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A SILICIFIED MORROWAN BRACHIOPOD FAUNULE 
FROM THE BIRD SPRING FORMATION, 

SOUTHERN NEVADA 
N. GARY LANE 

University of California at Los Angeles 

ABSTRACT—Five species of brachiopods have been described from the lower Bird 
Spring Formation in Clark County, Nevada. One new genus, Anthracospirifer, is 
proposed for Lower Pennsylvanian spiriferids, as well as three new species, Anthra-
cospirifer birdspringensis, Spiriferellina lata and Orthotetes occidentalis. Relative 
abundances of brachial and pedicle valves of each species in two weighed blocks of 
limestone have been tabulated. 

SILICIFIED l a te Paleozoic brachiopods are 
of especial in teres t because they reveal 

diagnostic in ternal fea tures of the shell t h a t 
can be observed only with luck or tedious 
prepara t ion in unreplaced fossils. A small 
faunule of five brachiopod genera represent-
ing as m a n y superfamil ies is described be-
low, together with in format ion relat ing to 
the relat ive a b u n d a n c e of these fossils in 
l imestone mat r ix . A lower Pennsy lvan ian 
Morrowan age is assigned to the faunule , 
par t ly f rom considerat ion of f aunas s t ra t i -
graphical ly above and below in the Bird 
Spring Forma t ion and par t ly f rom compari -
son of t he faunu le with described species of 
Morrowan age in o ther areas . All five genera 
described here are repor ted in a faunal list 
for the Moleen Format ion , considered to be 
principally Morrowan by D o t t (1955). Di-
rectly below the brachiopod-bear ing bed 
discussed here there is a silicified bryozoan-
tr i lobite faunule to be described later . 

All types are deposi ted in the paleonto-
logic collection of t he Univers i ty of Cali-
fornia a t Los Angeles. Because brachial and 
pedicle valves are a lmost never found ar t icu-
lated in this faunule , cotypes consisting of a 
brachial and a pedicle valve are des ignated 
for new species described below. 

Takeo Susuki, cura tor in the U.C.L.A. 
Geology d e p a r t m e n t , is gra tefu l ly acknowl-
edged for p repara t ion of t he pho tographs 
and Mrs. Opal K u r t z for final d ra f t i ng of the 
tex t figures. 

Preservation.—The brachiopods described 
below were all obta ined f rom a single four-
inch-thick l imestone bed. T h e shells are dis-
t r ibu ted uni formly th rough the bed and are 

equal ly well silicified in all samples. F rom 
observat ions made dur ing etching it is ap-
pa ren t t h a t the brachiopods are a lmost uni-
versally preserved as single valves. Only a 
few ar t icu la ted specimens of Composita and 
one of Schizophoria have been obta ined. 
M a n y valves of Schizophoria seem to have 
been worn a t the postero-lateral margins, 
p resumably prior to e n t o m b m e n t in the sedi-
men t . Wh e th e r th is was caused by the 
brachiopods living in dense clusters and rub-
bing together or wear a f t e r dea th is not 
known. T h e possibility of selective t ranspor-
ta t ion of the valves of some or all of the 
brachiopods was considered bu t re jected. 

Two weighed blocks were separa te ly 
etched and specimens t abu la t ed . T h e results 
are shown on Table 1. In block A (1814 gr.) 
the undissolved residue remaining on a 120-
mesh screen weighed 150 grams, or 8.2 per-
cent of the original weight . In block B (2186 
gr.) similar residue weighed 159 g rams or 7.2 
percent of the weight of the block. In block 
A there was one identif iable valve for a lmost 
every gram of original sediment . F rom abou t 
8.5 pounds of l imestone over 2000 identifi-
able brachiopod valves were obta ined. Dis-
crepancies in number of brachial and pedicle 
valves of some of t he genera, especially 
Schizophoria, Anthracospirifer and Spiri-
ferellina, originally were t h o u g h t to be sig-
nif icant . In block A, which was etched first, 
there are conspicuously fewer large brachial 
valves of Schizophoria t h a n pedicle valves, 
bu t th is t rend was reversed when block B 
was e tched. Some of the difference in number 
of valves is undoub ted ly the result of differ-
ential b reakage of the delicate shells dur ing 
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TABLE 1—NUMBER OF BRACHIOPOD VALVES FROM 
TWO BLOCKS OF LIMESTONE. BROKEN SPECIMENS 
HAVING LESS THAN ONE HALF THE MEDIAN POS-
TERIOR REGION ARE NOT INCLUDED. FOR BLOCK B 
ONLY SPECIMENS RETAINED ON A 5-MESH SCREEN 

ARE TABULATED 

Block 
A 

Block 
B Total 

Schizophoria texana 
Brachial valves 
Pedicle valves 

481 
592 

243 
207 

724 
799 

Orthotetes occidental-is 
Brachial valves 
Pedicle valves 

26 
21 

24 
20 

50 
41 

A nthracospirifer 
birdspringensis 

Brachial valves 
Pedicle valves 

33 
18 

28 
21 

61 
39 

Spiriferellina lata 
Brachial valves 
Pedicle valves 

82 
38 

55 
52 

137 
90 

Composita ovata 
Brachial valves 
Pedicle valves 

53 
44 

38 
25 

91 
69 

Total 1397 712 2109 

washing and drying. Each of the five genera 
is represented by m a n y specimens ranging 
f rom spa t one or two mm. in greates t d imen-
sion to adu l t s two or more cm. wide. T h e 
largest specimen is a brachial valve of 
Orthotetes over five cm. long. T h e wide size 
range, high f requency of dissociated valves 
and presence of worn specimens of Schizo-
phoria p robably indicate slow sedimenta t ion 
with burial of shells t ak ing a relat ively long 
period of t ime, so t h a t all sizes of shells fell 
apa r t prior to burial . 

I t is interest ing to note t h a t the genera ob-
tained represent five superfamilies and t h a t 
one genus cemented directly by the pedicle 
valve, three genera have open de l thyr ia and 
one has a foramen. These facts, plus wha t 
mus t have been different a r r angemen t s of 
the lophophores and muscles internal ly, sug-
gest t h a t these genera found together here 
may have ad jus t ed to their env i ronment in 
slightly different ways—mode of food 
gathering, type of food utilized, d is t r ibut ion 
densi ty and mode of a t t a c h m e n t on the sea 
floor. T h e relat ive abundances are t hough t 
to be real and not due to later changes dur -

ing fossilization, a l though they probably do 
not represent absolute abundances dur ing 
life. T h e presence of one or two very abun-
d a n t forms with more sparsely represented 
b u t of ten highly diagnost ic species is typi-
cal of many level bo t tom mar ine benthonic 
communi t ies today (Thorson, 1957). 

T h e brachiopods in this faunule are selec-
tively pene t ra ted by boring organisms of 
some sort . T h e pene t r an t s have lef t lent icu-
lar openings in all b u t the smaller specimens 
of Orthothetes and in a few specimens, less 
t h an 5 percent , of the Schizophoria. None of 
the spiriferoid genera exhibits evidence of 
being pene t ra ted . Openings of th is sor t in 
la te Paleozoic shells have been given the 
generic name Seminolithes Hyde . M a n y of 
the Orthotetes shells show evidence of in te rna l 
repair of the shell, indicat ing t h a t t he pene-
t r a n t s were opera t ing dur ing life of t he ani-
mal. Other individuals have been bored f rom 
the inside of the valve ou tward and on the 
cardinal process, indicat ing t h a t p e n e t r a n t s 
did not care much whether the Orthotetes was 
dead or alive and probable utilized the shell 
for shelter . 

Other Fossils.—In addi t ion to the brachio-
pods, which are t he most a b u n d a n t and 
varied port ion of the faunule , scraps of o ther 
fossils have been obta ined, none preserved 
well enough for posit ive identif icat ion. T h e 
most common element is a small, th in-
shelled, extremely fragile myalinid pelecy-
pod with relat ively coarse growth lamellae 
t h a t become in te r rup ted on the posterior 
port ion of larger shells. T h e hinge and beak 
area has not been preserved on any speci-
men. A single large f r agmen t of an e longate 
smooth-shelled pelecypod, possibly Aviculo-
pinna, has been obtained, as well as por t ions 
of a columnella of a p resumably high-spired 
gas t ropod. T h e only o ther fossil is a small 
cylindrical rugose coral t h a t is clearly a 
lophophylloid. A dis t inct columnella is 
present , as well as s teeply sloping t abu lae 
and a deep calyx. There are 16 to 18 ma jo r 
septa in the m a t u r e port ion. T h e specimens 
are too f r a g m e n t a r y for generic ass ignment . 
No silicified microfossils were observed; the 
most common i tem seen under t he micro-
scope consists of small sickle-shaped pieces 
of silica t h a t are judged to be pa r t s of 
spiralia. 

Age.—A Morrowan age is pos tu la ted for 
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th is faunule , based on comparison of the 
f aunu le with described fossils and on s t ra t i -
graphic and paleontologic evidence within 
t he Bird Spring Fo rma t ion . Al though the 
section in which the faunule occurs is in ter-
rup t ed by a l luvium in the valley floor, Chae-
tetes and Middle Pennsy lvan ian fusul ines are 
found in s t ra t igraphica l ly higher beds on the 
west side of t he valley. T h e brachiopod 
f a u n a is cer ta inly older t h a n Middle Penn-
sylvanian (Desmoinesian) . At o ther locali-
t ies in Kyle Canyon an a b u n d a n t megafauna 
t h a t includes Antiquatonia, t rue Linoproduc-
tus, a large Anthracospirifer t h a t is consid-
ered to be A. occiduus, as well as a b u n d a n t 
Millerella, indicates a Pennsy lvan ian age for 
Bird Spring beds approx imate ly 100 feet 
above the base of the format ion , or 150 feet 
below the faunule being discussed. F a u n a s 
t h a t are judged La te Mississippian in nor th-
ern Clark C o u n t y and t h a t include Rhipi-
domella nevadensis, Archimedes, Diaphrag-
mus phillipsi and species of Flexaria have 
not been found as ye t in the Spring Moun-
tains. Consequent ly on evidence within t he 
format ion the faunu le is considered to be 
Morrowan. 

Morrowan fossils described by M a t h e r 
(1915) include forms similar to some of 
those described here. Schizophoria texana is 
a Morrowan species, p robably present in the 
type Morrowan and certainly in t he Marb le 
Falls Limestone. Schizophoria in t he basal 
Wells Fo rma t ion of southeas te rn Idaho is 
considered conspecific by Gir ty (1927) and 
lower Wells beds are generally assigned to 
the Morrowan . Unfo r tuna t e ly the s t ra t i -
graphic position of Orthotetes mutabilis G i r ty 
f rom the Wells is not known. T h e Morrow 
form referred to Orthotetes by M a t h e r is ex-
ternal ly similar to t he species described 
here. Spiriferids with b i furca t ing lateral 
costae are common in lower and middle 
Pennsylvanian rocks b u t their precursors in 
Mississippian s t r a t a commonly have simple 
lateral costae (Sadlick, 1960). 

Locality.—The locali ty (U.C.L.A. No. 
4414) f rom which the faunu le was obta ined 
is t he S W corner of S E | N E f Sec. 25, T . 19 
S, R. 58 E., Corn Creek Springs Quadrangle , 
Clark Coun ty , Nevada . T h e locality can be 
reached by an u n m a r k e d ranch road f rom 
N e v a d a S ta t e Highway 39 t h a t branches 
east f rom marked ranch road in nor th half of 

section 26. T h e bed crops ou t on a west-
facing dip slope forming the east bank of 
ma jo r nor th - t rend ing gully approximate ly 
200 ya rds ups t r eam f rom ca t t le pen and 
water t a n k along the road. T h e Mon te 
Cr i s to -Bi rd Spring con tac t is exposed in a 
small gully approx imate ly one qua r t e r mile 
east of the locality and 250 feet s t ra t igraphi -
cally below the brachiopod-bear ing bed. 

S Y S T E M A T I C P A L E O N T O L O G Y 
Fami ly SCHIZOPHORIIDAE Schuchert , 1929 

Genus SCHIZOPHORIA King, 1850 
SCHIZOPHORIA TEXANA G i r t y 

PI. 43, figs. 9 -19 
Schizophoria texana GIRTY, 1927, p. 432, pi. 27, 

figs. 1-8. 
Schizophoria resupinoides (Cox) MATHER, 1915, 

p. 145, pi. 8, figs. 6,7 (not 8). 

Description.—Small- to medium-sized 
shells, unequal ly biconvex in side view. 
Pedicle valve gent ly convex, max imum 
wid th anter ior to midlength ; lateral margins 
more s t rongly convex anter iorly, anter ior 
margin slightly emarg ina te ; beak small, 
acu te ; sulcus broad, shallow, evenly con-
cave, in i t ia ted a t abou t midlength of a ma-
tu re shell, absen t in small valves; in te rarea a 
l i t t le more t h an half t he max imum width of 
valve, a lmost twice as wide as high, inclined 
a t abou t 45 degrees to t he plane of commis-
sure, flattened next to hinge and becoming 
gent ly concave under the beak, de l thyr ium 
open, t r iangular , a lmost as wide as high. 
Brachial valve more s t rongly convex t h a n 
pedicle valve, evenly convex longitudinally, 
grea tes t t ransverse convexi ty near mid-
wid th ; lateral margins evenly rounded, an-
terior slightly emarg ina te ; fold indist in-
guishable, b u t growth lines a t anter ior edge 
of m a t u r e shells gent ly s inuous across dor-
sum; beak small, inconspicuous; in te rarea 
low, a b o u t six t imes as wide as high, noto-
t h y r i u m as wide as high. Both valves orna-
mented with very fine, even radial costellae, 
growth lines widely spaced, more p rominen t 
on pedicle valve. 

Pedicle interior with long, narrow, deeply 
recessed muscle scars bounded a t postero-
lateral margins by s tou t shor t denta l plates 
decending f rom the hinge tee th . In ma tu re 
shells the antero- la tera l margins of the mus-
cle scars are bounded by a low, rounded 
ridge cont inuing f rom the denta l plates, t h a t 
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may or may not be cont inuous a round the 
anter ior edge of the scars. The muscle scars 
are separa ted by a conspicuous median 
ridge t ha t is rounded above, low posteriorly, 
and rises anteriorly, t e rmina t ing ab rup t ly in 
a t r iangular facet t h a t faces antero-vent ra l ly 
and forms the median anter ior bounda ry of 
the scars. In some specimens a fa in t groove 
continues anter iorly f rom the anter ior 
te rminus of the median ridge. Brachial in-
terior with small slightly elongate cardinal 
process s i tua ted in the apex of the noto-
thyr ium. T h e process is elongate dorso-ven-
tral ly and narrow transversely. In some spe-
cimens two small accessory lobes are de-
veloped a t ei ther side of the more prominent 
median lobe of the process. Crural plates di-
verging, reaching floor of the valve and 
bounding the posterior half of the oval mus-
cle scar area. Sockets deep, narrow, bounded 
dorsally and ventra l ly by small t ransverse 
plates. Muscle scars indist inct , a low 
rounded median ridge separa t ing r ight and 
lef t halves of the field. 

Young or worn shells of both valves are 
evenly convex in top or bo t tom view and do 
not show a sulcus in the pedicle valve or an 
emargina te anter ior . T h e vent ra l muscle 
scar field is much less s t rongly impressed in 
young shells and the vent ra l in terarea is 
relat ively higher and narrower t han in ma-
ture valves. 

Remarks.—These specimens assigned to 
Schizophoria texana agree very closely with 
Gi r ty ' s original i l lustrat ions and his descrip-
tion of the internal fea tures t h a t were not 
i l lustrated. A Permian species, Orthotichia 
heuconiana (Gir ty) , recently i l lustrated by 
Stehli (1954) is similar in size and external 
appearance to S. texana, bu t has somewhat 
more strongly developed denta l plates and 
median ridge in the pedicle valve. In our 
specimens the prominence of these plates is 
dependent on the size of the shell. Larger, 
presumably older pedicle valves have a more 
prominent ridge and denta l plates t han 
smaller valves. T h e pedicle valves described 
here have been compared with silicified De-
vonian Schizophoria in the U.C.L.A. collec-
tions and the degree of development of den-
tal plates and median ridge is essentially 
comparable . I t is doub t fu l whether the 
s t rength of development of the median 

ridge and denta l plates is sufficient for 
generic separat ion of Schizophoria and 
Orthotichia. 

M ath e r (1915) i l lustrates a Schizophoria 
f rom the Morrowan t h a t is considered to be 
conspecific with S. texana. Gi r ty (1927) indi-
cates t h a t S. texana is common in t he basal 
pa r t of the Wells Format ion , a l though the 
types are f rom the Marble Falls Limestone 
in Texas. Schizophoria texana is t he most 
a b u n d a n t fossil in the silicified faunule , 
shells of the species ou tnumber ing all o ther 
fossils combined. Large brachial valves are 
commonly fragile and easily broken. Speci-
mens of both valves with the postero-lateral 
margins worn away are fairly common. 

Material.—Illustrated specimens are 
U . C . L . A . N o s . 3 4 8 2 3 , 3 4 8 2 4 , a n d 3 4 8 2 5 f o r 
ped ic l e v a l v e s a n d 34826, 34827, a n d 3 4 8 2 8 
for brachial valves. Remainder of the speci-
mens are catalogued as No. 34836. 

Measurements.—Illustrated specimens 
have the following measurements in m m . : 
Nos . 34823 a n d 34824, r e s p e c t i v e l y , m a x i -
m u m width, 20.7, 23.1; max imum length, 
18.5, 21.8; thickness, 6.0, 7.0; width , in-
terarea, 11.6, 10.2; height, in terarea , 4.7, 
5.4; height, de l thyr ium, 3.2, 4.1; width, 
de l thyr ium, 3.0, 3.2; distance, beak to an-
terior end of median ridge, 9.6, 10.1; maxi-
m u m width muscle scar field, 6.5, 6.4. Nos. 
32826 a n d 32827, r e spec t i ve ly , m a x i m u m 
width, 17.1, 18.0; max imum length, 17.6, 
16.6; thickness, 9.0, 6.1; width, in terarea , 
9.6, 7.5; height, in terarea , 1.7, 2.1; width , 
no to thyr ium, 3.1, 1.9; height, no to thy r ium, 
2 .4 , 2 . 0 . 

M a x i m u m length and width of 25 brachial 
and 25 pedicle valves of S. texana a re p lot ted 
as Text-fig. 1. 

Family ORTHOTETIDAE McEwan , 1939 
Genus ORTHOTETES Fischer, 1850 

Discussion.—Since Sokolskaya 's (1954) 
recent redescription and i l lust ra t ion of 
Orthotetes radiata Fischer, the t y p e species of 
the genus, and p lacement of Derbyia Waa-
gen in synonymy with Orthotetes, there is 
need for careful considerat ion of these two 
genera. T h o m a s (1958) and Campbel l (1957) 
in te rpre t Orthotetes to have the following dis-
t inct ive characters based on descript ion and 
i l lustrat ion of Sokolskaya. T h e genus pre-
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sumab ly has a b i sep tum in the pedicle valve 
formed by fusion of the denta l plates and the 
spondyl ium is short , generally present only 
in you th fu l g rowth stages. In the brachial 
valve the cardinal process is low and broad, 
t he socket (crural of au thors ) plates are re-
curved toward the hingeline, socket ridges 
are absent , and the chilidium is divided. 

Specimens a t hand cont ras t in charac ter 
in t h a t the median sep tum is appa ren t ly in-
dependen t of t he denta l plates (insofar as 
th is can be de te rmined f rom silicified speci-
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TEXT-FIG. 1—Scatter diagrams of length and 
width, in mm., of 25 brachial and 25 pedicle 
valves of Schizophoria texana Girty. 
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TEXT-FIG. 2—Scatter diagrams of height and 
width of pseudodeltidium plotted against 
length of spondylium, in mm., of Orthotetes 
occidentalis, n. sp. 

mens) and the spondyl ium increases in 
length with growth of the shell (Text-fig. 2). 
In the brachial valve the cardinal process is 
long and markedly bifid in m a t u r e shells, al-
though it is low, relat ively broad and undi-
vided in young brachial valves; the socket 
plates diverge ou t on to the floor of the valve 
and are not recurved; dis t inct socket ridges 
are present ; and there is a divided chilidium. 
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These characters can be summed up to point 
to the fact t h a t the dorsal cardinal ium of the 
species described here is essentially derbyoid 
in na tu re and t h a t the pedicle valve is essen-
tially or thote to id except for the appa ren t 
un iseptum. T h e only genus thus far de-
scribed t h a t combines these fea tures is 
Orthotetella, a monotypic Permian genus 
known only f rom west Texas. Orthotetella 
differs f rom Orthotetes occidentalis, n. sp., in 
its cardinal process, more ex t ravagan t ly de-
veloped spondyl ium and very shor t median 
sep tum. A form like 0. occidentalis could be 
ancestral to Orthotetella. Genera Werriea 
Campbel l and Permorthotetes T h o m a s bo th 
have short spondylia and recurved dorsal 
socket plates and may be synonymous with 
Orthotetes, as noted by T h o m a s (1958, p. 20). 

I t is not entirely certain t h a t Orthotetes has 
a b iseptum, this in te rp re ta t ion of T h o m a s 
and Campbel l being based entirely on Sokol-
skaya ' s ra ther poor text figure. In view of 
uncer ta int ies regarding the relat ionship of 
Orthotetes and more recent ly named genera 
cited above, the species described below is 
allowed to remain in the former genus, 
recognizing t h a t it may have to be assigned 
to some other named or ye t unnamed genus 
in the fu tu re . 

Because Russian paleontologists now 
place Derbyia, probably unjus t i f iably , in 
synonymy with Orthotetes, there is serious 
need to examine carefully the in ternal fea-
tures of both valves of the m a n y species of 
Derbyia described f rom the Pennsylvanian 
and Permian of Nor th America. 

ORTHOTETES OCCIDENTALIS L a n e , n . s p . 
PI. 43, figs. 1 - 8 ; PI. 44, figs. 1-3,5,6,8,9 

Diagnosis.—Spondylium developed to a 
greater or lesser degree in all specimens. In-
terarea high, relat ively narrow, peridelt id-
ium wide, pseudodel t id ium with median 
convex port ion. 

Description.—Shell large, roughly dorsi-
convex, some pedicle valves slightly resu-
pinate . Pedicle valve subequal in length and 
width, surface irregularly planar , undu la t -
ing. In te rarea high, up to 2.5 cm., consider-
ably narrower than max imum width of 
valve, commonly dis tor ted or twis ted; 
pseudodel t idium high, narrow, modera te ly 
convex, with a narrow median port ion more 

s t rongly convex and dis t inct ly set off f rom 
lateral pa r t s ; sides of pseudodel t id ium form 
an angle of abou t 25 degrees. Per idel t idium 
wide, s t rongly and irregularly s t r ia te a t 
r ight angles to the hinge, somewha t ele-
va ted above lateral , nons t r ia te pa r t s of the 
area, edges form an angle of 80 to 100 de-
grees. Brachial valve regularly convex longi-
tudinal ly and t ransverse ly; hinge s t ra ight , 
relat ively short , lateral and an te r io r mar-
gins evenly rounded . 

Surface of both valves bears fine, even 
costellae t h a t are rounded above with 
s t ra igh t or slightly concave sides, 14 to 16 in 
5 mm., 15 mm. f rom the beak, decreasing 
only slightly in number to the an ter ior mar-
gin where 13 are present in 5 mm., 45 m m . 
f rom the beak. Costellae increase by in te r -
calation, are all of same size, equal in wid th 
to interspaces, and are crossed by fine, 
closely spaced, concentr ic growth lines and 
wide irregularly spaced lamellae. 

Inter ior of pedicle valve with a high 
median sep tum t h a t is th in anter ior ly an d 
thickened posteriorly, relat ively short , ex-
tending anter ior ly less t h an one th i rd t he 
length of a m a t u r e shell. Sep tum wedge-
shaped in side view, increasing in height 
gradual ly f rom the beak, reaching a maxi-
m u m height a b o u t three quar te r s of i ts 
length anter ior ly and then sloping sharp ly 
forward to the valve floor. Sep tum preserved 
as a bundle of high, very narrow, vert ical 
plates t h a t represent original calcite lami-
nae. Denta l tee th s tout , sub t r i angula r in 
cross-section, suppor ted by denta l ridges 
t h a t are thick, t ape r dorsally and join den ta l 
plates for some dis tance f rom the apex of t he 
del t id ium. Denta l plates thin , of var iable 
length, b u t th ickened apically in large speci-
mens, appa ren t ly par t ly enclosing sides and 
top of posterior port ion of the median sep-
t u m . Muscle scars fa int , suboval in outl ine, 
extending anter ior ly a shor t d is tance beyond 
anter ior end of sep tum, bounded postero-
lateral ly by a low rounded ridge. Brachial 
interior with a cardinal process t h a t ranges 
f rom a high, bifid t y p e to a broad, low, un-
divided process, suppor ted by widely di-
verging, relat ively shor t s tou t socket plates. 
Posteriorly the d iductor grooves of the 
process are s t rongly serrate , and a thin 
median ridge is present dorsally. Anter ior ly 
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t he process is smooth , w i thou t a median 
ridge, convex anter ior ly and s t rongly con-
cave t ransversely . Chil idium low, divided 
in to two small bulbous plates. Socket plates 
diverge a t an angle of a b o u t 90 degrees, 
bound the median-anter ior edge of t he 
socket and possess a d is t inct socket ridge 
t h a t is nar row in small specimens, becoming 
broader and higher in large individuals . T h e 
muscle scars a re fa int , inver ted hear t 
shaped, longi tudinal ly s tr iate , and divided 
by a low, gent ly convex median ridge. 

Remarks.—Placement of this species in 
genus Orthotetes is discussed above. Among 
some 50 silicified pedicle valves ranging in 
width f rom less t h a n 1 cm. to 5 or 6 cm. the 
median s e p t u m uni tes with den ta l ridges 
some dis tance f rom the apex, forming a more 
or less d is t inct spondyl ium. There is great 
var iabi l i ty in deve lopment of the spondyl-
ium h u t i t is present in all specimens. T h e 
longest chamber observed is 14 mm. long. 
Wi th increase in height of t he pseudodel t id-
ium the length of t he spondyl ium also in-
creases (Text-fig. 2), indicat ing t h a t the 
s t ruc tu re grew dur ing growth of the shell. 
T h e denta l ridges are dis t inct f rom the den-
tal plates in all s tages of growth, being 
thicker and set off f rom the denta l plates 
along their external sides by a dis t inct ridge. 
Concerning the n a t u r e of t he s ep tum the 
following points a re advanced t h a t seem to 
indicate t he s ep tum is separa te in origin 
f rom the denta l plates. In large shells t he 
ent ire s ep tum is seen to be composed of a 
series of thin vert ical plates. These are silici-
fied bu t are a lways present and seem to indi-
cate t h a t silicification has fa i th fu l ly repro-
duced the original calcite s t ruc tu re of t he 
sep tum. T h e bundle of plates composing the 
sep tum can be observed cont inuing pos-
teriorly th rough the p a r t of the s ep tum t h a t 
is uni ted with denta l plates. T h e septal 
plates t e rmin a t e vent ra l ly a t the base of the 
spondyl ium and there is no evidence t h a t 
they cont inue up in to the den ta l plates or 
are connected with those plates in a n y way. 
On the cont ra ry , the silicified denta l plates 
seem par t ly to sur round the bundle of septal 
plates as shown in Text-fig. 3. Al though all 
the valves are dissociated in t he sample, t he 
var iabi l i ty of height and wid th of the car-
dinal process is judged to be par t ly a func-

TEXT-FIG. 3—Cross-sections of two spondylia of 
0. occidentalis, n. sp., showing distribution of 
silica replacing original calcite shell, X5.5. 

t ion of re la t ive length of the spondyl ium be-
cause it seems there would be difficulty in 
opening the valves if a high narrow process 
developed in an individual t h a t also had a 
long spondyl ium. 

Orthotetes occidentalis differs f rom most 
described Orthotetes in t he height of the in-
terarea , the wide per idel t idium and median 
convex pa r t of t he pseudodel t id ium. Among 
described species there is no d o u b t t h a t 0 . 
mutabilis Gi r ty is most similar to 0. occiden-
talis. T h e former species differs in having a 
groove r a the r t h an a ridge down the pseudo-
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TABLE 2—MEASUREMENTS OF 
Orthotetes occidentalis, N. siJ. 

Pedicle Valve 

Width, 
interarea 

Height, 
interarea 

Width, 
peri-

deltidium 

Distance 
between 

hinge 
teeth 

29.6 
35.0 
23.1 
30.8 
14.2 
11.0 

16.8 
15.8 
10.5 
14.7 
7.8 
3.6 

21.6 
20.5 
14.8 
21.0 

8.2 
7.3 

7.7 
7.8 
5.2 
7.4 
3.6 
3.6 

Brachial Valve 

Maximum 
length 

Maximum 
width 

Length, 
hinge to 
anterior 
margin 

Maximum 
thickness 

31.5 
32.5 
18.5 
46.9 
13.0 

39.2 
32.6* 
21.6 
54.3 
15.4 

28.9 
30.1 
18.1 
44.8 
12.8 

13.8 
11.4 
7.7 

13.7 
3.8 

* Estimated. 

delt idium, a long ra the r than a short median 
septum, and in the elongate na tu re of the 
pedicle valve. Unfo r tuna te ly the interior of 

Gi r ty ' s species has never been adequa te ly 
i l lustrated. I t is possible t h a t t he species de-
scribed as 0. robusta (Hall) by M a th e r 
(1915) f rom the Morrow may be close to 
occidentalis. T h e ass ignment of this Mor-
rowan form to robusta is probably incorrect 
and the specimens need res tudy. If Ameri-
can Mississippian species long assigned to 
Orthotetes belong in Werreia as Campbel l 
seems to indicate, then Orthotetes is largely 
restr icted to Pennsylvanian and Permian 
occurrences in Nor th America. T h e type 
species is Moscovian in age which accords 
well with representa t ion of the genus in the 
lower Pennsylvanian of western Nor th 
America. 

T h e species name is in allusion to i ts oc-
currence in western Uni ted Sta tes . 

Types.—U.C.L.A. specimen no. 34813, a 
brachial valve, and 34814, a pedicle valve, 
are designated cotypes. Specimens 34815 
and 34819, brachial and pedicle valves re-
spectively, are designated para types . 

Measurements.—Because the large th in 
shells of this species generally became brok-
en dur ing etching, length and wid th meas-
u rements of the pedicle valve could not be 
obta ined. Per t inen t measures t h a t could 
be recorded are given in Table 2 and Tex t -
fig. 2. 

EXPLANATION OF PLATE 43 

All figures X2 unless otherwise indicated. 
FIGS. 1-8—Orthotetes occidentalis Lane, n. sp. 1,5,6, posterior, internal, and external views of pedicle 

valve, cotype, U.C.L.A. 34814, XI; 2,3,7, internal views of three isolated spondylia, 
U.C.L.A. 34821, 34820 and 34822, respectively; 4, posterior view of pedicle valve showing 
median convex part of pseudodeltidium, paratype, U.C.L.A. 34819, XI; 8, side view of 
brachial valve, cotype, U.C.L.A. 34813, XI. 

9-19—Schizophoria texana Girty. 9,14,17, side, external and internal views of brachial valve, 
hypotype, U.C.L.A. 34827; 10, side view of a convex brachial valve, hypotype, U.C.L.A. 
34826; 11, external view of a small pedicle valve with worn shoulders, hypotype, U. C. L.A. 
34825; 12,19, side and internal views of a large pedicle valve, hypotype, U.C.L.A. 34824; 
13,16,18, side, external and internal views of pedicle valve, hypotype, U.C.L.A. 34823; 
15, internal view of brachial valve, hypotype, U.C.L.A. 34828. 
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