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Ranges and are conspecific wi th or closely re-
la ted to t axa res t r ic ted a t p resen t to the Pana -
man ian province : 

Glycymeris cf. G. gigantea (Reeve) , Spondylus 
sp., Eucrassatella (Hybolophus) subgibbosa 
( H a n n a ) , Liotia carinata Ca rpen t e r , Nerita sp., 
Trochita cf. T. trochiformis (Born) , Polinices 
uber (Valenciennes) , Pyrene sp., Oliva spicata 
(Roding) , Marginella cf. M. albuminosa Dall , 
and Conns sp. 

T h e presence of these t axa in the Cas ta i c 
F o r m a t i o n and their absence in corre la t ive 
s t r a t a of similar facies f u r t h e r n o r t h indica tes 
t h a t t he site of deposi t ion of t he Cas ta ic F o r m a -
tion was very nea r the n o r t h e r n l imit of the la te 
Miocene equ iva len t of t he P a n a m a n i a n province. 

T h e n o r t h e r n b o u n d a r y of the P a n a m a n i a n 
province is g rada t iona l . T h e same was p robab ly 
t rue in the la te Miocene, for the following taxa , 
charac ter i s t ic of t he P a n a m a n i a n province, 
occur in the Cas ta ic F o r m a t i o n b u t have also 
been repor ted f rom var ious locat ions f u r t h e r 
no r th in sou the rn and cent ra l Cal i fornia : 

Anadara sp., Miltha xantusi (Dall) , Dosinia 
sp., Turritella sp., Trochita sp., Ficus sp., and 
Oliva sp. 

In addi t ion , A d d i c o t t & Vedder (1963) and 
Hall (1964) h a v e listed several P a n a m a n i a n taxa 
f rom the San J o a q u i n Valley and f rom the San 
Luis Obispo region. 

In the t rans i t ional b o u n d a r y be tween the 
Recen t P a n a m a n i a n and Cal i fornian provinces, 
P a n a m a n i a n f a u n a is largely confined to e m b a y -
men t s and o the r p ro tec ted localities (Valent ine, 
1955). T h e equal a b u n d a n c e of t ropical t axa in 
bo th e m b a y m e n t and open-coas t se t t ings dur ing 

deposi t ion of the Cas ta ic F o r m a t i o n indicates 
t h a t the site of deposi t ion of t he Cas ta ic F o r m a -
tion was south of such a t rans i t ion t h a t m a y 
have existed in the la te Miocene. 

T h e re la t ive a b u n d a n c e of P a n a m a n i a n t axa in 
t h e Cas ta ic F o r m a t i o n compared to correla t ive 
s t r a t a to the n o r t h suggests t ha t , by analogy to 
p resen t f auna l provinces, t he site of deposi t ion of 
the Cas ta ic F o r m a t i o n would be equ iva len t to a 
p resen t site along the sou thwes t coast of B a j a 
California , and the average m i n i m u m (Februa ry ) 
surface t e m p e r a t u r e m u s t have been a b o u t 19° 
or 20°C. D u r h a m (1950, fig. 3) assigned a Febru -
ary t e m p e r a t u r e of a b o u t 18°C. to the l a t i t ude 
of the Cas ta ic F o r m a t i o n . Hall (1960, p. 288, 
and m a p 2) suggested t h a t the winter t empera -
t u r e a t t he site of deposi t ion of the Cas ta ic 
F o r m a t i o n was the same or sl ightly warmer t han 
in the San Luis Obispo region, where the winter 
sur face t e m p e r a t u r e was a b o u t 18°C. 

T h e similari t ies be tween the f aunas of t he 
Cas ta ic and Imper ia l fo rma t ions reflect their 
common locat ion wi th in the tropical molluscan 
province. Even though the Imper ia l Fo rma t i o n 
m a y be Pliocene, it would have conta ined a 
t ropical f a u n a in spi te of t he progressive cooling 
t rend d o c u m e n t e d by D u r h a m (1950) because of 
i ts p ro tec ted posit ion a t t he head of the Gulf of 
Cal i fornia . On the o the r hand , the lack of tropi-
cal fo rms in the Elsmere C a n y o n f a u n a m a y be 
the resul t of the cooling t rend and thus confirm 
t h a t t he Elsmere C a n y o n f a u n a is younger t h a n 
the f a u n a of the Cas ta ic F o r m a t i o n . However , 
t he degree of shel ter ing f rom the open ocean of 
the Cas ta ic and Elsmere C a n y o n deposi t ional 
sites m u s t be considered in detai l in tes t ing th is 

E X P L A N A T I O N OF P L A T E 6 

F I G S . 1,2—Pitar (Lamelliconcha) sp., X1.5, CIT locality 1663; 1, left valve; 2, right valve, hinge fractured so 
that anterior part is pushed back and under posterior part. 

3,4—Sanguinolaria cf. S. nuttallii Conrad, X2, C l T locality 2093; 3, exterior of right valve; 4, interior of 
same specimen, anterior cardinal broken. 

5—Psammotreta (Florimetis) biangulata (Carpenter), X1.5, CIT locality 2093; incomplete right hinge. 
6,7—Macoma? sp., X I , CIT locality 277; 6, exterior of single valve; 7, interior view of articulated but 

opened valves. 
8,9—Periploma cf. P. discus Stearns, CIT locality 1671; 8, X I , left view of interior mold; 9, X2, dorsal 

view of same specimen. 
10-12—Astraea cf. A. (Pomaulax) gradata Grant & Gale; 10,11, XI , CIT locality 2077, lateral and ventral 

views of same specimen; 12, X2, CIT locality 2069, exterior of operculum. 
13,14—Nerita sp., X1.5, CIT locality 2072; lateral and oblique views of same specimen. 
15,16—Liotia carinata Carpenter, X3, CIT locality 1663; lateral and ventral views of same specimen. 
17—Bittium arnoldi Bartsch, X3, CIT locality 279. 
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hypothesis . T h e analysis of paleocl imate m u s t 
t ake into account the impor t ance of paleogeo-
graphy, as Add ico t t & Vedder (1963) have most 
recently pointed out . 

In the descr ipt ions t h a t follow, only l imited 
references are given. Original references are 
listed if they are used; the most recent reference 
is given t h a t t r ea t s the species in detai l or t h a t 
conta ins an exhaust ive s y n o n y m y . All localities 
are Cal ifornia Ins t i t u t e of Technology localities. 

Previously published references to the mega-
fauna of the Cas ta ic Fo rma t ion consist of shor t 
faunal lists by the following a u t h o r s : Dehl inger 
(1952), D u r h a m (1948), J a h n s (1940), Kew 
(1924), Oakesho t t (1958), Whi t e & Buff ington 
(1948), and Wr igh t (1948). 

The au tho r is indebted to H. A. Lowens tam 
for his helpful guidance dur ing this s tudy . L. G. 
Hertlein, A. M. Keen, and J . W. D u r h a m were 
most helpful th rough discussions with the 
au tho r and by placing a t his disposal for s tudy 
the collections under their supervision. Financial 
suppor t was furnished by the Na t iona l Science 
Foundat ion , the M a r a t h o n Oil C o m p a n y , and 
the California In s t i t u t e of Technology. R. V. 
Emmons , L. G. Hert lein, and H. A. Lowens t am 
have kindly reviewed the manusc r ip t . Th i s pub-
lication is Con t r ibu t ion No. 1291 of the Division 
of the Geological Sciences, Cal i fornia I n s t i t u t e of 
Technology, Pasadena , California. 

T A X O N O M I C N O T E S A N D D E S C R I P T I O N S 

P E L E C Y P O D A 

A N A D A R A a f f . A . ( A N A D A R A ) 
M O N T E R E Y A N A (Oslliont) 

PI. 5, fig. 1 
Area montereyana OSMONT, 1 9 0 5 , p. 9 6 , pi. 9 , fig. 5 . 
Anadara (Anadara) montereyana (Osmont), R E I N -

HART, 1 9 4 3 , p. 4 7 , pi. 10, figs. 1 , 3 , 4 , 9 . 

M o s t of the specimens are a r t i cu la ted . Sculp-
tu re consists of 30 to 34 radial ribs, in te rspaces 
flat, nar rower t h a n ribs, r ibs flat-topped or 
slightly rounded, wi th shallow median groove 
on largest specimen. Dimensions , in mm, of 
specimens complete enough to measure a re : 

Locality 1671 1626 

Length 80 30 30 30 17 42 34 40 30 47 
Height 50 18 20 20 12 34 22 30 22 34 
Diameter (single valves) 15 4 7 6 4 5 

T h e specimens differ f rom A. montereyana in 
having a slightly greater n u m b e r of ribs. T h e 
n u m b e r of ribs is 30 to 34 whereas t h a t of A. 
montereyana is 29 to 32. T h e specimens f rom Iocs. 
1624 and 1626 had been previously referred to A. 

osmonti and A. obispoana by J a h n s (1940, p. 
167). 

G L Y C Y M E R I S cf. G . G I G A N T E A (Reeve) 
PI. 5, figs. 2,3 

Glycymeris (Glycymeris) gigantea (Reeve), OLSSON, 
1961, p. 106, pi. 11, fig. 1. 

Mos t shells are a r t i cu la ted . Scu lp tu re is n o t 
preserved except for concentr ic g rowth lines; in-
ternal margins of valves are c renula te ; chevron 
grooves are poorly preserved; the t ee th are re-
s tr ic ted to the ends of the hinge by over lap of the 
cardinal a rea upon the cent ra l t ee th . T e e t h are 
boomerang shaped, lying near ly hor izonta l ly 
within the hinge. Dimensions, in mm, of two 
represen ta t ive specimens are : 

Length 70 95 
Height 75 95 
Diameter 25—(single valve) 60 
Shell thickness, approximate, 

in center of shell 5 7 

T h e specimens closely resemble G. gigantea in 
form, dent i t ion , and size. However , except for 
being somewha t larger, they also closely resem-
ble G. branneri. T h e specimens c a n n o t be ident i -
fied specifically because the scu lp ture is poorly 
preserved. G. branneri occurs in Oligocene and 
lower Miocene sed iments of cent ra l Cal i fornia . 
G. gigantea, a Recen t P a n a m a n i a n species, occurs 
in Pliocene and Pleistocene sed iments of B a j a 
Cal ifornia and the Gulf of Cal i fornia . G. branneri 
and G. gigantea differ only in size and p rominence 
of secondary r ibbing. These two species and the 
Casta ic form are represen ta t ives of a group of 
warm water g lycymerid ids t h a t occurred as far 
no r th as central Cal i fornia in the Oligocene and 
early Miocene and sou thern Cal i fornia in the 
la te Miocene b u t is now res t r ic ted to the Pana -
manian province. T h e specimens f rom the 
Cas ta ic Fo rma t ion are the first r epresen ta t ives 
of this g roup to be repor ted f rom upper Miocene 
or younger sed iments of coastal California. 

CRASSOSTREA TITAN ( C o n r a d ) 

Ostrea titan CONRAD, 1857a, p. 72, pi. 4, fig. 17; pi. 5, 
fig. 17a. 

T h e species var ies considerably in a b u n d a n c e 
and morphology f rom n o r t h to sou th wi th in the 
Cas ta ic Fo rma t ion . In the n o r t h e r n p a r t of the 
format ion , the species is more a b u n d a n t and 
individuals are much larger t h a n in the sou thern 
par t . T h e average d imensions of specimens f rom 
nor th of San Franc isqu i to C a n y o n a re : length 30 
cm., width 10 cm., and va lve th ickness 3 cm. T h e 
average d imensions of specimens f rom the 
sou thern p a r t of the fo rma t ion a re : length 15 
cm., width 8 cm., va lve th ickness 2 cm. Some 
valves f rom the sou thern p a r t bear th ree to five 
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i rregular , round-cres ted r ibs which m a y be dis-
con t inuous be tween laminae . R ibb ing is more 
p reva len t on le f t va lves and par t i cu la r ly on 
those t h a t are deeply cupped . R igh t va lves a re 
general ly f lat w i t h o u t r ibbing. 

T h e va lves of m o s t spec imens h a v e been 
bored. Clionid? borings a b o u t one m m . in d iame-
ter are more c o m m o n in the n o r t h e r n t h a n 
sou thern p a r t of the ou tc rop area. Larger bor-
ings, a b o u t one cm. in d i amete r and common ly 
conta in ing an unident i f ied boring pelecypod, are 
a b u n d a n t only in the n o r t h e r n p a r t of the ou t -
crop area. 

C. titan has been repor ted f rom middle a n d 
upper Miocene s t r a t a of cent ra l and sou the rn 
Cal i fornia . E a t o n , G r a n t , & Allen (1941) de-
scribe f rom Miocene s t r a t a of t he Cal iente 
Range a n u m b e r of new species and a new sub-
species of C. titan f rom mater ia l t h a t would have 
been grouped previously unde r C. titan. In addi-
t ion, th ree o ther var ie t ies or subspecies of C. 
titan have been described. In the Cas ta ic F o r m a -
tion, in s t r a t a t h a t are con temporaneous , mor-
phologic var iab i l i ty is so g rea t t ha t , according 
to the i l lus t ra t ions and descr ip t ions of t y p e speci-
mens, several of t he previously described species 
a n d subspecies could be identif ied a m o n g the 
Cas ta ic specimens. M o s t shells found in the 
no r the rn p a r t of t he fo rma t ion correspond to 
typica l C. titan; some th ick specimens could be 
classified as the species C. ligminuta. T h e largest 
specimens f rom the sou the rn p a r t of t he ou t c rop 
area of the Cas ta ic F o r m a t i o n are eight to ten 
inches long and t h u s would correspond to C. 
titan var . prior, which differs f rom C. titan only 
in being a b o u t half the size, and in being pre-
sumab ly ances t ra l to it . R ibbed spec imens differ 
f rom the species C. bourgeoisii, as described and 
i l lus t ra ted by Clark (1915, p. 447, pi. 43) and by 
Ea ton , Gran t , & Allen (1941, pi. 3, fig. 1) in 
lacking the e longate na r row l igamenta l pit . 
T h e y differ f rom the species C. cierboensis in hav-
ing ribs t h a t are n a r r o w r a t h e r t h a n b road and 
rounded . Ribbing, a long with decrease in size 
and abundance , p r e sumab ly reflects an envi ron-
m e n t to the sou theas t less hosp i tab le for the spe-
cies t h a n to the no r thwes t . T h e morphologic 
changes coincide wi th the change in envi ron-
m e n t f rom e m b a y m e n t in t h e n o r t h to open coast 
in the sou theas t . 

C H L A M Y S D I S C U S ( C o n r a d ) 

Pecten discus CONRAD, 1857b, p. 190, pi. 3, fig. 1; 
GRANT & GALE, 1 9 3 1 , p . 2 0 0 , p i . 4 , fig. 7. 

Clark (in Kew 1924, p. 68) identif ied Chlamys 
raymondi f rom the Cas ta i c F o r m a t i o n in the 
general a rea of iocs. 232 a n d 1670. Shells refer-
rable to C. raymondi have been found in th is 

s t u d y b u t appea r to be p a r t of a g rada t iona l se-
ries encompass ing bo th C. raymondi and C. discus 
and grouped mos t closely a round the typical C. 
discus. 

C H L A M Y S H O D G E I (Her t le in) 
PL 5, figs. 4,5 

Pecten (Chlamys) hodgei H E R T L E I N , 1 9 2 5 , p. 4 2 , pi. 4 , 
figs. 1,2. 

T w o a r t i cu la ted spec imens and a single r ight 
valve, all unworn , have been found in pebbly 
sands tone . T h e specimens agree with the original 
descr ip t ion of t he species. T h e r igh t va lves are 
o r n a m e n t e d wi th a b o u t 20 bifid r ibs; in te r spaces 
conta in a median riblet , and , in a few instances, 
one or twro t e r t i a ry r iblets . T h e left va lves bear 
a b o u t 22 flatly rounded ribs; in te rspaces conta in 
a med ian r ib le t one- th i rd to one - four th as wide 
as the p r i m a r y rib and in some in te rspaces ter-
t i a ry ribs lie a long the sides of the p r i m a r y ribs. 
T h e scu lp tu re of the r igh t va lve is var iab le . On 
one specimen all t he ribs are bifid; on ano the r , 
only a few are bifid; and on the th i rd , mos t r ibs 
are bifid b u t t he two p a r t s of t he r ibs a re n o t 
equal ly wide. Dimensions , in mm. , of the th ree 
specimens are 

Height 52 49 44 
Length 49 43 40 
Diameter 19 18 8 (single right valve) 

C H L A M Y S P A R M E L E E I (Dall) 
Pecten (Chlamys) parmeleei DALL, 1898, p. 708, pi. 37, 

figs. 14,14a; ARNOLD, 1906, p. 119, pi. 41, fig. 5. 

T h e specimens closely resemble the specimen 
f rom the Pliocene sed iments of Crescen t C i ty 
figured by Arnold (1906, pi. 41, fig. 5). T h e y 
differ f r om the ho lo type of C. parmeleei, which 
has relat ively nar rower a n d less p rominen t ly 
r ibbed p r i m a r y ribs. 

Chlamys parmeleei previously has been consid-
ered diagnost ic of t he Pliocene in sou the rn Cali-
fornia (Vedder, 1960, p. B327). These specimens 
represent a sl ightly earlier occurrence. 

H I N N I T E S M U L T I R U G O S U S v a r . 
C R A S S I P L I C A T U S (Gale) 

PI. 5, fig. 6 
Pecten (Chlamys) multirugosus var. crassiplicatus 

GALE, 1 9 2 8 , p . 9 3 . 

Scu lp tu re consists of more t h a n 17 p r imary 
ribs wi th well-developed secondary ribs occur-
ring singly or in pairs be tween the p r imary ribs. 
In a few in terspaces one or two t e r t i a ry r ibs are 
also present . 

T h e specimens resemble H. crassiplicatus more 
t h a n they resemble t h e Recen t specimens of H. 
multirugosus, which bear as m a n y as five secon-
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d a r y ribs be tween pairs of p r imary ribs. Unti l it is 
demons t r a t ed t h a t the Miocene to Recen t Hin-
nites of the Pacific Coas t may be p a r t of a single 
var iable group, it is useful to po in t o u t the 
sculptura l differences of Miocene specimens by 
use of the var ie ta l name . 

S P O N D Y L U S s p . 
PI. 5, fig. 8 

All specimens are f r a g m e n t a l ; only one is ar-
t iculated. 

Shell large, approx imate ly circular, thick, in-
equivalve. Sculp ture has been obscured by bor-
ing organisms. N a t u r e of ears inde te rminab le . 
T h e best preserved specimen, a r ight valve, had 
the following dimensions: height 150 mm. ; length 
150 mm. ; valve thickness a t center of valve, 25 
mm. ; Hinge dimensions: resilial p i t d e p t h 10 
mm. ; resilial pit width 11 mm. ; d is tance be tween 
centers of tee th 17 mm. ; hinge line width 65 mm. ; 
d is tance f rom hinge line to beak 60 mm. 

Shell micros t ruc ture can be recognized al-
though the shell is recrystall ized to coarse cal-
cite. T h e inner shell layer is composed of pr isms 
or iented normal to the shell surface; the middle 
layer is crossed lamellar and is the mos t poorly 
preserved of the three; the outer layer has an 
irregular foliated s t ruc tu re . T h e foliae extend 
obliquely ou t f rom the base of the layer in to flat 
spines, forming a rough squamose exterior . T h e 
outer shell layer is r iddled by borings a b o u t 
one-half to one mm. in d iamete r . Inner layers 
are also bored b u t to a lesser ex ten t . 

Because the scu lp ture is poorly preserved, the 
specimens canno t be identif ied specifically. 
Spondylus has been repor ted f rom s t r a t a of 
Eocene to Pliocene age in California . T h e genus 
occurred as far no r th as cent ra l Cal i fornia dur -
ing the Eocene epoch. I t has no t been repor ted 
f rom Oligocene s t r a t a . I t has been repor ted f rom 
the lower Miocene Vaqueros Fo rma t ion in the 
Transverse Ranges and Channe l Is lands of 
southern California, and as fa r no r th as Mon-
terey Coun ty . Ogle (1953, p. 28) repor ted a 
Spondylus f rom the basal s t r a t a of the upper 
Miocene and lower Pliocene Wi ldca t G r o u p in 
nor thern California. T h e specimen identified as 
Spondylus was examined and is, however, prob-
ably Chlamys parmeleei. Spondylus is common 
in the lower Pliocene Imper ia l Fo rma t ion of the 
Colorado Deser t of Cal ifornia . I t also occurs in 
Pleistocene and lower Pliocene s t r a t a of the Gulf 
of California. Along the west coast of B a j a 
California, the n o r t h e r n m o s t Pliocene occur-
rence of the genus is on Cedros Is land. T h e Re-
cent nor the rn l imit of d is t r ibut ion of t he genus 
on the Pacific Coas t is the Gulf of Cal i fornia . 
T h e Spondylus in the Cas ta ic Fo rma t ion is the 

only post-early Miocene occurrence of t he genus 
in the coastal s t r a t a of Cal i fornia and fits in to a 
cont inuous sou thward m o v e m e n t of the k n o w n 
nor the rn l imit of d i s t r ibu t ion of the genus f rom 
central Cal i fornia in the Eocene and early Mio-
cene to within the Gulf of Cal i fornia a t p resen t . 

P O D O D E S M U S c f . P . M A C R O S C H I S M A 
(Deshayes) 
P I . 5, fig. 7 

Pododesmus macroschisma (Deshayes), GRANT & 
GALE, 1931, p. 241, pi. 12, figs. 3,4a,4b. 

Shell large, thin, flat. N o hinge fea tu res pre-
served. Scu lp tu re of coarse uneven rad ia t ing 
ribs and p rominen t g rowth lines. Eve ry th i rd or 
fou r th rib several t imes the size of the smaller 
in te rvening ribs. In te r space wid th n o t cons tan t , 
a b o u t as wide as the a d j a c e n t ribs. T h e scu lp tu re 
differs f r om t h a t of P. macroschisma in being 
coarser wi th ribs larger, more widely spaced, and 
of two sizes. T h e scu lp ture is s imilar to t h a t of 
P. newcombei f rom the upper Oligocene of Van-
couver Is land. However , specimens of P. new-
combei are smaller, and the ribs, a l though of 
comparab le size and spacing, j udg ing f rom illus-
t ra t ions , are of un i fo rm size. 

T h e repor ted range of P. macroschisma is 
Pliocene to Recen t ; t h e Pliocene d i s t r ibu t ion is 
centra l and sou thern Cal i fornia . 

E U C R A S S A T E L L A ( H Y B O L O P H U S ) 
SUBGIBBOSA ( H a n n a ) 

PI. 5, figs. 9 -12 
Crassatellites subgibbosa HANNA, 1926, p. 463, pi. 28, 

figs. 1-4. 

Shell op i s thogyra te ; poster ior end t r u n c a t e d ; 
dorsal poster ior margin s t r a igh t to sl ightly con-
cave; inner shell marg in smooth . Scu lp tu re of 
rounded concentr ic ribs; lunule ovate , depressed 
b u t n o t deeply set; escutcheon broad , long, de-
pressed. Sides of cardinal t ee th grooved on well 
preserved specimens. Le f t va lve : two cardinals , a 
poster ior and an an te r ior la te ra l ; an ter ior cardi-
nal sloping forward , high; poster ior cardinal 
much smaller ; a low na r row ridge is on poster ior 
edge of t he resilifer; a posterior la tera l lies well 
back along the na r row extension of the hinge 
p la te ; a small reduced anter ior la tera l is s i tua ted 
on the ven t ra l edge of the anter ior end of the 
hinge plate. Righ t va lve : th ree cardinals , an an-
terior la tera l ; the an ter ior cardinal lies along the 
edge of the lunule; it is long, nar row, a n d low; the 
middle cardinal is much heavier and higher; the 
r ight poster ior cardinal is represented by a shor t 
spur b ranch ing f rom the middle cardinal a b o u t 
m idway f rom beak to hinge p la te edge and ex-
tending down and back to t h e edge of t he hinge 
plate. T h e r ight an ter ior la tera l is a small re-
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duced b u m p a t the an te r io r end of t he hinge 
plate . Dimensions , in mm. , of two r ep resen ta t ive 
specimens are 

Length 
Height 
Diameter 
Shell thickness 

60 
3 8 
28 

5 

5 5 
35 
2 3 

4 

Several p rob lems arise in de te rmin ing the 
un ique charac ter i s t ics of E. subgibbosa and in 
de t e rmin ing t h e re la t ionship of E. subgibbosa a n d 
o the r descr ibed la te Cenozoic species. When 
H a n n a descr ibed E. subgibbosa, he lacked good 
c o m p a r a t i v e mater ia l . Therefore , he different i -
a ted E. subgibbosa f r om E. gibbosa on the basis of 
i l lus t ra t ions of E. gibbosa by Reeve (1843, pi. 1, 
fig. 1) and by Nelson (1870, pi. 7, fig. 9). How-
ever, Spieker (1922, p. 129) refers Nelson ' s 
i l lus t ra t ion of E. gibbosa to E. nelsoni; conse-
quen t ly , E. subgibbosa and E. gibbosa were origi-
nal ly sepa ra ted only on the basis of t he figures 
by Reeve of t he exter iors of two lef t va lves of 
E. gibbosa. F r o m a s t u d y of specimens of E. 
gibbosa, of Reeve ' s i l lus t ra t ions of E. gibbosa, 
and of the holotype, p a r a t y p e , and o the r speci-
mens of E. subgibbosa, i t is ev iden t t h a t the two 
species are d is t inc t ly d i f ferent . 

T h e diagnost ic charac te r i s t ics of E. subgibbosa 
are difficult to de te rmine , however , for when 
H a n n a described the species, he i l lus t ra ted two 
specimens t h a t differ marked ly in shape. T h e 
holotype, his p la te 28, figures 3,4, has a concave 
poster ior dorsal marg in ; t he p a r a t y p e , his p la te 
28, figures 1,2, has a s t r a igh t poster ior dorsal 
margin . F u r t h e r m o r e , t he hinge of t he ho lo type 
is no t exposed, so t h a t the described hinge char -
acter is t ics are based on the p a r a t y p e . 

F r o m a s t u d y of the la te Cenozoic and Recen t 
species of Eucrassatella f r om western N o r t h 
America, th ree charac ter i s t ics a p p e a r to be of 
use in dis t inguishing the d i f ferent species. These 
charac ter i s t ics a re : lunule shape, shell shape, 
and posit ion of the r ight poster ior cardinal 
too th . E. subgibbosa is d is t inguished f rom E. 
gibbosa, E. digueti, and E. laronus by hav ing an 
o v a t e r a the r t h a n e longate lunule. E. gibbosa is 
d is t inguished f rom E. subgibbosa, E. digueti, and 
E. laronus by i ts ro s t r a t e shape and very con-
cave poster ior dorsal marg in . E. digueti is less 
ros t r a t e t h a n E. gibbosa b u t i ts shape is var iable , 
including forms, like the ho lo type of E. laronus, 
which are n o n r o s t r a t e wi th s t r a igh t dorsal pos-
terior margin . Assuming t h a t t he ho lo type and 
p a r a t y p e of E. subgibbosa a re conspecific on the 
basis of the d is t inc t ive lunule, the shape of the 
posterior margin in E. subgibbosa is var iable , as 
indicated by the ho lo type a n d p a r a t y p e . All the 
specimens f rom the Cas ta ic Fo rma t ion , however, 
resemble the p a r a t y p e in shape. 

T h e r ight poster ior cardinal too th in E. gib-
bosa is joined to the middle cardinal close to the 
beak and lies alongside the middle cardinal . In 
cont ras t , t he r ight poster ior cardinal in E. 
subgibbosa p ro jec t s as a spur f rom the middle of 
the middle cardinal . T h e posit ion of the r ight 
poster ior cardinal in E. digueti ranges f rom along-
side the middle cardinal as in E. gibbosa to being 
jo ined to the middle cardinal dorsal ly and then 
b ranch ing off as a spur similar to the spur in E. 
subgibbosa. P robab ly the spur- l ike too th in E. 
subgibbosa developed th rough an in t e rmed ia t e 
s tage like t h a t in E. digueti. 

Differences in the ex t en t of grooving on the 
sides of t he cardinal t ee th are present a m o n g 
specimens of each species. These differences are 
the resul t of bo th indiv idual var iabi l i ty f rom 
specimen to specimen and of obl i tera t ion of the 
grooving in less well preserved specimens. Well 
preserved specimens f rom t h e Cas ta ic F o r m a t i o n 
are grooved; specimens less well preserved (and 
the p a r a t y p e of E. subgibbosa) lack the grooves. 
Thus , grooving does no t appea r to be a diagnos-
tic charac te r . 

In s u m m a r y , on the basis of shell shape, lunule 
shape, and dent i t ion , the species E. gibbosa, E. 
digueti, and E. subgibbosa can be dis t inguished. 
E. gibbosa is d is t inct ively d i f fe rent in shape ; E. 
subgibbosa, in lunule shape and in den t i t ion . E. 
digueti has an i n t e rmed ia t e shape and den t i t ion ; 
b o t h charac te r s are less fixed t h a n in the o the r 
species, and the range of var iab i l i ty includes the 
ho lo type of E. laronus, which species has been 
p u t in to s y n o n y m y with E. digueti. T h e specimen 
of E. laronus i l lus t ra ted by D u r h a m (1950a, pi. 
16, figs. 8,14) f rom the Pleistocene of B a j a Cali-
fornia resembles E. subgibbosa more closely t h a n 
i t does E. digueti or the ho lo type of E. laronus. 
E. nelsoni, on the basis of t he i l lus t ra t ions by 
Nelson and by Spieker (1922, pi. 7, fig. 8), differs 
f r om E. subgibbosa in shape and in den t i t ion . I t is 
similar to E. digueti. 

PSEUDOCHAMA s p . 

A r ight va lve is a t t a c h e d to the r ight va lve of 
an a r t icu la ted Crassostrea titan. T h e va lve is 
e ight m m . in d iamete r , circular, bored and 
wea thered so t h a t in te rna l f ea tu res are no t pre-
served. 

T h i s is the earl iest repor ted occurrence of the 
genus f rom wes tern N o r t h Amer ica . P. exogyra, 
P. saavedrai and P. granti a re the only species of 
Pseudochama descr ibed as fossils f r om the west 
coast of N o r t h Amer ica . P. exogyra has been re-
por ted f rom Pleis tocene and uppe r Pliocene 
s t r a t a of V e n t u r a C o u n t y and of the sou thern 
Gulf of Cal i fornia ; P. saavedrai f r om the Pleisto-
cene of the Gulf of Cal i fornia ; and P. granti f rom 
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the Pleistocene of the Los Angeles Basin. T h e 
poor preservat ion of t he Cas ta ic F o r m a t i o n 
specimen preven t s compar ison with any of these 
species. 

T R A C H Y C A R D I U M c f . T . Q U A D R A G E N A R I U M 

(Conrad) 
Cardium quadragenarium CONRAD, 1837 , p. 2 3 0 , pi 

17, fig. 5. 
Laevicardium (Trachycardium) quadragenarium (Con-

r a d ) , GRANT & GALE, 1 9 3 1 , p . 3 0 6 , p i . 19, fig. 15. 

Ribs abou t 35, p rominent , wider t h a n in ter-
spaces; no sculpture seen on r ibs; all specimens 
badly weathered . Approx ima te dimensions, in 
mm., of specimens comple te enough to measure 
are : 
Length 25 23 25 35 75 
Height 25 22 25 35 ? 
Diameter (of single valve) 7 8 6 9 23 

T h e specimens are too f r a g m e n t a r y and poorly 
preserved to be identified specifically. T h e y 
resemble T. quadragenarium va r . fernandoense 
Arnold (1907, p. 535, pi. 48, figs. 2,2a,3) in t h a t 
they are smaller and have fewer ribs t h a n T. 
quadragenarium. 

T h e previously repor ted la te Miocene occur-
rences of T. quadragenarium have been in centra l 
California. T. quadragenarium var . fernandoense 
has been repor ted only f rom Pliocene sed iments 
of the Newhall and Los Angeles areas. W r i g h t 
(1948) repor ted the var ie ty f rom the Cas ta ic 
Forma t ion on the basis of some of the same ma-
terial used in this s tudy . 

P I T A R ( L A M E L L I C O N C H A ) s p . 
PI. 6, figs. 1,2 

A single a r t icu la ted specimen is in pebbly 
sandstone. A hole has been bored th rough the 
umbo of the left valve. A Crepidula adunca is a t -
tached to the lef t valve. Shell med ium size, 
e longate-ovate ; beak prosogyrous, sl ightly an-
terior of center ; marg ins rounded, smooth inter-
nally. Scu lp ture of coarse, i r regular , rounded , 
concentr ic ridges. Lef t va lve : th ree cardinal 
t ee th ; posterior cardinal long, thin, parallel to 
na r row n y m p h pla te ; middle cardinal shor t , 
heavy ; an ter ior cardinal short , th inner t h a n 
middle one. Anter ior la teral elongate, close to 
cardinals . R igh t va lve : a p rominen t e longate pos-
terior cardinal ; middle and anter ior cardinals 
close toge ther under beak, small ; deep anter ior 
socket with small laterals above and below. 
Lunule incised, slightly depressed; escutcheon 
no t defined. Dimensions, in mm., of a r t icu la ted 
individual are length 42, height 31, d iamete r 23. 

No comparab le forms have been described 
f rom the Cenozoic of western N o r t h America . 

A M I A N T I S S T A L D E R I (Clark) 
Pitaria stalderi CLARK, 1915, p. 468, pi. 53, figs. 5,6. 
Amiantis callosa (Conrad) variety stalderi (Clark), 

GRANT & GALE, 1931, p. 349, pi. 17, figs. 8a,8b. 

Amiantis stalderi has been dis t inguished f rom 
A. callosa p r imar i ly on shape differences; how-
ever, the den t i t ion differs sl ightly too. T h e 
n y m p h pla te of A. stalderi is na r rower , and the 
lef t an ter ior la teral is lower on the hinge p la te 
so t h a t a line pro jec ted back f rom along the 
lateral too th would in tersect the base of the 
cardinals r a the r t h a n the middle of t h e m as in A. 
callosa. T h e specimens f rom the Cas ta ic F o r m a -
tion correspond to A. stalderi in these hinge 
character is t ics . T h e y also closely resemble A. 
stalderi in shape , b u t the dis t inct ion between A. 
callosa and A. stalderi based on shape is no t clear. 
T h e anter ior dorsal margin in specimens of A. 
stalderi descends more a b r u p t l y so t h a t the beaks 
appea r to be higher and more cent ra l t h a n in 
specimens of A. callosa. However , in g rowth 
series of Recen t specimens of A. callosa, shape 
changes with size. As the shell becomes larger i t 
becomes less e longate and more circular, t he 
poster ior dorsal margin becomes more curved, 
and the anter ior dorsal margin descends more 
ab rup t ly . T h e specimens f rom the Cas ta ic For-
mat ion and A. stalderi fit wi th in this morpho-
logical range. In shape, the specimen of A. 
callosa i l lus t ra ted by Arnold (1907, p. 544, pi. 
49, fig. 2) is even f u r t h e r f rom the typical A. 
callosa t h a n is the typica l A. stalderi. Thus , if 
Arnold ' s specimen is an A. callosa, as G r a n t & 
Gale (1931, p. 348) and Keen & Ben t son (1944, 
p. 31) consider it to be, then A. stalderi fits well 
within the morphologic var iabi l i ty of A. callosa, 
and the dis t inct ion be tween the two species on 
the basis of shape is no t val id. If f u r t h e r s t u d y 
reveals t h a t hinge differences are no t significant , 
A. stalderi should be placed in s y n o n y m y under 
A. callosa. 

D O S I N I A s p . 
PI. 5, figs. 13,14 

Specimens are so f r a g m e n t a r y t h a t the shape 
is inde te rmina te . T h e hinges differ f r om those of 
the described species of western N o r t h Amer ica 
and are charac ter ized by the tee th being widely 
sp read : the lef t an te r io r card ina l is near ly 
parallel wi th the shell edge; t he left poster ior 
cardinal is s t r a igh t r a the r t h a n curv ing down to 
the edge of the hinge p la te ; t he r igh t an te r ior 
la tera l is set far ou t on the hinge. 

P S A M M O T R E T A ( F L O R I M E T I S ) 

KIANGULATA ( C a r p e n t e r ) 
P I . 6, fig. 5 

Tellina alta CONRAD, 1837, p. 258. 
Apolymetis biangulata (Carpenter), PALMER, 1958, p. 

107, pi. 14, fig. 5. 



MEGAFAUNA OF THE CASTAIC FORMATION 31 

Psammotreta (Florimetis) biangulata (Carpenter), 
K E E N , 1 9 6 2 , p . 178 . 

T h e specimens differ f rom Recen t specimens 
of P. biangulata in t h a t the hinge p la te is con-
siderably b roader and heavier . 

M A C O M A ( ? ) s p . 
PI. 6, fig. 6,7 

Th is species occurs widely t h r o u g h o u t the 
Cas ta ic Fo rma t ion , res t r ic ted to the m u d s t o n e 
facies. Only molds are found in wea thered out -
crops. Shell small, thin, equivalve, sl ightly in-
equi la teral , compressed, e longate-oval ; marg ins 
smooth ly rounded . Scu lp tu re of f a in t g rowth 
lines. La tera l t ee th a b s e n t or poorly developed, 
two small cardinal t ee th . Hinge line shor t . Aver-
age d imensions in m m . are length 15, height 10, 
d i ame te r 3. 

Den t i t ion and general shape are suggest ive of 
Macoma; however, hinge fea tu res are poorly pre-
served so the ident i f ica t ion is t en t a t i ve . 

S A N G U I N O L A R I A c f . S . N U T T A L L I I 
Conrad 

PI. 6, figs. 3, 4 
Sanguinolaria nuttallii CONRAD, 1 8 3 7 , p. 2 3 0 , pl. 17, 

fig. 6 ; GRANT & G A L E , 1 9 3 1 , p. 3 8 3 , pl. 20 , figs. 
15a,b. 

T h e an te r ior hinge p la te in the specimens f rom 
the Cas ta ic F o r m a t i o n is much b roader t h a n in 
S. nuttallii. Sanguinolaria alata Gabb , as de-
scribed and figured by Cla rk (1915, p. 476, pl. 61, 
fig. 14; pl. 62, fig. 5), differs f r om the spec imens 
in hav ing more p ronounced sculpture , a more 
p rominen t beak, and a larger n y m p h p la te with a 
longi tudinal groove on it. 

T h e range of S. nuttallii is la te Miocene to 
Recent . T h e species has been repor ted previously 
f rom upper Miocene sed imen t s only in the San 
Francisco Bay area. 

P E R I P L O M A cf. P . D I S C U S S t e a r n s 
PL. 6, figs. 8,9 

Periploma discus STEARNS, 1 8 9 0 , p. 2 2 2 , pl. 16, fig. 
1 , 2 ; K E E N , 1 9 5 8 , p . 2 2 8 , fig. 5 8 3 . 

Excep t for a small f r a g m e n t of one valve, all 
specimens are molds, most are a r t i cu la ted . 

T h e specimens closely resemble P. discus, 
which occurs presen t ly f r o m Mon te rey , Cali-
fornia , to El Sa lvador and which has been re-
por ted f rom Pliocene sed iments in Los Angeles. 
T h e shape of t he dorsal margin of the Cas ta ic 
F o r m a t i o n spec imens is the same as t h a t of P. 
discus and d i f fe rent f r om t h a t of any o the r de-
scribed species of Periploma f rom the west 
coast of N o r t h Amer ica . T h e specimens also are 
similar to P. discus in hav ing only a shor t bu t -
tress benea th and behind the chondrophore , in 
hav ing the beak posi t ion more centra l , and in 

being less inequiva lve t h a n o ther Pacific Coas t 
Periploma. T h e specimens differ f rom P. discus 
only in being oval r a t h e r t han near ly circular. 

B O R I N G P E L E C Y P O D S 

Boring pelecypods are found in oyster shells 
a t m a n y localities t h r o u g h o u t the Cas ta ic For-
mat ion , par t icu lar ly in the no r the rn p a r t of the 
ou tc rop area. T h e y are found mos t commonly in 
shells t h a t are broken and worn b u t also in thick 
ar t icu la ted shells. 

Shell elongate, inf lated, equivalve, thin, poorly 
preserved, imbedded in shells in very well ce-
mented pebbly sands tone ; length a b o u t 20 mm., 
height and d i ame te r a b o u t 8 m m . T h e borings 
are a b o u t 10 m m . in d iamete r . M o s t are lined 
with a var iable n u m b e r of ca rbona t e layers. T h e 
lining generally is no t of uni form thickness 
a round a boring. 

At loc. 2069, a rounded tuff pebble is p i t ted by 
several shallow borings a b o u t th ree mm. in 
d iamete r . T h e borings resemble those made by 
Recen t pholads. 

G A S T R O P O D A 

A S T R A E A c f . A . ( P O M A U L A X ) GRADATA 
G r a n t & Gale 

Pl. 6, figs. 10-12 
Astraea (Pomaulax) gradata GRANT & GALE, 1931, p. 

818-819, pl. 31, figs, la,lb,3a,3b,5,8,9. 

Shell med ium to large, conical, a b o u t six con-
vex whorls; apical angle 75-80 degrees. Per iph-
ery of body whorl is a noded undu la t ing car ina; 
scu lp tu re above the car ina consists of two rows 
of nodes which are similar in size to those of the 
car ina; the nodes on the upper row are elongate, 
less numerous , and sl ightly larger t han those on 
the lower row; the n u m b e r of nodes on the upper 
and lower rows of the body whorl are in the pro-
por t ion 14:19. Scu lp tu re on the base of the body 
whorl consists of a p rominen t noded spiral rib 
nex t to the car ina and a b o u t three finer unnoded 
ribs crossed by thread- l ike growth lines. The re is 
an a r cua t e depression on the p lanar outer sur-
face of the columella comparab le to t h a t in A. 
undosa. Ape r tu r e ova te ; opercula, found associ-
a ted with the specimens b u t no t in place, are 
ova te , nucleus submarg ina l near the lef t side of 
the th inner , more pointed end (viewing the in-
ter ior of the opercu lum with broad end down) ; 
the exterior of the opercu lum is granulose, wi th 
two broad low ridges and a small crescentic de-
pression. Granulose t ex tu re is most concen t ra ted 
in the slight depression. Dimensions, in mm. , of 
all the shells collected f rom several localities a re : 

Locality 2077 2069 1849 
Height 12 20 25 18 35 30 23 20 
Diameter 15 22 31 22 39 35 23 22 
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T h e specimens closely resemble A. gradata. 
T h e y differ f rom it, however, in the following 
respects : smaller, larger apical angle, more 
s trongly nodose car ina and outer basal rib, less 
angular whorl profile, and less s t rongly r ibbed 
operculum. Al though the opercula f rom the Cas-
taic Fo rma t ion were no t in place wi thin the 
shell aper tures , there is no o ther species found to 
which they can be referred (this is the same si tu-
at ion as for the operculum of A. gradata t h a t 
G r a n t & Gale described). T h e operculum of the 
Casta ic Fo rma t ion species is like t h a t of A. 
gradata in shape and position of the nuclear 
whorl. I t differs markedly , however, in hav ing 
fewer ridges which are low and broad r a t h e r 
t h a n high and sharply defined. 

A. gradata has been repor ted only f rom Plio-
cene sed iments of southern Cal i fornia . 

L I O T I A C A R I N A T A C a r p e n t e r 

PI. 6, figs. 15,16 
Liotia carinata Carpenter, STRONG, 1934, p. 440, pi. 28, 

figs. 1,2,3; pi. 31, figs. 1,2,3. 

Shell small, depressed, tu rb ina te , umbi l ica te ; 
whorls approx imate ly circular in cross-section. 
Sculp ture of beaded spiral r ibs and fine axial 
threads . T h e ten ribs on the p e n u l t i m a t e whorl 
are all of abou t equal width except t h a t the ribs 
a t t he base and top of the whorl are slightly 
larger. Two ribs lie along the side of the umbil i-
cus on the inner side of the basal rib. An angular 
umbilical cord as in Architectonica is no t present . 
T h e per iphery of the whorl is no t car ina te . In-
terspaces between ribs are slightly wider on the 
dorsal side of the whorl . T h e su tu re be tween 
body whorl and penu l t ima te whorl is a b o u t one-
thi rd of the whorl height above the base of the 
penu l t ima te whorl. T h e body whorl is missing— 
only a mold of p a r t of the dorsal exterior of it is 
present . Heigh t 4 mm., d i amete r 6 mm., d iame-
ter of last whorl 2 m m . T h e a p p r o x i m a t e height 
and d iamete r of the specimen, wi th body whorl 
present, were 5.5. mm. and 8 mm., respectively. 
Only one specimen has been found . 

This species, restr icted in the Recen t to the 
P a n a m a n i a n province, has no t previously been 
reported as a foss'l. 

N E R I T A s p . 

PI. 6, figs. 13,14 

Shell medium size, globose; spire very low, 
slightly crushed. Shell low, thick, body whorl 
rapidly expanding; ape r tu r e semicircular , b road 
callus deposi t on inner lip ex tends as shelf o u t 
into body whorl, callus th ickest a t poster ior 
corner of aper ture , no detail preserved on callus. 
Marg in of ou ter lip broken, so no detai ls pre-
served. Sculp ture of 15 to 20 coarse flatly 

rounded spiral ribs, na r row interspaces , coarse 
growth lines. Dimensions in m m : height 25, 
d iamete r 28. 

No pos t -Eocene occurrence of Nerita has been 
repor ted f rom the west coast of the Uni ted 
Sta tes . Judg ing f rom its low spire, the specimen 
is p robab ly in the subgenus Theoliostyla. I t is 
larger and has fewer spiral r ibs t h a n the Pleisto-
cene specimen of N. bernhardi f rom the Gulf of 
Cal ifornia i l lus t ra ted by D u r h a m (1950a, pi. 35, 
figs. 6,9). T h e specimen has a b o u t the same 
n u m b e r of ribs as the middle Pliocene Nerita sp. 
f rom the Gulf of Cal ifornia i l lus t ra ted by Dur -
h a m (1950, pi. 35, fig. 5); however , the r ib inter-
spaces are less deeply incised in the Cas ta ic speci-
men. T h e single specimen found p robab ly repre-
sents a new species b u t is no t well enough pre-
served to be described. 

This occurrence of Nerita is the only one re-
por ted f rom west N o r t h Amer ican sed iments 
younger t han Eocene and older t h a n middle 
Pliocene. 

T U R R I T E L L A C O O P E R I C a r p e n t e r 

PI. 7, figs. 1 - 5 
Turritella cooperi Carpenter, M E R R I A M , 1 9 4 1 , p. 117 , 

pi. 33, figs. 1-4. pi. 34, figs. 9,12-16; pi. 35, figs. 
14,15; PALMER, 1958, p. 168, pi. 20, fig. 7. 

T h e species is present t h r o u g h o u t t he ou tc rop 
area b u t is numerous only a t Iocs. 1625 and 
1849, in well-sorted, fine-grained sands tone . T h e 
specimens possess a su tura l secondary rib a t the 
base of the whorl which is similar to t h a t of T. 
margaritana. T h e y differ f rom T. mcirgaritana in 
having, in mos t specimens, only one secondary 
rib be tween the two p r imary ribs. 

T U R R I T E L L A a f f . T . F R E Y A N o m l a n d 

PI. 7, figs. 6,7 
Turritella freya NOMLAND, 1917, p. 312, pi. 19, fig. 2; 

M E R R I A M , 1 9 4 1 , p. 124 , pi. 3 7 , figs. 1 4 , 1 5 . 

M o s t specimens are f r a g m e n t a r y , consist ing 
of only several whorls. Scu lp tu re is var iable , 
possessing e lements of bo th T. freya and T. 
vanvlecki. On the basis of the median p r imary 
rib, the specimens belong in the T. broderipiana 
stock as described by M e r r i a m (1941, p. 50). 
T h e y are closely related to T. freya on the basis 
of the general p a t t e r n of scu lp ture . T h e y differ 
f rom T. freya, however , and resemble T. van-
vlecki in t h a t the basal r ib is n o t so well de-
veloped as in the T. freya, and a posterior 
quar te r - l ine secondary is p resen t on some of the 
specimens. T h e specimens are close to T. freya 
b u t are p robab ly t rans i t ional to T. vanvlecki. 

T. freya has been repor ted f rom upper Mio-
cene s t r a t a of cent ra l and sou the rn Cal i fornia . 
T. vanvlecki has been repor ted f rom Pliocene 
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s t r a t a of cen t ra l a n d s o u t h e r n Ca l i fo rn i a a n d 
B a j a Ca l i fo rn ia . A f o r m c o m p a r e d to T. van-
vlecki ha s been r e p o r t e d f r o m u p p e r Miocene 
s t r a t a of t h e San J o a q u i n Val ley . 

V E R M E T I D A E 

T w o f o r m s of i r regula r ly coiled g a s t r o p o d s a re 
p re sen t in t h e C a s t a i c F o r m a t i o n . I r r egu la r ly 
coiled t u b u l e s w i t h o u t s i d e d i a m e t e r of 1.5 m m . , 
ins ide d i a m e t e r of 1.2 m m . , nuc l eus a n d j uven i l e 
whor l s n o t exposed or p r e se rved : Iocs. 279, 2093, 
2085, 2105, 2099, 2081, 2088, all in t h e n o r t h e r n 
p a r t of t h e o u t c r o p a rea , in p e b b l y s a n d s t o n e . 
Masses of larger , re la t ive ly s t r a i g h t tubes . O u t -
side d i a m e t e r 4.7 m m . , ins ide d i a m e t e r 3.5 m m . 
E x t e r i o r t u b e su r f ace s m o o t h , u n s c u l p t u r e d : 
Iocs. 1663, 1670, in t h e s o u t h e r n p a r t of t h e ou t -
crop area , in p e b b l y s a n d s t o n e . 

P B I T T I U M A R N O L D I B a r t s c h 
Pl. 6, fig. 17 

Bittium arnoldi BARTSCH, 1 9 1 1 , p. 4 1 1 , pl. 56 , fig. 1. 

Shell smal l , t u r r e t e d , h igh-spi red , whor l profi le 
flatly convex, s u t u r e appressed , whor l s five, 
nuc leus whorls . A p e r t u r e oval , ma rg in s n o t 
p re se rved . S c u l p t u r e consis ts of f ou r s t rong 
spiral cords . One is j u s t below t h e su tu re , t w o 
a re close t o g e t h e r on t h e cen t e r of t h e whorl , a n d 
t h e f o u r t h is low on t h e whor l . O n t h e la rger 
whorls , s e c o n d a r y cords lie be tween t h e p r i m a -
ries a n d below t h e lowest p r i m a r y . A b o u t 20 axial 
r ibs a re p r e s e n t on t h e p e n u l t i m a t e whor l . T h e 
in te r sec t ion of t h e axial a n d spira l r idges f o r m s 
spiral ly e longa te nodes . H e i g h t 15 m m . , d i a m e -
ter 5.5 m m . 

T h e size a n d s c u l p t u r e of th i s ind iv idua l a re 
ve ry close to those of B. arnoldi. T h e spec imen 
c a n n o t be pos i t ive ly ident i f ied because t h e aper -
t u r e is poor ly p rese rved . 

T R O C H I T A cf. T . T R O C H I F O R M I S (Born) 
Pl. 7, fig. 8 

Trochita trochiformis (Born), WOODRING, 1 9 5 7 , p. 81 , 
pl. 19, figs. 11-14. 

Shell large, low-spi red . Apica l whor l s h a v e 
been infilled wi th shell depos i t so t h a t t h e l iving 
c h a m b e r cons is ted of I f whor ls . Su r f ace of shell 
bored so t h a t t h e s c u l p t u r e of coarse axial r ibs is 
largely d e s t r o y e d . Shell ma rg in c renu la t e . Di-
a m e t e r a b o u t 90 m m . , he igh t a b o u t 35 m m . A 
single spec imen was f o u n d . 

N o Trochita of s imilar size has been r e p o r t e d 
f r o m t h e Cenozoic or R e c e n t of t h e wes t N o r t h 
A m e r i c a n coas t . T h e la te Miocene f o r m s de-
scr ibed f r o m Ca l i fo rn ia a re m u c h smal le r . T h e 
d i a m e t e r of T. diabloensis is 55 m m . , t h a t of T. 
martini is 43 m m . T h e R e c e n t species occur r ing 

in t h e n o r t h e r n p a r t of t h e P a n a m a n i a n province , 
T. spicata, ha s a d i a m e t e r of a b o u t 60 m m . 

G r a n t & Ga le (1931) a n d W o o d r i n g (1957) 
place t h e T e r t i a r y species f r o m Ca l i fo rn ia i n to 
T. trochiformis. T h i s spec imen is c o m p a r e d to 
T. trochiformis b u t is m u c h larger t h a n a n y pre-
v ious ly descr ibed ind iv idua l of t h e species. 

N E V E R I T A R E C L U S I A N A (Deshayes ) 
Polinices (Neverita) reclusianus (Deshayes), GRANT & 

GALE, 1931, p. 800-803, text figures 13a,B,c. 

In t e r m s of t h e g roup ings of var ie t ies by 
G r a n t & Gale, mos t of t h e i nd iv idua l s f r o m t h e 
C a s t a i c F o r m a t i o n a re t h e v a r i e t y N. andersoni 
C l a r k ; t h e rest , t h e v a r i e t y N. reclnsiana s.s. 

F i c u s ( T R O P H O S Y C O N ) OCOYANA ( C o n r a d ) 
Pl. 7, figs. 9, 10 

Trophosycon nodiferum (Gabb), ENGLISH, 1914b, p. 
247, pl. 25, figs. 2,4. 

T h e r ange of morpho log ic va r i ab i l i t y is wide 
a m o n g t h e spec imens col lected. T h e spiral 
s c u l p t u r e on m o s t of t h e spec imens f r o m t h e 
C a s t a i c F o r m a t i o n is n o t d i f f e ren t i a t ed as 
s t rong ly as in t h e v a r i e t y F. ruginodosa G r a n t & 
Gale , nor a re t h e n o d e s t r ip le -pronged . T h e 
spec imens do n o t fit readi ly i n to t h e var ie t ies 
descr ibed by G r a n t & Gale (1931, p. 743-749) 
b u t r esemble more closely t h e spec imens f r o m 
E l s m e r e C a n y o n i l l u s t r a t ed by Engl i sh (1914). 
T h e y differ f r o m t h e v a r i e t y F. contignata G r a n t 
& Ga le in h a v i n g weaker a n d double , r a t h e r t h a n 
tr iple, nodes . T h e spec imens f r o m locali t ies 231 
a n d 1670 have ve ry low, a l m o s t flat, spires, rela-
t ive ly low r o u n d e d n o d e s on t h e whorl shoulder , 
a n d ve ry r educed nodes lower on t h e whorl . 
T h e y r ep re sen t ye t a n o t h e r morpho log ic v a r i a n t , 
b u t the i r exac t s h a p e c a n n o t be d e t e r m i n e d for 
t h e y h a v e been d e f o r m e d by bur ia l . 

A N O M A L O S I P H O s p . 
Pl. 7, figs. 11,12 

M o s t of t h e fossils a re i ncomple t e molds . 
Shell e longate , th in , of six whorls , spire high, 
apical angle 30 degrees. S u t u r e s appressed , 
whor l profile s m o o t h l y r o u n d e d . S c u l p t u r e of 
s h a r p n a r r o w spiral r idges s e p a r a t e d by b road 
shal low in t e r spaces several t imes as wide as t h e 
r idges. A b o u t 20 -25 r idges on b o d y whorl . N o 
axial s cu lp tu re . G r o w t h lines inconsp icuous ex-
cep t on t h e b o d y whorl . S c u l p t u r e ref lected 
s l ight ly on in te r io r of shell. A p e r t u r e e longate , 
oval , cana l shor t , co lumel la s t r a igh t , smoo th , 
wi th th in cal lus cover ing ; o u t e r lip s imple . 
D imens ions , in m m . , of five spec imens a re : 

Height 40 32 43 43 52 
Diameter 15 12 15 16 18 
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This species differs f rom the described west 
N o r t h Amer ican species of Anomalosipho in hav-
ing a higher spire. Colus riversi r epor ted f rom 
Pliocene sediments of the V e n t u r a basin, is 
larger and broader with a relat ively lower spire. 
The specimens f rom the Cas ta ic Fo rma t ion are 
very similar in shape to A. altus (Wood) , as illus-
t ra ted by H a r m e r (1914, p. 150, pi. 15, fig. 6) 
f rom the Pliocene of England . MacNei l (1957, 
pi. 12, figs. 2,3) has repor ted a similar fo rm f rom 
Pliocene sediments of nor the rn Alaska. 

C A X C E L L A R I A T R I T O N I D E A G a b b 
Cancellaria (Euclia) tritonidea GABB, 1 8 6 6 , p. 11, pi. 2 , 

fig. 18. 
Cancellaria tritonidea Gabb, ARNOLD, 1 9 1 0 , p. 3 1 , pi. 

26, fig. 10. 
Cancellaria tritonidea Gabb, ENGLISH, 1914a, p. 218, 

pi. 23, fig. 2. 

T h e specimens of C. tritonidea in the Cas ta ic 
Fo rma t ion can be subdivided into two morpho-
logic groups. All differ somewha t f rom the holo-
type of C. tritonidea, f rom the Pleistocene of San 
Pedro. T h e specimens of one group are like the 
specimen f rom the Pleistocene of San Pedro illus-
t ra ted by Arnold (1910, pi. 26, fig. 10). T h e y are 
lower spired than the holotype of C. tritonidea as 
i l lustrated by G a b b (1866, pi. 2, fig. 18) or t h e 
individual i l lustrated by Woodr ing et al. (1946, 
pi. 35, fig. 21) f rom the Pleistocene of San Pedro . 
T h e y are similar in shape to C. perrini Carson 
b u t have more p rominen t shoulders on the spire 
whorls. T h e specimens of the o ther g roup are 
like the specimen f rom the Pliocene s t r a t a of 
Elsmere Canyon i l lust ra ted by English (1914a, 
pi. 23, fig. 2). T h e y differ considerably f rom the 
holotype of C. tritonidea, f rom the o ther form of 
C. tritonidea f rom the Cas ta ic Fo rma t ion , or 
f rom the specimens i l lust ra ted by W7oodring et 
al. (1946, pi. 35, fig. 21) and by Arnold (1910, pi. 
26, fig. 10). T h e y have a higher, more slender 
spire and more s t rongly shouldered, angu la ted 
whorls. T h e y represent the ex t reme in whorl pro-
file angu la r i ty of the whole group of forms 
closely related to C. tritonidea. T h e only previ-
ously repor ted occurrence of this l a t t e r form is in 
the Pliocene s t r a t a of Elsmere Canyon . 

T h e low-spired fo rms have been found only a t 
loc. 1849. T h e higher spired fo rms have been 
found a t Iocs. 1849, 2069, 2090. 

OLIVA SPICATA ( R o d i n g ) 
PI. 7, fig. 13 

Oliva spicata (Bolten), DURHAM, 1950, p. 103, pi. 29, 
fig. 1. 

A single well-preserved specimen has been 
found. I t differs f rom 0. simondsi, found in the 
Briones Fo rm a t ion of the San Francisco Bay 
region, in being more slender with less promi-

n e n t shoulders and in hav ing m a n y more col-
umellar folds, all of a b o u t equal s t reng th . I t 
differs f rom bo th O. californica and O. futheyana, 
found in lower and middle Miocene s t r a t a of 
centra l and sou thern California , in being more 
slender and s t ra ight-s ided and in hav ing a 
higher spire and more numerous , un i fo rm plica-
tions. Oliva spicata and O. incrassata a re similar, 
and shells of i m m a t u r e individuals of the two 
species are difficult to dis t inguish. Ind iv idua ls of 
bo th species a t t a i n a size s o m e w h a t larger t h a n 
the Cas ta ic Fo rma t i o n specimen. Th i s specimen 
is referred to O. spicata because it lacks the much 
more angular shoulder re la t ively low on the 
body whorl character is t ic of O. incrassata. I t is 
indis t inguishable f rom specimens of 0. spicata 
f rom the Imperia l Fo rma t i o n ( H a n n a , 1926, p. 
452, pi. 21, figs. 4,5). 

T h e publ ished range of 0. spicata is Pliocene 
to Recent . T h e Pliocene d i s t r ibu t ion of t he spe-
cies was the Colorado Deser t of Cal ifornia , and 
the Gulf of Cal ifornia . 

M A R G I N E L L A cf. M . A L B U M I N O S A Dall 
PI. 7, figs. 14,15 

Marginella albuminosa Dall, K E E N , 1 9 5 8 , p. 4 3 3 , fig. 
668. 

Shell med ium size, subcyl indr ical , ovoid, 
thick, smooth ; spire very low. Apex of shell 
barely ex tends above broadly rounded shoulder 
of body whorl . Ou te r lip n o t preserved, inner lip 
incomplete , three heavy hor izonta l pl icat ions 
j u s t below the middle of the inner lip, more m a y 
have been present . Ape r tu re nar row, open an te r -
iorly, ex tending poster ior ly over shoulder to 
su ture . He igh t 25 mm., d i ame te r 19 m m . A sin-
gle, poorly preserved specimen has been found. 

T h e specimen closely resembles M. albuminosa 
in size and shape and in posit ion and size of the 
columellar folds. T h e spire is p robab ly lower 
t h a n in M. albuminosa, b u t this c a n n o t be de ter -
mined definitely because the specimen is 
c rushed . I t is larger and has a much lower spire 
t h a n M. sapotilla. 

Marginella albuminosa has been repor ted only 
f rom the Recen t of t he west coast of Mexico. 
Th i s specimen g rea t ly enlarges the known Ceno-
zoic d is t r ibut ion of marginel l ids in western 
N o r t h America , for previously repor ted occur-
rences are l imited to the Eocene of Cal i fornia , 
Oligocene of Wash ing ton , Pliocene of P a n a m a , 
and Pleistocene of P a n a m a , Mexico, and Cali-
fornia. 

C O N U S s p . 

A single specimen has been found . F e a t u r e s of 
spire, shoulder, su ture , and o r n a m e n t a t i o n are 
no t preserved. He igh t 100 mm. , d i ame te r 45 
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m m . This specimen is n o t e w o r t h y because large 
conids, res t r ic ted in the Recen t a long the west 
N o r t h Amer ican coas t to the P a n a m a n i a n Mol-
luscan province, are ra re in the T e r t i a r y s t r a t a 
of t he Cal i fornia Coas t Ranges . C. hayesi has 
been repor ted f rom middle Miocene s t r a t a of 
sou the rn Cal i fornia a n d the San J o a q u i n Val ley; 
C. beali, f r om Pliocene s t r a t a of sou the rn Cali-
fornia . Th i s specimen is too poorly preserved to 
be compared wi th t h e m except in s ize—it is 
much larger t h a n e i ther . T h e two Recen t species 
of comparab le size, C. regularis and C. fergusoni 
are also found in Pleis tocene and Pliocene sedi-
men t s along the Pacific Coas t of Mexico and in 
the Gulf of Cal i fornia e m b a y m e n t . 

A N T I P L A N E S s p . 
Pl. 7, fig. 16 

A single incomple te specimen has been found . 
I t is large, dextra l , fus i form, wi th very high 
spire; whorls a re only sl ightly convex. Shell 
smooth except for f a in t spiral s cu lp tu re and 
growth lines on body whorl . Spiral s cu lp tu re of 
fine impressed widely-spaced lines is poorly pre-
served. Anal fasciole nar row, rounded , very close 
to su ture . S u t u r e oppressed. O u t e r lip n o t pre-
served; inner lip smooth , s t r a igh t ; columella 
s t ra igh t . A p e r t u r e nar row, elongate , ex tend ing 
in to a long s t r a igh t canal . I ncomple t e he ight 47 
mm. , comple te height p robab ly n o t less t h a n 65 
m m . ; d i ame te r 15 m m . 

N o species f rom the Recen t or T e r t i a r y of 
western N o r t h Amer ica has been descr ibed 
which closely resembles this specimen. Anti-
planes litus resembles it closely in shape b u t is 
much smaller . A. major is s imilar in shape a n d 
size b u t is sinistral r a t h e r t h a n dext ra l . 

T h e specimen differs f r om these and o the r de-
scribed species in th ree d i s t inc t ive ways : T h e 
inner lip is long and s t r a igh t ; t he canal is rela-
t ively long and s t r a igh t ; t he out l ine of the an-
terior p a r t of t he body whorl is only very 
slightly concave. 

S U R C U L I T E S ( M E G A S U R C U L A ) R E M O N D I I 
(Gabb) 

?Metula remondii GABB, 1866, p. 3, pl. 1, fig. 5. 
Megasurcula remondii (Gabb), WEAVER, 1942, p. 528, 

pl. 98, fig. 6. 

T h e angu la r i ty of the shoulder and the promi-
nence of t he scu lp ture is var iab le in th is species. 
T h e specimens f rom the Cas ta i c F o r m a t i o n are 
like the specimens figured by G r a n t & Gale 
(1931, pl. 25, figs. 5,6) f r o m the lower Pl iocene 
s t r a t a of t he F e r n a n d o Pass area, Los Angeles 
C o u n t y . T h e l ec to type figured by S t e w a r t (1926, 
pl. 31, fig. 5) has more subdued , rounded 
shoulders. 

C L A V U S c f . C . ( C Y M A T O S Y R I N X ) 

HEMPHILLI ( S t e a r n s ) 

Pleurotoma (Drillia) hemphilli STEARNS, 1 8 7 3 , p. 8 0 , 
pl. 1, fig. 3 . 

Clavus (Cymatosyrinx) hemphilli (Stearns), GRANT & 
GALE, 1 9 3 1 , p . 5 7 7 , p l . 2 6 , fig. 8 . 

T h e single specimen found differs f rom C. 
hemphilli in lacking spiral scu lp tu re and in being 
larger. T h e height of the incomple te shell is 18 
m m . ; a b o u t 3 m m . of spire is missing. T h e d iame-
ter is 7 m m . T h e specimen is s imilar to C. john-
soni Arnold (1903, p. 206, pl. 8, fig. 17) b u t is 
smaller and has a less scu lp tu red su tu ra l band . 

T h e range of C. hemphilli is Pleis tocene and 
Recen t of sou thern Cal i fornia and B a j a Cali-
fornia . 

A C T E O N cf. A . B O U L D E R A N A E t h e r i n g t o n 
Pl. 7, fig. 17 

Acteon boulderana ETHERINGTON, 1 9 3 1 , p. 113 , pl. 14, 
fig. 9 ; K E E N , 1 9 4 3 , p . 4 2 , p l . 4 , fig. 2 2 . 

T h e specimen differs f r om A. boulderana as 
i l lus t ra ted by Keen (1943, pl. 4, fig. 22) in hav ing 
a more s t rongly developed columellar fold a n d a 
sl ightly lower spire. 

S C A P H O P O D A 

D E N T A I . I U M s p . 

Pl. 7, fig. 21 

Shell med ium size, s l ightly curved , shell ex-
t remi t ies no t p reserved; scu lp tu re of 12 rounded 
ribs, in te rspaces wider t h a n ribs, no finer ribs are 
in te rca la ted t owards the an te r io r end of the 
shell, t he 12 r ibs are s t rongly developed f rom 
one end of t he shell to the o the r . Leng th of 
shell a b o u t 30 m m . ; an te r ior d i ame te r 3 mm., 
poster ior d i ame te r a b o u t 1.5 mm. , wall thick-
ness a b o u t 0.3 m m . 

T h e scu lp tu re of th is species is d i f fe rent t h a n 
t h a t of a n y species previously descr ibed f rom 
the Cenozoic of wes tern N o r t h America . All 
those species descr ibed t h a t have a b o u t 12 r ibs 
have a var iab le n u m b e r f rom one end of the shell 
to the o ther , add ing new ribs be tween the old as 
t he shell becomes longer. 

B R A C H I O P O D A 

T E R E B R A T A L I A O C C I D E N T A L I S Dall 
Terebratalia occidentalis DALL, 1871, p. 183, pl. 1, fig. 

7 ; H E R T L E I N & GRANT, 1 9 4 4 , p . 127 . 

M o s t of t he specimens are a r t i cu la ted . All oc-
cur in coarse-grained to pebbly sands tone . T h e 
specimens f rom localities 1663 and 1670 are 
more s t rongly r ibbed ; those f rom localit ies 231 
and 233 are smoothe r and less b road . T h e r ange 
of var iab i l i ty includes f o r m s t h a t could be iden-
tified as T. occidentalis, T. obsoleta, T. arnoldi, 
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and Miogryphus willetti. However , M a t t o x 
(1955) has shown t h a t similar var iabi l i ty is 
present within a single popula t ion of l iving T. 
occidentalis. 

E C H I N O D E R M A T A 

A S T R O D A P S I S F E R N A N D O E N S I S Pack 
PI. 7, fig. 22 

Astrodapsis fernandoensis PACK, 1909, p. 279, pi. 24, 
figs. 3 , 4 ; G R A N T & H E R T L E I N , 1 9 3 8 , p. 72 , pi. 2 5 , 
figs. 4,5; Hall, 1962, p. 76, pi. 33, figs. 8,10. 

Astrodapsis occurs t h r o u g h o u t t he no r the rn 
and central p a r t of the Cas ta ic Fo rma t ion , b u t 
specimens are, in general, poorly preserved. 
Only molds have been found a t locality 1671, b u t 
surface detai ls are well preserved on these. 
F r a g m e n t s and whole tes ts f rom localities 232, 
2084, 2087, 2092, 2100, and 2070 indica te the 
shape and size of the species, b u t surface f ea tu res 
are poorly preserved. In addi t ion to these occur-
rences of tests, a t some of which spines have also 
been found, spines alone have been found a t 
localities 2074, 2075, 2102, 2073, 2085, 2093, 
2103, 2083, 2086, 1670, 2095, 2091, 2099, a n d 
2105. 

Astrodapsis specimens collected by geologists 
in the pas t f rom the Cas ta ic Fo rma t ion in the 
Haskell Canyon-San Franc i squ i to C a n y o n a rea 
have been compared with A. tumidus, A. whit-
neyi, and A. fernandoensis (Woodring, 1930; 
D u r h a m , 1948; Whi t e & Buff ington, 1948). In 
this s tudy, however, all t he specimens suffi-
ciently well preserved to be identif ied are re-
ferred to A. fernandoensis on the basis of the 
large tubercles, the sl ightly poin ted posterior 
margin, and the relat ively flat, uninf la ted tes t . 
A. fernandoensis has been repor ted only f rom 
the lower Pliocene s t r a t a of Elsmere Canyon . 

Cidarid spines 
PI. 7, figs. 18-20 

T w o types of echinoid spines have been found 
in the Cas ta ic Fo rma t ion . Those f rom locali ty 
2069 are character ized by few large nodes in 
annu la r clusters. T h e spines f rom Iocs. 1670, 
2094, and 2105 have m a n y smaller spinose nodes 
ar ranged in longi tudinal rows. T h e a r r a n g e m e n t 
of nodes is di f ferent on opposi te sides of the 
spines. Both types of spines are cylindrical , 3 to 
4 m m . in d iamete r . All are incomple te ; the 
length of the longest is 27 m m . 

B R Y O Z O A 

Encrus t ing bryozoa have been found a t two 
localities. A t locality 1663, they line p a r t of the 
inter ior of the body whorl of a large gas t ropod, 
probably Ficus (Trophosycon). A t locali ty 2075 
they cover the inside of a large Lyropecten cras-

sicardo va lve and several gas t ropod shells wi thin 
the Lyropecten. 

A R T H R O P O D A 

B A L A N U S s p . 

W7hole specimens a t t a c h e d to shells or loose in 
the sed iment and single c o m p a r t m e n t s , b u t no 
opercular p la tes have been found . Ind iv idua ls 
were up to 20 m m . in height and d iamete r . T h e 
fossils are identif ied as Balanus on the basis of 
wall micros t ruc ture . 

V E R T E B R A T A 

T h e following v e r t e b r a t e fossils have been 
found in the Cas ta ic F o r m a t i o n : 

T w o shark tee th , bo th nonse r ra te ; elongate, 
t r i angular . T h e one f rom locali ty 2093 is 24 m m . 
high including the base, 23 m m . wide a t the 
base. T h a t f rom locali ty 1663 has corresponding 
m e a s u r e m e n t s of 21 and 17 m m . 

Fish ver tebra , 20 m m . long, 23 m m . in d iame-
ter, f rom locali ty 2069. 

Bone f r a g m e n t s f rom localities 1663, 1670, 
2069, and 2089. 

Fish skeleton, incomplete , poorly preserved, 
locality 1626, length a t least 40 m m . 

Fish scales are common t h r o u g h o u t the fo rma-
tion in the mu d s t o n e facies. 

C L I O N I D ? B O R I N G S 

Borings are common in pelecypod shells 
t h r o u g h o u t the fo rmat ion b u t are most a b u n d a n t 
in the no r the rn p a r t of the ou tc rop area . T h e y 
are 0.5 to 1 mm. in d iamete r . T h e organism caus-
ing them is unknown, a l though they are like the 
borings formed by clionid sponges. T h e borings 
are most a b u n d a n t in large va lves of Crassostrea 
titan b u t also occur in large Lyropecten valves. 
T h e boring organism was ac t ive on the shells of 
living pelecypods. W h e t h e r i t was also on e m p t y 
shells is no t clear. 

L O C A L I T I E S 

All fossil localities cited are Cal i fornia Inst i -
t u t e of Technology localities. Descr ip t ions of 
locat ions are based on the following U.S.G.S. 
topograph ic quadrang le m a p s : Newhal l , 1952; 
Sylmar , 1935, repr in ted 1944; H u m p h r e y s , 1932, 
repr in ted 1946; Violin Canyon , 1937, repr in ted 
1951; Red M o u n t a i n , 1936, repr in ted 1943; 
Redrock M o u n t a i n , 1936, repr in ted 1942. 

Locality 
230—NWi, sec. 36, T 5N, R 16W. 800 ft W of 

Haskell Canyon. North Limb of anticline near 
crest. Conglomerate about at base of formation. 

231—NWi, sec. 36, T 5N, R 16W. 750 f t W of 
Haskell Canyon, 150 ft S of N sec. line. S slope 


