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Abstract

-

The Castaic formetion comprises the upper Miocene

-

merine sediments deposited in the Soledad Basin, north-

western Los Angeles County, California. The Soledad
Basin is topographically the eastern extension of the
Venture Basin. Geologically, the two basins of deposi-
tion are separated by the San Gabriel Teult along which
an uncertaln amount of lateral movement has taken place.
Therefore, detalled correlation of the sediments of the
Castaic formation with conteumporary sediments of the Ventura
Bagin is not possible. The age of the Castalc formation
is Mohnian and Delmontiasn. The sediments were deposited
in part along an open coasgst and in part within a broad,
open embayment.

Late Miocene movement on the San Gabriel fault,

elatively up on the southwest, defined the western

margin of the basin of depositidn. A land mass on the
west side of the fault northwest of Castaic, created the
embayment of the northwest part of the basin. It 1s likely
that a submerged extension of this land southeast of
Castaic formed a g¢ill along the western margin of the
rest of the basin and restricted the circulation of
bottom water.

The formation is about 7000 feet thick. It consists

mainly of interbedded sandstone and mudstone. The two

rock types occur in units 25 to 250 feet thick. Coarse-
grained basal sediments were deposited at the margin of



the basin of deposition. Megafossile are largely confined
Tc the basal sediments. The nature of the basal sediments
deposited at the margin of the transgressi late Miocene
sea 1s related to the provenance and the relief along
shore. Conglomeratic basal sediments were depcsited along
the northeast margin of tThe basin along & steep shore com-

poged of the well-indurated Martinez formation. These

@7

ediments were derived locally from the conglomerate and

2]

sandstone beds of the Martinez formation.

Sandy and thin conglomeratic basal sediments were

o

deposited along the southeast margin of the basin. Hear-

shore relief was low. The sediments were derived largely

g consolidated sediments of the

]

from the finer-grained, le
Mint Canycn formation. The very coarse-grained, poorly-
sorted Viclin breccia was derived from a nearby source of
considerable relief that was northwest of the embayment.
The fauna of the Casteic formation is largely mollus-

can. Uther vhyla are represented by one specles of

brachiopod, two species of echinoderm, a baslanid, &

bryozoan, foraminifers and fish remains--both boneg and
cales. Approximestely 100 species are present. Probably

new species of Nerita, Colus (Anomalosivho), Marginella,

and Arene occur in the formstion. Cther forms in the

Castaic formetion previously unreported or rarely reported

from upper Miocene sediments of California are Anadara

(Ansdara) trilineata trilineata, Glycymeris cf. G. pranneri,




Chlamys hodgel., spondylus sp., Bucrassatélla cf. L.

subgibbosa, Psgudochama sp., Corbula luteola, Periploma

Fal

cf. P. discus, Tegula galline, Calyptraea {(Irochita) sp.,

Polinices (P.) uber, Oliva spicata. The fauna is

comparab ble to that found at present at tﬁe northern limit
of the recent Panamic molluscan province.

All the near-shore assemblages in the Tormation
are essentielly contemporsneous. Faunal variations are
indicative of environmental variations which existed alcng
the margin of the basin. In particular, the geographic
distribution of the fauna cen be related to differences in

water depth and substrate, and to envircmmental differences

Analysis of the fauna suggests that: xygen content
of the water was probably le than normal at the bettom
of the baging the water was of normel marine salinity;
most of the megafauna and associsted sediments were deposited.
in water less than 25 fathoms deeps; the maximum depth of
the sill which probably existed along the western margin of
the basin was ebout 100 fathoms; the marfne climate was
appafeﬂtiy uiform geographically w1th1a the basin of
deposition and was much like that found at present off the
southwest coast of Baja California. The average maximunm
annual surface temperature was about 229, The average
minimum annual surface temperature was about 1900. The

Castaic formation was deposited at the northern limit of the
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late Miocene Panamic molluscan province.
Bathymetric distribution as well as geocgraphic

distribution of a faune must be considered in any

o~

paleoroogeographic study in order to determine paleoclimate.
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nsition.
member 1ig like
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At Locality 2101, the sediments are betlter exposed and

zgoured section of the Besal menmber, Castalc formation
at Locality 2101, 400 feet N. 1

Castaic Creel and Fish Creek

2yish brown.
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nted with calcite,
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Unit 1

Conglomerate, cobble, poorly sorted,
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i, unfossiliferous.

Unconformity

formation

sendstone and shale.
c

The unconformity ie not well exposed

be smooth. From the small gully to the west of Locality

2101, east Lo the contact and north along the contact,

guccessive er bheds in the secvion are basal as

‘acrainst the unconiormity.
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near the snoreiine, end the abund-

Un the first mein ridge south of Iish Cinyoa,
east side of Castailc the relation

seen on 2 gross scale. At the base of the ridge, the

formation. Higher on

the side of the ridge, however, this member vinches outb

Probably. the cutcrops best illustrating the nature
T the bagal sediments are located on the broad ridge,

0
referred to asp Triangle ridge herein, which is transected

by the north boundary of section 26, T. 6 N., Ho 17 W
The photo-mosaic (Flate 37) pictures the out

the north side of the ridge. The 1«

C"

A
ion to be noted in this area are the same as thosze found
e

the tyoical
rtone which

neture of the
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strata; and, -the ol sandstone beds within

conglomerate btoward tThe basal contact. Althouzh Tthe
Lo 2

e
sediments are like those which occur on the west side
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of Castaic Creek, which were previously ”escribed, they
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slope formed by The upper surface of the basal sediments.
Only a few smell gullies cut into the basal unit. The

edc contact in this area is uneven with
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1 of 15 to 25 feet. Cobble conglomerate
partly £ills these depressions. Overlying the cobble con-
vebble conglomerate and pebbly sandstone

that are more or less fossiliferous. The upper surface

of the basal complex is hummocky with as much as several

Horth of Cow Cznyon, the basal member directly over-

lies the bassl contact =nd ig in turn overlain in zeneral

oy mudstone. On the east side of Cow Canyon, however, in
addition to the typical basal member, which is about 15

feet thick, a unit which is lithologically similar occurs
nigher in the formation, separated from the basal member

continuous

n
-
=
O

by about 70 feet of mudstone. This unit i

along strike in either direction; presumably, if the

formation haed not been eroded, the unit would extend to the
northeast and connect with basal beds younger thsn those
in Cow Cenyon., ihis 1s tThe most northerly occurrence of
basal sediments forming tongues which extend out into the
Because this unit 1s well exposed and is typical o
several similer units in the Llderberry Canyon area, a
description of it and adjacent overlying beds 1s given
belows:
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Maximum th
ness expo
(feet)
lindstone,
sandstone,
bed is coerse gralned with clasts of
mudst akes. 1

to mediuvm grained,
bedded (1-3 iﬁches),
relatively well sorted but with scat-
tered very coarse sand and granule lenses
2bout 1 dinch thicks; siltstone partings be-
tween beds; the upper few inches of this
unit are very coarse gralned, gypsiferous,
with abundant charcoal fraements, over-
lain by a coquina of smell (less than
? inches across) angular shell fragments.
Lioc. 2072 2
lludstone, typical, with
well~rounded pebbles axn

of Crassostrear and Lyrop

above the base 1s a coguina

ments which are as much as & inches across;
the coguins is uncemented., Several sand-
stone beds 2 to © inchesg thick are in

the lower 5 feet of the mudstone. 15

ndstone and conglomerate; interbedded

granuler to pebbly sandstone and pebble
cobble conglomerate; sandstone 1s coarse
to very coarse grained with 5 to 10 per
cent granules and small pebbles and with

10 perce nt Crassostrea aend Lyropecten

sSCraps Wh¢0ﬂ2&fe as much as 1 1/2 inches

across; conglomerate consists ofs

1/2

vpical. 1 1/2
t
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35 percent subrounded
cobblesy and boulders up
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Cra ssostrea and Lyropecte

meter, 50 percent Ifragments
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nuch as 8 inches in maxinu
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althouzh most are about 3
15 percent send matrix.
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ich are as

imension,

2 pebbles,

in

inches acrossg

Thes

se beds:

sandstone with basal conglomerate as

much asg 6 inches thick
Mudstone pariting.

much as 6 inches thick.
Hudstone varting.
Sandstone.
Conglomerate,

andastone.

All contacts are sharp but

of relief along 3 feet of

ludetone, typical.

Basal member.

Sandstone with bagal conglomer

v

.
ate as

th % inche

contvact.

Southward from Cow Canyon along

a number of such fossiliferous conglomeratic

tend out Iinto. The mid-baszsin sediments.

that such units exist north of

voged. In the area between Cordova

von several bongues of basal-typ
from within mudstone laterslly T

several others, however, compose

with 1ittle conglomerate, may well represent
r

offshore that were not connected

the shore 1lin
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asal sediments
The tongue of conglomerate

ridge south of slderberry Canyon
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to determine what features of
are related to the disftance of
temporaneous shore line. Alth
ed

No 1lithologi

it probably was.

study ol hand specimens

the 1ithol O‘] varies considerabl

and according to no apparent p
unit could not be correlated b
samples represent typlcal pebbd
for each locelity. 1t is poss
bed is in every case finer gra
the next locezlity away from sh
lithology cof any particular ou
the vniform trend of incdividua
lapping or offlapping relation
ly uvniform lithology. The alt
was deposited over a considera
is of variable lithology norma

than off~

s34}

close relation

shore sediments and these ton
unlikely.
cular tongue are very similar
classification of lliams et
gous arkosic arenite. ior 12
the percentage composition is:

quartz

feldspar

lithic gra

micea
Fossils commonly comprise 10 ¢
calcite cement, 10U to 20U perce
oent, and srgillaceous matrix,

to the basal sediments because of eP081om,

lithology or fossil content

deposition from the con-—
ough the unit is not connect~

originally
the

¢ trends were found from

thin sections. Hather,

y acrcss short distances
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reletively invarient; the primsry varilables are texture
(amount of pebhles and covbles, and fo

tTle

'rh

the gamples from This unilit contain relatively 1
us mebterial--only one or two could be consider-
mparison, a detalled study of the sand

iangle ridge shows that many of the

10 to 20 percent argilliaceous mater—
ial and that fossil content can be related te the zbund-

gy
ance of both the finer and the coarser nmaterisl

ey,

The baesgal sediments found in wolderberry Canyon re-—
present the most interesting outcrops of the basal member.

4

(Y by - . R I, - i ] - " -y A N L [ SO
The map and crose sections (Flates 6, 32, 38) illustrate

the geomebtry of the units present. The Tea-

tures of this exposure are the onlap of the Unit 4, the

i
complexity of the basal sediments, and the linear bar-

shaved body, C. 1t is particularly interesting Tto note
A e/? R Lol

e
that althousz cvered ot different times

(by Units P and &),
same location. A1l these units differ primarily in

texture. Thus Unit € indicates a continuing set of physi-

cal conditions et this locallity which were only infre-

disturbed. Lt is bvelieved thaet thisg area reonre-

sents =z2n offshore bar and the associated fore-and back-bar

sediments. Details of the lithology and reunal content

(et

are given in the next chapter in the section on the fauna

Necktie Canyon to Haskell CUanyon

South of illecktie Canyon the

fossiliferous, basal sediments found

sent, Ingtead, the sediments expo

tact are primaerily mudstone and

T

sie Canvon :nd Haskell




cally than those s the contact,

These fossiliferous of basal

gediment dezscribed from the

tie Canyon

ntinuation of coarse

H
(O]
o
o
w =
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ares and may revresent The
‘0

0
that have subsequently been

agiliferous basal sed

Mudstone 1 the basal sediment on the eastern slope
ngle bed a few hundrec feet

gi
above the contact is simillar to the tongues of fosgsili

)

erous sediment exposed northwest of Necktie Canyon.

RN

This bed, if not eroded, would abut against the Castalc-

nez contact within one-quartver mile of the presently
exposed contact, considering the dips of the sediments
and of the contact.

Red breccia is basal in Llizabeth Lake Cznyon. OUn
the west side of the Canyon, the red, unbedded, unsorte

lder cobble rubble grades upward into betiter sorted

o
o
=

L.

and bedded, less reddish conglomerate and sandstone which
in turn interfinger with typioal Castalic formation mudstons
west
cal

This interiingering relation 1s exposed onliy
side of #lizabeth Lake Canyons elsewnere, the

»

basal sediments appear to conformably overlie the red
c

Between slizabeth Lake Cenyon and San Prancisguito

Canyon the basal sediments are typical mid-basin type mud-

o L7

—

stone and sandstone. Hossils are rare except for occas-~

ex
sional carbonized and nolds of

in the mudstone. strea, Lyropecten,

‘¢ been found rarely in

the sandstone. These
ated. On the east slope
e Csnyon, peb“ e and cobble conglomerate
igs abundant in the basel severasl hundred feel of the

Castaic formation above the red breccia,., Some of the



conglomerate is 1in sherply defined layers interbedded
PLy

with sandstone and mudstone; some occurs as stringsrs or

s within the sandstone. Hone of the conglomerate
1

On the west side of San Francisquito Canyon, the

al sediments consist of thick-bedded 1to massive sand-—-

s 0:
stone. Occassionsal thin, more resistant pnebbly horiz

ons

R R fFoaaadila TMhe soddimonta - 1 =N o=l £
may ConTalnl L0S8L11iS. The sedimente of the Castaic ror-
the basal contact is approached

0 DM S M MR tAd el Ve b S Gl
except that small patches of unfossiliferous well-cement-
ed medium-gray pebble conglomerate are preserved in
slight depressions on the contact.

In Dry Canyon, the contact is a disconformity with
local relief on the order ol 4 feet per
imately 60 percent of the basal 15 fect
formation is conglomerate. The rest 1s massive sandstone.

Conglomerate is generally not basal; no fossils have been

found nesr the contact. The highly fossiliferocus gebbly

c
sandstone at Locality 1670 is about 600 feet above the

bagal sediments and is largely an offshore toaguu of shore-

derived maverisl.
The basal sediment
pebbly sandstone overlain

stone, and pebbly sandst

all these types of sedim

southn of Hagkell Canyon

The basal sediments in Boucuet Canyon end FPlum Can-

yon are similar to those in Haskell Canyon, although
cobble conglomerate 10 to 20 feet thick directly overlies

C
the contact. They are only locally fosgiliferous. The
Castaic formatlon is clearly unconformable upon the Lint
Canyon LOTW&t;OQ in Haskell Cznyon.

A

Between ﬁOUUL“t Canyon and soledad Usnyon, The Ca

{0 ")
CQ

L. - . oy e vy ] T e i TR £ oy e [N R -
‘ormetiocn has been covered by the Saugus formation

e

taic

L]



and is only poorly exposed. Un

dad Canyon, little of the formation is exposed beneath

the lowsley formation. A graphic column of the stra-
ven in Flde 4. Also

the sections at the

tigraphic seciion in this ares 1is
on this plate are columns protrayin
P

first ridge south of Localities 06» and 1663, and at

g
Locality 1849, The thickness of the formation is very
different at these three localities because of both
erosion of upper units and because of variations in the
thickness of individual beds. These veriations are the
result of relief on the underlying surface and perhans of
thinning toward the nearby shore. The formation ranges
in thickness from 200 feet at Locality 2069 to the van-
ishing point 800 feet to the east. The decrease in thick-
ness is mainly the result of thinning of individual beds

y =

rather then by erosion of the upper strata., The lower
units pinch out firet; the last remseining bed is in the
ured at Loczlity 2069. The

bagal sediment is a highly fossiliferous pebble cobble

upper helf of tThe section meas

s

conglomerate which 1s approximately 5 feet thick and lies

unconformably upon lint Canyon sediments. Local relief

on the contact is several feet per 20 feet, The basal

o
o
0

i

}._1

lomerate, & single massive unconsolidated bed, con-

[ -
tains clasts as large as 6 inches in diasmefer in & matrix
>d sand. Clasts are primarily gneissic and
volcanic, guartzite, and tuff. liost

gre well rounded.

The comvosition of these clasts 1llusitrates
provenance of material Thatv

Co
In the Castaic Canyon aresa, clag:

B M A R aam--d Ly £y b g T R [ P
the adjacent Martinez formavion. In the san Zran
<7 { ] (onvon ares clasts are derived
oF: vl\ on-Sou G ued vanyon sred, CcLasits arl e aerivec
Felona gchist and The Vagouez formations.

south of Zoledad Cenyon the clasts are derived from the



ountains and the underlying int

nearby Sen Gabriel

Canyon formation.

The basal sedlments in the band Cenyon-Reynier
Canvon area consist of Ifipne-grained, masgive sandstone

which contains conglomers

bagal boulder co;

nTOoI

ly of

to concretion

reined moderately indurated sandstone. The

basael contact is an angular unconformity (Flate 4, secction

sal contact are
rimary groups:

well-cemented fogglil-

nglomerates, and

mudstones south n. 1In genersl, tThe

nature of the basel sedimen iy related %o
the relief of the suriace belng transgress 1 the lat
o

Kiocene sea. 'The coarse and

"~ P T ~ .
Charlie Canyon, w

R S £ e ER
in dip of Tthe counta

overlap of the basal

gsource of Only at
cent to the Sen Gabriel mountains, d

contain boulders, but even this locality




AC

cable to the distribution of the recddish breccla, but not
the basal member north of

nember was only

e relief, but Lts cistribution nust

by other Tactors as v

;e and Charlie Canvong. This area,
o ey - P T 4 e L e s P,
abut agalinst what must have been a

shore. The p@ucivy of offshore tongues

erous sed

von indicates that sediment distribution was perhaps
largely geographicaelly controllied. How

Rl

rmation of +this

controlled

uthern 1i

al which older Castaic forma-—

acteristic sediment®

uch tongues should be prescrved
had been Iormed. LSven more

agal member ceas

mudstone

cion of cos

the source area was eroded
so it could n the necesgary coarse materi-
2ls.  oHuch an ht be applicable if the land

near shore were eroded but more distant source areas re-

meined to provide the abundant sand present in the forma-

tion.  dowever, the basal mudstone and sandstone south of



contact as steep ag tha

oy R e
rained thus, The

rvined strand deposits is primerily

0
controlled by the distribution of source arecas, bub
c c

are also

Gabriel fault, but, wi

sandstone of

appearan

tence, ifor
unit is the environmen
pr o ’ . — -
Urowell (19%4=z, 1

ccle is a talus or

o

bagse of

e

>xwtbent of the breccia, however,
1ely
3

©

I
SL0es

the ﬁidge

L. A1l these

of = source arcea for the Violin




The lack of sorting and vedding and the very coarse
e

clasts are whet might be expected in a talus depogit. iHow-

ever, the degree of rounding ig indicative of more trans-
0

ot

WwoTkin

(;)

Tthe breccie 1is
in shellow wevter, at least a few bedding planes sh
present which would have been formed by

and sand deposition during the

| o e e T 1 e e ; I . B R I bt
those probably rare occasilons when coarse, unsorted materi-

ol was being deposited. In addition, near-shore coarse
clastics deposited in shallow water should contain some

fossils, considering the abundance of fossils present In

of the bagin. 1If the

a shallow rocky botton could

0
mnovement kent the clasts in motion so that igms on

the bobttom would be broken and any shells present would
i

of

pulverized. The lack of soxrti

brecclia shows, however, that such reworking did not take

place. Two possibilities remalins:

1. The breccla was dezosited below the level of wave ac-

i I

tion and

breccia and adjacent inter-

environment wag not

and feor fossil preservetion. The lac




breccia is notv dlagnosti
basin fossils are gencra

though they may be abunda

conglomerate and pebbly sandstone. This second mode of
deposition seems more provable, but more intensive study

1olin breccila and Hecent near shore sedimenta

tion is necesgsary vefore a definite answer can be given.

’ 225
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11, Correl

in founa within the Castaic formation

cen be

can e

the cenvironment of deposi-

warte of the basin of

tion was difd e
deposition, it was constant in any parivicular part of the

basin. In this latic ase, assemblages

. .
The maximun

about 70C0 feet. In

ite characteristic fauna were formed while

one-hali of the formetion was being deposited. The cn-

vironment in which the Bbasal member was deposited was

uniform. Therefore 1t 1s necessary bto show that the
| 0

are COoOne—

4
=
5
}_Ja
O
=
"\

localities in Tthe southeast part ofthe T

temporary with one another and with some part of the

Basel member. This is difficult Tor the following reasons:

1. Locality 1849 1s separated from the main body of the

by & Tault of unknown displacement. 2. Zhe
0

n dis discontinuously exp

th side of

result of

saung icn. J. Marker beds bearing any demonstravle

relation to time lines are lacking within the formation.
Because of obgtacleg, correlavion within the

planes. 11t can be shown at several localities in the for-



mation that

vlanes westward

member in Castalc Canvon, 1t can be seen that the deposi-
tion of tThe member in part antedates the Violin breccia

but is la rojecting bed-
ding vplar

be seer

Canyon a: lder than those 1 HC Ry
c

sguito Canyon, ex-

are folded into

D

fet el \Of* r\/’q

T

1 Canyon are older than those of Dry Canyon.

Al

gection in DJry Canyon, is

vith the localities in Haskell

r or middle
1e Besal member. The sediments in Bouguet and

4

the Haskell

Plum Cenyons are essentlally contemporary with
Canyon localities.:

Correlation of the sedlments with

thoge in the hills south of Humvhrevs is based on the
ion in the

catures occur vetweern the

but not much more crude

o1 Uorrelation southward

an
E
i
[
b
e}
O
+

@

then the rest of The correl

across the fault to Locelity 149 1is based on the pre-

ent on the




cof offset of contacts an
The corye

the loca

time .

Yrevious wor

amply discussed previously fahns, aze,
e TS . ey o e T T P L. I - B o N P e
1954, p. 66) and will not bve considered further in this
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wironmental
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dvidually in
ki

order +to determine the en 1t
] co oy e £, ey e o o S S
various parts of the aatale formation.

of the Hecent ecology of
Cagtaic formaetion or of the F
1y related To those found in Tthe format

T v o A + < -3
Hecentv and foss

i
retationship between the two. A species
z}

~ . RIS S e T s e
species within a genus. Desides

logic re-

guirementse of the Torms cow

also necesgary Lo consider

Transported animals, unless Te

Q

misleading as ecologlic indicators.

Yelecypods that appear to have been buried in 1living

K

nrobably

i) g Y
Y

+ DI S £3 T - 17 +ad mranhah o he
hat are srticulated probably ha

rods T
o [ Ay e E £ -+ i Ty e B TV Ty RT Ty ATV T 3 A
ed far, if at all. Of course, 1n many cases, very Little

living in

valves, g a
W R ] e 1 - e -5 e ey v - ]
shell fragments have been transoported.
oy E a7 oy [
likely tThat were novt trans-

terial

rted fer before buriscl, abraded




speclmens nave been weatnered 80 thet 1t m ay be

impossible to determine The state of preservaltion a2t the
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the baglis of Hecent
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occcurs in an otherwise

outer sublittoral
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50 960 to sbout %6 °/oo . Less saline water 1s termed
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The ecologic date used in the environmental analysis
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occur—
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15 feet above 1omer—

observed 1n The

sea was Te-

when the
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then any other locality in the Castalc formation.

The fosggils are mainly in well-cenm

althous

cpths.  Hecent

Irachycardiun

Crepiduls reclusianusg,

;_1VGll

Caliostoma, Astraea, and

dars, Tivela,

Tound 1n the

littoral zone, but none arc restricted to that zone.

tTound at nrecent from the low water

Specimens of it at Locallty 1849 are

About 20 percent of

the

et Tocality 1849 are articulated;

rritells cooperi is found

R N

but is most avundent below

are abundant at

S, Articulasted
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along the west edge of the "bar' are partly depositional
and partly the result of slumping that occurred before
complete compaction of the sediments. The sand wedge was
deposited at a depth of about 5 fathoms, as indicated by
the presence of Glycymeris branneri in living position in

Unit F on the south side of LEdlerberry Canyon.
Chione elsmerensis and Turritella cooperi are large-

ly confined to offshore tongues of coarse sediments. The
presence of T. cooperi in these tongues suggests that de-
position of these tongues at perhaps one-half mile from
shore was in water more than 20 fathoms deep.

Locality 2093 contains an anomalous fauna. Crass-

ostrea and Lyropecten are very rare, whereas forms that

are rare at other localities, such as Sanguinolaria cf.

8. alata, Dosinia arnoldi, Apolymetis biangulata, Corbula

luteola, and Acteon cf. A. boulderana are present. Judg-

ing from the bathymetric distribution characteristic of
the forms present, the depth of deposition was probably
less than 10 fathoms at the locelity. The factors lead-
ing to this distinctive assemblage are not known. FPossi-
bly one of the principsl factors was relatively great
water movement at this locality.

Paunal variations

The faunal variations that occur in the Castaic for-
mation are the result of environmental variations. In the
discussions of individual localities, principal stress
has been placed on the relation between assemblage compo-
sition and bathymetry. The nature of the substrate, the
relief along shore, and all the factors of embayment ver-
sus open-ocean environments are equally as important as
water depth in determining the composition of the fauna.
Species that characteristically live on a sandy substrate
along an open coast are found at the localities south of
Dry Canyon. Such habitats were not present in the north-
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ern part of the basin of deposition and so the fauna
there is largely different. The fauna in the northern
part of the outcrop area is composed of relatively few
species. It has been suggested, that part of the Castaic
formation was deposited in a brackish enviromment (Jahns,
1940, p. 166). Such is not the case, for the entire
fauna is indicative of a normal marine environment. The
bay environment differed from the open coast environ-
ment in such factors as water agitation, and stability of
the substrate, temperature range, and food supply.
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V. ZPaleozoogeography

Premises

Changes in the distribution of a species or other
taxonomic unit can be explained elther by changes in the
environment or by changes in the ecologic requirements of
the species, or by a combination of the two. In analyz-
ing a species apart from the other organisms with which
it is associated, it 1s impossible to tell which has
changed--the environment or the species.

By analyzing the whole assemblage, however, changes
in both environment and ecologic requiremenits can be noted
if it is assumed to be unlikely that the ecologic require-
ments of all or most of the species would concurrently
change in a uniform manner. Thus, a systematic shift in
the distribution of many species is the result of external
factors. The more random distributional changes of in-
dividual épecies is more probably the result of evolution-
ary changes.

Many of the species found in the Castaic formation
have limited time ranges and the geographic distribution
of each has been compared with that of the most closely
related form during the Cenozoic. Comparisons with
larger taxonomic groups are not as desirable as those
which are specific because they are based on the assump-
tions that morphologically similar species have similar
niches and that the distribution of a species is compar-
able to that of the genus to which it belongs. Such
assumptions are dangerous because the distribution of a
genus is the summation of the more or less overlapping
distrivbutions of all the species in the genus, and because
closely related species commonly occupy very different
niches. Zoogeography, using the genus as the unit of
study, must be done with these facts in mind. Using
genera rather than species has the advantage, however, that
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mistaken identifications are less likely because the unit
is taxonomically more stable and well defined. The valid-
ity of subgeneric or generic comparison is dependent upon
the closeness of relationship and the diversity of the
species within the superspecific group. VWhenever possible
however, specific comparisons will be made because of the
greater detail thus obtainable.

In order %o learn of the marine climate in which the
sediments of the Castaic formation was deposited, the late
Miocene distribution of forms found within the formation
will be compared with the present distribution of the
same or closely related forms. Then, the geographic dis-
tribution of the equivalent Recent assemblage will be de-
termined. It is presumed that the environment in which
the Castaic formation fauna lived was similar to that in
which the Recent taxonomically equivalent fauna lives.

The location of this equivalent Recent fauna is
stated in terms of latitude. This indirect method of de~
termining the environmment is only as good as Recent and
Tertiary ecologic and zoogeographic data. No more can be
known of the late Miocene environment than is known of
the equivalent Recent environment. The method used gives
only a bare outline of the physical environment. The
biologic factors are largely unknown.

The gross paleoclimate of the Castaic formation can
be determined by the method outlined because the fauna
being compared are situated along & north oriented coast
and because climatic changes are reflected in latitudinal
shifts of isotherms along the coast. 1f there were a
uniformly negative temperature gradient from tropics to
polar region, and, assuming that climate was the primary
factor limiting the geographic distribution of a species,
the latitudinal zoogeographic limits could be correlated
with climatic limits (Hutchins, 1947). Faunal distribu-
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tion along the Pacific coast of North America is compli-
cated in a number of ways, however:

1. Currents and the configuration of the coastline
perturb the gross equator-to-pole temperature gradient,
affecting strongly the boundaries of faunal provinces.

2. In some shallow bays along the western Baja
California coast the water is warmer than that present
in the open ocean outside the bays. In such warm-water
embayments, Panamic species live which are otherwise
found only farther south in water of comparable warmth.

3. The surface water at many places along the Pacifiec
coast and in the Gulf of California is cooler than the
surrounding water. These areas of cold water are caused
by upwelling. Along the outer coast of Baja California
upwelling occurs most commonly south of headlands. In
the isolated, discontinuous areas of cooler water along
the coast of Baja California, species are found which
are otherwise unknown south of Point Conception. Emerson
(1956a, 1956b) and Valentine (1955) have discussed up-
welling in relation to molluscan distribution and Pleis-—
tocene paleoecology, correlation, and climate.

4. Many cool-water speciles live in progressively
deeper water equatorward. R. H. Parker (personal communi-
cation January 11, 1960) has recently found specimens
living in the lower sublittoral zone in the Gulf of Celif-
ornia that had formerly been unknown south of southern
California where they live in shallower water. He sus-
pects that with further sampling of the outer shelf fauna
the distribution of these elements will be shown to be
continuous.

5. Because of upwelling, equatorward submergence,
and the general southward larval transport, the southern
limits of cool-water species are difficult to analyze
along the Facific coast of North America. Conversely,
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discontinuities in the northern limits of warm-water
species are smaller and less likely.

Because generally a species is found in shallower
water at the northern margin of its area of distribution,
the northern limit of a warm-water species can be reliably
compared for different times and essentially the same
bathymetric zone will be represented. For this reason,
the results obtained by Durham (1950a) from analyzing the
northern limits of the distribution of genera found in a
number of assemblages are very similar to those obtained
in this report from a detailed analysis of a single fauna.
Many of the unknown factors are minimized by comparing the
northern limits of species. The presence of species in
the Castaic formation which are found at present only in
the Panaemic molluscan faunal province 1is of prime import-
ance.

The molluscan fauna of California and the west
coast of Mexico is grouped into three faunal provinceg--
Oregonian, north of Point Conception; Californian, from
Point Conception to Cedros Island; and, Panamic, south
of Magdaleha Bay. The fauna between lMagdalena Bay and
Cedros Island is transitional Panamic-Californian. The
Gulf of California is placed in the Panamic province.
Newell (1948) has presented the statistical basis Tfor the
definition of these faunal provinces. Keen (1958, p. 3)
states that few Panamic molluscan species may be found
north of Magdalena Bay, and that between Magdalena Bay
and Cedros Island a mixture of Panamic and Californian
species is found. KXeen considers the Gulf of California
to be a subprovince of the Panamic molluscan province and
says that the fauna in the northern part of the Gulf is
different than that in the southern part. Garth (1955)
has concluded from studying crabs that the northern Gulf
constitutes a warm temperate province distincet from the
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tropical Panamic province and equivalent to the Californi-
an province. Hertlein and Emerson (1956) are unable to
detect this subdivision in the Pleistocene molluscan fauna
of the Gulf. In this report, the whole Gulf of California
is placed within the Recent Panamic molluscan province.

If the Recent molluscan fauna of the Gulf of California

is Panamic and warm temperate, it was certainly Panamic
earlier in the Cenozoic when the climate was warmer and
more uniform (Durham, 1950a).

By equating similar late Miocene and Recent faunas
with similar climates, the tacit assumption is made that
climate is the only, or at least the primary, factor
affecting faunal distribution. I believe that +this
assumption is valid when working with assemblages and
on the scale of the present study. Other elements of
the physical enviromment might well restrict the distri-
bution of an assemblage, but the restriction would be on
a smaller scale than that caused by the broad regional
climatic conditions.

In the detailed analysis of the environment of depo-
sition of the Castaic formation, elements of the fauna
are analyzed in terms of their probable depth distribution.
In the zoogeographic analysis the total fauna, containing
elements from a variety of niches, is compared to a total
Recent fauna, also derived from a variety of niches.

Explanation of Distribution Figure

The distribution figures included in the faunal list
show the latitudinal distribution of each form for five
different time intervals during the Cenozoic era: Recent,

Pleistocene, Pliocene, late Miocene, and earlier Tertiary.
For each time interval a line represents the maximum dis-
tribution of the particular species or most clbsely relat-
ed taxonomic group, which may be the subgenus, genus or a
closely related species. The intervals are arranged in
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order of increasing age downward as indicated opposite

the first species on the list. The names of the inter-
vals are not repeated opposite each form because the "OU
signifying the late Miocene Castaic occurrence is a suf-
ficient guide. Arrows at the ends of a line indicate that
the distribution extends beyond the limits of the plot --
15° and 50° north latitude. An "X" indicates a single
occurrence or widely separated occurrences during a parti-
cular time interval. In addition to the latitude in
degrees, Cape San Iucas, the Gulf of California, and
Magzatlan are marked by C.5.L., G., and M., respectively,
between 20° and 259, but not at true scale. These
localities delineate an area in which occur the limits of
distribution of many Recent species. DPliocene occurrences
marked under "G" represent fossils found both in the Gulf
of California and in the Imperial formation.

The nature of the taxa, the distribution of which is
plotted, is indicated to the left of the distribution
figures SS indicates it is the same subspecies as the Cas-
taic formation form; S, the same species; C, a closely re-
lated species or group of species; G, the genus which in-
cludes the specimen. I1If the occurrence in the Castaic
formation is the only one reported from upper Hiocene
sediments, or if specific identification is not possible,
no letter is present opposite the late Miocene. The dis-
tribution limits are joined to form a closed polygon.

The data presented in these distribution figures are
the result of a thorough search of the literature dealing
with the Cenozoic molluscan fauna of west North America.
Although many papers have been studied, several have been
particularly important. Grant and Gale (1931) provide a
relatively complete coverage of the Pliocene and Pleisto-
cene fauna of California, although their nomenclature is
revised in some details. Weaver (1943) has similarly
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complied the Tertiary molluske of Dregoa and Washington.
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VITI. BSystematic paleontology
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VIiII. Systematic Paleontology

Felecypoda

Wuculena (Sacella) ochsneri (Anderson and lMartin)

Leda ochsneri Anderson and Mertin, 1914, Calif. Acad.

Sed. '9:1—.00., ser., 4_’ V. f!, Do bj, pl. 5, flé:)f). (= b, Coe
chell small, elongate, rostrate; beak opithsog

<
central. PYosterior dorsel mergin concave; other max

-

re
convex, continuous except at beak and at pointed rostrumg
anterior end rounded but with radius of curvature less
then one-eighthof shell longitude. Sculpture of fine
concentric ridges. JLlunule narrow, cilrcumscribed but not
depressed, anterior end colncides with anterior end of
dentition; escutcheon wider than, but about as long as
lunule, depressed, posterior end coincides with posterior
end of dentition. Tecth of uniform size, boomerang
shaped, concave towards the hinge extremities; long axis
of each tooth perpendicular to shell margin. Dimensions
in mm. of seven specimens from locality 1849:
Long. 20 17 17 16 16 15 10
Alt, 12 10 10 10 9 9 6
Diam., 8 8 S 4,5 *4 *3.,5 *2

*of single valve,

The Castalc specimens resemble most closely IN.
1, found in and described originelly from the
liocene Round Iiountain silt member of the Temblor

rmation in the Bakersfield area. N. taphria and N.

r.  HN. taphria, according to

121, has been found in Fliocene

perhaps in Miocene sediments. N.

&

material differ from HN. taphria
vointed postericrly, with a

sal &argin. The difference is
0

f larger samples would
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robably show thalt the two speciles represent 2 single

3

0
ens that hag evolved little since early kilocene time.

0

e
Material collected from locality 1559, Pliocene of Hlsmere

Cenyon, is like thet from Castailc Canyon, and better [its

into . ochsneri than intc N. tqphIl¢. Material from

locality 601, Pliocene of Los Angeles, on the other hand,
is similar to H. taphris. Thus 1t 1s probable that the

renge of HN. ochsneri extends into the Pliccenme. A more
detailed study of the group should determine the relation
between the two gpecleg, the variability in shape of each,
and the effect of ecology on the shape

The species has been Tound in the Castalc formation
only at localities 1849 and 166%, both south of Soledad

. .
sal few feet

o)
o'
o
)

Canyon. At locality 184G it occurs in the

(&

of the formation in pebbly sandstone; about 20 percent of
the specimens are articulated. At locality 1663 it occurs
in pebbly sandsbtone; most of The specimens are articulated.
According to Grant and Gale, 1921, p. 121, +the Pliocene
distribution of H. Gtaphria is from northern to southern
California; the Pleilstocene distribution is southern
California and Baja California; the Recent distribution is
from Bodega Bay to Baja California. 1If the distributional

data ere adequate, the . ochsneri - L. bLaphria gens

-

originated and was localized in the Transverse Ranges
amd Southorn san Joaguin Valley during the liiocene epoch.
The range expanded, mostly northward, during the Fliocene
epoch, shifted southward duvuring the Pleistocene, and
expanded northward agein post-FPleistocene to essentially
its Pliocene pogition. The Castaic occurrence of N.

ochsneri fits neatly into T general plcture.

o

. taphria is presently found offshore at depths of
3 to 80 fms. Keen, 1958, p. 19, says 1t occurs at depths

J
of 6 to 45 fms. Bandy, 19958, p. 706, records the species



between 4 and 80 fms., in the San Fedro Basin, being most

n
abundant there between 8 and 20 fathoms. Burch, 1944-1946,

e
part 1, no. 3%, p. 11, reports that along the southern and
Baja California coast, M.
bottom at depths of % to 51 fms., and most abundantly be-

twesn 10 and 20 fms.



Nuculana sp.

Shell minute, elongate, rostrate; beak opithsogyrous,
anterior, one-third of length back from anterior margin.
Fosterior dorsal margin straight, other maergins convex,
Anterior of shell short, broadly rounded. Dculpture
consists of concentric ridges. Dimensions in mm.:

Long. 6 5
Alt. 4 5
Diam. (of single valve) 2 -

Two right valves have been found at locality 7-11-24,
in mudstone. This species differs from N. ochsneri, also
found in the Castaic formation, in being much smaller and
in having a different shape--the posterior dorsal margin

ght rather than concave and the beak is farther
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Arce monterevana Osmont, 1904,
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America Bpec.
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1 medium size, inequilate

ted; beak

e 3.

v. Calif. Fubl.

ral,

PIOSOgYTous,

na (Osmont)

Geol.

unbo located about one-third of way from anterior to

equivalve, sub-

posterior margin; anterior margin more sharply curved

then posterior marging

elghths the ¢

lation

interspaces

slightly rounded, w

to hinge length.

specimens

Teeth

obligue and

hinge

Dimensions

ocalit

¥

perp

hinge line

shell lengtuh;
sculpture
narrower Than

ith shallow

flat, i
med
concentric
line

shell

pendicular to hinge

perpendicular to

Y

line,

.
i

MM e s

=
(o))
—

Long. 80 20 20 30
Al 50 18 20 20
Diem. (single vslves) 15 4 7 6
This material has cvreviously
other species: L.A. Wright, 1951,
from locality 162 b'M)igggﬁg},of.
However, his description of the ex

shell is
1940, p.
stalc

Ca
th

(\

loczlities

based on an internsl mold

167, istes A. osmonti and
formation. A4Accordling To W
from which ceme the

unho located

straight, about
50
bs,

ian

to 34

under beak,

fousd
w2

margin at en

ternal features

radial

five-
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of a left valve,

A Wiananang T

A. obispcana fx
White, 1947, p. 2

apecies ligted

Q

£

N

T

7

i1l

centrally in re~
rib
rivs flat-topped

groove on large

slightly

3

prominent

]
or

severa

specimens

L7 42 34 40 30
12 34 22 30 22
4 5
been referred %o
referred the
A. obispoana (Conrad).

growth lines faint on most specimens.

1L
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are, regpectively, 1624 and 1626. The specimens identi-
fied by Wright as A. cf. A. obispoana are the same as

se listed by Jahns as A. obispoana. In his manuscript,

0
Yhite, 1947, p. 21, erccted a new specles, A. haskellensis,

c
for the specimens from locallty 1624 that had been referred
to obispoana by Jahns and Wright, and for similar specimens

from localities 2%2, 1671, and 1676, VWhite considered

that these gpecimens were distinctive in shape and

gculpture. In particular, the rib count is 30 to %4,
whereas that of A. ntereyana, the most similsar form, is

29 to 31. According to data vresented by Reinhart, 19473,
the rib count of most speciles of Anadara varies by less
than three for any particular speciles, although it is not
ways significant for immature individuals. In thils re-
porT the specimens will not be referred to a new species

because of the overall similarity to montereyana and be-

cause of the lack of a sufficient collection to determine
the actual range of morphologic variability that occurs.
A. aff, A. montereyana has been found only in the
southern helf of the outcrop area of the Castaic forma-
tion, at localities 232, 1624, 1626, 1671, 1676, and 1677.

At locality 1626 it occurs in the form of molds in light

brown diatomaceous mudstone. INMany of the shells are

articulated. They are associated with Chlamys discus and

llacoma?” sp. The material from the Haskell Canyon-Dry

Canyon localitilies occurs in medium-grained to pebbly sand-
stone beds within a predominantly mudstone section. In
this area, too, the shells are generally articulated.

to Hdeinhert, 1943%, p. 48, A. montereyana

has been found in the central California Coast Hanges and
0

in the lower Astorie formation of Washington, and its

stratigraphic range is Saucesian to Mohnian. Thereiore,
+the occurrence of this ferm in the Castaic formation is
c

- - - - . £ ey S e :
near the limit of the suratigrapnl
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montereyana and is south of 1its known distribution.

Mo closely relatecd Recent species exist on The
recific Coast. The genus 1s exclusively marine, and

occura in the littoral to inner sublittoral zones.
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inadars (Anadara) trilineata trilineata (Conrad)

rlate 14, Pigure 3.

Arca trilineats Conrad, 13856, Acad. Nat. Sci. Phila.

LroC., V. 8, p. 314,

Ansdars (Anadara) trilineata trilineats (Conrad),

Reinhart, 194%, Geol. Soc. America Spec. Paper 47, p. 57,
5

pl. 5, fig. 9, pl. 6, figs. 1-%, 5, 7, pl. 7, fig. 1.

Four specimens are referred to this species. Two,
from locality 1663, are articulated; one, from locality
1627, and one from locality 1849, are not. The identifi-
cation is based on one specimen from locality 1663, The
other three are grouped with it because of similarity in
shape and similarity (partly inferred) in sculpture.

Shell medium size, inequilateral, equivalve, sub-
ovate, moderately inilated. DBeak prosogyrous, prominent,
slightly more than one-third the distance from the anterior
to posterior margin. Anterior margin more sharply curved
than posterior marging hinge line straight, about five-
elghths the shell length. Sculpture of 25 radial ribs,
interspaces slightly narvower than the ribs, ribs flat-
topped with deeply incised secondary groove and two finer
tertiary grooves, one on either side of the secondary
grooves; the anterior tertiary groove is larger than the
posterior one. Concentric growth lines faint where shell

well preserved., With weathering, the concentric sculpture

becomes relatively more prominent. Dentition not exposed.

Dimensions in mm.:

Locality 1663 1849 1627
Long. 59 50 55 b)
AltL. £0 25 22 10
Diam. 30 18 *g %4

*gsingle left valve.

These four gpecimens are distinguished from A.
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o

montereyana, also found in the Casgtaic formation, on the

C
hasis of: 25 ribs rather than 30 to %4; the presence of

and tertliary grooving on flat rib

o

well developed secondar
=T

N
e less elongate more inflated shape. Reinhard,

o
O
!
0
=
C.L.

ES

I~

1943, p. pl. 6, fig. 7, notes thalt this subspecies

is charac

d‘ Ui
oy

]

erized by beaded ornamentation on the ribs. The
ribs of the Castaic spcc;meng are crossed by growth line
but they are not beaded. However, on pl.7, fig. 1, he
illustrates an example of the subspecies which appears to
have sculpture very like that of the Castalc forms.
Weaver, 1942, pl., 12, fig. 19, also illustrates a similar
specimen. The Castaic specimens differ from A. obispoana
in being more inflated, having more prominent beaks, and
in having better developed tertiary grooves on the ribs.
A, (A.) trilineata trilineata has been found at

localities 166% and 1627. These localities lie within
the larger area in which A. aff. A. montereyana has been

found. The specimens are in medilum-grained to granule

sandstone,very much like the sediments containing A. aff.

A. montereyana in the Dry Canyon-Haskell Canyon area.

Reinhart, 194%, p. 58, 59, reports that A. (4.)
trilineata trilineata is abundant in meny of the Fliocene

formations of central and southern Celifornia, including
the basal Pliocene of LHlsmere Canyon. Hall, 1958, has re-
porbed the only definite occurrence of the subspecies in
upper Miocene sediments, from a locality in the San
Prancisco Bay Reglon. Thus the Castaic formation occur-
rences have extended the known late lMiocene geographical
distribution southward.

There are no Recent speciles of Anadara that are close-

ly related to A. trilineata. The genus 1s found at pre-

sent in the littoral to inner sublittoral zones of the

open ocean.
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Glyveymeris cf. G. bran

rPlate 14, Figure 1, Plate 15, Elgure 2

Glycymeris branneri Arnocld, 1908, U. §. Nat. lus. Proc.,

Ve 54, e 377, pl. 54, fig. 1.

Glycymeris bramneri Arnold, Nicol, 1947, Jour. Paleonto-
logy, v. 21, p. %46, pl. 50, figs. 12-15.

Shell large, orbicular, eguivalve, ineguilateral;
beak prominent, orthogyrous. Sculpture not preserved
except for concentric growth lines; poor preservation
caused by coarse recrystalligation and weathering of
shell., ©Shell thick, internal margin of velve crenulate.
Cardinal area broad, dorsal margin rounded under beak;
chevron grooves poorly preserved; altitude of the cardinal
area 1g the altitude of the hinge under the beak because
the teeth are restricted to the ends of the hinge by over-
lap of the cardinal area upon the central teeth. Teeth
boomerang shaped, lying nearly horizontally within the
hinge.

Dimensions in mm.:

Long. 70 95

Alt. 75 95

Diam. 25 (51ﬂ rle 60
lve)

shell thickness, approx-
imate, in center of shell 5 7

G. branneri has been found in upper Oligocene and
lower lliocene sediments of the California Coast Ranges
from the Santa Cruz MHountains south to the Santa Ynez
ifountains and the southern San Joaguin Valley. Comparing
illustraticons of the species as 1llustrated in Arnold,
1908, Hicol, 1947, and Loel and Corey, 1932, pl. 7, fig.
5a, b, it is clear that the shape of individuals in the
species is variable. Further, much of the material illus-

G @gﬁﬂnerl is the onlj

trated is poorly preserved.
Tertiary Glycymeris similar in size to the specimens from
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the Castaic formation. The Castaic species most closely

sembles the early lliocene specimens from the San Emigdio
Mountains figured by Loel and Corey, 19%2. No pogitlve
ldentification can be made, however, because the material
ig not suiltably preserved, and the illustrations of G.

branneri are inadequate. The specimens could be compared

with Glycymeris gigantea (Reeve) equally well. &.

gigantea differs from G. branneri only in size and pro-
minence of secondary ribbing. G. braanneri, the Castaic
formation specimens, and G. gigantea are closely re-
lated representatives of a group of warm water glycymeri-
dids that occurred as far north as California in the
middle Tertiary, but are now restricted to the Panamic
province. The distribution of G. gigantea is:
Pliocene--Colorado Desert and Gulf of California.
Pleistocene—--Gulf of California and San Ignacio Lagoon,
Baja California.
necent--lagdalensa Bay, Baja California through the Gulf
of California to Acupulco.

This Glycymeris has been Tound in the Castaic for-

e

mation only at locality 2075, on the south side of
slderberry Creek. It 1s abundant there and many of the
shells are articuleted. See P1. 36, fig. 2. Fecten

crassicardo, many individuals of which are also articu-

lated, ig asgociated with 41it. Crasgcsostres titan is rare.
b

The species 1s restricted to a single bed a few feet
thick, which is ®the basal unit of the Castaic formation

at that place. Glycymeris sp. occurs in a pebbly sand-

stone, the pebbles of which are less than 5 mm. in dia-
neter. Between the sandstone and the underlying
Martinez formation 1s & coarser, more poorly sorted
nebble conglomerate with average pebble diameter of about

Lc
25 mm. Fragments of Ustrea titan are scattered in this

Eal

coarser-grained part of the basal Castalic sediment. Nud-



106

stone containing scattered sand grains but few fossils

overlies the Glycymeris bearing unit.

The closely related Recent species G. gigantea has
been dredged from sand and sandy mud substrate at depths

of four to seven fms.
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Glyevmeris grewingki Dall

Plate 14, Figures 2a, b.

Glycymeris grewingki Dall, 1909, U. S. Geol. Survey Prof.

Yaper 59, p. 107, pl. 2, fig. 13.
Glycymeris grewingki Dall, weaver, 1942, Univ. Wash.

Publ. Geol., v. 5, p. 62, pl. 10, fig. 19.

ohell medium size, oval, nearly equilatersl, equi-

valve; beaks prominent, central. Sculpture of about
twenty flat radial ribs with much narrower grooves be-—
tween, sculpture preserved to a variable degree, depend-
ing on how weathered the shell is. Hinge broadly arcuate,
cardinal area about one-third as wide as the dentition;
dorsal margin and chevron grooves broadly obtuse under
the beak, individual teeth straight, not boomerang shaped.
Average dimensions: long.-40 mm., alt.-%38 mm., dicm. of
single valve-12 mm. '

Grant and Gale, 1931, p. 135, have grouped together

in G. grewingki, the specles G. gabbl Dall, G. larvata

fiferences hetween

Hanna, and G. coalingensis Dall., The di
e

em to be largely
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difrerences in weather
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cakbbi, how-
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in number of radial ribs and in rib inter-
gpace width, so this species cannot be referred to G.
0

go surely without a study of <the variability of

lerge samples of the different species., The Castalc for-

mation forms agree well with the description of G.

J

grew and with the illustrations of it in Dall, 1909

in and in Wood otewart, and Richard

6]

ring,
194 ‘ figs. 10, 113 pl. 33, figs. 7, 8.

ki hes veen found in upper Miocene and

9

lower rliocene gediments of the Facific Coast from Weshing-

Ton south to the. Ventura Basin. Thus the Castalic
occurrence fits dinto the known distribvution and strati-

graphic range of the speciles.,



specimens have been found at a number of localities

in Casbtalc Canyon between Necktie and Blderberry Canyons,
and at localities 1676 and 1677 in Haskell Canyon.

G. grewinglki is scarce in the Haskell Canyon area in
and conglomerate units near Tthe base of the for-
mation. It is common in the Castalc Creek area, and,
ly, in sandstones and conglomerates near or at

the base of the formation, between Necktie and Flderberry

(@]

anyons. opeclmens are most abundant in poorly sorted

3

ebble conglomerate. Pew are articulated; most of the
specimens are poorly preserved as a result of abrasion be-
fore deposition, and Recent weathering. The species is
estricted to coarse clastics deposited near shore.
According to Dr, David Nicol, personal communica-

tion 20 March 1959, "Glycymeris grewingski belongs to the

northern racific group of species which is distributed
today from California to northern Japan'. The group
occurs throughout the sublittoral zone. Glycymeridids

generally live on a sandy substrate.
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Crenomytilus coalingensis (4Arnold)

Plate 14, Figures 4, 5.

Mytilus (Mytiloconcha) coalingensis Armold, 1909, U. 3.
Geol. Burvey Bull. 396, p. 73, pl. 19, Tig. 5; pl. 22,
fig. 6.

renomytilus coalingensis (Arnold), Sootb-Ryen, 1955, Allan

B

Hencock Pac. sxped., v. 20, no. 1, p. 23,
ohell large, mnytiliform, unbones terminal, surface

gculptured with growth lines and faint radisl lines.
Shell margin finely crenulate. Resilial ridge compact.
Shell inflated in some specimens,., Anterior margin smooth-
ly conceve; posterior margin convex, with an angle at about
the midpoint, dorgsal half of the posterior margin nearly
straight, the ventral half, strongly curved. Anterior
slope of wvalve approaches margin steeply, posterior slope,
shallowly. ©Some specimens are large, the largest having
thege approximate dimensions in mm.:

Length - 200, width - 95, diameter - 60.

A single incomplete well preserved specimen fronm
locality 1670 displays the characteristic hinge features.
Specimens from locality 1663 have the typical shape and
size, but are vadly weathered and poorly preserved, but
are, in general, whole, articulated individuals.

C. coalingensig has previously been reported only

from Pliocene sediments of central California. Clark,
1815, p. 419, reported a guestionable new veriety of the
specles from the upper San Fablo formation of The Ban
Francisco Day.region.

Although mytilids characteristically are found attach-

ed to a rocky shore, living in the littoral zone, this is

not always the case Svecimens of normally rocky shore
species have been found attached to kelp, and anchored by

Y
yssal threads to a nuddy substrate. Although these exam-

b
ples are rarities, they illustrate the hagards of drawing
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ecological inferences from specles of a different sub-

genus.
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Flate 15, Figure 4, Plate 16, Iigure 4.

fesi
oo

Fecten discus Conrad, 1857, U. 5. Pacific R. R. Rept., V.7,

p. 190, pl. 3%, fig.
)

Pecten (Aequipecten scus Conrad, Grant and Gale, 1931,

san Diego Soc. Kat. Hist. Mem., v.1l, p. 200, pl. 4,
fig. 7.
shell small to medium size, thin, eguilateral excepnt

for ears, equivalve, or nearly so--the right valve appears
to be slightly less inflated than the left valve. Apical
angle about 100°, hinge length one-half 4o two-thirds of
longitude, right anterior ear about 1.8 times longer than
posterior ear, eers of left valve equal in length. Right
anterior ear with five radial ribs; ctenolium with four
teetn, deep byssal notch one-half the length of the ear.
sculpture of 19 or 20 radial, rounded, un-striated ribs.
Intergpaces slightly narrower than ribs, smooth. Sculp-

o

ture reflected on shell interior for three-fourths of dis-
tance from shell margin to umbo. Growth lines faint.
some shells have very faint secondary rib in interspaces.

Dimensions in mm. of specimens from locality 1623,

Long. 28 13 16
AL, 25 12.5 i5
Hinge Length 16 3 10

Keen, 1958, p. 68, in a key to the genera and sub-
geners of the Pectinidae, states that the ears of Chlamys

are unequal in length whereas those of Aeguipecten are

equal. The species digcus is placed in Chlamys because the
ears are of very different length. Clark, in Kew, 1924,

p. 67-60, identified material from Haskell Canvon as
k ’ J

Fecten raynondi. This probably corresponds to what is

-

herein referred to the specles discus.

D

These two species and several others that are very

gimilar have proven to be difficult to separate. Grant
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and Gale, 1931, p. 200, place several of these in the
specles discus. The pectinids in the Castaic formation
add no light to this taxonomilic problem. Vhere the species
1s most abundant, at locality 1623 in fine sandstone

about 50 feet above the base of the formation, the shape
and sculpture erevariable.. AT one extreme are small,
moderately ventricose valves with prominent ribs; at the
other extreme are broad, nearly flat valves with very low
ribs. A Transition aprears to exist, but cennot be proved.
Only the marginal parts of the larger valves are preserved,
so the possibility that the valves are originally ventri-
cose, but become less so and ribbing becomes lower and
broader with ilncreasing size can not be validated. This
same varlability is present in the material from locality
232, in Haskell Canyon. A specimen from locality 234 may
be C. discus, but it is more likely a valve of L.

egstrellanus that is too small to exhibit the secondarvy
&/

ribbing. The species is also found at locality 1670.
The material from locelity 1627% consists of molds
and gypsum caste representing unworn whole valves, a few
of which were arti ¢ when buried. At locality 232
the material consists

in a matrix of coarse

te
I single whole valves and fragments
0 very coarse sandstone. Locality
ed

252 1is in a sandstone bed about 85 feet above the base of

the formation.

Chlamys discus has been reported from middle and
or

upper lMiocene sediments of the California Coast Ranges.



113

Chlamys cf. C. hastatus Sowerby

}._1
ja}
Cl
[
.

5, Pilgure 6.

Pecten (Pecten) hastatus Sowerby, Grant and Gale, 1931,
Sen Diego Soc. Nat. Hist. ¥em., v. 1, p. 166, pl. 11,
figs. ba, b.

ohell medium size, thin, convex, nearly flat,

veulpture expressed internally but not in detail. Bculp—
ture of strong spinose ribs, generally grouped in dbundle
of three with interspaces between bundles about as wide
as adjacent ribs, interspaces within bundles much narrow-
er. A small lateral riblet 1s present along one side of
some ribs.

The sculpture is similar to that of hastatus and its
varietal forms, bult there is not enough maverial for a de-
finite identificaticon. This form has been found only at

locality 1670.
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Chlemvs hodgei Hertleln

Pecten (Chlamyvs) hodgei Hertlein, 1925, 8. Calif. Acad.

30]'.. E‘I};ll-, _Vg. 24‘, pl 4‘2’ plo 4"’ ii;SS. 1’ Z.'

ohell large, higher then long, equilateral, inequi-

15y
valve, thin, sides approximately straight, ventral margin
evenly rounded, Bars unequal, anterior ears much larger
than posterior ears. HRHight valve: deep byssal notch,

ctenidium with about 10 medium-sized teeth, ears with
about five radiating ribs crossed by growth lines. Lefd
valve: radiating ribs on ears sbout the same size as

those on right posterior ear--smaller than on right
anterior ear. Hight valve ornamented with about 20 bifid
ribs, interspace contains a median riblet and, in some
cases, one or btwo additional riblets. Left valve ornament-
ed by about 22 flatly rounded ribs, interspaces contain a
median riblet about one-third to one-fourth as wide as the
primery rib. In some interspaces, finer, tertiary ribs lie
along the sides of the primary ribs. The primary ribs of
the left valve are narrower than those of the right; the
gsecondary riblets of the left valve, however, are wider
than those of the right valve. General pattern of sculp-
ture reflected internally to umbo. The sculpture of the
right valve is variable. On one specimen, all the ribs

are bifid; on another, only a few are bifid; and on a
third, most are bifid, but the two parts of the ribs are
not of eguel width, and the posterior half of several of
the ribs is split.

Dimensions in mm. of three specimens from locality 1663%:

Alt, 52 49 44
3

Long. 49 4 4.0
Diam. 19 18 *3

*gingle right valve.
specimens agree in all respects with the type
of Chlamys hodgei. Grant and Gale, 1931, p. 168,

oy
Laese

gspecimen

o
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consider this species Lo be synonymous with Pecten

bartgschi Arnold. As they state, however, the type of

bartschi is poorly preserved. C. hodgei should be con-

sidered as a separate specles because 1t bears little

mblance to . bartschil as illustrated by Arnold,

5 €7
1906, pl. 41, fig. 3, and because it has now been found

in sediments of equivalent age at two widely sgeparated
localities. The plasticity in sculpture, evident in the
Castaic formation specimens, indicates that this and
apparently closely related specles might offer s good gubject
for an evolutionary, ecological Stv Gy .

L. hodgel has been found in the Castaic formation
only at locality 1663. Two articulated individuals and
a single right valve have been found. None were abraded
or broken before depogition.

C. hodgel has been LOUOftCO previously only from the
type locality of the Sante llargarite formation, near
Coalinga. ©Species of Chiamys today live in the sublitbtoral
zone of open coasts on mud and sand bottoms. If the re-
lation between shell dimensions and degree of mobility
pointed out by Yonge, 1951, p. 415, can be applied, to fos-
sil as well as to recent Chlamys and lecten, C. hodgel was

sedentary, attached, no doubt, by byssus.
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Chlamvs pnarmneleei? Dall
Flate 1%, Pigure 1.
Pecten (Chlamys) parmeleei Dall, 1898, Wagner Free Inst.
sci. Trens., v. 5, pt. 4, p. 708, pl. 37, figs. 14, l4a.
Pecten (Pallium) swiftii Bernardi, Grant and Gale, 1931,
wan Diego Soc. Nat. Hist. dem., v. 1, p. 171, pl. 10,
figs. la, b, 2, 4a, b, 5.
ledium size, altitude about 50 mm. 5Shell thin,
sculpture reflected internally. Sculpture consists of

adial rounded ribs and furrows upon which are about 7
Secondary ribs per set of rib and furrow. Hibs wider
than furrows.

fwo fragments have been found at locality 1663,

The material is too fragmentary to be identified sure-
ly. The sculpture does not resemble that of the tyve, but
1t does resemble the specimen from the Pliccene sediments
of Cresent City figured by Arnocld, 1906, »l. 41, fig. 5,
1t resembles somewhat Fecten wattsii var. morani Arnold,
and fecten etchegoini Anderson. Grant and Gale, 19%1, p.
171-175 consider these species to be synonymous with, or
varities of, recten swiftii Bernardi from the late Tertiary
and Recent ol Japan. .The material can only be tentatively
ldentified with ®the most similar local material.
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Lyropecten estrellanus (Conred)

Plate 16, Pigure 6.

-

Pallium estrellanum Conrad, 1856, Acad. liat. S5ci. Phila,

Froc., v. 8, p. 513.

Fecten (Lyropecten) estrellanus (Conrad), Grant snd Gale,

931, San Diego Soc. Nat. Hisv. llem., v. 1, p. 185,
pl. 8, fig. 4.
shell large, bi-convex, eguilatersl, right valve is
a little more ventricose than left valve. Apical angle
about lOOo, 18-19 radial ribs, ribs steep sided, rounded

on top with striae absent or reduced. Interspaces narrow-

er than ribs, flat, with well developed median secondary
rib, and, on sgome valve two marginal tertiary ribs.

Ribbing reflected interna lly from shell margin to umbo-
nal area. SHars equal in size; byssal notch shallows
ctenolium of two widely spaced, low smooth bumps on thick-

ened shell margin. Several radial ribs on exterior of

ears.

Dimensions of some typical specimens; in mm.:

Long. 76 46 41 70 120 80 56 53 44 55 45 60
Alt. ’ 74 45 41 68 110 77 55 50 50 49 45 60

f valve-34 20 1lo 23 54 38 24 24 17 —= —= --—
singe length 30 20 -17 —- 50 37 25 24 20 25 = -
strellanus hag been found at locaelities 1849, 1627,

-

2069, south of Soledad Caﬂyon, at localities 2322
and 233 in Haskell Canyon, at locality 2104 in Fish Canyon,
and at locality -4 north of Iish Canyon. AT locality
1849, gpecimens are abundant but poorly preserved; most
valves are disarticulated but unbroken. The specimens

re in medium- to coarse-grained sandstone a few feet above

the basal unconformity. AT locality 1627, L. estre

1
is rare, occurring in pebbly sandstone as single valves.
At locality 2069 it is one of the most abundant forms pre-
sent, occurring as fragments throughout the unit at
%

Locality 1663, it is of the most abundent form present,
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and most of the valves are articulated. This bed is
composed of sandstone with occasilonal scattered pebbles

9

and cobbles. AT locality 2335, the specimens are poorly
preserved disarticulated valves in a bed of pebble conglom-~
erate., Unly a single broken valve has been found at
locality 7-11-15, in the sal coarse clastics. At local-

ba
ity ¥-4, molds of L. estrellanus arec sbundant in a two-

inch~-thick layer within a sandstor d several feet thick.
inch-thick laye /ithin rdstone bed sev 1 feet thicl
The velves are all about the same size-~--50 mm. in altitude,

-~

and two-thirds of them are concave up. The valves were
buried unworn. Johnson, 1957, has shown that a cupped
shell is less stable when the concave side is up than
when the convex side is up. In the unstable position it
is more likely to be transported and eventually overturn-
ed to the more stable position, whereupon it wlill become
buried 1f not destroyed by org

[

anlsms, or mechanical wear.

Therefore, if two-thirds of the valves of L. estrellanus
9 —

are in an unstable (concave up) position, sonething might
have been anomalous in the depositional enviromment. It
lg considered, though, that the orientation of the shells
is more a reflection of the 1ife habi of the organism
than of the depositional enviromend. Yonge, 1951, p. 409,
415, states that among Recent species of Pectinidae the
relative lengths of -the anteroposterior and dorsoventral
diemevers (called longitude and altitude in this paper)
are indicative of the degree of attachment. The longitude
is greater than the altitude in those that are unattached;
the altitude is greater in those that are attached, either
by cement of byssus. Applying this criterion, L.

N

estrellanus was vagile, and as is Tthe hablit of meny recent

pectens, provably lived Durbly buried lying more or less
flatly on the sandy substy a in such a position, the
lower valve of a dead Lﬂ"deuCL, being below the surface,
could not be flipped over eaSLLy When the muscle and

ligament had decomposed, water movement could raise and
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£liv over the upper valve so that all the valves would be
concave up, bult then the upper valves would be more like-
ly to be flipped over, lying as they would unon the sur-
face. I1f none of the lowexr valves were disturbed, about
two-thirds of the upper valves were turned subsequently
to a convex-up position, so that as finally preserved,
two-thirds of all the valves are concave up.

The distribution of L. estrellianus is discontinuous

but is throughout the outcrop area of the formation. At

localities F-4, 184G, and 166%, the specimens are re-—
latively undisturbed. The species lived in shallow water

on or in a substrate of sand with only & small pebble

content. Specimens from other localities have been

broken, dissoclated, and perhaps transported. 1In tThese
localities the species occurs in coarse, more poorly sort-
ed, pebbly sediments.

The reported range and distribution of ILyropecten

estrellanus ig Miocene and Pliocene in central and south-~

ern Californie
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Pallium crassicardo Conrad, 1856, Acad. Nat. Sci. Phila.
}‘:)TOC.’ V- 8, p' 513'

Pecten (Lyropecten) crassi

5. Geol. Survey Frof. Paper 47, p. 71, pl. 16, figs.

lagy p1. 17, figs. 1, la, 1lb; pl. 18, figs. 1, 2, 2a.
Pecten (Lyropecten,) magnificus Sowerby variety crassic

(Conrad), Grant and Gale, 1931, San Diego Soc. Nat.

Hist. kiem., v. 1, p. 183, pl. 9, figs. 4, 5.

Shell large, thick, bi-convex, equivalve, equila

sides approximately straight. About 16 strongly developed
ribs, ribe wider than interspaces, both with radial striae;

ribs steep

almost flat.

except near the outer edge of the shell. Concentric ledg-
ing present on some shells but not common. Ribbing express-
ed internally only near the ventral shell margin. Anterior
ear with about four ribs; anterior ear & 1little longer than
posterior ear. Apical angle 100°9-110°, but as great as
120° on largest shells. Hesilial pit deep, with several
lateral crurae on each side.
Typicael dimensions, in mm.:
Long. 120 115 140 200
Alt. 115 120 135 170
Diam. *50 *35 *AQ 60
Hinge length 55 - 60 50

*of single valve.

The specimens from the Castaic formatvion are typical
of the species. Grant and Gale, 9%1, p. 183, regard
crassicardo =g a variety of Pecten (Lyropecten) magnificus
L. nagnificus, from the Hecent of the Galapagos Islands,
is characterized by bulbous nodeg on the early part of the

left valve,

Growtn lines

whereas

gided, rounded on top,

s i
L

2int,

cardo Conrad,

Arnold, 19

06, U.

1,

ardo

interspaces rounded

ol
(R &

obscure on many

gvfe)
ells

\Jv i c_nl

none of the specimens from

the Casta

.
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formation are nodose. They alsgso state that ncdosity

increases in lower latitudes, thus explaining the exist-

ence of a nodose descendant of L. crassicardo near the

k)

ecuator. The relationship may be valid, but no inter-

mediate forms have been found. L. crassicardo, L,
o Y -

agnificus, and L. subnodosus are closely related species

characterized by like shape, size,

}3

and general Teatures
L}

of sculpture. The Hecent specles nmagnificus and the

o a

Wiocene species cragsicardo differ apparently only in

nodosity. . subnodosus has fewer ribs—--10 or 11 instead

§L_~f

of 16-—and is more or less nodose. In other respects,

however, it is very like crassicardo and magnificus.

Other similar species have been described, the description
based on fossil material, and a detaliled study would be
necessary bto determine reletionships. 1In any case, how-

ever, L. crassicardo clearly belongs to a warm-water
| B &

group. L. magnificus is a HRecent species from the

Galapagos Islands. L. gubnodosus ranges from Pliocene

£

cO

ot

Recent. Its northern limit of distributicn has been, and

is, Baga alifornia. The distribution of cressicardo is
dle and upper Miocene sediments of the central and

southern California Coagt Ranges. L. crasgsicardo is

found in the Castaic formation north of Haskell Cenyon.
Articulated specimens are found only north of Necktie
Canyon. Whole individuals are restricted to coarsc or
cranular sand bodies very near the basal contact. In these
places, as, for exsample, on the gand bar exposed in nlder-
berry Canyon, the articulated individuals are lying

parallel to the bedding. Fragments of L. crassicardo are

abundant within the near-shore sands and conglomerates

and small scraps are found in sandstones well out in the

basin. In genersl, the habitat of the species was

apparemtly on fairly well-sorted sand bolttoms near shore.
e

A

is abundant in more or legs Irag 1tal condition in

},_!

-

coarser-grained, more poorly-sorted sediments that have
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been transported and deposited away from shore. Lt is

rare in Tthe most basal conglomeratic sediments that re-

U)

present material reworked by the transgressing sea, or

Lol

QO

us type deposition. It is most commonly

1
agsociated with Crassostrea titan, but where 1t is

associated with a more varied fauna, C. titan is generally

absent or very scarce. IFragments of L. crassicardo occur

within massive sandstone beds of the lower part of the
Ridge Route formation.
The average maximunm size of L. cragsicardo is uni-

form throughout its area of distribution. The largest
gpecimens are found in Castaic Canyon, but the average sige
of the largest individuals 1s the same at any locality.
The only specimens that are shelved, due to interruptions
in growbth, are found in Haskell Canyon--&t the southern
limit of distribution of the species. The diameter of
shelved specimens is greater than that of normal specimens.
Sculpture is uniform throughout the formation. Wany
pecimens contain small borings approximately 0.5 mm. in
diemeter that resemble those formed by clionid sponges.
Shells bored are those that remalned unburied after death
of the individual.. Unworn velves and articulated shells are
not bored; worn and broken shells, on the other hand, are.
Borings are not geographically limited.

T

L. subnodosus is found living in the inner sub-

littoral zone at depths of 30 to 50 fathoms. This can be

applied only tentatively to L. cragsicardo until the re-

: 1

lationship between the speciles is better known.
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Hinnites cf. multirugosus Gale

Flate 19, Figure 5, Flate 16, Figure 2.

Hinnites gigenteus Gray, 1826, Ann. Phil., ser. 2,

v. 12, p. 103,
dinnites cras
»t. 2, p. 19
Pecten (Pecten) 1
Nat. Hist. Mem., ve 1, p. 199, pl., 11, figs. 5a, b.

san Diego Soc.

ohell medium size, nearly equilateral when small, ile.
when altitude is Legg than about 19 mm. Shell growth be-
yond this size is irregular, so that the adult shell is
inequivalve, inequilateral. Altitude greater than longi-
tude.

Sculpture of more than 17 primary radial ribs and
well developed secondary ribs occurring singly, or in a
few cases, doubly between the primary ribs Also, one or
two tertiary riblets are present in a few of the rib inter-
spaces. ohell margin smooth; sculplbure not reflected on
shell interior.

Hinge narrow, heavy length about two-thirds the shell
longitude, Regilial pilt deep,
PDimensions of whoie individuals Alt. 40 mm., long. %6 mm.,
hinge line-2% mm, in length, diam. 15 mm. A second specil-

men has these approximate dimensions: Alt. 65 mm.,

i

E

long. 60 mm. .
The specimens are only compared to H. multirugosus

o

because they differ in sculpture from typical individuals

range Irom middle Iiocene To

o

of that speciles, which has

Hecent. The species 1s variable, however, and it is

possible that with further study the specimens found may

fall within the limits of varigbility. They are similar

to some specimens of mulygigto%gg seen in the collection

of the California Academy of Sciences. The Castaic for-
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mation specimens differ from typical specimens of multiru-
gosus in having more regular sculpture with fewer ribs in

the interspaces between the primery ribs. Also, the ribs

are not squamoseJ but this difference may be due to

Qigﬁgigg has been found in the Castaic formation
only at locality 2068. The articulated specimen lived
attached to calcareous tubes deposited by some type of
worm. The presence of both valves suggests that the speci-
men was not transported prior to deposition. Although
this is certainly not conelusive evidence, in any case,
neither specimen was transported cnough to be worn or
broken.

The Recent distribution of H. multirugosus is from

—

the Aleutian Islands to the west coast of Baja California.
The reported Pleistocene distribution is from Tomales Bay
to the west coast of Baja Califormnia. The reported

Pliocene distribution is Imperiel County and coastal south-

m? 7

ern California. The upper Milocene Hinnites, H. crassa,
has been Tound in the central California Coast Ranges but
differs from the Castalc material.

Living H. multirugosus is found in marine water from

-

low tide down to 12 fms. It lives on gravel bottoms or
among rocks, most commonly along open or protected outer
coasts, but also in bays, Young individuals commonly set

under rocks and ledges or 1in rock crevices.
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Pododesmus macroschisma (Deshayes), Grant and Gale, 1931,
o 1 12,

San Diego Boc. Nat. Hist. dMem., v. 1, p. 241, pl.

Shell large, thin, flet. No muscle scars or hinge
features preserved. OSculpture of coarse uneven radiating
ribs and prominent growth lines. Lvery third or fourth
rib 1s several times the size of the smaller intervening
ribs. Interspace width not constant, about as wide as
the adjacent ribs.

This fragment is referred to Fododesmus because of
ivs shape and scvig“ure. The sculpture differs from th
of typical macroschisma, but the sculpture of macroschis

This form has been found only at locality 1670. Only

=T de - e

he ventral part of a valve is preserved,

Lo e,
AT the

resen®t, . macroschisma is found in bays and
on oubter protected coasts in marine waters, It occurs

ct
attached +to wocks.or shells from low
c

Pleistocene, and Hecent sediments along the Facific Coasd

between California and Jagam.
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spondylus sp.
Plate 17, figure 1.

ohell large, approximately circular, thick, moderate—
ly inflated, more or less equilateral, inequivalve; right
valve with prominent opithsogyrous beak, broad triangsular
cardinal area. oShell marging and surface sculpture not
preserved, having been riddled by boring organisms. A
flat shelf about one centimeter wide lies within the
ventral shell margin. Hinge of right valve contains two
strongly developed teeth on elther side of a deep regilial
pit. On the outer side of each tooth is a pit to accomo-
date the corresponding tooth of the left valve. A broad
triangular cardinal area is situated above the dentition.
The treasck left by the resilial pit during the life of the
animal 1s voorly preserved. Nature of ears indetermin-
able from material at hand. Dimensions in mm. are based

o

on material that is fragmental in large part, and poorly

(oo ]

preserved in general. Therefore, all are approximate:
ALt 150, Tong. 150, Thickness (center of valve) 25,

Hignt hinge features:
Hesilial pit depth ‘ 10

Regilial pit width 11

Distance between centers of teetl 17
Width of hinge line 65
Distance from hinge line to bezk 60

~

Shell structure: The shell material is recrystalliz-
a

ed To coarse calcite in gome gpecimens, but the structure
C

is ea Lly discernible. The shell consists of three layers
he inne wo, originally eragonite, are yellowish-gray,

the outer one, originally calcite, is dark gray. The two
inner layers meke up 380 percent of the shell near the
ater percent near the hinge, a lesser percent

onTter o 7T
center, a gx

qw

near the margin. The interior marginal shelf marks the
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wn

area where 1ittle or no aragonite of the two inner layer
had been deposited. The innermost layer is several times
Tthicker than Tthe middie one. It is conposeé of prismg

lag

to the shell surface, mainly recognizable by slight varia-

oriented normal to the shell surface,. ring parallel

“<<

"
p

tions in color at intervals of about one mm., is also pre-
sent but appears to have no effect on the length of the
prisms. The middle layer is crossed lamellar. The
lamellae are normal to the chell surface. This layer is
the most poorly preserved of the three, its identity
being most easlly destroyed in the recrystallization of
the shell. The outer, calcite, layer has an irregular
foliated structure. The foliae are more or less parallel
to the shell surface, but margin-~ward, ventrally, each
folia extends from the base of the layer to the surface
and out into a flat spine, forming a rough squamose ex-
terior. This outer shell layer is thoroughly riddled by
borings about one-half to one mm. in diameter. Inner
layers are also bored, but not to so great an extent.
Because of the poor preservation, particularly of
the Soulpttre, the Spondylus from the Castaic formation
can not ve ildenvified specifically. %EpndVLus has been
reported from sediments of Locene to

Galifornia. The genus occurred as far north as central

California during the BLocene epoch. It has not been re-

ported from Oligocene sediments In lower liocene

(VdOHCLO”) sediments, 1t has been Tound in the Transverse

Ranges and Channel Islands of southern California, and

as far north as Monterey County. OUgle, 1953, p. 28,
stated that a sSpondylus had been found in the basal

sediments of tThe Wildca t Group near Scodb in northern
Celifornia. He sop@fated these basal sedlments into the
Fullen formation of late liiocene and early Fliocene age.

The specimen identified as Spondylus was exaomined and
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found Lo be, in fact, & pectinid similar to

varmeleel. sSpondyvlus is & common clement of the fauna of

the lower Fliocene Imperial formation of the Colorado
f Czlifornia. 1t also occurs in rleisto
0 ocene sediments of the Gulf of Californi=a
(Durham, 1950, p. 68). Along the west coast of Baja
California, the northern-most Pliocene occurrence of the
0 iros Island. The Hecent northern limit of
d““i?lbvtl n of the genus on the Facific Coast is the
ornia; the genus does not occur on the wesdt
ja California (Keenm, 1953, p. 76). Thus, the
.

£ QQOﬁdy lus in the Castaic formation 1s the

omly post—early Milocene occurrence in the coastel sediments
of California, and fits into a continuous southward move~
ment of the known northern limit of distribution of the

genus from central Califor in the Zocene and early

ot

Miccene to within the Gulf of Cslifornia at the present.

Spondylus occurs in the Castaic formation only at

~

locality cl(
articulated; they occur in a basal pebble-cobble conglom-

L. ©OSpecimens are fragmental; only one is

o

erate overlying the iMartinez formation.

Spondylus of the Panamic province have been

reported living at depths of 15 to 4% fms. in the open

Recent J

ocean attached to rock, coral, or gravel subsitrate.



Crassostres titan (Conrad)

Plate 17, Figures 3, 6, Flate 15, Figure 3.

O

Ostrea titan Conrad, 1853, Acad. Nat, Sci. Fhila. Proc.,

Ve 6, p. 199; 1857, Facific R. R. Hepts., v. 6, pt. 2,
no. 24 pe. 72, pl. 4, fig. 17, pl. 5, fig. 17a.

shell large, valves more or less elongate, flat to
deeply cupred; muscle scar near the ventral end of the

valve and in some cases, to one side, left valve more

]

cupped than right valve. oShell may be twisted; all those

twisted were twisted clockwise looking down on the shell

in living positiocn. The distinctive features of (rassos-—

!

trea titan are large sizce, great valve thickness, elongate

-1,

shape, and muscle scar ﬁear the end of the shell. In the
Cagtaic formation, characters of the species vary consider-
ably, but in a systematic way:

1. North of &lizabeth Lske Canyon, the speciles is most
abundant, and individuals are much larger than elsewhere

in the formation.

N
®

south of Haskell Canyon the species is rare.

o

In the Haskell Canyon-Dry Canyocn area, a number of
valves are radiélly rivbed with a few irregular, round-
crested ridges. These ribs are discontinuous between
laminae on some ghells, Ribbing is more prevalen®t on
bottom (left) valves, and particularly on those that are
deeply cupped. Top (right) valves are generally flat
without ribbing. DBecause the ribbed forms are asgsociated
with unribbed forms and are typical in other respecits,
ribbing is counsidered to be of only ecological or local
gilgnificance~-not to represent specific or subspecific
difference. ,

£, Shell presefvation is good south of Llizabeth Lake
Cenyon--there, many shells have pecarly iridescent luster.
Horth of ilizabeth Lake Canyon, most of the shells are

dull gray and more or lesg recrystallized.
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)O—Ys

5.
Locallty

ool
mt__)

1849 Fholad COmmon
1624 Clionid? rare
234 Clionid? common
rholad common
230 Clionid? rare
lo71 Clionid? comnmon
1670 Clionid? common
North of #lizabeth
Lake Canyon Clionid? abundant
Pholad occasional
6. Details of the distribution of C.

Factors considered are abundance, preservation, dimensions

end variations from the general form as described above,

liscussed 1n some cases in terms of the features of

cha teristic specimens. Although C. Titan is widely

distributed, few speoimens are suflficlently preserved to

furnish useful dinensions. Thus the measurements given
reflect the general trends of gize and shape, ovut are
inadequate for any detailed conclusions. Based on compari-
son with the fregmental material present, the few speci

mens measured at a~1ooality are considered Tto be typical

of the population at that locality. rarsa meteru measure

are:

L. - Length of valve, maximum diameter through beak.

V. - Width of valve, normal to length.

T, - Thickness of valve, measured in the center of wvalve,
avoiding the irregulsrities in thickness associlated
with the muscle scar.

¢. - Convexity of valve, the maximum distance, normal

£

to the plene of the valve margins,

to the interior surface of the valve

the irregularit md the muscle

o

Length of the ligsment pit.

rrom

that plane

, again avoiding

scar



nce from beak to center of muscle scar,

\
i
]
3

teal, were made on

.
-
&
I
5
[
®
&

measurements,
ls that were slightly incomplete bul well enough pre-
served so that the original shell outline could be recon-
structed with good reliability. If this was not possible,
no measurement has been given for that dimension. Hven

on unbroken shells, early outer laminae are generally lack-
ng. This is the most common source of error, causing all
the length measurements~-L, Ll, and Im--to be too small.

‘..5.

Locality
1849 -~ Specimens uncommon, 1% percent articulated,

all more or less broken. Nacreous luster

o

moderately well preserve

—
o
.
0]
Qo
[

1624 - Uncommon, al. iculate@, brokens

9

nacreous luster '")O’“"—l_'rr preservec; valves

2069 -~ Rawe, all valv s disarticulated, broken;s

nacreous luster poorly preserved; valves
relatively fiat.
1663 - Only a few small fragmeuug prosent.
270 ~ U ] st are broken;

nacreous lust well prese

ese
51 - Uncommon, none articulated, few not b3

N
o

=t

nacreous luster well

valve measured bears
ribs. Another incomplete left valve is
deeply cupped and also is ribbed. In

comparison, the right valve measured 1s

S
Common, none articulated; nacreous lugter

oy

AN

"

N
|

moderately well preserved. Right valve flat;
eft valve deeply cupped with broad strong

radial ridges which are confined to one gide

f the valve exterior. ©Small left valves of

0
Ostrea? are attached to both inside and outside
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167C¢ - Common, none articulated, whole valves
common; nacreous luster well preserve
several valves, both right and left, bear
faint irreguler ribbing.

1671 - Common, none articulated; nacreous luster
well preserved.

2091 - The margins of the left valve measured
are crenulate.

North of WNecktie Canyon - Abundant, shells. large,

tion exists between the distribution
of C. titan and the sediment tyre. HNo specimens have been
found within mudstone. “The species is most sbundant in
the coarser-greained, more poorly sorted sediments--pebbly
sandstones and conglomerates. 1In these, the valves are
disarticulated and commonly fragmental and the size of the
fragments found is often clearly proportional to the size
of the sedimentary clasts. L. Litan has been found arti-
2ted at localities 1849, -2, D-21, D-31, G-2, 2091,
099, and 7-12-5, and 2106, At localities T7-12-
and 2106 gome of the specimens ere attached to other
oysters. Otherwise, at all of these localities, the ob-
ject upon which the spat set is not evident. The sediment,
in every case, is well-sorted, fine-to medium-grained sand-
stone. These localities are in sediments which were de-
vosited very close to the basal contract. Broken and

pJ

isarticulated specimens are present both near the contact
as well as in tongues of coarse clastlcs within the center
of the basin. No oysters have been found attached to the
underlying sediments on the lMartinez-Castalc contact.
Living C. titan were restricted to a substrate of
well-sorted sand. They were further restricted to shallow
near-shore water. Although they were not limited to the
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northern part of the Castaic formation, they were certain-
ly largest and most azbundant there. This area no doubt
represented the optimum environment. Lyropecten cragsi-
cardo is generally found assoclated with C. fitan, and its

iistribution is that area in which C. titan is largest and
most abundant. Althouzh the two speciles form a common
assocliation, they are not necessarily found together,

vting that their ecological requirements are some-
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Locality Valve L W T C L1 Im Hemearks
1849 L. 75 A0 =—- 15 5 -
1624 L. 200 75 20 5 20 155
L. ——— 110 35 0 == -
2069 2. e 62 35 0 17 -
230 R. 140 110 15 8 25 90
251 R. 35 25 5 2 s
L. 95 65 5 12 12 65~—s§ows a pe{iod
234 K. 175 90 28 12 30 --- 7 0eep wetyas
L. 155 110 15 40 20 110--radiel ribs
1670 H. o 9% == 14 -= === -—radisl ribs
R. 145 g5 20 7 25 1l5--radicl ribs
L. 90 60 5 18 173 55
Lie ——— e 10 39 30 ——— ~radisl ribs
L. 200 100 -- 32 -- 160
1671 L. 160 105 15 35 25 105
L. 115 75 10 23 20 90
. 125 90 12 10 1% 90
80 45 6 g8 12 60
120 80 5 5 20 90
95 65 5 10 15 65
100 75 10 11 -- 68
165 11% 15 21 25 13%0
160 100 2% 18 =-- 150
2091 L. 36 25 1 6 6 25
2071 R, 240 165 50 10 50 155--this specimen
0. 210 ——e 35 15 50 155 %Soggusually
R 18 120 20 15 40 130
2071 L. *Z00 130 50 50 105 225
T-11~30 2. #1180 120 30 -— *30 125
2106 R. #*180  90) ,
- , -—articulated
L. *190 *#90)
He 230 120 30) ~—articulated
Lo *2750 *125 )
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Locality Valve L W T C Ll Im Remarks
L. 220 50 60 40 40 150

t
L]
i
¢
i
o
\ g
e
O
O

N
\J1

~—-Strongly twist-
ed, attached to
another valve

D-3%1 R, *¥210 *¥10% *40 ~— *30 *160

1
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Crassostrea versus Ustres

Two digtinct probluns arise in the generic taxonomy

of what has commonly been called Ostrea titan. First,

what are the genera of Usireidae? Second, on the basis
of the ghell alone, into which of these genera should the

species GLitan be placed?

o)

Within the last thirty years number of zoologists,

among <bthem Orton, 1928, Ranson, 1942, and Guater, 195
have pointed out that recent members of the family
Ustreidae can be divided into three distinct groups. ITwo
of the groups are in what has commonly been called Ustrea.
The third, rycnodonta, is clearly distinguished by basic

anatomical differences and a shell which has a cellular
or vacuolate structure.

Gunter, 1950, lists ten morphological characters in
which the two groups of "Ostrea" differ. The validity of
two primery groups is confirmed by basic differences in
reproductive, larval, gill, and branchial features. Of
the ten characters, six should result in differences in
the shell, ‘and one is an ecological difference which, for
fossil ocecurrences, is an interpretive matter,

One of the groups is clearly Ostrea. The other genus

I o

is either Gryphaea or (Crassostres. Luropean scientists,

Ranson, 1942, Piveteau, 1952, v. 2, p. 285, prefer the
name Grypheea for the group, and the name Liogryphaea

for the lMesozoic oysters that, according to Ranson, 1942,
. 162-16%, gave rise to Lxogyra and Gryphaea. Stenzel,
1947, p. 174-177, and Gunter, 1950, p. 445-447, have shown
that Gryphsea can not be applied to Tertiary and Recent
oysters according to the accepted rules of nomenclature;
that the name Gryphaea must be applied to the Liogryrnaes
of Huropean usage, and, that the proper name for the other

e

group of Tertiary and Recent oysters is (Crassostrea. This




usage is followed here. Hedgeveth, 1954, has proposed that

!__}

Grvophaea should apply to both Grypyhaes and to Crassostrea
A ot et e A [ i Prttans

e

because Gryphsea did not become extinct at the end of the
fesozoic but continued as a single gens with a reduced
tendency to coill in the manner characteristic of the
typlical Jurassic and Cretaceous Gryphaea; the various
Tertiary occurrences of gryphaeoid oysters, Packard, 1923,
Hertlein, 1937, being evidence that the combination of
genes characteristic of the llesozoic Gryphaea remalined

to crop up in the Tertiary.

If, as Ranson says, 1942, p. 163%, Crassostrea has

reasonable Tto assume tThat

0]

descended from Gryphsesz, it 1
some of the genetic characters have carried across, as in
the derivation of any group from another. If this were
not so, pnyllogenetic classification based on similari-
ties that carry through successive species or larger
groups would be impossible. Thus Hedgepeth is perhaps
correct in assuming that there is & genetic continuum

from Gryphaea to Crassostrea. However, the differences

between the two are considerable even though a few Ter-
tiary and Recen: gryphacoid forms have existed. There-
fore, it is logical to separate the two different groups.

* ] - - oy o ey oy = - ]
As mentioned previously, Gunter, 1950, liste six

differences between Ogtrez and Cragsostrea that are
reflected by differences in the shells of the two. FPro-
dissoconch differences described by Ranson, 19%9, are one
of these., Because, however, the prodissoconch of the
oysters from the Castalc formatlon is not preserved, this
criterion can not be used. Two other of the six criterig-—-

Crassostres possesses a promyal chamber, and the muscle of

Crassostrea is farther anterior, nearer the opening be-

tween the valves-—-are significant because they are direct-
1y related to physiological differences and perhaps, also,
are of significance in considering the life habits of the

two groups (Welsom, T. G., 1928). The other three criteria



listed by Gunter--Crassostrea is larger, has a more cupped

lower valve, and has 2 more elongate variable shape-—-—-are
generalizations that may be valid, although particular
specieg and certainly many individuels will prove to be
exceptions as a result of the great plasticity of oysters
in res»onse to ecological variation. Therefore, these
three criteria are not as valuable as the previous Two,
although the position of the muscle, too, may be ecologil-
cally controlled To a certalin degree in individuals.
Recent material representing smell, previocusly
identified collections of the following species, belong-
ing to H. A. Lowenstam or the Gollish collection of the
California Institute of Technolbg“, were studied: hyvotisg,

frons, nobilis, reniformis, lurida, auriculatsa, amara,

conchavyhila, crenulifera, cristagelle, denticulata,

edulis, expansa, folium, edulis deformis, glomerata
3 s ki 3 2 ?

permollis, palmula, imbricata, inermis, plicata, lurida

rufoides, retusa, mordax, irridesceng. Collections were

J—r’w

too small to be snalyzed in any quantitative way, but
they do represent a large number of recent species of
oysters., After studying these collections and atteuptlnb

to group them in Usitrea or Crassostrea, 1t is obvious

that morphological variation within a species may exceed
the variation which distinguishes the two genera. Thus
individuals of certein species of Ugtrea may have particu-

lar morphological characters of Crassostrea to a greater

degree than do individuals of (. virginica, the type of
Crassostres.

In comparison with the specimens of

the individuals of the species bLitan from
i

nation have the charascteristics of Crasscstrea Tto a much

grester degree. The Castaic specimens are, in general,
elongate and relatively large, have a cupped lower valve

and have an anterior muscle scar. The presence or abseﬁce of



a promyal chamber is difficult to determine
the reflection of it in & cupped shape and

On the

and Crassostres

muscle scar.
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relative to Ustrea. Third, C. virginica has been found

on an oil well cut in the open Gulf of

lMexico (Butler, 1954, p. 479). In addition, a small
community of the same specles lives in essentially s marine
environment near FPort Isabel, Texas (Hedgpeth, 1954, p.

207). Representatives of (rassostrea are not restricted

to turbid and/or brackish environments.

Although Crassostrea is most commonly found at pre-

ok

sent in brackish water, the presence of C. titan in sedi-
ments does not mean that those sediments were necegsarily
deposited in brackish water.

The holotype of Crassostrea titan came from the upper

Miocene Sante Margarita formation of San Iwmis Obispo
County. Subsequently it had been described from middle

and upper Miocene sediments of the central and southern
California Coast Ranges. DLaton, Grant, and Allen, 1941,

ags a result of a study of the lMiocene gediments and

Tfossils of the Caliente Range and environs, describe a

C. Titan from material that would have been grouped pre-
viousgly under C. titan. In addition, three other varieties

or subspecies of C. titan had previocusly been described.

the populations may exhibit a small smount of variaebility,
there are distinct characters which are different than

in the typicel C. titan. In the Casteic formation, in

sediments that are essentially contemporaneous, the

ty 1s so great that, according to the illustra-

Lo o

=8

ariabil
tions and desgcriptions of type specimens, several of the
previously described speciles and subspecles could be re-

presented among the Castalc specimensg. However, it is
considered to be more probable that the variabllity is

T

largely environmental and not genetical. It appears pro-
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beble that some of the described subspecies, varieties,

and closely related species are only ecological variants.
In the Castaic formation, specimens of . titen are

much larger north of wlizabeth Lake Canyon than south of

it. Yroportions, however, are reletively constant through-

£

out the formation. The shells found in the northern part

e

cf the outcrop area are not only longer, butv are also

broader and thicker, and have a longer ligament pit.

These most closely correspond to Typical C. titanm, although
some thick specimens could be classified as the species
ligminute Grant and naton. The lergest specimens from the

souvthern part of the outcrop area of the Castaic formation

are cight to ten inches long and thus would corresvpond to
el i

<2
a degree with C. titan var. prior (Grant and Baton), which,

they state, 1941, pl. 4, fig. 2, differs from C. titan only

in being about half the size, and in being presumably an-

cestral to C. In the Castaic formation, the two size

groups are of the geme age. The variation in size iz en-
vironmentally controlled in this case, corresponding clos
1y to the two major enviromments present--bay and open
coast. In addition to the size variability, a number of
specimens from localities 2%4, 2%1, 1670, and 279 are ex-

ternelly racdially ribbed. This ribbing 1isg irregularly and
o s < [

veakly developed in general, and the number or position of
ribs is not constant. Ribbing is largely coniined to low-

er valves, and 1s best developed on those that are most

cupred. Thege ribbed specimens differ from O. bourgeois

e
Remond, as described and i1llustrated by Grant and ﬁaton,

pl. %, fig. 1, and Clark, 1951, p. 447, pl. 4%, in

narrow ligemental pit. They differ

cierboensis Grent and Zaton in having ribs that

20w rather than broad and rounded. These ribbed

)
F
o
\
CD

forms in the Castaic formation are the result of ecologi-

o
.1 factors for they are not the dominent form in any part-

c
iculer pObhlcbluu, but occur only rarely, scatiered among

D
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the normal type of shell. Ferhaps the ribbing develops

in resvonse to the cupping of the lower V%lve which i1ig
the primary response of the individusel to a particularz
situation. Ribbed specimens have been found only in the
central part of the Castaic formation outerop area-—this

agein corresponds to the area of trancsition between open

coast and bay.
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Oyster Thin cections
Shells sectioned of Ogtrea frons and Q. irridescens:

Cragsostres virginica, and C. titan.

c
From this smell sample, it would appear that only

Crassostrea devosits chalky shell in front of and behind

n have

nuscle scar--because both C. virginice and C. Titb:

thick alky deposits, whereas O. frons and 0. irridescens

have none. However, Korringa, 1951, illustrates O. edulis

with as much chalky shell as the (Crassostrea, and tabu-

lates the chalky deposits of Zuropean oysters (which must
be 0. edulis)and many have much of it.

The presence or absence ci chalky deposit is not of
taxonomic importance but is related to shell shape.

C, virginice individuals that are long and slightly

arched longitudinally have very little Those shells, of
any species that are deeply cupped, will have much chalky

(X8
[}

deposit, as will those shells which are very thick, as
C. titan.
O. irridescens is thick but flat. Flatter sghells

will have less chalky deposit because chelky material is
laeid down when a particular part of the shell is to be

built up--not for a general, overall coating.
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Ogtres vespertina Conrad

Plate 17, Pigures 2, 4.

o

D
all to medium size, ovate, not falcate;

shape variable depending partly upon Tthe surface of

attachment, Left valve deeply cupped with a flat or

cutwardly concave surface where asttached:; marsinal walls
</ 9 )

strongly plicate and rising almost perpendicularly from

the maergin of the attached portion of shell. The plica-
o By iy

tions are numerous, nearly parallel, snd sharply defined.
Hight valve convex butbt not as much as the left valve;

plications mainly near the shell margins, not as sharply

defined as on the left valve. Huscle scar approximate

ly
central. Ligement pit short, broad. Shell margins not
well enough preserved to indicate whether they were denti-
culate near the hinge. Une specinen is attached to a frag-
ment of Crassostrea titan; another, to = mdstone pebble.
Two left valves and one right velve have been found
at locaelity 279. HQwo articulated individuals and several
single valves have been found at locality 2104. The two
2lves found & locality 279 are smell; one is attach-
Crassostrea titen valve, Both specimens are
plicate, thin, strongly cupped, ovate. The right
valve 1s approximetely the game size as the left valves.
The shell margin near the hinge is denticulate. Dimensions

of the three are,
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in mm.: Left Right
Length - L. 24 24 28
Width - W. 20 25 20
Diemeter - C. 6 7 3
Thickness - T. 1 1 2

=N

Length of ligesmental »it - Ll.
pa) [ Ry

Distance from beak to muscle scar - Im. 17
Dimensions, in mm., of specimens from locality <£104:

L. W C. T L1, Im.
single right valve 55 45 9 2 15 35
single left valve 33 21 3
Yaired right and 55 40 10 10

left valve

T
(@)

N
< @
[T
N
-

r
WA
[
\J1

paired right and
15

The specimenes agree with descriptions and illustra-

Ul
e

left valve

tiong of O. vegnerting from numerous Fliocene localities

in the California Coast Runges, and from localities in

£

the Pliocene Imperial formation of the Colorado Desert.

Specimens collected from the Imperial formation at Painted
d er

lﬁ
.f.in

l_l

Hill, east of wWhitewater eek, only in being more

strongly plicate. 0. Vegpert ar. sequens, Arnold,

hatet &

v
1909, p. 79, pl. 29, figs. 5, 6, is smsller, more clrcu-
lar in outline, and much less plic

te
sembles 0. lurida, which Woodring, 1928,

L

might have been 1its descendent. §@eoimens of left valves
of 0. palmula collected in Fanama Bay resemble the Castalc

s the range of

He @

material closely. Keen, 1958, p. 66, give

C. palmula as Scemmons Lagoon, Baja California to the

Galapagos Islands. 0. palmula differs from the Castalc
0

specimens of 0. vespertina in having a thinner shelled,

more deer

O

y cupped left valve,and a flat to concave right
he

valve. firset two of these factors, and perhaps the

third, too, may be controlled by environmental conditions.
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Keen, 1958, p. 66, states that 0. palmula is one of the
most variable oysters of the Panamic province. U.
fischeri, a recent ranamic specleg, has & convex right

Valve, but differs from O. vespertina in being flatter,

less plicate, and about twice as large. (. angelica,

as illustrated and described by Keen, 1958, p. 65, fig.
rtina among living

117, most closely resembles U.

o i<
[é33 [©]
&}
3
(D

west North American specles. 1 distribution is from
the Gulf of (elifornia to Lcuador. Keen gtates that this

species corresponds to what past workers have ddentified as
0. veatchii Gabb among recent oysters. 1t probably does
not correspond, however, to what Grabb originally ildenti-

fied.,
0. vespertina has been reported from numerous
localities FPliocene sediments of the California Coast

Ranges and from Baja Celifornia. It has been found, but
much less commonliy, in upper kiocene sediments of Califor-
nia. The speclies was or’giﬁaliy described from the
Pliocene Imperial formation of the Colorado Desert. The

occurrence of U, vesgertina in the upper liocene Castailc

ornation falls well within tThe known Ttime and geographic
linits of the species. The limits of éistribution have

moved southward during the raenge of U. vespertina until,

t
at the present, the most closely related specles occur in
the Pananmic province. However, 1t should not ve related
to any one of these species without detailed study because
of the morphological variability inherent in oysters.
Recent oysters, in general, are inner sublittoral, normal

marine forms.
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Sucrassatells cf. . subgibbosa (Hanna)

"late 16, Figure 7, Plate 17, Figure b,

FPlate 18, ¥igure 2.

Cragssatellites subgibbosus Hanna, 1926, Cali

c

troc., 4%th ger., v. 14, p. 46%, pl. 28, figs. 1-4,
ohell heavy, large, subvriangular, inflat

ior margin rounded, ventral margin arcuate, posterior end

truncated, produced, dorsal posterior margin straight. A

rounded but distinct keel extends from umbo to ventral

posterior corner of shell. Inm shell margin smooth.

er
Sculpture of concentric growith lines; beak high; lunule
long, inward sloping, not aee ; escutbcheon broad, long,
depressed but not sharply delimited. Two cardinal teeth
in each valve; an anterior 1ateral in the right valves

nd an anterior lateral in left valve. Left

7]

a posterior

vaelves Anterior cardinal sloping forward, high; posterior

.|

cardinal much smaller; a low narrow ridge 1s on posterior

edge of the regilifer; a posterior lateral lies well back

]

along the narrow extension of the hinge plate; & small an-
& & £ ’

terior lateral is situated on the ventral edge of the an-

terior end of the hinge plate. This tooth is reduced and
does not rise above the general level of the hinge plate.
Right valve: The anterior cardinal lies along the edge of
the inward-sloping lunule; it is long, narrow, and low; the
posterior cardinal is much heavier and higher; it is strail
¢ht and joins the beakward extension of the anterior card-
inal rather than extending independently up to the be
short spur brenches from the posterior side of the tooth
about mid-way from beak to hinge plete edge. The spur ex-

tends dovwn and back to the edge of the hinge plate. The
. ,

anterior lateral is & small reduced bump at th

o

end of the hinge plate. The spur on the posterior side
of the right posterior cardinal tooth is actually a much

reduced third cardinal tooth. When the valves are closed,



the vpntw 11 end of the left posterior cardinal fits be-
e

C
tween the spur and the ca oth off which the spur
branches. The sides of the teeth are smooth. The snter—
ior edge of the left hinge margin, and the posterior edge
of the right fit into grooves on the opro

Dimensions in mm. of Ttwo specimensg:

Long. 60 55
Alt. 38 35
Diam. 28 25
Shell thickness 5 4

Following tThe classification and discussion of
stewart, 19%0, p. 134-140, the Castaic formation material

ig referred to Bucrascatells on the basis of the smooth

internal shell margins and the large ligamental cavity.

Stewart sepsrates Hecent Tropical American species of

1

Bucrassatella from the Australien species into the subgenus

)

Hybolophus on the basis of differences in the umbo. The

i
Castaic formestion specimens are not well enough preserved
to determine whether the beak 1s oplsthogyrous as 1t 1is

in Hybolophug. Hanna, 1926, p. 403, in describing the

species subgibbosa, did not compare it with any actual

speoimens of gilbbosa but only with an illustration of

'elson, 1870, pi. 7, fig. 9. Spieker, 1922,
i

ver, states that delson's illiustrasti

1 o3
vut of another species, which he refers to

Cras tcl¢1t es (OCCﬁDLL&) nelsoni (Grzybowski). Thus

Henna's distinctions between gibboss and subgibbosa are

111l applied and the validity of subzibbosa is questionable.

<
o

igtinctions menticned by Hanna is "that the
central cardinal ol the right valve of our species has a
, OT Bpur, projecting into the resilium," thus
inferringz that gibbosa does not have such a sgpur.
ple 41, figs. 9, 10, illustrates

e, vight valve of Hucrassatells szibbosa rudis (DLi, 1930)
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from Panama Bay. DThis subspecies of gibbosa is much more
slenderly rostrate than the typical species but apvarent-
ly does not differ in dentition. The specimen illustrated
has a short syvur-lilike right posterior cardinal similar to
that in the Castaic formation specimens, and similar to

that described in gubgibbosa by liznna., A quick survey

of several crassatellids from various parts of the world

shows that the nature of this spur, actually the posterior

cardinal, is provably of specific importance, and, in the
few cases observed, always present. Therefore, a direct
comparison should be made with . givbosa until the validi-

Al

1
ty of 2. subgibbosa is established. C(rassatellites

0 S
laronus Jordan, 1956, from Fleistocene sediment

b
Gulf of California and Magdalena Bay, Baja California,
i

differs from the Casteic formation specimens

right postericr cardinal is longer and Jjoins the central
cardinal near the beak, the posterior keel is double
rather than single, and the shell is somewhalt larger. Iin
general, this species (laronus) closely rescembles the

specles gntillarum from the Durham, 1950,

laronus from Pleis-

nia. Judging from

r. 70, pl. 16, figs. 8, 14, Tex

ocene sediments of the Gul T
the illustrations, the specimen resembles those from the

o
gic formation. The right posterior cardinzsl is short

Cast
as 1in the Castailc formation specimens and separate as in

the holotype of C. laronus. 1f a study of a large number
i

ids should show that the nature of the poster-

¥l

lor right cardinal 1s constant, the specimen identified as
speciles but to the same specles as the Casteic formation
spe cimens.
Crassatellites digueti Lamy differs from the Castaic

formation material in shape, size, and dentition; the

sides of the anterior and middle cardinals are vertically
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grooved and the posterior cardinel is obsolete. C(rassa-

tella granti, from the Vaqueros formation of southern

California differs in shape and lacks the sulcus of the

Castaic formation specles. Dentition of this early lio-
cene species has not been degcribvbed in sufficlent detail
for comparison.

Cragsatells fluctuata (Carpenter), which occurs to-

day off the coast of southern California, differs markedly
in shape, the posterior end being narrow and drawn out,
sterior dorsal margin being concave, and the escut-
cheon being much deeper. 1In addition, according to the
in Keen and frizzell, 1939, p. 12, fig. 4,
right posterior cardinal is lacking.
vy, then, the Castaic formation species of

sucrassatelle differs from . subgibbosa in the following

ways

1. The shell is less slender posteriorly with no
tendency for the posterior-dorsal margin to be
concave.,

2. The sulcus, extending down and back from the umbo,
is much more prominent.

3. The left posterior cardinal is more distant from
the anterior cerdinal.

-2 )

It is probably most closely related to subgibbosa,

but the validity of this specles is questionable until
comparison can be made with specimens of gibbosa.
sucrassatella has been found in the Castaic formation

onliy at localities 1663 and 2069, 2 massive sandstone unit
containing scattered pebbles, cobbles, and pebble-rich
lenses. Two of the specimens from locality 2069 are whole
articulated individuals showing 1little evidence of wear.
Bome of the fragments, on the other hand, are worn and
thoroughly riddled with borings about 0.5 mm. in diametver.

The present distribution of sucrassatella on the west
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‘_J
0

@
.

North American coast

L. fluctuata - ©Santa Barbara lslands to San Pedro
L. digueti - Gulf of California to Columbie
5. gibbosa —~ Gulf of California to FPeru.

The Castaic species appears to be most closely relat-
ed to &. gibbosa.

Closely related fossils appear to be the specimen
from Plelstocene sediments of the Gulf of Californis
identified by Durham as laronus, and the Pliocene sub-
gibbosa from the Imperial formation. On this basis, the

Cagtaic formation occurrence represents the known late

@
®

iocene distribution of a group presently found only in
the Panamic province.

B. gibbosa has been found on substrates ranging in
texture from mud to shell-sand, at depths of 7 to 61 fms.,
both in the open ocean and in bays having open connection

with the ocean.
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Chema cf. C. pellucida Broderip
Plate 18, Figure 1.

Chema pellucida broderip. 1835, Zool. Soc. London Proc.,

Ve 2, p. 1495 Zool. Soc. London Trans., v. 1, p. 302,

a9

pl. 38, fig. 3.
Chamg pellucide Broderip, Durham, 1950, Geol. Soc.

Americe ilem. 43, p. 75, pl. 17, fig. 12.

Fragments of a right and left valve that were articu-
lated have been found. Hinge Teatures of the right valve
are partly preserved.

shell small, approximately oval in plan, strongly
prosogyrous; shell exterior of concentric laminae broken

I
LA}

up into flat frills aligned in radial rows. Ixposed on

o

the right valve is & small anterior cardinal, a shallow
elongate corrugated groove corresponding to the anterior
cardinal of the left Valve, and & larger, posterior cardi-
nal 1lying along the edge of the shell interior. The

anterior cardinal and the socket between the two teeth

D

lie within the shell margin. A4 narrow ligament groove

U

lies above the posterior cardinal. The beak is twisted

forward to lie above the anterior cardinal. Shell nargin
missing behind posterior cerdinal. Anterior muscle scar

large, covering vthe interior of the shell in front of the
enterior cul;lmal, Original shell structure preserved;
interior of shell is pale yellowish gray, exterior and
interior margins are a darker yellowish greay; the inside
is aragonite, the outside, calcite. The shell is about
20 mm. across and about 8 mm. in diameter.

Of the Recent and Yertiary species of Chamsa that have
been reported from the Pacific liorth American coast, C.
pellucide most closely rescmbvles the Castaic formation
specimens. However, a number of other West American spec—
ies which heve been reported from Tertliary sediments have

)

been distinguished frowm one another on the basis of such



criteria as shape, size, and external sculpture. The
Castaic formation specimen is sm 11 and could be an im-
mature form of any of the species. Therefore gize 1g of
no use in this case. Shape is a function of the local en-—
vironment and the nature of the surface upon which the in-
dividual is attached. Thus, this is not a2 good criterion
for distinguishing species. Ornamentation is basically

of specific value, but can be greatly modified by environ-
ment. Individuals of different species should have grown
under like environmental conditions for a valid comparison
to be made. Dentition, probably a feature of specific
taxonomic value, 1s generally ignored in descriptions of
chamids. The result is that although all the characteris-
tics of the Castaic formation specimen are found in C.
pellucida, they are also found in C. sguamuligers, C.

e T TR AT

buddiana, and C. uOQ&&@k as far as one can tell from
descriptions of these species by Keen, 1958, p. 108-110,
Durhem, 1950, p. 72-73, and Pilsbry end Lowe, 1932, p.
103, and from examination of Hecent specimens of (.
pellucida. C. frondosa Broderip differs in having broad
faﬁ~“huDOQ scales much coarser than those on the exterior
of the Castaic formation specimen.
Chama has been found in the Castaic formation only at
Locality 166%., Although parts of both velves were found
together, the hinge of the left valve was gone, so the
two were not articulated, and they are not attached to any
substrate., The fact that the two valves are together, and
ile spines are present indicates that the specimen -
has not been 'ren' hrorted far from its original habitat. In
he presence of frills indicates that the in-
dividual lived in a guiet water environment where shifsd
nt that might breesk off the spines was absent.

ikely dindicate that the individual lived

2
<t
l..._’
ﬁ

Ihlg would m

P

0
below the depthof surf action and strong turbulence. How-
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ever, a sheltered but shallow situation is also a possi-

Ihe range of C. pellucida is late Miocene %

bility, although lese probable.

Recent.

0
anges of the other species of Chameg that are similar

to the Castaic specimen are Fliocene or Pleistocene 1o

Living individu

gome object such
or other Chama.
of 25 Ifms,

e rocky bottom, pebbles, dead shells,
occur intertidally and down to depths
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Pseudochamsa sv.

Plate 17, Figure 7.

Specimen small, a right valve attached to the right

valve of a large, articulated Crassostrea titan. Valve

e
is circular in plan view, worn and bored so that internal
features are lacking. The valve is 8 mm. across.

P. exogyvra is the only species of Iseudochama des-—

cribed as a fossgil from the west coast of North Americsas.

1t has been reported from FPleistocene and upper Pliocene
sediments of Ventura County and of the southern Gulf of
lifornia. The preservation of the Castaic formation
ecimen is so poor, however, that comparison with I.
exogyra is impossible.
A single specimen of Pgeudochama, a right valve, was

found at lccality 2106. At this locality many large

articulated Crassostrea titan are scattered in living

P .

position in a well-sorted sandstone deposited very neer

0
shore bvehind what appears to have been a sand bar.

This record of Frseudochama is The earliest ocourrence

of the genus reported for the Pacific Coast.

Hecent specles of Iseudochama found along the west
o
L

coast of HNorth America are littoral and inner sublittorsl
formeg living on rocky open or protected coasts. L.

granti Strong, a southern California Recent species, is
found at depths of 20-4C fms. attached to pebbles 2nd dead
ghells. This dee a

sely related species exogyra by well-

guished
developed spines on the right valve.



156

Tucina ‘Here) excavata Carpenter

Plate 18, Figures 6a, b.

lucina excavata Carpenter, 1857, Cat. Reigan Coll.

lazatlan Moll. p. 98.

Iucina (Here) excavata Carpenter, otewart, 1930, Acad.
Nat. Sci. Fhila. Spec. Publ. 3, p. 181, pl. 15, fig. 3;
pl. 17, fig. 5.

Tucina (Here) excavata Carpenter, Grant and Gale, 1931,

N

San ﬂiego Soc. Nat. Hist. Mem., ve 1, p. 290, pl. 14,
figs. 2, 5, 10.

Shell small, circular, very inflated, thick; besak
prominent, pros sogyrous, turned inward, in contact with
beak of adjacent valve. BSculpture of small, closely
spaced concentric ribs, ribs less well developed near
outer margin of valve, worn shells show underlying radial
structure. Posterior fold consists of low trough extend-
ing from shell margin behind beak to the posterior vent-
ral margin of shell; trough is curved on shell surface.
Innule deenly depressed.

Dimensions in mm.:

Long. 16 15 18

Alt, 16 14 19

Diem. (of single valve) 9 6 7
Thickness , 1.5

This material is referred to L. excavata because

TR

s

of the inflated, globose shape, the concentric sculpture,
and the deeply depregsed posterior part of the lunule.
Grant and Gale, 1931, p. 290, give the stratigraphic
range of L., excavata as Oligocene to Recent. Toel and
Corey, 1922, give the range as early Miocene to Hecent.

-+

The only occurrence of the species in the Oligocene is in .
the upper part of the San Emigdio formation at the south
end of the San Joaguin Valley, Wagner and Schilling, 1923,

P. 245, 244, This formation i1s lower Oligocene or upper
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Hocene, Weaver et al, 1944, pl. 1. The species is found
in lower Kiocene sediments between Monterey and Orange
Counties. Upper Miocene and Pliocene distributions have
similar geographic limits., The known Pleistocene distri-
bution is Baja California and southern California. The
Recent distribution 1s between San Pedro, California and
Mazatlan, Mexico,
and 2069, in fine- to medium- grained sandstone. No speci-
mens are articulated; all are single whole valves. Those
from locality 1849 are badly weathered; thoce from locali-
ties 1663 and 2069 are well preserved.

The species is found at present offshore in the open
ocean at depths of 3 to 11 fms.
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liltha sanctaecrucis (Arnold)

Phacoides (Miltha) sanctaecrucis Arnold, 1909, U. 5. Geol.

Survey Bull. 396, p. 57, pl. 6, fig. 6.

Lucina (Miltha) xantusi (Dall), Grant and Gale, 1931, San

Diego Soc. Wat., Hist., Mem., v. 1, p. 291, pl. 14, figs.
20a, 20b. _

Two broken Iragments have been found at locality
1849, and a single large articulated specimen at locality
1663,

ohell medium to large, flattish, orbicular. OSculp-
ture of concentric growth lines; posterior edge of shell

A

set off by a narrow furrow extending down and back from
behind the umboj; behind the furrow is a ridge of comparable
width and amount of relief, followed posteriorly by a
broad shallow furrow occupying the remaining part of the
shell., The elongate, narrow, anterior muscle scar lying
approximately parallel to the anterior shell margin can

be seen on an incomplete internal mold of one of the speci-
mens. Hinge featureseare poorly preserved., Two cardinal
teeth are present; lateral teeth absent; shell margin be-
hind beak straight. HNelther escutcheon nor lunule 1s pre-
sent. The shells are about 45 mm. in longitude, a little
less in altitude; diameter of single valve about 10 nmm.

This speciles 1s referred to M. sanctaecrucis because

of the characteristic muscle scar, shape, and sculpture.
The illustration of the type, and an illustration of an-
other specimen by Loel and Corey, 1932, pl. 36, fig. 5,
show only the external features of the shell. The hinge
of the species has not been described. Comparison of the
specimens with material in the collection of Stanford.
University, however, confirms the tentative ldentification
made from the literature.

Grant and Gale, 1931, p. 291, have grouped together I.

sanctaecrucis and several other speciesgs within the species
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xantusil. Considering sancltaecrucis to be synonymous with
xantusi has much merit--no distinct differences can be seen

to separate the two. DBecause they have not been studied
in detail, however, the Castaic formation material is re-

ferred to sanctaecrucis. If not identical, the two species

are very closely related. The two names seem to merely

separate living and fossil specimens of the same form.

li. sanctaecrucis is abundant and widely distributed
in the lower lNiocene Vaqueros formation from lonterey
County southward to Orange County. It also occurs in the
middle Miocene Temblor formation in the Coast Ranges west
or the San Joaquin.Valley, in the upper liiocene Castaic
formation of the eastern Ventura Basin (this report), in
the upper Miocene Santa HMargarita formation north of
Coalinga, and in fthe lower Pliocene sediments in the east-

ern Venturs basin. Milthse xantusi has been reported Irom

FPliocene and Pleistocene sediments in the Gulf of Califor-
nia. Its recent distribution is within the Gulf of
California, at de ptL greater than 30 fms., on bottoms of
sand and weed. oth occurrences of this specieg, at
localities 1849 and 2069, are in fossil-rich sandstone near

or at the basge of the Castaic formation.
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Lucinoma acutilineata Conrad

Plate 18, Figure 4.

Lucina acutilineata Conrad, 1849, U. 5. &xplor. bxped.
Geol., v. 10, p. 725, pl. 18, figs. 2, 2a, 2b.
Tucina (Myrtea) acutilineata Coanrad, Grant and Gale, 1931,

San Diego Soc. Net, Hist. Mem., v. 1, p. 286, pl. 14,
figs. 22a, 22b.

Lucina acutilinesata Conrad, Weaver, 1942, Univ. Wagh.

@

ruvl. Geol., v. 5, p. 143, pl. 34, figs. 8, 11, 16,
shell medium-size, orbicular, flattish, equivalve,

thin; beak small, prosogyrous, slightly postericr of cen-
ter, shell margins smoothly rounded, lunule small, flat,
without sculpture, not depressed or circumscribed;
escutcheon absent. ©Sculpture of concentric ridges about
two to three mm. apart; interspaces flat, with fine con-
centric ribs. Little evidence of & posterior plication
or change in Sculpfure; No posterior lateral tooth at end
of ridge-like nymph plate running back from beak. Dorsal
shell margin straight behind beak, curving sharply around
posterior end of nymph plate into broad smooth curve of
posterior part of shell; anterior dorsal shell margin
straight beyond end of lunule, to anterior lateral, around
which 1+t curves Sharply into broad smooth curve of anter-
ior shell marging anterior lateral small, not connected to
central part of hinge. Two cardinal teeth present, post-
erior cardinal heavy, straight; anterior cardinal smaller,
curves forward parallel to adjacent shell margin; teeth
too worn to determine if they were bifid. The long nerrow
enterior muscle scar is seen on an internal mold of a right
velve., Internal features of left valve not exposed.

Dimensions in mm. of specimens from several localities:
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Locality 251 1627 1849

Long. 40 38 34 35 30 26 25
Alt, 35 52 51 53 27 25 21
Diam. *10 18 11 2 12 *5 9

*of a single valve.
The Castaic specimens agree with the description and

various illustrations of Lucinona acutilineata and can be

ceneric or

o’

referred with confidence to that species. The
subgeneric classification of the species has varied in

the past. It had usually been referred to Fhacoides pre-
vious to Grant and Gale, 1931; in a number of these early

AT A T AT

recommends that it be abandoned. The result is that the

specles is within Lucine s. 1, and within the group

Lucinome Depending upon whether lLucinoma is a genus of

Iucinidae or a subgenus of Lucina, thespecies acutilineats

is either in Lucinoma or in Lucina (Lucinoma). Keen, 1958,

p. 97, and VWoodring, 1938, p. 52, and 1950, p. 86, con-
sider Lucinoma to be of generic rank, and thelr judgement

is here followed.
Lucinoma acutilineata was originally described from

the Miocene sediments of Astoria, Oregon. Lucinoma
balliornla. The two speciles are so similar, however, that
they may be conspecific. Grant and Gale, 1931, p. 287,
consider them the same, and state: "The supposed specific
differences between the teeth of annulata and acutilineata

is a delusion." From the discussion by VWoodring, 1938, p.
5%, and by Stewart, in Tegland, 1933, p. 116, it appears
that comparisons involving the holotype of L. acutilincata

may indicate differences between the two specles, but that
study of large samples of both might well indicate that

the two are conspecific. The two represent a single gens,
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and any evolutionary change has been slight since the
Oligocene epoch. The common practice has been to divide
the two speciles at the liocene-Pliocene boundary. Older

specimens are referred to acubilineata, younger ones To

annulata. The lineage actually may be somewhat more
complicated. Among specimens from the Castaic formation
and from sbout 10 other Miocene and FPliocene localities,
two shapes have been noticed. One is broad and thin; the
other is distinctly more inflated. Thus, the specimens
from locality 1849 are legs Inflated than those from the
other localities. In a general way, the more inflated
forms can perhaps be referred to acutilineata, the less

inflated ones to annulata. However, a detailed study of
large populations would be necessary to show, initally,
that there were even two distinct shape groups.

On the basis of published occurrences, the area of
distribution of the acutilineata - annulate gens has grad-

ually increased since the Oligocene epoch. The extension
has been both to the north and to the south, but primari-
ly to the south. The gens has been found in Oligocene
sediments only in and near western Washington. Its
Miocene distribution is Ifrom Alasks to the Ventura Basin
(the Castaic formation localities here discussed). The
known Pliocene and Pleigtocene distribution is from

¢

northern Califcrnia to Ban Diego. The Recent distribu-
tion is from Alaska to the Gulf of California. Thus, if
the fossil record is adequate, tThe southerh 1limit has
moved progressively southward; the northern limit, except
for restriction in the Pliocene and Pleistocene, has moved
northward. ,

This species is found most abundantly at locality
1849 and locality 1663. It has also been found northward
as far as the Haskell Casnyon area. MNost of the specimens
from locality 1663 are articulated, as are about two-thirds

of those from locality 1849. The single specimen from
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locality 1627 is articulated; those from localities 1624
and 231 are not. In general, The shells show no evidence
of predeposition wear, but most are not well preserved
because of Hecent weathering.

The specimens of L. acutilineata from different

localities in the Castaic formation are morphologically
the same except as noted above. At localities 1627, 1663,
and 1849, where 1t is abundant, and where many specimens
are articulated, the species 1s found only in fine-grained
sandstone., The specimens from the Haskell Canyon area are
in less well-sorted sediments - granular to pebbly send-
stones and pebble conglomerates. The material from this
erea hes probably been transported with the coarser sedi-
ments before final deposition. Itherington, 1931, p. 77,
states that in the Miocene Astoria formation of western
Washington, "the best individuals" of the species came
"from the firer grained muddy sandstones rather than from
the coarser sediments" - a reletion similar to that in

the Castaic formation.

The habitat of L. annulata is in the open ocean in
fine-grained sands at a depth of 8 to 200 fms.; it is most
common in water 30-50 fms. deep. Collecting data present-
ed by Burch, 1944-1946, indicate that there is no signi-
ficant change in depth range with latitude.
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Yrachvcardium cf. I. (Dallocardiz) quadragensarium Conrad

Cardium guadragenarium Conrad, 1837, Acad. Nat. Sci. Phila,
Jour., v. 7, p. 230, pl,., 17, fig. 5.
Laevicardium (Trachyvcardium) guadragenarium (Conrad), Grant

and Gale, 19%1, BSan Diego Soc. Nat. Hist. Mem., v. 1,
p. 306, pl. 19, fig. 15.

Shell medium size, oval, sub-equilatersl. Beak slight
ly prosogyrous. TFosterior margin is longer than anterior
meargin and forms a rounded angle at its Jjuncture with the
ventral margin. Kibs about 35, prominent, wider than inter
spaces; no sculpture seen on ribs, but all specimens are
badly weathered. Hinge curved, with well developed lateral

teeth. Approximate dimensions in mm.:

Long. 25 23 25 35 75
Alt. 25 22 25 35 e
Diam. (of single valve) 7 8 6 G 2%

i
This material is too fragmentary and poorly preserved

to be identified surely. 1t resembles I. guadragenarium

var. fernandoense Arnold, 1907, p. 535, pl. 48, figs. 2, 2a,

3 in that it is smaller and has fewer ribs than T. guadra-

genarivm. dven if the material were well preserved and

could be identified as the species quadrsgenarium, the

variety fernandoense 18 based on too few specimens to be

£l

and 2069,

Fregments ol the species have been found at localities

-]
T
[eN
N

T. cuadragensriun has a stratigraphic range of middle

e
liocene to Recent. Grant and Gele, 1931, p. 306, give the
late Kiocene distribution as central California: the
Fliocene, as central California south to Ventura. The
Tecent distribution is Santa Barbera south to Todo Santos
Bay, Baja California. Thus, from the meager record, the
Castalic formation occurrence represénts a southward exten—

sion of The late Miocene distribution.
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Living individuals of T. guadragenarium occur in

sediments ranging in texture from mud to gravel, but are
most common in sand. They are found in shallow water of
the Pacific Coas?t both in bays and in the open oceszn,
intertidally and to depths of 75 fms., but most abundant-
ly in water shallower than 10 fms. Burch, 1944-46, part
I, no. 41, p. 21, reports the species from upper Newport
Bay and the Lstero of Todos Santos Bay.
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Wemocardium (Keenaea) centifilosum (Carpenter)

Plate 18, Figure 5.

Cardium var. centifilosum Carpenter, 186

4
Assoc. Adv. Sci. ﬁept for 1863, p. 642,
Laevicardium (Lemocaralum) centifilosum (Carpenter), Grant

and Gale, 1931, San Diego, Soc. Nat. Hist. Mem., v. 1,
p. 311, pl. 19, fig. 9, 10.
Wemocardium (Keenaea) centifilosum (Carpenter), FPalmer,

1958, Geol. Soc. America Mem. 76, p. 91, pl. 10, figs.
7-11. | |

Twenty-one specimens, one articulated, have been
found at locality 1849; about 12 specimens, none articu-
lated, at localities 1670, 279, 2097, and 2098. Preser-—
vation is poor, particularly at localities 279 and 2097,
where identification is largely on the basis of molds.

The specimens from locality 1849 are vest preserved and
differ somewhat from the specimens collected at the other
localities. Therefore, they will be described first and
then the other material will be compared with Themn.

Shell small, ovate, beak only slightly prosogyrous.
Shell margins smoothly rounded. Sculpture consists of
about 60 to 65 fine radial ribs. Hib interspaces are
wider on the posterior part of the valve, but the ribs are
of constant width over all the shell. The posterior part
of the shell that hes different sculpture contains about
twenty ribs. There, ribs and interspaces are approximately
equally wide. On the main body of the shell, interspaces
are less than half as wide as the ribs. Hinge relatively
short, slightly arched, anterior and posterior lateral
teeth well developed. Dimensions in mm. of specimens from
locality 1849: Renge of dimensions- Long. 12-22, Al%.
10~-23, Diam.* 4-8.
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#%Qﬁ' 1.0-1.2, 1.08 avg. for six specimens

B ) ) ‘ . ‘
ZO0&. %2 45-%,20, 2.81 avg. for six specimens

*of single valve,.
There is no noticeable change of shspe with sigze.

The specimens from localities 1670, 279, 2097, and
2098 differ from those from locality 1849 in having about

O

75 ribs instead of 60 to 65, in being & smaller, uniform
size, in havihg a different, more elongate shape, and, in
having fine concentric laminae across the posterior part
of the shell. This concentric sculpture might be equally
characteristic of the specimens from locality 1849, but
has been destroyed by weathering. Dimensions in mm. of
material from localities 1670, 279, 2097, and 2098; Range
of dimensions - Long. 12-14, 135.5 avg. of six specimens,
Alt. 9-12, 10 avg. of six specimens, Diam.* 4-5,74.4 avg, of
six specimens. '

L 2 -~ — 3 = .

#QQT' 1.15-1.45, 1.3% avg. for six specimens

Alt. )

Longe, -~ . . L . .

Tgﬁ?'% 2.6-%,25, 3.0 ravg. for six specimens
fwret -

*of single valve,

Therefore, in these specimens, longitude is greater re-
lative to both altitude and diameter than it is in the
specimens from locality 1849.

on differences in hinge length, shape, and sculpture, Keen

(1954) p. 317. A significent difference in hinge length

is not obvious from illustrations of repregentatives of the
two subgenera in: Keen (1954) pl. 1, figs. 12, 14, 17, text
figs. %, 43 Oldroyd (1925) v. 1, pl. 34, figs. 2a-d; Grant

and Gale (19%1) pl. 19, figs. 9, 10. The illustrations do

show, on the other heand, that Arctopratulum has a trigo-

nal shape, Keenaea, a subquadrate one. Secondary con-
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centric lamellae are present over the whole shell of

Arctopratulum out are restricted to the posterior part

of Keenaea. The Castdic meterial was referred to Keenaea

sculpture. It closely resembles Nemocardium (Keenaea)

lorenzanum (Arnold).(1908) Weaver (1942) v. 5, p. 160,

pl. 35, fig. 22, pl. 36, figs. 3, 5, from the upper
Oligocene gediments of California, but it differs in that
it is larger and the posterior ribs are relatively finer,

whereas, on N. lorenzanum, the posterior ribs are coarser

than 6n the rest of the shell.

The specimens from locality 1849 are sufficiently
different from those found elsewhere in the formation that
it is probable that two subspecies are present. The
specimens from locality 1849 being typical of the species,
the other specimens being a distinct variant. For the pur-
poses of this paper, however, it 1s sufficient to merely
point out the variations within the species.

Tocalities 279, 2097 and 2098 are close together and
stratigrephically approximately equivalent. These locali-
ties are within a relatively coarse-grained tongue of
sediments within a section that is composed largely of
mudstone. Within this tongue , sediment types vary from
nudstone to pebble conglomerate. In general, the section
consists of sandstone beds with graded texture, sandstones
of uniform texture, and mudstone partings of variable
thickness. Locality 279 is in a ten foot thick section of
fine~ to medium-grained sandstone, even textured, thin-
bedded (3-8 inches) localities 2097 and 2098 are in units
with graded texture from pebbly sand at the base to fine
sand at the top. The disarticulated and uniformly sized
naterial from this area might indicate that some trans-—
portation and softinghave taken place. On the other hand,
none of the thin delicately sculptured shells show any
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signs of wear. DLocality 1849, about twelve miles south-

[}

ast of the other localities is in pebbly to fine sand-
stones within the basal few feet of the formation. The
specimens have come from fine-grained sandstone. The
intermediate locality, 1670, 1s in sediments similar to
those localities to the north, but a 1little coarser-—
grained and with less evidence of graded bedding.

Keen (1954) p. 317, states that N. centifilosum

renges from Pleistocene to kecent. Grant and Gale (1931)

p. 311, report that the species is found also in Pliocene
and gquestionably in lMiocene sediments. Therefore the
Castaic occurrence represents the earliest definite
occurrence of the specles. The occurrence lies within
its Pliocene distribution of Kern County - to San Diego
County. Its Recent distribution is central California to

the Pacific Coast of Baja California.

At present, N. centifilosum lives in the open ocean
off California at depths of 20 to 80 fms., but most
commonly, at depths of 35 %o 50 fms. on & bottom of
muddy sand or sand.



170

Tivela diabloensgis Clark

Plate 19, Figures la, Db.

Pivela (Pachydesma) diabloensis Clark, 1915, Univ. Calif,
Publ. Geol. Séi. v. 8, p. 462, pl. 54, figs. 5, 63 pl.
55, fig. 1.

ohell learge, heavy, trigonal, only slightly in-
equilateral; beak prominent, pointed, slightly prosogy-
rous; anterior and posterior dorsal margins straight;
anterior, posterior and ventral margins not preserved on
specimens. bohell thick, surface smooth, except for faint
concentric growth lines. Nymph plate strongly developed,
escutcheon well defined, deeply set. Right valve contains

two anterior lateral teeth, three cardinal teeth. A III,

along shell margin, small; A I large, elongate; groove be-—

tween the two laterals is deep and broad. 34 is very
small, close along the shell margin; 1 and 3b are of egual
size. Only a fragment of left hinge present. ZFosterior
left lateral, 4b, large, heavy.

Dimensions of right valve:

Alt. 606 mm., long. 75 mm., diem. 19 mm., shell thickness

4 mm,

The specimens agree well with 7. diabloensis from the

[ Py

lower San Fablo Group, as described and figured by Clark.

(o)

They differ from 1. gabbl in being proportionately more
elongate, and in having a straighter, almost concave dorsal

4

posterior margin. They differ from I. trigonalis in being

more equilateral, relatively more elongate, and in heving
a less well developed right anterior cardinal. The mater-

......

ial from the Castalc formation resembles the Kecent 1.
stultorum in shepe. The recent species, however, has a
well developed right anterior cardinal which is practic-
ally obsolete in the Castaic formation species. Clark
(1915) p. 462, emphasizes the rresence of a posterior

carine on I. diabloensis, and the relative lack of one
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on T. gabbi and I. stulbtorum. Although the Castaic for-
maetion specimen has been slightly crushed, it does not
appear to have had a carina more prominent than does I.
stultorum. This feature on the type specimen is not so
well defined as to be of diagnostic importance compared
to the less plastic, more stable, dentition.

T. diabloensis has been found at localities 1849 and

1663--a single, nearly complete right valve at locality

1849, several fragments at locality 166%. Both occur-

rences are in similar sediments--pebbly, poorly-sorted

sandstone containing a large variety of other fossils.
Recent species of Tivela characteristically burrow

in sand on beaches and bars along open exposed coasts.

They have been found within the mouths of sloughs and

bays, but not back within them. They occur most commonly

in the littoral and very shaellow inner sublittoral zones,

but some species have been found at depths of 30 to 40 fms,

Of the recent VWesgt Coast specles of Tivels, diabloensis 1is

probably most closely related to stultorum. This species
X v 2 LU AT

has been reported only from very shallow depths.
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Pitar (Lamelliconcha) sp.

ohnell medium

[
I

ize, elongate-ovate; beak prosogyrous,

C
b
(@)
o
=

slightly anterior enter; margins rounded, smooth
internally. Sculpture of coarse, irregular, rounded, con-
centric ridges. Left valve: +three cardinal teeth; pos-
terior cardinal long, thin, parallel to narrow nymph
plate; middle cardinal short, heavy; anterior cardinal
short, thinner than middle one. Anterior lateral elongate,
close to cardinals. Right valve: a prominent elongate
posterior cardinal; middle and anterior cardinals close
together under beak, small; deep anterior socket with
small laterals above and below. Lunule incised, slightly
depressed; escutcheon not defined. Dimensions in mm. of
a single articulated individual; Long. 42, Alt. 31, Diam.
23

Only one specimen has been found at locality 1663,
It is articulated, unworn, but it has been bored through
on the umbo of the left valve In addition, a Crepidula

LIRS st s

adunca is attached to the left valve. The specimen is

e e,

placed in the subgenus Lamelliconcha. It can not be

specifically identified because suitable material for
comparison is not at hand. It is well preserved and
should be identifiable.

Recent species of Lamelliconcha from the Panamic

marine province are found at a variety of depths, from
sand beaches and bars and mud flats to depths of 60 fms.
Most of the species occur in the open ocean at depths

less than 40 fms.
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Doginia arnoldi Clark

Plate 18, figures Ta, b, 8.

Dosinis armoldi Clark, 1915, Univ. Calif. Publ. Geol.
Soj_og Ve 87 P 4‘59’ pl' 517 flgS. 1’ 2.
Shell large, circular; beak prominent, prosogyrous.

Sshell margins broadly rounded except for beak and snort
concave arc anterior to it. No excutcheon, lunule strong-
ly depressed but not circumscribed. Sculpture of fine
concentric ribs which are rounded in cross section. Left
hinge: AII small; anterior cardinal narrow, sloping down
and slightly forward from under beak; middle cardinal
broad and heavys; postericr cardinal lpng and relatively
narrow sloping back and down along the edge of the aymph
plate. Right hinge: Anterior lateral teeth small, AITT
only slightly anterior of Al; anterior cardinal narrow,
short; middle cardinal heavy, short; posterior cardinal
long, large, grooved and separated from nymph plate; a
fine .ridge marks the anterior margin of the nymph plate.
Dimensions: of mature specimen--long. 80 mm., alt. 80 mm.,
diem. of gingle valve 24 mm.j; of immature but well pre-
served articulated specimen--long. 21 mm., alt. 19 mm,.,
dia. of individual & mm.

Clark (1915) p. 459, in his description of D. arnoldi,
figured only a left valve. Arnold (1909) p. 67, pl. 16,

fig. 5, in his description of D. jJacalitosana, figured

only the exterior of a right valve. Nomland (1917) p.
219, pl. 10, fig. 1, la, illustrates a right valve of D.

jacalitosana. On the basis of the descriptions and illus-—

trations, there is little ference between the two

aiff
species. Grant and Gale (19%1) p. 352, group the %wo,

- . T\

along with D. merviami Clark in D. ponderosa (Gray) varie-

ty jecalitosana Arnold. As Grant and Gale note, these

three species are very similar. However, the Castaic forms

are referred to D. arnoldi for the following reasons: The
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as illustrated by Clark (1915) pl. 52, fig. 2, turns back-
wards ventrally, and the anterior lateral is close under
the beak., Thus, the anterior part of the hinge is com-
pressed backwards relative to D. arnoldi and the Castalc
specimens. The differences in shape are small between D.
jacalitosana on the one hand, and D. arnoldi and the

Castaic forms on the other. These distinctions are made
on the basis of only a few illustrations, so Grant and
Gale may very well be correct in combining these species.
Keeping this possibility in mind, it is probably best to
be conservative taxonomically until Pacific Coast Tertiary
Dosinia are studied in more detail.

D. arnoldi has been reported only from the upper
Miocene sediments of the central California Coast Ranges
between the San Francisco area and the southern San Joag-
uin Velley. Thus its occurrence in the Castaic formation
represents a small southward extension of its distribu-
tion. It has been found in the Castaic formation at two
widely separated localities and in somewhat different
sediments. AL both localities the sediments are sandstone
with scattered pebbles. At locality 1849, however, the
sand is fine-grained, well-sorted, well-cemented, whereas,
at locality 2093, the sand is poorly-sorted, medium- to
coarse-grained with scattered granules, and is calcar-
eous but relatively much less hard and cemented. Lxcept
for one small specimen from locality 1849, all the fossils
are disarticulated and broken. Two valves from locality
1849 had been bored through on the umbo.

Dosinia ponderosa, which is a 1living specles pro-

bably closely related to D. arnoldi, lives from Baja
alifornis to Peru in bays and offshore in water 4 to 33
fms. deep. It has been dredged from bottoms of mud, sand

and mengrove leavesg, and mud and shell, Pleistocene occur-
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Qaxaca, and Eeusdor. Fliocene specimens have been Tfound
9 R
only in. the Gulif of California. Thus the known distri-

bution from Fliocene to LHecent has been strictly Panamic.
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Amiantis callosa (Conrad)

Plate 20, Figure 6.

Cytherea cellosa Conrad, 18%7, Acad. Nat, Seci. Phila.

Jour., v. 7, p. 252,
Callista (Amiaentis) callosa Conrad, Arnold, 1907, U. S.

Tad e

Nat, lMus. Froc. v. 32, p. 544, pl. 49, fig. 2.

Aniantis callosg (Conrad), Grant and Gale, 19%1, San Diego

Soc. Nat. Hist. Mem., v. 1, p. %48, pl. 17, figs. 7, 9,
11 - 14,

Three specimens of this species have been found in
the Cagtaic formetion, all at locality 1849, All are frag-
ments of left velveg. Hinge characters and sculpture are
preserved on all of them. The shape inferred is 2 compo- -
gite o0f the three gpecimens. The fragmentel nature of the
material is not the result of pre-depositional abrasion,
but of weathering and collecting.

Shell medium sige, subovate; beak prominent, prosogy-
rous, slightly anterior of center. lMargins of shell
smoothly rounded; anterior dorsal margin descends moderate-
ly from beak. oculpture of well developed concentric
ribs which are rounded in cross sectlion but are irregular
in that some widen, narrow, or bifurcate. Grooves approxi-
mately the same width as the ribs. Escutcheon is long and
narrow; lunule is circumscribed by a fine line, is not
depressed and exténds anteriorly about as far as the an-
terior edge of the lateral tooth. Left anterior lateral
tooth well developed, more or less parallel to adjacent
shell marging left anterior cardinal straight, thin,
sloping slightly anteriorly from under beak; left poster-
ior cardinal heavier, sloping posteriorly. Dimensions

(approximate) in mm. of specimens from locallty 1849:
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Long. 45 50 32
Alt. 30 27 23
Diam. (of left valve) 14 8 7

These gpecimens were originally identified by L. A,

Wright (1951) as liarcia (Compsomyax) cf. subdiaphana

Carpenter. However, he had not prepared the material
sufficiently to expose the anterior lateral tooth. Grant
and Gale (19%1) divided A. callosa into two varieties,
cal%ggg, s.s., and gtalderi, on the basis of the shape

of the anterior dorsal margin. In the variety stalderi,

the anterior dorsal margin supposedly descends more abrupt-

ly than in c¢ stinction, based on slight

i
shape differences alone, 18 perhaps not valid, becau

&)

Grant and Gszle (19)1) p. 349, state "This Variety
llne is sufilclenbly constant to allow identification in
the majority of the cases'. However, in any growth series

of recent Amiantis callosa there is a pronounced change

in shape with size. As the shell becomes larger, it be-
comes less elongate, more roundi the posterior dorsal
margin becomes more curved; and the anterior dorsal margin

descends more gbruptly. This trend .1s towards the shape

observed i, Arnold (1907) p. 544, pl. 49, fig.
2, a specimen of what he identified as Callists

S
allosa Conrad. 1If this specimen 1s &

t
sa, as Grant and Gale (19%1) p. 348, 349, regard

it to be, var. stalderi lies well within the range of

eriability of 4A. callosa, for the specimen figured by
Arnold has a rounder outline and more abruptly descending
anterior dorsal margin than does the typical A. calloss
ver. stalderi. The Castalc specimens most closely re-
semble Arnold's figured specimen, which is from thellower

Pliocene of ilsmere Canyon, and the type specimen of A,

=

stalderi, described by Clark (1915) p. 468, pl. 53, fig.
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Specimens of A. callosa from the Plelstocene upper

els
van redro formation, T. locelity 265, are identical

4

with recent specimens, whereasg the upper lMilocene specimens

grouped by Grant and Gale (1931) p. 349, in var. gtalderi,
and the similer lower FPliocen pecimen of A. callosa

-

figured by Arnold are somewhat different from Pleistocene

and Recent specimens of A. calloge Wnether this differ-
ence rates taxonomic distinction can only be determined by
a detailed study of the genus. 1t scems most proable that

the shape differences perhaps represent an evolutionary
trend, but material of intermediate age would be reguired
in order to prove this,

A. callosa is found in the Castaic formation at
locality 1849. The it occurs in the basal few feet of
the formation in a 960”13 coarse-grained, moderately sort-
ed sandstone. The valves are all separate, but show no
evidence of the abrasion that might result from trenspor-
tation.

The stratigrephic range of A. callosa is from upper
liiocene to Hecent. ILIt's known geographic distribution is
(from Grant and Gale 1931, p. 348, 349):

Late hiiocene —~ dan Francisco area to Newhall

Fliocene -~ Ventura Basin

Pleistocene - Han Fedro, California to San Quintin Bay,
Baja California

Recent - Santa Monica, California, to Tehuantepec, Mexico.

Therefore, the Castalc occurrence is early in the known

history of the species. Geographically, it i1s the souther-—

most known late ocene occurrence, but upner Miocene sedi-
ments are go rare farther south that Tthe actual southern
limit of the species at that time nust be conslidered as
unknown.

Living A. callosa are found along sandy beaches of

1

the open ocean. It occurs most abundantly just below the
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Clementia (&gesta) pertenuis (Gabb)

Venus kennerlyi Reeve?, Gabb, 18066, Geol. Survey Califor-

nia, Paleontology, v. 2, p. 22, pl. 5, fig. 37.

Venus pertenuis Gabb, 1866, Geol. Survey California,

Paleontology, v. 2, p. 22, pl, 5, fig. 37.

Clementia (Bgesta) pertenuis (Gabb), Woodring, 1926, U. S.

Geol. Survey Prof. Yaper 147-C, p. 40, pl. 16, figs. 1-
6.

()

3

This species 1s found only at locality 184

ay
®

o

identification is based on material that is largely frag-

[4js}
O]

4

mental. Size, shape and sculpbure features are well yre-—
served. Hinge features are composite from a number of
specimens. None of the shells are articulated.

Shell large, inequilatersl, thin, ovate, beak pro-
minent, prosogyrous. Dorsal posterior margin approximate-
1y straight from beak back and down to relatively sharp
ventral-pogsterior arc. Anterior margin broadly rounded.
Sculpture consists of broad concentric swells and fine
concentric ribbing on both swells and troughs. Near the
ventral margin the swells are less well definéd and ir-
regular in cross section, and the fine concentric ribbing
is the dominant type of sculpture. Internal margin edge
smooth. Dentition consists of three cardinal Tteeth in
each valve, no lateral teeth. Right valve contalins a
glender anterior cardinel, a heavier middle cardinal,
and an elongate posterior cardinal that is poorly preserv-
ed in all the specimenss left valve contains heavy an-
terior and middle cardinals and an elongate posterior
cardinel. Lunule is depressed but not circumscribed.
Dimension: material collected ranges from small to large.
The longitude of mature specimens is about 90 mm.; alti-
tude, about 80 mm., diameter of single valve, about 30 mmnm.
The shell is only 1-2 mm. thick.

From the discussion, descriptions, and figures by



Woodring {1026) it appears that the speciles of Dgesta
form & closecly knit group. g.'gertgnyig differs from C.

conradiana in having margin and

in having & less depr from C.
martini in being less elongate and less inecguilateral.
Woodring mentions no differences in dentition. The

Inmown renge of C.

early Fliocene. g.

late liiocene age, C. conradiona, from sediments of ecarly

te late llocene age. Because the melin varistion in these

three species 1s in shape, (. martini end C. conradiana

may only represent local or GCOlOglvul variants of C.
pertenuis. A study of these species in terms of popu-

lation varisbility would, of course, be necessary to

t
this supposition. Loel and Corey (193%2) have noted that

in the Vaqueros formation, there is a wide variety in

Clementia shape at any locality, and they refer all the

material to (. conradiana as & variety of the earlier

described C. pertenuis.

A1l the Tertiary Fecific Coast so Tfar

found heve come from Miocene and Loweyr Yliocene gediments

O

R

in California in or south of the San Francisco region.

No middle or late Pliococene or Yledistocene Clementia have

Pt ettt nhg

been reported from the Pacific Coast of the United States

or Baja California. Recent (. golida from the Gulf of

California is referred to the sub-genus Lgesta by Woodring

(1926) but Keen (1955} D, 138, states that this species

is Dbased on & single valve, and thet no additionel mater-
ial hes since been found, so that the valve may only re-
resent a chance introduction. ILf so, there are no recent

Facific Coast Clementia., Woodring (1926) p. 30, believes

Siafeiey group, whereas Lgesta
ig sub-tropical to warn temperate. ‘he date from Cslifor-

nia are not sufficient to show any climatic control of
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lateds; most are broken,
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during the Cenozolic era.

lementia pertenuis is found in the

well-gor

de

[¥]

_LL;Q

<

locality 1849, Llone of the

[

coarse~grained sandstone.

Castaic forma-

€3]

h

D

1

but not much zbraded.,.

fod

R:

are arti



Chione fernandoen

ng
Geol. Scie, ve 8, pe 215, pl. 235, fig

Chione (inomalocardia) fe ernancoensis Inglish, farker, 1549,

|._]

Jour. FPaleontology, v. 23, p. 585, pl. 95, figs. 7, &,
13, 14, 16, 18.
shell medium-size 1o Small,

sub-trigonal. Fogterior dorsal :

j’-,‘
P

o} e
a relatively straight lines maﬂﬁin curves aoruptly at
posterior and anterior ends of ventrasl margin; anterior
dorsal margin concave, short. DBeak prominent, strongly
proscgyrous. oculpture ox at°oag concentric rounded

ribs spaced about 3 mm. apart (me ed down the center of
a valve). Fine radisl ribbing between the concentr

ribs aprarently is made visible only as a result of weath-
ering of the shell. ZTYosterilor hinge narrow, ligament
attached very close to the shell margin. Lunule depress—
ed, lenceolate; escutcheon large, broad, flatv, sloping

in each valve

)
@]
-

cu

towards hinge margin. Jentition: Three cardinal teceth
ateral teeth, teeth smooth. Right
curves down and anberiorly from under

% «ht, perhaps grooved along the crest.
Dimensions in mm.:s
.

Localit 1663 1627 1849

Long. 26 2% 20 23 2% 29 %5 19
2% 18 17 19 18 22 28 15

.
B
[
ot
L]
S RO T A
Ul O ol

16 14 11 12 14 *7 %9 %5

*Diemeter of single valve.

NS

The Casgtaic material is ddentified as C. fernandoensis

on the basis of size, shape, sculplture, and nature of

escutcheon and lunule. The hinge of the type of C.

fernandcoensis 1s unknown because the ype specimen is

articulated. Grant and Gale (1931) p. 321, pl. 17, figs.



4a, b, 5, 6, neithe
features of the spec
that the hinges of
with the holotype,

inge
states

al

form

extern

are the same as the hinge of (.

texcept for ﬁiightiy wider angles between Teeth and longex
anterior cardinals®, ration of the hinge
of C. fernandoensls is comparison.
The hinge of . mariae illustr , Farker (1949) pl. 92,
figs. 7, 10, is very close to the hinge of The material
nere referred to (. fernandoensis The two species of

in the Casteic formation can be e°“]ty
separated in the following ways C. fernandoens has

a. broad flat escutcheon and gculpture comsisting of wide-
ly spaced concentric rounded ribs, whereas C. elsmerensis
has a poorly defined narrow escutcheon and sculpbure in

which The concentri

¢ element is more prominent than the

radial. However, the concentric folds are more closely
spaced and lamellar and tend to give & more reticulated
the exterior of the shell. The teeth of
51is are smooth, wheress the right posterior
1le and left middle cardinal teeth of C.
re grooved. The position of ligament at-
tachment in the two speciles is very different. In C.
fernandoensis, the hinge plate is narrow, and the liga-
ment attechment is close to the shell margin; in C.
elsmerensis the hinge plate is wide and the ligament

nent 1g more deeply placed

on The platve.,

[ =

has been found only in the

one fernandoensis S
southern part of the Castalc formation outcrop area, at
localities 1627, 166%, and 1849, in fine-grained sand-
stone, Articulated specimens occur 2t localities 1627
and 16673 and, in general, the material is 1ittle broken
or Vbuthﬂred, although the exterior is eroded enough that
it dg difficult to determine the original sculnture.

The distribution of U. fernandoensis does nots overlary




with that of C. elsmerensis. (. Iernendoensis has been

found only in fine-grained sandstone. The specimens
J &S &

from localities 1627 and 1663 were probably buried where
they lived, considering that they are articulated, close-
ly shut, unworn, and that the ligament is still well pre-

gerved in most of them. The two species of Chione thus
differ in geogrephical distribution, state of preserva-
ion, the type of sediment in which they occur, and in

f
o)

gross ecologic setting- C. elsmerensis being within an
ba

ayment, whereas C. fernandoensis occurs along what was

an open coas

C. Ternandoensis has been reported from lower

CQ

}_.J

Pliocene, middle Yliocene and lower Pleistocene sediments
of the Transverse Ranges. Thus, the occurrence of the
gpeclies in the Castaic formation is within The area in
which it has been previously fOUﬁd, but represents an
extension of its stratigraphic range into upper liocene

sediments.
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Chione (Securella) elsmerensis wnglish

Chione elsmerensis snglish 1914, Univ, Calif. Tubl.

Geol. Sci., v. 8, p. 214, pl. 23, fig. 1.

Securella elsmerensis (in

H
raleontology, V. 25, . 590, pl. 93, fig. 14, 163

l__’
L
I
-
{2
1
o
®
(.
»

Shells @ﬂcll to medium size, eguivalve, inequi-
lateral, ovate sub-trigonal, outline rounded. Sculpture
varies with degree of weathering; no re alij fresh, well-

among specimens; concentric

FJ

preserved sculplture seey
more prominent Than radial soulpture, but from the mater-
ial at hand, it is dmpossible To determine what the sculp-
ture was initially like. IHscutcheon long, narrow, not
sharply defined; lunule lanceolate, bordered by impress-—
ed line. Posterior part of hinge plate broad, ligament
attachment area deeply seated between velves. Three
cardinal teeth in eacn valve, no lateral teeth. Hight
vaelve: 1 and 3b bifid, posterior part of 1 larger than
anterior vart, 3a smally; leit valve: 2b bifid, ﬁosterior
part of 2b larger then anterior part. None of the speci-
mens are well enough preserved to be accurately measured.
The approximate average dimensions in mm. are: Long. 23,
Alt. 17, Diam. of single valve 5.

C. elsne crensis has been found in the Castaic forma-

tion at localities 2%1, 2%2, 235, 279, 1670, B-4, 2077,

2001, 2095, 2096, 2097, 2098, $-s5-1, and 2104, No arti-
culated specimens have been found. Many of the shells
were proken before burial but were not greatly worn or

rounded. This species occurs characteristically in pebbly
e

conglomerate. 1t has been found most

=]

sandstone and pebbl
commonly in sediments deposited within one-half mile from

the then-existing shore line. The nateriel 1s, in general,
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weathered, sc¢ that the exact nature of the

2
H
o
i
f 1
o
w

sculpture is in doubt. Other features of the shells are
satisfactorily preserved.
Left valves are much more abundant than right valves

in the Castaic Canyon area. The result of studies by

ever (1958) would explain the relative abundance of left
valves by the sorting action of currents below the 1it-
toral zone. Along the Castaic formation shore, which
trended approximately north, a longshore current from the
north would have sorted out left valves and transported
them on to the beach. Conversely, a longshore current
from the south would have tended to sort out right valves,
leaving behind the left valves below the effective wave

sl

bvase. Thu the grepondeW’nca of left valves of Chione

us
in the stalc formation can be interpreted in two ways,

upon whether the deposit represents littoral

&

Ca
dependin
bl

o

or sublititoral accumulation. In support of a sub-
osi

littoral de: t, the littoral segregation would be more

*o

-

likely to be destroyed by the rough abrasive wave action.

If the shells represent a littoral deposit, the sub-
1ittoral one should be found basinwa ard, but is not. The
specimens are agsociated with Turritella, which indicates
deeper water thaen does Crassostrea, which is represented
by abundant fragments with the Chione, but by whole shells

nearer the basal contact and the contemporaneous shore.

Concluding that the predominance of left valves repre-

sents the lag from current sorting, Tthe direction of Ilong-
shore trensport was northwards.

Lccording to Parker (1949) p. 579, Securella is a
Worth Pacific group first recorded from the upper Oligo-
cene of Alaska, Washington and northern California. Its
occurrence in the Casteic formation is at the southern

1imit of its known geographical range. The group appears

L]

to have become extinct during the late Pliocene. (.

elemerensis has been previously reported from the lower
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Pliocene sediments of Llsmere Cenyon, znd from the lower

rlio

9]
&}

ne Jacelitos formation of: the San Joaguin Valley.

Thus, the Castaic occurrence is an extension of the strat-
te

igrapnic range of the speciles to 1= ocene.



Spisula albaria (Conrad)

Flate 20, Figures 1, 2.

Mactre albaris Conrad, 1848, Am. Jour. ©cilence, ser. 2,

Ve 5, Do ABQ fi@. 4,

H
isula (Mactromeris) albaria (Conrad), Weaver, 1942,
Vet

(e
Geol., v. 5, v. 259, pl. 57, Tfigs. 5,

size, eguivalve, ineguilateral, tri-
zonal, thick; beak prosogyrous, prominent, slightly an-
terior of center. Dorsal areasg breoaed:; lunule and eg-
cutcheon not cilrcumscribed, lunule depressed so that an-
terior dorsal margin concave. FYosterlor margin more

broadly curved than anterior margin. Sculpture of strong

Y]

-

growth lines. Chondrophore deep, dnclines down and back
obliguely under bezk. Cardinal teeth large. Right an-
terior cardinal short, nearly parailel to shell margin,
joined to margin at dorsal end; right posterior cardinal
long, thinner than anterior cardinal, extends to ventral
edge of hinge plate. Right anterior lateral parallel to,
end in line with, anterior cerdinal. Kest of dentition
not preserved,

Dimensions in mm.:

Long. 70 62
Alt, 53 40
Diam. 20% Lo*
Thickness 3 1.5

*Diameter of single valve,

o

The specimens agree well with illustrations of 5.

elbaria. o. gbscissa is less elongete and more equi-

lateral than Eh
(1916) pl. 24, fig. 1, illus LW“L@S a specimen of albaria

slthousgh Fackard




that is shaped very much like abscissa. Spisula catilli-

e
formis, middle liiocene to Kecent, is much larger than S
ah

albaria, is relatively thinner, and possesses a rig

anterior lateral which 1s less nearly parallel to the

[
ad jacent shell margin. oSpisula albaria is variable in
shape both from locality to locality and within a local-
ity. Packard (1916} p. 291, states, ho

Spisula albaria hag been found only at locality 1849

in the Castalc formetion. Specimens are well preserved
but disarticulated.

Spisula is found along the open coast in the inner
sublittoral zone, most commonly between 5 and 10 fathoms
below low tide. Specimens of the genus are found on mud,
sand, or gravel substrate.
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u

Apolymetis biangulata (Carpenter)

Tellina alte Conred, 1837, Acad. Hat. vci. Fhila. Jour.

Apolymetis biangulata (Carpenter), Grant IV and Gale,

1831, Yan Diego Soc.
pli. 20, fig. 1o6.

Hem., v. 1, p. 363,

4 Y e

Apolymetis bisngulata (Carpenter), Palmer, 1958, Geol.

soc. America lem. 67, p. 107, pl. 14, fig. 5.

ohell medium size, ovate, moderately thin; beak

?

slightly enterior of middle of shell, only slightly

o)
progogyrous. sculpbure poorly preserved, of weak radisl

(\..

lines and concentric growth lines, The growth lines

bend sharply at the posterior fold which runs from behind

beak obliquely down and back. Dentition: Hinge plate

broad, ligament ares bordered by slight ridge. Two cardi-
9 o o

nal teeth, no lateral teeth, posterior cardinal slightly
larger than anterior. Long. about 55 mm.; Alt., about
40 mm,; viameter of right valve about 14 mnm.

This specimen agrees witn the original description

and with recent specimens of 4. biangplata from Corona De
ller except that the hinge plate is considerably broader

and heavier than in recent specimens. In terms of hinge
plate size, the late lMiocene Castaic formation specimen
1s similar to specimens from the Pleistocene San Fedro
formation (C.I.T. locality 265) so the decrease in hinge
plate size relative to shell size occurred post-Pleisto-
cene

Avolvymetis biangulata is rare in the Castai

C
ion. One whole individual has been found at loc
*h

g 1
has been Tound at locality 2093 in poorly—sorted, pebb
coarse-gralned sandstone.

rom the published occurrences of this species, the

1
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distributional limits appear To have moved southward
since early lliocene time. During late kiocene, its known
distribution was from central California south to these
Castalc formation localilties; the latter representing a
southward extension of the distribution. The early
Kiocene distribution (Loel and Core ey (1932)) was from the
ocanta Cruz Wountains to the Santa llonica lountains. The
present distribution is from Santa Barbare to San Quintin,
Baja Gslifornia.

The speciles occurs both in bays and open ocean in

shaellow water littorally and sublittorally to about 40

fms, and most commonly on a substrate of sand or gravel.
.S

Burch (1946) part 1, no. 43, p. 10, notes that it ha

collected in upper Newpori Bay, in fine sand in Nugu 3ay,
in lission Bay, and in the Lstero of Todos san
v lifornia G. &. Mac

3 Baja Ca
personal communication (1959) believes that there is no
1 i

salinity gradient within Newport Bay. The bay habitat
may not necessarily mean thaet 1t can live in water of

abnormal or fluctuating salinity.
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liacoma sp.

Three broken valves have been found at locality
1849,

shell medium size, compressed, ovel; beak small,
central, slightly dpithsogyrous. Margins not presecrved,
ohell smooth with only faint growth lines. Posterior
fold broadly curved, not sharp or angular. Lateral teeth
absent; a single bifid cardinal tooth in left valve; two
cardinal teeth in right valve. No lunule or escutcheon.

Approximate dimensions in mm.:

Long. 70 50
Alt. 50 40
Diam. (of single valve) 15 12

The meterial described here was referred by Wrizght
(1951) p. 11, 28, to two different genera and species—-

£

liscoma indentata Carpenter, and Cryptomya cf. ovalis

Conrad. VWright had not prepared the hinge of the

"Cryptomyallsufficiently to expose the hinge; the denti-
&

tion 1g that of Macoma. The identification of lacoma
indentata is based on & single broken specimen. The

Lo fann

shape can not be determined, and again VWright had not pre-

e

ared the hinge. There is not sufficient material well
enough preserved to be identified specifically.

The species has been found in the Cagtaic formation
only &t locality 1849, It is in fine-grsined sandstone
near the base of the formation. Associated with it are a

. - T
her mollusks.
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Shell small, thin, equivalve, slightly inecuilateral,
ed, elongate-oval; marging smoothnly rounded.

Sculpture of faint growth lines. Lateral teeth absent or
e oped, two small cardinal teeth. Hinge line

1
short. Average dimensions in mm,
1

Dentition and general shape are

ficatlion is only tentative.

This speciles occurs widely through the Cestaic forma-

tion. It has been found only in mudstone., If the sediment

is weathered, oniy molds are found; specimens with origl-
ell material sre found only in freshly exposed

sediments. The speclies has been Tfound at localities 277,

7-6~8, 7T-6~9, 7-11-24, 7-11-3%, 9-4-4, 7-11-27, B-5-3,
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ancuinolaria cf. 9. nuvtallii Conrad

Plate 20, Pigure 7, Tlate 21, Figure 1.

Dangulnolaris nuttallii Conrad, 18%7, Acad. Nat

rhila. Jour., Ve [y Po 250, pl. 17, fig. 6.

anguinolaris nuttallil Conrad, Grant and Geale, 1931,

San Diego Scc. Nat., Hist., lleme, vo 1, pP. 38%, pi. 20,
figs. 152, b.

Shell medium size, ovate; marging smoothly roundeds
beak small, apmroxilatolj central. ochell exterior smocoth
or with faint growth lines, no posterior fold. Bpntition
consists of two cardinal teeth in each valve. The right
posterior cardinal is bifid, other features of denti-
tion not preserved. A groove separabtes beak and teeth from
prominent nymph pl ate which forms & ridge externally above
the shell nmargin. Hinge plate broad and flat both anter-

ior and posterior of dentition.

Dimensions in mm. ol right valve ( spproximate) :
Long. 50, Alt. E’, Diam. 8, Thickness 3.
sanguinelar alatsa Gabb, as described and flgure

by Clark (1915) p. %7b, pl. 61, fig. 14, »l. 62, fig

‘ers from the specimens in having a more yprominent
beek, a larger nymph plate with a longitudinal gro
it, and a more prounounced sculpture. S. nutitallii (

on
the two specimens found in the Castaic

o

closely resembles e
Fformaticn. 1t is larger, but with so small a sample,

differences can not be diagnostic. The only real
SpP

ecimens and 5. nuttallii is that

RS —

ize
difference between the

=
O]
Q

enterior hinge plate of S. rnuttallii is much less

broad. The material from the Castaic formation belong

w

different species.

S
oy
<
T

to a closely related

Seneguinolaria has been found In the Castalc forma-
only at locality 2093. There it cccurs as single valves

ond fragments in pebbly coarse~grained sandstone at the
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base of Tthe formation.

~

The range of H. nuttallii is from late lllocene
to Hecent. This species is found living buried 6 to 8
inches deep in mud or loose sand in estuaries, sand flats,
open ocean. 1t occurs intertidally and to
teptheg of 7 fms. The Castalic formation speciles ig similar

ii that the two probably reguired

conditions. ©. nuttallii is found in
ven ocean, being, however, most typlc-

is dis 1in agreement with the distribu-

on of Banguinolaria in the Castaic formetion, and per-

c
haps partly explains its absence from localities south of
Soledad Canyon where suitable substrate was much more
abundant.

The bays in which 5. nuttallii ie found at present
heve good connectlen with the ocean and contain water o

normal marine salinity.



solen perrini Clark

rlate 20, Figure 4.

lark, 191%, Univ, Calif. Tubl. Geol., Sci.,

a
V. 8, p. 477, pl. 44, fig. 2.

Valves elongete, dersal and ventrael margins parallel,

gtraight; posterior and anterior edges bluntly rounded.
or vosition not preserved; sculpiture of

very Taint growth lines, surface nearly swmooth. Approxi-

mate dimensions in mm. 0 single valve:
Long. et least 100, Alt. 20-25, Diam. 5-8, Thickness 0.5.

Clark (1915) p. 477, separated é. verrini from 3.

e

e I ~ A N R P . -
the bases oi the straig 288 0O

f
bsence of a Tlexure of the an-—

o
terior shell end. "he spec

imens are referred to 5.
perrini because the dorsal and veantral mergins are straight
9 o
> ~

not curved, end a slight flevure is seen at the end of on
0

Te. 4/8, Considers

ster taxonomic rank and says that

most of the upper Miocene and Pliccene Solen of Califor-
nia belong in it., The Castaic formation material is too
fragmentary to shed any light on the problem, except thet

g

it is more evidence for the late kiocene existence of 5.

perrini as a distincet form.

D ggggigl is cbundant at localit
of disarticulated valves. 1+t is in a coarse-graine
stone within a few feet of the basal contact of the for-
mation. Although the fossils are in & sediment that

night well nave been & suitable substrate in which to live,
there has clearly been some reworking of the shells be-

fore deposition and buriel. Therefore, the presence of
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Solen gives no indication of the water depth at locality

1849, A% locality 2069, = single fragmentery specin

of an articulated 3. perrini has been found. It is in

(

poorly sorted pebble conglomerate. Thus, although arti-

culated, this specimen too hasg been reworked because 1t

is in a sgediment in which it would probably not have

lived. IFragments of the specles have been found at

a

locality 1627.

Fresent-dey species of live at depths of less

<,
o
j4)]
=

about 20 fathoms, burrowing in send or mud. Yhey

}__J

‘_l.

<
D

in bays and estuaries or along the open coast. They

4
s
m
<
o

been found where the salinity of the water was as low

as 259/50.



Corbula (Caryocorbula) luteola Carpenter

Plate 19, Fig

i
Corbule luteola Carpenter, 1864, British Assoc. Adv. Sci.

Kept. for 1863, p. 637.
Corbula (Lentidium) luteola Carpenter, Grant and Gale,

1931, van Diego Soc. Nat., Hist. Mem., v. 1, p. 421,

ple 19, figs. 2, 7.

Corbula (Caryocorbula) luteola Carpenter, Keen, 1958, Sea
shells of Tropical West imerica: Stanford, Stanford
Univ. Fress, p. 209, fig. 525,
Corbula (Lentidium) Luteola Carpenter, Falmer, 1958, Geol.
soc. America llem. 76, p. 117, pl. 15, figs. 13-18.
ohell smell, trigonal, elongate; besk not prominent,

slightly anterior of center. Anterior end of shell round-
ed, posterior end truncate; posterior dorsal margin
straight; fold extends from umbo to posterior ventral mar-—
gin. Sculpture of fine growth lines which change direc-
tion sharply at posterior fold. Left hinge conteins in-
dentation in shell margin below and slightly in front of
beak; rounded extens 1oa of margin present just behind in-
dentation.
Dimensions in mm.:
Long.
Alt. 4
Diam. (of left valve) 2

The material from the Castalc formation is referred to

KN
I

[

C. luteola, and not to other species, on the basis of shape
3 H £

sculpture and dentition. The specimens are distinguished

by their elongetve shape, simple sculpture, and the nature

J & i ? £ ¢

of the posterior truncation. No other described Tertiary

or Recent form matches in all respects. C. luteols iz re-

ported to range from Late liiocene to the present time,
Grant and Gale, 1931, p. 422, the previously reporied late
iliocene occurrence being Irom a locality near Bakersfield.
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No Fliocene occurrences have been reported. Its published
Pleistocene and Recent distribution is from southern and
central California to the Gulf of California and La Fagz,
Baja Celifornia, respectively. Thus, 1ittle is known of
this speclies concerning changes in its distribution dur-
ing late Cenozoic time. Grent and Gale (1931, p. 421),
and Keen (1958, p. 209), both give the average size of (.
luteola as about 50 percent greater than that of the
specimens from vthe Castalc Iormation, although Grant and
Gale (1931, p. 421) state that the size is variable. The
sample 1s too small to indicate whether this size differ-
ence 1is significent. Arnold (1903, p. 181) oollec ed
specimens from the Pleistocene San Fedro formation which
are intermediate in size between These late Miocene
specimens and Tthe Hecent specimens. Jithout more exten—
sive collectiong, size trends Through time can be neither
proved nor disproved.

¢, luteols hags been found in the Castaeic formation

L=y

only at locality 2093. It is in calcarecous medium-grain-—
ed sandstone which is inferbedded with pebbly seandstone
and. con;lomerate, These sediments were deposited within
severcl hundred feet of the shore line.

Heither of the specimens show any evidence of abra-
sion or tramsportation; both are single valves.

Ltthe present, . luteols is found in shallow water of
the open ocean intertidally and to depths of 25 fms. on
a rocky bottom. Keen (1958, D 208) states that "mosdt
specimens (of the family Corbulidae) are to be found inter-

tidally clinging by byssus under rocks and smong gravels.'
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Panope generosa (Gould)

lya abrupta Conrad, 1849, U. S. LSxploring IZxpedition
(Wilkes), v. 10, p. 723, Geol. Atlas, pl. 17, fig. 5.

Panopaea generosa Gould, 1850, Boston Soc. latb, History,
Ve 5, Do 215,

renope generosa Gould, Weaver, 1942, Univ. Wash. Publ.
Geol., v. 5, p. 262, pl. 60, figs. 2, 4,

ohell large, elongate, ventricose, more or less rec-—
tangular, inequilateral, equivalve; hinge slightly snter-
ior of center; ends of valves bluntly rounded, posterior
marginsg flare out, widely gaping. Sculpture of coarse,
irregular, concentric, rounded, undulose ribs. Ientition
not exposed.
Dimensions in mm. c¢i two specimens:

Locality 1627 1849
Long. 100 ca.l20
Al%. 65 65
Diam. 40 45

A number of middle and late Tertiary species of Ienope
have been described which differ from one another primar-
ily in size and shape. Grant and Gale (1931, p. 425)
suggest that since this genus burrows in sediment, the
shell may vary considerably depending on the nature of
the substrate. UNo quantitative dats on this subject have
been published; the collections from the Castaic forma-
tion are too small, and the specimens too fragmentary %o
determine variability of the species within a population
or between localities. NacGinitie.(1939) has noticed that
ochigothaerus nuttallii, also a burrower, varies consider-
ably in size and shape in substrates of different consist-

ency and texture. The sazme seems likely for Fanope, S0

that the status of the several similar species might well
be reviewed., In the absence of such review of the genus,
L.

generosa is used in & broad sense for the identifica-
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tion of the Castaic material.

Panope specimens are found only in the southern part
of the outcrop area of the Castaic formation. At local-
ity 1849 they occur in medium-grained sandstone deposited
within a few feet of the basal unconformity. Most of the
specimens are articulated and may well have been living
where buried. A single articulated specimen has been
found at locality 1627 occurring in fine-grained sand-
stone overlying poorly counsolidated basal conglomerate.
This specimen, too, may well have been buried and preser-
ved without being transported. AL locality 2069 a single
articulated specimen has been found in living position,
within Hint Canyon sandstone, a few inches below the angu-
lar unconformity at the base of the Castaic formation.
his indicates two things: 1. The sandstone which is now
moderately comsolidated must havebeen much less so when
it was overlepped by the Castaic seas. Frobably the Liint
Canyon sediments, in general, were poorly consolidated
then--they had only been deposited relatively recently
themselves, and also there are few clasts of lMint Canyon
origin within the Castaic formation. 2. The basal
Castaic sediment consists of cobble-pebble conglomerate
containing fragments of Fanope. This would not have been
a sultable substrate for the individuel burrowing into the
Hint Canyon send. Therefore, in this locality, if any
gsediment were iniviaelly deposited as the sea encroached
over the land, it was fine-grained, fairly well-sorted
sand. Y. geneross burrowed within This sediment in much
the same posgition as they have been found at localities
1627 snd 1849, Some individuals burrowed down into the
underlying Mint Canyon sediments where they were preserved
when the loose Castaic sand, including inhabitvents, was
swept away, and conglomerate, containing fragments of

eposi

?anone, was d ited. An alternative supposition would
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be that thefe was originally no sediment present at all

and that the Fanope larva settled and burrowed directly in-
to Tthe soft Mint Canyon sediment. This is egqually pro-
vable. The important point is thal, in either case, the
conglomerate was not deposited for some iLtime after the
area was flooded. It does not represent a winnowing or
reworking by the transgressing sea. Higher in the section,
at locs llEJ 1663, in pebbly sandstone, very rare fragments
of Fanope are found. These are probably introduced, con-
sidering their fragmentary nature, and considering that
this would not be an ideal substrate in which for them to

live.
The geologic range of I. generosa ig liocene to He-
cent, It has been found in the Coast Banges from Washing-

ton to Baja California and in the Imperisl formation of
the Colorado Desert. Its occurrence in the Castaic for-
mation lies at the southern limit of its known late Kio-
cene disgtribution. Its recent distribution is from Vash-
ington to Baja Californi

Hecent E. geneross are found in bays, estuaries, and
the open ccean, in water of normal salinity. It commonly
burrows deeply in loose mud or sand atbt water depths as

great as 25 fns.
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Pholadidse
Plate 21, Figure 2.

Burrowing pelecypods are found in oyster shells at
many localities throughout the Castaic formation, part-
icularly in the northern part of the outcrop area. fThey
are Iound most commonly in shells that are broken and
worn, but also in thick articulated shells.

shell elongate, inflated, eguivalve, thin. Longitude
about 20 mm., altitude and diameter about 8 mm. Nothing
else is known of the shells, which are thin, poorly pre-
served, and imbedded in very well cemented pebbly sand-
stone. The holes bored are about 10 mm. in diasmeter.
lfost are lined with a variable number of carbonate layers.
The lining generally is not of uniform thickness around a
burrow,

At locality 2069, a rounded tuff pebble, probably de-
rived from tuffaceous sediments of the lint Canyon for-
mation, is piltted by several shallow borings about 3 mm.
in diameter. The borings resemble those made by Recent

pholads.



Feriplome cf. F. discus Stearns

Plate 20, Pigures 8a, b, c.

feriploma discus Stearns, 1890, U. S. Hetv. Kus. Proc.,
v. 13, p. 222, pl. 16, figs. 1, 2.
ohell medium size, oval, inequilateral, ineguivalve;
umvo of right valve higher than that of left valve; dia-
meters of the two valves approximately equal. Anterior
dorsal margin of shell slopes downward gradually from

unbo; ‘posterior dorsal margin extends horizontally at a lev-
b 5

el slightly below beak, then curves downward sharply at
the dorsal posterior corner (at which the shell may be
slightly geping). Anterior end of shell flexed slight-
ly to the left; posterior end to the right. Shell thin,
subnacreous, with fine concentric growth lines. Teeth
gs a cnondrophore extends down and forward from
tntly behind the beak. The chondrophore is braced by
& fine ridge on the interior of the shell which extends
from the base of the chondrophore down and hackwards for
a short distance. o lithodesma found.

Dimensilons, 1in mm.:

Alt. 20 24 17

Long. 30 25
Diam. 10 10

bxcept for a small fragment of one valve, all specimens

are molds. The hinge description is based on int

Moo
@

©

Lo

<

©
O

molds of articulated shells. Shell material is p

only in unweathered freshly exposed rock.
Buffington (1947) comnsidered this material to repre-

sent a new species. However, he described the holotype

es a natural cast of an external mold, whereas it is actu-

ally an internal mold. The material is not sufficlently

diagnostic to be described as a new species. It most

clogely resembles E. discus Stearns, which occurs present-
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ly from llonterey, California, to Ll Salvador, and has
been reported from Pliocene sediments in downtown Los
Angeles, VWoodring (1938, p. 57). The shape of the dorsal
margin of the Castaic formation specimens is the same as
that of L. discus, end different from that of any other
described Periploms from the west coast of North America.
The specimens also are similar to P. discus in having
only a short buttress beneath and behind the chondroph-
ore, in having the beak position more central, and in
being less inequivalve than other Pacific Coast Perivploma.
The specimens differ from P. discus in only one character-
istic-they are oval rather than nearly circular.

Periploma cf. . discus is found in the Castaic forma-
tion only at locality 1671. It occurs in moderately well-
sorted, fine-grained sandstone., Most of the specimens are
articulated.

The present habitat of E. discus is on mud flats and
in shallow water to depths of at least 5 fms.
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scaphopoda

FPlate 29, Pigure 4.

Shell medium size, slightly curved, features of eith-
er extremity nod preservéé, sculpture of 12 ribs, inter-
spaces wider than ribs, ribs rounded; no finer ribs inter-
calated towards the anterior end of the shell, the 12 ribs
are strongly developed from one end of the shell to the
other. Length of shell about 30 mm.; anterior diameter
5 mm., posterior diameter aboubt 1.5 mm., wall thickness
about 0.3 mm., maximum perpendicular distance from the
concave side of the shell to a line cbnnecting the two
ends of the shell on that side, 1 mm.

The sculpture of this species iz different than that
of any speciés previously described. 411 those species
that have about 12 ribs have a variable number from one
end of the shell to the other, adding new ribs between the
old as the shell becomes longer.

Dentalium has been found only in the Dry Canyon-Haskell
Canyon area, at localities 232 and 1670. The specinmens
occurs in pebble-granule sandstone containing, in addi-
tion, much fragmental molluscan materisal.

The genus. Dentalium is widely distributed in tropical
and temperate oceans at the present time. 1t is represent-
ed throughout the Cenozoic Lra in sediments of the west
North American Coast. It is a strictly marine group,
living for the most part in clean sand, avoiding mud with
much decomposing matter. TFew species of the group are
littoral; different species of the genus occurring in
water a few to over 1000 fathoms deep. Thus the presence
of a species of Dentalium tells 1ittle about the depth of
water. It is an indication that water circulation was
probably not reétricted. The occurrence of the fossils in
coarse, poorly-sorted sediments suggests that they had been



transported before buriasl.
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Brachiopoda

Terebratalia occidentalis Dall

Plate 30, Figures 3, 4.

Terebratalia occlidentalis Dall, 1871, Calif. Acad. Seci.

fProec., v. 4, p. 182, pl. 1, fig. 7.
Terebratalis occidentalis Dall, Hertlein and Grant, 1944,

.

Univ. Calif. lLos Angeles Tubl. Math. and Phys. Sci., v.
3, Do 127.
ohell medium size, generally wider than long, more or

less sulcate with sulcus on pedicle valve, fold on brachial
valve., The shape and sculpture of the specimens are vari-
able., Shells vary in sculpture from nearly smooth indivi-
duals only faintly sulcate to imdividuals with clearly de-
fined fold and sulcus and numerous distinct sharp radial
ribs over the whole shell, fold and sulcus included.
chells range in shape ffom broad and short to equant 1o
elongate oblique.

Dimensions in mme:

Locality 1663 251 1670
Length 27 29 15 35 38 23 34 23 20 37 19 26 28
Width 36 35 25 40 39 30 34 22 22 32 22 26 27

The species hag been found at localities 1663, 1624,
221, 2723, and 1670. In general, the specimens from 1663
and 1670 are more strongly ribbed; those from localities
231 and 233 are smoother and less broad. The range of ,
variability includes forms that could be identified as T.
occidentalis, T. obsoleta, L. arnoldi, end Liogrs |

willetti. However, liattox (1955) has shown that similar
variability is present within a single population of
living L. occidentalis. The variability is probably due
to micro-envirommental differences. When these differen—
ces become known they can perhaps be applied to the Cas-
taic formation to explain the general serrcgaolbn of

different forms to different loczlities.
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ost of the specimens are articulated. All occur in
coarse to pebbly sandstone.

The range of occidentalis is Oligocene to Hecent.
The late I ‘

California; the Pliocene distribution, central and south-

iocene distribution is Oregon %o southern

ern California; the Recent, San francisco to Cape San

Lucas; Baja California. Iiving specimens are found in the
open ocean at depths of 30 to 120 fms., but most commonly,
at depths of 30 to 50 fms. Those living off the north-

east shore of Catalina Island occur on a substrate of rock
and gravel with patches of sand and sandy nud. The tempera-
ture at which they live there is 10-12 C. with little sea-
sonal fluctuation. They‘occur singly or in clusters,
attached to ome another. |
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Lechinodermata

astrodapsis cf. A. fernandoensis Pack

Plate 30, figures 1, 2.

Astrodapsis fernandoensis Pack, 1908, Univ. Calif. Publ.

Geol. gciley ve 5, p. 279, pl. 24, figs. 3, 4.

Astrodapsis fermandoensis Fack, Grant and Hertlein, 1938

Univ, Calif. Los Angeles Publ. Hath. and Fhys. DCley Ve
2, p. 72, pl. 25, figs. 4, 5.

Test small, sub-circular to oval, thin, margins not
thick, posterior maergin slightly pointed, lower surface
flat, upper surface slightly convex. Apical system approx-
imately central. Ambulacral areas broaden rapidly from
apex to one~half the distance to the test mergin; then
broaden gradually to shell margin; mnumerous large tuber-—
cles set in well defined broad pits on the upper and lower
surfaces. Opines are one~half to three fourths mm. in
diameter, up to five mm.in length, are faintly ribbed
longitudinally reflecting the fascicle-like internal
structure. The spine ends are not well preserved. Large
tests are about 40 mm. long, 30 mm. wide, 7 mm. thick.

Astrodapsis occurs throughout the northern snd central

part of the Castaic formation, bul specimens are in gener-
al poorly preserved. Only molds have been found at local-
ity 1671, but surface details are well preserved on these.
Fragments and whole tests from localities 232, 2084, 2087,
2092, 2100, and 2070 indicate the shape and size of +the
species, but surface features are poorly preserved. In
addition to these occurrences of tests, at some of which
spines h&ave also been found spines have been found at local-
ities 2074, 2075, 2102, 2073, 2085, 2093, 2103, 2083, 2086,
1670, 2095, 2091, 2099, and 2105.

Astrodapsis specimens collected by geologists in the

past from the Castaic formation in the Haskell Canyon-Dry
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Canyon area have been compared by them both with A.

tunidus and with A. fernzndoensis. In this particular

study, however, all the specimens sufficiently well pre-

served appear to be closely similar to A. fernandoensis.

They have been compared to fernandoensis rather than

tumidus on the basis of the large tubercles; the relative-
ly large, oval size; the slightly pointed posterior mar-
ginsg and the relatively flat, uninflated test. Positive
gpecific didentification is not made because genersl pre-

servation is not suificiently good.

Although the genus Astrodapsis is extinct, some

evidence of its habitat cen be gained from noting the
sediments in which it is found. Complete'tegts and
large fragments of tests have been found only in fine to
coarse well-sorted sandstone beds. At locality 2084 frag-
ments are abundant, but the sandstone is less well sorted
and contains scattered small pebbles. Spines are found in
a variety of sediments, including very poorly sorted
pebble-cobble conglomerate.

Tests have been found at relatively few localities
in the forﬁation, but where found, they are common or
abundant. Thus, it would seem that in several respects

the Astrodapsis of the Castailc formation had habits simi-

lar to the present day Dendragter of the California Coast;

they lived in colonies, in & fine-grained, well-sorted

substrate.

The stratigraphic range and distribution of Astrodapsis
is middle Kiocene to lower Pliocene, in California. Those

i . fernandoensis arz lower Fliocene of southern Calif-

A
ey

el
oL

ornia; A. tumidus, middle Delmontian or upper lliocene of

central and southern California.
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Cidarid.spines
Plate 50, PFigures 6, 7.

Large echinoild spines have been found at localities
1670, 2094, 2105, and 2069. Two Types of spines are re-
presented. Those from locality 2069 are characterized
by few large nodes in annular clusters. The spines from
the other localities are alike, and have many, smaller
spinose nodes arranged in longitudinal rows, but in no
transverse pattern. DBoth types of spines are 3 to 4 mm.
in diameter. All sre incomplete; the length of the '
longest is 27 mm. They are cylindrical.



Bryozos
Bnerusting bryozoa have been found at two localities.
At locality 1663, they line part of the interior of the
body whorl of a large gastropod, probably Ficus (Trophosy-

con). At locality 2076 they cover the inside of a large
Lyropecten crassicardo valve and several gastropod shells

within the Lyropecten. Impressions of the other valve

indicate that the pelecypod was articulated, contained
several gastropod shells, and a flourishing bryozoan
colony before being filled with coarse sand. The bryozoa
on the gastropods are several zooecia thick.



215

Arthropoda

Barnacles
Plate 30, Iigure 5.

Barnacles have been found at localities 2074, 2082,
2104, 2105, 1663, and 2069. They consist of: 2074, a
‘single individuel, plates together, but somewhat broken,
in a pebbly very coarse sandstone, diameter about 10 mm.,
heigﬁt about 10 mm.; 2082, two individuals side by side,
connected at edge of base, plates together, in a pebble
conglomerate, diameter 20 mm., height 20 mm.; 2104, and
2105, a few small fragments scattered in pebbly sand-
stone; 1663, a single minute whole individual attached to
an articulated Glycymeris grewingki, diameter and height

about 2 mm.; 2069, & single imcomplete compariment, pro-
bably a rostrum, incomplete height and width 4 mm.. No
opercular plates were found. From the internal structure
of +the compartments observed, all the individuals would
seem to be Balanus. The true relations can not be known,
however, until the internal structure has been studiled in

detail.
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Yertebrate
Vertebrate remains

The following vertebrate fossils have been found in
the Castaic formation:

Two shark teeth, both non-serrate; elongate, triangular.
The one from locality 2093 is 24 mm. high including the
base, 23 mm. wide at the base. That from locality 1663
has corresponding measurements of 21 and 17 nm.

Pish vertebra, 20 mm. long, 2% mm. in dismeter, from
locality 2069,

Bone fragments from localities 1663, 1670, 2069 (one
foot stratigraphically above the basil, mollusk-rich
horizon), and 2089. '

Fish skeleton, incomplete, poorly preserved, locality
1626, length at least 40 mm.

Fish scales are common throughout the formation in the

nudstones.
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Borings

Borings are common in pelecypod shells throughout the
formation but are most abundent in the northern part of
the outcrop area. They are one-half to 1 mm. in diameter.
The organism causing them is unknown, although they are not
unlike the boz*_ihgs formed by clionid sponges. The borings

are most abundant in large valves of Crassostrea titan,

but also occur -on large Lyropecten valves. The boring

organism was active on the shells of living pelecypods.

whether it was also on loose or empty shells is not clear.
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ragtropoda

Fatellid gastropods

“Two patellid gastropods heave been found in the Castai
o

formation. They can n ;
level,

Shell cap-shaped, oval in plan view, avex slightly
eccenvric, the specimen from locality 2081 is sculpbured
with radial ridges and feint growth lines. Nothing can
be determined about the specimen from locality 1670 be-

yond the shape and sigze.

Q0

Dimensions in mm.:

Locality 1670 2
Length 17

Width 15

Height 1

W oy 3 O
o
I_J

Both specimens are imbedded in coarse-grained pebbly

T be identified, even to the family



Calliostoma coalinsense Arnold

rlate 21, Pigurss 3a, b.
Calliostoma coalingensis Arnold, 1910, U. 5. Geol. Survey
Bull. 396, p. 83, pl. 27, fig. 7.
.

Celliostoma coszlinsense Arnold, Voodring, stewart, and

a

Kichards, 1940, U. 5. Geol. Burvey FProf. Paper 195, p.
8%, pl. 1i, figs. 2, 3, pl. 15, figs. 15, 16.
shell small, turbinate, nacreous. sculpture of four

primary ribs on upper surlface of whorl; the upper-most rib
is Just below the suture, the second forms = slight should-
er, the fourth (lowest) is at the sharply curving part of
whorl between side and base. Upper two primary ribs
nodéd, lower two may or may not have been, for shell is

somewhat weathered. Uingle secondary ribs between primar-—

B

ies, uppermost secondary is noded. Hibs on base of whorl
U ed. ‘horl

profile more flat-sided thon that of the other species of

equal to secondaries in size. Subture cppress

Calliostoma found in the Cagteic Tormation; the shell is

almost conical in shape. Alt. about 11 mm., diem. 9 mm.
Two specimens have been found in the Castaic forma—
tion—-~one from locality 1849, the other from lOCulluy 2069,
Soth specimens are broken but have moderstely well preserv-

ed sculpture.

The specimens are identified as C. coalingense rather

than C. etchegoinense because nodes on ribs are very like-

ly restricted to the upper part of the whorls rather than
occurring ocn all the ribs. In general, however, the two
species are very similar. The illustration of the type of

coalingense by Arnold (1610) is not clear in detail. The

Castaic Tormation specimens seem Lo more clo
the specimen 1llustrated in Woodring, 51

Eay

(1940, pl. 11, figs. 2, 3).

U. coalingsensce has been reported previously only from
the Pliocene Ebchegoia formation of the Ceoalinga-Kettleman



Hills area.

Living Calliostoma are most abundant in the

and inner sublittoral zoncs

to considerable wa

.~
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Calliostoma splendens Cerpenter diabloense (lark

Plate 21, Pigure 4.

Caliiostoma splendens Cpr. var. dlabloengis Clark, 1915,
Univ. Calif. Publ. Geol. Sci., v. 8, p. 482, pl. 65, fig.

1.
ohell omsll turbinete, nacreous, about six whorls.

Sculpture of Nplral ribs, those on the upper surface of the
whorl possibly noded. Whorl profile only slightly angula-—
ted Dby two primary ribs which divide whorl into top, side,
and basal elements; top of whorl contains three secondary
ribs with single tertiaries in inters spaces; side of whorl
marked by four or Tive ribs stronger then the secondaries
but slightly finer than the two primary ribs; the base of
the whorl sculptured with alternating secondary and ter-

ary ribs. The top part of the whorl profile is nearly

traight, but the whorl profile is rounded overall,

0

'

oputure appressed. Aperature obliquely oval; columella

on

smooth. Alt. 10 mm., diam. 8 mm.

A single specimen of this form has been found at
locality 184¢. It is moderately well preserved, imbedded

L)

in well-cemented, fine-grained sendstone. The illustra-—
lerk (1915, pl. 65,
fig. 1), and Loel and Corey (19%2, pl. 64, fig. 2), do not

e

tlions of specimens of diabloense by C

illustrate the sculptural defails of the subspecies suf-
ficiently. The description by Clark, however, fits the
c rmatlon specimen very well in terms of

0
nugber, size, and distribution of the spir

iral ribs. The
whorl profile of the Castailc formation specimen, however,
is perhaps not so angulated as is that of the type speci-

men, tending thus towards splendens s.s. 1n sculptur

i e
G. splendens dlabloense has been reported from lower
of southern California and

irom upper lMiocene sediments of centrel California. (.

iy]

splendens is found at present between llonterey, California



and Guadalupe Island, lexico. A specimen from the
Pleistocene deposit of Fotrero Canyon, FPaciiic Falisades
has been compared To the speciles.

Tiving individuals of C. splendens are found in water

10 to 50 fms. deep on rock and shell or on kelp.
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Calliostoma &8p.

Plate 21, Figure 5.

Shell small, turbinate, nacreous. Sculpture of
spiral ribs, coarser on side and upper part of whorl than
on base. Vhorl profile smoothly rounded. Suture slight~
1y appressed. Aperture obliguely oval, columelle smooth.
Alt,., about 10 mm., diam.8 nmm.

four specimens have been found in the Castaic forma-
tion--~two at locality 1849 and two at locality 2036.
None are well preserved, all being broken and weathered so
that the sculpiure is interpreted from the impression on
inner shell 1ayérg. Phe specimens are found in well-
cemented medium-grained sandstone.

se specimens are too poorly preserved to be identi-

The genus Calliostoma 1s found in marine water of the

littoral and inner sublittoral zomnes on rocks, shells, and
kelp, along shores with considerable wave action.
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Tegula gallina (Fori

Flate 21, Figures

~

Trochus (ionodontsa) galline Forbes, 1850, Zool. Soc.
pe 271, pl. 11, figs. 8a, 8b.

Ey

London Froc.,
Tegsula (Chlerostoma, gallina (Forb&s), Grant and Gale,

[ ey

1931, San Diego soc. Hat. Hist. Mem., v. 1, p. 327, pl.
igs. 20, 31.

Shell meéium to large, conlcal, nacreous, imperforate.
wWhorl base ﬁéarly flat, whorl side gently convex; periphe-
al mergin sharply rounded but not keeled. Growth lines

protractive at about 459 angle to shell axis. Sculpture
of dark brown low retractive ridges on whorl side. The
ridges are galmost perpendicular to the growth lines.

suture not preserved. Apervure holostome, sub-circular,
with two teeth on innecr lip, the posterior tooth is larger
than the anterior one.

Dimensions in mm.s

4l%. ca. 20 45 40

s of gallina

from San Diego in all morphological features.

The specimens are like recent s;eoimer

s
)

T. gallina has been found in Tthe Castaic formation only
at localities 1624 and 2093.

The species has been reported previously from Pliocene
sediments of the EZlsmere Canyon area and from Fleistocene
gediments bebween Sants onica, California and llagdalena
Baw, Baja California. ‘''he Recent distribution is from
Sen Prancisco, California south to Baja California.
TlVlﬂg individuals are found in the rocky littoral

zone along the open or proltected coast.



Astraeca sp.

e e e 2t

rlate 21, Figures Ta, b, Plate 22, Figures 1, Z.

Shell medium to large, conilcal, about six convex
whorls; apical angle 75°-80°. Periphery of body whorl is
a prominent noded undulating carinas sculpture above the
carina consists of two rows of nodes similar in size to
those of the cearina; the nodes on the lower row are more
numerous andfslightly smaller than those on the upper row.
The upper nodes are elongate, retroactive; the number of
nodes on the upper and lower rows are in the proportion
14:19, respectively, on the body whorl. Sculpture on the
flattened base of the body whorl consists of a prominent
noded spiral rib lying next to the carina and of almost eq-
ual strength; inside this outer noded rib, are about three
finer ribs, unnoded, but crossed by thread-like growth
lines. There is an arcuate depressicn on the planar outer

surface of the columella comparable to that in . undosa.

le
Aperture ovate; opercula, found associated with the speci-
mens but not in place, are ovate, nucleus sub-marginal

3

near the left gide of the thinner, less broadly rounded

end (viewing the interior of the operculum with broad end
0

e
®
et
«Q
joe
= O

e, L

down); the exterior of the um is granulose, with a

single broad low spiraling ridge and a small crescentic de-
pression spiliraling out from the nucleus. Granulose text-
ure most concentrated on the area of the slight depression.
Timensions in mm. of specimens from several localities:
Locality 2077 2069 1849

AlT. 12 20 25 18 35 30 253 0]

Uiam. 15 22 31 22 39 35 23 22

O0f the westv liorth American s

N

pecies of Astraeca that have

been described, the Castaic formation specimens most

closely resecmble Agtraes (Pomaulax) gradata. They differ

]

however, in the following respects—-

from A. gradata

e
smaller, larger &apicel angle, more strongly nodose carina,



an outer basal nodosge rib, and a less angular whorl pro-
file
of the subgenus FPomaulax, the opercula found in the Cas-

iition, the operculum of A. ggggat@ is typical

talc formation are not. Although the opercula from the
Castaic formation were not in place within the shell aper
ture, there is no other species found with which they can
be placed. ’Ehls is the same situation as for the operculun
of A. gradsta that Grant and Gale described. Also, the
ribbing of the umbilical area is not nesrly so strong as

it is in 4. undoga, thelype of Fomaulax. Thus, the speci-
mens from the Castaic iormatlon must represent & new
species of & subgenus other than :gggg;ay if Pomaulax is

restricted to those species haviag an operculunm "with

C
four strong granulose ribs radiating from the nucleus®

U

Pilsbry (1838, p. 24 wever, Keen (1958, p. 262),

) 0
ulum of Fomaulax is smooth-surfacec

2
states that the operc

which clearly can not apply %o A. undosa. The operculum of
the Castaic Iormation species 1s like that of A. undosa in

shape anG position of the nuclear whorl. 1t differs howev-
0

L four shsarp-

er in having two low broad ridges Iinstead
€

v defined ones. The wmovilical arezs of the Castaic forma-

tion specimens resembles that ol the subgenus Fachypomsa,
el

but the operculum differs in shupe, position of the

nucleus, and sculpbture. The operculun resembles most
o

ex
Closely the opercula of A. gmericang and A. cubana, both

in the subgeanus Astralil “he net result is that the

Cagtaic formation species can not be placed in any of
these subgenera because of confliciing characters. The

.l

opercula of turbinids would be useful in texonomy if they

were beltter documented and more closcly correlated with
the generic and subgeneric groupg.

Astraes occurs in the Castaic formation at localities
1849 (abundant), 2069 (common), 1670 (rare), 1663 (rarc),

1624 (x rp), and 2077 (rare). The sediment is well-in-
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durated fine-to medium-grained sendstone at 1849 and
1670, uncemented pebbly sandstone at 2069, and indurated
pebble conglomerate at 2077.

Recent Astraca occur in normal m

i

rine water both a-
long rocky outer coasts and in estuaries and embayments,

littorally and to about 15 fms. most commonly, but in

IENERY

some cases To 50 fms. The genus 1g herbivarous.



Plate 22, Pilgure 3,

Shell large, heavy, conical, spire moderate; suture
not preserved but tangent or slightly impressed. Whorl
profile slightly convex; whorl sharply carinated; whorl
base flat. OSpiral sculpture absent. Outer part of
shell dark bfbwm. shell smooth except for faint pro-
tractive ribs sloping down and forward at an angle of BOO
to the shell axis. Aperture not prescrved, but apparent-
1y holostome; columella is callus covered and smooth.
Shell not umbilicate. Diameter 31 mm., Altitude (of
remains of body whorl and part of preceding whorl only)
24 mm,

A single imcomplete specimen has been found at local-
ity 2104 in pebbly sandstone. Identification is impossi-~
ble because the shell apex and most (perhaps 211) of the
body whorl is missing. The lack of umbilicus, the sharp-

1y keeled whorl, and the conical shape are features indica-

tive of Astraea. 1f so, however, it must be referred Yo a
species with little or no spiral sculpture, and with
apparently an unsculptured whorl bvase, unless the base
is modified before the shell of the succeeding whorl is
deposited.



Arene, n. sp.

Flate 21, Figures 8a, b.

Shell small, depressed, turbinate, umbilicate; whorls
approximately circular in cross-gection. Sculpture'of
beaded spiral ribs and Line axial threads., The ten ribs
on the p@nultimate whorl are all of about equal width exce-
pt that the Tib at the base of the whorl and atthe top of
the whorl are slightly larger. Two ribs lie zalong the
gide of the umbilicus, on the inner side of the basal rib.
The inner side of the whorl does not contain an angular

umbilical cord as in Architectonica. The periphery of the

whorl is not carinate. Interspaces between ribs are
slightly wider on the dorsal silde of the whorl. The suture
between body whorl and penultimate whorl is about 1/3 of
the whorl height above the base of the penultimate whorl.
The body whorl is missing - only a mold of part of the
dorsal exterior of it is present, The whorl broke off
without apparently altering the sculpture on tne base of
the preceding whorl. The fine axial threads connect ad-
jacent nodes. Alt. 4 mm., Diam. 6 mm., Diam. of last
whorl 2 mm. The approximate altitude and dismeter of the
specimen, with body whorl preseunt, were 5.5 mm. and 8 mm.,
respectively,

This shell is referred to Arene for the following rea-

sons., Architectonica differs in being depressed; the basal

.

part of the whorl tends to be flattened with one or more
broad spiral ribs; the periphery of the shell is carinate

and a prominent umvilical cord 1s generally present.

Heliacus differs, as does Architectonica, in shape, in

having a more or less flattencd whorl base, a carinate

beaded spiral

4]
Ly

periphery, and zn umbilical cord. The

@]

sculpture of Heliacus is similar to that ol the specimen.

Antillachelus woodring (1928) differs in being conical and

in having reticulate sculpture.
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polariella differs in lacking the prominent beading.
Circulus differs in being low spirec, in having & kecl

at the base of the body whorl, and in lacking the axial
element in tho sculpture. Liotia and Arene are closely
related, Arene having been consildered a subgenus oi Lio=-
tila in the past. The two genera are distinguished on the

basils of sculpture~-in Arene, axial and spiral ribs are of

about equal prominence; in Liotia, axial sculpture is re-—

duced or &bsent. Therefore, the specimen from the Castaic

formation fits into Arene.

Both Liotia and Arene are scarce in the racific Coas

fossil record., Liotia weaveri uffinger has been describ-

ed from the middle Oligocene Gries Ranch Beds of the

lower Cowlitz Valley, WashiﬂgtOﬂ. It is a small planorbid
form that bears 1little resemblence to the Castaic forma-
tion specimen, of for that matter, to other members of
Liotidae, The only other fossil record of Liotia is that
by Jordan (1936, p. 11%). He reported Liotia rarmata

]

from the Pleistlocene deposts of lagdalena Bay, Baja
California. This speciles however is very different from
the specimen from the Castaic formation. It has a very

b SRRl

narrow umbilicus and much different sculpture. Among re-—

O

cent west Pacific Coasgt speciles of arenc, winslowae, hind-

‘blahu and carina ely resemble the specimen being

&
described. Of tbese, carinata (¢

1357, Hazatlan Catalogue p. 248, no. 515) is the least
similar. JTis umbilicus is narrower and i1ts sculpture is
different, consisting of spiral beaded ribs of two distinct

sizes, the larger ones being restricted to the peripheral

and umbilical sides of the whorl, Arene hindsiang c¢iffers
in being more narrowly umpllicate and in naving a differ-
ent sculpture--—a prominent peripheral keel, and greate
variation in rib size. A. winslowée 1s most similar to

the Castaeic formation specimen~-1t has the same number of
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spiral ribs, and very similar sculpture. IHowever, Ai.
winslowse has a more elevated shell, a narrvower umbi-
licus, and & more pronounced peripheral keel. These three
recent species are Panemic in distribution--A. carinata
occurs in the Gulf of California; A. hindsiana, at
lianzanillo, lexico, and A. winslowae,from Nicaragua to
ranama. The latter two species have been collected 1liv—
ing under foCks at the low tide line., Only a single
specimen haé‘been found in the Castailc formation--—-at
locality 1663. It is in a matrix of well-cemented pebbly

sandstone.



Nerita sp.

l._..J

Flate 23, Figures la, b.

chell medium size, globose; spire very low, slightly
crushed. Shell low; rapidly expanding body whorl with semi-
circular aperture; broad callus deposit on inner 1ip ex-
tends as shelf out into body whorl. Callus thickest at
posterior corner of aperaiure. No detail preserved on
callus. Outer lip probably not thickened, margin broken
so no deteils preserved. Shell thick, with 1% to 20
coarse spiral flatly rounded ribs, narrow inbterspaces,
coarse growth lines, Dimenslons in mm.: Alt. 25, diam.
28 .

I

A single specimen has been found at locality 2072,
Trom the uppermost bed of a series of fogsiliferous sand-

stones and conglomerates deposited as a tongue from the
basal contact oult into predominantly mudstone section

within the‘basin., The specimen is associated with frag-

ments of assostrea tlitan and Lyropecten 04&351car60,

g8 well as abundant carbonized plant fragnen

.

o post-—iocene occurrence of Nerita has been reporied

[

from California. Nerits (Ritena, scabricoste Lamarck has

been re

([J
e

orted Irom rleistocene sediments of llagdalena Bay,

C
I._.l
3

Baja California; the present distribution of scabricogta

is from the west coast of Baja California to Feru.

Nerita (Theliostvla) funiculatse ienke has veen found in

Pleistocene sediments of Tthe Gulf of Californis and
lagdalena Bay, Baja Celiformia. Its present distribu-

tion is from San Hogue Island, Baja Californla to Funta

Ty

b

enasco, wonora, and south to Yeru, Judging from its
low spire, the Castaic formation specimen is probably in

the subgenus Theliostyla. 1t is larger and has Iewer

spiral ribs than the Fleistocene specimen of ﬁ bernhardi
Recluz from the Gulf of Celifornie illustrated by ﬁurham,

d

(T‘J
(D

B

(1950), pi. 35, figs. 6, 9. L. bermhardi is consic



synonymous with N. funiculata. It has about the same num-~

ber of ribs as the middle rlioccene Nerita sp. Lfrom the Gulfl

of Califormnie, Durham (1950), pl. 35, fig. 5, but the
sculpture differs in seversl other respectz. The Castailc
formation specimen probably represents a new species. IT
is not well enough preserved, however, to be described as
such, nor to be surely sepearatved from . funiculata.

.J._

This occurrence of lierita is the only one reported

from west HNorth American sediments younger than Locene
and older than middle Fliocene.

Living specimens of N. funiculata, probably the most

\

clos ely related living species, are found intertidally on
e

rocky sh
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Turritella cooperi Carpenter

Plate 22, Figure 4.

LI}

Turritells cooperi Carpenter 1864, Brit. Aesoc. Adv. Sei.

Rept. for 1863, p. 612, 655,

Turritella cooperi Carpenter, Merriem, 1941, Univ. Calif.

]

Publ. Geol. 5ci., v. 206, pe. 117, pl. 33, fig

14, 15. .

Turritella cooperi Cerpenter, Palmer, 1958, Geol. Soc.

Americe Mem. 76, p. 163, pl. 20, fig. 7.

Shell mediuwn to large, turreted, no specimens whole.
Séulpture of two primary spiral ribs that divide the
whorl approximately into thirds; the lower rib is a little
larger than the upper one. One or two secondary ribs are
between the primaries, and a secondary lies at the base of
the whorl. ©Several tertiary ribs lie between the primaries
and above %he upper primary. Whorl profile sitraight to

slightly convex; epervure more or less triangular with

d«

sharp angle &t junction of side and straight basal margin.
Pleural angle 150; diem. 15 mm. alt. greater than 50 mm.
The specimens possess a sutural secondary rib at the
of

base of the whorl which is similar to that T. margar-—

A

itana. ©Such a rib, however, may ‘also be present in T.

cooperi. They differ from T. margearitans in having, in

most cases, only one secondary rib between the two primary
ribs.

T. cooperi is found vhroughout the outcrop area of the
formation. However, it is abundant only at locality 1849;
it is common at locality 1625, and rare elsewhere. ATt the
two localities where specilmens are numerous, they are in
well-sorted, fine-grained sandstone. According to Merriam
(1941, p. 13) "the vast majority of fossil turritellas in
the Pacific North American region are found in moderately

fine to fine sandstones®. Their conmonness at these two
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localities in fine-grained sediment suggests that they were
buried where they lived. At the other loczlities, however
--1663, 1675, 1677, 279, 2077, 2096, 2098, and 2074, the
specimens are in coarser, more poorly sorted sediment which
is pebbly sandstone to pebble conglomerate. Their rarity
(and turritellas are generally very gregarious) end their
Presence in coarse sedimeams make it likely that the indivi-
duals at these iocalities were transported before burial.
The previously reported distridbution of I. cooperi is:
upper Miocené-—central California
Pleistocene--Ventura County to San quintin Bay, Baja
Cglifornia
Recent--lionterey Bay to Scammons Lagoon, Baja California.
Thus the occurrence of the species in the Castvaic formation
extends the previously reported upper liocene southern
limit of distribution.
Recent specimens of L. cooperi are dredged from
depths of 10 to 60 fms. The species is most commonly
found in water deeper than 25 fms. It has been dredged
from mud,sand, and gravel bottoms. It has been found only

in the open ocean, never in bays or estuaries.
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Turritells aff., L. Lreyva Nomland

Plate 22,Figure 5.

Turritella freya Nomlend, 1917, Univ, Calif. Publ. Geol.
sci., v. 10, p. 312, pl. 19, fig. 2.
Turritella freya Womland, #Herriam, 1941, Univ. Calif.
Publ. Geol. Seie, . ve.e 26, p. 124, pl. 37, figs. 14, 15.
Shells broken, specimens consist only of several

whorls each, sculpture on most obliterated by weathering.
suture appressed to impressed; whorl profile shallowly
convex. Frleural angle about 15°. wculpture variable,
possessing elements of both I. freya and T. vanvlecki.
Five specimens have well preserved sculpture which is
different on each. The five patiterns are:

1. Primary median rib and basal sutural rib. Secondaries
at anterior 1/8 and 3%/8 and posterior 1/8. Tertiary ribs
as follows: one below median primary, two between the
anterior secondaries,one above the basal primary, five
above the median primary and one above the secondary at
posterior 1/8. Quaternary ribs on primary ribs.

2. Primary median rib. Secondary basal sutural rib and
posterior 1/4 rib. ‘fTertiary ribs as follows: +three on
anterior half of whorl, two bevtween median primary and
posterior 1/4 secondary, three above posterior 1/4 second-
ary .

5. Primary nmedian rib. Secondary ribs at base of whorl,
anterior 1/4, posterior 1/4 =nd 1/8. Two to three ter-
tiary ribs between each of the primary or secondary ribs,

o single tertiary rib above posterior 1/8 secondary.

4. About 11 ribs comparable im size to the secondary ribs
on the other specimens. These zre distributed evenly over
the whorl exgept for a slight clustering at the center;
one rib is at the base of The whorl. Between most of

these ribs are single finer ribs.



5. Primary median rib. Secondary ribs at basal and
upper margins of whorl and at anterior 1/4. Three ribs
on posterior half of whorl are sligzhtly smeller than
secondaries,the central one, at posterior 1/4 is a little
larger then the other two. UYertiary ribs in interspaces
on anterior half of whorl. DBasal primary with a shallow
median groove. JDiameter of largest whorl 11 mm.

On the basis of the more or lesg prominent medlen pri-

mary, the specimens belong in the I. broderipiena stock
described by Merriam (1941, p. 50). They are considered
closely related to L. freya on the basis of the general
pattern of sculpture, in particular, the presence of a
basal rib. They differ from I. freya, however, and tend
toward T. venvlecki in that the basal rib is not so well
developed as in the typical T. freya, and a posterior 1/4

PE )

secondary is present on some of the specimens. This dif-

L

ferentiation of the ribs on the posterior part of the whorl

ig absent in the typical L. freya but characteristic of

L. vapvlecki. Therefore, the specimens are close to L.

freya but are probably treansitional to I. vanvliecki.
Specimens have been found in the Castaic formation at

localities 1849 and 2069. Those from 1849 are in a matrix

of fine-greined sandstone, are coumon, and are assoclated

1. cooperi. OUnly a few
ty 2069, in the basal,

-

Fal

with abundant individuals of
specimens have been found at localil-
poorly consolidated, fossiliferous pebble conglomerate.

L. freya has been reported only from the upper hiocene

Sante largarita formation of the Coalinga and Santve larga-

rita arecas. L. 1 dnvlqug nas been reported Ifrom middle
Pliocene sediments of the alinge area, and from Plio-

cene, and perhaps upper Eliocene, sediments near Ll

Ay

nosario, Baja Cslifornia.

-

The recent members of the I. broderipiansz stock would
be the living species most closely related to the fossils
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from the Castaic formation. Those occurring on the Faci-
fic Coast are: L. banksii, I. sonostoma, =nd L. broderipi-
ang. fcological comparisons would bve dangerous, however,
vecause the relationship is only at a sub-generic level
within a genus, the species of which live in a great varie-
ty.of habitats. IMurthermore, little is known of the
ecology of these three speclies except that T. banksii

has been collected living at the base of the littoral Zone,
and has been dredged between 6 and 9 fms., and thus pre-
sumably lives in such shallow water. These three related
species are now found in Fanamic waters, none occurring

north of Scammons lLagoon.
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Irregulerly coiled gastropod

Patches and small mass wisted tangled tubules
localities: 279, 2093,

Thege are in the north-

e
have been found at the foll
20873, 2105, 2099, 2081, and

ern part of the outcrop area

f the formation. In all cas-
es, the fossils occur in more or less pebbly sandstone.

ey generally are assoclated with abundant fragmental
D“lecyﬂoos. The tubules have an outside diameter of about

-

1.5 mm., an inside one of about 1.2 mm. The nucleus and
Juvenile part of the tubules are not exposed.
ihese fossils sre identified as irregularly coiled

e

gastropods rather than worm tubes because transverse thin
sections of the shells indicate that they are three-layer-
ed rather than two-layered, as are worn tubes.

Specimens from localities 1663 and 1670 contain tubes
that are much larger than those described above. Inside
diameter is 3.5 mm., outside diameter, 4.7 mm. These Too
appear to have more ther two shell layers and are tentative-
1y classified as gastropods. The tube exterior is smooth.

In the absence of nuclear whorls, none of the speci-
mens can be classified beyond the class except to place
them tentatively in the family Vermetidae., Of interest is
the presence of two forms with distinctly different distri-

butions.,.
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?Bittiunm srnoldl Baritsch

Flate 22, IMigure 6,
ttiuwm zrnoldi Bartsch, 1911, U, 5. Nat. kus. Froc.,v.
AFO, De ’—/’-ll, pl. 56’ Ilé,' 1.

shell smali, turreted, high-spired, whorl profile

flatly convex, suture appressed, whorls 5, nucleus 1-1/2
whorls. Aperature oval, anterior and outer lip not pre-
served. oSculpture of 4 strong spiral cords-one is just
velow the suture, two are close together on the center of
the whorl, and the fourth is low on the whorl; on the
larger whorls finer cords lie between the primery cords
and below the lowest one. Closely spaced, broader,

axial ribs are also present (about 20 on the penultimate
whorl). The intersection of the axial and spiral ridges

forms nodes elongeate in the direction of the gpiral cord-

ing. Alt. 15 mm., diam. 5.5 mm.
A single specimen has been found at locality 279.
The size and sculpture of this individual are very
close to those of B. armoldi. However, the aperture is
poorly preserved so that the specimen can not be identi-

fied generically within the Cerithiidae.
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Calyptreea filoss (Gabb)

Plate 22, #Figure 7.

s

Trochite filossa Gabb, 1866, Geo
2y, . 15, pl. 2, figs. 25, 2ba

by

L. Surv. Calif., Faleo., V.

Calyptraeca filoga (Gabb), Clark, 1915, Univ. Calif. Publ.

Geol, Sci., v. 8, pl. 65, figs. 235, 24.

bhell large, patelliform, approximately circuler in
plan view, apex nearly central. Shape variable but in
general the sides of the shell are straight in profile
view. ©oculpture consists of fine radial ridges and coarsen,
uneven, councentric growth lines. »marly whorls of the
spire are not filled in with shell material as in the case
of Calyptraeca (Trochita) sp. Iaximum dimensions: Alb.

20 mm., diam. 40 mm. Apical angle is varieble, being less

for smaller shells than for larger ones. 1t averages

about 95° ranging from 80° to 120°, 1In conjunction with

this, larger shells tend to be relatively broader and lowern
The Castalc formation speclmens agree in all respects

with C. f£ilog

@]
O]

The reported range of the species is liiocene and
Pliocene. It is found in lower liiocene, Vaqueros, sedi-
ments between Baja California and Monterey, California.
in addition to the Castailc formation occurrence, it has
been reported from upper Miocene sediments of central
California. Pliocene occurrences have been reported from
ceiural and southern California. There does not appear
to be any Kecent West North American species that possess-—
es similar fine radial ribbing.

C. filoga has been found in the Casteic formation only
at locality 1849, where it is abundant in a fossil-rich,
well-sorted, medium-grained sandstone, within a few Ifeed

above the basal contact of the formation.



Calyptraea (Trochita) sp.

15

flate 24, Figure 2.

Shell large, low,patelliform. Lsarly whorls of spire
have been filled in so that living chember consists of

1 1/% whorls. surface of shell much bo

red so that sculp-
ture of coarse more or less axial ridges 1s largely obs-
e

cured. ohell margin crenulate. Diameter about 90 mm.,
altitude about 35 mm.
No Calyptraes of gimilar size has veen reported from

the Cenozoic or Recent of the west North imericen Coast.

A number of specles of Calyptraea found in Kiccene and

Pliocene sediments of Celifornis have similar coarse

radial sculpture, but are much smaller--in most cases, the
lameter is only 20 to 30 mm. These specles are: (.

di
diabloengis Clark, from the upper iliocene of central

California; C. martini Clark, from the upper Hiocene of

central Califormia; and C. rediansg Lamarck and C. cos-
tellata(@onrad), voth revorted from Niocene and Iliocene
sediments of southern California. The taxonomic status

of these species is not clear for two reasons. L. costell-

ata is poorly described and illustrated, and fossil speci-
mens are variable and poorly preserved because of the
habitat and 1ife history of the speciles. A4s one solution,
Grant and Gale (1931, p. 79%), have considered the species
radians, costellats, and martini to be synonymous with C.

trochiformis (Gmelin) which occurs at present from Panama

to Feru. This grouping may not be valid, but certainly
points out the lack of distinctive specific features.
inother Recent species that belongs in this group of

coarsely ribbed Calyptraeca is C. (Trochita) spicata (Forbes)

from the Pacific coast of southern liexico. In some cases,

this has been grouped with C. (ZL.) trochiformis. Strange-

1y enough, no Pleistocene species of C. (Trochita) from the
Pacific Coast have been reported. In summary, then, the
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known distribution of this group, to which the Castaic
formation specimen belongs,ls: lMiocene~central and south-
ern California; Pliocene-southern California; Hecent-
ilazatlan, liexico to Feru. C. (I.) spicata is found attach-
ed to the most surif-beaten rocks on exposed coasts (Keen,
1958, p. 312).

The only specimen found in the Castaic formation came
from locality 1663. 1t 1s imbedded in & matrix of gran-

ule-pebble sandstone.
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Crepidula adunca Sowerby

Flate 22, Figure 8,

Crepidula adunca csowerby, 1825, Cat. Tankerville, Appen.,
De T
Crepidula adunca Sowerby, Clark, 1915, Univ. Calif. Publ.Geol.

Scil., V. 8, p. 422, pl. 70, fig. 6.

shell medium size, thin-shelled, ovel. Apex terminal,
untwisted, situated above plane of aperture and extending
as a prong bLeyond seperiure margin. Sculpture of concen-—
tric growth lines and coerse but faint radial ribbing.
Internal features not exposed. Aperture mnargin irregu-
lar, depending on the surface to which alttached. ZLengt
25 mm., width 18 mm., height 10 wmmn.

The identification of this specles as adunca is based
on general shape and sige, and parvicularly upon the na-
ture df the apex or bheak.

C. adunca hes been found in the Castaic formation only
at localities 1624, 1849, 1663, and 9-8-1. 1t is common,
in a fine-grained sandstone, at locality 1849, liany of
the specimens are broken or badly weathered. A single
specimen has been found at locality 16063,

The published range of C. adunca is liiocene to Recentb.
1ts distribution is:

Late liiocene: Coos Bay, Oregom and central California

Pliocene: Central and southern Californis

Pleistocene: Ventura, California to liagdalene Bay, Baja
Califorania

Recent: British Columbia to Cape San Lucas, Baja Celifor-
nia.

The Castaic formation occurrence thus represents the
knovn southern limit of the late iiocenc distribution.Hf
the specles.

Living specimens of adunce are found in the littoral

zone and in the inner sublittoral zone to a depth of 20
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fms., attached to rocks or other shells in

provected oulter coasts.,

marine water.,

The species occur

and

in



246

Crepidula »nrinceps Uonrad

Plate 2%, ifigure 3.

Crepiduls princeps Conrad, 1856, rac. H. id. Surv. nepts.,

Ve 5, pP. 326, pl. 6, figs. 52, 52z,
Crepidula princeps Conrad, Weaver, 1942, Univ. Wash. Publ.
Geol., v. 5, P. 358, pl. 73, figs. 4, 13, 14, "
Shell large, heavy, elongate oval; eperture smoothly

rounded; apex close to side of shell, nearly terminal.
sculpture of prominent QTO”fh lines; shelf not exposed,
shell high, sides nearly parallel. ength 100 mm., width
A5 mm., height 40 mn.

The single large specimen from locality

|_l

66% 1is & typi-
cal example of princeps both in size and shape. 4 number
of smaller individuals, averaging sbout 20 mm. in length,
are similar to C. princeps in shape and are considered as
Crepidula cf. C. princeps. These are common at locallty
849, and rare at locality 1663 where the large specimen
was found. kany of the small specimens are badly weathered
and broken. A few, however, have faint indications of a
adial sculpture. (. princeps has been described as lack-
ing any radis sculbture, but this may be the result of
large more or less rn shells having been described.

The knowvn range of C. princeps is Miocene to Fleisto-
cene. The Castaic formation occurrence 1s a southward
extension of the iilocene distribution, the species having
been previously reported from the northwest Pacific coast
south to the San Francisco Bay Area. The Fliocene dis-
tribution of The species 1s central California south to
the Ventura Basin. The Fleistocene distribution is Santa
Barbara County to Los Angeles County. The Recent species,
C. grandis, from Alasgka and Siveria, is similar in size to
princepg. Grant and Gale (1931, p. 790), comsider it a
direct descendent of princeps; however, voodring, Bramlettg
and Kew (1946, p. 70) state that a close relationship is
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doubtful.

The large princeps, from localiity 1663, is extensive-
1y bored and contains an internzl incrustation of Bryozos&.
The genus is found in the 1litltoral and inner sub-
littoral zones along the open coast and in bays and estua-

ries in both marine and brackish water.
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Crepidulsa sp.

Plate 23, Figure 4

A\
-

o

Shell medium size, depressed, beask approximately termi-
nal; sculpture of radial ribs. ©bhell thin, oval. Nature
of the shelf is not clear, but appears to extend over
about half of the base, extending from side to side.

Length 27 mm., width 25 mm., height 7 mm.

This form is characterized by its flat, broad shape
and radial sculpture.

L. &, Wright (1951), had identified the specimen from
locelity 1849 as being in the subgenus Crepipatella. This

is considered unlikely because the shelf on the gspecimen

is different than that characteristvic for -Crepipatella

(Woodring, Bramlette,and Kew, 1946, p. 71).

This speciles of Crepidula is rare--a single specimen
has been found at locality 1849, two, at locality 1663.
The genus 1is found in the littoral and inner sub-

nes along the open coast and in bays and estua-—

<o
o)
3
)
.‘l._.
N
pe O

igs found both in marine and brsckish water.
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Polinices (Polinices) uber (Valenciennes)

Polinices uber (Valenciennes), Hertlein and strong, 1955,

Am. Hus. Fat,., Hist. Bull., v. 107, p. 288.

chell small, globosc, smooth except for feint growth
lines, umbilicate; callus on inner lip along entire side
of aperivure and filling in posterior aperture angle;
callus partly fills in umbilicus; sutures tangential;
shell profile smoothly rounded from apex Lo base; spire
moderately low. Alt. 13 mm., diam. 9 mm.

The specimen is placed in the subgenus Folinices

rather thnan susplire or Neverita on the basis of the shape

and amount of callus on the inner lip and in the umbili-
cus. The specimen is small and is probably an immature
individual. Although this perhaps makes the identification
g little doubtiul, in addition to the fact that only a
single individual has been found in the Castaic formation,
the specimen agrees closely with recent F. uber in all
respects except size, and agrees also with specimens from
the Imperial formation of Carrizo lountain, thet Hanna
(1926, p. 451) has identified as £. uber. 7The specimen is

similar to Natica (Neverita) arnoldi Clark (considered by

Grant and Gale, 1951, p. 800, more probably to belong in
the sub-genus Polinices)from the Sen Pablo Group of cen-
tral Celifornia, but is different in having tangentisal
rather +than strongly appressed sutures and in having a
body whorl more thean three times as high as the spire.

Polinices uber has been found in the Castaic formation

only at locality 2093. The single specimen was in cal-
careous medium~grained sandstone deposited near the basal
contact of the formation.

The Hecent distribution of the species is from
Scammons Lagoon, and perhaps San Diego, through the Gulf
of California to Paita, Peru. It has been found in

Pleistocene sedimentsat Magdalena Bay and in the Gulf of
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California. The only Pliocene occurrence of the species
is in the Imperial formation of the Colorado Desert. Thus,
its presence in the Castaic formation is much farther north
than any later distribution, and represents as well an ex-—
tension of the age of the species.

Living individuals are found rarely intertidally,
more commonly in water of less than 15 or 20 fm., and

occaslonally %bto 50 fm. The species occurs both offshore
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Polinices (Neverita) reclusiasnus (Deshayes)

-

Plate 24, Figures 4&a, b.

A

Natica reclusiana Deshayes, 1839, Hev. Zool. Soc. Cuv.,
D. 361,
Polinices (lNeverita) reclusisnus (Deshayes), Grant and

Gale, 1951, San Diego Soc. Nat, Hist. Mem., v. 1, ©.
800~-303, text figures 1l3a, b, c, 14.
ohell medium size, ovoild, spire low, sutures tangential
to slightly appressed, shell smooth except for faint re-
tractive growth lines slanting down and back at angle of
409 to shell axis.  Aperture subovate, acute posteriorly,
straight along immer 1ip, smoothly rounded on outer lip
and anteriorly. Outer lip simple, inner lip with heavy
callus more or less filling umbilicus and extending to
and filling posterior angle of raperture. Czllus is broad-
er posteriorly and in the umbilicus than it is between; a
narrow shallow groove divides the umbilical lobe of callus.
As might be expected in the case of a relatively long-

ranged, widely distributed species, Folinices reclusianus

has been split into several varieties to segregate indivi-
duals that vary slightly in Jhép ~-primarily in spire
height~ and in sutural character. These varieties are
probably not of any genetic giqnificance, having, ag they
do in the Recent fauna, a common distribution. Although

P. reclugianug is found throughout the Castalc formation

and presumably, therefore in a variety of ecological situa-

tions, little variation in snell morphology is discernible,

except that specimens from locality 2069 are perheps slight-
spil

calities. In

ly lower red in general than individuals from other lo-
terms ol the varieties described by Grant
and Gale (1931, p. 800-80%), most of the individuals from
the Castaic formavion should be referred to the varietvy

andergoni Clark, some To the typical varlely reclusianus

Ss S



well preserved, easily ildentified specimens have been
found in the Casteaic formation at localitvies 1849, 1663,
and 209%. ©Specimens from localities 1670, 57-12-20, 2090,
2103, and 1627, are certainly in the subgenus Neverita

and are probably recluslanus. Other specimens, frowm local-

ities 279, 237, and 232, are paorly preserved, only inter-

nal molds in many cases, and although they rescmble E. (E.)

reclusiznus in shape, cah not bve identified as such. Speci-
’ ¢ b

mens of reclusilanus occur in sandstone, pebbly sandstone,

and pebble conglomerate,

The range of L. {E,) reclusisnus is Oligocene to

Hecent. 1tUs known distribution is:
Oligocene-—~central California and southern San Joaguin
Valley, California
Lower miocene~~centralﬁ southern, and Baja Californisa
Iiiddle hilocene—-central California
Upper liiocene--central California and this occurrence in
the Soledad Basin
Pliocene——~central and southern Californisa
Plelstocene--Santa Barbara south to Baja Californis and
the Gulf of California.
Hecent--Horthern California to Tres larias Islands.
Yhus, this occurrence ol the specles in the Castaic forma—
tion represents & southward extension of the upper iiiocene
digtribution. The specles 1s so widely distributed that
its presence in the Castaic formation tells little concern-
the late liiccene marine climate.
Living individuals are found both along the open coast
and in estuaries and lagooms. Although primarily a litto-
el to very shallow water species, 1t has been found

living in water as deep as 25 fms.
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Polinices cf. P. (Zuspira) lewisii (Gould)

Flate 25, Figure 2.

e

Natica lewisii Gould, 1847, Boston Soc. Nat. Hist. Froc.,

~

V. 2, Des 259,
FPolinices (Luspira) lewisii (Gould), Grant and Cale, 1931,

San viego Soc. Nat. dist. kem., v. 1, p. 804, text figs.
1l5a, 15b.
bhell large, thin, globose, whorls about six; sutures
appressed, whorl profile smoothly convex except for a
slight shoulder near the suture, the profile above the
shoulder being straight or slightly convex. Surface
smooth excepf for growth lines which are faint on the
serior of the shell but prominent within the umbilicus.
Callus on inner 1lip thin, extending over the upper yart of
the umbilicus but leaving it essentially open. lo evi-
dence of plugs within the umbilicus. Average dimensions

in mm. are: 4Al%. 40, Diam. 29. The altitude of the

J

largest of 13 specimens is about 60 mm.

.

. Thus, The

[0}

specimens are much smaller than the largest
recent specimens ol I. lewisil. They differ also from
lewisil in having a relatively higher spire, and a some-
what more open umbilicus. They differ from E. drsconis
in having a relatively higher spire and a less pronounced
shoulder. In addition, umbilical lobes are present in

nor in the

draconis, but are not evident
Castaic formation specimens. Aithouga they most closely
resemble F. lewisii, they can not be identified as such
because of Tthe differences in shell thickness and callus
deposits.

This form of rolinices has been found in the Castailc
formation only at lccelity 1671. ‘“There it is coumon,
ocecurring in medium-grained sandstone.

The range of . lewisii is Ililocene to Recent. Its

distribution is:



liiocene--central California
Pliocene--central and southern California
Pleistocenem-southern and Baja California
Hecent—-British Columbia to Scammons Lagoon, Baja Califor-
nia,
L. lewisii is found living both in estuaries and off-
shore at depths less than 25 Inms.
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Sinum gcopulosum (Conrad)
FPlate 24, Pigures %a, b.

sigaretus scopulosus Conrad, 1849, U. 3. &Sxpl. sxped.,
Geol., p. 727, pl. 19, figs. 6, 6a.

Sinum scopulosum (Conrad), Weaver, 1942, Univ. Wash. Fubl.
Geol.,v. 5, p. 349, pl. 71, figs. 12, 14, 17, 18.

ohell medium size, thin, body whorl rapidly enlarging,

spire low, shell somewhat depressed, sutures appressed;
aperature bblique, inner walls of spire not resorbed.
sceulpture of fine spiral grooves separated by flat ribs
several Times 88. wide as the grooves. Growth lines faint-
ly visible. Outer lip not preserved, inner lip curls over
to form a narrow umbilical chink. A&1t. 25 mm., diam. aboudt
20 mm.

The materisl from the Castaic formation, although

fragmentary, agrees in all respects with ©. scopulosum.
&y o 9 A -

Only two specimens have been found in the Castaic for-
mation: a small specimen from locality 1849, the aper=-
tural half of which is not prescrved, and a specimen from
279, the shape of which is evident, but much of the shell
of which is missing. ©The specimen from 1849 ig in fossil-
iferous medium-grained sandstone; that from 279 in granule-
pebrble conglomerate.

Se. scopulosum ranges from Oligocene to Recent. Its

distribution has been: Oligocene~Contral California and

possibly washington; early Miocene (Jaqucmos)—MOﬂterey
County to Ventura County; milddle lilccene-Uregon; late
liiocene~Central California end this occurrence in the Cas-
taic formation: FPliocene~vashington, central and southern

e

California; Fleistocene-southern Califormia; Recent-
wonterey, California Tto Todos bantos Bay, Baja California.
Iite occurrence in the Casgtelic formation constitutes a
southward exbtension of The late iliocene distribution.

The general dilstribution of the species during the Iliocene
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and Fliocene epochs was from Vashington to southern

California, corresponding to the present distribution of

konterey to Baja California. If the actusl middle %o
late Tertiary distribution was as suggested by the fossil
record, The Castailc formation occurrence was

gouthern 1limit of distribution.

near the

Living specimens of 5. scopulosum are commonly found

in marine water both in the open ocean and in bays. In

the ban Pedro Bagin, it is most abundant on dottoms 8
to 20 fmes. deep.
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Picus (Trophosycon) ocovansa (Conrad)

Plate 25, Figures la, Db, c.

Sycotopus ocoyanus Conrad, 1855, House Document no. 129,

r. 19.

Ficus (Trophosycon) ocoyane (Conrad), Grant and Gale,

1931, San Diego Soc. Nat., Hist. Mem., v. 1, p. 743, pl.
30, figs. 3, 7, 8a, 3b, 1ll.

Shell large; spire low; -aperture clongate, three-
fourths the altitudes; apical angle 115; body whorl sculp-
tured by two spiral rows of nodes and by a cancellate
arrangenent of fine gpiral and gxial ribs. The upper row
of nodes forms a prominent shoulder dividing the main part
of the body whorl from the upper margin and the spire;
the shell profile above this shoulder is straight to
slightly concave. About nine large nodes are on the
upper row. The lower row is situated one-half to one-
third of the distance from the upper row to Tthe snterior
end of the sghell. The nodes are similar in number and
size to those of the upper row. The fine axial ribs are
unifom in size, the spiral ones are of several orders,
first order ribs are separated by about three second order
ribs, which in turn are separated by ribs of higher order.
Columella smooth, curving inwards and then outwards, form-
ing an elongate open canal. Immature shells characterized
by a more smoothly rounded profile and less well developed
nodes, Dimensions in nm.: ,

Locality 279 1849

A1t 65 80 45 23
Diam. 40 A5 27 14

There are several modifications of the basic ocoyana
form represented zmong the specimens from the Castalc for-
mation. The specimens from localities 1849, 279, and 1624
are similar to geoyama s. s. as described by Grant and
Gale (1931, p. 746). A single fragment found at locality



2069 differs from the typical form in having double-prong-
ed nodes. oSpecimens from localities 1670 and 2%1 differ
in yet another manner, being very low spired with rela-
tively low, rounded, but more numerous, nodes on the whorl
shoulder. The lower row of nodes appears Lo be absent,
the whorl side being smooth and gently curved. Grant and
Gale (1931, p. 743-749), described two new varities of
ocoyana. The specimen from locality 2069 is assignable to
the variety contignata, reported previously from Fliocene

sediments of southern Celifornia. The form found at local-
ities 231 and 1670 is as different from ocoyana s. s. as
either of the varieties Grant and Gale described. Howevexy
preservation is not good--all the specimens from local-
ities 231 and 1670 are thin-shelled and have been de-
formed--so they will be considered only as variants of a
rorphologically plastic group, and will not be given a
formal varietal hame. Perhaps ocoyana is too inclusive a
species and should be split, as Grant and Gale have done.
The present material is not well enough preserved for such
work.,

The Castaic formation material represents an extension
of the range of ocoyena s. s. from the middle lliocene into
the late kiocene age, and an extensiorn of the range of

ocoyana variety contignata from the early FPliocene back to

the late lkiocene age. Thus the ranges of these morpholog-
ical varieties a re overlspping.

The speciles 1s common at localities 1624 and 1849,
Llsewhere 1t is rare, with only single specimens having
been found & locelities 231, 279, and 2069.
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Ocinebra cf. U. Topangensis Arnold

Plate 26, figure 2.

Ocinebra tovangensis Arnold, 1907, U. S. Nat. lius. ©roc.,
Ve 52, De 530,pl. 4%, fig. 4.

shell large, spire moderately highj; whorls with axial
ribs culminating in strong nodes near the posterior edge
of the whorl; ribs more or less reduced below the nodes;
about 12 nodes on bvody whorl. Suture tangential., bpiral
sculpture of flatly rounded ribs separated by narrower
interspaces; ribs of variable thickness because of bifur-
cation. Aperture not preserved. Diameter 25 mm., Alti-
tude about 50 nmm.

Several incomplete specimens from locality 2105 are in
coarse sandstone., ZFYreservation is too poor for posgitive
identification. The sculpiure, however, is very like that
of O. topangensis.

This epecies has been reported from the middle IMio-
cene Topange formation of the banta llonica lountains.
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Porreria carisaensis (Anderson)

Chorus carisaensig Anderson, 1905, Calif. Acad. Sci. FProc.,
ser. 3, v. 2, p. 206, pl. 17, figs. 90, 91l.
Torreris carissensis (Anderson), Grant and Gale, 1931, San

Diego Soc. Wat. Hist. Mem., v. 1, p. 727.

Shell medium to large, heavy; spire moderately highs
aperture  about one-half the shell length. Sculpture of
seven or eight prominent axial ribs on each whorlj; the
ribs culminate in broad spines high on the whorl. Suture
appresged. - Aperture oval, outer lip and canal not pre-
served; columella smooth, callus-covered. No constric-
tion at the base of the Dbody whorl.

Approximate dimensions in mm.:

Locality 1849
AlG. 50 40
Diam., 35 28

Three imcomplete specimens have been found in the Cas-
taic formation; two at locality 1849 and one at locality
2090. The specimen from locality 2090 is in a pebbly
very coarse-grained & sandstone; those from locality 1849,
in fine-grained sandstone.

These specimens are identified as I. carisaensis be-

cause of tTheir general shapeand sculptural features. “hey
are distinguished from other species by the absence of
spiral sculpture and the absence of any constriction around
the base of the body whorl.

., carisaensis has been reported previously from
middle and upper Miocene sediments of central Californis.
These occurrences in the Castaic formation thug represent
a southward extension in the distribution of the species.

Living species of Forreria along the Californis and
Baje California coast are found in the inner sublittoral

zone both within bays and in the open ocean.



Jaton eldridgei (Arnold)

Plate 24, Figure 1.

Murex eldridgei Armnold, 1907, U. S. Nat. lius. Proc.,
v. 32, p. 557, pl. 50, fig. 12.
furpura (Jaton.) eldridgei (Arnold), Grent snd Gale, 1931,

San Ulego Soc. Natv. Hist. Meme, v. 1, p. 708, pl. 32,
figs. 1, 2a, 2b.

Shell medium size, broadly fusiforn, spire moderately
high, whorls about 5; whorl profile convex. Axial sculp-
ture of six prominent rounded varices; varices vertical,
connected to varices of preceding whorl but offset %o
the right so that varices slant sinistrally from apex
dowm to body whorl. ©Spiral sculpture of strong spiral
ribs with finer ribs between. Buture tangent on varices
but strongly impressed between, forming deep pits. Aper-
ture oval; outer lip simple, columella smooth, callused.
Canal long, narrow. Dimensions 1n mm.:

Alt. 23 15
Diam 16 8

four specimens have been found at locality 1849.

Jd. eldridgei has been reported previously only from
lower Pliocenc sediments of the Newhall-Zlsmere Canyon area.
Thus the Castaic formation occurrence represents a slight

extension of range of the specles to the late liiocene,
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Pyrene sp.
Plate 23, Figure 2.
ohell medium-size, biconic, spire moderately high,
apical angle about 700. Yosterior part of body whorl
curves upward at aperture. The two specimens referred to
this genus are internal molds. Dimensions in mm.:

Locality 2077 2096
A1%. ‘ 25 11
Dism. ' 12 7
Altitude of spire 8 3

my 3

he specimens are referred to IZyrene on the basis of

gl

]
shell shape and the upward flare of the - agperture.

The two gpecimens were found at localities 2077 and
2096, Both localities are in fossil-rich conglomerate
and pebbly sandsitone.

No Pyrene species has been reported previously from
Cenozoic sediments of California. Three speclies have been
found in Pliocene, Fleistocene, and LRecent sediments of
Baja California. The Recent northern limits of distribu-

tion of the species (fuscata, strombiformis, and meajor)

are lMagdalena Bay, the central Gulf of California, and the

southern Gulf of California,respectively. All are found

littorally under rocks.
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Kelletia vliadimiri Kenekoff

Flate 26, Figure 1.
Kelletia vladimiri Kaenakoff, 1954, 5. Calif., Acad. Sci.
Bull., v. 53, p. 114-117, pl. 29, 30, 31.
Shell large, fusiform, spire moderately high, aper-
ture about one-half the total length of the shell, about
seven whorls. Suture appressed, slightly undulating.

Whorl profile convex. Axial sculpture of elongate nodes
which are more or less prominent, nodes are reduced to
low nndulations on the body whorl of some large specimens.
Nodes 10 to 12 on body whorl; spiral sculpture of narrow
incised grooves. Aperture elongate-oval; outer 1ip
lirate internally. Columella smooth, covered with sharp-
ly limited callus deposit. Anterior canal moderately long
and narrow. Dimensions in mm. of specimens from locality
1849
Alt. 61 53 52 45 38 38 30
Diem., 25 22 21 19 17 16 13

The specimens agree in all respects with K. vladimiri
which has previously been reported only from lower Plio-
cene sediments at a locality less than two miles from the
major Castaic formation occurrence. The species is abund-
ant at locality 1849 and rare at localities 2069, 2090, and
2092, where it is represented by single incomplete specimens.
Several of the specimens from locality 1849 have been bored
by some gpecies of predatory gastropod.

The living species Kelletia kelletil is found abund-

antly off the cosst of southern California at depths of
10 to %5 fathoms.
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Calicantharus fortis (Carpenter) angulatus (Arnold)

Flate 26, PFlgures 3a, b.

fisania fortis Carpenter var. angulatse Arnold, 1907, U.S.
Nat. Mus. Proc., v. 32, p. 536, pl. 50, figs. 6, 7.
ohell large, broadly fusiforn, whorls angulated with
obtuse shoulder near posterior suture. sSuture appressed,
marked by band at top of body whorl. Faint broad axisl
undulations on shoulder. ZFrominent sgpiral sculpture of
coarse ribs alternating with deeply set secondary ribs.
Aperture oval, inner lip smooth, callused, twisted at
junction of the aperture and the moderately long, btwist-
ed canal. Interior of outer 1lip finely grooved. Umbili-
cus subperforate. Dimensions in mm. of two specimens from
locality 1849:
AlT. 60 60
Dian. 30 27
The sculpture, shape, and whorl profile of the speci-
mens agree very closely with those of the holotype of the
variety as figured by Arnold.(1907, pl. 50, fig. 7). The
svecimens differ from the illustrations in Stewart (1926,

pl. 32, figs. 2, 3) of lleptunes humerosa Gabb, in having

a nore definite shoulder and in having the two orders of

=

spiral sculpture more clearly defined. The scultpure of

the specimen of Calicantharus humeroanus (Gabb) figured by
Grant and Gale (1931, pl. 28, fig. 5), is more like that

e

of the Castaic formation specimens, but is dso less bimo-

4

dal. Woodring, Bramlette, md K

(T)
=

i a1946, p. 75} discuss
the generic taxonomy of C. fortis and closely related
species. They epparently refer the variety sngulatus
to the species humerosus. Grant and Gale consider the
varietvy gradationsl into humercsus. Although this may
be, the specimens from the Castaic formation have the
strong bvimodal sculpiure characteristic of fortis and

]

differ only in the angularity of The whorl profile, where-



265

as they differ from humerosus in both of

The late iiocene species pabloengis differs

broadly rounded whorl profile.

Two specimens of angulatus have been found
ity 1849, in fine-grained sandstone. The
incomplete but the preservation otherwise

C. fortis angulatus has been revorted
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&t local-

gpire, of each is
is good.

previcusly only

from lower and middle Fliocene scdiments of central and
southern California. The genus became extinct in the

rleistocene epoch.
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Colus (Anomalosipho) n. sD.

&L

Plate 27, ifigures 1, 2, 5.

ohell large usiform, thin, spire hiszsh, whorls six,
whorl profile smoothly rounded. Hucleus of 1 1/2 smooth
inflated whorls. Apical angle 509, Sutures appressed.
Sculpture of sharp narrow spiral ridges separated by
broad shallbw interspaces several times as wide as the
ridges. About 20-25 ridges on bodj whorl. Iio axial
sculpture. Growth lines incomnspicuous in most cases, but
stronger on a few shells, particularly on the body whorl.
Aperture elongate, oval, canal short, columella straight,
smooth, with thin callus covering. Inner lip recurved
slightly on the anterior part of the columella; outer lip
simple. Sculpture reflected slightly on interior of shell.
Dimensions 1n mi.:
Al%t. 40 32 43 43 52
Diam. 15 12 15 16 ca.l8

This species is abundant at locality 1671 in very Ifine-

grained sandstone. Associated with it are Periploma and

plant remains consisting of leaf impressions and fragments
of carbonized wood less Tthan 1 cm. in maximum dimension.
Most of the fossils are imcomplete molds.

This species differs from the west North American spe-
cies of Colus in having a relatively higher spire. The
shells thus are very similar to Anomalosipho altus (Wood),

-

found in ¥liocene sediments of Lurope as illustrated by
Harmer (1914} p. 150, pl. 15, fig. 6.

The subgenus Anomalosipho occurs along the west North

American Coast from the Bering Sea south Tto southern

California. It is in generzsl restricted to depths of sev-
ersl hundred fathoms. It has been found in Fleistocene

sediments in Oregon and at San redro, California, and in
Yliocene scdiments in northern Celifornia and near Ventura,

Jalifornia. The single species found as a fossil in south-
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Nassarius cf. N. stocki Kanakoff

oot Somhemp et

Plate 25, Figure 3.

KNassarius etocki Kanakoff, 1956, S, Calif. Acad. Sci.
b

I,
Bull., v. 55, p. 110-112, pl. 50, figs. 4, B, C.
Shell smell, ovate-conical, whorls six, convex.
bculpture cancellate with strong rounded, slightly re-
tractive axial ribs, and fine overlying spirsel ribs.
About 11 axial ribs and 10 spiral ribs on body whorl and

Tour spiral ribs exposed on preceding whorl. Apical

angle aboult %%7. Suture impressed. Aperture oval,
inner 1ip reflected with several approximately horizontal
folds-one nesr The postericor and two near the anterior
ends ol the 1lip are pregerved-the central part of the
inner 1lip is weathered. Outer lip thickened internally,
with 8 or 9 denticles distributed evenly over the length
of the lip. Canal short, siphonal notch deep. Constric-—
ticn &t base of body whorl deep. Dimensions in mm. of
three specimens from locality 2069:.

Al%. 1z i1 11

D 5.5 6

The Castaic formation specimens differ Ifrom . stocki

Dienm.

\J1

in only minor ways: N. stocki is sculptured with a
greater number of axial ribs; there are 4 denticles on
the interior of the outer lip of . gtockl, whereas there
are 8 or 9 on the Castaic formation specimens; . stocki
is slightly smaller. In all other respects, the specimens
from the Castalc formation are identical with N. stocki.
The sculpture ol This species 1s very similar in gross asg-
pect to that of N. hamlini, reported from lower Fliocene
sed¢iments of the Los Angeles Basin. The species differ,
however, in the more critical features of the aperture. .
. cf. N. stocki has been found at locality 2069 in
a fossiliferous pebbly sandstone =t the base of the forma-
tion, at locelity 1670 (a single specimen), and at local-

ity 1849 (severcl specimens). DLocality 2069 is about one-
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half mile from the only reported occurrence of The species,
in the lower Pliocene Towsley formation. The Castaic for-
mation occurrence thus is older than the known range of
the speciles.

Repregsentatives of the genus Nassarius live interti-
delly and in water as deep as several hundred fathoms.

They are caranivorous, predatory on other mollusks.
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Nasaruls sp. A

Plate 25, Pigures 4, 5,

Shell small, ovate-conical, whorls six; sculpture can-—
cellate, axial and spiral ribs of about egual strength;
axial ribs retractive, 25 to 30 on body whorl, half as
wide as interspaces; spiral ribs slightly more prominent,
8 or 9 on body whorl, 4 or 5 exposed on preceding whorls
suture impressed.  Aperture ovel with narrow posterior
notehs both inner and outer lips denticulate, about 7
teeth on outer 1lip, probably not more then 6 on inner
1lip. Canal short, siphonal notch deep. Constriction at
base of bodijhorl deep. Dimensions in mm. of five speci-
mens from locality 1849:

Alt. 14 14 15 13 14

Diem., TeD 7 3 7 7
The sculpture is very similar to that of N. californig-
nus as iliustrated by Oldroyd.(1927) pl. 26, fig. 13.

-

The aperture, however, is different from that of N.

californianus, but is similar to that of N. stocki, a

species with which it is associated. 1t differs from H.
stocki in being larger and in having more numerous, finer
axial ribs. Considering that external sculpture is pro-
bably more plastic than apertural features, this species
is more closely related to N. stocki.

N. sp. A. has been found only at locality 1849, in

medium-grained sandstone.



Cancellaria cf, C. fernandoensig Arnold

Plate 26, PFigure 5.
9 )

TT

Cancellaria fernandoensis Arnold, 1907, U. 5. Nat. dus.

Proc., v. 32, p. 555, pl. 50, fig. 4.

Shell medium size, only body whorl preserved, sculp-
ture of about 18 low rounded axial ribs and finer, uni-
form, equidistant spiral ribs with interspaces slightly
wider than the ribs. Aperture narrow, oval; canal short,
narrow; columellar lip with two oblique folds on callus.
Dismeter of body whorl 14 mm.

This specimen is too incomplete to be positively
identified. Its sculpture however is like that of C.

fernandoensis.

Only one specimen has been found in the Castalc forme-
tion, at locality 2101. It was imbedded 1n well-cement-
ed, calcareous, medium-to very coarse-grained sandstone.

C. fernandoensis has been reported previously from

the lower FPliocene sediments of Towsley Canyon.
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Canceliaria hemohilldi Dall

fFlate 27, Figures ta, b.

Cencellsria hemphilli Dall, 1909, U. 5. Geol. Survey
Frof. ZPaper 59, p. 30, pl. 14, fig. 5.

Cencellaria hemphilli Dall, Grant and Gale, 1931, San

Diego BSoc. Hat. Hist. Mem., v. 1, p. 621, pl. 27,
figs. 3, 15a, 150b.

Shell medium size, whorls about six; whorls sharply
angulated at a nodose shoulder. Sculpture of sharp axial
ribs (12 on body whorl) separated by interspaces about
twice as wide as the ribs; ribs terminate in sharp nodes
at the shoulder. Opiral ribbing reduoéd, of faint uni-
form ribs below the shoulder. A broad concave spiral
channel lies between shoulder and suture. Aperture
elongate, oval, anterior canel narrow, relatively long
for the genus. Columellar 1lip callused with two obligque
folds; outer lip not preserved.

Dimersions in nm.:

Al%. 15 22 (approx.)
Diam. 8 8

Two inéomplete specimens have been found at locality
1849, in fine-grained sandstone.

C. hemphilli previously has been reported from middle
Pliocene sediments of southern California. The Castaic
formation occurrence thus represents an extension of the

range back to late liiocene.



Cancellaria tyitonidea Gabb

Plate 26, Figure 4.

Cancellaria (luclia) tritonidea Gabb, 1866, Geol. Surv.

Calif., Paleo., v. 2, p. 11, pl. 2, fig. 18.

Cancellaria tritonidesa Gabb, Arnold, 1509, U. 3. Geol.

Survey Bull. 396, p. 31, pl. 26, fig. 10.

shell medium to large; spire moderate, conical;
aperture more than one-half the shell length; apical
angle 75%; suture appressed; shoulder near posterior mar—
gin of whorl, broad axial ribs (about 11 on body whorl)
form nodes at shoulder, nodes reduced on shoulders of
spire on most specimens; spiral sculpture of alternating
coarse and fine ribs. Aperture oval, anterior canal
short, rounded; columella with two strong folds, callus
deposit on inner 1lip., Dimensions in mm. of specimens
from locelity 1849:
Alt. 45 33 30 52 38 18 17
Diam. 25 18 16 17 23 19 10 9

Several species of Cancellaria have been described

o
no

thaet are more or less like C. tritomidea, varying only

in height of spire and prominence of shoulder on the spire

whorls. In addition to the three speciles Itritonidea,

altispira, and rapa, which represent forms with respective-
ly relatively low to high spire and more-to less-shoulder-
ed whorls, Carson (1926), described several new species of

Cencellaria~ hamlini, newhallensis, perrini, and eglodiae -

falling within the seme range of features, without fully
comparing them to the previously described specles. Grant
and Gale (19%1) p. 616-618, synonymized Carson's species
under a Tew varietieg of tritonidea but further confused

the situation by using es illustrations of the varieties

tritonidea s.s. and altispira, figures of the type speci-

mens of species placed within the synonomy of the two

varieties, thus making 1t difficult to check on the



274

classification. The Castaic formation specimens are very
similar to the C. tritonidea specimen from the rleisto-

cene of San Pedro illustrated by Arnold (1910), pl. 26,
fig. 10. They are lower spired than the holotype of
tritonidea illustrated by Gehb (1866), pl. 2, fig. 18,

or the individual illustrated by Woodring et al (1946),
pl. 35, fig. 21. doodring et al (1940), p. 88, state

thet C. tritonidea can be distinguished perhaps from C.

altispirs because a shoulder is better developed on the

spire whorls of C. tritonidea. In this respect however,
wf
(VN4

the holotype of tritomidea is not typicasl, being inter-

mediate between the specimen of tritonidea figured by
Arnold (1910}, pl. 26, fig. 10 and the holotype of

=

altispira, Stewart (1926), pl. 31, figs. 9, Sa. The Cas-

talc specimens are similar in shape to (. perrini Carson,
but have more prominent shoulders on the spire whorls.
Within this group of closely related forms, the presence
of & shoulder on the whorl may be a genetic variable, or
may be a character evolving through time. In no case are
the first few whorls shouldered. The distinction has been
made between forms with no shoulders, those with a should-
er on the body whorl of mature individuals, and those with
a shoulder on the body whorl and on the vpreceding one or
two whorls. The group should be studied as a whole %o
arrive at meaningful sub units.

Thisyspecies has been found in the Casteic formation
only at locality 1849, where it 1s common. It occurs in
a2 medium-grained sandstone.

C. GLritonidesa has been previously reported from Flio-

cene gediments of central a nd southern California and
Pleistocene sediments of southern California. The Cag-
talc formation occurrence thus revresents an extension of
the species to the late kiiocene.

Hecent Cancellaria 1s mosgst common in the inner sub-

littoral zone in narine water on a sand substrate.
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Cancellaria aff. C. Ltritonidea Gabb

FPlate 27, Pigures 4a, b, Flate 28, Figure 3.

Cancellaria (suclia) tritonidea Gabb, 1866, Geol. burvey

Calif., Faleo., v. 2, p. 11, pl. 2, fig. 18.

Cancellaria tritonidae Gabb, tnglish, 1914, Univ, Calif.

Publ. Geol. Scie, Ve 8, p. 218, pl. 23, fig. 2.
Shell medium size, spire moderate, aperture about one-
half shell altitude. Whorls strongly shouldered on body

and soire whorls. Strong axial ribs (about 12 on body

whorl) culminate in sharplypointed nodes at shoulder;
axlal ribs comparatively faint above shoulder, on ramp.
Spiral ribbing consists of alterneting coarse and fine
rivs. Spiral ribbing slightly weaker above shoulder.
About six ribs (three coarse, three fine) are exposed be-
low shoulder on nearly vertical side of spire whorls.
Aperture . elongate-oval; inner side of outer lip faintly
lirate, columella with two strong folds; canal short and
narrow. JUimensions in mm. of three specimens from local-
ity 1849:

A1%. 3% 30 25
Diam. 19 16 13

s}

X

0

The specimens agree with the illustration by isnglish
(1914), pl. 23, fi

tritonidae Gabb (mistake for Ltritonidea) from the Plio-

8]

e 2, 0f an individual of Cancellaria

bl

o

cene sediments of Hlsmere Canyon. This specimen and those
from the Castaic formation differ considerably from the

holotype of (. tritonidea,the specimens of Iritonides

from the Castaic formation, or the illustrations of fri-
tonidea by Woodring et al (1946), pl. 35, fig. 21, and

Arnold (1909), pl. 26, fig. 10. They differ in having a
higher, more slender spire, and more strongly shouldered,
angulated whorls. They agree in spiral sculpture, They
are certainly closely related to, or comspecific with C.

tritonidea, representing the extreme in whorl profile




ERN

angularity of the whole group of forms closely related to
tritonidesa.

necimens have been found the Castaic formation at

localit
ities 2069 and 2090, common at locality 1849. <Yhe specil-

o
69 are moderately to well

a
ies 1849, 2069, and 2090. They asre rare at local-

s

mens from localities 184Y% and 20
preserved. That from locality 2090 is poorly preserved in
sculptural details, but nevertheless can be grouped surely
with the others.

The only previously reported occurreunce of this form
is the Fliocene sediments of iflsmere Canyon. Lhus, the
Castaic formation occurrences do not affect the distribu~

to

d
tion materially, but extend the range late Hiccene,
b o
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Cancellaria aff. C. raps Nomland

Ylate 27, Figure 5,

Cancellaria rapa Nomland, 1917, Univ. Calif. Publ. Geol.
bCi.,V. .-LO, :‘99 24—0, plo ll, ll—)gn l lan

Cancellaria tritonidea Gabb var. f&ﬁ@ homlano, Grant and
H

Gale, 1931, ban Diego Soc. Nat.
617.

Cancellarisa rapa Nomland, Wocdring, Stewart,. and Richards,
1040, U. 8. Geol. Survey Prof. Paper 195, p. 88, pl. 15,
figs. 1, 7.

shell medium size, splire moderate, aperture a little

i . Mem., ve 1, Do

more than one-half the shell altitude; spire conical;
subtures appressed, nearly tangent; whorl proifile rounded,
no shoulder on spire whorls, a very faint shoulder on
body whorl. Axial ribbing only on body whorl, very low,
faint. oSpiral ribbing on body whorl, absent or not pre-
served on gpire, of rounded ribs, narrow interspaces, ribs
of approximately uniform strength. Aperture clongate
oval; canal short, narrow; outer lip with feint lirations
internally; columellar lip with Tthick callius, two sitrong
folds. Dimensions in mm. of two specimens from locality
1849:

Alb. 35 27
Diam. 20 15

Two specimens have been found at locality 1849 imbedd-

ed in fine-grained sandstone. Both are moderately well pre—
served, one has been bored by & gastropod. These specimens
are similar to C. rapa in shepe and vhorl profile. They
differ, however, in having finer, uniiorm spiral sculpture.

They differ from C. hamlini in lacking the well develop-
ed axial sculpture. They are very similar to (. elodiae,

which is probably a form of C. rapa, but difier in having

more rounded, inflated spire whorls, and finer spiral
gsculpture.



C. rapa has been reported only from Fliocene sediments
of central and southern California. The Castalc formatlon
occurrence thus represents a slightly older, closely re-

lated forme.
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Cancellaria sp.

Shell medium size, fusiform; spire moderately unighs
suture appressed; whorls about 5. Sculpture of axial
nodes near the posterior margin of The body whorl and Ifine

5
¥

spiral ribs of uniform size and spacing. Shell weathered

so sculpture is poorly preserved, butspire whorls appear

to be node-free, Aperture c=longatle narrow; canal narrow,

moderately long; outer 1lip poorly preserved, columella

straight with two obligue folds. 4lt. 40 mm., Diam. 17 mm.
A single specimen has been found in the Castaic forma-

tion at locality 2090 in pebbly coarse-grained sandstone.
The shell is similar in many respects to C. perrini

Garson (1926), p. 56, pl. 3, fig. 4. It is too poorly
preserved however to identify specifically. C. perrini
has been reported from Pliocene sediments of the S-nta
Maria area and of Zlsmere Canyon.

Gancellaria is most common in the inner sublittorel

zone in marine water on & sand subsitrate.



Olivella (Olivella) npedroana (Conrad)

I a

otrevhons pedroansa Conrad, 1855, U. 5. 3%rd Cong., Llst.

oess., House Zx. Doc. 129. Appendix to Frelim. Geol.
Rept. of W. Y. Blake, p. 17, 18253 1856, Pacific
Repts., v. 5, p. 227, pl. 6, fig. 51.

Olivella pedroansa (Conrad), Weaver, 1942, Univ. Jash.

Publ. Geol., v. 5, p. 501, pl. 95, figs. 25, 30.

ohell small, smooth, slender, two and one-half whorls
of spire preserved; probably not more than one whorl
missing from apex. osuture channeled, Aperiure narrow,
outer lip simrle, inner lip with thin callus extending
above the aperture. A4 single fold at the base of the
inner lip bears a central groove, thus giving the ap-
pearance of two closely set folds. Canal not preserved.
Uimensions in mm. of specimen from locslity 2097:
A41t. of shell 12
alt. of spire 5
Diam. 4

Thig specles is represented in the Castaic formation
by a single specimen, which 1s an external mold, from
locality 2097, snd by single, pobrly preserved specimens
from localities 279, 1670, 1849, 2069 and 2093,
; The best preserved specimen was 1ldentified on the
bases of the shell shape and the nature of the columellar
folds. The only species of Clivella reported from late
Cenozoic sediments of the west North American coast that
have a gingle, moderately-large, grooved fold at the base
of the inner lip are Q. pedrcana, O. biplicata, O. baetica,
and O. porteri. However, porteri is probably only a vari-

ant of baetica, and baetica is probably synonymous with
he Ca

(62}

pedrogna, Burch, v. 2, part I, Nos 49, p. 20-21. T
5

taic formation specimen is much more glender than O.

I
biplicata, having the shape typical of kecent individuals

of O. pedroana. See Olsson (1956).
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The stratigraphic range of O. pedroans is middle Lkio-
cene to Hecent. Its previously reported geographic dis—
tribution is
middle liiocene--washington and perhaps central California
late ilooerom«cpntr L California (San Pablo formation)

Pliocene~~Oregon to southern California
.
L S

o
a

CJ

]

Pleistocene~—-gouthern California o Ignacio Lagoon,
Baja California
Recent—--Fuget Sound to Cape San ILucas, Baja California.
If the record is adeqguate, and 1t probably is except for
the pre-Pleistocene of Baja California, it appears that
the southern limit of distribution of the speciles has
moved southward since the middle of the llilocene epoch.
The northern Llimit has remained falrly constant except
for a southward move durimg Fleistocene time. The Castaic
formation occurrence here described constitutes a south-
ward extension of the late Hiocene range

)

0. pedroens is found at present both in bays and
along the open coast, on beaches and to & depth of 40
fathoms, although it is uncommon below about 20 fathoms.

It is usually found on a sand or muddy sand substrate.
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0liva spicate (Bolbten)

Y

Flate 28, Pigure 1.

Oliva spicats (Bolten), Durham, 1950, Geol. Soc. imerica
llem. 45, p. 103, pl. 29, fig. 1.
Shell medium size, spilre moderately high. The lower

three-fourths, and perhaps more, of the inner lip lightly

callused, with more than ten plications of about egual

gtrength. Outer 1lip slightly thickened. ©hell slender,
1)

elongate, with inconspilcuous shoulder and nearly parallel
sides thet teper in very litile towards the base of the

shell. Dimensions: 4lt. 37 mm., diam. 15 mum,

A single specimen has been found at locality 230.
$fe““rVoblbh ig gzood; only tae apex of the spire is
ing.

This specimen differs from O. gimondsi, found in the
Briones formation of the San Francisco Bay reglon, in
being more slender with less prominent shoulders, and in
having many more columellar folds all of about equsl
strength. It differs from both O. celifornica and 0.

futherana,,found in lower and middle [iiocene sediments of
central and southern California, in being more slender and
straight-sided and in having a higher spire and more, uni-

5

form, plications. ILieol and Corey (1932), p. 239, consider

that 0. futheysna 1s only & variant of 0. californics.

0. simondsi is similar To and probably closely related to
L .

0. californica. In contrast, the Castaic formation speci-

men is much more like the warm water speciles (. spicata and

incrassata. These two species have  similar shepes,

o

spires, and columellsr plications. Immature individuals of

O. incragsata are difficult to distinguish from 0. spicats

on the basis of shell form. aAdult U. incrassata are dis-

tinguished by having a much more angular shoulder that is

relatively low on the body whorl. Individuals of both



~
co
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species attain a size somewhat larger then the Castaic for-
mation specimen: 1t is referred to 0. spicata because 1t

lacks the shoulder characteristic of Q. incrassata, 2nd be-

cause it ig indistinguishable from specimens of 0. spicata

from the Imperial formation collected at Carrigzo Mountain.

It is comsidered unlikely that it is an individual of 0.

incrassata so immature as 1o completely lack the low, pro-
minent shoulders The published geographic distribution
of O. spicata is:

Pliocene-~The Colarado Desert and the Gulf of California.

Pleistocene-~iiagdalena Bay and San Ignacio Lagoon areas,
Baja Celifornia

Recent—-North end of the Gulf of Celifornis to Panama.

The distribution of QO.incrasgate 1is:
Pleistocene--llggdalena Bay, Baja Californlaj; Gull of

California,and Oaxaca.

Recent--Magdalena Bay through the Gulf of California to

Peru.

spicata has been found in the Castaic formation only
at locality 230.

The occurrence of 0. spicata in the Castalc formation
extends the range of Tthis speciles back o the late lliocene,
and the distribution ncrthward from within the Gulf of
California during the FPliocene epoch.

Recent specimens of Oliva are found most abundantly
burrowing just beneath the surface of sandy substrates
either in bays or along the open coast. They are found in
the inner sublittoral zone from low tide line to 25 fms.,

but most commonly in the upper part of this depth range.
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llarginella sp.

Plate 28, I'igures 4a, b.

Shell medium sigze, sub-cylindrical, ovoid, thick,
smooth; spire very low. Apex of shell barely exbtends ob-
ove broadly rounded shoulder of body whorl. Outer 1lip
not preserved, inner lip incomplete, three heavy horizon-
tal plications Jjust below the middle of inner lip. Ap=-
erture elongate, narrow, open anteriorly, extending post-—
eriorly over shoulder to suvure. Alt. 25 mm., Diam. 19
m .

A single specimen has been found at locality 2069.

It is not well preserved enough to be identified gspecif-
ically. HNevertheless, 1t is of great interest, because
fossil margineliids of any sort are rare on the west

coast of North America. The specimen is dlearly distinct
from any of the marginellids, recent or fossil, that have
been reported from California. Five species of marginell-
ide have been reported from Fleistocene locelities along the
northwest coast of Bajae California and Hecent and Pleisto=-
cene localities in southern California. Only four other
species have been reported as fosgils from the west North

fmerican coast: Marginella sapoftilla Hinds, Cystiscus

minor (Hinds), and Cystiscus margaritula (Carpenter), from

Pleistocene, and larginella sp. nov., from Pllocene sedi-

ments of the Burico renninsula of Fanama and Coste Hica,
Olson (1942), p. 11, 12, 17, 21. All of these differ

from the Castaic formetion specimen. Thus, this specimen

is distinct from any described west North American fossil
marginellid, and from any of the Hecent californian species.
It can not be identified generically in detail because of
poor prescrvation. In general features, however, it is

similer to llarginells albuminosa Dall, Keen (1958), p.

43%, fig. 668, from the west coast of liexico.
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Living marginellids are largely confined to tropical
waters, living in the littoral zone or =t only a few
fathoms depth on sandy bottoms. The family is relatively
poorly represented in the east Pacific fauna, being much
more abundsnt in the Caribbean, Tthe western Pacific, and

along the west African coast.
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Conus celifornicus Hinds

Flate 28, Figure 2.

Conus californicus Hinds in Reeve, 1844, Conch. Icon.,

v.e 1, pl. 42, fig. 224.
Conug californicus Hinds, Hanna and Strong, 1949, Calif.

Acad. Seci. Proc., v. 26, p. 308, pl. 5, figs. 14, 15.
ohell medium size, biconical, shoulder rounded, apical
angle 82°.  Suture marked by a fine groove, but this may
be a weathering effect. vhell smooth except for about
twelve fine spiral grooves on the anterior half of the
body whorl. v[Aperture narrow, straight. ©5Sides of shell
above and below shoulder straight. Dimensions in mm. of

o

two specimens from local ity 1624

Al%. 25 12
lt of spire 7 5
Diam. 12 6

The Castaic formation specimens diffcr from Conus
owenianus in having rounded rather then angular shoulders,
intaving spiral sculpture only on the lower part of the
body whorl, snd in having a higher, more acute spire.

They differ from C. Juanensis in having spiral sculpture
rather than a smooth exterior and in having a straight-
sided, rather than a concave-sided, sharply-pointed, spire.
They resemble C. puncticulatus Hwass, from a Pleistocene

locality in the Gulf of b&lllornla, as 1llustrated by
Durham (1950), pl. 32, fig. 2. However
puncticulatus differs in being lower an

, the spire of (.
d sharply pointed

with concave sides. XRecent C. californicus, as illustrated
by Hanna and S5trong,(1949), pl. 5, figs. 14, 15, and by
Keen (1958) fig. 924, are somewhat higher spired than the

e

specimens from the Castelc formetion. However, the dif-
ference is slight, and Judging from a survey of a collec-

tion of Recent and Fliocene specimens the range of varia-



bility of the speciles includes the Castaic formation
specimens,

Two specimens of (. californicus were collected at

locality 1624, one at locality 1849, and one at localilty
2069. Poorly preserved specimens probably belonging to
this species have been found at localities 2093, 2096,
and 2105,

The known reported distribution of 8. californicus

is: Recent-Farallone Islands to Cape San Lucas, Baja
California; Pleistocene-Ventura to Turtle Bay, Baja
California, Pliocene-Ventura and Los Angeles Basins. The
Cestaic formation occurrence thus represents an extension
of the range into the late lilocene age.

C. californicus lives along protected outer coasts

and in bays containing water of normal marine salinity.
It is most abundant on a sand or gravel substrate, but is
also found on mud, and along rocky shores. 1t occurs

littorally and down to 25 fathonms.



Shell large, obconic, elongate, with slender anterior

k)

end. features of spire, shoulder, suture, or surlface

ornamentation not preserved. Dimensions Alt. 100 mm.,
diam. 45 mm.

The specimen is poorliy preserved with 1ittle shell
material remaining, and that present is coarsely re-
crystallized. Although a detailled compnarison can not be
made with other speciles, 1ts large size makes 1t probable
that this specimen is related to the other giant conids

shat have been recorded from the west North American

—-

\" W

coast. Arnold (1910), p. 62, described C. hayesi from

-~

O
middle liiocene sediments of Kern, Kings and Orange
p. 49, debcribed C. bealil

Counties. Carson (1926),
from lower FPliocene sediments of Los Angeles County.
Grant and Gale (1931), p. 476, co&sider beali to be

&I

synonymous with C. reg

reported from FPliocene scdlmcpts in the Gulf of California,
Pleistocene sediments in Tthe Gulf of California and

Oaxaca, and at LRecent localities from Magdalena Bay and
the Gulf of California south to Panama. C. Hayesil is
similar to C. fergusoni, which 1s found living from the
Gulf of California To Lcuador and at several localities

£

on the west Coast of Baja California as far north as
Turtle Bay. 1t has been found in FYleistocene sediments
at Oaxaca, and in the FPliocene imperial Brmation of the
Colorado Desert. The Castaic formation specimen can not
be related to any of these species, and in fact, the
relationshiy of the other coastal californian large
conids is not clear--except that all three--C. hayesi,
C. beali, and the Castaic formation specimen should
probably all be related to species that are at present
strictly Panamic in distribution.

Only a single specimen was found, at locality 2085,



in the northern part of the outecrop area of the forma-
tion. It was in & bed of well-cemented medium~grained
sandstone contalning otherwise only scattered lenses
of fossiliferous material consisting largely of

.

Lyropecten and Astrodapsis fragments. The bed 1s

one of several intertongueing vowards the nearby basal
contact with pebbleand cobble conglomerates, which,
in turn, intertongue with unsorted rubble of Martinez
sediment fragments in a reddish metrix. Dr. G. P.
Kanakoff, personal communication, 29 June, 1959, states
that he found, but subsequently lost, a Conus of similar
size from locality 1849,

C. fergusoni and C. regularis are found living
intertidally, but are more common offshore. C. fergusoni
has been collected from water as deep as 90 fms.;

C. regularis, from water as deep as 55 fus.
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Turricula? sp.

Flate 28, figures Sa, b.

Shell large, fusiform; spire very highs; shoulder
obsolete, whorl broadly counvex in profile. sculpture
spirael, very poorly preserve Aperiure narrow, extend-
ing into a2 long straight canal only slightly differentiated
from . aperture; columella straight, smcoth; posterior
notch narrow, rounded, close below suture. Suture ap-
pressed. Altitude about 65 mm., diemeter 15 mm.

A slngle specimen of this form has beecn found in the
Castaic formation, at locality 1849, It is placed tentva—
ively in the genus Turricula, although it differs from
t/rlcul gpecies of this genus in having a reduced, obso-

lete shoulder.

No west North American species with such shape and

sculpture has been described.

Turricula is at present confined to tropilcal oceans.
Specimens from the Fanamic province are found in the sub-

littoral zone,
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Surculites (llegasurcula) remondii {(Gabb)

rlate 29, Figures la, b,
Tietule remondii Gabb, 1866, Geol. Survey Czlif. Paleon-

tology, v 2, De 5, pl. 1, fig. 5.

jaV]
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Legasurcula remondii (Gabb), Weaver, 1942, Univ. va

Publ. Geol., v. 5, p. 528, pl. 98, fig. 6.

whell medium size, blconic; spire moderately highs
body whorl thréemfourths of shell length. Aperiure a
little more than one-half shell length, narrow, elongate,
with short canal; columella smooth, with light callus;
body whorl with obtusely angulated shoulder, proiile of whorl
above shoulder concave, whorl laps high onto preceding
whorl, covering it nearly to the preceding shoulder.
sculpture of SpL”‘l alternating first and second order

ribs, with a tertiary rib on either side of a second order

rib in some places, rivbing less regular and distinct
above the shoulder. Growbth lines sinuous. Yosterior

noteh broad and shsllow, above sghoulder. Dinmensions in
M. 3 ‘
Localilty S 1849 2066
Alb. 45 27 25 ca. 55
; 0 1l2 10 15

Thig is & varilable species, partvicularly in respect
to the angularity of the shoulder and the prominence of
the gculpture. Lhe specimens from the Castalc formation
are very like the specimens figured by Grant and cale
(19%1), pl. 25, figs. 5, 6, from the lower Fliocene sed-
iments of the Fernando Tass area, Los Angeles County. The
lectotype figured by Stewart (1926), pl. 31, fig. 5, has
more subdued, rounded shoulders. <The two smaller speci-
mens from locality 1849 are weathered so that no spiral
sculpture is preserved.

5. remondii has been found in the Castaic Jormation

t localities 18

oL

in medium-grained sandstone, and at

&)

3
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locality 2069, in pebbly sandstone.

The range of S. £§POF@L1 is late liiocene to Hecent.
re

Its reported late kiocene dl ribution is Oregon and
Washington. Thus, its presence in the Castaic formation

represents & large southward extension of the distribu-~
I

arg e
tion. It is found in lower FPliocene sediments of south-~
ern California. The species 1s found at present from

ilonterey, California to Todos sentos Bay, Baja Cslifornia.
Living specimens of the species are found on gravel

substrate along the open cozst at depths of 20 to 40 fms.



Lora cf. L. oldroydi (Arnola)

Plate 29, Figures 8, 9.

llengilie oldroydi Armold, 1903, Calif. Acad. Sci. lenm.,

Ve 5y Po 215, pl. 6, fig. 16.

Lora declivis (Loven) var. ecarinata (Sars), Grant and

Gale, 1931, Sen Diego Soc. Natv., Hist. Mem., v. 1,
p. 530, pl. 25, fig. 20.
shell smell to medium size, elongate, fusiform, spire
elevated; aperture a 1little less than one-half of shell
heizht. Shoulder near suture, reduced. Sculpture of
coarse rounded axial ribs (17 on body whorl) and finer
overriding spiral ribs (about 15 on body whorl below
shoulder—--—-about 5 of these exposed on. preceding thMlS);
sculpture less distinet above shoulder where there are
several additional faint spiral ribs. Whorl profile con-
cave above shoulder, broadly convex below. Aperture
narrow, oval, consitricting into a moderately long canal;
columellar 1ip smooth, nearly straight; outer lip simvle.
sterior noteh narrow, above the shoulder adjacent to
‘suturf. Alt. 18 mm., diam. 7 mm,.
About 10 specimens of this form have been found at

locality 1849. TFreservation is in general poor so that

f=y
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composite.

tions of the sgecifs by Arnold (1J05) and by Grant and
Gale. (1931). The only noticeable difference is that
perhaps the whorls of L. oldroydi are more inflated, ex-
pressed by a more inflated posterior marzin of the aper=
Ture.,

L. oldroydi has been reported from lower Pleistocene
sediments of san FYedro, and upper Pliocene sediments of
Los Angeles.
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Glavus (Clathrodrillia) elsmerensis (Znglish)
Plate 29, Pigure 6.

>

Turris elsmerensis wnglish, 1914, Univ. Calif. Publ.

Geol. Sci., V. 8, p. 216, pl. 23, figs. 4a, 4b.

Shell medium size, turreted, spire moderately high,whorl
profile convex, shoulder obscure or else not preserved.
suture impressed. Sculpbture of prominent axil ribs (15
to 17 on body whorl) which extend undiminished to poster—
ior edge of whorl, numerous finer spiral ribs override
the axial sculpture. Aperture narrow, oval, anterior

nal short, little differentiated from . aperiture;

columells smooth. Dimensions im mm.:

AltT. 22 27 52
Diam. T 7 10
Lleven poorly preserved specimens have been found im-

.,
bedded in coarse-grained sandstone at locality 1670.

nd.
Grant and Gale (1931), p. 530, consider C. elsmerensgis

(snglish) to be synonymous with C. coalingensis (Arnold).

It is true that C. elsmerensis was distinguished on sculp-
tural features alone. Although the two speciles are similar,

the specimens from the Castaic formation resemble the holo-

type of elsmerensis much more Tthan They do that of coaling-

-

ensis. Compared to Arnold's original illustration of

coglingensis, bthe sculpture of the Castaic formation speci-

mens contains more, finer, spiral rivs which overlie the
axial ribs without appreciably bresking them into nodes.
C. coalingensis, excluding elsmerengis, has been found

a3

only in lower and middle Pliocene sediments of the Coalinga-

Kettleman Hills area. (. elsmerensis has been reported on-

.

ly from the lower Fliocene sediments of Llsmere Canyon.
This occurrence in the Castaic formstion thus represents

an extension of the range of elsgmerensis into uvnver iio-

cene sediments in the same region.

Hecent specimeng of Clathrodrillis on the west North




Americen coast are found ofishore in the inner sub-

littoral =mone.
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Clavus cf. C. (Uymatosyrinx)

C ~—r
[

[ I )
~J
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Plate 29, Fig

Fleurotome (Drillia) hemphilli Stearns, 1073, Calif. scad.

bel. Froce, Ve 5y, p. 80, pl. 1, fig. 5.
Clavus (Cymatosvrinx) henohilli (Stearns,

Gale, 1951, van Diego boc. Nat. Hist.
p. 577, pl. 26, fig. 8.

ohell medium size, Turreted, spire high; aperture

about one-third shell length; whorls about 7; whorl pro-
file broadly couvex, shoulder reduced, profile concave
bove shoulder; sculpfture of 13 prominent  rounded clight-
1y protraccoive axial ribs, ribs reduced above shoulder.
o spireal sculpiure. Aperturc narrow, oval, canal shortb,
columella smooth, outer lin not preserved. Altitude of

incomplete shell 18 mm., about 3 mm. of spire is broken

sembles the description and

by Grant and Gale (19%31). This

lescription is more than that by srnold (1903), p.
204, which also compares well wilh the specimen. C.
hemphilli differs in having & small amount of spiral

sculpture and in being only about one-half the size o

h

the Castailce ation specimen. “he specimen is similar
to C. johusoni srxmold (1903), p. 206, pl. &, fig. 17, but
is lacks the more sculptured suturel band.

specimen has been found &t locality 1570.

iphilli has been reported previously from Pleisto-

Ventura, Colifornia and San Quintin

Bay, Daja California. Iis present digtiivution is from
southern Callfornie south to at least Todos santos Bay,

Bajs California.

. - L e Yy [ S o e N n e
Living vepresentatives of C. (Cvmatosyrinxz) are most

common..y Iound in the inner sub-littorsl zone.
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Pfgure 5.

snzate —-ovate; spilre moderately highs

whorl wrofile ©lat to slightly convex, sulure tangential;

sculpture of rounded spiral cords with narrow interspaces;

and low rounded axial ribs, sculpture best formed and pre-

served on the spire. Aperture clongate-oval; anterior

canel short, litile differecnviated aperiure. LFos-

terior canal poorly preserved, marked by moderate indenta~
tion of growth line and reduction of the axial sculpture
Jjust below suture. Columella straight, smooth, lightly

callused. Outer lin neither thickened nor dentlculate.

ey

B

Anerbure  about two-fifths shell length. Approximate di-

Mmensions 11l Wmit.

bus

gerved axial ribblag,

line &t the posterior

of denticles on the interior of the outer lip. The speci-

mens are too poorly preserved to be ldentililied specific-

#ive specimens have been found at locality 1849. A
0

24 is probebly

coast of

of the

Horth Americe in the 11

inner sublittorel zones.



Bulla® gpn.
Plate 29,

narrowly um-

ohell small, cylindrica

bilicate. . Aperture the length ol the shell, extending

1

glightly above the previous whorlssy posterior halfi of

pperture  narrow, anterior part is wider as body whorl
Narrows g terior end ol aperture oroadly rounded. Col-
umellar and labral margins of aperture not ovreserved
shell surface smooth. Dimensions in mm. of two specimens:
Locality -~ 1845 2098

AL, 13 15

Diem, 6 8

ilmbedded in the
he localities
is poorly pre-
regult

Tone .




cylindrical-conical. Boire

bilicate, probably concealed. Sody whorl nar

the shelly the

the anterior

rein dm-

(&1

T ayerture m:
1, being close To the
ody whorl posteriorly but being far Lfrom it anteriorly.
Alt. 9 mm., Diam. 4 mm. _
This fossgil is an internal mold. In shape it most
closely resembles Scephander.

i
poor, however, bthis comparison is only very gencral h

specimen was found &t locality 232
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Acteon cif. 4. boulderans wstherington

Tlate 29, I

Acteon boulderana stherington, 1931, Univ. Calif. Tubl.

<.

Geol., Sei., v. 20, p. 113, pl. 14, fig. 9.

Aceton boulderasna Lthevington, Keen, 1943, San Diego Soc.

g
dat. Hist. Trans., v. 10, p. 42, pl. 4, fig. 22,
One specimen has been found in the Castaic formation.

It is well pregserved except that been crushed

the margi
i g ium size, body whorl
larges; sculpture of about 30 spiral ribs, ribs Ilattened,
oW intersnaces. Ay nterior ribs beconme
r, interspaces wider, they are of equal width at
the body whorl, IMine radial ribs in
the interspaces create a punctate or cancellate appearance.
‘ kress but there is no
evidence at the wider ones bifurcate. Aperture oval,
rounded 7, & single simple spirsl columeller fold pre-
oki

sent. I aperjure not pre-

nit. , dismeter about

ive gpecifilc identification of t he specimen is

V
ssible because of its crushed svire. 1% most close-
e

cs L. bouldersa

e lidlocene Hound

ountain silt of Kern Coun as illustrated by Keen
]

(194%), pl. 4, Tig. 22. It iS similar to A. boulderans

in size, sculpture, and perhops shape. It differs in
having a slightly more str ongly developed columellar fold.

i has becn round in the Castalc formation only

2093, in Castalc Linyon. There 1t occurs in
andstone deposited very near the basal contect.
o)
is, and was In the late Tertiary period, a small

genus. Recent speclies og¢cur on the
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she same limits. Thus, a specimen of Lcteon
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Mudstone

Pebble=-granule cgl. avg.
peb diam % in.} max,;‘l% in.
Fos: small fragments of C.
titan, ‘ -

Sandstoﬁe, granular, Fos:
C. titan({whole artic valves
common),

Sandstone, medium grained
Fos: scattered C. titan

valves (15% artic.),

‘rare L. crassicardo valves;
fossils concentrated some-
what in lenses and nodules
which are more thoroughly
cemented than surrounding
rock

sandstone and shsle

BASAL SEDIMENTS OF THE CASTAIC FORMATION

AS EXPOSED AT FOUR CLOSELY SPACED LOCALITIES

ON THE SOUTH SIDE OF FISH CANYON

Vertical scale
No horizontal scale Distence from F to C is

about 400 feet.

1l inch =

5 feet
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STRATIGRAPHIC SECTIONS

OF THE CASTAIC FORMATION SOUTH OF

SOLEDAD CANYON — SEE LOGALITY DESCRIPTIONS,

CHAPT. I FOR DETAILS

PLATE 4
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LOCS. 1663,2069. LOCS. 1663,2069.




2089 - arkosic arenite, coarse grained, pebbly, beds 2-3 ft. thick,
very fossiliferous: fragments and whole valves of
Lyropecten crassicardo & Crassostres titan. Fragments of
indeterminate gastropods, pelecypods, and bone.

T-7-25 - pebble congleomerate, poorly bedded; pebbles primarily
light colored fine-grained volecanic rocks, rossiliterous:
Iragments and whole valves of L. cra531cardo & C. titan,
no gastropods.

H ~ cobble~boulder conglomerste, poorly_sorﬁﬁ@i@hnfossiliferous.

2088 - arkosic wacke, medium grained, pebbly, poorly sorted, poorly
bedded, pebbles = 10-15% of unit, fossilifercus: articulated
L. crassicardo, fragments of C. titan;” gastropods and,bryozoan
in pebble-free sand strata in adﬁltlon.

E - breccia, unsorted, bedding vague to absént;f@atrix reddish, Blocks
composed of Martinez sandstone, unfossilifdrous.

o TS
- [e]
7-7-20 - arkosic wacke, pebbly, poorly sorted, Ve |
beds 14-2 £t. thick, fossiliferous:. € g
as in 2088

T-7-18 - cobble conglomerate, poorly sorted; boulder, cobble,
and most pebbles of Martinez sandstone, many other
pebbles of fine-grained volcanic rock; matrix
medium~grained arkosic wecke, unfossiliferous.

2086 - arkosic wacke, very fine to:coarse grained, locally pebbly, fossil.

content varies with texture:

PLATE

CROS8S SECTION =- BASAL SEDIMENTS OF THE CASTAIC FORMATION
AS EXPOSED ON THE NORTH SILE OF
TRIANGLE RIDGE, CASTAIC CANYON.
compare with Pl. 37. one inch = 100 feet

2083 - cobble conglomerate, scéttered boulders as large as 2 ft. in dianm.
clasts largely of Martinez sandstone, fossiliferous, all forms
largely fragmental, L. crassicardo & €. titan predominant

2084 - arkosic wacke, pebbly, medium to fine grained; pebble content
decreases upwards; articulated L. crassicgrdo common in sandstone
beds, Astrodapsis {ragments in pebbly beds

2085 - feldspathic wacke, pebbly, medium grained; less fossiliferous than
underlying unit; centains Astrodapeis fragments in lenses,
whole large valves of L. craasicardo, a single Conus sp.

] Qt. Terrace deposits

Sandstone

Pebble conglomerate and pebbly sandstone
Cobble and boulder conglomerate

Breccia
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PLATE 12

10 METER TEMPERATURE °C.

FEBRUARY 1957

From SI10 Reference 58-22
5 March 1958
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PLATE 13

I0 METER TEMPERATURE °C
AUGUST = 1957

AN From SI0O Reference 58-63
N :
AN 20 August 1958
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