957, pl. 1, fig. 7) is quite similar to
E. excellens except for a smaller size and a less
massive basal deposit in the last chamber. FE.
kennethi is found in calcareous shale of Middle
Pennsylvanian age in Indiana.

D. Zeller (1953, p. 198) distinguishes E. excel-
tens from similar species, E. pandorae (D, Zeller),
E. versabilis (D. Zeller) and E. phrissa (D.
Zeller), on the massiveness of the secondary de-
posits, lobateness, wall thickness and coiling dis-
tortion.

Occurrence—Zone 19 (IS 2) Indian Springs
Formation at Arrow Canyon Range.

Endothyra (E.) introjactans
(Conil and Lys), 1964
Plate 4, figures 10-12

Plectogyra introjactans CowNiL and Lys, 1964, p.
191, pl. 30, figs. 620605,

Plectogyra aff. introjuctans Conil and Lys. OMARA
and ConNiL, 1965, pp. B232-B233, pl. 2, figs.
12-14; pl. 3, figs. 15-18.

Measurements.—(based on 4 specimens) Num-
ber of volutions: 3'4-4%. Number of chambers
in last volution (1 specimen): 8. Diameter:
(.58-0.63 mm. Width (! specimen}: 0.35 mm.
width/diameter (1 specimen): 0.55. Interior
diameter of proloculus (3 specimens): 0.025-
0.040 mm. Shell thickness last volution (3 speci-
mens): 0.015-0.025 mm.

Description—Test is medium sized, discoidal,
nearly involute and umbilicate on both sides.
Coiling is skew throughout, but the last whorl
is more or less planispiral. The last two volutions
expand moderately to rapidly; the inner ones are
tightly coiled. Septa are long, straight or slightly
curved and are oriented perpendicular to the wall
or slightly forward. They are secondarily thickened
along the anterior side. Chambers are flush with
the septa; peripheral outline is smooth. Secondary
basal deposits consist of low, broad unconnected
mounds. Most specimens exhibit a three-layered
wall. The tectum is composed of granular, light
and dark colored grains and is flanked by thin,
dark, microgranular layers. Aperture was not
readily visible and must be a very low, basal
opening.

Discussion.—These specimens lack the promi-
nent posterior septal thickenings seen in the type
material, but they are similar in most other
respects. Conil and Lys do not mention any wall
layering, yet their specimens appear three-layered
although the tectum is more finely granular than
mine.

Occurrence~Zone 15 (Y 4) Yellowpine Lime-
stone at Arrow Canyon Range.

Endothyra (E.) planiformis n. sp.
Plate 4, figures 137, 14-16

Measurements.—(based on 3 specimens) Num-
ber of volutions (2 specimens): about 4. Num-
ber of chambers in last volution (1 specimen): 8.
Diameter (1 specimen): 0.60 mm. Width (1
specimen): 0.25 mm. Interior diameter of pro-
loculus (I specimen): 0.030 mm. Shell thickness
last volution: 0.015-0.020 mm.

Description—Test is medium sized, discoidal,
evolute and broadly umbilicate on both sides. The
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inermost whorl is skewed to the remaining plani-
piral volutions. Expansion of the coil is steady
nd rapid. Septa are of medium length, curved
mteriorly and slightly thickened at the join and
ess commonly on the posterior end. Chambers
are convex and asymmetric. The deep sutural de-
pressions and highly inflated chambers produce a
very distinctive scalloped periphery. The last
chamber contains a straight, forward pointing
spike, and other chambers have low, basal mounds,
probably remnants of former spikes. Thin, second-
ary deposits connect the mounds. There are no
lateral fillings. Two specimens have three-layered
walls composed of a relatively thick, less dense,
granular tectum flanked by two, dark, thin, micro-
granular tectoria. Aperture is simple, low and
basal.

Discussion.-—This species is distinguished from
other Endotlhiyra species by its evolute and almost
planispiral enrollment and asymmetrically lobate
periphery.

The coiling is quite similar to Planoendothyra;
however, the highly lobate periphery, curved septa,
posterior septal thickenings, secondary basal pro-
tuberances and layered wall are much more char-
acteristic of species of the group Endothyra bow-
mani. Although more evolute and not as skew
coiled as the E. bowmani, this species probably
descended from one of its Mississippian members.

A single specimen (Plate 4, figure 13) from
the Ely Limestone at the Butte Mountains section
is tentatively assigned to this species although it
is not included in the description. This specimen
is similar in all parameters except for the irregular
coiling of a portion of the final volution.

The species name refers to the planispiral coiling
of most volutions.

Occurrence.—Morrow  (BS 3) Bird Spring
Formation at Arrow Canyon Range., Morrow
(7Bu 2) Ely Limestone at Butte Mountains.

Endothyra (E.) rugosa (E. J. Zeller}, 1957
Plate 4, figures 17, 18

Plectogyra rugosa E. J. ZELLER, 1957, p. 699, pl.
78, figs. 3-4.

Measurements—(based on 3 specimens) Num-
ber of volutions: 3. Number of chambers in last
volution (1 specimen): 8. Diameter: 0.45-0.48
mm. Interior diameter of proloculus (1 specimen):
0.040 mm. Shell thickness last volution: 0.015-
0.020 mm,.

Description.—Test is medium sized. The coiling
of the outer one and one-half volutions is nearly
planispiral and loose; the inner one and one-half
whorls are skew coiled and tight. Septa are gen-
erally long, straight and pointed slightly forward,
and are enlarged secondarily at the join. The
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chambers are inflated between the septa, and the
periphery is moderately lobate. Large mounds,
decreasing in size in older chambers, cover the
floors of the last few chambers. Thick floor de-
posits connect the mounds. The microgranular
wall consists of a thick, less dense layer; a thin,
dark, inner zone; and possibly an even thinner,
dark, outer layer. The aperture is a simple, low,
basal opening.

Discussion—~FEndothyra rugose is distinguished
from the very similar species Endothyra irregularis
(E. 1. Zeller), 1957, by its larger size, less lobate
periphery, thicker walls and milder coiling dis-
tortion. According to Zeller (1957, p. 699), it
differs from Endothvra phrisse (D. Zeller), 1953
in its smaller proportional chamber size and thinner
connecting deposits between mounds.

Occurrence—~—Zone 15 (Y 3, Y 4) Yellowpine
Limestone at Arrow Canyon Range.

Endothyra (E.) torquida (E. J. Zeller), 1957
Plate 4, figures 19, 20

Plectogyra torquide E. J. ZELLER, 1957, pp. 698~
699, pl. 75, fig. 33; pl. 78 fig. 7; pl 80,
fig. 27.

Endothyra torquida (E. 1. Zeller). Skipp, 1969,
p. 207, pl. 21, figs. 15-19; pl. 22, figs. 1-5, 9.

Measurements~—{(based on 4 specimens) Num-
ber of volutions {3 specimens): 3--3i4. Number
of chambers in last volution (2 specimens): 8-9,
Diameter: 0.30-0.37 mm. Width (1 specimen):
0.17 mm. Width/diameter {1 specimen): 0.49,
Interior diameter of proloculus (I specimen):
0.040 mm. Shell thickness last volution: 0.010-
0.015 mm.

Description—Test is small, discoidal, partially
evolute and slightly umbilicate on one side.
Coiling is skewed, although the last volution is
essentially planispiral, and the whorls expand
moderately. Septa are medium to long and are
thickened secondarily at the join; most are oriented
only slightly forward. The chambers are com-
monly flush with the septal join, and the peripheral
outline is smooth or mildly lobate. Basal second-
ary deposits are not well developed. The wall is
generally dark, granular calcite, but faint layering
appears in three specimens. Aperture was not
seen.

Discussion.—The measurements of these speci-
mens compare favorably with Zeller’s, but mine
differ in being less lobate and having less anteriorly
angled septa. The last chambers of the present
forms are too poorly oriented to determine the
presence of a basal hook reported by Zeller
Skipp's specimens do not contain a hamulus.

My specimens resemble Endotlivra prisc
Rauzer-Chernousova and Reitlinger, 1936,
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having an almost smooth peripheral outline but
differ in being larger on the average and having
more volutions.

Occurrence—Zone 15 (Y 4) Yellowpine Lime-
stone at Arrow Canyon Range.

Endothyra (E.)? cf. E.? tumida
(E. J. Zeller), 1957

Plate 4, figures 25, 26

Granuliferella tumida E. J. ZELLER, 1957, pp. 696—
697, pl. 77, figs. 3, 21-22; pl. 81, figs. 14-15,
17-18; WoobLAND, 1958, p. 797, pl. 100, figs.
6-7, McKay and GREEN, 1963, pp. 46-47,
pl. 3, figs. 16-17, 21.

Measurements.—(based on 2 specimens) Num-
ber of volutions: about 2%:. Number of chambers
in last volution: 5-3%, Diameter: 0.29-0.49 mm.
Average shell thickness last volution: 0.025 mm.

Description.—Test is small to medium sized.
Proloculus is indistinct. The outer one and one-
half to two volutions are very loosely coiled and
almost planispiral whereas the interior whorl is
tight and slightly skewed. Septa are generally
short and perpendicular to the wall or angled
anteriorly. Septa of the larger specimen (Plate
4, figure 26) are not secondarily thickened, but
the short, blunt septa seen in the smaller one (Plate
4, figure 25) were probably shaped by posterior
secondary deposits characteristic of the species.
The chambers are semicircular and strongly
swollen between septa. The peripheral outline is
highly lobate. The larger specimen also exhibits
a characteristically high tunnel which Zeller (1957,
p. 696) thinks is formed by secondary resorption
of the septa. Wall is dark, fine to coarse grained
calcite. Some larger, light colored grains are also
embedded in the wall. Aperture is a low opening
in the small specimen and a high basal one in the
larger.

Discussion—The two specimens of this study
are quite different in size. The smaller one con-
forms to Zeller's dimensions and the larger to
Woodland’s. The lobate periphery, high tunnel,
secondary deposits, number of chambers in the
last volution, number of whorls and coiling of
the present specimens are very much like Zeller’s
original figures. However, the walls of my speci-
mens are much thicker than expected. Also the
larger specimen lacks the characteristic deposits on
the septa although these deposits are not well
developed in all of Zeller’s specimens (cf. Zeller,
1957, pl. 81, figs. 14, 18).

Zeller (1957) applied the name Granuliferella
to organisms with coarse grained walls and few
volutions, The wall structure is quite possibly a
product of recrystallization and not a valid
morphologic feature. But the complete septation,

coiling and secondary septal deposits of Granuli-
ferella tumida are characteristic of Endothyra and
this species should probably be recognized as a
primitive member of that genus. However, even
if the wall structure of Granuliferella is considered
primary, a new generic name is needed because
the type species Granuliferella granulosa E. J.
Zeller, 1957, is now considered synonymous with
Septaglomospiranella primaeva (Rauzer-Chernou-
sova), 1948.

Occurrence—~Zone 7 (D 1) and zone & (D 7)
Dawn Limestone at Arrow Canyon Range.

Endothyra (E.) sp. A
Plate 4, figures 21-24

Measurements.—(based on 4 specimens) Num-
ber of volutions: about 24, Number of chambers
visible at one time in last volution: 4-5. Diam-
eter: 0.20-0.42 mm. Shell thickness last volution
(3 specimens): 0.010-0.020 mm.

Description.—Test is generally small. Coiling
is skewed throughout. The enrollment of the last
volution is especially characteristic of these speci-
mens. The middle portion of the last whorl is com-
monly missing in side view. Evidently, the initial
and final portions of the whorl are nearly in the
same plane whereas the middle area twists in a
different plane. Expansion of the coil is steady
and rapid. The septa are medium to long and
slightly thickened at the join. The chambers are
flush with the septal join or slightly inflated, and
the periphery is correspondingly smooth or mildly
lobate in outline. The floor is secondarily thick-
ened. Wall is dark, microgranular calcite, but one
specimen seems faintly layered. The aperture is
a low to medium, simple, basal opening.

Discussion—The distorted coiling of the last
volution is diagnostic of this group. But sections
through the proloculus are needed before assigning
a specific name.

Occurrence—Morrow (BS 3, BS 9) Bird Spring
Formation at Arrow Canyon Range. Morrow
(Bu 1) Ely Limestone at Butte Mountains.

Endothyra (E.)? sp. B
Plate 5, figures 1, 2

Measurements.—(based on 4 specimens) Num-
ber of volutions: 2--2'%4. Number of chambers in
last volution {1 specimen): 7%. Diameter: 0.27-
0.32 mm. Width (2 specimens): 0.17-0.19 mm.
Width/diameter (2 specimens): 0.57-0.59. In-
terior diameter of proloculus: 0.025-0.040 mm.
Shell thickness last volution: 0.010-0.020 mm.

Description—Test is small, discoidal, partially
evolute and slightly umbilicate on one side. The
first one to one and one-half volutions are coiled
90° to the remaining whorls. The rate of ex-
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pansion of the whorls is steady and rapid. The
septa are long, mostly straight and pointed for-
ward. The septal join is filled with small, second-
ary thickenings. Inflation of the chambers between
the joins is small; the peripheral outline is almost
smooth. The chamber floors are slightly thickened
by secondary deposits. Wall is faintly three-
layered. The aperture is low and basal.

Discussion.—-These specimens differ from Endo-
thyra bowmani in having fewer volutions, a
smaller size and thinner basal deposits. They
differ from E. kleina (Woodland), 1958 in pos-
sessing a layered wall and basal secondary de-
posits. The manner of coiling is similar to that
of the juvenarium of E. planiformis (see Plate 4,
figure 14}, but no mature specimens of that species
are found in association with the present specimens.

The coiling is also similar to Planoendothyra,
but the characteristic thick floor coverings and
lateral chamber fillings are lacking. However, my
specimens could be juveniles of P. aljutovica Reit-
linger, 1950, which have not yet developed the
secondary deposits seen in the last volution of that
species,

The thin, basal deposits and enrollment are also
found in Endostaffella Rozovskaya, 1961. But the
number of volutions are too few as the latter genus
commonly has two to three volutions in the skew
coiled juvenarium alone.

Occurrence~—Morrow (Bu 1) at Butte Moun-
tains.

Subgenus Globoendothyra Reitlinger, 1959

Type species: Globoendothyra pseudoglobulus
Reitlinger, 1959, new name {=FEndothyra globulus
Moller, 1878, not Nonionina globulus Eichwald,
1859).

Description.—Test is medium to large, involute,
discoidal to subglobular and singly or doubly
umbilicate. The initial whorls are slightly to mod-
erately skewed, but the last one or two are com-
monly planispiral. There are three to five and
one-half volutions, and the exterior whorl con-
tains six to eleven chambers. Interior coiling is
tight with moderate to rapid inflation of the outer
volutions. Septa are short to long and thickened
at the septal join and along the posterior side in
a few instances. The peripheral outline varies
from smooth to moderately lobate, depending on
the amount of chamber inflation. Other secondary
deposits include mounds or hooks in the last cham-
ber, lower mounds in older chambers and, less
commonly, corner fillings. Connecting deposits
ordinarily are thin or lacking. The better pre-
served walls are three-layered, characteristically
with a thick, light colored, granular layer
(tectum) flanked by two thin, dark, calcareous,

microgranular layers (outer and inner tectoria).
Aperture is low, basal and simple.

Discussion.—Reitlinger (in Rauzer-Chernousova
and Fursenko, eds., 1959, p. 196) describes Globo-
endothyra as a separate genus, but 1 agree with
Skipp’s (1969, p. 210) subgeneric designation be-
cause the characteristics do fit within those of
the genus Endothyra. The important subgeneric
features of Globoendothyra are the involute coiling
and the thick, three-layered wall. In some speci-
mens the outer tectorium is not preserved and the
wall appears two-layered; in others the tectoria
are not preserved at all and the wall is a homo-
geneous granular layer.

Endothyra globulus Mdéller 1878, (=Globho-
endothyra psendoglobulus Reitlinger, 1959) may
be synonymous with Nonionina globulus Eichwald,
1859, (Rozovskaya, 1963, p. 49; Skipp, 1969, p.
210) and, if so, the latter species should then be
considered the type for the subgenus.

Endothyra (Globoendothyra) cf. G. gutschicki
(Skipp), 1969

Plate 5, figures 9, 10

Endothyra gutschicki Sxiep, 1969, p. 202, pl. 22,
figs. 14-24.

Measurements.—(based on 3 specimens) Num-
ber of volutions: about 3—4, Number of chambers
in last volution: 9%%-11. Diameter: 0.70-0.88
mm. Interior diameter of proloculus (1 speci-
men): 0.065 mm. Shell thickness last volution
(2 specimens): 0.025-0.040 mm.

Description—Test is medium to large. The last
one to one and one-half whorls are loosely coiled
in the same plane. The inner whorls are skew
coiled and tight. Septa are long, straight or slightly
curved and ordinarily pointed forward; secondary
deposits fill the join. The chambers are narrow
and well inflated so that the peripheral outline is
distinctly lobate. Secondary basal deposits are
thin. The wall is faintly three-layered. Aperture
is a low, simple, basal opening. No axial sections
were seen.

Discussion—These specimens differ slightly
from Skipp’s material in having longer septa and
more chambers in the last volution. However, the
size, chamber inflation, number of volutions, lack
of posterior septal thickenings and coiling are
quite similar.

These specimens may be more advanced mem-
bers of the species as Skipp reports her material
from the early and middle Meramec (zones 10-12)
but these are found in the late Meramec.

Occurrence —Zone 15 (Y 5) Yellowpine Lime-
stone and (BW 1) Battleship Wash Formation at
Arrow Canyon Range.
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Endothyra (Globoendothyra) aequiparva
new name (=Globoendothyra parva
(Chernysheva), 1948)*

Plate 5, figures 5-8

Endothyra  globulus  (Eichwald) var.  parva
CHERNYSHEVA, 1948, p. 247, pl. 18, figs. 5-6.

Globoendothyra parva (N. Chernysheva). Bocushu
and YUFEREV, 1962, pp. 151152, pl. 5, fig. 5;
GANELINA, 1966, p. 115, pl. 12, figs. 8-9.

Measurements.—(based on 17 specimens) Num-
ber of volutions (15 specimens): 3-4Y%, Num-
ber of chambers in last volution (7 specimens):
6-7. Diameter: 0.51-0.81 mm. Width (3 speci-
mens): 0.30-0.40 mm. Width/diameter (3 speci-
mens}: 0.57-0.65. Interior diameter of proloculus
(6 specimens): 0.045-0.065 mm. Shell thickness
last volution: 0.015-0.035 mm,

Description—Test is medium to large, involute,
discoidal to subglobular and umbilicate on one
side. Coiling is skew throughout, but the last
whorl is mostly planispiral. Expansion of the
whorls is steady and moderate although the last
volution may be more loosely coiled. Septa are
short and ordinarily V-shaped because of second-
ary thickenings at the septal join. A few are thick-
ened on their posterior ends. Chambers are only
slightly inflated, and the periphery is smooth to
mildly lobate. Basal hooks or large mounds are
present in the last chamber of some specimens, and
smaller mounds are seen in some of the older
chambers. Wall appears two- or three-layered, but
poor preservation obliterates much of the structure
and leaves it as a granular unlayered deposit.
Aperture is low and basal.

Discussion.—Chernysheva described this species
as a variety of Globoendothyra globulus (Eich-
wald), 1859, These present specimens differ from
G. globulus (Eichwald) in being smaller, having
fewer whorls, fewer chambers in the last whorl
and a thinner wall.

Occurrence.—Zone 15 (Y 5) Yellowpine Lime-
stone and (BW 1, BW 2) Battleship Wash Forma-
tion at Arrow Canyon Range.

Endothyra (Globoendothyra) sp. A
Plate 5, figures 3, 4

Measurements.—(based on 7 specimens) Num-
ber of volutions (1 specimen): about 4. Number
of chambers in last volution (1 specimen): 8.
Diameter (4 specimens): 0.65-0.79 mm. Width
(1 specimen): 0.37 mm. Width/diameter (1

* Ellis and Messina (supplement no. 1, 1958) report that
the name “parva” is preoccupied by Endothyra parva
Moller, 1879. Because Globoendothyra is considered a
subgenus of Endothyra, Chernysheva’s species is renamed.

specimen): 0.57. Shell thickness last volution:
0.025-0.035 mm.

Description.—Test is medium in size, discoidal,
involute or possibly partially evolute, and has a
broadly rounded periphery. Fragments of larger
specimens were seen, but their overall diameter
could not be measured. The coiling is skewed.
The last whorl is loosely coiled in approximately
the same plane. Septa are long, slightly curved,
and oriented anteriorly or perpendicular to the
wall. They are secondarily thickened at the join
and on the posterior side. The large chambers are
symmetrically inflated between the septa, and the
periphery is moderately lobate. Most specimens
have low, unconnected mounds on the chamber
floors of the last whorl. The wall varies from a
coarse granular homogeneous mass to an apparent
three-layered structure in which the granular layer
is flanked by two thin, darker, microgranular
tectoria. Aperture was not clearly seen and is
apparently a very low, basal opening.

Discussion—The thick, layered wall, secondary
septal and basal deposits and overall shape re-
semble Globoendothyra baileyi (Hall), 1858,
emend. Henbest, 1931. The generally poor orienta-
tion and fragmentary nature of my specimens,
however, make it difficult to assign these forms
unequivocally to G. baileyi. Furthermore, G.
baileyi has not yet been reported in rocks younger
than middle Meramec (zone 12), and my samples
are from the late Meramec (zone 13). More
specimens are needed before a definite species as-
signment can be made.

Occurrence—Zone 15 (Y 2. Y 3, Y 4) Yellow-
pine Limestone at Arrow Canyon Range.

Endothyra (Globoendothyra?) sp. B
Plate 5, figure 11

Measurements.—{based on 1 specimen) Num-
ber of volutions: about 4%4. Number of chambers
in last volution;: 9. Diameter: 0.83 mm. Shell
thickness last chamber: 0.025 mm.

Description~—Test is large. The coiling is highly
variable, but the last whorl tends to enroll in a
single plane., The inner whorls are tightly coiled
relative to the last two loose volutions. Septa
are of medium length, straight and pointed for-
ward. They are thickened at the join and along
the posterior sides, The peripheral outline is
moderately lobate. Secondary basal deposits con-
sist of a prominent hamulus in the last chamber
and a few small unconnected mounds in the pre-
ceding ones. The wall is indistinctly layered.
Aperture is a simple basal opening.

Discussion—The large size, shape of the un-
connected basal deposits, and manner of coiling
are similar to Globoendothyra. The assignment is
tentative because an axial section is needed to
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see the involute enrollment and because the wall
is not well layered although recrystallization could
have obliterated the structure. This specimen
differs from other Globoendothyra species in its
highly variable coiling.

Occurrence—7Zone 15 (Y 5) Yellowpine Lime-
stone at Arrow Canyon Range.

Subgenus Tuberendothyra Skipp, 1969

Type species:
1948.

Description.—Test is discoidal, partially evolute,
umbilicate, and mostly medium in size. There are
two and one-half to five skew coiled volutions.
The last one to two whorls in some cases are
coiled in the same plane. Expansion of the volu-
tion varies from moderate to rapid. Septa are
short to long and curved forward. Some are
thickened at the join and along the posterior end.
The chambers are moderate to large and inflated
between the septa; the peripheral outline is lobate.
Massive, typically unconnected, secondary deposits
in the shape of clubs, nodes, and wide mounds

Endothyra tuberculata Lipina,

occur on the chamber floors. The wall is com-
monly dark, fine to coarse grained calcite inter-
spersed with light colored grains. Faint layering
is observed in the better preserved specimens.
Aperture is a low, basal opening.

Discussion —The massive, unconnected, second-
ary basal deposits are the identifying characteristic
of this subgenus. Only a few other groups in the
Endothyracea have such well developed deposits
(Skipp, 1969, p. 211, description of Tuberendo-
thyra).

Endothyra (Tuberendothyra) safonovae
Skipp, 1969

Plate 5, figures 12--15

Endothyra tuberculata Lipina subsp. magna LiPINA
and SaFowova, in Lipina, 1955, p. 70, pl. 10
figs. 10-12.

Plectogyra tumula E. 1. Zeller. WoobLaND, 1958,
(part) p. 798, pl. 101, figs. 12, 14-15.

Endothyra tuberculata Lipina. McKay and GREEN,
1963, (part) pp. 39-40, pl. 3, fig. 4; BocusH

EXPLANATION OF PLATE 5§
All figures x 60

Fics.

1,2. Endothyra (E?sp. B. . .

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 43

1. Axial section (UCM 28187b). Sample Bu 1, Ely Limestone, Buite Mountams
2. Sagittal section (UCM 28187¢). Sample Bu 1, Ely Limestone, Butte Mountains.

3, 4. Endothyra (Globoendotiiyra) sp. A.

3. Tangential section, approaching aual (UCM 28155L) Sample Y 4 Yellowpme Lxme—

stone, Arrow Canyon Range.

4, Near sagittal section; top crushed (UCM 28154j).

stone, Arrow Canyon Range.

Sample Y 3, Yellowpine Lime-

5-8. Endothyra (Globoendothyra) aequiparva nan. (Chernysheva), 1948. _ 45

5. Near axial section (UCM 28156a).
Canyon Range.

6. Diagonal section (UCM 28156b).
yon Range.

Sample Y 5§, Yellowpme Lxmestone Arrow

Sample Y 5, Yellowpine Limestone, Arrow Can-

7. Diagonal section (UCM 28158d). Sample BW 2, Battleship Wash Formation, Arrow
Canyon Range.

8. Tangential section, approaching sagittal (UCM 28156¢). Sample Y 5, Yellowpine Lime-
stone, Arrow Canyon Range.

9, 10. Endothyra (Globoendoihyra) cf. G. gutschicki (Skipp), 1969, . . 44
9. Near sagittal section (UCM 28156d). Sample Y 5, Yellowpine Limestone, Arrow Can-
yon Range,

10. Tangential section, approaching sagittal (UCM 28157j). Sample BW 1, Battleship Wash
Formation, Arrow Canyon Range.
11. Endothyra (Globoendothyra®) sp. B. . 45
11, Near sagittal section (UCM 28156e). Sample Y 5, Yellowpme leestone Arrow Can-
yon Range.
12-15. Endothyra (Tuberendothyra) safonovae SKipp, 1969, il 46
12. Tangential section, approaching sagittal (UCM 28131h). Sample D 1, Dawn Lime-
stone, Arrow Canyon Range.
13. Tangential section, approaching sagittal (UCM 281351). Sample DD 5, Dawn Limestone,
Arrow Canyon Range,
14. Sagittal section (UCM 28135}). Sample D 3, Dawn Limestone, Arrow Canyon Range,
15. Tangential section, approaching sagittal (UCM 28181a). Sample J 4, Joana Limestone,
Ward Mountain.
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and YUFEREV, 1966, (part) pp. 127-128, pl
7, fig. 17.
Plectogyra tuberculata (Lipina) subsp. magna

(Lipina and Safonova). BRAZHNIKOVA ef al.,
1967, pl. 5, figs. 8, 10.

Tuberendothyra safonovae Skirp, 1969, new name,
(=Endothyra tuberculata Lipina subsp. magna
Lipina and Safonova, 1955) pp. 212-213, pL

19, figs. 1-3, 8-12,

Measurements.—{based on 4 specimens) Num-
ber of volutions (3 specimens): 4-5. Number of
chambers in last volution (3 specimens): 7.
Diameter: 0.40-0.67 mm. Interior diameter of
proloculus (1 specimen): 0.050 mm. Shell thick-
ness last volution: 0.010-0.025 mm.

Description.—Test is mostly medium sized. The
interior volutions are skewed to the outer one to
two volutions which are coiled in the same plane.
The early whorls expand moderately, but the last
one inflates rapidly. Septa are medium to long
and curved anteriorly; a few are thickened at the
join. Posterior septal thickenings are lacking.
Chambers are large and inflated between septa;
the periphery is strongly lobate. Secondary basal
deposits in the last few chambers consist of large
rounded knobs and in some cases elongate clubs.
Older chambers have smaller mounds which are
probably resorbed remnants of the younger de-
posits. Most of the basal deposits are unconnected.
One specimen (Plate 5, figure 13) has a large
knob in front of the last chamber. A similar de-
posit is described in Skipp’s (1969, p. 212} speci-
mens and is also seen in a specimen figured by

Bogush and Yuferev (1966, pl. 7, fig. 17). Wall
is generally dark, granular calcite although some
light colored grains are scattered throughout.
Aperture is a low, basal slit. No axial sections
were seen.

Discussion.—The size, shape and coiling of
these forms resemble Skipp's Redwall specimens,
but have more volutions.

This species differs from Tuberendoihyra para-
tumula Skipp, 1969 in being generally larger,
having a more lobate periphery, more whorls and
more massive basal deposits, It is differentiated
from E. (Tuberendothyra) tuberculata in the “Dis-
cussion” of the latter species on page 48.

Occurrence~Zone 7 (D 1) Dawn Limestone;
zone 8 (D 5) Dawn Limestone at Arrow Canyon
Range. Zone 8 (J 4) Joana Limestone at Ward
Mountain.

Endothyra (Tuberendothyra) tuberculata
(Lipina), 1948, emend. Skipp, 1969

Plate 6, figures 1-4

Endothyra tuberculata LipiNa 1948, p. 253, pl. 19,
figs. 1-2; McKay and GREEeN, 1963, (part)
pp. 39-40, pl. 3, figs. 2-3, 5.

Plectogyra tumula E. J. Zeller. WoOODLAND, 1938,
(part) p. 798, pl. 102, fig. 13.

Tuberendothyra tuberculata  (Lipina) emend.
Sxipp, 1969, pp. 213-214, pl. 19, figs. 13-22;
pl. 20, figs. 18-29.

Meagsuremenis—(based on 5 specimens) Num-
ber of volutions (3 specimens): 4-5. Diameter:

EXPLANATION OF PLATE 6
All figures X 60 unless indicated otherwise

Fics.
1-4.

Pace

Endothyra (Tuberendothyra) tuberculata (Lipina), 1948, emend. Skipp, 1969. . 47

t. Diagonal section (UCM 28135k). Sample D 5, Dawn Limestone, Arrow Canyon Range.
2. Tangential section (UCM 28133d). Sample D 3, Dawn Limestone, Arrow Canyon

Range.

3. Diagonal section (UCM 28133¢). Sample D 3, Dawn Limestone, Arrow Canyon Range.
4, Diagonal section (UCM 28133f}. Sample D 3, Dawn Limestone, Arrow Canyon Range.

5. Plectogyring aff. P. nevskiensis (Lebedeva), 1954 X 40. 51
5. Near sagittal section (UCM 28158¢). Sample BW 2, Batlleshlp Wash Formanon, Armw

Canyon Range.

6. Eoendoihyranopsis cf. E. spiroides (E. J. Zeller), 1957, o o 50
6. Sagittal section (UCM 28156f). Sample Y 5, Yellowpine leestone, Arrow Canyon
Range.
7. Eoendothyranopsis aff. E. macra (E. J. Zeller), 1957. 48
7. Sagittal section (UCM 28157k). Sample BW 1, Battleshlp Wash Formatlon, Arrow
Canyon Range.
8-10. Eoendothyranopsis redwallensis (Skipp), 1969, S 49

8. Diagonal section (UCM 28154k).
yon Range.

9. Near sagittal section (UCM 28156g).

Canyon Range.

10. Near sagittal section (UCM 28158f).

Arrow Canyon Range.

Sample Y 3, Yellowpme Llrnestone Arrow Can-

Sample Y 5, Yellowpine Limestone, Arrow

Sample BW 2, Battleship Wash Formation,
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0.47-0.69 mm. Interior diameter of proloculus
(3 specimens): 0.040-0.065 mm. Shell thickness
last volution: 0.020-0.030 mm.

Description—Test is medium in size. Coiling
is skewed throughout. The last volution does not
lie in a single plane so that all its chambers are
not commonly visible in thin section. Expansion
of the coil changes from moderate in the inner
whorls to rapid in the final one. Septa are gen-
erally long, curved anteriorly and, in some cases,
thickened at the join and at the posterior tip.
Chambers are large and well inflated. The periph-
eral outline is highly lobate. The last few cham-
bers contain large, club-shaped or irregular
mounds, some extending up to three-fourths of the
interior height of the chambers. Smaller mounds
appear in the older chambers and may be resorbed
remnanis of the younger clubs. Most of these
secondary basal deposits are unconnected. Wall is
dark, granular calcite interspersed with light
colored grains. Aperture is a low, basal slit. No
axial sections were seen.

Discussion.—This species differs primarily from
E. (Tuberendothyra) safonovae in having posterior
septal thickenings and a more variable plane of
coiling in the last whorl. In contrast, the final
volution of E. (Tuberendothyra) safonovae is
commonly planispiral. T. paranuwnula Skipp, 1969
is smaller, has fewer volutions, less coiling distor-
tion, smaller basal secondary deposits, a smoother
periphery and typically lacks posterior septal
thickenings.

The coiling of one specimen (Plate 6, figure 1)
resembles that of Plectogyrina Reitlinger although
the axes of coiling appear more variable and the
last whorl does not appear to be completely in-
volute. 1 have kept this specimen in the present
species because of the massive basal deposits and
variable coiling but realize that it may belong
to Plectogyrina or be a transitional form,

Occurrence.—Zone 8§ (D 3, D 5) Dawn Lime-
stone at Arrow Canyon Range.

Genus Eoendothyranopsis Reitlinger, 1964

Eomillerella Skipp, 1969, pp. 216-217, pl. 17, figs.
22-25; pl. 24, figs. 5, 16; pl. 27, figs. 6-22, 24;
pl. 28, figs. 1-14.

Type species:
1954,

Description—Test is small to large, discoidal,
involute, shallowly umbilicate on both sides and
has a rounded peripheral edge. The proloculus is
followed by three to six essentially planispiral
volutions although some species exhibit coiling
distortion. The rate of expansion of the whorls
is moderate to rapid; the greatest inflation is in the
outer volutions. Septa are curved or straight, short

Parastaffella pressa Grozdilova,

to long and have an anterior direction. The ex-
terior volution contains eight to thirteen cham-
bers. Most species have only slightly convex
chambers, imparting a smooth outline to the
periphery. But the chambers of other species are
swollen between sutures, forming a correspondingly
lobate periphery. Secondary deposits consist of
thickened floors, low mounds, spines or hooks in
the last chambers, septal thickenings at the join
and posterior ends and rudimentary chomata.
Walls are dark, granular calcite and have some
inclusions of larger, light colored granules, but
some appear two- or three-layered. Aperture is
simple and basal.

Discussion—Skipp (1969) erected a new
planispiral genus, Eomillerella, and discussed the
taxonomic and nomenclatural problems of these
foraminifers. During publication of her paper,
she discovered that Reitlinger had already named
the genus Eoendothyranopsis for similarly coiled
species. Eomillerella, therefore, is a junior syn-
onym. Skipp also pointed out that planispiral
endothyrids have previously been put in the genera
Endothyra and Paramillerella.

Eoendothyranopsis aff. E. macra
(E. 1. Zeller), 1957

Plate 6, figure 7

Endothyra macra E. J. ZELLER, 1957, p. 702, pl.
80, figs. 7, 14; ARMSTRONG, 1958, p. 975, plL.
127, fig. 4, McKay and GREEN, 1963, pp.
3435, pl. 9, fig. 8; pl. 12, fig. 6.

Eomillerella macra (E. 1. Zeller). Skipp, 1969,
pp. 219-220, pl. 17, fig. 25; pl. 27, fig. 17.

Measurements.—(based on 2 specimens) Num-
ber of volutions: 3. Number of chambers in last
volution (1 specimen): 10, Number of chambers
in penultimate volution (1 specimen): 9. Diam-
eter: 0.92-1.00 mm. Interior diameter of pro-
loculus (1 specimen): 0.070 mm. Shell thickness
last volution: 0.030-0.035 mm,

Description—Test is large and planispirally
coiled, The initial one and one-half whorls are
tightly coiled, but the outer one and one-half are
much looser. Septa are long and thin and covered
by small secondary deposits at the join; some are
also thickened on the posterior ends. The septa
in the last volution are irregularly spaced and
oriented at various angles to the wall; therefore,
the shape of the chambers is not uniform. Cham-
bers are inflated between the joins, and the periph-
eral outline is moderately lobate. Wall is dark,
microgranular calcite. The aperture was not seen.
No axial sections were found.

Discussion.—The rate of expansion of the coil
relates this species to E. macra. Also, the chamber
count of my specimens is similar to that for the
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first three volutions of Zeller's (1957) forms.
However, this species differs from Zeller's in the
absence of a large hamulus in the last chamber,
and in having fewer volutions, a larger size, larger
proloculus, irregularly shaped chambers and a
test wall of relatively constant thickness through-
out the coil.

Oceurrence—Zone 15 (BW 1) Battleship Wash
Formation at Arrow Canyon Range.

Eoendothyranopsis redwallensis (Skipp), 1969
Plate 6, figures 8-10

Endothyra (Globoendothyra) redwallensis Skipp,
1969, p. 210, pl. 26, figs. 3-12, 15-16.

Measurements—(based on 5 specimens) Num-
ber of volutions: 4-5. Number of chambers in
the last volution (4 specimens): 8-9. Number of
chambers in penultimate volution (2 specimens):

about 8-9. Diameter: 0.90-1.01 mm. Interior
diameter of proloculus (2 specimens): 0.055-
0.065 mm. Shell thickness last volution: 0.025-

0.040 mm.

Description—Test is large and compressed
laterally in sagittal view. Coiling varies from
planispiral to slightly distorted throughout all the
volutions. The inner volutions are tightly coiled,
but the last whorl expands rapidly. Septa are
straight, of short to moderate length and pointed
slightly to well forward. Secondary deposits are
commonly found at the septal join. Chambers are
only mildly inflated. The periphery, therefore, is
smooth or slightly lobate. A mound or hook is
ordinarily found in the last chamber. Low mounds
also appear in the other chambers of the last
volution. Wall is dark, granular calcite and is dis-
cernably layered in better preserved specimens.
Aperture is a very low, basal opening. No axial
sections were seen.

Discussion. —The slightly distorted coiling, di-
mensions and generally smooth periphery of these
specimens resemble Skipp's type material although
the septal deposits may be better developed.

Endothyra hamnula Woodland, 1958 is similar
to the present specimens in secondary deposits,
number of chambers in the last volution and num-
ber of volutions but differs in having a more
lobate periphery, a more regular expansion of the
coil and a larger size. Woodland, however, did
not illustrate enough good specimens to permit a
thorough comparison. Skipp (1969, p. 210) con-
siders E. hamula a probable member of the sub-
genus Glohoendotlivra, but, in my opinion, the
coiling distortion is not great enough in this species
for assignment to the subgenus,

E. redwallensis is distinguished from E. wrahensis
in the “Discussion” of the latter species.

Occurrence.—7Zone 15 (Y 3, Y 4,Y 5} Yellow-

pine Limestone and (BW 2} Battleship
Formation at Arrow Canyon Range.

Wash

Eoendothyranopsis aff. E. scitula
(Toomey), 1961

Plate 7, figures 1-4

Endothyra svimetrica E. J. ZELLER, 1957, p. 701,
pl. 75, figs. 14, 18-19; pl. 78, figs. 8-9; pl. 80,
fig. 6; WoobpLaND, 1958, p. 800, pl. 101, figs.
7, 9-10.

Endothyra cf. E. symmetrica B. Y. Zeller. Skipp,
1961, p. C241, fig. 236.3-0.

Endothyra  scimla ToomEy, 1961, new name
(==Endothvra symmetrica E. J. Zeller) p. 26.

Eomillerella scitule (Toomey). Sxkipp, 1969, pp.
220-221, pl. 28, figs. 7-14.

Endothyra zelleri McKay and GREEN, 1963, new
name {=FEndothyra symmetrica E. J. Zeller)
pp. 41-42, pl. 7, figs. 7, 12-14.

Measurements—(based on 14 specimens) Num-
ber of volutions (12 specimens): 3-4. Number of
chambers in last volution (5 specimens): 10-12.
Number of chambers in penultimate volution (4
specimens): 7-9. Diameter: (.27-0.52 mm.
Width (5 specimens): 0.16-0.26 mm. Width/di-
ameter (5 specimens): 0.49-0.53. Interior di-
ameter of proloculus (6 specimens): 0.030-0.060
mm. Shell thickness last volution: 0.005-0.020
mm.

Description—Test is small to medium sized,
discoidal, involute and commonly more umbilicate
on one side than the other. The initial whorl is
skewed in the majority of specimens: all other
volutions are planispiral. The septa, secondarily
thickened at the join, are thick, V-shaped and
pointed forward at about the same angle through-
out the coiling. Whorls expand moderately and
steadily. The chambers have a uniform shape and
are only slightly inflated so that the periphery is
commonly smooth. One specimen has a hamulus
in the last chamber. Low mounds are irregularly
deposited in the chambers of all specimens. Walls
are composed of both dark, fine grained and
lighter, coarse grained calcite. Layering is ap-
parent in some. Aperture is low and basal.

Discussion.—The asymmetry of the initial whorl
and fewer chambers in the interior volutions dis-
tinguish these forms from those described by Zeller
although Skipp attributes similarly skew coiled
foraminifers to this species. The initial coiling
skewness resembles that of Eoendothyranopsis
spiroides (E. ). Zeller), 1957 but the thick,
V-shaped septa and fewer volutions and chambers
separale my specimens from the latter species.

Those specimens assigned to E. utahensis in this
study differ from the present species in having
irregularly oriented sepla and, in general, fewer
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chambers in the last volution, larger dimensions
and a greater width/diameter ratio.
Occurrence~-Zone 13 (Y 1) Yellowpine Lime-
stone; zone 15 (Y 2, Y 3, Y 4, Y 5) Yellowpine
Limestone and (BW 1, BW 2, BW 3) Battleship
Wash Formation at Arrow Canyon Range.

Eoendothyranopsis ¢f. E. spiroides
(E. J. Zeller), 1957

Plate 6, figure 6

Endothyra spiroides E, J. ZELLER, 1957, p. 702,
pl. 75, fig. 25; pl. 76, figs. 6-8; pl. 80, figs.
18-19, 28.

Eowmillerella spiroides (E. J. Zeller). Sxiep, 1969,
p. 221, pl. 17, figs. 22-24; pl. 24, fig. 16;
pl. 27, figs. 6-16.

Measurements.—{based on 1 specimen} Num-
ber of volutions: about 6. Number of chambers
in last volution: about 13, Number of chambers
in penultimate volution: 12. Diameter: 0.81 mm.
Shell thickness last volution: 0.025 mm,

Description—Test is large and planispirally
coiled. The whorls expand slowly and evenly.
Septa are of medium length, slightly curved for-
ward and thickened at the join. The numerous
inflated chambers produce a slightly lobate pe-
ripheral outline. Other secondary deposits include
a prominent hook in the last chamber and smaller
mounds in prior ones. The wall is dark, granular
calcite. Aperture appears central.

Discussion.—The aperture is questionably in the
central position. Because there is only one section,
I cannot tell if the mound under the aperture is
actually part of the apertural face, a secondary
mound, or a pellet fortuitously deposited in the
aperture. However, the absence of mounds di-
rectly opposed to the septa in the inner chambers
argues against a central aperture,

This specimen differs from the type material
of Zeller in having one more volution, more
chambers in the last whorl and being larger. The
size and number of chambers in the last whorl
correspond, however, with Skipp’s material.

This species has not been previously reported
from the upper Meramec (zone 15}, and more
specimens are desirable for a positive identification.

Occurrence—Zone 15 (Y 5) Yellowpine Lime-
stone at Arrow Canyon Range.

Loendothyranopsis utahensis
(E. 1. Zeller), 1957
Plate 7, figures 5-12, 14
Endothyra wutahensis E. 1. ZeLLER, 1957, p. 702,
pl. 80, figs. 15-16.

Measurements—(based on 28 specimens) Num-
ber of volutions (20 specimens): 3%-4%%. Num-

ber of chambers in last volution (8 specimens):
8-10. Number of chambers in penultimate volu-
tion (3 specimens): 8-9. Diameter: 0.50-0.79
mm. Width (14 specimens): 0.28-0.45 mm.
Width/diameter (14 specimens): 0.45-0.62. In-
terior diameter of proloculus (7 specimens):
0.045-0.060 mm. Shell thickness last volution:
0.015-0.030 mm.

Description.—Test is of medium size, discoidal,
involute and umbilicate on both sides. The cotling
is generally planispiral although the inner volutions
of some specimens are slightly skewed. The ex-
terior volution expands more rapidly whereas the
interior whorls coil steadily but more tightly.
Septa are short to long, secondarily thickened at
the join and commonly not oriented at a uni-
form angle to the wall; the chambers, therefore,
exhibit a variety of shapes. Periphery is slightly
to moderately lobate. A hook or mound is seen
in the last chamber of a few specimens, and other
low mounds appear irregularly in prior chambers.
In axial section the floors appear secondarily
thickened, and rudimentary chomata are present.
The wall varies from dark, granular calcite to a
apparent two- or three-layvered structure. The
secondary floor coverings add another layer to the
inner walls. The unlayered walls may reflect poor
preservation. Aperture is low and basal.

Discussion—The shape, coiling, number of
volutions and mumber of chambers in the last
volution agree well with Zeller’s description. How-
ever, a prominent hook (hamulus} is not con-
sistently present in the last chamber and my
specimens are larger and have more secondary
deposits than described originally.

The double umbilicus and fewer chambers in
the last volution distinguish these specimens from
the Redwall species Eomillerella hinduensis Skipp,
1969. FEoendothyranopsis redwallensis  (Skipp),
1969 is slightly skew coiled throughout, lacks rudi-
mentary chomata and has generally thinner septal
deposits and a larger average size than the present
species. Endothyra prodigiosa Armstrong, 1958
is larger and has more chambers in the last whorl.
One of McKay and Green's figured specimens
(1963, pl. 10, fig. 12) of their species Endothyra
fiatile bears a close resemblance to one of Zeller’s
original figures (1957, pl. 80, fig. 16) of E.
utahensis and may be the same species.

Occurrence—2Zone 15 (Y 2, Y 3, Y 4, Y 5)
Yellowpine Limestone and (BW 1, BW 2} Battle-
ship Wash Formation at Arrow Canyon Range.

Genus Plectogyrina Reitlinger, 1959

Type species: Endothyvra ? fomichaensis Lebe-
deva, 1954.
Description—1 have found only one well-

oriented specimen of this genus. Therefore, I
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cannot adequately describe the variations of this
group in Nevada. Reitlinger’s original Russian de-
scription (in Rauzer-Chernousova and Fursenko,
eds., 1959, p. 196, translated by Israel Program for
Scientific Translations, 1962) follows:

. .. Differs from Plectogyra [now Endothyra]
by the character of the coiling of the test—
the inner coils are almost planispiral, evolute,
the external coil is situated at an angle near
to 90° with respect to the previous one, and
is involute. . .

Discussion My single specimen (Plectogyrina
aff. P. nevskiensis) has a three-layered wall and,
in its large dimensions, resembles the subgenus
Globoendothyra. However, Plectogyrina has ini-
tially planispiral, evolute volutions and an exterior
involute whorl coiled at an angle of approximately
90° to the penultimate one. Globoendothyra, on
the other hand, has neither planispiral nor com-
pletely evolute whorls in the interior and does
not commonly have such an abrupt change in
coiling direction between the penultimate and
last volution.

Plectogyrina aff. P. nevskiensis
(Lebedeva), 1954

Plate 6, figure 5

Endothyra nevskiensis LEBEDEVA, 1954, p. 265,
pl. 8, figs. 2-3.

Measurements—{(based on 1 specimen) Num-
ber of volutions: 6%. Number of chambers in last
volution: about 7. Diameter: 1.37 mm. Shell
thickness last chamber: 0.030 mm.

Description—Test is large. First two whorls
are highly skewed to the following two and one-
half evolute volutions which are coiled in one
plane. The axis of coiling again changes in the
penultimate volotion which is turned at an acute
angle to the inner whorls and 90° to the almost
planispiral exterior volution. The inner few volu-
tions are tightly coiled, but the last two are loose.
Septa are moderately long and secondarily thick-
ened at the septal join. The chambers in the last
volution are high but not inflated between the
septa; so the periphery is smooth. Secondary de-
posits include a hook in the last chamber and
sharply pointed mounds, probably slightly resorbed
hooks, in a few other chambers in the last whorl.
Thick lateral deposits surround the inner four
volutions. Wall is three-layered. Aperture is low
and basal. No axial section was seen.

Discussion —This specimen differs significantly
from Iebedeva's species in the skewness of the
first two volutions. Although Lebedeva’s speci-
mens show some coiling skewness in the first
three whorls, the angular distortion is much smaller

than in mine. Other minor differences include my
specimen being larger, having one and one-half
more volutions, more pointed basal mounds and
a layered wall. The difference in wall structure
is not considered important because Lebedeva's
specimens are strongly recrystallized and primary
layering is probably obliterated. But the coiling,
secondary deposits, shell thickness and rate of ex-
pansion of our specimens are so similar that they
must be closely related.

Occurrence—Zone 15 (BW 2) Battleship Wash
Formation at Arrow Canyon Range.

Family BRADYINIDAE Reitlinger, 1950

Members of this family are involute, planispirally
coiled and have a perforate, commonly ag-
glutinated wall. More advanced genera such as
Bradyina Moller, 1878 and Janischewskina Mik-
hailov, 1935 have complex, cribrate apertures and
chambers partitioned into small septal chamberlets
by outgrowths of the wall on either side of the
septum. Only the primitive genus Endothyranopsis
is found in this study. This form has a granular,
calcareous, agglutinated wall, a simple, basal
aperture and undivided c¢hambers. Secondary
alteration, however, has destroyed the porosity of
the wall.

Genus Endothyranopsis Cummings, 1955

Type species: Involutina crassa Brady, 1869.

Description—Test is medium sized, involute,
commonly subglobular and slightly umbilicate.
The large proloculus is followed by two to four
volutions. The first one or two whorls are mildly
skewed to the remaining ones which are planispiral
or slightly distorted. Expansion of the coil is
steady and rapid. The septa are long and either
perpendicular to the wall or pointed slightly for-
ward. Thickenings at the join and on the posterior
side give the septa a characteristic “ploughshare-
like or ax-shaped” outline (Cummings, 1955, p. 1).
The chambers are large but not well inflated be-
tween septa. The peripheral outline, therefore, is
mostly smooth, Basal secondary deposits are not
well developed. The thick wall is generally com-
posed of coarsely granular, probably agglutinated,
caleite. A few specimens have a thin, dark inner
layer. Aperture is a basal opening of small to
medium size.

Discussion—Cummings (1955, pp. 1-2) noted
that this genus has a distinctive agglutinated
perforate wall structure when well preserved. Re-
crystallization has undoubtedly obliterated the
perforations in my specimens with the remaining
coarse granular layer reflecting the original ag-
glutinated material.

The small degree of coiling skewness of some
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specimens produces sections that resemble the
planispiral genus FEoendothyranopsis. Endothy-
ranopsis is distinguished from Eoendothyranopsis
by its thicker walls, characteristically formed septa,
subglobular shape in axial section and less per-
vasive secondary deposits. The two genera are
doubtlessly closely related. The perforate wall
structure of Eoendothyranopsis scitula links this
species with Endothyranopsis (Skipp, 1969, p. 220).
On the other hand, Endothyra robusta McKay and
Green, 1963, has been correctly placed in Endo-
thyranopsis (Skipp, 1969, p. 216) based on the
thick agglutinated wall and septal shape and yet
it has the basal spines and other massive secondary
deposits characteristic of Eoendothyranopsis.

Endothyranopsis cf. E. crassa (Brady), 1869
Plate 7, figures 13, 15, 6

{nvolutina crassa Brapy, 1869, pp. 379, 382,
Endotliyra crassa Brapy, 1876, p. 97, pl. 5, figs.

15-17; DurkiNa, 1959, pp.
figs. 4-6; pl. 12, figs. 1-3.

Endothyra crassa crassa Brady. RAUZER-CHER-
Nousova, 1948a, p. 167, pl. 4, fig. 2

Endothyranopsis  crassus  (Brady) new name
(=FEndothyra crassa Brady). CUMMINGS,
1955, p. 3, figs. SA-C; GrozpiLova and
LeBeDEVA, 1960, pp. 72-73, pl. 7, fig. 3;
BocusH and YUFEREvV, 1962, pp. 152-153, pl.
5, fig. 6; A1ZENVERG ef al., 1968, pl. 11, figs.
1-2.

Endothyranopsis crassa (Brady). MamEgr, 1968c,
p. 134, pl. §, figs. 1-3; MamET, 1970, p. 36,
pl. 5, fig. 3.

Endothyranopsis crassa crassa (Brady), Rozovs-
KAaYA, 1963, p. 54, pl. 6, figs. 10-11; pl. 7, figs.
1-3; pl. 8, fig. 1.

Endothyranopsis  crassus var. crassa {Brady).
ConiL and Lys, 1964, p. 150, pl. 21, figs. 432~
434; pl. 22, fig. 435; BrazaNIKOva ¢ef al.,
1967, pl. 12, fig. 1.

183-184, pl. 11.

EXPLANATION OF PLATE 7

All figures X 60
Fics.
1-4. Evendothyranopsis aff. E. scitula (Toomey), 1961, o 49
1. Tangential section, approaching sagittal (UCM 28152b) Sample Y 1 Yellowpme Ltme-
stone, Arrow Canyon Range.
2. Tangential section, approaching sagittal
Wash Formation, Arrow Canyon Range.
3. Tangential section, approaching axial (UCM 28157L.).
Formation, Arrow Canyon Range.
4. Axial section (UCM 28157m). Sample BW 1, Battleship Wash Formation, Arrow
Canyon Range.

(UCM 28159a). Sample BW 3, Battleship

Sample BW 1, Battleship Wash

512, 14. Eoendothyranopsis utahensis (B. J. Zeller), 1957, o 50

5. Sagittal section (UCM 28154L). Sample Y 3, Yellowpine Limestone, Arrow Canyon
Range.

6. Tangential section, approaching axial (UCM 28156h). Sample Y 5, Yellowpine Lime-
stone, Arrow Canyon Range.

7. Axial section (UCM 28154m). Sample Y 3, Yellowpine Limestone, Arrow Canyon
Range.

8. Diagonal section (UCM 28158g). Sample BW 2, Battleship Wash Formation, Arrow
Canyon Range.

9. Diagonal section (UCM 28157n). Sample BW 1, Battleship Wash Formation, Arrow
Canyon Range.

10. Axial section (UCM 28153d). Sample Y 2, Yellowpine Limestone, Arrow Canyon
Range.

11. Axial section (UCM 28153e). Sample Y 2, Yellowpine Limestone, Arrow Canyon
Range.

12. Tangential section, approaching sagittal (UCM 28156i). Sample Y 5, Yellowpine Lime-
stone, Arrow Canyon Range.

14. Tangential section (UCM 281570). Sample BW [, Battleship Wash Formation, Arrow
Canyon Range.

13, 15, 16. Endothyranopsis cf. E. crassa (Brady), 1869, __ . 52

13. Axial section (UCM 28153f).
Range.

15. Near axial section (UCM 28157p). Sample BW [, Battleship Wash Formation, Arrow
Canyon Range.

16. Tangential section, approaching axial (UCM 28155m). Sample Y 4, Yellowpine Lime-
stone, Arrow Canyon Range.

Sample Y 2, Yellowpine Limestone, Arrow Canyon
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Measurements.—(based on 3 specimens) Num-
ber of volutions (2 specimens): 3. Diameter:
0.65-0.86 mm. Width: 0.54-0.67 mm. Width/di-

last volution:

loculus (1 specimen):

0.025-0.040 mm.

0.035 mm. Shell thickness

Description.—Test is medium to large, involute,

ameter: 0.78-0.83. Interior diameter of pro- subglobular and slightly umbilicate on both sides.
EXPLANATION OF PLATE 8
All figures X 60 unless indicated otherwise
Fics. PAGE
I,2. Endothyranopsis cf. E. compressa (Rauzer-Chernousova and Reitlinger), 1936. .. 54

1. Tangential section, approaching axial (UCM 28157q).
Formation, Arrow Canyon Range.

2. Axial section (UCM 28155n).
Range.

3-6. Endothyranopsis cccompressa Skipp, 1969.

Sample BW 1, Battleship Wash

Sample Y 4, Yellowpine Limestone, Arrow Canyon

3. Sagittal section (UCM 28153g). Sample Y 2, Yellowpine Limestone, Arrow Canyon

Range.

4. Near sagittal section (UCM 28153h). Sample Y 2, Yellowpine Limestone, Arrow Can-

yon Range.
5. Tangential section, approaching sagittal (UCM 28153i).
stone, Arrow Canyon Range.

Sample Y 2, Yellowpine Lime-

6. Near axial section; shell wall possibly missing at top right; (UCM 28153j). Sample Y

2, Yellowpine Limestone, Arrow Canyon Range.

7, 8. l(trataxtv sp- A,

7. Tangential section (UCM 28153k)
yon Range.

8. Tagential section, approaching axial (UCM 28153L).
stone, Arrow Canyon Range.

Samp]e Y 2, Yellowpine Limestone, Arrow Can-

Sample Y 2, Yellowpine Lime-

9, Tetrataxis sp. B. ..

9. Tangential section, approaching axial (UCM 28169f).
mation, Arrow Canyon Range.

Tetrataxis vulgaris Malakhova, 1956.

Sample BS 3, Bird Spring For-

10. Tangential section, approaching axial (UCM 28153m).
stone, Arrow Canyon Range.

11-13. Tetrataxis aff. T. acutus Durkina, 1959.

Sample Y 2, Yellowpine Lime-

11. Tangential section, approaching axial (UCM 28153n)
stone, Arrow Canyon Range.

Tangential section, approaching axial (UCM 281530).
stone, Arrow Canyon Range.

Tangential section, approaching axial (UCM 28153p).
stone, Arrow Canyon Range.

Tetrataxis cf. T. obtusus Malakhova, 1956.

14. Tangential section, approaching axial (UCM 28153q)

stone, Arrow Canyon Range.

Tetrataxis media Vissarionova, 1948. .. .

12,
13.

14.

15, 16.

Sample Y 2, Yellowpine Limé—
Sample Y 2, Yellowpine Lime-

Sample Y 2, Yellowpine Lime-

. Sample Y 2, Yellowpine Lime-

15. Tangential section, approaching axial (UCM 28153r).
stone, Arrow Canyon Range.

16. Tangential section, approaching axial (UCM 28153s).
stone, Arrow Canyon Range.

17. Tetrataxis parviconica Lee and Chen, 1930.

Sample Y 2, Yellowpine Lime-

Sample Y 2, Yellowpine Lime-

17. Tangential section, approaching axial (UCM 28169g).
mation, Arrow Canyon Range.

Tetrataxis aff. T. parviconica Lee and Chen, 1930.

18. Tangential section, approaching axial (UCM 28168a).
mation, Arrow Canyon Range.

19. Tetrataxis sp. C. .

19. Tangential section, approachmg axial (UCM 2816%h).
mation, Arrow Canyon Range.

Archaediscus sp. A. x 125. ...

20. Near sagittal section (UCM 28153t).
yon Range.

20, 21.

21. Near axial section; top of last volution missing; (UCM 28154n).

lowpine Limestone, Arrow Canyon Range.
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The interior whorls are slightly angled to the
outer one. The volutions expand rapidly and
steadily. In one of the measured specimens (Plate
7, figure 13) the wall appears two-layered. The
inner layer is thin, dark and microgranular. The
thick outer zone is composed of large calcite grains
scattered throughout a light colored, microgranular
matrix. The walls of the other measured speci-
mens are mostly dark, granular, unlayered calcite.
No sagittal sections were seen.

Discussion.—The thick wall, slight coiling dis-
tortion and involute, subglobular axial shape of
these specimens resemble the features of Endo-
thyranopsis crassa. The coarse grained outer shell
layer of the specimen in Plate 7, figure 13 may be
the agglutinated wall characteristic of the species;
however, the surrounding matrix is partially re-
crystallized and the large calcite grains may
actually be secondarily enlarged through grain
growth. The average size of these specimens is
about one-half that of those described by Cum-
mings (1955) but is within the size limits reported
by Rauzer-Chernousova (1948a), Grozdilova and
Lebedeva (1960), and Rozovskaya (1963). With-
out sagittal sections to determine the size and shape
of the septa and number of chambers, the present
forms cannot be definitely assigned to E. crassa.

These specimens are within the size range of
Endothyranopsis compressa {(=Endothyra crassa
Brady var. compressa Rauzer-Chernousova and
Reitlinger. 1936) but are more globular. On the
other hand they differ from Endothyranopsis
sphaerica (=FEndothyra crassa Brady var. sphaerica
Rauzer-Chernousova and Reitlinger, 1936) in
being smaller and less spherical. In the original
descriptions E. compressa and E. sphaerica have
width /diameter ratios of 0.50-0.70 and 0.90-1.00
respectively.

Occurrence~Zone 15 (Y 2, Y 4) Yellowpine
Limestone and {(BW 1) Battleship Wash Forma-
tion at Arrow Canyon Range.

Endothyranopsis cf. E. compressa
{Rauzer-Chernousova and Reitlinger), 1936
Plate 8, figures 1, 2

Endothyra crassa Brady var. compressa RAUZER-
CHErRNOUSOVA and REITLINGER, in Rauzer-
Chernousova ¢f al.,, 1936, p. 209, pl. 6, figs.
1-2; RauzZer-CHERNOUSOvVA, 1948a, pp. 166-
167, pl. 4, figs. 5-7.

Endothyra compressa Rauzer-Chernousova  and
Reitlinger. DurkiNa, 1959, pp. 185-186, pl
14, figs. 2-3.

Endothyranopsis compressa {Rauzer-Chernousova
and Reitlinger). RoZovskaya, 1963, pp.
57-58, pl. 10, figs. 3-9; pl. 11, figs. 1-2.

Endothyranopsis compressus (Rauzer-Chernousova

and Reitlinger). GrozpiLova and LEBEDEVA,
1960. pp. 73-74, pl. 7, fig. 1: AIZENVERG ef al.,
1968, pl. 11, figs. 3-5.

Endothyranopsis compressus compressa (Rauzer-
Chernousova and Reitlinger). BraAZHNIKOVA
et al,, 1967, pl. 12, figs. 2-3.

Endothyranopsis  crassus  (Brady) compressa
(Rauzer-Chernousova and Reitlinger). CoNiL
and Lys, 1964, p. 150, pl. 22, figs. 436-437.

Measurements.—(based on 2 specimens) Num-
ber of volutions (1 specimen): 4. Diameter:
0.67-0.77 mm. Width: 0.44-0.56 mm. Width/di-
ameter: 0.67-0.73. Interior diameter of proloculus
(1 specimen): 0.040 mm. Shell thickness top of
last volution: 0.020-0.030 mm.

Description.—Test is medium sized, involute,
subglobular and slightly umbilicate. The first
volution is skewed to the other essentially plani-
spiral ones. The rate of expansion of the coil is
rapid. One specimen exhibits slight secondary
thickenings on the chamber floors. Wall contains
larger light colored grains embedded in a darker,
finer grained matrix. No sagittal sections were
seen.

Discussion—The manner of coiling, wall thick-
ness, size and width/diameter ratio agree well
with forms assigned to E. compressa by other
workers, Sagittal sections are needed, however,
for a positive identification.

This species is similar to Endothyranopsis cf.
E. crassa and E, eocompressa (see the “Discussion”
under each of these species). It differs from Endo-
thyra robusta McKay and Green, 1963, in its
smaller size and less massive secondary deposits.
Also, E. robusta has a basal spine in the last
chamber, not seen in this species.

Occurrence.—Zone 15 (Y 4) Yellowpine Lime-
stone and (BW 1) Battleship Wash Formation at
Arrow Canyon Range.

Endothvranopsis cocompressa Skipp, 1969
Plate 8, figures 3-6

Endothyranopsis eocompressa  SKIPP,
215-216, pl. 28, figs. 15-23.

1969, pp.

Measurements.—{based on 6 specimens) Num-
ber of volutions: 2-3. Number of chambers in
last volution (4 specimens): 6-7. Diameter:
0.46-0.58 mm. Interior diameter of proloculus (4
specimens): 0.060-0.070 mm. Shell thickness last
volution: 0.025-0.035 mm.

Description—Test is medium sized, involute
and slightly umbilicate on one side. The initial
one to two whorls are slightly skewed to the final,
essentially planispiral whorl. The rate of expan-
sion of the coil is steady and rapid. Septa are long
and oriented perpendicular to the wall or slightly
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anteriorly. Secondary deposits cover the join and
the posterior side of the septa. The chambers, al-
though large, are only slightly inflated between
septa. The peripheral outline, therefore, is almost
smooth. Secondary basal mounds reported by
Skipp are not well developed in these specimens.
Most specimens have a thick, coarsely granular
wall, probably agglutinated. A thin, dark, in-
terior layer is less commonly present and some
specimens (¢.¢. Plate 8, figure 4) have two thin,
dark layers flanking the coarse granular one.
Aperture is a small to medium sized, simple, basal
opening.

Discussion.—Skipp considers this species to be
ancestral to Endothyranopsis compressa (Rauzer-
Chernousova and Reitlinger, 1936 and to differ
primarily from this latter species in having fewer
chambers in the last volution. The present speci-
mens of E. cocompressa are further distinguished
from my individuals of E. c¢f. E. compressa on the
basis of fewer volutions, smaller size and a deeper
umbilicus.

Occurrence.~—Zone 15 (Y 2, Y 4) Yellowpine
Limestone at Arrow Canyon Range.

Family TETRATAXIDAE Galloway, 1933

Test is conical, trochospirally coiled and has
few chambers per volution. An umbilical cavity
commonly develops along the axis of coiling.
Chambers are simple or divided into chamberlets.
Wall is granular calcite and, in most specimens,
has an additional hyaline-radial layer deposited on
the basal side of the chambers. Aperture opens
into the umbilical cavity along the inner margin
of the chambers. Only Tefrataxis is found in this
study.

Genus Tetrataxis Ehrenberg, 1843

Type species: Tetrataxis conica Ehrenberg, 1854,

Description.—Test is small to medium in size.
A narrow to broad umbilical cavity is commonly
developed along the axis of coiling. The whorls
coil trochospirally, producing a conically shaped
test. The flanks of the cone can be relatively
straight-sided (regular cone, see figure 12), arched
or subparallel (subcylindrical shape). Commonly,
the apical area is rounded. The whorls number
from four to seven and their height expands slowly.
In axial section chambers appear semicircular,
flat-elongate or curved upward into the umbilical
area. Each volution typically has four chambers.
Sutures are flush or depressed; the flanks are
correspondingly smooth or lobate. [n some speci-
mens the lateral expansion of a few whorls is dis-
proportionate to that of others, producing a slightly
irregular peripheral outline. The wall always has
a dark, granular calcite layer and commonly an

FIGURE 12

Axial section of Tetrataxis. 4'5 volutions; AA,
apical angle; H. height; D, diameter; U, um-
bilical cavity; HR, hyaline-radial layer; G, granu-
lar layer; S, suture (redrawn from Conil and
Lys, 1964).

additional hyaline-radial zone on the basal side
of the chambers. This fibrous layer is best de-
veloped around the umbilicus where in many cases
it comprises one-half to three-fourths or more of
the shell thickness. Aperture is not seen in Cross-
section but opens into the umbilical cavity along
the inner margin of the chambers. One specimen
exhibits a basal appendage which may be an
apertural cover or flap.

Figure 12 illustrates the features of this genus.

Discussion—Species are differentiated by a
combination of factors including dimensions
(height, width, height/width ratio, shell thickness).
number of volutions, shape of the cone, presence
of the fibrous layer, basal appendages, chamber
shape and apical angle.

The apical angle for variously shaped specimens
was determined in the following ways: (a) for
regular cones, the angle was measured along the
flanks up to the apex; (b) for regular cones with
a rounded apex, the angle was measured along the
flanks; and (c¢) for convex or subcylindrical cones,
the angle, if measured at all, was taken around the
apex, disregarding the shape of the lower side of
the flanks. In any case, most apical angles are
approximate because a true angle can be deter-
mined only from a perfect axial section (as seen
in figure 12) which is rarely found.

The shell thickness was measured around the
umbilical area where the hyaline-radial layer, if
present, is best developed. The dark, granular layer
commonly thins or is nearly absent in this area
so that, although the shell is at its maximum width,
around the umbilicus, the granular layer is gen-
erally better developed along the flanks. Shell
thickness was measured only in sections approach-
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ing axial to exclude the overly large dimensions
produced by tangential cuts.

Tetrataxis aff. T. acutus Durkina, 1959
Plate 8, figures 11-13

Tetrataxis acutus DURKINA, 1959, pp. 221-222, pl.
23, figs. 8-9; ComiL and Lys, 1964, p. 87, pl.
11, figs. 215-216.

Measurements—{based on 5 specimens) Num-
ber of volutions: about 4-5. Apical angle (along
flanks, 3 specimens): 45-55°. Height (3 speci-
mens): 0.37-0.45 mm. Diameter: 0.47-0.60 mm.
Height/diameter (3 specimens): 0.79-0.86. Shell
thickness (3 specimens): 0.040-0.065 mm.

Description~—Test is medium sized, deeply
umbilicate and regularly conical. The apical
region may be slightly rounded, but the curvature
is accentuated by the tangential sections. Volu-
tions expand slowly. TIndividual chambers appear
semicircular or slightly elongate toward the in-
terior. The flanks are smooth or slightly irregular.
Wall consists of a dark, coarse, granular layer and
a radial-hyaline zone developed on the basal side
of the chambers around the umbilical cavity. This
clear layer makes up well over half the thickness
of the wall in some parts of the shell.

Discussion—These specimens are related to 7.
acutus because of the small apical angle and well
developed two-layered wall. Although no axial
sections were seen, the apical angles appear
representative because the measured specimens
show deep umbilical cavities indicative of a central
cut. Therefore, the small angles were not caused
by highly tangential sections which would show
no clearly outlined umbilicus. These specimens
are not definitely assigned to 7. acutus because the
deep umbilicus is neither figured nor described by
Durkina {(although umbilicate forms are assigned
to this species by Conil and Lys) and because the
chambers are not as elongate as in other figured
specimens. The dimensions and deep umbilicus
of my specimens resemble T. kiselicus Malakhova,
1956 which, however, lacks a prominent hyaline-
radial layer.

Conil and Lys (1964, p. 87) raise the possibility
that 7. gcutus may be synonymous with T. sub-
media Brazhnikova, 1956, The only apparent dif-
ferences in the latter are a larger apical angle and
slightly smaller dimensions. A much younger
species, T. volongaensis Grozdilova and Lebedeva,
1960 differs from 7. acutus only in having a more
rounded periphery and larger dimensions. The
thicker and more pervasive hyaline-radial layer
distinguishes 7. acutus from T. angusta Vis-
sarionova, 1948.

Occurrence—Zone 15 (Y 2) Yellowpine Lime-
stone at Arrow Canyon Range.

Tetrataxis media Vissarionova, 1948
Plate 8, figures 15, 16

Tetrataxis media VISSARIONOvVA, 1948, p. 191, pl. 8,
figs. 1-2; GoLusTzov, 1957, p. 135, pl. §, fig.
16; BocusH and YUFEREv, 1966, p. 174, pl
12, figs. 1, 3.

Tetrataxis medius Vissarionova. CoNiL and Lys,
1964, p. 91, pl. 12, figs. 232-234.

Measnrements.—(based on 4 specimens) Num-
ber of volutions (2 specimens): 4. Apical angle
(at top, 2 specimens): about 100°. Height (2
specimens): 0.35-0.41 mm. Diameter: 0.5]-
0.60 mm. Height/diameter (2 specimens): 0.68-
0.69. Shell thickness (3 specimens}): 0.040-0.060
mm.

Description—Test is medium sized, broadly
umbilicate and has convex sides. Volutions expand
very slowly, and the chambers appear semicircular
or elongate. The flanks are smooth. Wall is com-
posed of a dark, granular layer and an additional
hyaline-radial layer comprising up to three-fourths
of the wall thickness on the basal side of the
chambers around the umbilical area.

Discussion—My specimens have fewer volu-
tions than those described by Vissarionova but are
similar in other respects. Bogush and Yuferev also
assign specimens with four volutions to this species.

T. paraminima Vissarionova, 1948 differs from
T. media in having a less broadly rounded
periphery and a narrower umbilicus.

Occurrence—~—Zone 15 (Y 2) Yellowpine Lime-
stone at Arrow Canyon Range.

Tetrataxis cf. T. obtusus Malakhova, 1956
Plate 8, figure 14

Tetrataxis obiusus MALAKHOVA, 1956b, p. 119, pl.
14, fig. 12.

Measurements—(based on | specimen) Num-
ber of volutions: 5. Apical angle (along top):

85°, Height: 0.44 mm. Diameter: 0.37 mm.
Height/diameter: 1.19. Shell thickness: 0.040
mm.

Description.—Test is medium in size and nar-
rowly umbilicate. The cone is subcylindrical in
shape and has a rounded apex. Expansion of the
whorls is slow. Chambers are elongate and high.
Flanks are smooth on the left side and irregular
on the right. Wall is mostly dark, granular calcite.
There is a trace of a lower light-colored layer in
the center of the shell, but no well developed
hyaline-radial layer is present.

Discussion—More specimens are needed for a
positive assignment to T. obrusus, but this speci-
men appears quite similar, differing slightly in
having more parallel flanks and a better developed
umbilicus. The apical angle of my specimen is
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much larger than that reported by Malakhova.
This discrepancy results not from a basic dif-
ference in the shell shapes but from the position
where the angle was measured. Evidently, Malak-
hova measured the angle lower down on the sides
than I did.

Malakhova differentiates this species from 7.
angusta Vissarionova var. serpukhovensis Reit-
linger, 1950 on the basis of its greater height/diam-
eter ratio, fewer number of whorls and a less
developed hyaline-radial layer, This species also
differs from 7. hemisphaerica Morozova var.
elongata Morozova, 1949 in its smaller dimensions
and fewer whorls.

Occurrence~—Zone 15 (Y 2) Yellowpine Lime-
stone at Arrow Canyon Range.

Tetrataxis parviconica Lee and Chen, 1930
Plate 8, figure 17

Tetrataxis parviconica LEE and CHEN, in Lee et af.,
1930, p. 93, pl. 3, figs. 3, 5; BogusH and
YUFREREV, 1966, pp. 173174, pl, 12, fig. 2.

Measurements—(based on 1 specimen) Num-
ber of volutions: 5 or 6. Apical angle: 95°,
Height: 0.33 mm. Diameter: 0.67 mm. Height/di-
ameter: 0.49, Shell thickness: 0.045 mm.

Description—Test is medium in size, regularly
conical and has a shallow umbilicus. Volutions
expand slowly. Chambers are relatively flat and
elongate, turning upward toward the umbilical
cavity. Flanks are smooth. The wall is two-
layered with the usual upper, dark, granular zone
and hyaline-radial layer which is moderately de-
veloped on the basal side of the chambers.

Discussion.—This specimen differs from the type
material of Tee and Chen in having a smaller
height/diameter ratio and a shallower umbilicus.
However, the dimensions agree well with Bogush
and Yuferev’s figure.

T. gnasiconica Brazhnikova, 1956 has more
volutions than the present species, but otherwise
appears similar. In shape, height, width and num-
ber of volutions, T. quasiconica var. plana Golubt-
zov, 1957 appears identical to T. parviconica. But
Golubtzov's description (1957, pp. 137-138) in-
dicates that the former species has a thinner wall
and more poorly developed hyaline-radial layer,
The wall, however, is indistinct in Golubtzov’s
figures and cannot be adequately compared with
T. parviconica.

Oceurrence—Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Tetrataxis aff. T. parviconica
Lee and Chen, 1930
Plate 8, figure 18

Measurements.—(based on 1 specimen) Num-

ber of volutions: 4. Apical angle (along flanks):

95°. Height: 0.28 mm. Diameter: .53 mm.
Height/diameter: 0.53. Shell thickness: 0.040
mm,

Description.—Test is medium sized, regularly
conical and has a rounded apex. Umbilicus is
not clearly defined. Volutions expand slowly.
Chambers are elongate and maintain a constant
height in each whorl. Sides are smooth. The
granular wall layer is thick along the flanks and
on the basal side of the last volution but is almost
completely replaced by the hyaline-radial layer in
the center of the shell.

Discussion—This section differs from typical
T. parviconica specimens in having fewer volutions,
an indistinct umbilicus and smaller dimensions.

Occurrence —Morrow (BS 2) Bird Spring For-
mation at Arrow Canyon Range.

Tetrataxis vulgaris Malakhova, 1956
Plate 8, figure 10

Tetrataxis vulgaris MALAKHOVA, 1956b, p. 119, pl.
14, figs. 11, 15-16.

Measurements.—{based on 1 specimen) Num-
ber of volutions: 4. Apical angle: 105°. Height:
0.23 mm. Diameter: 0.37 mm. Height/diameter:
0.62. Shell thickness: 0.035 mm.

Description—Test is small, umbilicate and
regularly conical. The last volution expands more
rapidly than the others. Chambers are mostly
semicircular, Flanks are smooth., The wall is
generally dark, granular calcite. A light colored
layer appears on the lower side of a few chambers
around the umbilicus.

Discussion—T. vulgaris is almost identical to
T. cominima Rauzer-Chernousova, 1948 differing
only in having a thin, light colored layer (absent
in the latter) and a thicker wall. Based on the
above features, my specimen is more closely allied
to T. vulgaris.

T. dzhezkazganicus Vdovenko, 1962 is distin-
guished from the present specimen in its relatively
lower height, fewer volutions and thinner wall.
T. ovalis Vdovenko, 1962 differs in its semicircular
outline and thinner wall. T. conica Ehrenberg var.
lata Spandel, 1901 has a narrower apical angle
and larger dimensions and apparently lacks a
hyaline-radial layer. 7. pusillus Conil and Lys,
1964 (invalid name, preoccupied by T. pusillus
Golubtzov, 1957) also has a smaller apical angle
and no clear fibrous layer.

Occurrence —Zone 15 (Y 2) Yellowpine Lime-
stone at Arrow Canyon Range.

Tetrataxis sp. A
Plate &, figures 7, 8

Measurements.—(based on 4 specimens) Num-
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ber of volutions: 3-4. Apical angle (along
top, 3 specimens): 100-105°. Height (3 speci-
mens): 0.25-0.28 mm. Diameter: 0.40-0.51 mm.

Height/diameter (3 specimens): 0.53-0.62. Shell
thickness (3 specimens): 0.045 mm. up to 0.070
mm. at base of one specimen.

Description—Test is broadly umbilicate, flat-
tened and mostly medium sized, and the sides
are slightly arched. Volutions expand slowly.
Chambers appear semicircular (o elongate. Flanks
are smooth or slightly irregular., Wall is two-
layered with a dark, granular layer throughout
and a hyaline-radial zone comprising at least half
the shell thickness around the umbilical area.

Discussion—For want of better oriented ma-
terial, these specimens are not formally given a
new species name, although their parameters seem
distinctive. The well developed hyaline-radial layer
readily distinguishes my specimens from other
single to indistinctly layered, low-spired species
such as 7. eominima Rauzer-Chernousova, 1948,
T. expansus and T. vulgaris Malakhova, 1956, and
T. dzhezkazganicus and T. ovalis Vdovenko, 1962,
Except for a narrower apical angle (as measured
from the illustration) T. conica Ehrenberg var.
lata Spandel, 1901 appears quite similar to my
specimens in size, shape and number of whorls.
However, Spandel did not describe the wall struc-
ture of his species and his line drawings do not
show a fibrous layer.

There are also a few distinctly double-layered
species which may be distinguished from the
present form. T. irregularis Morozova, 1949 has
more volutions and larger dimensions. T. media
Vissarionova, 1948 has more convexity, a greater
height/diameter ratio, larger dimensions and com-
monly more volutions. 7. pusilius Golubtzov,
1957 has a smaller apical angle, narrower
umbilicus, greater height/diameter ratio and
smaller dimensions.

Occurrence—Zone 15 (Y 2) Yellowpine Lime-
stone at Arrow Canyon Range.

Tetrataxis sp. B
Plate 8, figure 9

Measurenients.—(based on 1 specimen) Num-
ber of volutions: 4. Apical angle (along top):

105°, Height: 021 mm. Diameter: (.46 mm.
Height/diameter: 0.45, Shell thickness: 0.030
mm,

Description—Test is medium sized and um-
bilicate. The cone is flattened with a rounded
apex, mildly arched flanks and a slightly flaring
final volution. Expansion of the whorls is slow.
Chambers are mostly elongate. Sutures are in-
dented; flanks are slightly lobate and somewhat
irregularly shaped. The test wall is composed
almost exclusively of a thin, single, granular layer.

The additional hyaline-radial layer appears on the
lower side of only a few chambers in the center
of the shell above the umbilical cavity, appreciably
thickening the wall in this spot. A small append-
age, possibly some type of apertural projection,
extends downward from the umbilical area.

Discussion—The basal appendage primarily
distinguishes this specimen from other similarly
sized and shaped species such as 7. vulgaris Malak-
hova.

Occurrence —Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Tetrataxis sp. C
Plate 8, figure 19

Measurements.—(based on 1 specimen) Num-
ber of volutions: 4-5. Apical angle: 85°. Height:
(.33 mm. Diameter: 0.46 mm. Height/diameter:
0.72. Shell thickness: 0.040 mm.

Description.—Test is medium in size, regularly
conical and appears non-umbilicate although the
umbilicus may be missed by the angle of section.
The height of the volutions increases very slowly,
yet each whorl extends laterally beyond the one
above if, producing a “stair-step” outline along the
flanks. Chambers are relatively flat and long.
The dark, granular wall becomes progressively
lighter colored toward the basal side of the cham-
bers. The fibrous layer, however, is not clearly
exhibited.

Discussion—In its ‘“stair-step” outline, apical
angle and wall thickness and structure, this speci-
men appears related to T. dentafa Vissarionova
var. magna Vissarionova, 1948, My specimen
differs, however, in being smaller, having longer
and straighter chambers and possibly lacking an
umbilicus, This present form may be a descendant
of Vissarionova's Visean species. More specimens
must be studied before a definite specific assign-
ment can be made.

Occurrence~—Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Family ARCHAEDISCIDAE Cushman, 1928

Specimens of this family are generally small and
discoidal to subglobular in shape. The surface of
the shell is smooth or rough, and in some speci-
mens lateral thickenings occur in the axial region,
The proloculus is followed by a single, undivided
chamber that coils from completely skew to com-
pletely planispiral. In general, the initial whorls
are involute and the later ones evolute, although
both completely involute and completely evolute
forms are common. The interior of the second
chamber, the lumen, varies from closed to open.
The two-layered wall is composed of a typically
thicker, light colored, fibrous (hyaline-radial) layer
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FIGURE 13

Axial section of Archaediscus with 514 volu-
tions. L, lumen; H, height of lumen; P, pro-
loculus; LT, lateral thickenings; ST, peripheral
shell thickness with an outer, light colored,
fibrous layer and an inner, dark, microgranular
layer; D, diameter; W, width (redrawn from
Grozdilova in Dain and Grozdilova, 1953).

and an inner, thin, dark, microgranular zone which
is nearly absent in some genera. The fibrous layer
is highly stable and is commonly preserved even
in recrystallized limestones, but its color, which is
the same as that of the surrounding spar, and the
small size of the organisms make the specimens
difficult to find. Aperture is a simple opening at
the end of the second chamber.

Figure 13 shows some of the important morpho-
logical features of the family. Most descriptions
are based exclusively on axial, or near axial,
sections in which most of the important parameters
are exposed.

An outline of the characteristics of the five
genera (Planospirodiscus, Archaediscus, Quasi-
archaediscus, Astercarchaediscus and Neoarchae-
discus) found in this study are presented in Table
7 as well as characteristics of other genera presently
placed in this family.

Genus Archaediscus Brady, 1873

Type species: Archaediscus karreri Brady, 1873.
Description—Test is small, smooth sided, dis-
coidal to subglobular with a broadly rounded
periphery. Lateral thickenings are formed in the

axial region. The present specimens contain three
to four involute whorls which are gently to moder-
ately skew-coiled; the last one to two volutions
tend to be planispiral in some specimens. The
lumina are open, semicircular or mildly crescentic
in shape, and they expand slowly to moderately
in height throughout the coil. The wall has two
well developed layers—an outer, light colored,
fibrous layer and an inner, dark, microgranular
zone. The fibrous layer is considerably thicker
than the dark layer along the sides because of the
overlap of the fibrous wall layer during coiling,
but around the periphery the dark layer some-
times attains almost half the thickness of the wall.
Apertare was not seen, but is reported to be a
simple opening at the end of the tubular chamber.

Discussion—This genus exhibits a variety of
shapes, lateral thickenings and coiling habits which
were not encountered in the few specimens found
in this study. Conil and Lys (1964, pp. 100-102)
give an excellent discussion of archaediscid coiling.

The nonplanispiral, mostly involute coiling, the
well developed, dark wall layer and the lateral
fillings, when present, distinguish Archaediscus
from Planospirodiscus Sosipatrova, 1962, Pro-
permodiscus Miklukho-Maklai, 1953 has much
thicker lateral fillings than Archaediscus, and
Planoarchaediscus Miklukho-Maklai, 1956 has a
poorly developed fibrous layer in its last few plani-
spiral whorls which are also evolute.

Depending on the thickness of the lateral de-
posits, most specimens of Paraarchaediscus Orlova,
1955 (e.g. see Conil and Lys, 1964, pl. 20, figs.
406-410; 1966, pl. 2, fig. 16; 1968, pl. 11, figs.
142-144) resemble either Archaediscus or Pro-
permodiscus but differ primarily from these two
genera in having the last whorl evolute commonly
with the sutures depressed.

Miklukho-Maklai erected the genus Hemiarchae-
discus in 1957 as a form similar in coiling to
Propermodiscus but lacking the thick, symmetrical
umbilical thickenings. However, other Archae-
discus species such as A. stilus Grozdilova and
Lebedeva, 1955 (not 1953) and those forms as-
signed to A. krestovaikovi Rauzer-Chernousova,
1948 prior to the reinterpretation of the enrollment
by Conil and Lys (1968, pp. 510-512) have coil-
ing, compressed lateral shape and wall structure
similar to Hemiarchaediscus. This coiling is not suf-
ficiently distinctive, in my estimation, to warrant
a new genus,

Archaediscus ¢f. A. pauxillus Shlykova, 1951
Plate 9, figure 1

Archaediscus pauxillus SHLYKOVA, 1951, pp. 160~
161, pl. 3, figs. 15-17; SosIPATROVA, 1962, p.
56, pl. 4, figs. 12—-13; A1ZENVERG ef al., 1968,
pl. 17, fig. 13.
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Measurements.—~(based on 1 specimen) Num-
ber of volutions: 3. Diameter: 0.15 mm. In-
terior diameter of proloculus: 0.035 mm. Height
of lumen last volution: 0.020 mm. Peripheral
shell thickness last volution: 0.010 mm.

Description.—Test is small and smooth, and the
subglobular shape is accentuated by the diagonal
section. The planes of coiling of the last two
whorls are at a slight angle to one another but
positioned at 90° to the initial planispiral volution.
The semicircular lumina expand slowly in height
and are moderately high. The wall is two-layered
with a thicker, light colored, fibrous layer on
the outside and an inner, thin, dark, microgranular
layer which is well developed in places. Aperture
was not seen.

Discussion.—This specimen differs from Shly-
kova’s type material in having a larger proloculus
surrounded by fewer planispiral whorls (one in
this specimen versus one and one-half to two in
Shlykova’s). Also a well oriented axial section is
needed to determine the width. Archaediscus
itinerarius Shlykova, 1951 coils in a manner similar
to this specimen but has a greater diameter and
higher and more rapidly expanding lumina.

Conil and Lys (1964, pp. 101-102} point out
that fortuitous sections through specimens with
sigmoidal coiling will produce the same kind of
enrollment as A. pauxillus. My specimen slightly
resembles the sigmoidal species 4. moelleri Rauzer-
Chernousova, 1948 which has larger dimensions
and more whorls.

Obviously more specimens are needed to check
the coiling and other parameters before a positive
species identification can be made.

Occurrence.~—Zone 17-18 (BW 4) Battleship
‘Wash Formation at Arrow Canyon Range.

Archaediscus sp. A
Plate 8, figures 20, 21

Measurements—(based on 3 specimens) Num-
ber of volutions (2 specimens): 3-4. Diameter
(2 specimens): 0.19-—about 0.23 mm. Width (2
specimens): (.12—about 0.13 mm. Width/diam-
eter (1 specimen): about 0.57. Interior diameter
of proloculus (2 specimens): 0.30 mm. Lumen
height last volution (2 specimens): 0.025-0.035
mm. Peripheral shell thickness last volution (2
specimens): 0.010-0.015 mm.

Description.—Test is small, smooth sided, dis-
coidal-lenticular and has a rather broadly rounded
periphery. Coiling is involute and the overlap of
the whorls produces lateral thickenings around the
proloculus. The plane of coiling oscillates during
growth, but the last one or two whorls tend to be
planispiral. The lumina are high, semicircular or
mildly crescentic in shape and expand steadily and
moderately in size. Both the outer, light colored,

fibrous layer and the inner, dark, microgranular
layer are well developed and are approximately of
equal width along the peripheral edge of the
shell. Aperture was not seen, but is probably a
simple opening at the end of the tube.

Discussion.—At least in coiling habit, these
specimens resemble Archaediscus stilus Grozdilova
and Lebedeva, 1955 (not 1953) and those forms
assigned to A. krestovnikovi Rauzer-Chernousova,
1948 prior to the reinterpretation of the enrollment
by Conil and Lys (1968, pp. 510-512). However,
1 do not have enough well oriented specimens to
assign a species name,.

Occurrence—~Zone 15 (Y 2, Y 3) Yellowpine
Limestone at Arrow Canyon Range.

Genus Asteroarchaediscus Miklukho-Maklai,
1956

Type species: Archaediscus baschkiricus Krestov-
nikov and Theodorovich, 1936.

Description.—Test is small, discoidal to slightly
lenticular and has a broadly rounded axial
periphery. Shell surface is mildly rugose or
smooth in some cases. Lateral thickenings are not
well developed in my specimens, although other
workers (e.g. Miklukho-Maklai, 1956, p. 10)
report large asymmetrical deposits. The second
chamber contains three to five volutions. All the
whorls are more or less skew coiled, but the last
one to two fend to be planispiral and evolute
whereas the inner whorls are more glomospirally
coiled and involute or partially evolute. The
lumina are completely closed or, less commonly,
slightly open in the last one or itwo volutions. The
height of the open lumina, however, is lower than
the thickness of the surrounding peripheral wall.
The folding or crenulation of the surface of the
whorls give all the lumina a characteristic wavy
appearance referred to as “stellate.” The wall con-
sists of an outer, thick, light colored, fibrous layer
and an inner, thin, dark, fine grained zone which
is commonly absent. Aperture is a slit at the end
of the tubular chamber.

Discussion—This genus differs primarily from
Neoarchaediseus in having closed or, occasionally,
fow, open lumina. Neoarchaediscus has initially
closed stellate lumina which change to high, open
ones in later whorls, As a rule, lumen heights
of Asteroarchaediscus species, when open, are con-
sistently lower than the thickness of the surround-
ing wall.

Lensarchaediscus Porshnyakova, 1957 has closed,
stellate lumina which are, however, mostly plani-
spirally arranged and also has massive, symmetrical
lateral thickenings. This genus is infrequently en-
countered in the literature and may be considered
synonymous with Asteroarchaediscus.
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Asteroarchaediscus gnomellus n, sp.
Plate 9, figures 2-6

Measurements.—(based on 9 specimens} Num-
ber of volutions: 3-4. Diameter (7 specimens):
0.09-0.14 mm. Width (7 specimens): 0.05-0.07
mm. Width/diameter (5 specimens): 0.46-0.60.
Interior diameter of proloculus (4 specimens):
about 0.015-0.020 mm. Peripheral shell thickness
last volution (6 specimens): 0.005-0.010 mm.

Description. Test is small, discoidal to slightly
lenticular and has a broadly rounded periphery.
Shell surface is slightly rugose or smooth. Pro-
loculus s small and not readily distinguished from
the surrounding wall, making measurement diffi-
cult. Coiling is generally skew throughout with
the outer whorls tending to be planispiral and
evolute. Most fumina are closed and stellate.
Rarely the lumina are slightly open, but the final
lumen in a few specimens is high. The wall is two-
layered with the light colored, fibrous layer being
dominant. An inner, thin, dark layer appears in
some specimens and outlines the shape of the
lumen. Aperture is a slit at the end of the tube.

Discussion.—The specimens with a high, open,
final lumen were included in this species be-
cause all other features including age are similar
to the other specimens; the high opening is just
an individual variation and does not appear con-
sistently. This species differs from Asteroarchae-
discus rugosimilis in its smaller dimensions and
greater width/diameter ratio.

The name, derived from the word “gnome” and
the Latin diminutive “ellus,” refers to the small size
of the organisms.

Occurrence—Zone 17-18 (BW 4, BW 5) Battle-
ship Wash Formation at Arrow Canyon Range.

Asteroarchaediscus rugosimilis n. sp.
Plate 9, figures 7-10

Measurements—(based on 6 specimens) Num-
ber of volutions (3 specimens): about 5. Diam-
eter (4 specimens): 0.17-0.20 mm. Width (5§
specimens): 0.07-0.08 mm. Width/diameter (3
specimens): 0.40-0.47. Interior diameter of pro-
loculus (3 specimens): 0.025-0.030 mm. TPeriph-
eral shell thickness last volution (4 specimens):
0.010-0.020 mm.

Description—Test is small and discoidal with
a broadly rounded periphery. Shell surface is
slightly rough. The last one or two volutions are
planispiral or only slightly skewed and evolute;
the initial whorls are highly skewed and involute
or partially evolute. Lumina are mostly closed
throughout the coil and have a stellate outline, A
few lumina in the later volutions are slightly open,
but their height does not equal the thickness of the
surrounding wall. The wall consists of thick, lght

colored, fibrous calcite. An inner, very thin, dark,
discontinuous layer is present, and helps define the
shape of the lumina. Aperture was not seen but
probably is a slit at the end of the tubular
chamber,

Discussion.—These specimens are closest in ap-
pearance to Archaediscus rugosus Rauvzer-Chernou-
sova, 1948. They differ in that the lumina are
much lower in the last volutions than those de-
scribed by Rauzer-Chernousova (1948¢, p. 11) in
which the height equals or exceeds the wall
thickness.

Miklukho-Maklai (1956, p. 11) refers Rauzer-
Chernousova's  species to  Astercarchaediscus.
Bogush and Yuferev (1962, p. 205) also attribute
specimens to Astercarchaediscus rugosus (Rauzer-
Chernousova) in which the height of the lumina
of the last whorl (0.018-0.030 mm.} exceeds the
shell thickness (0.009-0.024 mm.). But because
of the relatively high, open lumina, 4. rugosus
may actually belong to Neoarchaediscus, and it is
placed in this genus by Sosipatrova (1962, pp.
61-62, pl. 5, figs. 12-14).

The present species is named for its resemblance
to A. rugosus.

Occurrence —Zone 17-18 (BW 4, BW 3) Battle-
ship Wash Formation; zone 19 (BS 1) Bird Spring
Formation; Morrow (BS 3) Bird Spring Forma-
tion at Arrow Canyon Range.

Genus Neoarchaediscus Miklukho-Maklai, 1956

Type species: Archaediscus incertus Grozdilova
and Lebedeva, 1954,

Description—Test is small, smooth sided or
rough and discoidal with a rounded periphery.
Lateral thickenings are absent. There are three
(commonly four) to six volutions. The first one
to three are skew coiled, involute and have closed
lumina. Typically the surface of the inner whorls
are irregular and the lumen has a stellate appear-
ance. The remaining whorls are planispiral or
slightly skewed, partially or completely evolute
and have open lumina. The open lumina are semi-
circular or crescentic in axial view; the interior sur-
face is commonly smooth, but roughness is seen
in at least one species. In the last whorl, the height
of the lumen equals or exceeds the peripheral
thickness of the shell wall. The wall is composed
of a thick, light colored, fibrous ocuter Jayer and a
thin, dark, microgranular, inner layer which is non-
existent in many cases. Aperture is a simple
opening at the end of the tubular chamber.

Discussion.—Neoarchaediscus is most easily dis-
tinguished from other genera by the change from
a closed to open lumen during coiling. In con-
trast, Asteroarchaediscus has <closed lumina
throughout, and Planospirodiscus, Propermaodiscus,
and Arcliaediscus have completely open lumina.
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Rugoarchaediscus Miklukho-Maklai, 1957 osten-
sibly differs from Neoarchaediscus in being com-
pletely skew coiled and lenticular. However, it
is seldom mentioned in the literature and a speci-
men of the type species, Archaediscus akchimensis
Grozdilova and Lebedeva, 1954 is referred to
Neoarchaediscus by Bogush and Yuferev (1966,
p- 208, pl. 9, fig. 18). Neoarchaediscus does show
some skew coiling in the later volutions as well
as in the earlier ones; therefore, Rugoarchaediscus
possibly is not sufficiently distinctive to be con-
sidered a separate genus.

There is confusion in the literature in assigning
some specimens to Neoarchaediscus or Astero-
archaediscus. For example, Archaediscus post-
rugosus Reitlinger, 1949 is referred to Necarchae-
discus by Miklukho-Maklai (1956, p. 11) and
Bogush and Yuferev (1962, p. 207, pl. 9, fig. 17
and 1966, p. 169, pl. 11, fig. 24) but to Astero-
archaediscus by Brazhnikova er al. (1967, pl. 20,
fig. 4; pl. 21, fig. 3) and Aizenverg er al. (1968,
pl. 24, fig. 9). The cause of this confusion possibly
lies in Miklukho-Maklai’s original description of
Neoarchaediscus (1956, p. 11) which states that
the last two to three whorls have open lumina.
Archaediscus postrugosus has approximately one
volution with high, open lumina. The presence or
absence of open lumina, rather than the number
of open lumina, would provide the most consistent
basis for the generic distinction. Therefore, I would
place in Necarchaediscus all species, including A.
postrugosus, which have closed to open lumina and
in which the height of at least the final lumen
consistently equals or exceeds the thickness of the
surrounding wall. Occasional specimens of Astero-
archaediscus have a few open lumina, but they
are typically quite low.

Neoarchaediscus incertus
(Grozdilova and Lebedeva), 1954

Plate 9, figures 16-25

Archaediscus incertus GrROZpILOVA and LEBEDEVA,
1954, p. 60, pl. 7, figs. 14-15.

Neoarchaediscus incertus (Grozdilova and Lebe-
deva). MikLukHo-Makvar, 1956, p. 11,
GrozpiLova and LEBEDEvA, 1960, p. 98, pl
11, fig. 11.

Neoarchaediscus incertus var. incerta {Grozdilova
and Lebedeva). ConiL and Lys, 1964, p. 130,
pl. 20, figs. 389-391.

Neovarchaediscus incertus (Grozdilova and Lebe-
deva) var. carnosa. CoNiL and Lys, 1964,
p. 130, pl. 20, fig. 392,

Measurements.—(based on 16 specimens) Num-
ber of volutions (12 specimens): 35-6. Diameter
(15 specimens): 0.21-0.34 mm. Width {14 speci-
mens): 0.07-0.13 mm. Width/diameter (13 speci-

mens): 0.32-0.45. Interior diameter of proloculus
(9 specimens): 0.020-0.030 mm. Height of lumen
last volution (13 specimens): 0.020-0.040 mm.
Peripheral shell thickness last volution (14 speci-
mens): 0.005-0.020 mm.

Description.—Test is small, smooth, or slightly
rough and discoidal, commonly with a broadly
rounded periphery, The intial one to three (mostly
two or three) volutions are involute, skew coiled,
and have a closed lumen which exhibits a rugose
or stellate outline caused by the irregular periph-
eral shape of the whorls. The remaining two to
four (typically three or four) volutions are mostly
evolute, planispiral or slightly skewed and have
a smooth, open lumen which is semicircular or
mildly crescentic in shape. In the last two volu-
tions, also less commonly in the third and fourth,
the lumen is higher than the shell thickness. The
wall is composed of a thick, light colored, faintly
fibrous outer layer and a poorly developed thin,
dark, inner layer which is commonly absent.
Aperture was not seen but is inferred to be a
simple opening at the end of the tubular chamber.

Discussion—The dimensions of my specimens
agree for the most part with those of Grozdilova
and Lebedeva although some specimens have a
greater number of open lumina.

A number of other species are quite similar and
are not always easily distinguishable. Grozdilova
and Lebedeva (1954, p. 60, translated in Ellis and
Messina, supplement no. 1, 1964) say that this
present species differs from N. gregorii (Dain),
1953 in the abrupt transition from skew to plani-
spiral coiling, larger lumina of the outer volutions,
smaller dimensions and a thinner wall. N. parvus
(Rauzer-Chernousova) var. regularis (Suleima-
nov), 1948 has, in the last two whorls, open lumina
which apparently are lower than those in N.
incertus. N. borealis (Reitlinger), 1949 has a
more narrowly angled periphery, more planispiral
coiling and highly crescentic open lumina.

Occurrence.—7Zone 17-18 (BW 4, BW 5) Battle-
ship Wash Formation; Morrow (BS 2, BS 3) Bird
Spring Formation at Arrow Canyon Range.

Neoarchaediscus cf. N. parvus
(Rauzer-Chernousova), 1948

Plate 9, figures 1115

Archaediscus parvus RAUZER-CHERNOUSOVA, 1948b,
p. 233, pl. 16, figs. 9-12; MaLakuOvVA, 1956a,
p. 41, pl. 3, figs., 4-5.

Neoarchaediscus parvus  {Rauzer-Chernousova).
MikLukHO-MakLAL, 1956, p. 11,

Measurements.—(based on 6 specimens) Num-
ber of volutions: about 4-5. Diameter: 0.17-
0.18 mm. Width (5 specimens) 0.07-0.10 mm.
Width/diameter (5 specimens): 0.41-0.55. In-
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terior diameter of proloculus (2 specimens):
0.015-0.030 mm. Height of lumen last volution
(5 specimens): 0.015-0,025 mm. Peripheral sheli
thickness last volution: 0.005-0.015 mm.

Description~—Test is small and discoidal with a
broadly rounded periphery. Surface of the test
is notably rough. The first two and one-half to
three volutions are skew coiled, involute and have
closed lumina with an irregular or stellate outline.
The final one to one and one-half whorls are plani-
spiral or slightly skewed, partially evolute and
have open lumina. These lumina are mildly
crescentic in shape and their interior surface is
slightly irregular, caused by the crenulations on
the surface of the previous whorl. The wall is
composed of light colored, finely fibrous calcite.
A dark, inner, microgranular layer is very thin or
absent. Aperture is a simple opening at the end
of the tube.

Discussion.—These specimens differ from the
type material in being slightly wider, having a
farger proloculus in one specimen (Plate 9, figure
12) and a higher, open, final lumen in another
(Plate 9, figure 11). The irregular surface and
smaller size distinguish this species from N.
incertus and related forms. N. latispiralis (Grozdi-
lova and Lebedeva), 1953 (as seen in Bogush and
Yuferev, 1966, p. 168, pl. 11, fig. 23) differs from
my specimens in being smoother, having a larger
proloculus and a higher lumen relative to the shell
thickness. Asteroarchaediscus? rugosus (see dis-
cussion of Astercarchaediscus rugosimilis) appears
similar but larger.

Occurrence~—Zone 17-18 (BW 4) Battleship
Wash Formation; Morrow (BS 2, BS 3) Bird
Spring Formation at Arrow Canyon Range,

Genus Planospirodiscus Sosipatrova, 1962

Type species:
Sosipatrova, 1962,

Description. Test is narrowly discoidal, mostly
small and has a rounded periphery. The sides are
generally smooth, but the suture at the end of the
final whorl is depressed in one species. Lateral
thickenings are absent. Specimens definitely placed
in the genus have four to five volutions, the first
of which is skewed and partially involute, but the
remainder are essentially planispiral and evolute,
The lumen is slightly crescentic, semicircular or
omega-shaped and open throughout the coil,
although the initial whorls are tightly enrolied.
However, one species (P? altiluminis) tentatively
assigned to the genus has about seven volutions,
the first three to four of which are slightly skewed
and, in one specimen, closed. Rate of expansion
of the coil is steady and moderate, but in some
specimens the last whorl expands more rapidly than
the earlier ones. The wall has an outer, thick,

Planospirodiscus  tajmyricus

hyaline-radial layer and an inner, thin, dark, micro-
granular zone which is not present in all specimens,
Aperture is a simple opening at the end of the
tubular chamber.

Discussion—This genus differs from Permo-
discus Chernysheva, 1948 by the absence of thick
axial deposits and from Plancarchaediscus by the
well developed fibrous layer and poorly repre-
sented inner, dark layer.

The skewness and tight cotling of the initial
volutions make it difficult to separate some speci-
mens of this genus from the ancestral genus
Neoarchaediscus which generally has more closed,
skew-coiled volutions.

Planospirodiscus? altituminis n. sp.
Plate 9, figures 26, 27

Measurements.—(based on 2 specimens) Num-
ber of volutions: about 7. Diameter: 0.49 mm.
Width (1 specimen): 0.11 mm. Width/diameter
{1 specimen only): 0.22. Interior diameter of
proloculus: 0.025 mm. Height of lumen last volu-
tion: 0.040-0.050 mm. Peripheral shell thickness
last volution: 0.015-0.020 mm.

Description—Test is medium sized, smooth
sided and discoidal. The first three to four volu-
tions are slightly skew coiled and involute; the
remainder are planispiral and evolute. In the
axial section (Plate 9, figure 27) the lumina of
the skew whorls appear closed and stellate, but
in the sagittal section (Plate 9, figure 26) the
Iumina are open back to the proloculus. The open
lumina of the final volutions are relatively high,
and they are narrow and slightly crescentic in axial
view. The wall is light colored, finely fibrous
calcite with only a trace of a dark, inner layer.
Aperture 1s the open end of the lumen.

Discussion—These two specimens are question-
ably assigned to Planospirodiscus because one of
them appears to have closed lumina in the initial
whorls. The sagittally oriented specimen exhibits
the completely open lumina characteristic of Plano-
spirodiscus, yet the axial section with its closed to
open lumina could belong to Neoarchaediscus.
Both specimens must belong to the same species
inasmuch as the dimensions, number of volutions,
coiling and wall structure are similar, and both
are from the same sample. They are placed with
Planaospirodiscus rather than Neoarchaediscus be-
cause of the small width/diameter ratio and
final, high and relatively narrow open lumina
seen in the axial specimen and the completely
open lumina of the sagittal one. Furthermore,
Planospirodiscus commonly exhibits some initial
coiling skewness.

The large size, number of volutions and number
of skew coiled whorls as well as the initial closed
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lumina in the axial section, distinguish these speci-
mens from other Planospirodiscus species en-
countered in this study.

The name, derived from the Latin words “altus”
meaning high and “lumen” meaning light, refers
to the high, open lumen of the last few volutions.

Occurrence.—Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Planospirodiscus c¢f. P. minimus
(Grozdilova and Lebedeva), 1953

Plate 9, figures 28-34

Archaediscus minimus GrozpiLova and LEBEDEVA,
in Dain and Grozdilova, 1953, pp. 111-112,
pl. 4, fig. 15.

Archaediscus (?) minimus Grozdilova and Lebe-
deva. GRrozpiLova and LEBEDEvVA, 1954, pp.
62-63, pl. 7, fig. 16.

Planospirodiscus minimus (Grozdilova and Lebe-
deva). SosipaTROva, 1962, pp. 64-65, pl. 5,
figs. 22-24; SosipaTROVA, 1966, p. 21, pl. 3,
figs. 5-6; BoGusH and YUFEREYV, 1966, p. 170,
pl. 11, figs. 26-27; MaMET, 1970, pl. 7, figs.
15, 18.

Measurements.—(based on 11 specimens) Num-
ber of volutions (9 specimens): 4-5. Diameter
(9 specimens): 0.32-0.41 mm. Width (5 speci-
mens): 0.08-0.14 mm. Width/diameter (5 speci-
mens): 0.25-0.35. Interior diameter of proloculus
(2 specimens): 0.015-0.025 mm. Height of lumen
last volution (8 specimens): 0.030-0.045 mm.
Peripheral shell thickness last volution: 0.010-
0.025 mm.

Description.—Test is smooth sided, discoidal
and generally small. The initial whorl is skewed,
but the remaining volutions are essentially plani-
spiral and evolute. The lumen is relatively high,
expands moderately in height and has an omega
shape in axial section. The wall is composed of
an outer, thick, light colored, fibrous layer and an
inner, thin, dark, discontinuous, microgranular
zone. Aperture is a simple opening at the end of
the tube.

Discussion—My material differs from figured
specimens of Grozdilova and Lebedeva and Bogush
and Yuferev in being larger and having a higher
lumen in the last volution relative to the wall
thickness. But they are similar in the peripheral
shape, manner of coiling and highly arched
lumina. The figured specimens of Sosipatrova
(1962) are smaller and have a lower, less arched
lumen than the present specimens. Sosipatrova’s
later material (1966) is similarly proportioned to
mine but is also smaller.

Occurrence.—Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Planospirodiscus sulculus n. sp.
Plate 9, figures 35-37

Measurements.—(based on 7 specimens) Num-
ber of volutions (5 specimens): 4-5. Diameter
(6 specimens): 0.16-0.22 mm. Width (4 speci-
mens): 0.06-0.07 mm. Width/diameter (4 speci-
mens): 0.30-0.38. Interior diameter of proloculus
(2 specimens): 0.020-0.025 mm. Height of lumen
last volution (6 specimens): 0.015-0.030 mm.
Peripheral shell thickness last volution (6 speci-
mens): 0.005-0.010 mm.

Description.—Test is small and discoidal. The
initial whorl may be slightly skewed, but the re-
maining ones are essentially planispiral and
evolute. The lumina are either semicircular or
slightly crescentic in shape, and the outer ones are
relatively large. The rate of expansion of the
volutions is steady and moderate. The Jumen at
the end of the last whorl in some specimens in-
flates more rapidly, and con1m0n1y the suture is
slightly depressed at this point. The sides of the
older whorls are smooth. Wall has a thick, light
colored, fibrous, outer layer and a thin, dark,
microgranular, inner zone which is not present
throughout. Aperture is a simple opening at the
end of the tubular chamber.

Discussion.—This species differs from my speci-
mens of Planospirodiscus cf. P. minimus in its
smaller diameter, lower lumen height, thinner wall
and in the slight depression of the last suture. It
is distinguished from P. fajmyricus Sosipatrova,
1962 and other described specimens of P. minimus
by the depression of the suture at the end of the
tubular chamber and by the generally larger size
of the final lumen relative to the shell thickness.

The species name, taken from the Latin word
for a small groove or furrow, refers to the final
sutural depression.

Occurrence—Zone 17-18 (BW 4, BW 5) Battle-
ship Wash Formation at Arrow Canyon Range.

Genus Quasiarchaediscus Miklukho-Maklai, 1960

Type species: Quasiarchaediscus
Miklukho-Maklai, 1960.

Description—(from Miklukho-Maklai, 1960, p.
150, and 1963, pp. 164-165): Test is small,
smooth sided and lenticular with a rounded pe-
riphery, and it lacks lateral thickenings. The initial
whorls of the second, unsegmented chamber com-
monly coil in one plane which is at approximately
right angles to the plane of coiling of the outer
volutions. The wall is composed primarily of a
light colored, fibrous layer. The dark, inner layer
is weakly developed or absent. Aperture opens at
the end of the second chamber.

Discussion—The two mutually perpendicular
planes of coiling distinguish Quasiarchaediscus

pamirensis
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FIGURE 14

Whole specimen and cross sectional views of Globivalvulina. 1-4, whole specimens: 1, side; 2,
apertural (ventral); 3, dorsal; 4, anterior. a-f, cross sections: a, b, ¢, d, tangential; e, f, diagonal; g,
diagonal nearly sagittal. A, aperture; D, diameter; F, funnel; L, lamina; W, width (redrawn from

Reichel, 1946).
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from other archaediscid genera. Two Upper
Paleozoic miliolid genera, Eosigmoilina and Aga-
thamminag, coil In a manner somewhat similar
to Quasiarchaediscus. They both differ in pos-
sessing a nonfibrous porcelaneous wall, and
Eosiymolina has septa in its last few volutions as
well.

Quasiarchaediscas? sp. A
Plate 9, figure 38

Measurements.—(based on 1 specimen) Num-
ber of volutions: about 5. Diameter: 0.19 mm.
Width: 0.08 mm. Width/diameter: 0.42. Height
of final lumen: 0.020 mm. Shell thickness last
volution: 0.010 mm.

Description.—Test is small, smooth sided and
lenticular with a narrowly rounded periphery., The
first three involute whorls are coiled in approxi-
mately the same plane and at about 90° to the
outer two planispiral volutions which are evolute
or partially so. The lumen is closed and stellate
in all but the last whorl. Wall is composed of light
colored, fibrous calcite. An inner, dark, micro-
granular layer is, at best, barely perceptible.
Aperture and proloculus were not seen.

Discussion.—The closed to open lumina re-
semble Neoarchaediscus, but the apparent, mufu-
ally perpendicular coiling planes tentatively link
this specimen with Quasiarchaediscus. However,
to my knowledge, no other Quasiarchaediscus
species have been described with closed lumina.

Occurrence—Zone 19 (BS 1) Bird Spring For-
mation at Arrow Canyon Range.

Family BISERIAMMINIDAE Chernysheva, 1941

Genera of this family have a biserial chamber
arrangement. Coiling is planispiral or trochoid
and involute. Wall is fine to coarse grained calcite,
homogeneous or layered, commonly with an ad-
ditional inner hyaline layer. Globivalvuling is the
only genus found in this study.

Genus Globivalvulina Schubert, 1920

Description.—Test is small to medium, involute
and semicircular or subcircular in side view. One
to two biserial volutions are coiled more or less
planispirally. Coiling varies from tight to loose,
almost upright growth. Chambers expand steadily
in size, but commonly the last one to three pairs
inflate at a disproportionately greater rate com-
pared to the older chambers. Peripheral outline
is smooth to lobate. The wall is either dark,
granular and single-layered, some specimens
having inclusions of lighter colored grains, or
three-layered with a thick lighter colored tectum
flanked by two thin, dark tectoria. In a few of my
specimens the interior is covered with an additional

hyaline layer best developed usually on the lower
side of the septa. Reitlinger (1950, p. 76) like-
wise reports a two-layered wall composed of a
light colored, outer zone and a dark, inner one.
The interior hyaline layer is rarely found with
this wall structure. The aperture is covered by a
valvular projection and is located centrally on the
concave apertural face at the junction of the last
two chambers. This aperture, seldom seen in thin
section, opens up into a basal cavity, the funnel,
located between the interior septal margins and
the base of the chambers. A partition, the lamina,
partially restricts communication between the
aperture and the lower positioned funnel.

Figure 14 illustrates some features of this genus.

Discussion.—Species are differentiated by a
combination of features including wall structure,
funnel shape, rate of chamber growth, peripheral
outline, tightness of coil and number of chambers
in the last volution. But because of the manner
of coiling and small number of volutions, few of
the above features appear together in thin section.
The cross sections of figure 14 illustrate the dif-
ficulties of correlating tangential and diagonal
sections. Since few well oriented specimens were
found in this study, no new species are named, but
comparisons are made with existing ones.

Globivalvulina sp. A
Plate 9, figures 39, 40

Description.—Test is probably small. The cham-
bers are added alternately on either side of the
plane of coiling with little overlap. Wall is dark,
granular calcite. No sagittal sections were seen.

Discussion.—1In the strong alternation of cham-
bers, these specimens resemble G. biserialis Cush-
man and Waters, 1928 and . ovata Cushman
and Waters, 1928. However, comparisons cannot
be carried further because my material is sparse
and poorly oriented and because the two latter
species are differentiated solely on external char-
acteristics. No data on their internal features has
been published.

Occurrence.—Morrow (BS 2) Bird Spring For-
mation at Arrow Canyon Range.

Globivalvulina sp. B
Plate 10, figures 1-5

Measuremenis—(based on 5 specimens) Num-
ber of volutions {2 specimens): about 1%, Num-
ber of biserial chamber pairs in last volution (2
specimens): 6-7. Apparent diameter (4 speci-
mens): 0.28-0.31 mm. Apparent interior height
of last chamber (3 specimens): 0.115-0.135 mm.
Shell thickness last volution: 0.010-0.015 mm.

Description.—Test is small. Coiling is essentially
planispiral and the chambers are added m a loose
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arc. Chambers expand steadily in size throughout
growth except for the more rapid inflation of the
last chamber. Septa are straight or slightly curved
in side view. Sutures are flush ‘or slightly de-
pressed, giving a smooth to mildly lobate periph-
eral outline. The wall is light or dark granular
calcite and faintly layered in places. An additional
indistinct, light colored (hyaline?) layer partially
lines the lower surface of the septa in some speci-
mens. Funnel is distinctly separated from the
chambers by the interior lamina wall. The middle
portion of the apertural face is concave in one
specimen.

Discussion.—This species differs from G. mos-
quensis Reitlinger, 1950 in its poorly developed
hyaline layer, more erect coiling and deeper
funnel.

The specimen in Plate 10, figure 5 is a juvenile
and not included in the description. It can be dis-
tinguished from G. species C by its tighter coil,
fewer biserial chambers and having more than
one volution.

Occurrence.—Morrow (BS 2, BS 7) Bird Spring
Formation at Arrow Canyon Range. Morrow
(E 3) Ely Limestone at Moorman Ranch.

Globivalvalina sp. C
Plate 10, figures 6, 7

Measurements—(based on 2 specimens) Num-
ber of volutions: less than 1. Number of biserial
cliamber pairs: 6-7. Diameter: 0.16-0.19 mm.
Interior height of last chamber: 0.045-0.050 mm.
Interior diameter of proloculus: 0.030-0.035 mm.
Shell thickness last chamber: 0.015 mm.

Description—Test is small and slightly com-
pressed in sagittal view. Coiling is planispiral, and
the biserial chambers tend to unroll. Chambers
expand regularly in size except for the more
enlarged final one. Septa are slightly curved, and
the peripheral outline is smooth. Wall is dark,
granular calcite. The funnel is deep and well de-
fined by the laminar deposits.

Discussion.—This specles differs from G.
minima Reitlinger, 1950 in having fewer whorls,
more chambers in the last whorl, a smoother pe-
riphery, more regular chamber growth and a better
developed funnel. It differs from G. parva Cherny-
sheva, 1948 in having more chambers in the last
whorl, more erect chamber addition, a more com-
pressed lateral shape and no trochospiral coil.

Occurrence.—Morrow (BS 4) Bird Spring For-
mation at Arrow Canyon Range. Morrow (E 3)
Ely Limestone at Moorman Ranch.

Globivalvalina sp. D
Plate 10, figures 8, 9, 14, 15

Measurements.—(based on 5 specimens) Num-
ber of volutions (1 specimen): between 1-2.

Number of biserial chamber pairs in last volution
(1 specimen): 6. Apparent diameter (1 speci-
men): 0.43 mm. Apparent width (1 specimen):
0.42 mm. Apparent interior height of last chamber
(1 specimen): 0.185 mm. Shell thickness last
volution: 0.015-0.020 mm.

Description.—Test is medium sized. Coiling is
essentially planispiral, and the chambers grow in
a loose arc. The initial chambers are small, but
the last three pairs are highly inflated, accounting
for almost the complete volume of the last volu-
tion. Septa are slightly curved in side view, and
the sutures are flush with the outer wall, producing
a smooth peripheral outline. In most specimens
the peripheral wall is distinctly three-layered with
a thick, coarse, inner tectum flanked by two thin,
darker, microgranular tectoria. This layering be-
comes indistinct in the septa. An additional clear
layer intermittently lines the interior of the cham-
bers; however, this rim may be a secondary drusy
filling rather than an organically produced hyaline
layer. Funnel is well defined at the base of the
whorl.

Discussion.—These specimens most closely re-
semble G. kamensis Reitlinger, 1950 in size,
manner of coiling and rate of chamber expansion.
They differ from G. bulloides (Brady), 1876 in
having a more rapid expansion of the last cham-
bers, a smoother periphery and a non-perforate
wall. G. biserialis Cushman and Waters, 1928 and
G. ovata Cushman and Waters, 1928 have diam-
eters similar to my specimens but are more lobate
and have a more regular chamber expansion. The
wall structure of the above two species is unknown.

The layering of the wall easily distinguishes this
present species from most others, but, as in other
groups of Endothyracea, I am not sure whether
this layering represents a genetically distinct feature
or just better preservation of the dark, granular,
homogeneous walls of other species.

Occurrence.—Morrow (BS 5, BS 7) Bird Spring
Formation at Arrow Canyon Range. Morrow
(E 3) Ely Limestone at Moorman Ranch.

Globivalvulina sp. E
Plate 10, figures 10, 11

Measurements.—(based on 2 specimens) Ap-
parent diameter (1 specimen): 0.30 mm. Shell
thickness last volution: 0.015 mm.

Description—Test is small. All the volutions
are not visible in these sections but are probably
planispirally coiled. Chambers of the last volution
are almost unrolled and grow with a steady and
moderate expansion. Septa are straight or slightly
curved in side view, and one septum contains two
ridge-like deposits, possibly remnants of a former
aperture. The peripheral outline is smooth. Wall
is two-layered with a darker, coarse granular,
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outer zone and an inner hyaline layer, best de-
veloped on the lower side of the septa. Funnel and
famina are indistinct.

Discussion—These specimens are not well
oriented but are figured to show the inner hyaline
layer which differentiates them from G. species B.
They appear similar to G. mosquensis Reitlinger,
1950 except for the more erect coiling but there
is not enough material to define clearly the re-
tationship between the two.

Occurrence.—Morrow (BS 6) Bird Spring For-
mation at Arrow Canyon Range.

Globivalvulina sp. F
Plate 10, figures 12, 13

Measurements.—{based on 2 specimens) Num-
ber of volutions: about 1%-2. Number of biserial
chamber pairs in last volution: 7-8. Apparent
diameter:  0.33-0.36 mm. Shell thickness last
chamber: 0.015-0,020 mm.

Description.—Test is small. Coiling is plani-
spiral, and the chambers are in a tight arc. The
last three pairs of chambers are greatly inflated
relative to the preceding ones. Septa are slightly
curved; periphery is smooth or slightly lobate.
Wall is dark, granular calcite. Apertural face is
broadly concave in one specimen. The funnel is

Discussion—This species differs from G, species
B in its tighter coil and unsteady rate of chamber
inflation.

The two figured specimens have quite differently
shaped final chambers. But the coiling, deep
funnel and rate of chamber expansion are similar
so that the chamber shape may be a function of
the angle of section rather than a true morpho-
logical difference.

Occurrence—~Morrow (BS 7) Bird Spring For-
mation at Arrow Canyon Range. Morrow (E 3)
at Moorman Ranch.

Family QUASIENDOTHYRIDAE

Rozovskaya, 1961

The following description is translated from
Rozovskaya (1963, p. 59):

The shell is flatly discoidal or lenticular, in-
volute in the early stage and commonly
evolute in the adult. The enrollment of the
coil is asymmetrical in the early stages, plani-
spiral in the adult, or the early and adult
[stages] of the coil are oriented in different
planes at an angle of 90 degrees. The wall is
finely and commonly uniformly granular,
sometimes porous, or with a clear fibrous

well developed. layer. The aperture is simple, basal, rarely
EXPLANATION OF PLATE 9

Fics. Pace

1. Archaediscus of. A. pauxillus Shlykova, 1951, x 150. . ... L5

1. Diagonal section (UCM 28160a).
Canyon Range.

Sample BW 4, Bdtlleshlp Wash Formatlon Arrow

2-6. Asteroarchaediscus gnomellus n. sp. X 200. . e . 62
2. Tangential section, approaching axial; holotype (UQM 28162) Samp[e BW 5, Battle-
ship Wash Formation, Arrow Canyon Range.
3. Tangential section, approaching axial (UCM 2816la). Sample BW 5, Battleship Wash
Formation, Arrow Canyon Range.
4, Near sagittal section (UCM 28161b). Sample BW 3, Battleship Wash Formation, Arrow
Canyon Range.
5. Diagonal section (UCM 28161c). Sample BW 5, Battleship Wash Formation. Arrow
Canyon Range.
6. Tangential section, approaching axial (UCM 28160b). Sample BW 4, Battleship Wash
Formation, Arrow Canyon Range.
7-10. Asieroarchaediscus rugosimilis n. sp. X 125, i . 62
7. Axial section; holotype (UCM 28163). Sample BW 5, Battleship Wash Formation,
Arrow Canyon Range.
8. Tangential section, approaching axial (UCM 28167a). Sample BS 1, Bird Spring For-
mation, Arrow Canyon Range.
9. Tangential section, approaching axial (UCM 28169i). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.
10. Tangential section (UCM 28169)). Sample BS 3, Bird Spring Formation, Arrow Can-
yon Range.
11-15. Neoarchaediscus cf. N. parvus (Rauzer-Chernousova), 1948. x 125, : 63

1. Tangential section, approaching axial (UCM 28168b). Sample BS 2

mation, Arrow Canyon Range.
12, Axial section (UCM 28169k).
yon Range.

B:rd Sprmg For-

Sample BS 3, Bird Spring Formation, Arrow Can-

(69}


http:0.33-0.36

16-25.

26, 27.

28-34,

38.

39, 40.

. Planospirodiscus sulculus n. sp. X 125, .

13. Tangential section, approaching axial (UCM 28168c). Sample BS 2, Bird Spring For-
mation, Arrow Canyon Range.

14, Axial? section (UCM 28160c). Sample BW 4, Baitleship Wash Formation, Arrow
Canyon Range.

15. Near sagittal section (UCM 28168d). Sample BS 2, Bird Spring Formation, Arrow
Canyon Range.

Neoarchaediscus incertus (Grozdilova and Lebedeva), 1954, x 100. -

16. Tangential section, approaching axial (UCM 28169L). Sample BS 3 Blrd Sprmg For-
mation, Arrow Canyon Range.

17. Axial section (UCM 28161d). Sample BW 5, Battleship Wash Formation, Arrow
Canyon Range.

18. Tangential section, approaching axial (UCM 28169m). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

19. Axial section (UCM 28169n). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

20. Tangential section, approaching axial (UCM 2816%90). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

21. Diagonal section (UCM 28169p). Sample BS 3, Bird Spring Formation, Arrow Can-
yon Range.

22. Axial section (UCM 28169q). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

23, Axial section (UCM 28169r). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

24. Axial section (UCM 28169s). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

25. Axial section (UCM 28169t). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

Planospirodiscus? altiluminis n. sp. > TS5, ...

26. Sagittal section {UCM 281691). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

27. Axial section; piece of shell wall missing at top; holotype (UCM 28171). Sample BS
3, Bird Spring Formation, Arrow Canyon Range.

Planospirodiscus ¢f. P. minimus (Grozdilova and Lebedeva), 1953, x 75..

28. Tangential section, approaching axial (UCM 28169v). Sample BS 3, Bzrd Sprmg I—or-
mation, Arrow Canyon Range.

29. Axial section {UCM 28169w). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

30. Near sagittal section {(UCM 28169x). Sample BS 3, Bird Spring Formation, Arrow
Canyon Range.

31. Tangential section, approaching axial (UCM 28169y). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

32. Tangential section, approaching axial (UCM 28169z). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

33. Tangential section, approaching axial (UCM 28169aa). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

34, Tangential section, approaching axial (UCM 28169bb). Sample BS 3, Bird Spring For-
mation, Arrow Canyon Range.

35. Tangential section, approaching axial (UCM 28160d). Sample BW 4, Battleshxp Wash
Formation, Arrow Canyon Range.

36. Tangential section, approaching axial; holotype (UCM 28164). Sample BW 5, Battle-
ship Wash Formation, Arrow Canyon Range.

37. Sagittal section (UCM 28161¢). Sample BW 5, Battleship Wash Formation, Arrow
Canyon Range.

Quasiarchaediscus? sp. A. x 125, B

38. Tangential section, approaching ax1a1 (UCM 28]67b) Sample BS 1 Blrd Sprmg Por-
mation, Arrow Canyon Range.

Glabivalvuling Sp. A. 3 TS, e e

39. Tangential section (UCM 28168e). Sample BS 2, Bird Spring Formation, Arrow Can-
yon Range.

40. Tangential section (UCM 28168f). Sample BS 2, Bird Spring Formation, Arrow Can-
yon Range.
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EXPLANATION OF PLATE 10

Figs. PAGE

1-5. Globivalvuling sp. B. X 75 e e
1. Tangential section, approachmg sagittal (UCM 28175a). Sample BS 7, Bird Sprmg For-
mation, Arrow Canyon Range,
2. Tangential section (UCM 28168g). Sample BS 2, Bird Spring Formation, Arrow Can-
von Range.
3. Tangential section, approaching sagittal (UCM 28175b). Sample BS 7, Bird Spring For-
mation, Arrow Canyon Range.
4. Tangential section (UCM 28186h). Sample E 3, Ely Limestone, Moorman Ranch.
5. Tangential section, approaching sagittal; juvenile (UCM 28175c). Sample BS 7, Bird
Spring Formation, Arrow Canyon Range.
6, 7. Globivalvaling sp. C. X 75 o
6. Sagittal section (UCM 28168i). Sample E 3, Ely Limestone, Moorman Ranch.
7. Sagittal section (UCM 28172a). Sample BS 4, Bird Spring Formation, Arrow Canyon
Range.
8,9, 14, 15. Globivalvulina sp. D 2 75, o
8. Tangential section (UCM 28175d). Sample BS 7, Bird Sprmg Formation, Arrow Can-
yon Range.
9. Tangential section (UCM 28175¢), Sample BS 7, Bird Spring Formation, Arrow Can-
yon Range.
14. Tangential section, approaching sagittal (UCM 28175f). Sample BS 7, Bird Spring For-
mation, Arrow Canyon Range.
15. Tangential section {UCM 28173a). Sample BS 5, Bird Spring Formation, Arrow Can-
yon Range.
10, 11, Globivalvuling sp. E. X 75 e
10. Tangential section (UCM 28174a). Sample BS 6, Bird Sprmg Formanon, Arrow Can-
yon Range.
11. Tangential section (UCM 28174b). Sample BS 6, Bird Spring Formation, Arrow Can-
yon Range.
12, 13. Globivalvuling sp. F. % 75. . . -
12. Tangential section, approaching sag:ttal (UCM 28186j). Sample E 3, Ely leestone
Moorman Ranch.
13. Tangential section, approaching sagittal (UCM 28175g). Sample BS 7, Bird Spring For-
mation, Arrow Canyon Range.
16-18. Planoendotityra aljutovica (Reitlinger), 1950. x 60. S
16. Axial section (UCM 2816%cc). Sample BS 3, Blrd Sprmg Formatlon, Arrow Canyon

Range.

17. Diagonal section (UCM 28169dd). Sample BS 3, Bird Spring Formation, Arrow Can-
yort Range.

18. Axial section (UCM 28169¢e). Sample BS 3, Bird Spring Formation, Arrow Canyon
Range.

19, Millerella Sp. A K O0u oo e
19. Axial section (UCM 2816811) Sample BS 2, Bird Spring Formation, Arrow Canyon
Range.
20, 21. Millerella cf. M. designata D. Zeller, 1953. x 60.
20. Axial? section (UCM 28168i). Sample BS 2, Bird Spring Formation, Arrow Canyon
Range.
21. Tangential section, approaching axial (UCM 28168j). Sample BS 2, Bird Spring For-
mation, Arrow Canyon Range.
22,26-28. Millerella cf. M. bigemmicula 1g0, 1957. X 60, oo
22. Diagonal section (UCM 28186k). Sample E 3, Ely Limestone, Moorman Ranch.
26. Axial section (UCM 281861.3). Sample E3, Ely Limestone, Moorman Ranch.
27. Tangential section, approaching axial (UCM 28186m). Sample E 3, Ely Limestone,
Moorman Ranch.
28. Axial section (UCM 28186n). Sample E 3, Ely Limestone, Moorman Ranch.
23-25. Eosigmoilina Ganelina, 1956. X% 125.
23. Whole specimen, side view (UCM 28165d) Sample IS 1, Indian Springs Formation,
Arrow Canyon Range.
24. Tangential section (UCM 28167c¢). Sample BS 1, Bird Spring Formation, Arrow Can-
yon Range.
25. Broken tangential section, approaching sagittal {UCM 28167d). Sample BS 1, Bird
Spring Formation, Arrow Canyon Range.

(71)

67

68

68

68

69

73

74

74

73

76



29. Eostaffella cf. E. pinguis (Thompson},
29. Axial section (UCM 28187d).

1944, < 75, 75
Sample Bu 1, Ely Limestone, Butte Mountains.

30-32. Eostaffella sp. A. x 75. e et 75
30. Sagittal section (UCM 281746) Sample BS 6 Bird Spring Formation, Arrow Can-
yon Range.
31. Near sagittal section (UCM 281860). Sample E 3, Ely Limestone, Moorman Ranch.
32. Axial section (UCM 28186p). Sample E 3, Ely Limestone, Moorman Ranch.
33. Brunsia Mikhailov, 1939, x 125. - 76
33. Axial section (UCM 28175h). Sample BS 7, Bird Spring Formatlon, Armw (‘anyon
Range.
34,39, 40. Glomospira Rzehak, 1885, x 60. 76
34. Diagonal section (UCM 28189a}. Sample Bu 3, Ely Ilme‘:mne Butte Mountains.
39. Tangential section (UCM 28189b). Sample Bu 3, Ely Limestone, Butte Mountains.
40. Diagonal section (UCM 28189¢). Sample Bu 3, Ely Limestone, Butte Mountains.
35-38. FEostaffella cf. E. tortula (D. Zeller), 1953, X 75. 75
35, Axial section (UCM 28175i). Sample BS 7, Blrd Sprmg Formanon Arrow Canyon
Range.
36. Axial section (UCM 28175j). Sample BS 7, Bird Spring Formation, Arrow Canyon
Range.

37. Tangential section, approaching axial (UCM 28174d). Sample BS 6, Bird Spring For-

mation, Arrow Canyon Range.

38. Diagonal section (UCM 28175k). Sample BS 7, Bird Spring Formation, Arrow Canyon

Range.

in the middle of the septal face or cribrate in
the final stage of growth. Additional deposits
are in the form of chomata, pseudochomata
or thickenings which cover the sides and floors
of the chambers.

We shall ascribe six genera to this family. . .

Age: Devonian-Carboniferous.

The six genera include Dainella Brazhnikova,
1962; Endostaffella Rozovskaya, 1961; Loeblichia
Cummings, 1955; Paraendothyra Chernysheva,
1940; Quasiendothyra Rauzer-Chernousova, 1948§;
and Planoendothyra Reitlinger, 1950. Only the
last genus is found in this study.

Genus Planoendothyra Reitlinger, 1959

Type species:
1950.

Description—Test  is  discoidal, compressed
laterally in axial view and umbilicate. Commonly
the first volution is skewed at an angle of 90°
to the later, essentially planispiral whorls. The
initial volution may be involute, but the remaining
whorls are evolute. Septa are straight, and the
periphery is lobate. Secondary deposits include
continuously thickened floors, lateral deposits in
the corners of the chambers and, commonly,
pseudochomata. Wall is fine grained, homogeneous
calcite. Aperture is a basal opening,.

Discussion—I1 have only a few well oriented
specimens of this genus and cannot write an ade-
quate description. Moreover, Reitlinger’s generic
description (én Rauzer-Chernousova and Fursenko,

Endothyra aljutovica Reitlinger,

eds., 1959, p. 194) is very incomplete. The above
description, therefore, is a synthesis of the original
description of Endothyra aljutovica and of the
generic descriptions of Planoendothyra in Rozov-
skaya (1963, pp. 60-61), Conil and Lys (1964,
p. 153) and Bogush and Yuferev (1962, pp. 123~
124 and 1966, p. 143). Contrary to the others,
Conil and Lys restrict the genus to almost com-
pletely planispiral forms.

My specimens differ from the above description
primarily in the absence of pseudochomata. How-
ever, few published figures that I have seen have
clearly defined pseudochomata, and this deposit
may actually be poorly developed in the genus.

Planoendothyra differs from Novella Grozdilova
and Lebedeva, 1950 in having initial coiling skew-
ness, secondary floor coverings, lateral chamber
fillings and no chomata. 1t differs from Quasien-
dothyra Rauzer-Chernousova, 1948 in having
lateral chamber fillings and lacking chomata and
an inner, clear fibrous wall layer. Endostaffella
Rozovskaya, 1961 is distinguished from the present
genus in having a greater number of skew volu-
tions (commonly two to three) in the juvenile
stage, and involute coil and poor development of
lateral chamber fillings and floor thickenings,
Pseudochomata are not always present in Endo-
staffella either.

Rozovskaya (1963, pp. 36, 60) reports Plano-
endothyra from the Lower to middle Upper Car-
boniferous (Tournaisian to Moscovian stages).
My specimens are restricted to the Lower Pennsyl-
vanian.
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Planoendothyra aljutovica (Reitlinger), 1950
Plate 10, figures 16-18

Endothyra aljutovica REITLINGER, 1950, p. 34, pl.
5, figs. 4-6.

Planoendothyra aljutovica (Reitlinger). Rozov-
SKAYa, 1963, p. 61; BocusH and YUFEREV,
1966, p. 147, pl. 10, fig. 1.

Measurements.—(based on 5 specimens) Num-
ber of volutions (4 specimens): 3-3%. Diameter:
0.35-0.50 mm. Width (3 specimens): 0.13-0.20
mm. Width/diameter (3 specimens): 0.36-0.43,
Interior diameter of proloculus (4 specimens):
0.025-0.035 mm. Shell thickness last volution:
0.010-0.020 mm,

Description—Test is small to medium in size,
compressed laterally in axial view, almost com-
pletely evolute, and more deeply umbilicate on
one side than the other. The first one to one and
one-half volutions are skewed at an angle of 90°
to the remaining, essentially planispiral whorls,
The rate of expansion of the coil is steady and
rapid. Septa are long, thin, straight, pointed slightly
forward, and narrowly thickened at the septal
join, Chambers are large but not very inflated
between septal sutures, and the peripheral outline
is almost smooth. Thick deposits line the floors
and fill the corners of the chambers. The wall is
mostly dark, microgranular, unlayered calcite.
Some specimens appear to have a faintly layered
wall. Aperture was not seen but is inferred to be
low and basal.

Discussion—The manner of coiling, secondary
deposits, and axial shape of these organisms agree
well with Reitlinger’s forms. The specimen in Plate
10, figure 18 is almost identical with Reitlinger’s
holotype (1950, pl. 5, fig. 6). On the average,
however, my specimens are smaller.

Conil and Lys’ assignment (1964, p. 153, pl. 23,
figs. 447-448) of completely planispiral forms to
P. aljuiovica var. aljutovica is questionable because
of the lack of initial skewness characteristic of the
species.

According to Reitlinger (1950, p. 35, translated
in Ellis and Messina, supplement no. 1, 1958) the
very similar species Planoendotliyra iringe differs
from this species in being less evolute, having more
strongly developed secondary layering, a narrowly
rounded pzriphery and fewer chambers.

Occurrence —Morrow (BS 3) Bird Spring For-
mation at Arrow Canyon Range.

Superfamily FUSULINACEA Mbller, 1878

Family OZAWAINELLIDAE
Thompson and Foster, 1937
Genus Millerella Thompson, 1942

Type species: Millerella marblensis Thompson,
1942.

Description—Test is small to medium, um-
bilicate on both sides, discoidal and has a rounded
to angular periphery. Specimens have three to six,
mostly planispiral volutions, but some have a small
initial coiling asymmetry. The inner whorls are
involute, but the last one to two are partially
evolute. The whorls expand moderately and
steadily. Septa are numerous, thin, long and
straight or slightly curved forward, The chambers
are flat or slightly inflated between the septa;
therefore, the peripheral outline is smooth to
incipiently lobate. Small, narrow chomata bound
the low tunnel. The wall is mostly homogencous,
dark, microgranular calcite, but some specimens
appear to have a light colored tectumn separating
dark, inner and outer tectoria. Recrystallization
probably obscures the three-layered Profusulinella-
type wall reported as typical for this genus,
Aperture is closed.

Discussion—This genus differs from Eosiaffella
Rauzer-Chernousova, 1948 in the evolution of its
last few whorls and generally more compressed
axial shape. The genus Nevella Grozdilova and
Lebedeva, 1950 is distinguished from Millerella
by its completely evolute coiling and open aperture
which links it to the Endothyridae.

Millerella of. M. bigemmicula 1g6, 1957
Plate 10, figures 22, 26-28

Millerella bigemmicula 166, 1957, p. 172, plL 1,
figs. 1-9, 15-17, 27.

Measurements.—(based on 4 specimens) Num-
ber of volutions: 3%-4. Number of chambers in
last volution (1 specimen): about 19, Number
of chambers in penultimate volution (1 specimen):
about 18. Diameter: 0.30-0.38 mm. Width (3
specimens): 0.11-0.13 mm. Width/diameter (3
specimens): 0.33-0.37. Interior diameter of pro-
loculus (2 specimens): 0.040 mm. Shell thickness
last volution: 0.005-0.010 mm.

Description—Test is small, discoidal, deeply to
shallowly umbilicate on both sides and has a sub-
rounded to angular axial periphery. The initial
whorls are either planispiral or slightly skewed;
the outer one to two are planispiral and partially
evolute. The last volution expands rapidly, but
the inner ones coil both moderately and steadily.
Septa are long, mostly straight and pointed
anteriorly. Inflation of the chambers causes a
slightly lobate peripheral outline. Chomata are
indistinct or small mounds. Tunnel is low. The
wall is dark, microgranular calcite and poorly
layered.

Discussion.—These specimens differ slightly
from Igd’s in having less anteriorly curved septa,
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smaller chomata and a poorly Jayered wall. The
dimensions, however, are quite similar, and the
lack of distinct wall layering may be a result of
secondary alteration.

One of the axially oriented specimens of Fostaf-
fella acuta Grozdilova and Lebedeva (1950, pl. 1,
fig. 13) may be referable to this present species
which it resembles in dimensions, angular periph-
ery and coiling. The holotype of E. acuta is
involute.

Millerella sp. D (Marshall, 1969, pp. 120-121,
pl. 1, fig. 35) appears similar to the present speci-
mens except for a larger diameter and proloculus,
and a younger age (Desmoines).

Occurrence—~Morrow (E 3) Ely Limestone at
Moorman Ranch.

Millerella cf. M. designata D. Zeller, 1953
Plate 10, figures 20, 21

Millerella designata D. ZELLER, 1953, p. 194, pl
26, figs. 1-6.

Measurements—(based on 2 specimens) Num-
ber of volutions: 5-5%. Diameter: 0.52-0.61
mm. Width: 0.18-0.20 mm. Width/diameter:
0.33-0.35. Shell thickness last volution: 0.015
mm.

Description—Test is medium in size, shallowly
umbilicate, almost straight sided and has a
rounded to subrounded axial periphery. The axis
of coiling oscillates slightly, causing the final volu-
tion to be partially evolute. The volutions expand
moderately and steadily. Chomata are not well
developed. The wall is mostly dark, microgranular
calcite but appears faintly three-layered in places.
No sagittal sections were seen.

Discussion. My specimens are slightly larger
than D. Zeller's forms but are otherwise similar.
However, sagittal sections are needed for a definite
species assignment.

Occurrence —Morrow (BS 2) Bird Spring For-
mation at Arrow Canyon Range.

Millerella sp. A
Plate 10, figure 19

Measurements.—(based on 2 specimens) Num-
ber of volutions: 5%-6. Diameter: 0.58-0.61
mm. Width (1 specimen): 0.18 mm. Width/di-
ameter (1 specimen): 0.30. Interior diameter of
proloculus: 0.25-0.30 mm. Shell thickness last
volution (1 specimen): 0.010 mm.

Description—Test is medium in size, compressed
axially, very shallowly umbilicate and has a
peaked axial periphery. The initial one to two
whorls deviate slightly, but the rest are planispiral.
The last two to three volutions are partially
evolute. Expansion of the whorls is steady through-

out. Chomata are low mounds, in some places in-
distinet, and the tunnel path is regular. The wall
is dark, granular calcite discontinuously three-
layered.

Discussion.—The compressed axial shape, angu-
lar axial periphery and large number of volutions
distinguish this form from most other Millerella
species. Millerella elegantula (Rauzer-Chernou-
sova), 1951 in Brazhnikova et «l. (1967, pl. 23,
fig. 9) appears similar in size, angularity of pe-
riphery, compressed shape and number of volu-
tions. Brazhnikova e al. provide no description
with their figured specimen which, like mine, differs
significantly in coiling from the specimens of
Eostaffella elegantula described by Rauzer-Cher-
nousova (1951, p. 64). The first volution of
Rauzer-Chernousova’s forms is rotated 90° to the
following evolute whorls. In fact, the coiling
appears more like that of the Quasiendothyridae
rather than Millerella.

Occurrence—Morrow (BS 2) Bird Spring For-
mation at Arrow Canyon Range. Morrow (E 3)
Ely Limestone at Moorman Ranch.

Genus Eostaffella Rauzer-Chernousova, 1948

Paramillerella TRHOMPSON, 1951, pp. 115-116. Not
Paramillerella  Thompson, 1951, emended
Anisgard and Campau, 1963, p. 102,

Type species: Staffella (Eostaffella)
struvei Rauzer-Chernousova, 1948.

Description.—The test is small to medium, um-
bilicate on both sides, discoidal and has a rounded
to subangular periphery. There are two to four,
mostly planispiral, volutions, but a few specimens
have initial coiling asymmetry. All whorls are in-
volute or nearly so. The volutions expand steadily
and moderately. Septa are thin, long, numerous
and pointed slightly forward. The peripheral out-
line is probably smooth or slightly lobate, but more
sagittal sections are needed to determine the shape.
Chomata appear as small mounds in axial section;
tunnel is low, The wall is mostly dark, micro-
granular calcite. One specimen exhibits a relict
three-layered wall. Aperture, seen in only one
species, appears closed.

Discussion.—In supporting the validity of Para-
millerella, Anisgard and Campaun (1963) consider
Eostaffella synonymous with Millerella. They say
that Rauzer-Chernousova’s original generic de-
scription is incomplete in regard to the coiling and
that the genercholotype of Eostaffella appears
evolute. Reitlinger (1966) replies that the ap-
parent evolute coiling of the generoholotype is
probably caused by recrystallization or by a poor
angle of section. Furthermore, she states that the
name Eostaffella has been consistently used in the
Soviet Union for primitive fusulinids with involute

para-
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coiling, pseudochomata—chomata, a large width/di-
ameter ratio, and, in some species, a skew-coiled
juvenarium. Since the type species of Paramiller-
ella (Millerella? advena Thompson, 1944) has the
above features, it belongs to Eostaffella.

Anisgard and Campau’s emended description of
Paramillerella is not considered synonymous with
that of Eostaffella because it is partly based on
the description of their new species Paramillerella
thompsoni which belongs to Eoendothyranopsis
(Reitlinger, 1966, pp. 57, 66; Skipp, 1969, p. 217;
Mamet in Toomey and Mamet, 1969, p. 49).

Eostaffella cf. E. pinguis (Thompson), 1944
Plate 10, figure 29
Millerella pinguis THOMPSON, 1944, p. 425, pl.
1, figs. 18-20.
Paramillerella pinguis (Thompson).
1951, p. 115.

THOMPSON,

Measurements.—(based on 1 specimen) Num-
ber of volutions: 4. Diameter: 0.41 mm. Width:
0.18 mm. Width/diameter: 0.44. Interior diam-
eter of proloculus: 0.025 mm. Shell thickness last
volution: 0.015 mm.

Description.—Test is medium in size, involute,
umbilicate on both sides and has a rounded to sub-
angular axial periphery. Coiling is planispiral.
The interior whorl is tightly coiled, but the outer
three are loose and expand steadily. Chomata
are poorly developed. The wall is possibly three-
layered although not well preserved.

Discussion—My specimen has an axial shape,
width/diameter ratio and number of whorls
similar to Thompson’s hototype (1944, pl. 1, fig.
18) but is smaller in size. Without sagittal sections,
this present specimen can be assigned only tenta-
tively to E. pinguis.

Occurrence.—Morrow (Bu 1) at Butte Moun-
tains.

Eostaffella cf. E. tortula (D. Zeller), 1953
Plate 10, figures 35-38

Millerella tortula D. ZELLER, 1953, pp. 192-194,
pl. 26, figs. 7-10, 12-21, 23-26.

Paramillerella tortula (D. Zeller). ZELLER, E. J.,
1957, p. 703, pl. 75, figs. 4-8, 10-12; Sxipp,
1961, pp. C-242-C-243, fig. 236.3 G, H;
ANi1sGarD and CaMPAU, 1963, p. 102.

Measurements.—(based on 6 specimens) Num-
ber of volutions: 3-4. Number of chambers in
last volution (1 specimen): about 14, Number
of chambers in penultimate volution (1 specimen):
about 9. Diameter (5 specimens): 0.21-0.31 mm.
Width (4 specimens): 0.09-0.15 mm. Width/di-
ameter (4 specimens): 0.35-0.48. Interior diam-
eter of proloculus (3 specimens): 0.020-0.025

mm. Shell thickness last volution: 0.005-0.015
mm.

Description.—Test is small, discoidal, involute,
umbilicate on both sides and has a rounded axial
periphery. The initial whorl is planispiral or
slightly skewed; the remainder are planispiral.
Expansion of the volutions is steady and moderate.
Septa are long, gently tapered and slightly curved
forward. Inflation of the chambers produces a
mildly lobate periphery. Chomata are rudimentary
or absent. The wall is dark, microgranular calcite
except that the septa in the single sagittal section
(Plate 10, figure 38) appear to be composed of a
thick, light colored tectum flanked by the dark,
outer and inner tectoria.

Discussion. The dimensions of these specimens
agree well with those of D. Zeller. My specimens
average fewer volutions, and have less pronounced
initial skewness than in Zeller’s typical forms,
although she also figures specimens that are es-
sentially planispiral throughout.

Occurrence. Morrow (BS 2, BS 6, BS 7) Bird
Spring Formation at Arrow Canyon Range.

Eostaffella sp. A
Plate 10, figures 30-32

Measurements.—(based on 5 specimens) Num-
ber of volutions: 2-2%. Number of chambers in
last volution (2 specimens): 9-11. Number of
chambers in penultimate volution (1 specimen):
about 7. Diameter: 0.12-0.22 mm. Width (3
specimens): 0.07-0.11 mm. Width/diameter (3
specimens): 0.44-0.50. Interior diameter of pro-
loculus: 0.030-0.055 mm. Shell thickness: 0.005—
0.010 mm.

Description.—Test is small, discoidal, involute,
umbilicate on both sides and has a rounded axial
periphery. Coiling is planispiral. The last volution
inflates more rapidly than the inner one to one
and one-half whorls. Septa extend to the base
of the chamber and are perpendicular to the wall
or pointed slightly forward. Chamber inflation is
so small that the peripheral outline is almost
smooth. Chomata are rudimentary or absent;
tunnel was not visible in sagittal section. Wall is
dark, microgranular calcite. Aperture appears
closed.

Discussion.—The combination of small size, few
chambers and volutions and planispiral coiling
differentiates these specimens from other species
of Eostaffella found in this study. But the large
difference in size among the proloculi of such
small specimens may indicate that these forms are
not related. Instead, they may be the juvenaria of
separate species, or, in the case of the specimens
with large proloculi (pl. 10, fig. 32), they may be
the megalospheric generation of another species.
More specimens are needed.
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Occurrence.—Morrow (BS 6) Bird Spring For-
mation at Arrow Canyon Range. Morrow (E 3)
Ely Limestone at Moorman Ranch.

Suborder TEXTULARIINA
Delage and Hérouard, 1896
Superfamily AMMODISCACEA Reuss, 1862
Family AMMODISCIDAE Reuss, 1862
Subfamily AMMODISCINAE Reuss, 1862
Genus Brunsia Mikhailov, 1939
Plate 10, figure 33

Type species: Spirillina irregularis Méller, 1879,

Description.—Test is discoidal. The proloculus
is surrounded by a single, tubular chamber which
initially is skew coiled and partially involute and
later planispiral and evolute. Wall is composed
of dark, unlayered calcite grains. Aperture is a
simple, terminal opening.

Discussion.—Material found in this study is too
sparse and poorly preserved for speciation,

Occurrence.~—Zone 15 (BW 2, BW 3) Battleship
Wash Formation; Morrow (BS 7) Bird Spring
Formation at Arrow Canyon Range.

Genus Glomospira Rzehak, 1885
Plate 10, figures 34, 39, 40

Type species:  Trochanunina squamata Jones
and Parker var. gordialis Jones and Parker, 1860.

Description.—Test is free or encrusting, small to
large and spherical to flattened in shape. The pro-
loculus is followed by a non-septate, streptospirally
coiled, tubular chamber which expands slowly in
diameter throughout growth. In cross section the
tubular chamber appears circular to semicircular
in shape. Wall is composed of fine grained calcite
commonly with inclusions of larger calcite crystals
and appears reddish brown in transmitted light.
Aperture is at the end of the tubular chamber.

Discussion—This genus differs from Glomio-
spiranella Lipina, 1953 in the absence of pseudo-
septa in the last volutions and by the presence of
an agglutinated wall.

Material was not studied sufficiently for spzcia-
tion.

Occurrence —Morrow {Bu 3) at Butte Moun-
tains.

Suborder MILIOLINA
Delage and Hérouard, 1896
Superfamily MILIOLACEA Ehrenberg, 1839
Family NUBECULARIIDAE Jones, 1875
Subfamily OPHTHALMIDIINAE Wiesner, 1920
Genus Eosigmoilina Ganelina, 1956
Plate 10, figures 23-25

Type species: Eosigmoilina explicata Ganelina,
1956.

Description.—Test is small, lenticular and com-
pressed. In transverse-axial section the plane of
coiling changes gradually to form a sigmoidal
curve, Proloculus is followed initially by a tubular,
non-septate chamber; later, thin septa divide each
volution into two chambers. The calcareous wall
is light colored and imperforate. Aperture is a
simple opening at the end of the last chamber.

Discussion—Fosigmoilina is distinguished from
other similar genera in the “Discussion” of
Quasiarchaediscus, a member of the Archaediscidae.

Specimens were recovered whole from the Indian
Springs Formation as well as in thin section from
the Bird Spring. They were not studied sufficiently
for speciation.

Occurrence—Zone 19 (IS 1, IS 2) Indian
Springs Formation and (BS 1) Bird Spring Forma-
tion at Arrow Canyon Range,
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