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ABSTRACT— Rugose and tabulate corals from the Lower Permian (Wolfcampian) part of the Bird Spring Group in Arrow Canyon,
Arrow Canyon Range, Clark County, Nevada, comprise eight species in eight genera. Stylastraea rowetti n. sp. is the first unequivocal
record of this genus west of Texas in North America. Heritschiella girtyi, the only endemic North American waagenophyllid genus
and species, is recorded outside Kansas for the first time. Paraheritschioides stevensi formerly was known only from northern
California. The other species also occur elsewhere in the Permian of Nevada and nearby. This southeast Nevada shelf area has the
first known intermixture of corals from the Durhaminid Coral Province and subprovinces of far western North America and the
Cyathaxonid Coral Province of middle and southwestern North America.

INTRODUCTION

HE EIGHT coral taxa in the Wolfcampian part of the BS,
Formation, Bird Spring Group, include taxa also occurring
in contemporaneous faunas in northern California, Kansas, west
Texas, and British Columbia, as well as elsewhere in eastern
and southern Nevada. Thus, this faunule provides evidence of
communication between disparate faunas once thought to be
physically isolated. It is for this reason that we are illustrating
and documenting the Arrow Canyon Fauna.

Arrow Canyon is about 75 km northeast of Las Vegas, Nevada
(Figure 1). A continuous sequence ranging from highest De-
vonian through Wolfcampian rocks is exposed in a superposed
drainage canyon crossing the northern end of the eastern ridge
of the Arrow Canyon Range. Corals for this study were collected
in the SWY, sec. 7, T14S, R65E on the southern flanks of a
flat-topped spur bordering the north side of Arrow Canyon wash
at its lower end. This locality is reached by following Nevada
Highway 168 to the point where it begins to climb out of the
northern end of the irrigated and/or inhabited flats about 17
km northwest of Glendale, Nevada. At this point a secondary
paved road enters the state highway from the southwest. Follow
this road about 500 m southwest, crossing the wash, to a desert
track that joins the paved road from the northwest. Follow this
road about 1.5 km up the Arrow Canyon drainage, proceeding
in part in the wash itself, to the collecting locality.

Two of the corals at this locality were described by McCutch-
eon (1961) and by McCutcheon and Wilson (1961). The bulk
of the fauna was illustrated and described in a thesis by V. A.
M. Langenheim (1964), who later (V. A. M. Langenheim and
R. L. Langenheim, 1965) published a faunal list of Bird Spring
Group invertebrates keyed to a described stratigraphic section.
Cassity and Langenheim (1966) described and correlated the
fusulinid fauna of the Bird Spring Group at Arrow Canyon,
refining and enhancing biostratigraphic control. Because of its
excellent exposure and ease of access, the Arrow Canyon section
has attracted many students of Chesterian through Wolfcampian
stratigraphy and paleontology. Most of this work is summarized
by Webster and Langenheim (1979) and Langenheim and Web-
ster (1979), who also provided a comprehensive bibliography.

Collections upon which this work is based were obtained in
part by students enrolled in a University of California at Berke-
ley stratigraphy class on October 6 and 7, 1957. The students
collected from localities B-4993 through B—4997 in beds des-
ignated, at that time, by painted numbers. Collections B-6152
through B-6163 were collected by V. A. M. Langenheim be-
tween December 17 and 30, 1957, from a section she measured
by tape and compass and described (Langenheim, 1964). Ad-

ditional collections, LACMIP 2544-2548 and 12613, were ob-
tained by E. C. Wilson and William Fletcher on March 27, 1972,
and by E. C. Wilson and P. G. Owen on February 8, 1991, along
an east to west measured section traverse (not shown on Figure
1) that is approximately perpendicular to that of Langenheim
and Langenheim (1965). In 1966, Cassity and Langenheim col-
lected fusulinids from the V. A. M. Langenheim section and
remeasured it by tape and compass techniques. They (Cassity
and Langenheim, 1966) retained bed level stratigraphic units as
described by V. A. M. Langenheim (1964). We employ those
descriptions herein, but have adopted the remeasured thick-
nesses.

STRATIGRAPHY

The Bird Spring Group, also referred to as a formation, has
not, as yet, been subdivided into regionally recognized forma-
tional units, excepting the basal Battleship Wash and Indian
Springs Formations. Langenheim and Langenheim (1965), how-
ever, did define informal formational units at Arrow Canyon
to facilitate study of the section and, tentatively, to guide geo-
logic mapping in the immediate vicinity. Their uppermost BS,
formation consists of about 120 m of thick-bedded dolomite
and limestone (Fig. 2). Units 227 through 231 are predominately
thick-bedded, nearly chert-free, poorly fossiliferous dolomite.
Subsequent mapping has shown that these rocks, occurring in
the hinge of a major fold, have suffered local dolomitization
and are not characteristic of the lowermost Permian in the Ar-
row Canyon Range. This interval is occupied by thick-bedded
limestone elsewhere. Units 232 through 239 consist of interbed-
ded cliff-forming limestone, some of which is cherty, and bench
forming, silty limestone. Rocks of this part of the section are
regionally persistent, containing abundant fusulinids and the
corals described in this paper. The BS, formation is succeeded
at Arrow Canyon by about 125 m of silty limestone and cal-
careous siltstone capped by about 25 m of ledge-forming lime-
stone measured by Welsh (1959) on the divide south of the
canyon. Additional silty limestone and argillaceous siltstone
form much of the eastern margin of the Arrow Canyon Range
to the south, but have not been measured.

Bissell (1962) proposed the Spring Mountain Formation for
open marine basinal carbonates of Wolfcampian and Leonar-
dian age belonging to the Bird Spring Group. Stevens (1977),
in a more recent regional synthesis of Cordilleran Permian stra-
tigraphy, followed this usage. According to this classification,
the BS, formation belongs to the lower part of the Spring Moun-
tain Formation, with the suprajacent silty rocks comprising the
remainder. The BS, formation, however, correlates well in !?oth
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DESCRIPTION

FiIGURE I —Map showing location of measured section traverse. Base
from Arrow Canyon 15’ quadrangle, U.S.G.S., 1958.

lithology and biostratigraphy with Longwell and Dunbar’s (1936)
informal “No. 3 member” of the Bird Spring Formation in the
Spring Mountains, also recognized by Rich (1961). Barosh (1968)
considered the “No. 3 Member” closely similar in lithologic
and paleontologic character to the Riepe Spring Limestone of
the Ely District. Inasmuch as the BS, formation appears to be
distinctive and recognizable over an extensive area, we use it
in this paper.

Unit 237 (Figure 2) is part of the widespread, informally
recognized Early Permian “coral bed” of the eastern Great Ba-
sin. At Arrow Canyon, Unit 236, directly below the coral bed,
contains Schwagerina moapaensis, S. ? multispira, and Pseu-
dofusulina arrowensis. Oketaela waldripensis, Pseudofusulina
arrowensis, Schwagerina paiutensis, and S. cf. S. grandensis are
present in Unit 235. In addition, Pseudoschwagerina cf. P. con-
vexa occurs in unit 239 above the coral bed. These fusulinids,
along with an occurrence of Triticites creekensis in Unit 227,
place the coral bed in the Zone of Pseudoschwagerina s.l. or the
Wolfcampian according to Cassity and Langenheim (1966). Ste-
vens et al. (1979) recognized more narrowly defined fusulinid
zones in the same sequence that would place Unit 239 in their
Zone of Pseudoschwagerina convexa, Units 235 through 238 in

-

FiGURE 2 —Columnar section of units 227 through 239, BS, formation,
Bird Spring Group, at Arrow Canyon. Lithologic descriptions mod-
ified from Langenheim (1964). Fusulinid occurrences and unit thick-
nesses from Cassity and Langenheim (1966). Numbers UCMP B-0000
and LACMIP 0000 are locality numbers of the University of Cali-
fornia Museum of Paleontology and the Natural History Museum of
Los Angeles County, Invertebrate Paleontology Section. The follow-
ing corals occur in Unit 237: Caninia (?) sp., Kleopatrina fiatateeta,
Paraheritschioides stevensi, Stylastraea rowetti, Heritschiella girtyi,
Neomultithecopora mccutcheonae, and Cornwallia tabularia. Neosy-
ringopora multattenuata occurs in Unit 229.
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AREAS W Rl PROVINGEID SOUTHERN DURHAMINID CORAL PROVINCE CY:%&E%:'D
CENTRAL
CORALS Noanr;rl:lms’EST E::;i';: so: ET\',%EAST N'?:JSSEN CEENA'I'SJAL S%U;I‘;ED:ST TEXAS | kaNSAS
COLUMBIA MTNS. SCOEU':'LREARLN NEVADA p(;:i:r)
IDAHO

Caninia (?) sp. xK ? ? ? X ? ?
Kleopatrina ftatateeta * X X
Paraheritschioides stevensi * X * * X

Heritschiella girtyi X X
Stylastraea rowetti X *
Neomultithecopora mccutcheonae ik X X X X

Cornwallatia tabularia *K X X X

Neosyringopora multattenuata *¥ X X X

X-species present; ?-insufficiently known taxon; *-other species in genus present; **-Tabulata &

solitary Rugosa not published.

Ficure 3—Correlation of Permian corals of the Arrow Canyon section with other areas of North America.

their Zone of Schwagerinacf. S. crebisepta, and Units 227 through
234 somewhere between their Zone of Triticites californicus and
their Zone of Schwagerina cf. S. crebrisepta. Thus, the coral bed
at Arrow Canyon is in the middle part of the Wolfcampian.

CORRELATION

In the Great Basin, all of the Pennsylvanian and the basal
lower Permian rocks are devoid of colonial rugose corals, except
for a loosely fasciculate one that is present locally in the Lower
Pennsylvanian (Morrowan) rocks. In White Pine County, east-
central Nevada, and nearby areas, the lowest Permian colonial
rugose coral fauna is very rich and dominated by coralla of
Thysanophyllum, some of which are a meter or more in diameter
(Easton, 1960; Wilson and Langenheim, 1962). In the northern
Spring Mountains of southwest Nevada, taxa of this fauna are
a little more widespread stratigraphically, the coralla are smaller,
and there is a somewhat lower occurrence of Fomichevella (Wil-
son, 1991). Thysanophyllum is absent in Arrow Canyon but
some other taxa of the fauna associated elsewhere with it are
present. In Arrow Canyon the dominant coral in size and abun-
dance of coralla is Stylastraea, a genus unknown elsewhere in
Nevada.

Western North America was curiously devoid of colonial ru-
gose corals for the long period of the Pennsylvanian and the
very earliest Permian, but then abruptly was invaded by them.
Explanations for the long absence of colonial Rugosa followed
by an explosive appearance can only be speculative. Perhaps
the environment changed favorably, barriers preventing migra-
tion opened, lands or islands with corals drifted into properly
directed currents, or a combination of these possibilities oc-
curred. Apparently similar absences, appearances, and disap-
pearances of scleractinian hermatypic corals throughout the
stratigraphic record of the tropical western American Mesozoic
and Cenozoic may have had similar causes.

In the Great Basin, the limestone units containing the lowest
Permian rugose coral fauna are overlain by largely non-coral-
bearing arenaceous rocks (Riepetown Sandstone of east-central
Nevada, thick unnamed sandstone in northern Spring Moun-
tains, unit 238 in Arrow Canyon). Above this sandstone, other
coral faunas may occur where limestone is present, in some

cases with the same genera, but invariably with different species.
The basal fauna does not reappear.

In the Lower Permian McCloud Limestone of northern Cal-
ifornia, colonial rugose corals are large and distributed some-
what more evenly throughout the formation, although their
ranges define a useful biostratigraphy. Absence of abrupt ap-
pearances and disappearances of entire faunas such as occur in
the Great Basin suggests a more established fauna in a more
stable environment. The coral faunas of the two differ one from
the other to a rather surprising degree. The similarities, however,
especially at the species level, indicate affinities and suggest
paleogeographic relationships and migration events.

The Arrow Canyon Permian section is thin because the top
is eroded away, but it possesses the rich first Early Permian
colonial rugose coral fauna and has a few other kinds of corals
in the Permian beds below it. Some of the rocks eroded from
the line of section are present on the south side of the canyon
as silty dolomites, but they lack corals. The entire fauna consists
of only eight species, but these correlate with several areas (Fig-
ure 3). Caninia (?) can be disregarded because of doubtful iden-
tification. The Kleopatrina ftatateeta and Neomultithecopora
mccutcheonae association correlates Arrow Canyon with se-
quences in east-central Nevada and southwest Nevada. These
common occurrences indicate that the corals had ready access
between the areas, perhaps somewhat complicated by the pres-
ence of Antler Highland islands. Cornwallatia tabularia occurs
in Arrow Canyon, in southwest Nevada, and in the Sunflower
Formation of central northern Nevada (probably an Antler
Highland embayment). It is also present in the Providence
Mountains of southeast California. Ready access between these
areas must have been possible. Cornwallatia does not occur in
east-central Nevada. Paraheritschioides was erected for a species
from south-central Idaho, probably of Late Pennsylvanian age.
The Arrow Canyon Paraheritschioides is another species, but
the genus is restricted to western North America, suggesting
affinity with the Idaho occurrence at the generic level. More
importantly, the Arrow Canyon species, P. stevensi, was origi-
nally described from the McCloud Limestone of northern Cal-
ifornia, and provides an especially significant correlation be-
tween these two areas inasmuch as the northern California area
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has been considered to be an exotic terrain that was remote from
North America during the Permian (Stevens et al., 1990). The
two tabulate corals Neomultithecopora mccutcheonae and Neo-
syringopora multattenuata are widespread in the western United
States. Both occur in the same stratigraphic relationship (M.
multattenuata is lower) at Arrow Canyon, in southwest Nevada,
and in northern California. Neomultithecopora mccutcheonae,
as mentioned earlier, also occurs in east-central Nevada, but
not Neosyringopora multattenuata, although it occurs in the
Pennsylvanian of the midwestern United States. A surprising
member of the Arrow Canyon coral fauna is Heritschiella girtyi,
previously known only from the Lower Permian of Kansas. This
coral must have ranged from Kansas, through Oklahoma, Texas,
and Sonora, to Nevada. It is the first correlation at the species
level between the Durhaminid Coral Province of far western
North America and the Cyathaxonid Coral Province that ranges
from Kansas to Bolivia. A described species of Stylastraea pre-
viously was unknown in the United States, although a specimen
was figured from the Permian of Texas by LeMone et al. (1976)
and the genus has appeared in lists and brief citations. A species
was described from Bolivia by Wilson (1990). The Arrow Can-
yon occurrence of this genus, although a new species, is another
correlation with the Cyathaxonid Coral Province, although the
genus is not known with certainty from elsewhere in western
North America. It is present, however, in the Lower Permian
faunas of the Arctic.

Thus, the Arrow Canyon section Permian coral fauna cor-
relates to some degree at the genus and species levels with all
major coral provinces and subprovinces of North America. It
has more species in common with nearby localities than with
more distant areas. The fauna provides a key correlation, here-
tofore lacking, between the western North American Permian
coral provinces, which demonstrates that even though faunas
at the ends of geographic ranges (Kansas and northern Califor-
nia, for example) may be radically different, they can be cor-
related through geographically intermediate faunas.

PALEOECOLOGY

Wilson (1991) described the Permian coral fauna from a sec-
tion in the northern Spring Mountains of western Clark County,
Nevada. Both that section and the Arrow Canyon Permian sec-
tion are in the Bird Spring Group. For the purposes of paleo-
ecology, the faunas of both sections are so similar that Wilson’s
(1991) conclusions are used here. The Permian part of the Bird
Spring Group in Arrow Canyon was deposited in clear, shallow,
warm marine water, of normal salinity, and with full access to
the open sea.

COLLECTIONS AND METHODS

Morphological terminology is from Hill (1981), with a few
additional terms that are in widespread use. Locality and type
numbers are from the Natural History Museum of Los Angeles
County, Invertebrate Paleontology Section (abbreviated LAC-
MIP). Locality descriptions are given in the appendix. The Uni-
versity of California Museum of Paleontology is abbreviated
UCMP. The term hypotype is used for a figured specimen of a
previously described or an unidentified species.

The major collection of corals used for this study is in LAC-
MIP. In addition, we examined the type specimens of Arrow
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Canyon corals deposited in UCMP by V. A. McCutcheon Lan-
genheim, but we have searched for her non-type collections
without success.

SYSTEMATIC PALEONTOLOGY

Phylum COELENTERATA Frey and Leuckart, 1847

Subphylum CNIDARIA Hatschek, 1888

Class ANTHOZOA Ehrenberg, 1834

Subclass RucosAa Milne Edwards and Haime, 1850
Order STAURNDA Verrill, 1865

Suborder CANINIINA Wang, 1950

Family CYATHOPSIDAE Dybowski, 1873
CANINIA? sp.
Figure 4.1

Documentation.—LACMIP hypotype 11431. One thin sec-
tion and two polished sections from one corallite from LACMIP
loc. 2548 were studied.

Discussion. —This taxon is based on an incomplete, abraded
corallite and is included only because solitary corals are so rare
in the section. The largest corallite diameter is 2.1 cm (dissepi-
mentarium removed before burial), there are 38 major septa
(no minors preserved), all greatly dilated in the cardinal quad-
rants, but less so in the counter quadrants. The cardinal septum
is short and in a closed cardinal fossula. Although the axis is
slightly crushed, there appears to have been no axial structure.

Suborder LITHOSTROTIONINA Spasskiy and Kachanov, 1971
Family DURHAMINIDAE Minato and Kato, 1965
Genus KLEOPATRINA McCutcheon and Wilson, 1963
KLEOPATRINA (KLEOPATRINA) FTATATEETA
(McCutcheon and Wilson, 1961)

Figure 4.2-4.5

Ptolemaia ftatateeta MCCUTCHEON AND WILSON, 1961, p. 1025, P1. 123,
figs. 1-6; WILSON AND LANGENHEIM, 1962, PL. 87, figs. 1, 2.

Kleopatrina ftatateeta (McCutcheon and Wilson). LANGENHEIM AND
LANGENHEIM, 1965, p. 238.

Kleopatrina (Kleopatrina) fiatateeta (McCutcheon and Wilson). WILSON,
1991, p. 733, figs. 5.1-5.2.

Documentation.— LACMIP hypotype 11432. Six thin sec-
tions and 67 polished sections from nine coralla from LACMIP
loc. 2548 were studied. In addition, UCMP paratypes 30268,
30269, 34599, and 34600, all from UCMP loc. B-6162 in Arrow
Canyon, were re-examined.

Discussion. — Wilson (1991) most recently discussed this spe-
cies and extended its geographic range to the Spring Mountains,
eastern Clark County, Nevada.

Some corallites of UCMP paratype 32068 have axial struc-
tures that are more complex than generally considered typical
for the species. Other corallites in the same corallum have the
typical simpler axial structure.

Family HERITSCHIOIDAE Sando, 1985
Genus PARAHERITSCHIOIDES Sando, 1985
PARAHERITSCHIOIDES STEVENSI (Wilson, 1982)
Figure 4.6, 4.7

Heritschioides stevensi WILSON, 1982, p. 45, figs. 27a-b.
Paraheritschioides stevensi (Wilson, 1982). STEVENS AND RYCERSKI, 1989,
p- 172.

—

FIGURE 4— I, Caninia (?) sp., LACMIP hypotype, 11431. 2-5, Kleopatrina ftatateeta (McCutcheon and Wilson). 2, 3, UCMP paratype 32068,
Arrow Canyon, transverse and longitudinal sections; 4, 5, LACMIP hypotype 11432, transverse and longitudinal sections. 6, 7, Paraheritschioides
stevensi (Wilson), LACMIP hypotype 11433, transverse and longitudinal sections. 8—-10, Heritschiella girtyi (Moore and Jeffords). 8, 9, LACMIP
hypotype 11434, Arrow Canyon, transverse section and ink-and-bleach tracing of it; /0, LACMIP hypotype 11435, Kansas, transverse section,

note short cardinal septum. All figures x 3.
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Documentation.—LACMIP hypotype 11433. Four thin sec-
tions and 67 polished sections from nine coralla from loc. 2548
were studied. Most of the corallites were slightly crushed so that
the axial structures could not be distinguished from broken
septal ends. Enough uncrushed corallites were present, however,
to permit specific identification.

Discussion. — The corallite diameters, numbers of septa, sim-
plicity of the axial structure, thinness of the structures, lengths
of minor septa, and other features of the Arrow Canyon spec-
imens are very close to the type specimens from the McCloud
Limestone of Northern California. In Arrow Canyon, P. stevensi
occurs in the same bed as Neomultithecopora mccutcheonae.
Both of these species are present in fusulinid zone F of the
McCloud Limestone, although the occurrences of N. mccutch-
eonae is stratigraphically above that of Paraheritschioides ste-
vensi in this area.

Langenheim (1964) and Langenheim and Langenheim (1965)
reported Durhamina cordillerensis (Easton, 1960) in unit 233
in Arrow Canyon. The specimens apparently are lost. Those
figured by Langenheim (1964, Pl. 2, figs. 4-5) have crushed axes
that greatly resemble crushing in our specimens of Paraherit-
schioides stevensi from uphill in unit 237. We found float spec-
imens of this species on top of unit 233 but no fasciculate corals
in place. Thus, we tentatively conclude that Durhamina cor-
dillerensis does not occur at Arrow Canyon and that the deter-
mination was based on float specimens of Paraheritschioides
stevensi from unit 237,

Family LITHOSTROTIONIDAE d’Orbigny, 1852
Subfamily THYSANOPHYLLINAE Hill, 1981
Genus STYLASTRAEA Lonsdale, 1845
STYLASTRAEA ROWETTI n. SP.

Figures 5.3-5.6, 6.1

Diagnosis.—Species of Stylastraea characterized by long, thin,
lath-like columella, some large lonsdaleoid dissepiments, and
few minor septa.

External description. —Corallum cerioid, hemispheroidal,
maximum observed diameter 30 cm; corallites to 20 cm di-
ameter, with steep, septa-lined walls and domed floors with
central lath-like columella.

Transverse section description. — Corallites polygonal, 5-7 sid-
ed, 6.5-7.0 mm wide at greatest diameter; septa of two orders,
14-20 each; major septa 3-4 mm long, extending into tabular-
ium 1-1.1.5 mm; minor septa about 1.0 mm long, absent from
many corallites or represented by septal spines, not crossing
dissepimentarium; axial structure generally simple lath-like
structure, 1.0-3.0 mm long, straight, generally thin, rarely with
one, very rarely with two, short, septal lamellae, some connected
to elongate counter septa, impersistent in many corallites; dis-
sepimentarium as much as 4 mm wide, more commonly 2 mm
wide, lonsdaleoid in parts of largest corallites; dissepiments her-
ringbone, pseudoherringbone, or lonsdaleoid; wall straight to
faintly sinuous, 0.1-0.2 mm wide.

Longitudinal section description. — Dissepimentarium 2.0-3.0
mm wide, of 1-3 ranks of moderately steeply dipping, different
size dissepiments (some highly inflated); tabulae/tabellae gently
sloping inward and upward to columella where present, straight
or domed elsewhere, many with downturned edges; columella
thin, sinuous, discontinuous in places.
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Collections. —LACMIP holotype 11436; paratypes 11437~
11440. Five thin sections and 104 polished sections from 11
coralla from LACMIP loc. 2548 were studied.

Discussion.—We have referred this species to Stylastraea in
spite of the fact that the axial structure of the holotype of the
type species, S. inconferta Lonsdale, 1845, from the Carbonif-
erous of the Ural Mountains, remains poorly known notwith-
standing the redescription and figures of Smith and Lang (1930,
p. 185, Pl. 7, figs. 9-13). The transverse sections show (Smith
and Lang, 1930, figs. 9-11) some kind of axial structure, perhaps
fairly complex, but the longitudinal sections suggest (Smith and
Lang, 1930, figs. 12, 13) a simpler and impersistent one. Until
the axial structure of the type species has been defined more
carefully, the genus will continue to be broadly interpreted to
include species with different kinds of axial structures, or even
lacking them.

Most corallites of S. rowetti have a long, straight, lath-like
columella, some with 1-2 extremely short septal lamellae. In
this character alone, it differs from the following species which
have no or extremely rare axial structures: S. toulai (Stucken-
berg, 1895) from the Upper Carboniferous and Lower Permian
of Timan, Spitsbergen, and the Canadian Arctic Archipelago
(Fedorowski, 1965, 1967; Birkenmajor and Fedorowski, 1980);
S. tenuiseptata Fedorowski, 1965, from the Lower Permian of
Spitsbergen; S. minima Fedoroski, 1967, from the Lower Per-
mian of Spitsbergen.

In corallite diameters and numbers of septa, S. rowetti resem-
bles the type species, S. inconferta Lonsdale, 1845, but S. rowetti
has more lonsdaleoid dissepiments in some corallites, far fewer
minor septa, and probably a less complex axial structure.

Stylastraea sp. of LeMone et al. (1976) from the Lower Perm-
ian Hueco Limestone of El Paso County, Texas, is somewhat
similar to S. rowetti, but the latter has much larger corallites
with axial structures; S. branisai Wilson, 1990, from the Lower
Permian Copacabana Limestone of Bolivia, has larger corallites,
somewhat fewer septa, and more variable corallites (many with
more lonsdaleoid dissepiments) than S. rowetti. Stylastraea was
cited, without description or figures, by Stevens and Rycerski
(1983) as occurring in the Permian of northern British Colum-
bia, the central Great Basin, and eastern California. It was listed
by Stevens et al. (1990) as present in the central Cordillera.
These citations need confirmation by descriptions, illustrations,
and locality records, but do suggest that the genus may even-
tually prove to be more widespread in western North America
than presently indicated by described or illustrated specimens.

Suborder LONSDALEININA Spasskiy, 1974
Family WAAGENOPHYLLIDAE Wang, 1950
Subfamily WAAGENOPHYLLINAE Wang, 1950
Genus HERITSCHIELLA Moore and Jeffords, 1956
HERITSCHIELLA GIRTYI (Moore and Jeffords, 1941)
Figures 4.8-4.10, 5.1, 5.2

Heritschia girtyi MOORE AND JEFFORDS, 1941, p. 98, Pl. 4, figs. 5-8, PL.
7, figs. 1, 2, PL. 8, fig. 5; SHIMER AND SHROCK, 1944, p. 87, Pl. 29,
figs. 12, 13.

H.[eritschiella) girtyi MOORE AND JEFFORDS, 1956, p. 310, fig. 210, 2a,
2b; HiLL, 1981, p. 412, fig. 272, 2a, 2b.

Documentation.— LACMIP hypotypes 11434-11435. Three
thin sections and 11 polished sections from three fragmentary
corallites from LACMIP locality 2548 were studied. These cor-

-

FIGURE 5—1, 2, Heritschiella girtyi (Moore and Jeffords), longitudinal sections, I/, LACMIP hypotype 11435, Kansas; 2, LACMIP hypotype
11434, Arrow Canyon. 3-6, Stylastraea rowetti n. sp., LACMIP holotype 11436. 3-5, transverse sections; 6, longitudinal section. All figures

x3.
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allites are in the same block as the holotype of Stylastrea rowetti
n. sp.

Discussion.—This monotypic genus (Hill, 1981), previously
unreported outside its type area in the Lower Permian (Wolf-
campian) Florence Limestone of Kansas, is the only known
endemic American waagenophyllid genus. Occurrence of this
coral in the Nevada Permian in rocks of approximately the same
age as those of the Kansan occurrence indicates that the species
had a continuous geographic range connecting the two areas
southward around the Permian transcontinental arch peninsula,
probably through northern Sonora seas. This coral is rare in
Arrow Canyon, but is locally abundant in Kansas.

Figures of this species from Kansas localities have not been
published other than those of Moore and Jeffords (194 1), which
have been refigured (see synonymy). A specimen from LACMIP
locality 894 in the Florence Limestone of Butler County, Kan-
sas, is shown (figures 4.10, 5.1) for further comparison.

One of the corallites from Arrow Canyon has a narrow pe-
ripheral section of lonsdaleoid dissepiments in one part of an
otherwise regular dissepimentarium. The Kansas specimens have
a few septa that do not reach the wall, but none with as many
as the Arrow Canyon corallite has been figured or seen by us.
Because the other Arrow Canyon corallites have regular dissepi-
mentaria identical to the Kansas specimens, we assume that the
lonsdaleoid section is not uncharacteristic of the species.

Subclass TABULATA Milne Edwards and Haime, 1850
Order AuLopPorIDA Sokolov, 1950
Superfamily SYRINGOPORICAE de Fromentel, 1861
Family MULTITHECOPORIDAE Sokolov, 1950
Genus NEOMULTITHECOPORA Lin, 1963
NEOMULTITHECOPORA MCCUTCHEONAE
(Wilson and Langenheim, 1962)

Figure 6.2, 6.3

Syringopora mccutcheonae WILSON AND LANGENHEIM, 1962, p. 515, PL.
89, figs. 11-13; LANGENHEIM AND LANGENHEIM, 1965, p. 236; WILSON,
1982, p. 83, figs. 48a-48b; WiLsON, 1991, p. 736, figs. 7.1-7.2.

Neomultithecopora C, Syringopora mccutcheonae SANDO, 1984, text-
fig. 2.

Documentation.—LACMIP hypotype 11441. Two thin sec-
tions and 54 polished sections from 7 coralla from LACMIP
loc. 2548 were studied.

Discussion. —This widespread species has been reported from
White Pine County (Egan Range), Clark County (Spring Moun-
tains, Arrow Canyon Range), all Nevada, and Shasta County
(Klamath Mountains), California. All occurrences are Lower
Permian, Zone of Pseudoschwagerina, and in the same strati-
graphic positions relative to other corals. It is an especially useful
index fossil because the connecting processes arranged in uni-
form levels makes it readily recognizable in the field.

Family GORSKYITIDAE Lin, 1963
Genus CORNWALLATIA Hoare, 1966
CORNWALLATIA TABULARIA (Hoare, 1964)
Figure 6.4, 6.5

Cornwallia tabularia HoARE, 1964, p. 502, P1. 77, figs. 3-9.
Cornwallatia tabularia (Hoare). HOARE, 1966, P1. 17, fig. 1 (upper part);
WILsoN, 1991, p. 739, figs. 8.2-8.4.

Documentation.— LACMIP hypotype 11442, Three thin sec-
tions and 28 polished sections from two coralla from LACMIP
loc. 2548 were studied.

Discussion.—This is the third locality from which Cornwal-
latia tabularia has been reported. Hoare (1964) described it from
the Sunflower Formation in Elko County, Nevada. Wilson (1991)
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reported it from the Bird Spring Group in the Spring Mountains,
western Clark County, Nevada. It also occurs in the Bird Spring
Group of the Providence Mountains, San Bernardino County,
California (LACMIP locality 1505).

Although only two coralla were collected in Arrow Canyon,
one is reasonably large (19 cm diameter), suggesting a long es-
tablished corallum.

We have followed Sando (1984) in recognizing Cornwallatia
as a valid genus rather than as junior synonym of Neosyringo-
pora as recommended by Hill (1981).

Genus NEOSYRINGOPORA Sokolov, 1955
NEOSYRINGOPORA MULTATTENUATA (McChesney, 1859)
Figure 6.6, 6.7

Syringopora multattenuata MCCHESNEY, 1859, p. 75; MCCHESNEY, 1867,
p. 2, PL. 2, fig. 4; McCuTtcHEON, 1961, p. 1014, PL. 121, figs. 1-8;
WiLsoN, 1982, p. 83, figs. 48e—48f, WiLsoN, 1991, p. 739, figs. 7.3—
7.5, 8.1.

Documentation.—LACMIP hypotype 11443 (LACMIP loc.
2544). Four thin sections and 44 polished sections from one
corallum from LACMIP loc. 2544 and four thin sections and
37 polished sections from one corallum from LACMIP loc.
12613 were studied.

Discussion. —This species was redescribed and neotypes des-
ignated by McCutcheon (1961), who noted its wide distribution
in the Upper Pennsylvanian (Missourian) to Lower Permian
(Wolfcampian) formations in the midwestern and western Unit-
ed States and Spitsbergen. Arrow Canyon is one of her western
United States localities, cited again by Langenheim and Lan-
genheim (1965) in the Bird Spring Formation there below the
occurrence of Neomultithecopora mccutcheonae, with Neosyrin-
gopora cf. N. multattenuata in the unit above N. mccutcheonae.
Wilson (1982) reported the species in the McCloud Limestone
fusulinid zone D, Wolfcampian, of Skinner and Wilde (1965),
also below N. mccutcheonae.

Neosyringopora centrocylindrica (Driscoll and Newton, 1969),
from the Demoinesian Tensleep Formation of Montana, also is
a hollow-tubed, dissepimented syringoporid that has not been
compared with N. multattenuata, although Sando (1984) listed
its characteristics and assigned it to his morphogroup Neosy-
ringopora B, cited by him as ranging from Upper Pennsylvanian
(Desmoinesian) through Lower Permian (Wolfcampian). Neo-
syringopora centrocylindrica has far fewer structures inside its
hollow tube than N. multattenuata and generally has only a
single rank of large dissepiments bordering the central tube,
whereas N. multattenuata commonly has tabulae inside the cen-
tral tube and more than one rank of dissepiments. Corallite
diameters of N. centrocylindrica are much greater (2.5-2.9 mm)
than those of N. multattenuata (2.0-2.2 mm).

Sando (1965) redescribed Syringopora occidentalis Meek
(1877), the holotype of which was collected from Morgan Peak
in the Wasatch Range of Utah and may be either from the upper
Weber Sandstone (Pennsylvanian) or the Park City Formation
(Permian). On the basis of the holotype being a poorly preserved
immature corallum, Sando (1965) suggested that the species be
considered a nomen dubium, although he pointed out that it
showed similarities to N. multattenuata, notably a hollow tube,
similar corallite diameter, and lack of spines. Perhaps it could
be considered a questionable junior synonym of N. multatten-
uata.

At Arrow Canyon, N. multattenuata has a wide stratigraphic
range for an upper Paleozoic coral, being round in several beds
from the Upper Pennsylvanian (Missourian) to the Lower Perm-
ian (Wolfcampian) (Langenheim and Langenheim, 1965; Fritz,
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FIGURE 6— I, Stylastraea rowetti n. sp., LACMIP holotype 11436, longitudinal section. 2, 3, Neomultithecopora mccutcheonae (Wilson and
Langenheim), LACMIP hypotype 11411. 2, transverse section; 3, longitudinal section. 4, 5, Cornwallatia tabularia (Hoare), LACMIP hypotype
11422. 4, transverse section; 5, longitudinal section. 6, 7, Neosyringopora multattenuata (McChesney), LACMIP hypotype 1143. 6, longitudinal
section; 7, transverse section. All figures x 3.

1980; Weibel, 1982; and Fritz et al., 1984). Langenheim (1964)
and Langenheim and Langenheim (1965) also noted a N. cf. V.
multattenuata in part of this sequence, a taxon characterized by
thinner walls and more vesicular dissepiments, but otherwise
very close to N. multattenuata. We have not recognized these
characters in the available specimens. We also have been unable
to confirm through collections that this taxon, as reported by
Langenheim and Langenheim (1965), occurs in unit 238, the
sandy unit overlying the unit with the larger coral fauna. In our
collections, Neomultithecopora mccutcheonae is the highest sy-
ringoporid coral in the section.

ACKNOWLEDGMENTS

We dedicate this paper to Virginia Amelia McCutcheon Lan-
genheim (1927-1989) for her original study of the Arrow Can-
yon Pennsylvanian and Permian paleontology and stratigraphy.
Her 1964 M.A. thesis described most of the coral fauna and
incorporated three of her previous publications based in part
on it (McCutcheon, 196 1; McCutcheon and Wilson, 1961, 1963).
Langenheim and Langenheim (1965) later cited her thesis fossil
identifications.

Numerous people generously assisted in various stages of the
field work. We are especially grateful to Larry Walters and Phil-



944

lip G. Owen. The manuscript was expertly reviewed by W. J.
Sando, C. H Stevens, and C. P. Weibel.

REFERENCES

BarosH, P. J. 1968. Correlation of Permian and Pennsylvanian sec-
tions between Egan Range and Spring Mountains, Nevada. U.S. Geo-
logical Survey Bulletin, 1254-1:1-8.

BisseLL, H. J. 1962. Pennsylvanian and Permian rocks of Cordilleran
area: Pennsylvanian System in the United States, a symposium.
American Association of Petroleum Geologists, Tulsa, Oklahoma,
188:263.

BIRKENMAJER, K., AND J. FEDOROWSKI. 1980. Corals of the Treske-
lodden Formation (Lower Permian) at Triasnuten, Hornsund, south
Spitsberger. Studia Geologica Plonica, 66(11):7-27.

CassITy, P. E., AND R. L. LANGENHEIM, JR. 1966. Pennsylvanian and
Permian fusulinids of the Bird Spring Group from Arrow Canyon,
Clark County, Nevada. Journal of Paleontology, 40:110-114.

DriscoLL, E. G., AND G. B. NEwTON. 1969. A new species of the coral
Syringopora from the Tensleep Formation (Pennsylvanian) of Mon-
tana. Journal of Paleontology, 43:531-534.

DyBowskl, W. N. 1873-1874. Monographie der Zoantharia sclerod-
ermata rugose aus der Silur-formation Estlands, Nord-Livlands und
der Insel Gotland. Archiv fur die Naturkunde Liv-, Ehst- und Kur-
lands, 5:415-532.

EastoN, W. H. 1960. Permian corals from Nevada and California.
Journal of Paleontology, 34:570-583.

EHRENBERG, C. G. 1834. Beitrage zur physiologischen Kenntnisse der
Corallenthiere im allgemeinen. Koenigliche Akademie der Wissen-
schaften in Berlin, Physikalisch-mathematische Klasse, Abhandlun-
gen (1832):225-380.

FEDOROWSKI, J. 1965. Lower Permian Tetracoralla of Hornsund,
Vestspitsbergen. Studia Geologica Polonica, 17:1-173.

1967. The Lower Permian Tetracoralla and Tabulata from Tes-
skelodden, Bestspitsbergen. Norsk Polarinstitut Skrifter, 142:1-44.
Frey, H., AnD C. G. F. R. LEUCKART. 1847. Beitrage zur Kenntniss
wirbelloser Thiere mit besonderer Berucksichtigung der Fauna des
Norddeutschen Meeres. Verlag von Friedrich Vieweg und Sohn,

Braunschweig, 170 p.

Fritz,J. L. 1980. Systematics, biostratigraphy, and paleoenvironment
of Desmoinesian, Missourian, and Virgilian syringoporoid corals of
the Bird Spring Group, Arrow Canyon. Unpubl. M.S. thesis, Uni-
versity of Illinois, Urbana, 299 p.

Fritz, J. L., C. P. WEIBEL, AND R. L. LANGENHEIM, JR. 1984. Bio-
stratigraphy of Pennsylvanian syringoporoid corals, Bird Spring Group,
Arrow Canyon Range, Clark County, Nevada. Geological Society of
America, Abstracts with Programs, 16(3):139.

FROMENTEL, E. DE. 1861. Introduction a I’etude des polypiers fossils.
F. Savy, Paris, 357 p.

HATscHEK, B. 1888-1891. Lehrbuch der Zoologie, eine morpholo-
gische Ubersicht des Thierreiches zur Einfuhrung in das Studium
dieser Wissenschaft. Gustav Fischer, Jena, 432 p.

Hir, D. 1981. Rugosa and Tabulata, p. 1-762. In R. C. Moore (ed.),
Treatise on Invertebrate Paleontology, Pt. F, Coelenterata. Geological
Society of America and University of Kansas Press, Lawrence.

HoARE, R. D. 1964. Permian corals from northern Nevada. Journal
of Paleontology, 38:496-504.

——. 1966. New name for Cornwallia Hoare, 1964, and a new species
of Bayhaium from northern Nevada. Journal of Paleontology, 40:
148-150.

LANGENHEIM, R. L., JR., AND WEBSTER, G. D. 1979. Road log—seventh
day, p. 61-72. In S. S. Beuss and R. R. Rawson (eds.), Carboniferous
Stratigraphy in the Grand Canyon County, Northern Arizona and
Southern Nevada. Field Trip 13, Ninth International Congress of
Carboniferous Stratigraphy and Geology, American Geological In-
stitute Selected Guidebook Series, 2.

LANGENHEIM, V. A. M. 1964. Pennsylvanian and Permian paleontol-
ogy and stratigraphy of Arrow Canyon, Arrow Canyon Range, Clark
County, Nevada. Unpubl. M.A. thesis, University of California,
Berkeley, 194 p.

——, AND R. L. LANGENHEIM, JR. 1965. The Bird Spring Group,
Chesterian through Wolfcampian, at Arrow Canyon, Arrow Canyon

JOURNAL OF PALEONTOLOGY, V. 67, NO. 6, 1993

Range, Clark County, Nevada. Transactions of the Illinois Academy
of Science, 58:225-240.

LeMONE, D. V., R. D. Simpson, anD C. H. STevens. 1976. The Sty-
lastraea- Lithostrotionella Lower Permian (Middle Wolfcamp) coral
zone in the Franklin Mountains, El Paso County, Texas, p. 77-82.
In D. V. Lemone and E. M. P. Lovejoy (eds.), El Paso Geological
Society Symposium on the Franklin Mountains, El Paso.

LN, PAo-Yu. 1963. Some Carboniferous and Permian Tabulata of
south China. Acta Palaeontologica Sinica, 11:579-596. '

LoNGWELL, C. R., AND C. R. DUNBAR. 1936. Problems of Pennsyl-
vanian Permian boundary in southern Nevada. American Association
of Petroleum Geologists, Bulletin, 20:1198-1207.

LonspALE, W. 1845, A description of some characteristic Palaeozoic
corals of Russia, p. 591-634. In R. 1. Murchison, E. de Verneuil, and
A. von Keyserling (eds.), The Geology of Russia and the Ural Moun-
tains, Volume 1, Geology. London.

MCCHESNEY, J. H. 1859. Descriptions of new species of fossils from
the Paleozoic rocks of the Western States. Extracts, Transactions,
Chicago Academy of Sciences, 1:1-76.

. 1867. Descriptions of fossils from Paleozoic rocks of the Western
States, with illustrations. Chicago Academy of Sciences, Transactions,
1:1-57.

McCutcHEON, V. A. 1961. Redescription of Syringopora multatten-
uata McChesney. Journal of Paleontology, 35:1014-1016.

——, AND E. C. WiLsON. 1961. Ptolemaia, a new colonial rugose coral
from the Lower Permian of eastern Nevada and western Russia. Jour-
nal of Paleontology, 35:1020-1028.

——, AND ——. 1963. Kleopatrina, new name for Ptolemaia Mc-
Cutcheon and Wilson. Journal of Paleontology, 37:299.

MEEx, F. B. 1877. Part 1, Paleontology. Report of the U.S. Geological
Exploration of the 40th Parallel, U.S. Engineer Department, 4:1-197.

MILNE EDWARDS, H., AND J. HAIME. 1850. A monography of the
British fossil corals, Part 1. Palacontographical Society, Monograph,
71 p.

MINATO, M., AND M. KAaTO. 1965. Durhaminidae (tetracoral). Journal
of the Faculty of Science of Hokkaido University, Series 4, 13:11-
86.

MOooRrE, R. C., AND R. M. JeErrorDs. 1951. New Permian corals from
Kansas, Oklahoma, and Texas. State Geological Survey of Kansas,
Bulletin, 38:65-120.

——, AND ——. 1956. Heritschiella Moore & Jeffords, nom. nov., p.
310. In R. C. Moore (ed.), Treatise on Invertebrate Paleontology, Pt.
F, Coelenterata. Geological Society of America and University of
Kansas Press, Lawrence.

ORBIGNY, A. D’. 1852. Cours elementaire de paleontologie et de geo-
logie stratigraphique v. 2(1). Victor Masson, Paris, 382 p.

RicH, M. 1961. Stratigraphic section and fusulinids of the Bird Spring
Formation near Lee Canyon, Clark County, Nevada. Journal of Pa-
leontology, 35:1159-1180.

SANDO, W. J. 1965. Revision of some Paleozoic coral species from
the western United States. U.S. Geological Survey Professional Paper,
503E:1-38.

1984. Biostratigraphic utility of upper Paleozoic syringoporoid

corals, Western Interior region, conterminous U.S.A. Palacontogra-

phica Americana, 54:453-458.

1985. Paraheritschioides, a new rugose coral genus from the
Upper Pennsylvanian of Idaho. Journal of Paleontology, 59:979-985.

SHIMER, H. W., AND R. R. SHROCK. 1944. Index Fossils of North
America. John Wiley & Sons, New York, 837 p.

SKINNER, J. W., AND G. L. WILDE. 1965. Permian biostratigraphy and
fusulinid faunas of the Shasta Lake area, northern California. Uni-
versity of Kansas Paleontological Contributions, Protozoa, Article
6:1-98.

SMITH, S., AND W. D. LANG. 1930. Descriptions of the type-specimens
of some Carboniferous corals of the genera ‘Diphyphyllum,” ‘Stylas-
traea,” Aulophyllum, and Chaetetes. Annals and Magazine of Natural
History, Series 10, 5:177-194

SokoLov, B. S. 1950. Sistematika i istoriya razvitiya paleozoyskikh
korallov Anthozoa Tabulata. Voprosy Paleontologii, Leningrad, 1:134—
210.

. 1955. Tabulyata paleozoya evropeyskoy chasti SSSR, Vvedenie.

Vsesoiuznyi Neftianoy Nauchno-issledovatel. Geologo-Razvedoch-

nyi Institut, Trudy, n.s., 85:1-527.




“a

"

WILSON AND LANGENHEIM —EARLY PERMIAN CORALS 945

Spasskiy, N. Y. 1974. Dialekticheskoe edinstvo prostranstvennovre-
mennykh zakonomernostey evolyutsii (na primere chetyrekhluch-
evyih korallov). Leningrad Gorynyi Institute, Zapiski, 67(2);127-135.

——, AND E. 1. KacHanov. 1971. Novye primitivnyr rannekamen-
nougolnye korally Altaya i Urala. Leningrad Gronyi Institut, 59:48-
64

STeVENS, C. H. 1977. Permian depositional provinces and tectonics,
western United States, p. 113-115. In J. H. Stewart et al. (eds.),
Paleozoic Paleogeography of the Western United States. Society of
Economic Paleontologists and Mineralogists, Los Angeles.

——, AND B. A. RYCERsKI. 1983. Permian colonial rugose corals in
the western Americas—aids in positioning of suspect terranes, p. 23—
36. In C. H. Stevens (ed.), Pre-Jurassic Rocks in Western North
American Suspect Terranes. Pacific Section, Society of Economic
Paleontologists and Mineralogists, Bakersfield.

——, AND ——. 1989. Early Permian colonial rugose corals from the
Stikine River area, British Columbia, Canada. Journal of Paleontol-
ogy, 63:158-181.

——, D. B. WAGNER, AND R. S. SumisoN. 1979. Permian fusulinid
biostratigraphy, central Cordilleran Geosyncline. Journal of Paleon-
tology 53:29-36.

—— T. E. YANCEY, AND R. A. HANGER. 1990. Significance of the
provincial signature of Early Permian faunas of the eastern Klamath
terrane. Geological Society of America, Special Paper, 255:201-218.

STUCKENBERG, A. 1895. Korallen und Bryozoen der Steinkohlenbla-
gerungen des Ural und des Timan. Geologischeski Komitet, Trudy,
10(3):1-244.

VERRILL, A. E. 1865. Classification of polyps. Essex Institute, Pro-
ceedings, 5:145-149.

WANG, H. C. 1950. A revision of the Zoantharia Rugose in the light
of their minute skeletal structures. Royal Society of London, Philo-
sophical Transactions, Series B, no. 611, 234:175-246.

WEBSTER, G. D., AND R. L. LANGENHEIM, JR. 1979. Stop descriptions—
seventh day, p. 73-78. In S. S. Beus and R. R. Rawson (eds.), Car-
boniferous Stratigraphy in the Grand Canyon County, Northern Ar-
izona and Southern Nevada. Field Trip 13, Ninth International Con-
gress of Carboniferous Stratigraphy and Geology, American Geological
Institute, Selected Guidebook Series, 2.

WEIBEL, C. P. 1982. Systematics, biostratigraphy, and paleoenviron-
ment of Morrowan and Atokan syringoporoid corals of the Bird Spring
Group, Arrow Canyon Range, Clark County, Nevada. Unpubl. M.S.
thesis, University of Illinois, Urbana, 286 p.

WELSH, J. E. 1959. Biostratigraphy of the Pennsylvanian and Permian
Systems in southern Nevada. Unpubl. Ph.D. thesis, University of
Utah, Salt Lake City, 320 p.

WiLson, E. C. 1982. Wolfcampian rugose and tabulate corals (Coe-
lenterata: Anthozoa) from the Lower Permian McCloud Limestone
of northern California. Contributions in Science, 337:1-90.

——. 1990. Permian corals of Bolivia. Journal of Paleontology, 64:
60-78.

——. 1991. Permian corals from the Spring Mountains, Nevada. Jour-
nal of Paleontology, 65:727-741.

——, AND R. L. LANGENHEIM, JR. 1962. Rugose and tabulate corals
from Permian rocks in the Ely quadrangle, White Pine County, Ne-
vada. Journal of Paleontology, 36:495-520.

ACCEPTED 29 JUNE 1992




