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SMALLER MISSISSIPPIAN AND LOWER PENNSYLVANIAN CALCAREOUS 

FORAMINIFERS FROM NEVADA 

PAUL LoUIS BRENCKLE1 

ABSTRACT 

Seventy-seven ~pecies of smaller calcareous foraminifers 
belonging to thirty-two genera and fourteen families, and 
two groups of uncertain affinity are distingulshed 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 
apertme, and a layered wall of secreted calcite. Five new 
species are named. 

The Mississippian foraminifers permit recognition of 
assemblage ZOnes hased 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 tbe 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 useful foraminifers. The entire formation 
has been previously assigned to the Late Devonian on the 
basis of conodont as'emblages. The Dawn Limestone 
which disconformably overlies the Crystal Pass Limestone 
is early and middle, and, possihly, late Osage in age. The 
successively overlyjng Anchor and BulIian 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 middle and late Meramec fauna; however, 
the upper part of the Battleship Wash is middle to late 
Chester with no evidence of an intervening early Chester 
fauna. The Indiana Springs Formation and the lowest 
part of the overlying Bird Spring Formation are late 
Chester. The remainder of the Bird Spring that was 
measured was deposited in Morrow lime, 

At Ward Mountain the lower member 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. 
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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's, 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 Mississippian 
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; Marnet et al., 1971), 
northern Arizona (Skipp et at., 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 
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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 
Iacob'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 %, Sec. 
10, and NE %, Sec. IS, T. 16 S., 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 lA Sec. 14, T. 14 S., R. 
64 E. (unsurveyed, figure 3, c, 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. II and 
west half of Sec. 12, T. 14 S., 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 %, Sec. 2S, T. IS 
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 
SO in the south half of Sec. 12, T. 17 N., R. 58 E. 
(figure S). The other section is in the NW lA, 
T. 21 N., R. S9 E. (sections unsurveyed) in the 
Butte Mountains (figure 6) about twenty-five miles 
north of the Moorman Ranch section. 

STRATlGRAPHY 

PREVIOUS 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 
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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 et 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 ), Langenheim and Langenheim (1965), 
Carss and Carozzi (1965), Cassity and Langen
heim (1966), Heath et 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 (1955) 
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 
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FIGURE 3 

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 Pm.; f, upper part Battleship 
Wash Pm., Indian Springs Pm., 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), Mollazal (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 
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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 however, is highly variable laterally. The lime
of dark gray weathering limestone bands belonging stone is light to dark gray, fine to coarse grained, 
to the underlying Arrow Canyon Formation. The partially recrystallized and contains a high per
uppermost Crystal Pass beds exhibit the "worm centage of crinoidal and bryowan debris along 
borings" described by Langenheim et all (1962, with some dolomite rhombs and authigenic silica. 
p. 601). Macrofossils are scarce. In thin section, Only simple microfossils (calcisphaerids and 
the lithology is dominantly recrystallized bio Earlandia) are found. 
pelmicrite and biointramicrite. Multilocular for The Bullion Limestone (266 feet thick) directly 
aminifers occur in only one sample (CP 5). overlies a thick, cherty sequence belonging to the 
Simple, unilocular or bilocular forms (e.g. cal upper member of the Anchor Limestone. Scat
cisphaerids, radiosphaerids, Earlandia), however, tered chert nodules appear throughout the Bunion, 
appear in all samples. but consistently well developed bedded chert units 

The Dawn Limestone (214 feet thick) rests are lacking. The limestone weathers medium to 
disconformably on the Crystal Pass. It is dark dark gray, is fine to coarse grained and is generally 
gray or black, thin bedded and medium grained. massive. Most thin sections are composed of re
Chert is sparse but becomes more abundant near crystallized crinoidal biomicrite. Bryozoan frag
the top of the formation. Crinoidal debris and ments are common; dolomite rhombs and authi
other fossil material are common. Complex genic silica are also present. Multilocular fora
foraminifers occur in recrystallized biopelmicrite minifers were found in two samples only. Sample 
and biointrasparite. B 6, a crinoidal-bryozoan biomicrite, contains a 

The contact between the Dawn and the over single specimen, and sample B 3, a biomicrite with 
lying Anchor Limestone is gradational and is less crinoidal debris, contains numerous speci
placed at the base of the first continuously bedded mens. 
chert unit. The Anchor (668 feet thick) can be The Arrowhead Limestone, which lies between 
divided into a lower and upper member containing the Bullion and Yellow pine Limestones in the 
abundant, closely spaced chert beds and a middle type Goodsprings area (Hewett, 1931, p. 18), is 
relatively chert free member whose flint content, absent in the Arrow Canyon Range (Langenheim 
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Moorman Ranch (Illipah): Ely Limestone; base map
lIIipah, Nevada, Quad., 1:62,500, ed. 1951, U. S. 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, 
crinoid 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 inter layered 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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FIGURE 6 

Butte Mountains: Ely Limestone; base map-Ely. Nevada; Utah, 1:250,000, ed. 1963, 
U. S. 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

noldal 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. S. Highway 50 and surrounding 
alluvium. The remainder of the section is com
posed of more thickly bedded, tan to gray weather

( I J ) 



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 
IIlipah 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 
ifl 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 (l968a, 1968b, 
1970), Mamet and Mason (1968), Mamet and 
Gabrielse (1969), Mamet et al. (1971), Skipp 
and Mamet (1970), Armstrong et 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. I. 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. 

z 
Z <t 
<l 0:
'" n.
'" u 
;; w '" ;:; '" '" iii

'" '" w 
;:;; ;:; 

9 
z 
'" ~ TN3. 8 
« z 
Il: TN2~::J 
0 
I TN2. 

TN l' 
G 

FIGURE 7 

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 Palaeo
spiroplectammina and Chemyshine/la with the 
species P. tchemyshinensis and C. glomiformis 
being important zonal markers. Septaglomospira
nella [dominantly S. primael'a (Rauzer-Chernou
sova) 1 is abundant, and SeptabrUflsiifla is found 
locally. Rare Tuberendothyra and Endothyra'! 
appear in the upper part of the zone. Other faunal 
elements include the simple organisms Bisplwera, 
Earlandia, Paracaligella, EOl'o/litifla, calcisphaerids 
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TABLE 1 

Foramin iferal 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., Rand 
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 
l-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 macrofossil s 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 et ai., 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 
tumuia, the appearance and acme of Septabrunsiina 
krainica and the acme of Tuberendothyra. Septa
giomospiranella and Chem yshinella are found 
throughout most of the zone. Other faunal ele
ments are calcisphaerids, Parathurammina, Ear
iandia, Bisphaera, Eovoilltilla, Eotuberitina, Tour
nayella and Endothyra? Samples D 3 through 
D 5 from the Dawn Limestone and J 4 and J 5 
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TABLE 2 


Foraminiferal occurrences at Ward Mountain. See Table for explanation of letter symbols. 


JOANA
FORMATION ---- 

7 8
FORAM ZONES --- 

SAMPLE NUMBERS ~.--

calcisphaerids ?C 

Eo volu tina R 

Septaglomospiranella 

S. primaeva (Rauz.-Chern.) 

S. primael'a (Chernysheva) 

A 

R 

Palaeospiroplectamlnina 

P. sp. A 

R 

R 

Chemyshinella 

C. paucicamerata 

C. tumulosa 

ParathurG/nmina 

Septabrullsiina 

S. krainica 

Earlandia 

E. elegans 

Elldothyra (Tuberelldothyra) 

T. sa/onovae 

Septatournayella 

S. tumula 

Toumayella 

T. disco idea 

Eotuberitina 

Bisphaera 

Endotl1yra (Endotllyra) 

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 8 Septa
tournayella-Septabrunsiina-Tuberendothy ra assem
blage nor a distinctive zone 9 (late Osage) fauna 
characterized by Spinoelldotilyra Lipina (acme), 
Carbollella Dain (acme), specimens of the group 
Elldothyra prisca Rauzer-Chernousova and Reit
linger (first appearance) and the first appearance 
of Calcisphaera padlisphaerica (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-
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?C 

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 (ill Brew, 1970, p. 36) recognizes a late 
Kinderhook Siphon odella conodont assemblage 
zone at the top of the lower Joana member, and 
Duncan (ill 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 
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TABLE 3 TABLE 4 

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

ELY 
FORMATION 

MORROW 
SERIES ---..----.-~.... ---. 

SAMPLE NUMBERS -
E 
I 

E 
2 

E 
3 

Tllrrispiraides R R 

Endathyra (Endatlzyra) R R 

Parathurammina R 

Eatuberitina C A 

Ozawainellidae R A 

Eastattel/a 

E. sp. A. 

R C 

R 

Millerella 

M cf. M. bigemmiclIla 

M. sp A 

C 

R 

R 

ca1cisphaerids A 

Glabil'alvulina 

G. sp. B 

G. sp. C 

G. sp. D 

G. sp. F 

A 

R 

R 

R 

R 

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 

Foraminiferal occurrences at Butte Mountains. See 

Table 1 for explanation of letter symbols. 


FORMATION 

SERIES 

SAMPLE NUMBERS 
Bu 
1 

ELY 

MORROW 

Bu Bu 
3 

Elldatlzyra (Endothyra) 

E. sp. A 

E.? sp. B 

E. planiformis n. sp. 

C 

R 

R 

R 

?R 

R 

N eoarc/raedisclIs R 

PlanospiradisclIs R 

Ozawainellidae R 

Eostatfella R 

E. cf. E. pinguis R 

Globivalvulina R 

calcisphaerids ?C 

Glomospira A 

questionable Globoendothyra, indicative of zone 10 
or younger. From its stratigraphic position sample 
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 in the Redwall Limestone is ap
parently related to the amount of encrinitic ma
terial. Also, in Armstrong's work (1967) on the 
Arroyo Pefiasco 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 Y 1 of the Yellowpine Limestone is 
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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 ti1yrallopsis utahensis. Because this species is 
basis of the appearance of Eoendothyranopsis aff. missing in Y 1, the sample is assigned to the older 
E. scitula and Endothyranopsis. Ca1cisphaerids, zone. No foraminifers were recovered from the 
Earlamlia and Endotllyra are also present. Zone 80 feet of strata between sample Y 1 and the base 
14 (late Meramec) has a fauna similar to zone of zone 15 (sample Y 2). However, since the 
13, but with the important addition of Eoendo 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. Eoendothyrallopsis, Endothyranopsis and 
Globoendotllyra are at their acmes. Other im
portant faunal elements include numerous 
Eoforschia and Elldothyra (mostly of the group 
E. bowmani). Tetrataxis and Tournayella are 
abundant in some samples. Ca1cisphaerids, radio
sphaerids, Brunsia, Parathurammina, Eoruberitina, 
Earlandia, Septatoumayella, Septabrunsiilla, Uvi
ella, Plectogyrina and Arehaediscus 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 16i (early Chester), characterized by the 
first appearance of Neoarchaediscus, diminution of 
Erulothyranopsis and the extinction of Eoemio
thyranopsis and the Tournayellidae, and zone 16s 
(early Chester), characterized by the coexistence 
of N eoarchaediscus, Plallospirodiscus, A rchaedisells 
and Pseadoendothyra, are apparently missing in 
Arrow Canyon. Approximately 40 feet of forami
niferally barren strata separate sample BW 3 
(zone IS) 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 A steroarchaedisculi inter
mingled with Neoarchaedisclls and Plallospiro
discus. Endothyra is also numerous, and rarer 
elements include A rchaedisells, Ozawainellidae 
(undetermined Millerella or Eostaffellal, and cal
cisphaerids. Zone 18 (late Chester) differs from 
zone 17 only in having an outburst of Globivalvll
!ina and the first appearance of Eostaffellina. Be
cause of the similarity of the two zonal faunas and 
lack of the diagnostic zone 18 taxa in Arrow 
Canyon, I have grouped samples BW 4 and BW 5 
from the upper part of the Battleship Wash 
Formation into zone 17-18 undifferentiated. 

Zone 19 (late Chester), characterized by the 
appearance of Eosigmoilina and possible Quasi
arcllaediscus (Q.? sp. A), includes the Indian 

Springs (samples IS I and IS 2) and lower part 
of the Bird Spring (sample BS I) Formations. 
Other foraminifers belong to Elldothyra of the 
group E. bowmani, Asteroarchaediscus, Neoarehae· 
discus and Eostaffella. 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. EI6-EI7, E21). However, 
more recent work by Armstrong et af. (1970) in 
Alaska and Mamet et al. (1971) in Idaho 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 Ilevadensis brachiopod zone 
and the contemporaneous Gnathodus gir(vi 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 StreptognatliOdlls noduliferas
Idiognathoides conVeAUS conodont assemblage zone 
of Webster (1969, pp. 22-23). The important 
foraminiferal taxa in these samples include Ell' 
dothyra, Plalloendothyra, G lobivalvulina, Plano
spirodiscliS (most prevalent, P. d. P. minilllus) , 
N eoarclwedisCllS (especially N. incertus), Te tra· 
taxis, Turrispiroides and the Ozawainellidae (Mil· 
lerella and Eostaffella). A steroarchaediscus, 
Eotuberitina, Brllilsia and calcisphacrids are also 
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 
to compare the foraminifers with those found in 
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 Butte Mountains 
although Humphrey (1960) and Coogan (1964) 
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say that the lower beds may be Late Mississippian 
as is true in other areas (Hose and Repenning, 
1959; Kellogg, 1960, 1963; Drewes, J967; 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 
Globivalvulilla. Ozawainellidae (Millerella and 
Eostaffella) , Turrispiroides, Eotllberitina 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 J (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 Neoarchacdiscus, 
Planospirodiscus, Globivalvu[ina, EOlltaf/ella and 
Endotilyra. Sample Bu 2 has a possible specimen 
of Elldothyra planiformis which also occurs in 
sample BS 3 (Morrow) of the Bird Spring Forma
tion. Sample Bu 3 has abundant G[omospira. 

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 lower 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 (zone 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 Meramee (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 Limestone 
at the Moorman Ranch and Butte Mountains sec
tions has sparse foraminiferal assemblages which 
appear Morrow in age. 

In this study, members of the family Tournayel
lidae and Tuberclldothyra are most useful in 
identifying Kinderhook and Osage strata. The 
Endothyridae and primitive Bradyinidae (Elldo
thyrallopsis) are most useful in identifying Mera
mee strata, and the Archaediscidae along with the 
miliolid genus Eosigmoililla 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 plalliformis, Planospirodiscus? alti
lumillis, Turrispiroides, P[anoelldothyra and species 
of Globivalvulilla 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 ~ 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 8 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 


Descriptioll.-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. Ca1cisplwera 
Williamson, 1880; Arclwesphaera Suleimanov, 
1956; Polyderma Derville, 1950; Pachysphaera 
Coni! 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 (ill Coni! 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 


Descriptioll.-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 Devonian in North America 
(Stanton, 1967), radiosphaerids have since been 

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 
(Sando et a1., 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 5, 
CP 6) Crystal Pass Limestone and (D 2) Dawn 
Limestone; zone 15 (Y 4, Y 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, 1955 


Genus Bisphaera Birina, 1948 

Plate I, figures 8-11 


Type species: Bisphaera ma1el'kellsis 
1948. 

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

Discussioll.-Speciation is based on the d 
sions, wall structure and shape (Coni] and 
1964, p. 32). The wall may be composed of 
single, dense or possibly perforate layer ( 
et a1., 1970); or a dense outer layer and an 
clear, fibrous zone which, however, may be 
ondary. As Coni! and Lys point out ( 
32), the shape of such simple forms is of 
able taxonomic value because the 
rather than heredity may control the H.-a "'H~"_.' 

This genus has been reported only 
from North America (Mamet and Mason, 
Sando et a1., 1969; Petryk et al., 1970; 
et al., 1970). 

Material is too sparse to be speciated. 
Occurrence.-Zone 7 or older (CP 1, 

CP 3, CP 4) Crystal Pass Limestone; zone 
(CP 6) Crystal Pass Limestone; zone 8 (10 

Dawn Limestone at Arrow Canyon Range. 
8 (J 5) Joana Limestone at Ward Mountain. 
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Genus Eovolutina Antropov, 1950 

Plate I, figures 12-15 


Type species: EOl'olutina elementa Antropov, 
1950. 

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

Discussion.-Material is too scarce to be 
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 5) 
Joana Limestone at Ward Mountain. 

Genus Parathurammina Suleimanov, 1945 
Plate 1, figures 16-21 

Type species: Paratllllrammina dagmarae Su
leimanov. 1945. 

Description.-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 speeiated. 

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. 

Family EARLANDIIDAE Cummings, 1955 
Genus Earlandia Plummer, 1930 

Type species: Ear/af/dia perparva Plummer, 
1931l. 

Descriptioll.-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 unrestricted opening at the 
end of the tubular chamber. 

Discussioll.--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 

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 


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

Earlalldia elegalls (Rauzer-Chernousova and Reit
linger). BYKOVA and POLENOVA, 1955, p. 29, 
pI. 9, fig. 5; BOGUSH and YUFEREV, 1962, p. 
70, pI. 1, fig. 1; CONIL and LYs, 1964, p. 53, 
pI. 7, figs. 98-99; BOGUSH and YUFEREV, 1966, 
pp. 83-84, pI. I, figs. 18-19; MAMET, 1970, 
pI. 3, fig. 4. 

liyperammina minima BIRINA, 1948, pp. 155-158, 
pI. 2, figs. 7-8. 

Earlandia minima (Birina). CONIL and LYs, 1964, 
p. 54, pI. 7, figs. 100-10 I; BOGUSH 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.-E. minima (Birina), 1948, is ap
parently distinguished from E. elegans on its 
smaller size alone. In the original description of 
E. ele!?allS (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. ele!?ans. 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. I have not seen 
Birina's original description, but it would seem 
that E. minima and E. elegans form a dimensional 
continuum and are divided arbitrarily. I feel that 
the two species should be considered one and the 
same; E. elegans has priority. 
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FIGS. 	 EX PLAN ATION OF PLATE J 

1-3. Calcisphaerids. X 60. 
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 28l52a). Sample Y I, Yellowpine Limestone, Arrow Canyon Range. 


4-7. Radiosphaerids. X 60. 

4. 	 (UCM 28128b). Sample CP 4, Crystal Pass Limestone, Arrow Canyon Range. 
5. 	 (UCM 28129a). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range. 
6. 	 (UCM 28I57a). Sample BW I, Battleship Wash Formation. Arrow Canyon Range. 
7. (UCM 28I57b). Sample BW I, Battleship Wash Formation, Arrow Canyon Range. 

8-11. BispJwera Birina, 1948. 
8. 	 (UCM 28I27a), 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. 
II. (UCM 28127c), X 40. Sample CP 3, Crystal Pass Limestone, Arrow Canyon Range. 

12-15. Ea.-olulina Antropov, 1950. X 75. 
12. 	 (UCM 28125b). Sample CP I, Crystal Pass Limestone, Arrow Canyon Range. 
13. 	 (UCM 28I82a). Sample J 5, Joana Limestone, Ward Mountain. 
14. 	 (UCM 28133a). Sample D 3, Dawn Limestone, Arrow Canyon Range. 
15. (UCM 28178a). Sample J 1, Joana Limestone, Ward Mountain. 

16-21. Paratliuralflmina Suleimanov, 1945. X75. 
16. 	 (UCM 28137a). Sample D 7, Dawn Limestone, 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 28129c). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range. 
20. 	 (UCM 28129d). Sample CP 5, Crystal Pass Limestone, Arrow Canyon Range. 
2!. (UCM 28185a). Sample E 2, Ely Limestone, Moorman Ranch. 

22-27. Earlandia elegans (Rauzer-Chernousova and ReitIinger), 1937. X 75. 
22. 	 Diagonal section (UCM 28146a). Sample B 3, Bullion Limestone, 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 2813la). Sample D 1, Dawn Limestone, Arrow Canyon 

Range. 
27. 	 Diagonal section (UCM 28128c). Sample CP 4, Crystal Pass Limestone, Arrow Can

yon Range. 
28. 	 Earlalldia sp. A. X 75. _.. _.. _ 

28. Broken? axial section (UCM 28142b). Sample A 5, Anchor Limestone, Arrow Canyon 
Range. 

29,30. Earlandia sp. B. X 75. 
29. 	 Diagonal section (UCM 28158a). Sample BW 2, Battleship Wash Formation, Arrow 

Canyon Range. 
30. Diagonal section (UCM 28153a). Sample Y 2, Yellowpine Limestone, Arrow Canyon 

Range. 
31-35. EOluberitina Miklukho-Maklai, 1958. X 100. 

31. Section through base (UCM 28186a). Sample E 3, Ely Limestone, Moorman Ranch. 
32. Section through base (UCM 28186b). Sample E 3, Ely Limestone, Moorman Ranch. 
33, Section through base (UCM 28186c). 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 axial (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 281860. 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 I, Ely Limestone, Moorman Ranch . 

• Sumple 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 (07) Dawn Limestone; zones 9-12 (A 5) 
Anchor Limestone and (B 3) Bullion Limestone; 
zone 15 (Y 3, Y 4) Yellowpine Limestone at 
Arrow Canyon Range. Zone 8 (I 4) Joana Lime
stone at Ward Mountain. 

Earlandia sp. A 


Plate 1, figure 28 


Measurements.-(based on 1 specimen) Maxi
mum observed length: 0.350 mm. Maximum ob
served diameter of tubular chamber: 0.100 mm. 
External diameter of proloculus: 0.095 mm. 

EXPLANATION OF PLATE 2 

All figures X 60 unless indicated otherwise 
FIGS. PAGE 

1. 	 Paracaligella Lipina, 1955. X 50. 24 
1. 	 Axial section (UCM 2812ge). Sample CP 5, Crystal Pass Limestone, Arrow Canyon 

Range. 
2-8. Eoforschia d. 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 28158b), 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 28157e), 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. Se ptabrunsii na sp. A. ~~.~~~ __ ..~~~~~~~ ~~~~~~~~~. ~~_ ~_~~~ .. ~ ______ ~~.~___ ~__~_. ~~____ ~~_ .~_ ~~~ _____ ~~~~ ___.__ .. ~~~~~~. ~~_~_~~ ~~~ ~ _____ ~~_~~~ 28 
9. Tangential section, approaching axial 	(UCM 28157f). Sample BW I, Battleship Wash 

Formation, Arrow Canyon Range. 
10. Tangential section, approaching axial (UCM 28157g). Sample BW 1, Battleship Wash 

Formation, Arrow Canyon Range. 
11-111. Septabrunsiina k rainica (Lipina), 1948. ~~~~_ ~_~_.~~_~~ ______ ~. ~~_ ~~ ______~ ~~~~~ ___ ~. ~~__~__ ~ __.~~~~~______ ~~~~~~ .. ~~ __~~~~~ .~~__ 27 

11. 	 Axial section (UCM 28182b). Sample J 5, Joana Limestone, Ward Mountain. 
12. 	Tangential section, approaching axial (UCM 28182c). Sample J 5, 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 28l82d). Sample J 5, Joana Limestone, Ward Mountain. 
16. Axial section (UCM 28135c). 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 28135e). Sample D 5, Dawn Limestone, Arrow Canyon 

Range. 
19-21. Septabrunsiina cf. S. mckeei Skipp. Holcomb and Gutschick, 1966. _~ ... _~~~_._... ~~~~~ __... ~~~ ___ ._ .. ~_~~~ 28 

19. 	 Axial? section (UCM 28157h). Sample BW 1, Battleship Wash Formation, Arrow 
Canyon Range. 

20. Tangential section, approaching axial; piece 	of shell wall missing at bottom (UCM 
28155b). Sample Y 4, Yellow pine Limestone, Arrow Canyon Range. 

21. Axial section (UCM 28157i). Sample BW 1, Battleship Wash Formation, Arrow 
Canyon Range. 

22-25. Se ptaglomospiranella primaeva (Chernysheva), 1940. ~~ ___~~~ _____~~ ~~~~____~~~~_~~ ___ ~ 29 
22. Diagonal section (UCM 28182e). 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 pro locular wall: 0.015 mm. Thick
ness of tubular wall: 0.025 mm. 

Descriplion .-A thin, smooth neck separates the 
elongate proloculus fron:{ the fl aring second cham
ber. The tubular chamber has a thicker shell th an 
the proloculus. Wall is dark, microgranular calcite 
with inclusions of larger grains. 

Disclission.-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. 

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

Earlandia sp. B 

Plate 1, figures 29, 30 


Measllremenls.-(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. 

D escriplion.-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. 

Occllrrence.-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 anlropovi Lipina, 
1955. 

Descriplion.-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. Apertu re 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 R 
linger, 1959, which is probably synonymous 
the Earlandiidae. 

Occllrrence.-Zone 7 (CP 5) Crystal Pass Li 
stone at Arrow Canyon Range. 

Family TUBERITINIDAE Miklukho-Makla.i. 
1958 

Genus Eotuberitina Miklukho-Maklai, 195 

Plate 1, figures 31-35 

Type species: Eolliberililla reillingerae 
klukho-Maklai, 1958, new name (=TlIberili 
maljavkini Mikhailov [Suleimanov] in Reitlinge 
1950; not TlIberilina maljavkini Suleiman 
1948) . 

Description.-Test is small , unilocular and 
tached. The shape varies from hemispherical 
spherical. The area of attachment is flat (Plate ' 
figures 32, 33, 35), broadly concave (Plate 
figure 31) or narrowly arched with outward( 
paired wall projections (Plate I, figure 34). T _ 
wall is thin , dark, fine grained calcite and generaU_ 
smooth, although a few specimens appear to ha\ ~ 
short exterior protuberances. Some specimeru 
have an outer clear calcite layer or an inner clea; 
fibrous layer which, however, are probably secon 
arily deposited. There is no aperture. 

Discllssion.-The variable shape of the basa; 
attachment is probably caused by both the angle 
of section and the size of the encrusted objecL 
Specimens with narrow attachment areas probabl. 
wrapped around thin objects. 

These specimens are assigned 
rather than Tuberilina on the basis of their 
relatively thin, nonporous wall. Rich (1970, pI. 
144), on the other hand , has assigned to TliberitillQ 
similarly shaped but apparently porous walle 
specimens from the lower Ely and Bird Sprin_ 
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. 

Occllrrence.-Zone 8 (D 6, D 7) Dawn Lime
stone; zone ] 5 (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, ]950. 
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TABLE 5 


Key to genera of the Tournayellidae. 

-~-.~---.....~-~-=....=.~=-================ 

WALL STRUCTURE 

thin 
thick non-GENUS 	 COILING aggluti- aggluti
nated nated 

Tournayella planispiral X 

Eoforschia planispiral X 

Septatournaye!/a planispiral X 

Septabrunsiina initial volutions skewed, X 
final volutions planispiral 

Uviella initial volutions skewed, X 
final volutions planispiral 

Septaglomospiranella 	 skew coiled throughout 

Chernyshinella 	 skew coiled throughout but 
with chambers unilaterally 
inflated 

Palaeospiropiectammilla 	 initially skew coiled with 
unilaterally inflated cham
bers followed by an erect 
biserial tube 

~~-- --~ ---~... .... 

Descriptioll.-Test is small. The proloculus is 
followed by a tubular, non septate 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. 

Discllssion.-The coiling of my specimens 
closely resembles that of Monotaxilloides 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 Cornllspira Schultze 
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 Canyon 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: TOllrnayella, Eoforschia, Septatollrnay
ella, Se p tab runsiilla, U vie /la, Se p taglomospi ralle lla, 

X 


X 


X 


SEPTA PRESENT 

septate 
through

out 

initially 
non~ 

septate 

X 

X 

SEPTA 
ABSENT 

X 

X 

X 

X 

X 

X 

Chernyshinella and Paiaeospiropiectammilla, The 
first six are placed in the subfamily Tournayel
linae; the last two in the subfamily Chernyshinel
Iinae. 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 
Septlltollrnayella 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 Seplalournayella. 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 pro loculus 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 Eoforschia Mamet, 1969 

Type species: Tournayella moelleri Malakhova, 
1953. 

Descriplion.-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 . 

Eoforschia cf. E. nonconstricta 

(McKay and Green), 1963 


Plate 2, figures 2-8 


Tournayella? nOl1col1stricta McKAY and GREEN, 
1963, p. 27, pI. 7, figs. 4-5 ; pI. 8, figs. 7-8; 
pI. 12, fig. 4. 

M easurements.-(based on II 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
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mens}: 0.34-0.44. Shell thickness last volution: 
0.035-0.075 mm. 

Descriptioll.-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 voilltions 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. 

Discllssion.-These forms are related to E. 
/1O/lcOllslricta 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. lIloelleri (as seen in Skipp ('{ al.• 1966, 
pI. 7, figs. 1-5) in being larger, having more 
volutions. a more open aperture and possihly 
thicker walls and a smaller proloculus. 

OCClir/'{'lIcc.-Zone 15 (Y 3. Y 5) Yellowpine 
Limestone and (BW I, BW 2) Battleship Wash 
Formation at Arrow Canyon Range. 

Genus Scptabrunsiina Lipina, J955 

Type species: E/1(loll1yra? kraillica Lipina. 1948. 
Descriptioll.-The test is small to medium sized. 

discoidal, evolute and slightly to distinctly um
bilicate on one or both sides. The proloculus 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. 

DisCIISsioll.-Sc{JiaiJnlllsiilla is distinguished from 

BrullsiillQ 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 BrUIlSiiIlQ, these specimens are 
classified with Septabrunsiina because their axial 
parameters resemble those of species of this genus. 

Septallrunsiina krainica (Lipina), 1948 


Plate 2, figures 11-18 


Entiat/lyra? krainica LJPINA, 1948, pp. 254-255, 
pI. 19, figs. 3-6. 

S('ptabrullsiinQ kraillica (Lipina). LIPINA, 1955, p. 
43, pI. 4, figs. 12-\3; BOGUSH and YUFEREV, 
1962. pp. 1 12-113, pI. 2. fig. 2 I; LJPINA, 1965, 
pp. 52-53, pI. II, figs. 1-7. 

PlectoRyra anteflexa (part) E. J. ZELLER, 1957, 
p. 698, pI. 81, fig. II. 

Pleclogyra 	sp. ARMSTRONG, 1958, p. 976, p\. 127, 
figs. 16, 18. 

Measurell1ents.-(based on 12 specimens) Num
ber of volutions: 2%-4. Diameter: 0.24-0.40 
mm. Width (8 specimens): 0.09-0.1S mm. 
Width/diameter (8 specimens): 0.35-0.45. In
terior diameter of proloculus (7 specimens): 
0.045-(1.070 mm. Shell thickness last volution: 
0.010-0.020 mm. 

Dl'scriptioll.-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
spira\. The exterior volution is moderately high, 
expanding rapidly from the low, 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. 

Discussia/l.~rhe slightly skewed coiling of my 
specimens and the expansion of the whorls closely 
resemble that of S. kraillica although the average 
size is smaller than previously reported (Lipina. 
1965, p. 52). The axial dimensions fit those of S. 
millUla (Lipina) which, however, has on the aver
age more highly skewed coiling and more chambers 
in the last volution. Although I have no complete 
sagittal sections of S. krainica, the last volution of 
the few diagonal and tangential sections (e.[~. pI. 2, 
fig. 17) appears to have fewer chambers than 
the 	 nine to fourteen reported for S. minllta 
(Lipina, 1965, p. 53). 

Lipina (1965, pp. 52-53) places a single speci
men of Ph'ctogyra alllejlexa E. J. Zeller and two 
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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 Mount~in. 

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. 

Occllrrence.-Zone 15 (BW 1) Battleship Wash 
Formation at Arrow Canyon Range. 

. Genus Septaglomospiranella Lipina, 1955 

Cranuli/erella (part) E. 1. ZELLER, 1957, pp. 694
695. 

Type species : Endothyra? primae va 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. 

Discussioll.-Skipp et al. (1966, p. 22) question 
the use of Endothyra? primae va Rauzer-Chernou
soya, 1948 as the type species, since Chernysheva 
(1940) used the same name for a different species 
also assignable to Septaglol11ospiranella. 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 primae va 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 Septaglol11ospiranella the two 
genera are difficult to distinguish. 

Part of the coarse walled genus Cranlili/erella is 
placed in synonymy with Septaglomospiranella 
because, as noted by Skipp et al. (1966, p. 19), 
the type species C. granulosa E. J. Zeller, 1957 
appears identical to S. primaeva (Rauzer-Chemou
soya) . 
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Septaglomospiranella primaeva 

(Chernysheva), 1940 


Plate 2, figures 22-25 


Elldolhyra primaeva CHERNYSHEVA, 1940 (not 
Rauzer-Chernousova, 1948), p: 125, pI. 2, 
fig. 8. 

Seplaglolllospiranella compressa LIPINA, 1965, new 
name (=Endotlryra primaeva Chernysheva), 
p. 63, pI. 13, figs. 7-12. 

Septag/olllospiraneila compressa Lipina forma 
Typica. BRAZHNIKOVA et al., 1967, pI. 2, figs. 
13-14. 

Sepla!?lomospirwzeila 	 primaem (Chernysheva). 
SKIPP et al., 1966, pp. 23-24, pI. 1, figs. 1-9. 

Measurelllents.-(based on 6 specimens) Num
ber of volutions (5 specimens): 2?-H'i? Diam
eter: 0.29-0.41 mm. Width (2 specimens): 0.20
0.21 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. 

Descriptioll.-Test is small to medium sized 
diseoidal, 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 onl; 
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 eomposed 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. 

Discllssion.-These specimens are classified with 
S. primaem (Chernysheva) based on the essentially 
symmetrical chamber shape and on the generally 
smooth periphery and constant height of the last 
volution. The "Discussion" of S. primaeva 
(Rauzer-Chernousova) below distinguishes the 
two species. 

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

Septaglomospiranella primaeva 
(Rauzer-Chernousova), 1948 

Plate 3, figures 1-5 

E/l(lothyra? primae va RAUZER-CHERNOUSOVA, 1948c 
(not Chernysheva, 1940), pp. 5-6, pI. 1, figs. 
12-14. 

Seplaglomospiranella primae va (Rauzer-Chernou
soya). LIPINA, 1955, pp. 46-47, pI. 4, fig. 21; 
BOGUSH and YUFEREV, 1962, p. Ill, pI. 2, 
figs. 17-18; LIPINA, 1965, p. 62, pI. 12, figs. 

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

Granuliferella grallulosa E. J. ZELLER, 1957, p. 
695, pI. 77, figs. 1, 7, 8, 14, 19-20; pI. 78, 
fig. 2; pI. 79, figs. 3-5, 20-22; pI. 81, figs. 
4-5, 7-8, 10; pI. 82, figs. 6-7. 

Measuremellls.-(based on 10 specimens) Num
ber of volutions: 1%-2%. Number of chambers 
in last volution (7 specimens): 5-7. Diameter: 
0.23~.37 mm. Width (1 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: 0.0 15~.025 
mm. 

Descriptioll.-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. S. 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 el 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 S. 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, S. primaeva 
(Rauzer-Chernousova) may, in truth, be more 
closely related to the Endothyridae. 

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

Genus Septatournayclla Lipina, 1955 

Type species: Toumayella segmertlata Dain, 
1953. 
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Descriptioll.-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. One 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 Toumayella and 
Eoforschia which also has a thick, agglutinated 
wall. 

The planispiral coiling separates Septatouma
yella from the remaining tournayellids. 

Scptatoumayella praesegmentata 

Bogush and Yuferev, 1960 


Plate 3, figures 6, 7 


Septatoumayclla praesegmclltata BOGUSH and 
YUFEREV, 1960, p. 26, pI. 1, fig. 11; BOGUSH 
and YUFEREV, 1962, pp. 115-116, pI. 2, fig. 
26; LIPINA, 1965, p. 43, pI. 8, figs. 10-11. 

Measurements.-(bascd 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 Septatoumayella in its smaller size and fewer 
volutions. 

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

SC[Hatoumayclla tumula 
(E. J. Zeller), 1957 
Plate 3, figures 8, 9 

Plectogyra tumula (part) E. J. ZELLER, 1957, p. 
697, pI. 77, fig. 5; pI. 79, figs. 7-9. 

Carbonella mml/la (Zeller). BOGUSH and 
YUFEREV, 1966, p. 112, pI. 5, fig. 19. 

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

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-{).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 
pianispiral, evoiute or partially evoiute 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 
seen. 

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. 

Oeeurreflce.-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: Toumayella 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, micro granular 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. 

Discussioll.-The slight constriction of the 
tubular chamber distinguishes this genus from the 
smooth-tubed COrTllIspira Schultze, 1854. The 
coiling and wall structure appear quite 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, ill Dain and Groz
dilova. 1953, pp. 32-33, pI. 2, figs. 8-17; 
BOGUSH and YUFEREV, 1962, p. 113, pI. 2, 
figs. 22-23; LiPINA, 1965, pp. 27-28, pI. I, 
figs. 23-29; BOGUSH and YUFEREV, 1966, pp. 
109-110, pI. 5, figs. 8-10; SKIPP et al., 1966, 
pp. 27-28, pI. 2, figs. 1-9; pI. 3, fig. 2. 

Measure1l1Cllts.-(based on 9 specimens) Num
ber of volutions 3lh-5. Diameter: 0.29-0.49 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 10) 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. 

Discussioll.-These forms closely fit the dimen
sions of Dain's and Lipina's specimens but are 
much smaller than those of Skipp et aI, which ap
pear related to the variety T. discoidea Dain 
forma maxima Lipina, 1955. 

Occurrence.-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, 
DescriptiO/I.-Having only one specimen of 

Uvie/la, 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 SeptabrUllsiina , Uvatournayella Gane
!ina, 1966 and Brunsiina Lipina. 1953. The thick 
agglutinated wall distinguishes it from the thin 
walled, non-agglutinated Septabrunsiina. Uva
tournaye/[a has a similar wall but is non-septate, 
and Brunsiina 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 U.S.S.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. 

Discussioll.-This specimen differs from Gane
!ina'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 stmcture are exposed well enough to 
assign this form to Ul'iefla. 

Occurrellce.-Zone 15 (Y 3) Yellow pine 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: Elldolilyra "lolllitol'lIIis Lipina, 
1948. 

Descriptioll.-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 Ollt anteriorly. Sutures are de
pressed and the periphery is lobate. Well de
veloped secondary mounds and thickened walls 
surround the proloclIlus in one species. The wall 
composition is commonly dark, microgranlliar 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. 

Discussioll.-The highly asymmetric chamber 
shape, more lobate periphery and complete septa
tion distinguish Chemysllille/la from the closely 
related skew coiled genus Scpta"lolllospirallella. 

Chernyshillella cf. C. disputabilis Dain, 1958 
Plate 3, figure 16 

Chemyshillcl/a displltabilis DAIN, ill Bykova e/ al., 
1958, pp. 18-19, pI. 4. figs. 4a-b, 5-6; LIPINA, 
1965, pp. 82-83, pI. 18, figs. 21-22; GANE
LlNA, 1966, pp. 91-92, pI. 7, figs. 8-9: 
BRAZHNIKOVA et al., 1967, pI. 4. figs. 5-6; 
AIZENVERG et. al., 1968, pI. 2, figs. 5-6. 

Measllremellts.-(based on I 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. 

Descriptioll.-Test is small and nearly plani
spirally coiled. The large proloculus is followed 

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. 

Discussioll.-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 oldae 
(Grozdilova and Lebedeva), 1954 look quite 
similar to C. disputabilis but supposedly differ in 
having a smoother periphery and less convex 
chambers (Lipina, 1965, p. 83). Unquestionably 
these two species must be closely related. 

Occur/'cl/ce.-Zone 7 (ep 5) Crystal Pass Lime
stone and (1D 1) Dawn Limestone at Arrow 
Canyon Range. 

Chernyshillella giomiformis (Lipina), 1948 
Plate 3, figure 18 

Elltiolhyra glomi/ormis LtPINA. 1948, p. 254, pI. 
19, fig. 9; pI. 20, figs. 1-3; MAL\KHOVA, 
1956b, p. 106, pI. 5, figs. 9-10. 

Chemyshillella glomi/armis (Lipina). LIPINA, 
1955, pp. 48-49, pI. 5, figs. 4-7; DURKINA, 
1959, p. 154, pI. 7, figs. 2, 5-7; LIPINA. 1965, 
pp. 84-85. pI. 18, fig. 30; pI. 19, figs. 1-10; 
BOGUSH and YUEEREV, 1966, p. 137, pI. 8, 
figs. 15-16; GANELlNA, 1966, p. 89, pI. 7, figs. 
5-7; BRAZHNIKOVA el al., 1967, pI. 5, figs. 
4-5, 9; AIZENVERG ct al., 1968, pl. 2, figs. 2-3. 

Chemyshillella plomitormis (Lipina) forma typica 
Lipina. CONIL and Ln. 1964, p. 147, pl. 21, 
figs. 417-423. 

MeaslIrclllellls.-(based on I specimen) Num
ber of volutions: about 4. Number of chambers 
in last volution: 4. Diameter: 0040 mm. Shell 
thickness last chamber: 0.025 mm. 

Dcscriptioll.-Test is small. The coiling is highly 
skewed although the last voilltion tenos 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, granular 
calcite, but in some areas there is a hint of a 
coarse grained, light colored, middle layer. Aper
tll re is a small, basal opening. 

Discussioll.-This form differs from Cllert/y
silinella plIucicamerala Lipina in having fewer 
chambers in the last volution, more convex cham
bers and greater sutural depressions. 
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Occurrence.-Zone 7 (CP 5) Crystal Pass Lime
stone at Arrow Canyon Range. 

Chernyshinella paucicamerata Lipina, 1955 
Plate 3, figure 17 

Chel'llysltineffa paucicamerata LIPI~A, 1955, pp. 
50-51, pI. 5, figs. 13-15; CONIL and LYs, 
1964, p. 148, pI. 21, figs. 426-427; LIPINA, 
1965, p. 86, pI. 19, figs. 12-14; BRAZHNIKOVA 
et £II., 1967, pI. 5, fig. 7. 

P[ectogyra anteflexa (part) E. J. ZELLER, 1957, 
p. 698, pI. 81, fig. 12. 

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

Descriptioll.-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. 

Discussioll.-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. 1. 
Zeller, 1957 and Chanyshinella. Skipp (1969, pp. 
223-224) places some of Zeller's figured speci
mens in Chemyshinella and others in Septaglomo
spirall!'/la. At least one of Zeller's forms (1957, 
pI. 81, fig. 12) is very similar to C paucicamerata. 
Lipina (1965, pp. 52-53) places two of his speci
mens (Zeller, 1957, pI. 79, fig. 10; pI. 81, fig. 11) 
into the genus Septabrull.liina. 

Occurrellce.-Zone 7 (J 2) Joana Limestone at 
Ward Mountain. 

Chernyshinella tumulosa Lipina, 1955 

Plate 3, figures 20-22 


Cilemyshinella tumulosa LIP1NA, 1955, p. 51, pI. 5, 
figs. 16-18; LIPINA, 1965, p. 87, pI. 20, figs. 
1-4; BOGUSH and Yt:FEREV, 1966, p. 138, pI. 
8, figs. 17-18; GANELINA, 1966, p. 92, pI. 7, 
figs. 17-18. 

Measurements.-(based on 9 specimens) Num
ber of volutions: l-g~. 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. 

Discussiol1.-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. 

Occurrel1ce.-Zone 7 (? CP 5) Crystal Pass 
Limestone and (D I, ?D 2) Dawn Limestone; 
zone 8 CD 3, D 5, 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, 
pI. 24, figs. 8-12. 

Type species: Spiropiectammil1a tchernyshil1el1sis 
Lipina, 1948. 

Descriptiofl.-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 
Palaeospiroplectammina to be an intermediate 
stage between the families Tournayellidae and 
Textularidae. The chernyshinelIid features of the 
initial whorls ally the genus to the tournayelIids. 
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Sagi ttal section of P%l'ospirop/ecIO l/lillillo . L. 
len gth; W , width; T, thickness ; D , diameter of 
co iled area ; C, chamber ; S, septum; 4 chambers 
in the coiled area , 12 in the biseri a l area; 6 
bise ria l tiers ( redrawn fro m Conil and Lys, 
1964 ) . 

Other calcareous Carboniferous fo rms with initial 
e ndothyrid coiling we re placed by Lipina ( 1965 ) 
in the long-ranging te xtularid ge nus SpiropieclilIll
lIIil/a bu t have since been sh ifted to a new endo
th yrid genus, ElI (/ospiroplec lal11l1lil/O (Lipina, 
1970) . 

F or foraminifers morph o logica ll y similar to 
Spirop/eclollllllillo but havin g an a ppa rently se
creted wall , Skipp (1969) created a new genu s, 
Spirop/eclall1l11inoides, and placed it in the famil y 
Palaeotextularidae. However, during publication 
of her paper, Skipp beca me awa re of Pa/oeospiro
p/eclal/1IlI illa and suggested that the two genera 
are probably the sa me. As olany of the spec ies 
th at Skipp associates with he r new genu s, such as 
Spiropieclal11 l11it/o (Jan 'a Che rn ysheva, 1940, S. 
Ich emysilill ellsis Li pi na , 1948 and S. gUllu/a 
Mal akhova , 1954 have bee n included in Lipina 's 
descr iption of Pa/aeospiropieclal11l11illa , and be
cause Skipp's spec ime ns have c he rn yshinellicl 
fe a tures, it is clear th a t SpiropieCla llll1lilloides is 
a synonym of Pa/aeosp irop /ec lallll77illo . 

According to Lipin a (1965, pp. 90, 92) Po/aeo

spiropieCla ll1l11 ill{/ differs primarily from the sub 

ge nus Bireclocitem yshilleila (ge nus Chemysh inel/lll 
in ha ving the bise ria l area larger tha n the co iled 
portion. 

Fi gure 10 illu strates the important parameters 
of Paiaeospirop /eclammilla. 

Palaeospiroplectammina [la rva 
(Chern yshe va), 1940 

Pla te 3, fi gu re 23 

Spirop/eCla llllllil'la parl'O C flERNY SHEVA, 1940, p. 
130, p I. 2, fi gs . 1-2 . 

PII/(leospirop /eclaml11iIlO parl'O (Chern ysheva) . 
LIPINA, 1965, p. 94 , pI. 22, figs. 8- 11: 
BRAZHNIKOVA el ai., 1967, pI. 5, f ig. 3; lIPI ',1. 

1970, p1. 2 , fig. 4. 
Spirop/eclamll1inoides d. S. pan'a (Chern yshe va). 

SKIPP, 1969, p. 22 8, p1. 24, figs. 9-10, 12. 

,vl easltremellls.-(based on 1 specimen ) Length: 
0.51 mm. Width of biserial chambers: 0.3 3 mm. 
Di a me ter of coi led area: 0.32 mm. Num ber of 
vo lutions in coiled area: about I. Numbe r of 
cha mbers in last volution: 4. Number of cham· 
bers in biseri a l a rea: 3. Shell thickness last cham· 
ber: 0 .035 mm. 

D escriplioll.-Test s ize is medium. Short, thick, 
anteriorly directed septa divide the initial co iled 
volution into sligh tl y loba te chambe rs on top of 
which grows an erect two tiered biserial tube . The 
se pta in the biserial area a re lon g, curved, and 
s lig htl y thickened at their lower end. Chambers 
a re large a nd modera tely inflated. Wall is dark. 
granular calcite. Aperture was not seen but il 
probably a low, b asa l slit. 

DisclIssioll.-This specimen diffe rs from the 
holotype in being s lightl y la rger and hav ing one 
less biserial t ier. The ratio of co il d iamete r/ length. 
re portecl to be one- third to one-half by Lipin a and 
Skipp, is a lmost two- thirds in this specimen. How· 
ever, the number of whorls a nd cha mbers in the 
coi led po rtion and the overall shape are si milar 
to prev iou sly described specime ns of this species. 
W e re anothe r biser ial tier aclded , m y specimen 
would have dimensions similar to Skipp's speci· 
me ns from the Red wall Limestone. Poss ibly mine 
is a juvenile. 

Occurrellce.-Zone 7 ( CP 5 ) C rys ta l P ass Lime· 
stone a t Arrow Canyon Range. 

Palaeospiroplectammin a tchern yshinensis 

(Lipina), 1948 


Pl a te 3, figures 25-28 


Spirop il'clanllllina Ichernysitilll'lIsis LIPINII , 1948, 
pp . 256-257, pI. 20, figs. 4-8 ; M AU KHOVA, 
1956b, pp. 121-122, pI. 15, fig. 8; DURKIN,I. 
1959, p. 22 1, pI. 24. fig. 3. 

SpiropieCI(/lI1 l11 ill(l species McKAY a nd GREEN. 

J963, p. 28 , pI. J, figs. 7,1 3. 
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TABLE 6 


Genera and subgenera of the Endothyridae. 


Elldotltyra 
Subgenus Elldothyra: 	 skew coiled; partially to completely evolute; sparse to well de

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

Subgenus Globoelldothyra: skew coiled; involute; secondary basal deposits thinly connected 
or not; thick, three-layered wall 

Subgenus Tuberel/(Iothyra: skew coiled; partially evolute: large, unconnected, club-shaped, 
secondary basal deposits; mostly unlayered wall 

Eoelldotltyranopsis: 	 planispirally coiled; involute; layered wall; secondary deposits 

Plectogyrilla: 	 innermost whorls planispiral and evolute, last whorl involute and 
at approximately 90" angle to penultimate whorl; layered wall; 
secondary deposits 

Palaeospiropleclammilla tchemyshillellsis (Lipina). 
LIPINA, 1965, pp. 92-93, pI. 21, figs. 8-17: 
AIZENVERG el al., 1968, pI. I, figs. 8-\0; 
LIPINA. 1970, pI. 2. figs. 1-2. 

Rl!clochemyshillella fchemysllinensis (Lipina). 
G ANELlNA, 1966, pp. 93-94. pI. 8, figs. 5-6. 

i'lIlaeospiroplecfammillll tchemyshillf!lIsis subsp. 
tchel"l1yshilll'llsis (Lipina). BRAZHNIKOVA et 
al., 1967, pI. 5, figs. 1-2. 

Spirop/ccfammitloidl's cf. S. tchemysltiflensis 
(Lipina). SKIPP, 1969, pp. 228-229, pI. 24, 
figs. 8, II. 

llc/l'asllrl'mellts.-(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. N umber of chambers in biserial area 
(3 specimens): 9-12. Interior diameter of pro
loculus (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. 

Discussioll.-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 25. 

Occurrcllcf!.-Zone 7 (D 1) Dawn Limestone 
at Arrow Canyon Range, 

Palaeospiroplectammina sp. A 


Plate 3, figure 24 


iHca.l'I1remellts.-(based on I 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: I %. 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. 

Descripfion.-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. 

Discussioll.--This form is quite similar in ap
pearance and dimensions to Palaeospiropleclam
milla parl'a (Chernysheva) but differs in that the 
biserial chambers first grow laterally to the coiled 
area instead of directly above. 

Occurrenc('.-Zone 7 (J 1) Joana Limestone at 
Ward Mountain. 

Family ENDOTHYRIDAE Rhumbler, 1895 

Three genera, Eoelldotllyranopsis, Pln'fogyrilla 
and Endotllyra including three subgenera, Endo
Ihyra, Globocl!dolllyra and Tuberendotllyra, repre
sent the Endothyridae in this study. Table 6 dis
tinguishes the genera and subgenera. 

Of all the families of the Endothyraeea 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 Endo thyra. Dark area s 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.---Sagiltal section of slightly skew coiled form with Sill 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 As layered and unlayered walls are seen in the 
and on the posterior side. Basal deposits include same spe cimen , secondary a lteration may account 
large, club-shaped projections, spines, hooks for the homogeneous walls commonly reported as 
(hamuli) and mound s joineci by connecting de primary. 
posi ts in so me specimens. All these basal protuber Species are distinguished on a combination of 
ances are actually continuous ridges si tuated be parameters including size, number of volutions, 
hind and parallel to the septa. In axial view, number of chambers per vo1ution, amount and 
lateral chamber filling s and paired mounds re shape of secondary deposits and peripheral out
sembling rudimentary chomata are seen in so me line . 
specimens althou gh these two deposits are much 
better developed in the Quasiendothyridae. Figure Genus Endothyra Phillips, [1846], emend. 
11 illustrates a variety of these deposits . Other Brady, J 876 
form s (e. g. Elldothyra torquida) , however, lack Subgenus Endothyra Phillips, [J 846], emend. 
some or most secondary deposits. 

Brady, 1876, emend. Skipp, 1969
The wall can be a fine to coarse grained homo

geneous la ye r or can exhibit two or three laye rs. T ype species: Elldolhyra bOl1'lI1ani Phillips, 
The three-layered wall is composed of a central [1846], emend. Brady, 1876. 
thick tectum and thin , upper and lower tectoria . Descriptioll.-Test is small to medium , discoidal 
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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 planispiraliy 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 sutllres 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 cham bers 
in some specimens. The wall varies from dark, 
homogeneous, fine grained calcite to a three
layered 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. 

Discussioll.-Specimens of Emlotilyra apposila, 
E. bowlilani. E. excellens and E. J'Uf{osa are similar 
to the subgenus Globoemlotlryra in coiling, second
ary deposits and wall structure. However, they 
differ from G /obol'lIdotiIyra 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 Em!otiIyra bowmani 

Many small to medium sized endothyrids closely 
resemble Elldotlryra (E.) bowlIlan! 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. acantlw (Coni! 
and Lys), 1964; E. excel/ens (D. Zeller), 1953; 
E. irref{u/aris (E. J. Zeller), 1957; E. kmlle/hi St. 
Jean, 1957; E. kelllUckYl'flS!S (D. Zeller), 1953; 
E. maxima (D. Zeller), 1953; E. obso/eta Rallzer
Chernousova, 1948; E. pantioral' (D. Zeller). 1953; 
E. paraprisca Shlykova, 1951; E. plrrissa (D. 

Zeller), 1953; E. plec/Of{Yl'a (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 
lobate ness 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. bow!IIan!" (e.f{. Mamet, 1970; Mamet and 
Skipp, J970) to refer to these species which are 
separated only by fine distinctions. 

Three species, E. bowman!, E. excel/ens and 
E. I'lIgosa, of the group E. bowman! 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. sillli/is Rauzer-Chernousova 
and Reitlinger, 1936. 

Endothyra (E.) a)l]losira Ganelina. 1956 


Plate 3, figures 29, 30 


Elltio/ilyra apposita GANELINA, 1956, p. 89, pI. 6, 
figs. 7-8; BOGL'SH and YL'FEREV, 1966, p. 121, 
pI. 6, fig. 17; CONIL and Lys, 1968, p. 516, 
pI. 6, figs. 67-68; DVORAK and CON!L, 1969, p. 
82, pI. 3, fig. 37. 

Plectogyra apposita (Ganelina). CONIL and Lys, 
1964, p. 165, pI. 24, figs. 464-468. 

Measurelllents.-(based on 3 specimens) Num
ber of volutions: about 3. Number of chambers 
in last volution (I specimen): 6. Diameter: 
0.39-0.45 mm. Interior diameter of proloculus 
(1 specimen): 0.060 mm. Shell thickness last 
voilltion: 0.015-0.020 mm. 

Descriptioll.-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. PAGE 
1-5. Septaf{/olllospir(lllelia prilJlueJ'(l (Rauzer-Chernousova), 1948. 29 

1. 	 Tangential section, approaching sagittal (UCM 28179a). Sample J 2, Joana Limestone, 
Ward Mountain. 

2. Tangential section. approaching sagittal 	(UCM 28179b). Sample J 2, Joana Limestone, 
Ward Mountain. 
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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. 

6,7. Septatoumayella praesegmentata Bogush and Yuferev, 1960. ___________._ 30 
6. Diagonal section 	 (UCM 28155c). Sample Y 4, Yellowpine Limestone, Arrow Canyon 

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

Range. 
8,9. SeptalOumayella tumula (E. J. Zeller), 1957. 30 

8. 	 Tangential section (UCM 28182f). Sample J 5, Joana Limestone, Ward Mountain. 
9. 	 Broken tangential section, approaching sagittal (UCM 28135g). Sample D 5, Dawn 

Limestone, Arrow Canyon Range. 
10-15. Tournayella discoidea Dain, 1953. 31 

10. 	 Axial section (UCM 28136c). Sample D 6, Dawn Limestone, Arrow Canyon Range. 
11. Tangential section, approaching axial 	 (UCM 28182g). Sample J 5, Joana Limestone, 

Ward Mountain. 
12. 	 Axial section (UCM 28154c). 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. 

16. 	 Chemyshinelia d. C. disputabiJis Dain, 1958. 
16. 	 Near sagittal section (UCM 28129j). Sample CP 5, Crystal Pass Limestone, Arrow 

Canyon Range. 
17. 	 Chemyshinelia paucicalllerata Lipina, 1955. 

17. Tangential section (UCM 28179c). Sample J 2, Joana Limestone, Ward Monutain. 
18. 	 ClJernyshine/la glomiformis (Lipina), 1948. 

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

19. 	 Udella sp. A. ___ ._.____ .____ 
19. Diagonal section (UCM 28154f). Sample Y 3. Yellowpine Limestone, Arrow Canyon 

Range. 
20-22. Chernyshillella tumulosa Lipina, 1955. _ 

20. Diagonal section (UCM 28135h). Sample D 5, Dawn Limestone, Arrow Canyon Range. 
21. Axial section (UCM 28133b). Sample D 3, Dawn Limestone, Arrow Canyon Range. 
22. Diagonal section (UCM 28133c). Sample D. 3, Dawn Limestone, Arrow Canyon Range. 

23. 	 Palaeospiropleclammilla parra (Chernysheva), 1940. 
23. 	Near sagittal section (UCM 281291) Sample CP 5, Crystal Pass Limestone, Arrow 

Canyon Range. 
24. 	 Palaeospiroplectammirw sp. A. _ .. ___.___.__ .______ ~_ 

24. Near sagittal section (UCM 28178b). Sample J 1, Joana Limestone, Ward Mountain. 
25-28. Palaeospirop/ectammina tcllemyshillensis (Upina), 1948. _ 

25. 	 Sagittal section; juvenile (UCM 2813lc). Sample D I, Dawn Limestone, Arrow Canyon 
Range. 

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

27. 	 Diagonal section (UCM 2813le). Sample D I, Dawn Limestone, Arrow Canyon 
Range. 

28. Diagonal section (UCM 281310. Sample D 1, Dawn Limestone, Arrow Canyon 
Range. 

29,30. EndOillyra (E.) apposila Ganelina, 1956. 
29. Diagonal section 	 (UCM 28154g). Sample Y 3, Yellowpine Limestone. Arrow Canyon 

Range. 
30. Tangential section, approaching sagittal 	(UCM 28153b). Sample Y 2, YelIowpine Lime

stone, Arrow Canyon Range. 
31. 	 Endothyra (E.) bowmani Phillips, [1846), emend. Brady. 1876. 

31. Sagittal 	 section (UCM 28165a). Sample IS I, Indian Springs Formation. Arrow 
Canyon Range. 
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FIGs. 
1-6. 

7-9. 

10-12. 

13. 

14-16. 

17,18. 

19,20. 

21-24. 

25,26. 

EXPLANATION OF PLATE 4 

All figures X 60 
PAGE 

Elldothyra (E.) bowman! Phillips, [1846], emend. Brady, 1876. 40 
I. 	 Axial section (UCM 28166a). Sample IS 2, Indian Springs Formation, Arrow Canyon 


Range. 

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


Range. 

3. 	 Tange'ltial section. approaching sagittal (UCM 28153c). Sample Y 2, Yellow pine Lime


stone, Arrow Canyon Range. 

4. Whole 	 specimen, side view (UCM 2BI65b). Sample IS 1. Indian Springs Forma


tion, Arrow Canyon Range. 

5, 	 Whole specimen, apertural view showing skewed coiling of last yolution; second cham


ber from beginning of last volution is partly damaged (UCM 28165c). Sample IS 1, 

Indian Springs Formation, Arrow Canyon Range. 


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

Endotflyl'll (E.) exccilens (D. Zeller), 1953. 40 
7. Whole specimen, 	apertural view showing slightly skewed coiling of last volution (UCM 


28166b). Sample IS 2, Indian Springs Formation, Arrow Canyon Range. 

B. 	 Whole specimen. side view (UCM 28166c). Sample IS 2, Indian Springs Formation, 


Arrow Canyon Range. 

9. 	 Sagittal section (UCM 28l66d). Sample IS 2, Indian Springs Formation, Arrow Canyon 

Range. 
Elldotflyra (E.) illtrojactaJls (Conil and Lys), 1964. 41 
10. 	Diagonal section (UCM 28155f). Sample Y 4, Yellowpine Limestone, Arrow Canyon 


Range. 

II. 	Axial section (UCM 2BI55g). Sample Y 4. Yellow pine Limestone, Arrow Canyon 


Range. 

12. 	 Diagonal section (UCM 2BI55h). Sample Y 4, Yellowpine Limestone, Arrow Canyon 

Range. 
Elldotllyra (E.) planiformis? n. sp.. 41 
13. 	 Axial section (UCM 28188a). Questionable specimen from sample Bu 2, Ely Lime

stone, Butte Mountains. 
Elldothyra (E.) planiformis n. sp. 41 
14. Sagittal 	 section, damaged beneath aperture; holotype (UCM 28170). 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 28169c). Sample BS 3, Bird Spring Formation, Arrow 

Canyon Range. 
Ellilothyra (E.) rugosa (E. J. Zeller), 1957. 42 
17. 	 Sagittal section (UCM 2RI54i). Sample Y 3, Yellowpine Limestone, Arrow Canyon 


Range. 

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


Range. 
E/ldothyra (E.) torqllida (E. J. Zeller). 1957. 42 
19. Tangential section, approaching axial 	(UCM 28155j). Sample Y 4, Yellow pine Lime


stone, Arrow Canyon Range. 

20. 	Near sagittal section (UCM 28155k). Sample Y 4, Yellowpine Limestone, Arrow Can

yon Range. 
EIlt!otllyra (E.) sp. A. 43 
21. 	Tangential section: (UCM 28169d). Sample BS 3, Bird Spring Formation, Arrow 


Canyon Range. 

22. Tangential 	 section (UCM 2816ge). Sample BS 3, Bird Spring Formation, Arrow 


Canyon Range. 

23. 	Tangential section (UCM 28187a). Sample Bn I, Ely Limestone, Butte Mountains. 
24. Tangential section (UCM 28177a). Sample BS 9, Bird Spring Formation, Arrow 

Canyon Range. 
Elldothyra (E.)? d. E,? IUlI1ida IE. J. Zeller), 1957. 43 
25. 	 Tangential section (UCM 28137c). Sample 0 7, Dawn Limestone, 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, pI. 1, 
figs. 14-18; Conil and Lys, 1964, pI. 24, figs. 
665-667, 1968, pI. 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. I 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 kenlUckyensis and E. pl1rissa are two 
lobate Chester species (described by D. Zeller, 
1953, pI. 28, figs. 1, 4, 6, 16-17) which bear an 
extremely close similarity to E. paraprisca para
prisca and to each 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 1-6 

Endothyra howmani Phillips. BRADY, 1876, (part) 
pp. 92-94, pI. 5, figs. 1-2. 

Endotl1yra bowmani Phillips, emend. Brady. 
LOEBLICH and TAPPAN, in Loeblich, Tappan 
et aE., 1964, pp. C 343-C 346, fig. 262, 1-2; 
MAMET, 1970, pI. 6, figs. 1, 3. 

Endothyra bradyi, MIKHAlLOV, 1939, p. 51, pI. 4, 
figs. 1-2. 

Measul'ements.-(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. 

Descl'iption.-Test is small to medium sized, 
discoidal, partially evolute and slightly umbilicate 
on one or both sides. Coiling is skewed through

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 excellells. The 
aperture is a low, basal crescent. 

Discussion.-Brady considered E. bowmani and 
GlohoendollrYl'a 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, 1965) upon validating E. 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 walJ 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. howmani those specimens 
which have thiek basal deposits yet lack promi
nent protuberances, whereas those E. howmani
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. bowmalli 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 ..(-0. Zeller), 1953 
Plate 4, figures 7-9 

Plectogyra excel/ens D. ZELLER, 1953, p. 198, pI. 
28, figs. 8-9. 
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lk(easurelllellls.-(based on 3 specimens) Num
ber of volutions (1 specimen): 31h. Number of 
chambers in last volution: 7-8. Diameter: 0.56
0.60 mm. Width (I specimen): 0.27 mm. 
Width/diameter (1 specimen): 0.47. Interior 
diameter of proloeulus (1 specimen): 0.040 mm. 
Shell thickness last chamber (I specimen): 0.020 
mm. 

Descriptioll.--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. 

Discussioll.-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. bowlIlani, 
and in whole specimen E. excellens is distinguished 
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
/!lalli. 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 kellllethi 
SI. Jean (1957, pI. I, fig. 7) is quite similar to 
E. excellel1.~ except for a smaller size and a less 
massive basal deposit in the last chamber. E. 
kelll1ethi is found in calcareous shale of Middle 
Pennsylvanian age in Indiana. 

D. Zeller (1953, p. 198) distinguishes E. excel
lells from similar species, E. pandorae (D. Zeller), 
E. l'CJ'sabilis (D. Zeller) and E. phrissa (D. 
Zeller), on the massiveness of the secondary de
posits. lobateness, wall thickness and coiling dis
tortion. 

Occurrellce.-Zone 19 (IS 2) Indian Springs 
Formation at Arrow Canyon Range. 

Endothyra (E.) introjactans 

(Conil and Lys), 1964 

Plate 4, figures 10-12 


Plectogyra illtrojactalls CONIL and Lys, 1964, p. 
191, pI. 30, figs. 6:lC-605. 

Plectogyra aff. illtrojactans Conil and Lys. OMARA 

and CONIL, 1965, pp. B232-B233, pI. 2, figs. 
12-14; pI. 3, figs. 15-18. 

Measilrelllcnts.-(based on 4 specimens) Num
ber of volutions: 3%-4%. Number of chambers 
in last volntion (I specimen): 8. Diameter: 
0.58-0.63 mm. Width (I 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. 

Discussioll.-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 131, 14-16 


Mea.lllremellts.-(based on 3 specimens) Num
ber of volutions (2 specimens): about 4. Num
ber of chambers in last volution (I specimen): 8. 
Diameter (I 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. 

Descriptioll.-Test is medium sized, discoidal, 
evolute and broadly umbilicate on both sides. The 
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mermost whorl is skewed to the remaining plan i
,}iral volutions. Expansion of the coil is steady 
.nd rapid. Septa are of medium length, curved 
mteriorly and slightly thickened at the join and 
tess 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. 

Discussioll.-This species is distinguished from 
other Endothyra 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 Elldothyra how
malli. 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. 

Occurrellce.-Morrow (BS 3) Bird Spring 
Formation at Arrow Canyon Range. Morrow 
(?Bu 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, pI. 
78, figs. 3-4. 

Measllrements.-(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 proloculllS (1 specimen): 
0.040 mm. Shell thickness last volution: 0.015
0.020 mm. 

Descriptioll.-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 

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.-Elldothyra rugosa is distinguished 
from the very similar species Elldothyra irregularis 
(E. J. 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 Endolhyra phrissa (D. Zeller), 1953 
in its smaller proportional chamber size and thinner 
connecting deposits between mounds. 

Occllrrellce.-Zone 15 (Y 3, Y 4) Yellowpine 
Limestone at Arrow Canyon Range. 

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

Plate 4, figures 19, 20 

Plectogyra torquida E. 1. ZELLER. 1957, pp. 698
699, pI. 75, fig. 33; pI. 78, fig. 7; pI. 80, 
fig. 27. 

Elldotltyra torquida (E. 1. Zeller). SKIPP, 1969, 
p. 207, pI. 21, figs. 15-19; pI. 22, figs. 1-5,9. 

Measuremellts.-(based on 4 specimens) Num
ber of volutions (3 specimens): 3-3 112. Number 
of chambers in last volution (2 specimens): 8-9. 
Diameter: 0.30-0.37 mm. Width (I specimen): 
0.17 mm. Width/diameter (I specimen): 0.49. 
Interior diameter of proloculllS (1 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. 

Discussioll.-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 th( 
presence of a basal hook reported by Zeller 
Skipp's specimens do not contain a hamulus. 

My specimens resemble Endotltyra prise 
Rauzer-Chernousova and Reitlinger, J936, 
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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. 1. Zeller), 1957 

Plate 4, figures 25, 26 

Gralluliferelfa tumida E. 1. ZELLER, 1957, pp. 696
697, pI. 77, figs. 3, 21-22; pI. 81, figs. 14-15, 
17-18; WOODLAND, 1958, p. 797, pl. 100, figs. 
6-7; McKAY and GREEN, 1963, pp. 46-47, 
pI. 3, figs. 16-17, 21. 

Measurements.--(based on 2 specimens) Num
ber of volutions: about 2¥:!. Number of chambers 
in last volution: 5-5%. 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, pI. 81, figs. 14, 18). 

Zeller (1957) applied the name Granuliferelfa 
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 Gralluli
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 
Septag/omospiranella primaeva (Rauzer-Chernou
sova), 1948. 

Occurrence.-Zone 7 (D I) and zone 8 (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 2%. 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: 2-21/2. Number of chambers in 
last volution (l 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 
evolllte 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. aljutm'ica 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 Globocndothyra Reitlinger, 1959 

Type species: Globoendothyra pselldogloblllllS 
Reidinger, 1959, new name (=Endothyra 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 fire 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 Clobo
endothyra as a separate genus, but I 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 Riohuiu.f Moller 1878, (=Globo
endothyra pseudoglobulus Reitlinger, 1959) may 
be synonymous with Nonionina giobulu.s 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 

Endotlzyra Rutschicki SKIPP, 1969, p. 202, pI. 22, 
figs. 14-24. 

1I1easurements.-(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. 

Descriptioll.-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. 

(44) 

http:0.70-0.88


Endothyra (Globoendothyra) aequiparva 
new name (=Globoendothyra pan'a 

(Chernysheva), 1948)* 

Plate 5, figures 5-8 

Elldo thy ra globnlus (Eichwald) var. parva 
CHERNYSHEVA, 1948, p. 247, pI. 18, figs. 5-6. 

Globoendotllyra pan'a (N. Chernysheva). BOGUSH 
and YmEREv, 1962, pp. 151-152, pI. 5, fig. 5; 
GANELINA, 1966, p. 115, pI. 12, figs. 8-9. 

Measurements.-(based on 17 specimens) Num
ber of volutions (15 specimens): 3-4%. Num
ber of chambers in last volution (7 specimens): 
6-7. Diameter: 0.51-0.81 mm. Width (3 speci
mens): 0.30-0040 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. 

Descriptioll.·-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 stnlcture 
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 
(I specimen): 0.37 mm. Width/diameter (1 

• Ellis 	and Messina (supplement no. 1, 1958) report that 
the name "parra" is preoccupied by Endothyra pan'a 
Moller 1879. Because Globoendothyra is considered a 
';Uhge~Us 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 15). 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 


A1easurements.-(based on 1 specimen) Num
ber of volutions: about 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.-Zone 15 (Y 5) Yellowpine Lime
stone at Arrow Canyon Range. 

Subgenus Tuberendothyra Skipp, J969 

Type species: Endothyra tuberculata Lipina, 
1948. 

Descriptioll.-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 

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 (Tubercndolhyra) safonovae 

Skipp, 1969 


Plate 5, figures 12-15 


Endothyra tubercula/a Lipina subsp. magna L1PINA 
and SAFOKOVA, in Lipina, 1955, p. 70, pI. 10, 
figs. 10-12. 

Plectogyra /Umula E. J. Zeller. WOODLAND, 1958, 
(part) p. 798, pI. 101, figs. 12, 14-15. 

Endot/lyra tuberculata Lipina. McKAY and GREEN, 
1963, (part) pp. 39-40, pI. 3, fig. 4; BOGUSH 

EXPLANATION OF PLATE 5 

All figures X 60 
FIGS. PAGE 

1, 2. Elldothyra (E.)? sp. B. __ 43 
1. 	 Axial section (UCM 28187b). Sample Bul, Ely Limestone, Butte Mountains. 
2. Sagittal section (UCM 28187c). Sample Bu I, Ely Limestone, Butte Mountains. 

3,4. Em/ot/lyra (G loboendothyra) sp. A. 45 
3. Tangential section, approaching axial 	(UCM 28155L). Sample Y 4. Yellowpine Lime

stone, Arrow Canyon Range. 
4. 	 Near sagittal section; top crushed (UCM 28l54j). Sample Y 3, Yellowpine Lime

stone, Arrow Canyon Range. 
5-8. Endothyra (G /oboendothyra) aequipar)'{l n.n. (Chernysheva), 1948. 45 

5. 	 Near axial section (UCM 28156a). Sample Y 5, Yellowpine Limestone, Arrow 
Canyon Range. 

6. 	 Diagonal section (UCM 28156b). Sample Y 5, Yellowpine Limestone, Arrow Can
yon Range. 

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

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

9,10. Elldothyra (Gfoboendotlzyra) d. 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. 
II. 	Endothyra (G loboelldothy ra?) sp. B. 45 

11. Near sagittal section (UCM 28156e). Sample Y 5, Yellowpine Limestone, Arrow Can
yon Range. 

12-15. Elldothyra (Tuberelldothyra) safonome Skipp, 1969. 46 
12. 	Tangential section, approaching sagittal (UCM 2813Ih). Sample D 1, Dawn Lime

stone, Arrow Canyon Range. 
13. 	 Tangential section, approaching sagittal (UCM 28135i). Sample D 5, Dawn Limestone, 

Arrow Canyon Range. 
14. 	 Sagittal section (UCM 28135j). Sample D 5, Dawn Limestone, Arrow Canyon Range. 
15. 	 Tangential section, approaching sagittal (UCM 2818Ia). Sample J 4, Joana Limestone, 

Ward Mountain. 
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and 	YUFEREV, 1966, (part) pp. 127-128, pI. 
7, fig. 17. 

Plectogyra tuberculata (Lipina) subsp. magna 
(Lipina and Safonova). BRAZHNlKOVA et al., 
1967, pI. 5, figs. 8, 10. 

Tuberendothyra safonome SKIPP, 1969, new name, 
(=Endothyra tuberculata Lipina subsp. magna 
Lipina and Safonova, 1955) pp. 212-213, pI. 
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 (l 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 
Jom. 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, pI. 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 Tuberendothyra 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) Ioana Limestone at Ward 
Mountain. 

Endothyra (Tuberendothyra) tuberculata 

(Lipina), 1948, emend. Skipp, 1969 


Plate 6, figures 1-4 


Endothyra tuberculata LIPINA 1948, p. 253, pI. 19, 
figs. 1-2; McKAy and GREEN, 1963, (part) 
pp. 39-40, pI. 3, figs. 2-3, 5. 

Plectogyra tumula E. I. Zeller. WOODLAND, 1958, 
(part) p. 798, pI. 102, fig. 13. 

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

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

EXPLANATION OF PLATE 6 
All figures X 60 unless indicated otherwise 

FIGS. PAGE 
1-4. Endothyra (Tuberendothyra) tuberculata (Lipina), 1948, emend. Skipp, J969. 47 

1. 	 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 28133e). Sample D 3, Dawn Limestone, Arrow Canyon Range. 
4. 	 Diagonal section (UCM 28133£). Sample D 3, Dawn Limestone, Arrow Canyon Range. 

5. 	 Plectogyrina aff. P. nevskiensis (Lebedeva), 1954. X 40. 51 
5. 	 Near sagittal section (UCM 28158e). Sample BW 2, Battleship Wash Formation, Arrow 

Canyon Range. 
6. 	 Eoendothyrallopsis cf. E. spiroides (E. J. Zeller), 1957......___.__......_......_. 50 

6. 	 Sagittal section (UCM 28156f). Sample Y 5, Yellowpine Limestone, Arrow Canyon 
Range. 

7. 	 Eoendothyranopsis aff. E. macra (E. J. Zeller), 1957. 48 
7. 	 Sagittal section (UCM 28157k). Sample BW 1, Battleship Wash Formation, Arrow 

Canyon Range. 
8-10. Eoendotflyranopsis redwallensis (Skipp), 1969. 49 

8. 	 Diagonal section (UCM 281S4k). Sample Y 3, Yellowpine Limestone, Arrow Can
yon Range. 

9. 	 Near sagittal section (UCM 28156g). Sample Y 5, Yellowpine Limestone, Arrow 
Canyon Range. 

10. 	 Near sagittal section (UCM 28158f). Sample BW 2, Battleship Wash Formation, 
Arrow Canyon Range. 
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0.47-0.69 mm. Interior diameter of pro loculus 
(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 la~t 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 
remnants 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. (TuberendOlhyra) sa/ollome is 
commonly planispiral. T. paratullluia Skipp, ]969 
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. I have kept this specimen in the present 
species because of the massive basal deposits and 
variable coiling but realize that it may belong 
to Piectogyrilla 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, pI. 17, figs. 
22-25; pI. 24, figs. 5, 16; pI. 27, figs. 6-22, 24; 
pI. 28, figs. J-14. 

Type species: Parastaffella pressa Grozdilova, 
1954. 

Descriptioll.-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 

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 Eoelldotlzyranopsis 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. J. Zeller), 1957 

Plate 6, figure 7 

Endothyra macra E. J. ZELLER, 1957, p. 702, pI. 
80, figs. 7, 14; ARMSTRONG, 1958, p. 975, pI. 
127, fig. 4; McKAY and GREEN, 1963, pp. 
34-35, pI. 9, fig. 8; pI. 12, fig. 6. 

Eomillerella macra (E. J. Zeller). SKIPP, 1969, 
pp. 219-220, pI. 17, fig. 25; pI. 27, fig. 17. 

Measuremellts.-(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. 

Descriptiofl.-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. 

Discussioll.-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 
proloclllllS, irregularly shaped chambers and a 
test wall of relatively constant thickness through
out the coil. 

OcclIfrence.-Zone 15 (BW I) Battleship Wash 
Formation at Arrow Canyon Range. 

EOClldothyranopsis redwallensis (Skipp), 1969 

Plate 6, figures 8-10 

Elldo/hyra (G loboelldothyra) redwallellsis SKIPP, 
1969, p. 210, pt 26, figs. 3-12,15-16. 

J;leaslIrelllel1ts.-( 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. 

Descripfioll.-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 caJcite and is dis
cernably layered in betler preserved specimens. 
Aperture is a very low, basal opening. No axial 
sections were seen. 

DisCIIssioll. -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. 

Elldo/lly ra l/awl/la Woodland, 1958 is similar 
to the present specimens in secondary deposits, 
number of chambers in tbe 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. /wlIll/ill a probable member of the sub
genus Globol'l1dotliyra, but, in my opinion, the 
coiling distortion is not great enough in this species 
for assignment to tbe subgenus. 

E. rcdll'allellsis is distinguished from E. urahclIsis 
in 	tbe "Discussion" of the latter species. 

Occurrence.-Zone 15 (Y 3, Y 4, Y 5) Yellow-

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

Eocndothyranopsis aff. E. scimla 
(Toomey), 1961 

Plate 7, figures 1-4 

Emlo/hyra sYllll1lefrica E. J. ZELLER, 1957, p. 701, 
pI. 75, figs. 14, 18-19; pI. 78, figs. 8-9; pI. 80, 
fig. 6; WOODLAND, 1958, p. 800, pI. 101, figs. 
7, 9-10. 

Elldotflyra cf. E. syml1lNrica E. 1. Zeller. SKIPP, 
1961, p. C241, fig. 236.3-0. 

ElUlorirYl'a scitula TOOMEY, 1961, new name 
(=Ellilothyra sY!I1l1ll'trica E. J. Zeller) p. 26. 

EOll1i1lNelia sci/ula (Toomey). SKIPP, 1969. pp. 
220-221, pI. 28, figs. 7-14. 

Elldo/ilyra zelleri McKAY and GREEN, 1963. new 
name (=El/dofhyJ'll sYlIlllwtrica E. J. Zeller) 
pp. 41-42, pI. 7, figs. 7, 12-14. 

MeaSlirelllellfs.-(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: 0.27-0.52 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. 

[)escriptiOI1.-Test is small to medium sized, 
discoidal, involute and commonly more umbilicate 
on one side than the other. Tbe 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 Eoendo/hyral!opsis 
spiroides (E. J. Zeller), 1957 but the thick, 
V-shaped septa and fewer volutions and chambers 
separate my specimens from the latter species. 

Those specimens assigned to E. u/aitensis in this 
study differ from the present species in having 
irregularly oriented septa and, in general, fewer 
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chambers in the last volution, larger dimensions 
and a greater width/diameter ratio. 

Occurrcnce.--Zone 13 (Y I) Yellowpine Lime
stone; zone 15 (Y 2, Y 3, Y 4, Y 5) Yellow pine 
Limestone and (BW 1, BW 2, BW 3) Battleship 
Wash Formation at Arrow Canyon Range. 

Eocndothyrauopsis ct. E. spiroides 
(E. J. Zeller), 1957 

Plate 6, figure 6 

Elldothyra spiroides E. 1. ZELLER, 1957, p. 702, 
pI. 75, fig. 25; pI. 76, figs. 6-8; pI. 80, figs. 
18-19, 28. 

EOll1i1lerella spiroides (E. 1. Zeller). SKIPP, 1969, 
p. 221, pI. 17, figs. 22-24; pI. 24, fig. 16; 
pI. 27, figs. 6-16. 

Measllrements.-(based on I specimen) Num
her of volutions: about 6. Number of chambers 
in last volution: about 13. Number of chambers 
in penultimate volution: 12. Diameter: O.SI mm. 
Shell thickness last volution: 0.025 mm. 

Description.-Test is large and pianispirally 
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. 

Discllssion.-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. 

EoendothYl'anopsis utahensis 
(E. 1. Zeller), 1957 


Plate 7. figures 5-12, 14 


Elldothyra utahensis 	E. 1. ZELLER, 1957, p. 702. 
pI. 80. figs. 15-16. 

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

ber of ehambers in last volution (S 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 thiekness last volution: 
0.015-0.030 mm. 

Description.-Test is of medium size, discoidal, 
involute and umbilicate on both sides. The coiling 
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-layered structure. The 
secondary floor coverings add another layer to the 
inner walls. The unlayered walls may refleet poor 
preservation. Aperture is low and basal. 

Discllssion.--The sbape, coiling, number of 
volulions and number 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 umbilieus and fewer chambers in 
the last volution distinguish these specimens from 
the Redwall species Eomillerella hindllensis Skipp, 
1969. Eoendothyranopsis redwallensis (Skipp), 
1969 is slightly skew coiled througbout, 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 ehambers in the last whorl. 
One of McKay and Green's figured speeimens 
(1963, pI. 10, fig. 12) of their species Endothyra 
flatile bears a close resemblance to one of Zeller's 
original figures (1957, pI. 80, fig. 16) of E. 
utahensis and may be the same species. 

Occllrrencc.-Zone 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 PlectogYl'ina Reitlinger, 1959 

Type species: Endotllyra? jOlllichaellsis Lebe
deva. 1954. 

Description.-I 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 Endothyral 
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. Ilevskiellsis) has a three-layered wall and, 
in its large dimensions, resembles the subgenus 
Globoel1dothyra. 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 

Elldothyra Ilevskiensis LEBEDEVA, 1954, p. 265, 
pI. 8, figs. 2-3. 

Measuremellts.-(based on 1 specimen) Num
ber of volutions: 6V:!. 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 volution 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. 

Disclissiol1.-This specimen differs significantly 
from l.ebedeva'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 waH structure 
is not considered important because Lebedeva's 
specimens are strongly recrystallized and primary 
layering is probably obliterated. But the coiling, 
secondary deposits, sheH 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 lanisci1ewskina 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 Endothyrallopsis 
is found in this study. This form has a granular, 
calcareous, agglutinated wall, a simple, basal 
aperture and undivided chambers. Secondary 
alteration, however, has destroyed the porosity of 
the wall. 

Genus Endothyranopsis Cummings, 1955 

Type species: Illl'olutina crassa Brady, 1869. 
Description.-Test is medium sized, involute, 

commonly subglobular and slightly umbilicate. 
The large prolOClllus 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, ]955, 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, 
calcite. A few specimens have a thin, dark inner 
layer. Aperture is a basal opening of small to 
medium size. 

Discussion.-Cllmmings (J955, pp. 1-2) noted 
that this genus has a distinctive agglutinated 
perforate wall structure when well preserved. Re
crystallization has undOtlbtedly 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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vasive secondary deposits. The two genera are (=Endothyra crassa Brady). CUMMINGS, 

doubtlessly closely related. The perforate wall 1955, p. 3, figs. 5A-C; GROZDlLOVA and 

structure of Eoendothyranopsis scitula links this LEBEDEVA, 1960, pp. 72-73, pI. 7, fig. 3; 

species with Elldotllyranopsis (Skipp, 1969, p. 220). BOGUSH and YUFEREV, 1962, pp, 152-153, pI. 

On the other hand, Endothyra robusta McKay and 5, fig. 6; AIZENVERG et al., 1968, pI. 11, figs. 

Green, 1963, has been correctly placed in Endo 1-2. 

tllyranopsis (Skipp, 1969, p. 216) based on the Elldorhyranopsis crassa (Brady). MAMET, 1968c, 

thick agglutinated wall and septal shape and yet p. 134, pI. 5, figs. 1-3; MAMET, 1970, p. 36, 

it has the basal spines and other massive secondary pI. 5, fig. 3. 

deposits characteristic of EoendothyralZopsis. Elldotlryranopsis crassa crassa (Brady). Rozovs


KAYA, 1963, p. 54, pI. 6, figs. 10-11; pI. 7, figs. 
Emlothyrauopsis cf. E. rrassa (Brady), 1869 ]-3; pl. 8, fig. 1. 

En do t/ly rail opsis crassus var. crassa (Brady).Plate 7, figures 13, 15, 16 
CONIL and Lys, 1964, p. 150, pl. 21, figs. 432

II/l'ollllil/a crassa BRADY, 1869, pp. 379, 382. 434; p1. 22, fig. 435; BRAZHNIKOVA el al., 
Endothyra crassa BRADY, 1876, p. 97, pI. 5, figs. 1967, pI. 12, fig. 1. 

--- ----........... .....
--~ 

EXPLANATION OF PLATE 7 

All figures X 60 
FIGS. PAGE 

1-4. Eocn£iotilyraHopsis aff. E. scitula (Toomey), 1961. 49 
1. 	 Tangential section, approaching sagittal (UCM 28152bl. Sample Y 1, Yellowpine Lime

stone, Arrow Canyon Range. 
2. 	 Tangential section, approaching sagittal (UCM 28159a). Sample BW 3, Battleship 

Wash Formation, Arrow Canyon Range. 
3. 	 Tangential section, approaching axial (UCM 281571.). Sample BW I, Battleship Wash 

Formation, Arrow Canyon Range. 
4. 	Axial section (UCM 28157m). Sample BW L Battleship Wash Formation, Arrow 

Canyon Range. 
5 -I:!, 14. EOl'lIdOillyraflopsis ulahensis (E. J. Zeller), 1957. 50 

5. Sagittal section 	(UCM 28154Ll. 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 I, 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 I, Battleship Wash Formation, Arrow 
Canyon Range. 

13,15,16. Endothyranopsis d. E. crassa (Brady), 1869. 52 
13. Axial 	 section (UCM 28153f). Sample Y 2, Yellowpine Limestone, Arrow Canyon 

Range. 
15. 	 Near axial section (UCM 28157p). Sample BW 1, Battleship Wash Formation, Arrow 

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

stone, Arrow Canyon Range. 
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Measurelllents.-(based on 3 specimens) Num loculus (1 specimen): 0.035 mm. Shell thickness 
ber of volutions (2 specimens): 3. Diameter: last volution: 0.025-0.040 mm. 
0.65-0.86 mm. Width: 0.54-0.67 mm. Width/di Description.-Test is medium to large, involute, 
ameter: 0.78-0.83. Interior diameter of pro- subglobular and slightly umbilicate on both sides. 

FIGS. 

J,2. 

3-6. 

7,8. 

9. 

10. 

11-13. 

14. 

J5,16. 

17. 

18. 

19. 

20,21. 

EXPLANATION OF PLATE 8 

All figures X 60 unless indicated otherwise 
PAGE 

Endothyranopsis cf. E. colllpressa (Rauzer-Chernousova and Reitlinger), 1936. _ 54 
1. 	 Tangential section, approaching axial (UCM 28157q). Sample BW 1, Battleship Wash 


Formation, Arrow Canyon Range. 

2. 	 Axial section (UCM 28155n). Sample Y 4, Yellowpine Limestone, Arrow Canyon 

Range. 
Endothyrallopsis eocolllpressa Skipp, 1969. ______________ 54 

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). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 


6. 	 Near axial section; shell wall possibly missing at top right; (UCM 28153j). Sample Y 
2, Yellowpine Limestone, Arrow Canyon Range. 

Tetrataxis sp. A. ___ ______ __ ______________________ _______________________ __________________ _ 57 
7. 	 Tangential section (UCM 28153k). Sample Y 2, Yellowpine Limestone, Arrow Can


yon Range. 

8. 	 Tagential section, approaching axial (UCM 28153L). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
Tetra/ax;s sp. B. ___________________________________________ ___ ________________ 58 

9. 	 Tangential section, approaching axial (UCM 28169f). Sample BS 3, Bird Spring Fo_r
mation, Arrow Canyon Range. 

Tetrataxis I'u/garis Malakhova, 1956. ___________________________________________________________________________ _ 57 
10. 	 Tangential section, approaching axial (UCM 28153m). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
Tetrataxis aff. T. acUlus Durkina, 1959. 56 
11. 	 Tangential section, approaching axial (UCM 28153n). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
12. 	 Tangential section, approaching axial (UCM 281530). Sample Y 2, Yellowpine Lime


stone, Arrow Canyon Range. 

13. 	Tangential section, approaching axial (UCM 28153p). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
Tetrataxis cf. T. obtusus Malakhova, 1956. 56 
14. 	 Tangential section, approaching axial (UCM 28153q). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
Tetrataxis media Vissarionova, 1948. 56 
15. 	Tangential section, approaching axial (UCM 28153r). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
16. 	Tangential section, approaching axial (UCM 28153s). Sample Y 2, Yellowpine Lime

stone, Arrow Canyon Range. 
Tefrafaxis parviconica Lee and Chen, 1930. 57 

17. 	Tangential section, approaching axial (UCM 28169g). Sample BS 3, Bird Spring For
mation, Arrow Canyon Range. 

Tefrataxis aff. T. parviconica Lee and Chen, 1930. ________ 57 
18. 	 Tangential section, approaching axial (UCM 28168a). Sample BS 2, Bird Spring For

mation, Arrow Canyon Range. 

Tetrataxis sp. C. ______________________________________________________ 
 58 
19. 	Tangential section, approaching axial (UCM 28169h). Sample BS 3, Bird Spring For

mation, Arrow Canyon Range. 
A rchaediscus sp. A. X 125. ________________________________________________________________________ _ 61 

20. 	Near sagittal section (UCM 28153t). Sample Y 2, Yellowpine Limestone, Arrow Can
yon Range. 

21. 	Near axial section; top of last volution missing; (UCM 28154n). Sample Y 3, Yel
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, lInlayered calcite. 
No sagittal sections were seen. 

Discussioll.-The thick wall, slight coiling dis
tortion and involute, subglobular axial shape of 
these specimens resemble the features of Endo
tll)'/'aJ/opsis c/"assli. 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 (I 948a ), 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. crll.Ha. 

These specimens are within the size range of 
En<iotflyrallopsis COlllpreSSli (=Elldothyra crassa 
Brady var. compressa Rauzer-Chernousova and 
Reitlinger. 1936) but are more globular. On the 
other hand they differ from Ellilolllyrallopsis 
splwerica (=Endotllyra crassa Brady var. splwerica 
Rallzer-Chernousova and Reitlinger, 1936) in 
being smaller and less spherical. In the original 
descriptions E. compressa and E. splwerica have 
width./diameter ratios of 0.50-0.70 and 0.90-1.00 
respectively. 

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

Endothyranopsis d. E. {:ompressa 
(Rallzer-Chernollsova and Reitlinger), 1936 

Plate 8, figures I, 2 

Ent/olilyra cra.ua Brady var. cOlllpressa RAUZER
CHERNOUSOVA and REITLlNGER. ill Rauzer
Chernousova 1'1 al., 1936, p. 209, pI. 6, figs. 
1-2; RAUZER-CHERNOCSOVA. 194Ha, pp. 166
167, pI. 4, figs. 5-7. 

ElIllotilyra cOll1pressa Rauzer-Chernousova and 
Reitlinger. DURKINA, 1959, pp. 185-186, pI. 
14, figs. 2-3. 

Elldothyrallopsis compressa (Rauzer-Chernousova 
and Reitlinger). ROZOVSKAYA, 1963, pp. 
57-58, pI. 10, figs. 3-9; pI. 11, figs. 1-2. 

Ellc!othyral/opsis compresslIs (Rauzer-Chernousova 

and Reitlinger). GROZDlLOVA and LEBEDEvA, 
1960, pp. 73-74, pI. 7, fig. I: AIZENVERG et al., 
1968, pI. 11, figs. 3-5. 

Emlothyranopsis compreSSl/S compressa (Rauzer
Chernousova and Reitlinger). BRAZHNIKOVA 
el al., 1967, pI. 12, figs. 2-3. 

Endothyrallopsis craS.I'liS (Brady) cOlllpressa 
(Rauzer-Chernousova and Reitlinger). CONIL 
and Lys. 1964, p. 150, pI. 22, figs. 436-437. 

Measuremellls.-(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 voilltion: 0.020-0.030 mm. 

Descriptioll.-Test is medium sized, involute, 
subgloblliar 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. 

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

This species is similar to Endotllyrallopsis cf. 
E. crassa and E, eocompressa (see the "Discussion" 
under each of these species). It differs from Elldo
Ihyra 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 t) Battleship Wash Formation at 
Arrow Canyon Range. 

Endothyranopsis cocompressa Skipp, t 969 

Plate 8, figures 3-6 

Elldoti1yrallopsis eocompressa SKIPP, 1969, pp. 
215-216, pI. 28, figs. 15-23. 

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. 

Descriptioll.-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 cove r the join a nd 
the posterior s ide of the se pta. The cham bers, al
thou gh large, are o nl y s lightl y infla ted be twee n 
septa. The peripheral o utline, therefore , is a lmos t 
sm ooth. Second ary basa l mound s reported by 
Skipp are not well developed in these s pec ime ns. 
Most spec imens hnve a thic k, coarse ly g ranul a r 
wall, probably agg lutinated. A thin , dark , in
te rior laye r is less commonl y present and so me 
specime ns (e.g. P la te 8, fig ure 4 ) have two thin , 
da rk layers flanki ng the coarse gran ula r o ne. 
Aperture is a sm a ll to med ium s ized , s imple , basa l 
openi ng. 

D isclI.,,,ion.-Skipp considers thi s species to be 
ancestra l to Endmhyral/opsis cOlllpressa (Ra uze r
C hernou sova a nd Re itlinge r, 1936 a nd to differ 
prim ar il y from this la tte r species in hav in g fewer 
chambers in the las t vo lution. The prese nt spec i
mens of E. ('oco lilp ressn are further di s tinguished 
from m y indiv idu a ls of E. cf. E. CO Ji/pressa on the 
basis of fewer vo lutions. smaller s ize and a deeper 
um b ilicus. 

Occlurell('('.-Zone J5 (Y 2, Y 4) Y e llowpine 
Limestone a t Arrow Ca nyon Range. 

Fam il y TETRATAXIDAE Ga lloway, 1933 

Tes t is coni ca l. trochos pira ll y coi led and has 
fe w c ham bers pe r vo lut ion. An umbilicn l cavi ty 
common ly develops along the ax is of coiling . 
Chambers a re simple or divided into c hambe rle ts. 
Wa ll is gran ulnr cn lc ite a nd, in most specimens , 
has a n addi tional hya line-radial la yer d eposited on 
the bnsa l side of the chambers. Aperture ope ns 
into the umbilical ca vity a long the inn er margin 
of the chambers. Onl y T r:/ ra/((xis is fo und in thi s 
stud y. 

Genu s Tctr<ll<lxis Ehrenberg, J843 

T ype species: Tr:/ra/axis cOllica Ehrenberg, J85 4 . 
D r:scrip/ ioll.-Test is small to medium in size. 

t\ nar row to broad um b ilica l ca vit y is co mmo nl y 
developed a long the ax is of coiling. The whorls 
coil trochospira ll y, producing a conicall y s haped 
test. The f lan ks of the cone can be re lat ively 
straight-sided ( regul il r cone, see fig ure 12), nrched 
or subpara lle l (subcylindr ica l shape). Commonly, 
the ap ica l a rea is rounded . The whorls number 
from four to seve n and their hei ght expand s s lowly. 
Tn ax ia l section c ha m bers a ppear se m icirCli la r , 
flnt-e lo nga te or cu rved upward into the um b il ica l 
area . Each vo lut ion typica ll y has four cha m bers. 
Sutmes are flush or depressed ; the flank s are 
cOITespo ndi ng ly smooth or loba te. In some speci
mens the la te ra l expa nsion of a few whorls is dis
proportionate to that of others, produ cing a s lig htl y 
irregul ar periphera l outline. The wall a lways has 
a dark, granul ar ca lc ite layer a nd common ly an 

H 

I 
o 

FIGURE 12 

Axia l section of T e/I'II/lIxis. 4'/~ vOlutions; AA, 
a pica l ang le ; H . height ; D, dia meter : U , um
bili cal cavity ; HR , h ya line-radi a l layer; G , granu
lar laye r; S, s uture ( redrawn from Conil and 
Lys, 1964 ) . 

addit ional h ya li ne-radial zone on the basa l s ide 

of the chambers. This fibrou s layer is bes t de
ve lo ped around the umbilicus where in man y cases 
it compri ses o ne- ha lf to three-fourths or more of 
the s hell thic kness. Aperture is not seen in cross
section bu t ope ns into the u mb il ica l cav ity along 
the inner margi n of the cha m bers. One spe c ime n 
exhibits a basa l a ppe nd age which may be a n 
apertura l cover or flap. 

Fig ure 12 illustra tes the fe a tures of thi s genu s. 
Disc l.{ssion .-Spec ies a re differe ntiated by a 

combin a tion of fac tors inc ludin g dimen sions 
( he ight, w idth , he igh tjwidth ra t io , s he]1 thickness), 
number o f vo luti o ns, s hape of the cone , presence 
of the f ibrou s layer, ba snl a ppendages, c ha mber 
s hape and apica l a ng le. 

T he a pical a ng le for va riolls ly shaped s pecimens 
was determined in the follo wing ways: (a) fo r 
regular cones, the a ngle was measured a long the 
fl a nks up to the ape x; (b) for regu lar cones wi th 
a rounded apex, the nng le wa s me asured along the 
fl a nks; and (c) for convex or subcy linclrical cones, 
the a ng le, if measured a t a ll , was taken around the 
a pe .\, di sregardi ng the s hape of the lowe r side of 
the fl a nks. In a ny case, most ap ica l angles a re 
approximate becau se a true a ng le can be dete r
mined only f rom a perfect axia l section (as seen 
in fi gure 12) which is rare ly found . 

The she.ll thi ck ness was mea sured around the 
umbi lica l area w he re the hya line -radia l la yer , if 

prese nt, is bes t deve lo ped . The d a rk, g ranul ar la yer 

com monly thios or is nearly abse nt in th is area 

so that, a ltho ugh the s hell is a t its maximum width , 

arou nd the umbilicus, the g ranul a r layer is gen

era lIy better de ve loped along the fla n ks. Shell 

thickness was measured only in sections a pproach
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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 


1etrataxis acutus DURKINA, 1959, pp. 221-222, pI. 
23, figs. 8-9; CONIL and LYs, 1964, p. 87, pI. 
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. Individual 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 1. 
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 T. acutus because the 
deep umbilicus is neither figured nor described by 
Durkina (although umbilicate forms are assigned 
to this species by Coni! 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
rad ial layer. 

Coni! and Lys (1964, p. 87) raise the possibility 
that T. acutus may be synonymous with T. sub
media Brazhnikova, J956. The only apparent dif
ferences in the latter are a larger apical angle and 
slightly smaller dimensions. A much younger 
species, T. v%nRaensis Grozdilova and Lebedeva, 
1960 differs from T. acu/us only in having a more 
rounded periphery and larger dimensions. The 
thicker and more pervasive hyaline-radial layer 
distinguishes T. acutus from T. angusta Vis
sarionova, J948. 

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

TClralaxis media Vissarionova. 1948 


Plate 8, figures 15, 16 


Tetrataxis media VISSARIONOVA, 1948, p. 191, pI. 8, 
figs. 1-2; GOLUBTZOV, 1957, p. 135, pI. 5, fig. 
16; BOGUSH and YUFEREV, 1966, p. 174, pI. 
12, figs. 1, 3. 

Tetrataxis medius Vissarionova. CONIL and LYs, 
1964, p. 91, pI. 12, figs. 232-234. 

Measurements.-(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: 0.51
0.60 mm. Height/diameter (2 specimens): 0.68
0.69. Shell thickness (3 specimens): 0.040-0.060 
mm. 

Descriptioll.-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. paramillima 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 obtusus MALAKHOVA, 1956b, p. 119, pI. 
14, fig. 12. 

Measurements.-(based on 1 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. 

Descriptioll.-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. 

Discussioll.-More specimens are needed for a 
positive assignment to T. obu/sus, 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 T. 
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 T. hemisphaerica Morozova var. 
e/ongata 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 al., 
1930, p. 93, pI. 3, figs. 3, 5; BOGUSH and 
YUFEREV, 1966, pp. 173-174, pI. 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 Lee 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. quasiconica 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. 

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

Tetrataxis aff. T. parviconica 

Lee and Chen, 1930 


Plate 8, figure 18 


,\1easurements.-(based on 1 specimen) Num

ber of volutions: 4. Apical angle (along flanks): 
95°. Height: 0.28 mm. Diameter: 0.53 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, pI. 
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. 

Discussioll.-T. vulgaris is almost identical to 
T. eominima Rauzer-Chemousova, 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. dzhezkaZRaniclls 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. conka Ehrenberg var. 
lata Spandel, 1901 has a narrower apical angle 
and larger dimensions and apparently lacks a 
hyaline-radial layer. T. pusillus Coni! 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 8, figures 7, 8 


jl,feasllrements.-(based on 4 specimens) Num
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ber of volutions: 3-4. Apical angle (along 
top, 3 specimens): 100-105 e 

• Height (3 speci
mens): 0.25-0.28 mm. Diameter: 0040-0.51 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 to 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 T. 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 Span del, 190 I 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 M'orozova, 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. T. pusillus Golubtzov, 
1957 has a smaller apical angle, narrower 
umbilicus, greater height/diameter ratio and 
smaller dimensions. 

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

Tetrataxis sp. B 

Plate 8, figure 9 


Measurements.-(based on 1 specimen) Num
ber of volutions: 4. Apical angle (along top): 
105°. Height: 0.21 mm. Diameter: 0.46 mm. 
Height/diameter: 0045. 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. 

Discussiol1.-The basal appendage primarily 
distinguishes this specimen from other similarly 
sized and shaped species such as T. 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: 
0.33 mm. Diameter: 0046 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 it, 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. 

Discussioll.-In its "stair-step" outline, apical 
angle and wall thickness and structure, this speci
men appears related to T. delltata 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 51/~ volu
tions. L, lumen; H, height of lumen; P, pro
loculus; L T, 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 exelusively 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, Asteroarchaediscus and Neoarcilae
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, 
hut around the periphery the dark layer some
times attains almost half the thickness of the wall. 
Aperture was not seen, but is reported to be a 
simple opening at the end of the tubular chamber. 

Discllssion.-This genus exhibits a variety of 
shapes, lateral thickenings and coiling habits which 
were not encountered in the few specimens found 
in this study. Coni! 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 A rchaediscus 
from Pfanospirodiscus Sosipatrova, 1962. Pro
permodiscus Miklukho-Maklai, 1953 has much 
thicker lateral fillings than A rchaediscus, and 
Plalloarchaediscus 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 Coni! and Lys, 1964, pI. 20, figs. 
406-410; 1966, pI. 2, fig. 16; 1968, pI. 11, figs. 
142-144) resemble either Archaediscus or Pro
permotiisclls 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 A rchae
discus species such as A. stillls Grozdilova and 
Lebedeva, 1955 (not 1953) and those forms as
signed to A. krestovnikovi Rauzer-Chernousova 
1948 prior to the reinterpretation of the enrollmen~ 
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 ct. A. pauxillus Shlykova, 1951 
Plate 9, figure 1 

Archaediscus pallxi/fus SHLYKOVA, 1951, pp. 160
161, pI. 3, figs. 15~17; SOSIPATROVA, 1962, p. 
56, pI. 4, figs. 12~13; AIZENVERG et af., 1968, 
pI. 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. 

Descriptian.-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 A. moelleri Rauzer
Chernousova, 1948 which has larger dimensions 
and more whorls. 

Obviously more specimens are needed to eheck 
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): O.19-about 0.23 mm. Width (2 
specimens): 0.12-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.OJO-O.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 colorcd, 

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. 

Disclission.-At least in coiling habit, these 
specimens resemble Arcfwediscus 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 Coni! and Lys (1968, pp. 510-512). However, 
I 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 tend 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 two 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 
Neoarc!wediscus in having closed or, occasionally, 
low, open lumina. Neoarchaediscus has initially 
closed stellate lumina which change to high, open 
ones in later whorls. As a rule, lumen heights 
of Asteroarchaedisclis 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 pJani
spirally arranged and also has massive, symmetrical 
lateral thickenings. This genus is infrequently en
countered in the literature and may be considered 
synonymous with A steroarcllaediscus. 
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Asteroan:haediscus gnomellus n. sp. 


Plate 9, figures 2-6 


J\,feasurements.-(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. 
rnterior 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 smootb. Pro
loculus is 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 lumina 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 rllgosilllilis in its smaller dimensions and 
greater width/diameter ratio. 

The name, derived from the word "gnome" and 
the Latin diminutive "eillls," 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. Periph
eral shell thickness last volution (4 specimens): 
0.0 I 0-0.020 mm. 

De.l'cription.-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, light 

eolored. 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 Rauzer-Chernou
soya, 1948. They differ in that the lumina are 
much lower in the last volutions than those de
scribed by Rauzer-Chernousova (1948c, p. 11) in 
which the height equals or exceeds the wall 
thickness. 

Miklukho-Maklai (1956, p. 11) refers Rauzer
Chernousova's species to Asteroarchaediscus. 
Bogush and Yuferev (1962, p. 205) also attribute 
specimens to Asteroarchaediscus 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, A. rugosus 
may actually belong to Neoarchaedisclls, and it is 
placed in this genus by Sosipatrova (1962, pp. 
61-62, pI. 5, figs. 12-14). 

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

Occurrence.-Zone 17-18 (BW 4, BW 5) Battle
ship Wash Formation; zone 19 (BS I) Bird Spring 
Formation; Morrow (BS 3) Bird Spring Forma
tion at Arrow Canyon Range. 

Genus Neoarchacdiscus 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 eomposed 
of a thick, light colored, fibrous outer layer 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, PropermodisclIs, 
and Arc!wediscus 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, A rchaediscus akcldmensis 
Grozdilova and Lebedeva, 1954 is referred to 
Neoarchaediscus by Bogush and Yuferev (1966, 
p. 208, pI. 9, fig. 18). N eoarchaediscus 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 ReitIinger, 1949 is referred to Neoarchae
discus by Miklukho-Maklai (1956, p. 11) and 
Bogush and Yuferev (1962, p. 207, pI. 9, fig. 17 
and 1966, p. 169, pI. 11, fig. 24) but to Astero
archaediscus by Brazhnikova et ai. (1967, pI. 20, 
fig. 4; pI. 21, fig. 3) and Aizenverg et al. (1968, 
pI. 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. 
A rchaediscus 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 N eoarchaediscus all species, including A. 
postru;?osus, 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
arclwediscus have a few open lumina, but they 
are typically quite low. 

Neoarchaediscus incertus 
(Grozdilova and Lebedeva), 1954 

Plate 9, figures 16-25 

A rchaediscus incertus GROZOILOVA and LEBEOEVA, 
1954, p. 60, pI. 7, figs. 14--15. 

Neoarchaediscus incertus (Grozdilova and Lebe
deva). MliCLUKHO-MAKLAI, 1956, p. II; 
GROZDILOVA and LEBEOEVA, 1960, p. 98, pI. 
11, fig. 11. 

Neoarchaediscus incertus var. incerta (Grozdilova 
and Lebedeva). CONIL and Lys, 1964, p. 130, 
pI. 20, figs. 389-391. 

Neoarchaediscus incertus (Grozdilova and Lebe
deva) var. carnosa. CoNIL and Lys, 1964, 
p. 130, pI. 20, fig. 392. 

Measurements.-(based on 16 specimens) Num
ber of volutions (12 specimens): 5-6. 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 plan i
spiral coiling, larger lumina of the outer volutions, 
smaller dimensions and a thinner wall. N. parvus 
(Rauzer-Chemousova) 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.-Zone 17-18 (BW 4, BW 5) Battle
ship Wash Formation; Morrow (BS 2, BS 3) Bird 
Spring Formation at Arrow Canyon Range. 

N eoarchaediscus cf. N. parvus 
(Rauzer-Chernousova), 1948 

Plate 9, figures 11-15 

Archaediscus pan'us RAUZER-CHERNOUSOVA, 1948b, 
p. 233, pI. 16, figs. 9-12; MALAKHOVA, 1956a, 
p. 41, pI. 3, figs. 4-5. 

N eoarchaediscus 	 parvus (Rauzer-Chernousova). 
MIKLUKHO-MAKLAI, 1956, p. 11. 

Measuremenls.-(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 shell 
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 
larger 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, pI. 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 Asteroarclwediscus 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 Ran!;e. 

Genus Planospirodiscus Sosipatrova, 1962 

Type species: Plallospirodiscus tajmyricus 
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 enrolled. 
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, 

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. 

Disclission.-This genus differs from Permo
discus Chemysheva, 1948 by the absence of thick 
axial deposits and from Planoarchaediscus by the 
well developed fibrous layer and poorly repre
sented inner, dark layer. 

The skewness and tight coiling of the initial 
volutions make it difficult to separate some speci
mens of this genus from the ancestral genus 
Neoarclwediscus which generally has more closed, 
skew-coiled volutions. 

Planospirodiscus? altiluminis 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: 0.0\5-0.020 mm. 

Descriptioll.-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 
lumina 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 is the open end of the lumen. 

Discussioll.-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 N eoarchaediscus. 
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 
Plallospirodiscus rather than Neoarclzaediscus 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 cf. P. minimus 
(Grozdilova and Lebedeva), 1953 

Plate 9, figures 28-34 

Archaediscus minimus GROZDILOVA and LEBEDEVA, 
in Dain and Grozdilova, 1953, pp. 111-112, 
pI. 4, fig. 15. 

Archaediscus (?) minimus Grozdilova and Lebe
deva. GROZDILOVA and LEBEDEVA, 1954, pp. 
62-63, pI. 7, fig. 16. 

Plal1ospirodiscus minimus (Grozdilova and Lebe
deva). SOSIPATROVA, 1962, pp. 64-65, pI. 5, 
figs. 22-24; SOSlPATROVA, 1966, p. 21, pI. 3, 
figs. 5-6; BOGUSH and YUFEREV, 1966, p. 170, 
pl. 11, figs. 26-27; MAMET, 1970, pl. 7, figs. 
15, 18. 

Measuremellls.-(based on 11 specimens) Num
ber of volutions (9 specimens): 4-5. Diameter 
(9 specimens): 0.32-0.41 mID. 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 peripberal 
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. 

Occurrellce.-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): 0.0 15-0.030 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
mammg ones are essentially planispiral and 
evolute. The lumina are either semicircular or 
sligbtly crescentic in shape, and the outer ones are 
relatively large. The rate of expansion of the 
volutions is steady and moderate. The lumen at 
the end of the last whorl in some specimens in
flates more rapidly, and commonly the suture is 
slightly depressed at tbis poult. 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. lajmyricus Sosipatrova, 
1962 and other described specimens of P. minim liS 

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 QuasiarchaedisClls Miklukho-Maklai, 1960 

Type species: Quasiarchaedisclls pamirensis 
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. 

Discussioll.-The two mutually perpendicular 
planes of coiling distinguish Quasiarchaediscus 
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FIGURE 14 

Whole specimen and cross sectional views of G/obil'O/l'U/il/(I, 1-4 , whole specimens: I . side; 2, 
ape rtural (ventral); 3, dorsa l; 4. an terior, a-f , cross sec tions: a, b, c, d , tan gential; e, f, diagonal; g, 
diagonal nearly sagi tta l. A, apert ure; D, diameter ; P , funnel ; L, lam ina ; W, width (redrawn from 
Rei che l, 1946), 
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from other archaediscid genera. Two Upper 
Paleozoic miliolid genera, Eosigmoi/ina and Aga
thammifla, coil in a manner somewhat similar 
to Quasiarchaediscus. They both differ in pos
sessing a nonfibrous porcelaneous wall, and 
Eosigmolilla has septa in its last few volutions as 
well. 

Quasiarchaediscus? sp. A 


Plate 9, figure 38 


Measuremellfs.-(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. 

Descriptioll.-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. 

Discussiofl.-The closed to open lumina re
semble Neoarchaediscus, but the apparent, mutu
ally perpendicular coiling planes tentatively link 
this specimen with Quasiarchaediscus. However, 
to my knowledge, no other Quasiarclwediscus 
species have been described with closed lumina. 

Occurrel!ce.-Zone 19 (BS 1) Bird Spring For
mation at Arrow Canyon Range. 

Family BlSERIAMMINIDAE 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. G lobivalvulina 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 

byaline layer best developed usually on the lower 
side of the septa. Reitiinger (1950, p. 76) like
wise reports a two-layered waH 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. 
Discussioll.-Species are differentiated by a 

combination of features including waH 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 smaH 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.-In the strong alternation of cham
bers, these specimens resemble G. biserialis Cush
man and Waters, 1928 and G. ovala 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 


Measurements.-(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 in 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. 

Globivalvulina sp. C 
Plate 10, figures 6, 7 

M easuremellls .-(based on 2 specimens) Num
ber of volutions: less than 1. Number of biserial 
chamber 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. 

Descriplion .-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. 

Occurrellce.-Morrow (BS 4) Bird Spring For
mation at Arrow Canyon Range. Morrow (E 3) 
Ely Limestone at Moorman Ranch. 

Globivalvulina sp. D 

Plate 10, figures 8, 9, 14, 15 


Measurel11 en/s.-(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 (l specimen): 
0.42 mm. Apparent interior height of last chamber 
(1 specimen): 0.185 mm. Shell thickness last 
volution : 0.015-0.020 mm. 

Descriptioll.- 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. 

Discussioll.-These specimens most closely re
semble G. kal11ellsis 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. ovala 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 easil y 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. 

Occurrellce.-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. 

Descriplion.-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 Discussiol1.-This species differs from G. species 
veloped on the lower side of the septa. Funnel and B in its tighter coil and unsteady rate of chamber 
lamina are indistinct. inflation. 

Discussioll.-These specimens are not well The two figured specimens have quite differently 
oriented but are figured to show the inner hyaline shaped final chambers. But the coiling, deep 
layer which differentiates them from G. species B. funnel and rate of chamber expansion are similar 
They appear similar to G. mosquellsis Reitlinger, sO that the chamber shape may be a function of 
1950 except for the more erect coiling but there the angle of section rather than a tme morpho
is not enough material to define clearly the re logical difference. 
lationship between the two. Occllrrcllcc.-Morrow (BS 7) Bird Spring For

Occurrellce.-Morrow (BS 6) Bird Spring For mation at Arrow Canyon Range. Morrow (E 3) 

mation at Arrow Canyon Range. at Moorman Ranch. 

Globivalvulina sp. F Family QUASIENDOTHYRIDAE 
Plate 10, figures 12, 13 Rozovskaya, 1961 


i\4easuremellts.-(based on 2 specimens) Num
 The following description is translated from 
ber of volutions: about 11,1:!··2. Number of biserial Rozovskaya (I \163, p. 59):
chamber pairs in last volution: 7-8. Apparent 
diameter: 0.33-0.36 mm. Shell thickness last The shell is flatly discoidal or lenticular, in
chamber: 0.015-0.020 mm. volute in the early stage and commonly 

Descriplioll.-Test is small. Coiling is plani evolute in the adult. The enrollment of the 
spiral, and the chambers are in a tight arc. The coil is asymmetrical in the early stages, plani
last three pairs of chambers are greatly inflated spiral in the adult, or the early and adult 
relative to the preceding ones. Septa are slightly [stages] of the coil are oriented in different 
curved; periphery is smooth or slightly lobate. planes at an angle of 90 degrees. The wall is 
Wall is dark, granular calcite. Apertural face is finely and commonly uniformly granular. 
broadly concave in one specimen. The funnel is sometimes porous, or with a clear fibrous 
well developed. layer. The aperture is simple, basal. rarely 
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EXPLANATION OF PLATE 9 
FIGS. PAGE 

1. 	 A rcflaediscus d. A. pauxillus Shlykova, 1951. X 150. 59 
1. 	 Diagonal section (UCM 28160a). Sample BW 4, Battleship Wash Formation, Arrow 

Canyon Range. 
2-6. ASleroarchaediscus gllomellus n. sp. X 200. 62 

2. Tangential section, 	approaching axial; holotype (UCM 28162). Sample BW 5, Battle
ship Wash Formation, Arrow Canyon Range. 

3. 	 Tangential section, approaching axial (UCM 2SI61a). Sample BW 5, Battleship Wash 
Formation, Arrow Canyon Range. 

4. 	Near sagittal section (UCM 2816Ib). Sample BW 5, 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. A sleroarcllaediscus rugosimilis n. sp. X 125. 62 
7. 	 Axial section; holotype (UCM 28163). Sample BW 5, Battleship Wash Formation, 

Arrow Canyon Range. 
S. 	 Tangential section, approaching axial (UCM 28167a). Sample BS I, 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 28169j). Sample BS 3. Bird Spring Formation, Arrow Can

yon Range. 
11-15. Neoarclwcdiscu.l' cf. N. pan-us (Rauzer-Chernousova), 1948. X 125.. 63 

II. 	Tangential section, approaching axial (UCM 28168b). Sample BS 2, Bird Spring For
mation, Arrow Canyon Range. 

12. Axial 	 section (UCM 28169k). Sample BS 3, Bird Spring Formation, Arrow Can
yon Range. 
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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, Battleship Wash Formation, Arrow 
Canyon Range. 

15. Near sagittal section (UCM 28168d). Sample BS 2, Bird Spring Formation, Arrow 
Canyon Range. 

16-25. Neoarchaediscus incertus (Grozdilova and Lebedeva). 1954. X 100. _...___....... __.__... 63 
16. Tangential section, approaching axial (UCM 28169L). Sample BS 3, Bird Spring 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 281690). 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. 
26,27. Planospirodiscus? altiluminis n. sp. X 75. 64 

26. Sagittal section (UCM 28169u). 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. 

28-34. Planospirodiscus cf. P. minimus (Grozdilova and Lebedeva), 1953. X 75. 65 
28. Tangential section, approaching axial (UCM 28169v). Sample BS 3, Bird Spring For

mation, Arrow Canyon Range. 
29. Axial section (UCM 28J69w). 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. 
35-37. PlanospirodiscllS sulculus n. sp. X 125. 65 

35. Tangential section, approaching axial (UCM 28l60d). Sample BW 4, Battleship 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 28161e). Sample BW 5, Battleship Wash Formation, Arrow 
Canyon Range. 

38. Quasiarchaediscus? sp. A. X 125. 67 
38. Tangential section, approaching axial (UCM 28167b). Sample BS 1, Bird Spring For

mation, Arrow Canyon Range. 
39,40. Globivah'ulina sp. A. X 75. 67 

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. Globivalt'ulina sp. B. X 75 .......................................................... .. 67 
1. Tangential section, approaching sagittal (UCM 28175a). Sample BS 7, Bird Spring For

mation, Arrow Canyon Range. 
2. Tangential section (UCM 28168g). Sample BS 2, Bird Spring Formation, Arrow Can

yon 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. Giobivalvulina sp. C. X 75 .............................................................................................................. . 68 

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. Globil'ail'lllina sp. D X 75. 68 

8. Tangential section (UCM 28175d). Sample BS 7, Bird Spring Formation, Arrow Can
yon Range. 

9. Tangential section (UCM 28175e). 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, II. Globimivu/illa sp. E. X 75 ...................................................................................................................... .. 68 
10. Tangential section (UCM 28174a). Sample BS 6, Bird Spring Formation, Arrow Can

yon Range. 
II. Tangential section (UCM 28174b). Sample BS 6, Bird Spring Formation, Arrow Can

yon Range. 
12, 13. Globivalvulina sp. F. X 75 ................................................................................... . 69 

12. Tangential section, approaching sagittal (UCM 28186j). Sample E 3, Ely Limestone, 
Moorman Ranch. 

13. Tangential section, approaching sagittal (UCM 28175g). Sample BS 7, Bird Spring For
mation, Arrow Canyon Range. 

16-18. Planoendot/Jyra aljutovica (ReitJinger), 1950. X 60. 73 
16. Axial section (UCM 28169cc). Sample BS 3, Bird Spring Formation, Arrow Canyon 

Range. 
17. Diagonal section (UCM 28169dd). Sample BS 3, Bird Spring Formation, Arrow Can

yon Range. 
18. Axial section (UCM 2816gee). Sample BS 3, Bird Spring Formation, Arrow Canyon 

Range. 
19. Millerella sp. A. X 60 .................................... . 74 

19. Axial section (UCM 28168h). Sample BS 2, Bird Spring Formation, Arrow Canyon 
Range. 

20,21. Millerella cf. M. designata D. Zeller, 1953. X 60. 74 
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 Igo, 1957. X 60. 73 

22. Diagonal section (UCM 28186k). Sample E 3, Ely Limestone, Moorman Ranch. 
26. Axial section (UCM 28186L). 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. 76 
23. Whole specimen, side view (UCM 28165d). Sample IS 1, Indian Springs Formation, 

Arrow Canyon Range. 
24. Tangential section (UCM 28167c). Sample BS I, Bird Spring Formation, Arrow Can

yon Range. 
25. Broken tangential section, approaching sagittal (UCM 28167d). Sample BS 1, Bird 

Spring Formation, Arrow Canyon Range. 
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29. 	 Eostaffella cf. E. pingui.~ (Thompson), 1944. X 75. 75 
29. Axial section (UCM 28187d). Sample Bu I, Ely Limestone, Butte Mountains. 

30-32. Eostaffella sp. A. X 75. 75 
30. Sagittal 	 section (UCM 28174c). 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 Formation, Arrow Canyon 

Range. 
34,39,40. G/omospira Rzehak, 1885. X 60. 76 

34. Diagonal section (UCM 28189a). Sample Bu 3, Ely Limestone, Butte Mountains. 
39. Tangential section (UCM 28189b). Sample Bu 3, Ely Limestone, Butte Mountains. 
40. Diagonal section (UCM 28189c). Sample Bu 3, Ely Limestone, Butte Mountains. 

35-38. Eostaffella cf. E. (orlllla (D. Zeller), 1953. X 75. 75 
35. Axial section 	(UCM 28175i). Sample BS 7, Bird Spring Formation, 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 grov.1:h. 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; Endoslaffelia Rozovskaya, 1961; Loehlichia 
Cummings, 1955; Paraendothyra Chernysheva, 
1940; Quasiendothyra Rauzer-Chernousova, 1948; 
and Planoelldothyra Reitlinger, 1950. Only the 
last genus is found in this study. 

Genus Planoendothyra Reitlinger, 1959 

Type species: Elldolhyra aljutovica Reitlinger, 
1950. 

Dl'scriplion.-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. 

Discussiotl.-I have only a few well oriented 
specimens of this genus and cannot write an ade
quate deseription. Moreover, Reitlinger's generic 
description (ill Rauzer-Chernousova and Fursenko, 

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 Planoendolhyra in Rozov
skaya (1963, pp. 60-61), Conil and Lys (1964. 
p. 153) and Bogush and Y uferev (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 aetually 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. It differs from Quasien
dothyra Rauzer-Chernousova, 1948 in having 
lateral chamber fillings and lacking chomata and 
an inner, clear fibrous wall layer. Elldo.~taffella 

Rozovskaya, 1961 is distinguished from the present 
genus in having a greater number of skew volu
lions (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
siaffelia either. 

Rozovskaya (1963, pp. 36, 60) reports Plano
elldOlhyra from the Lower to middle Upper Car
boniferous (Tournaisian to Moscovian stages). 
My specimens are restricted to the Lower Pennsyl
vanian. 

(72) 



Planocndolhyra aljutovica (Reitlinger), 1950 

Plate 10, figures 16-18 

Endothyra aijlltol'ica REITLINGER, 1950, p. 34, pI. 
5, figs. 4-6. 

Pianoelldothyra aljutovica (Reitlinger). Rozov
SKAYA, 1963, p. 61; BOGUSH and YUFEREV, 
1966, p. 147, pI. 10, fig. 1. 

Measurelllellts.,-(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: 
0.0 I 0-0.020 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. 

Discussioll.-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. pI. 5, fig. 6). On the average, 
however, my specimens are smaller. 

Conil and Lys' assignment (1964, p. 153, pI. 23, 
figs. 447-448) of completely planispiral forms to 
P. aljlliol'ica vaL aljutol'ica 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 Plalloendothyra irillae differs 
from this species in being less evolute, having more 
strongly developed secondary layering, a narrowly 
rounded p~riphery and fewer chambers. 

Occurrellce.-Morrow CBS 3) Bird Spring For
mation at Arrow Canyon Range. 

Superfamily FUSULINACEA Moller, 1878 

Family OZA W AINELLlDAE 

Thompson and Foster, 1937 

Genus Millerella Thompson, 1942 

Type species: Millerella marblellsis Thompson, 
1942. 

Descriptioll.-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 homogeneous, 
dark, microgranular calcite, but some specimens 
appear to have a light colored tectum separating 
dark, inner and outer tectoria. Recrystallization 
probably obscures the three-layered Profllsulillella
type wall reported as typical for this genus. 
Aperture is closed. 

DisCllssioll.-This genus differs from Eostaffella 
Rauzer-Chernousova, 1948 in the evolution of its 
last few whorls and generally more compressed 
axial shape. The genus Novella Grozdilova and 
Lebedeva, 1950 is distinguished from Millerella 
by its completely evolute coiling and open aperture 
which links it to the Endothyridae. 

Millerclla cf. M. bigemmicula Igo, 1957 


Plate 10, figures 22, 26-28 


Millerella bigemmicilla 1Go, 1957, p. 172, pI. 1, 
figs. 1-9, 15-17, 27. 

Iv1easurements.-(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: 0.30-0.36 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. 

Discussiofl.-These specimens differ slightly 
from Igo's in having less anteriorly curved septa, 
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smaller chomata and a poorly layered 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 Eostal
leila acuta Grozdilova and Lebedeva (1950, pI. 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, 
pI. L fig. 35) appears similar to the present speci
mens except for a larger diameter and pro loculus, 
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, pI. 
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 sub rounded 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 (l specimen): 0.18 mm. Width/di
ameter (1 specimen): 0.30. Interior diameter of 
proloculus: 0.25-0.30 mm. Shell thickness last 
volution (l 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 planispirai. 
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
distinct, 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
soya), 1951 in Brazhnikova et al. (1967, pI. 23, 
fig. 9) appears similar in size, angularity of pe
riphery, compressed shape and number of volu
tions. Brazhnikova et 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 THOMPSON, 1951, pp. 115-116. Not 
Paramillerella Thompson, 1951, emended 
Anisgard and Campau, 1963, p. 102. 

Type species: Staffella (Eostalfella) para
struvei Rauzer-Chernousova, 1948. 

Descriptioll.-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. 

DisCllssion.-In supporting the validity of Para
millerella, Anisgard and Campau (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 generoholotype of Eostaffella appears 
evolute. Reitlinger (1966) replies that the ap
parent evolute coiling of the generoho)otype 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 
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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, pI. 
1, figs. 18-20. 

Paramillerella pinguis (Thompson). THOMPSON , 
1951, p. 115. 

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, pI. 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. tonula (D. Zeller), 1953 

Plate 10, figures 35-38 

Milierella tortula D. ZELLER, 1953, pp. 192-194, 
pI. 26, figs. 7-10, 12-21, 23-26. 

Paramillerella tortula (D. Zeller). ZELLER, E. 1., 
1957, p. 703, pI. 75, figs . 4-8, 10-12; SKIPP, 
1961 , pp. C-242-C-243, fig. 236.3 G, H ; 
ANISGARD 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-~.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 (pI. 10, fig . 32), they may be 
the megalospheric generation of another species. 
More specimens are needed. 
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Occurl'f'llce.-Morrow (BS 6) Bird Spring For
mation at Arrow Canyon Range. Morrow (E 3) 
Ely Limestone at Moorman Ranch. 

Suborder TEXTlJLARIINA 

Delage and Herouard, 1896 

Superfamily AMMODISCACEA Reuss, 1862 

Family AMMODISCIDAE Reuss, 1862 

Subfamily AMMODISCINAE Reuss, 1862 

Genus Hrunsia Mikhailov, 1939 

Plate 10, figure 33 

Type species: Spirillina ilTeRu/aris Moller, 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. 

DisclissiO//.-Material found in this study is too 
sparse and poorly preserved for speciation. 

OCCUrl'l'flce.-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: TrociIammifla squamata Jones 
and Parker var. ,f!ordialis Jones and Parker, 1860. 

Descripfiofl.-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. 

DisclIssioll.-This genus differs from Glomo
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 sp~cia
tion. 

Occllrr(,llc('.~Morrow (Bu 3) at Butte Moun
tains. 

Suborder MILIOLINA 


Delage and Herouard, 1896 


Superfamily MILIOLACEA Ehrenberg, 1839 


Family NUBECULARIIDAE Jones, 1875 


Subfamily OPHTHALMIDIINAE Wiesner, 1920 


Genus Eosigmoilina G anelina, 1956 


Plate 10, figures 23-25 


Type species: Eosigllloilina 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.-Eosigmoililla is distinguished from 
other similar genera in the "Discussion" of 
Quasiarclwediscus, 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 I) Bird Spring Forma
tion at Arrow Canyon Range. 
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