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ABSTRACT

The Santa 3Susana formation on the north side of
the 3imi Valley, Ventura County, Californis consists
of 2360 foect of marine sediments. HMacro-fosalls found
by nrevious warkérs~1ndicate that the formation reD-
regents the Hezanos Hocene. As these fossils came
from the uppsr 300 feet of the Cormation, nothing was
¥nown concerning the correlation of the remainder of
the sectlon.

Abundant and well preserved foraminifera have
seen found by the writer through the entirs section,
with the exosptiom of the lower 278 feet. These micro-
fosails indicate that the lower nortion of the Santa
Susana is also of Mepanos are,

The fauna has been found to consist of three dis-
tinet faunules which form the basis for the same nunm-
ber of zones. The validity of this rzoning must be
tested by chaoking the present section with others
in this and other localities. This has not as yet
been possible.

| The forsminifera indicate that the Santa Susana
formation represents two stages of the Gulf Coast Locene
succession, the upper Midway and the overlying “ilcox.
Lpproximately fifty per cent of the total specles

preaent in the lower two zones are present in the



upper Midway of Texas. The correslation of the upper
soné with the Wilcox of Alabama is less certain, .

3ix lithologic members are present in the section
which show that the beds become gradually finer from
the basal conglomerate upward into the middle shale
member and then bLecomes coarser from the top of the
shale member izpmm. These lithologlo members 4o not
correspond with the faunal divisions.
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THE STR:TIMRAPHY “RD PORAMISIFTREL FAGHA
THE SANTA SUSAEL FORIATION
by
Frank v, Bell

INTHRODUCT IO
The Culiforrnia Foceneé has bosn the sublect of

2 considerable portion of the litereture on the west
eocst Tertiary since . 4. Conradl) recognised the
fossils In a boulder from Orapevine Canyon &t the
extreme southern end of the San Joaquin Valley as
Eccene in sago, 2Unce that notable discovery osur inove
ledge of the marine Eocene has increased until the
"Cretaceous 'BY" of GabbZ) nhns Leen divided inte
four principal formaticne., Thase are, in ascending
order, the Martinez, the Meganog, the Domengine and
the Tsjon formations, ™ithin the last few ve:rs yet
higher Eocenc beds have been found in tha western
Santa Yhez rente but as yet 1ittle hes heen -ubdblished
soncerning the relation of these beds to the Tejon

IV Conrad, T. K., Prelininary repovt paciflc rell-
road survays, "’alammlogy, .£55; "acific railroad
I’ﬁf}ﬁl"t’ 4@0, ”1& 5' pﬂ' 81‘?""5?9’ 18"561

2) Gavh, Y, ¥, in "hitney, J. D., Geologlical survey
of eazuomu. Paleontology, preface, 1864,



formation,

The macrofauna of thie marine liocene has absorued
practically the entire attention of naleontologists
studying these beds. However the correlation of many
thick bodies of shale has remainod largely a matter
of conjecture due to thelir lack of macrofcssiis of
stratigraphic value. A detsiled study of many of these
finer sediments has revealed t.ie presence of porcepb-
ibly different foraminiferai assemilages whicl: appear
to have inmportant stratigraphic veliue. aAlthoush the
study of these microscopic lorms involves & rather
time consunlng and specialized technlaoue, mioropsleon-
tolog, hes ueen of sreet value in the zolutlon of muny
stratipraphic preblems, especlally in tiose forﬁatians
in wile! the finer sediments prodominate,

Probably tho nmoat camplete and bLest sxoocsed soc-
tion of middle ¥ocene marine strats in California is
to e found on the north slde of tie Jiml Vallev a
few miles merth-east‘of the town of Santa Susare,
ventura County, Californlia., 1In this vicinity rore than
4000 feoet of “eda of this age are found., il lower nart
of thls series of veds, the Santa Susena formation,
is lsrpelr composed of shales in which very Tew
manrefossils bave bLesn found, cocept for those in &
fow sondy veda noesr Lhe bon. The vosulits of & deteiled

gtudy of thiz nortion of the section sare nrosented in



this paper.

A8 only a 3wll sortlon of e vast liteeature
onn foraninifera was avallable for thila study many of
the names asslgned to apecles ~av Le open'to cuneetion.
Towever tlhe intontion of the nresent study 1s to use
the foraminifere for stratligraphic murposcs snd thnsg
cven numbhors aselisned to the differant anecles would
serve very well. The eonclueions drawn as fo the
corralation of the Qdfferent outerons are basod en-
tirely on commzrisons of the Santa Susana forme with
anseics from the other loculitlies discussed, and are
tharefore indonendent »f the nnmes msed to d@gigﬁata
the anocies,
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Tho writer ls ~rently indebted to firs, iflelen
Joanme Plurmer of custin, Vexas, for her cenerosity
in sunplyving cormarative material from many Gulfl
Goaat lacalitios, esneciallv from the Yexas #laway
Formation ard for manvy helninl surrestions durine
tne course of the work. #dr. Dale 3Jpariks of Los
snreles rreatly facilitated tihe authorts work in
permitting the use ol his e-tensive colleetions
from tie Southecastern Unltod States and wexice.
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Sakersileld, delilfornia for the loon of hia collections
from the type sectlon of the ermsnos formation, and o
Py Te He o£:311 of lhembra, Czliforniz for the loan

of i:ds collections from the “ocone section north of (onle
Ingea, Fresnc County, Celifornia., 7r. Mubert 3. 3dhenck
was 2lso very iind In supplying matorial for comperative
purnoses. ‘essrs. Do Do Taghes, Borls laining and Dr.
Panl P, Gouditoff of Los ingeles, Callfornla cooperated

in varlous ways to encourage the writers intereat in the
work, The writer also wishes to thank his associates at
the California Institute of Technology‘far thelr cooperation

and advice 1n the course of this studv.
LOCATTON AND A¥NIEAL S 0LOGY

e section described lies along the lower nortions
of ias Llejas and roison Oak eanyons in eastern Ventura
County & few miles northeast of thie town of Hantes Suasana,
and about 40 niles northwest of i.os :ngeles. +~ small scale
man of g part of southern Celiforrnic and the portion of the
Sante Jusana quadrangle shiown in figures 1 and 2 willl serve
to locate the area.

The strate studled in detnil l1le vetween the

»

upper shales of tiwe Martinez formution (Yaloocenc)
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EXPLANATION

gle showing location of section

Sectlion made along line AA!.

Figure 2, % Portion of the Santa Susana quadran

and the geology in the vicinity.
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and the basal conglomeretes of the ilajas foﬁm&tien
(Domenpgine iocene)., Thesc beds have received the local narme
of the Senta Susene f'ormaticn but hsve been considered

by recont workersl) te be eoudvelent to the ileganos of the
tvype section. The beds alony tiic course of the section

dip rether uniformly to the west at angles of 20U to 50
degrees. The scetion is unbroken by faulting, The areal
zeology in the Iwmredlate vielnlty is shown in [loure 2
whieh 1s based on the unpubllshed nmaps of . . FTindlay and
e Te 3ode, mambers of the 1920 summer cump in flold pgeology

of the Cslifornia Institute of Tochnoloszy,

1) Stewart, "alnh 3., oral cormumication,
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HAETHOD OF INVESTIGATION

3takes were placed at measured intervals of from
fifty to two hundred feet in the bottoms of Poison Oak
and Las Llajas canyons. Rock sam»les were collected
at intervals of sapproximately fifty feet or less
throughout the length of the exposed section and were
located by means of a steel tape extended hetween two
consccutive stakes. iApproximately 400 samnles were |
collected. On completion of tiie sampling, a plane
tatcle traverse was carried along tne line of stakes
so a8 to accurately locate eaclhi one. Then with the
aid of thwe measured distances, the position of each
saample was located on the plane tacvle sheot and a
structure sectlon prepared. During the course of the
follouwing yeur threse samples ware exanined and about
Tifty of the original number were selectod and prepared for

a study of tlhelr mlcrofaunal contont.
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HISTORICAL REVIE~

The first published reference to the Locene of
the Ciml Valley rezion is sppsrently that by Dicker
sonl). He states: YA typlcal collection of Martines
fossils was made by the 1910 Stanford University claass
in geolosy forty miles northwest of Los Angeles in the
Calabases quadrancle®, Although Dickerson at thet time
recomised two divisions of the California Bocene no
mention is made of the occurrence of tiie upper one,
the Tejon, in the 3imi Valley.

In 1917, C. &, wering,2) a momver of the 1910
Stanford {ield party, nudlished a :eolo~igc rmap of &
nortion of the Calebusas gquadrangle wilth & dﬁécription
of the fossll speciss collected fron t'o liocens and
Cretacears of soutiern Califfornla. UNhe Locene was
divided into two fomations, the Tejon conforuibly
overlying the Martinez, the latter includin: the

Santa Susana forzamilon a&s recognised in thils report,

1) Dickerson, R. L., rauna of the Jartinez ocenc of

bulifownia Univ, Calif., Publ. DBall. Dent. Geol., vol,
Tie 6 g 1814,

ef vuring, C. Ae, Stratigraphic and aunsl relations

of the Martinez to tlie Chlco end Tejon of sout .ern

Californla, Calif. /cad. 3cl, Prac., 4th sor., vol.

7, Poe 41124, »ls, 7-X0, 1017,
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eing Gho fadlowdns ponr o onoaw divisiom of e
Califoenin rooeno, tho demnnos Gpouny wag pronosed Ly
Pe e nlﬁﬁkl}a ile divided the iLocone of the simi
valloy sootin into three mrts, »iacin: »ortions of
votiy Lhe velon and llortinor as wapood Ly orine into
4is desanos {(niddlie :soceno). ﬁl&?ﬁg) qwl a note o
the ‘occone of the Calabaagas gundran-lo as follows:

“rhe Yejon of this seetion vosts wnconiormably
on the legnnog, the unconfority Leing imdlecatod by
an ireomilar contact, a ruvked difference in strile
and a possible difference in (din, torethor vith a
basal conzlomorate. L very sood tyalocal Ve jon Sauna
was obtained above thls contact,”

Soyoar later,; o Te e evgg puasliished a noro
detoi'od man of the Jh4 Jalley aerea than that of

varing, but still retasinod the uwc»fﬁlﬁ division of L@
loeene into the Tojon and jartineg formmtiona, In

£ 1ator renolrht Aaw*) agoonted Ciaprkla thirce=Lold

1) Clarit, Se ey HOPUN08 GPOUN, & NEVLY pocornised
division in ﬁﬂe nocene of ,ali*arﬂiu, Sulle ﬁegls B T 38
‘mﬂf'i{‘ﬂﬁ VO3o :?’ ﬁ“‘ &31-'5’96, 13-‘.- ®

g) DVe Qitt; ’”’e 2085,

3) Kew, e s ey otrueture and oll resources of e
“iml Vatlem, gouthern Celiformin, o &, Goole Survey
Bulle gdi, Nla 32:?":555, 1919,

4) Feily o T ey ﬁealmgy and 011 resources of a nast
of Los nroles and Vonbtura counties, California, 7. 7.
Bo0T.. Tarvew Bull. 753, mh. 14530, 1024,
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division of tihe California “ocene &nd mensed the
thwee formatlions in the “iml Vuslley region. . ccord-
ing to ¥ew, tho lMartinez formation consisted of 1,500
to 3,000 feot of marine sodiments unconiormebly
overlwing the (ratacoons, Yenrly all of the Tainn
of the esariler revort was mepned asr llepunos, These
denosits conalsted of 2,000 to 35,500 feet of warine

sadlnents overiyinr the Martinez wilth apperent conform-

ity. The tejon waa rocornlzad only on the aouth alde
of tie Simi Valley, directly south of the town of
Sial. dere ti:is formation consisted of guouw 2,000
feat ol vroLally rarine strate resting on the jlesanos
with naried unconiowmity and overlspned by 4he locone
nesar Lo west end of tho Simi Idlls. 7w fossiig on
which tho ape of thesc strata was based were poorly
preserved and few in mumber but were ldentil'led by

Pr. Be L. Clark as of typleal Telon age.
1)

30 e
YGantse

In 1925 7+, ¥, Helson™’ nronosed the nune
susana ahale” Tor o 1itholosic nomber of tho Vocene

section overlyin: the Haztinez in The simi Hills,

T Helaon, 2. de, .» contrioution to tie puleontology
of the Fartinez Tocene of Californis, Univ, Celif.
Publ, Bull, Dopt. deol., vol. 1B, p. 4-2, 1323,
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Aceording to Nelson 1t conalsted "pradominantly of

1lioht prav shale with some fine grained sandstone and

a lens of conclomerets at the buse near 1lts eastern

end”, Thess beds were believed to o conformable

with the Martinez. The fauna of the 3ants Susana

shales was found to De closely related to that of the
Meganos but contained "several distinctive cenere such as

Corbis and Velates, which are new to the Califommis
»

“ocene'. Delson mapped the beds overlying these shales
as Domengiine forration, "(the nare Domenpgine was pro-
posed Ly F. I, “nderson eand is now used by B. I, Clark
for the upner nert of hils Mecanos ~roun.)”

In 1926 Dr. 2. L. Clarkl) nronoged & Foorth dive
iaion of the Cnlifornia Tocere, nanely tle "Domencine
horiron®. In thias naper the Sante “usans shales of
Nelaon wore termed the Santa Suaana forrmetion and were
described as lying disconformably on the dartinez,
fhese beds wers tentatively correlated by Clark with the
Yemanos of the typo loocality, Clﬁrkg) atates fTurthor:

"ag Yound gt the east end of the Simi Vallew
tiis formnation { "anta Susana) hes a thickness of

about 1800 fest, consletins of 1lizhr colored shalos

1) Ciari, Se e, (06 Lomansine horlzon, 1idale -0eene
of Baiiformia, Univ., Cailfl, Pudbl, Sull., Dent. Teol.,
vol, 1&, po. 99=118, 192C,

2) on. cits., pe. 109,



and gandy sheles. Yore a2t the baso 1s o con-lome
arate contairing tonlders of Martinoz fonsils ’
6. 3., letisiruls erassitesta Gabby = =« « « In
Llajas Conyon the uwmer 300 feot of shales, whish

are locally very sandy, are :ossit.ifwm:a; £ faire
ly large distinctive fauna hes bean obtained from the
santa Susana formation, a considerable mrber of
aecleoa of whiizsh ers new and havo not Leen found
either in the Martines horizon below or in the Dome
snrine above. The fauna includes urong otherg
Ficopsiz . spe, Turritella n. sp., Lyonsia n. an.
vhich are found in the devoeits of the type losalw

ity of the MHaopanos. The nresence of these snecles
together with tro stratisrephic osition of the
fornation, 1s the evidence for correlatin~ 1t with
the Toganos®.

Triefly thon, acecordins to tho oxlsting literw
gtare, fo:r 2ivieiocne of the _@nlifornic Tocone have
been renoried frai the 2iml Valiey recion, These
are the dartines Imtim, the “enta Susara forme-
ation [eorrelatsd with the tyne Mewnnos), the



Dormen~ine {looslly knowm as the Llolas formatinnl) and
Tolon (7). Be D Glarﬁg) states concerning the »reosence
of Telisn atrata "At the present time, (1926), bhecause
of the aeagzerness of the fauna, 1t scema Dast to
question the sorrelation of tnese beds withAﬁhese of
the Telon of the tywne sectlon thouy the writer is of
the orlnlon that when a largarAfauna ras boon outained

fron thicse bDeds ther will »nrove to o Tejon.”

TY ™e Tarm [In]as Jormation wes TLirst surgosted by
. “olph Be Stewned, It was used DY tie 1929 swmer
cawn in field ~eclopy vnder tho direction of Dr. 7, 7,
Yoodring of the california Institute of iYecihmolosy.
Altheaot e name has not been {orually pronosed as

a foruational desiymation 1t hing found 1ts wayr into
the litoratuare snd 1s cowmonly emmloved v menlocists
and onleontclarists.

2) Clarit, Be Ley Fhe Domensine Norigon, middle kocene
of velifornie, Univ,. Calif. Puil. Pall. Deot, tenl,.,
vole 18, ma 110, 192¢,
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STRATIOKAPHY
General Character

The santa Susana formation in the area studied lies
unconformably on the Martinez shales. The evidence
for the unconforusity consists of boulders in the basal cone
glomerate of t e 3anta Susana formstion which carry
Lartineg fossils, an exceedingly shapp break in Iithe
olozsy from cley shale to heavy conglomerate, the pre-
sence of angular to subangular pebbles of the underlying
ghale 1n the conglomerate which range in size up to
boulders ovar ten feet in length, and an aﬁparent dif-
ference in Adip of about ten desrves, There is no dif-
rareneeiin strike between the two forrmatlons and no
dips were obteinable in the Martinez within 100 feet,
astratisraphically, of the contact, For these reasons
the anguler discordance of the two formetions is un-
cortain. Further study in adjoinin: areas will de
necegpary to determine the exesct nature of the wn-
conformity and its areal extent.

The Santa Susana formation is composed of 2380
feet o warine sediments in the section studied, ihe
beds become gradually liner from the basal conglom-

erate upward tlaouzh the lower 1730 feet of tho seetion



)G

and from that point upward the sediments tecome grad-
ﬁally coarser. The uﬁ@rmost beds are fine to medium
grained sandstone. A columnar section is shown on
plate IV,

The contact with the overlying Llajas formation
is belleved to be conformable. Near the mouth of Las
Llajas Canyon the contact is very well exposed for a
distance of several hundred feet and the lower beds
of the Llajas conglomerate wore shown to lens along
the atrike grading into the medlun grained sandsiones
of the upper Santa Jusang. The presence of blue-gray
shale frapmonts in the basal portion of the Llajas
conzlomerate nmight be taken as evidence for discon-
formity but thils 1s not bselleved Lo be a good criterion.
Also,there 13 no reason to exclude the possibility
that these shale fragments were derived from the Mar-
tinez shales which are vefy similar to those of the
Santa Sussna. The microfauns is also much more
closely reiated to ti:at of the overlving Llajas form-
ation than would be expected 1f an erosional interval

of any eimilficance were nresent,

Lithology
The Santa Susana formation,es exnosed in the
section studied, may be roughly divided into six

lithologlc members as follows:
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Generalized Section along Las Llajas and
Polson Oak Canyons.

Llajas Formation « con-lomerazte and interbedded
sandstone.

“anta Sumans Formation,
Unner sandstone - « = « « « « =« « o« « . 2507
Upner sandstone - shale transition, - - 350¢
Hiddle 818l8e =« « = = @« o - - - - . =15001
Lower sandstone - ghalg transition- - - 1251
Lowar 8andstond « « « « - = « « - -« - ~ BG?
basal congzlomerate~ - - « - « = = « « - 751

Hartinez Formation « clay szhale. Totsl -23507

Bagal Conzlomerate. - The Laaal portion of the

Santa Susana formation as exposed in Polson 0ak Cenven
is composed or IO feot of hsavy, well cemented, rrey
conziomerate with leonses of coarse erkoslc sandstone.
e congloneratic materlal is comnosed of about sixty-
five percent gray-green an' red andosite norphyry,
fifteen percent granit@ and alatod rocka, ten nercent
quartzite and the ronuialag ten percent is Hlue-aray
clay shale, seay, rinhly'?osailifarous sanistones and
gnelssle rocks., The conpglomeratic materisl panpes up
to about two Fret in dlareter sad averaces about two
incheg. The matrix consists of coarse ancular arkosic
gandslone. PetBles and voulders abhove one inch in
dismeter are well rounded Lut the smaller nebbles and
granules are in genersl subancular to subrounded. For
this reason some of tge finer portions of the con-
riomerate, especlally near the top of the merier,

yomanr to be more angular than other nortions,
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Large boulder of Martinez shale in sandstone
lens of Sants Susens Basal Gonglomerate.



The Santa Susans congloverate can be easlly dise
tinguisied,in viw section studled,from the Llajas cone
glomerate on tie relstlve consgolidation and the proe
portions of andesite and quartzlte pobiles. The ilajas
concloneratic rabarial 1a composed of zhout fifty vore
eent guartzite and thirty nercent andesite. The plutonic
rocks and pneiss are much more decomnoasnd in the Llajas
conglomerate wihlel is poorly cesented and has o larger
proportion of matrix than the Sants Susana basal beds.

rossible sources for ithis material have not been
studied but the high percentage of quartzite pebvles
sugrests that the ultimate source of the nmaterial wag
the western bed rock complex. The ilrmedlate source, lowe
ever, 1s probably the idartinez conglomerate or the Crot-
aceous conglomerates or both. o attempt has beern made to
locate the original source of the andesites. Vhat some
material was furnished by the eastern bed rock complex
is shown Dy tic presence of granlitie rocks. It is hoped
that a study of the heavy mineralis in the watrix of tids
and the othier conglomerates of the area will furnish
gome nore definite cluo as to the source areas fov tLliese

rocks.
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PLATE 1III

A, View loocking north-west up a small tributary to
Poison Cek Canyon showing basal conglomerate in the
foreground and the middle shale member in the back=-
ground.

B. Closer view in the same tributary as (A) showing
the lower sandstonie and the sandstone-ghale trans-
ition members.



Porhaps the most Inboresting feature of this mene
ber i3 & lenticular bed of arkosic sandstone sbout 25
feat sbove tls zrtines contact whilch carries a -reat
number of bLlocks of blue-gray clev gshals. These blocks
were undoubtedly derived from the underlying serles of
jartinez shales witn which they appesr to be lithologe
ically identical. Some of these magses of shele reach
dimensions of more than ten feet in length and four
feet in thiclkness., The random orilentation of these
frasments precludes the possibility that they were de-
poaited s 2 shale filling of channels or depressions at
some stage in the depositional Milstory of tha gandatons.
Twon rranting the derivation of tioge huge blooxs ol
shale fron the wderlying ‘ertines formatlon, the manner
of thelir omlacamont in The sandstono 1s aloost bevond
conjasctura,., 1thouzh the comtact asuwrfoce Detwaen the
two Tomations showus evidenco of oroaion, it is oxXtromely
resular as far as could bo obgsarved. {hids would not sug-
gest thot thera was £ rvepglon of any Jreat relic prlor to
the deposlition of the sandatons leng. Tor the present at
leasat, neo satlsfactory explanstion of these Llocks z&n be
of fared,

Lowar Sandstone.- 2verlyins the besal conglomersto

are veds of massive; medlum te coarse gealned ~ray e8nde
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stones, whielh, with some thinly bedded materlal of the
same nature, have a thickness of about 50 feet, ‘‘hese
beds ere well indurested and haveva calcareous cementing
material, Concretions are falrly common but are mostly
of amall sise, ' The material is arkosic and carries aw
bundant miocs flskes some of whieh are almost omew-fourth
of an inch acroase.

~t some horizons this gandcstone is voguely lamine
ated and in some places thils laminated m&terial is
hiphly contorted on a small scale. Differcontisl
weathering of altermate laminee causes the contortion
to be very obvious on these weathcred surfaces. s the
overlvins beds are undisturited this contortion 1s bee
lieved to e Aue to contemnaranebua'dsformﬁtian. The
nore nmassive beds in the laminated sandstones were
evidently too competant to fold so it they have frace
ured and the small blocks so formed have been rotated
into nositions as much as 30 derrces from their normwml
sttitude. This gives the beds an annearance vhich may
be sasily migtaken for cross beddins es the overlying
beds have normal attitudes and are undeformed,

Lower Sandstone - Shale Trensition. « The next

120 feet of sediments as one soes hirsher In the sec-

tion form the transition from the underlyins sandstones
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to the thick shale scotfon Immedlately above, These
beds consist of interbedded sandstone simllar to those
Just described and sendy shales, This member may be
further divided into two divisions of approximetely
squal thiokness, The lower is characterized by brown-
ish weathering sandy shales interbedded with the sand-
stones which ranges from cosrse to mediun grade, The
upper half of this member carries interbedded shales
which are blue-gray in c¢olor, lsss sandy and much
better indursted, The sandstone of this upper portion
is generally fine to medium grained.

Middle Shales. - This member is composed of abuutl

1460 feet of bLluwe-gray clay shals of very uniformm
gharsoter. Theae compact, dense, tough shales

form a very monotanoua section broken only by thin
limy beds and slight differences in the degree of lam-
ination., The lowermost portion of thls member is in
part sandy and carries {alrly sebundant foreminifera pre-
served partly as casts and pertly in their original
sondition. The preservation of (e nicro~foasiis be~-
comes radually better upward in the section until
near the top of this member and in the overlyly veds
the foraninifera are in an excellent state of pres-

ervation.
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In spite of the tough, compact charsctor of these
ghales and their gzeneral rather limy choaracter, the
surfece of the exposures reached by the sun, slakes to
a very crumbly sediment whieh 1s rather esosy to wash
in preparing samples for foraminiferal sxamination.
However on fresh exnosures, in shady canyon bottoms
and a very few inches below the surface of an outcrop,
the shale is found to be very hard and tourr. ior this
reason many samples kmown to carry foréminifera have
not as yet been examined microsconlcally.

The preservation of the tests of the foraminifora

in the lowermost beds, the Loxostomum &pnlinl zone, is

interosting in that the forms whilech orisinelly had
caleareous tests of thelr own socretion are filled
with calecite, while those whilch possessed agelutine
ated tests with calcareous cement have been fllled
with pranuler siliea and have had the calcareous
cement replaced by siliceous material. This selsctive
replacemont and filling appears to be due to the
quartz grains in the tests composed of agglutinated
arenasceous materisl mcting as centers of crystalliz-
ation, attracting the silica dissolved in the cireule~
ting sround waters whlle the ecalcareous material in
the secreted tests acted similarly in forming centers

for ervstallization of caleite. "My the arenaceous
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tests should be filled with relatively coarsely
orystalline quartz is a matter 4iffiocult to explain,
Normally these tests would be filled with chalcedony
or opal. This appears to be a matter worthy of
further study.‘

Upper Sandstone -~ Shale Trensition. -~ This member
is composed of about 365 feet of interbedded brown,

micacea: s sandy silts, shaly fine sands and elday shales
similar to those of the middle shale member. Fairly

well preserved macro-fossils and avundant, well pre-

served foraminifera are present in some beds of thls member.
On the whole these beds are poorly exposed in Las Llajas
canyon due to their slightly indurated. condition.

Upper Sandstone. -~ The uppormost member of the

Sante Susans section studied consists of 290 feet of
brownish to light gray, mediun to fina grained, falrly
woll sorted sandstones. These sediments are thin
bedded and on the whole are rather poorly indurated.
Foraminifers were found in these sands a few feet
below the conteact with the Llajns formation, Limonite
staining, affecting the micro-fossils especially, i»

very common,
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FADNA
General Character

The foraniniferal fauna of the Sante Susana fore-
mation in the sectlon studied is composed of three
distinet assemblages. In ascending order these ars:

the Loxostomum ap»lini zone; the Verneullina triange

ularis zone; and the Hemicristellaris zone. IFurther

division of these zones on the basls of restricted
ranges of individual species 1s pnossible with the
date at hand, but due to the limited knowledge of
the stratigraphic and areal distribution of the indi-
vidual species it seems Dbest to leave more detalled
zgoning for further study.

in general the fauna 1s characterized Ly the
dominance of the Lagenidae, the scarcity of nelagilc
forms such as the Globigerinidae and the Globorotali-
idae, and the almost total absencs of the Millolldse.
This distribution suggests a deep nearly lasndlocked
or enslrlic sea. 7T1he evidence for such a atabement 1is
admittedly very inedequate but tlhe sugrestion seenms
important in view of the possibllity of & western
source area for these sediments.

The character of the forms found in the thrse

gones sugrests vory desp or cool wator atc che veglii-
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ning of the shale deposition, that 1s in the beds
carrying the Loxostorum applini fauwmule, with a

gradual shallowing higher in the section, The Llajas
conglomerate 1= apparently the culnination of this
shallowing and marks a return to somewiat deeper water
conditions. The faunas of the overlyings Lls jas sheles
is one sugresting the warm, rather shallow water faunas
of the present ocean.

The total number of species found in the Santa
Susans section thus far 1= in excess of one hundred.
Liphty-two of these ere shown in the check list on
plate 1V, the others being omitted because of their
axtremely rare occurrence, dmubtfﬁl generic determine
ation, or extrewmely noor nreservetion. HMore complete
lists accompany the deseriptions of each faunal zone.
Study of additional materiasl from this section and
others will undoubtedly greatly increase thla number.

Loxostomum apnlinil Zone.

This faunmule has been found only in ihe lowerw~
most beds of the middle shale member, It was first
encountered 75 feet above the base of the member or
275 feot above the Martines shales in Poison Oek Canw
yon, and extends upward through about 125 feet of sec-
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tion, Thils range wlll prabably boe extended usword 1nto
the lower mrt of the overiying “barven zoue” whieh

£ LR BRI LIPpay
SLoET IR

has yileided only a few poor
tihue far,
e asseruvlege ol thils woue ls chariclerizel by

Loxostormum appiini {Plummer), Zeudrvine indentata

Cus! el Jarvis, Puivinulinells culter (Parlor

and Jones) var., Nodosaria pomuliilzers {Stache), Iodossria

vertobralls (Batsch), Silicosignoiline californics

Cuslvun and Church, and several obloer snecles of
more iinlted occurrence. Jhils Jawaile ls very distvinet
in the scction studicd ss only e mneslew of YT
vife listed velow are Uosund Dios 1o e soction,
Thia raunule cun e corpelated GL5: ©hat of whe T

\
divisiond’) of oe type degainos,  Dther Doldiomuaias

localitles at whlci: tuils assernhlzoe haw beer notod

-

are: tho lower hwll oL the shalce body underirzine the

- % o Y 9
Domengine sands in tie Tummey Culch geetiom™! movil of
Coalings, Iresno County, Californics snd the lower

nocons veds ol San dicoliass Talsnt,

1) Clark, B. L. and oodford, 7, 3,, The reslosy arn
n&ieanuolo v of the tyne sectlion of the leranos for-
mation {lower ~1dila Tocene) of Calif'ornia, Univ. Calif.
Publ. Bull. Dept. Jeol,, vol, 17, ». 72, 75, 1927.

2) atwill, E. i., 3tratloransby and -dcoropaleontolousy

of the Eocene 1In the Cantus Cresk-Tumey Gulch area,
Californisa, paear read before the Pacific Section of

the Soc. Leor. Palson. dneralorists, lov. 3rd, 163:.
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~8 far as can e determined from the rather
meazer knowledpe of the sacolozy »f the foraminifera
ti:iis faunule indicates elthier relatively deep water op
very cool shallow water condltions. Deep weater wihvlch
of' course would necessitate relatively low temeraburc,
apoenss to De tie better explanation doe to the chare

A

)

acter of the sedimenta, and the il ormiity of e

churagter over large areas, ubiwr tenperature or

Gepti: of water 1s the ecologle control of foramine
ifera still rowalns an unsettled cueation. In gnllovw
erd moderately deepn waters of tho¢ oresent oceans,
terpereture 1s apnarently the o il control osut wiso
inercasing denth tho terperature sosn cesses Lo very
an apurocleble amounit, while character of tho wilcrO-
faune continues to chanpe. ‘Yherefore it soens ap-
parent that tomperature is not an irmorvant ractor in
deeper water, wille dept!: assues a very inportant
cgontroi. 1t «2is0 asems lorical o sav rhat donth

is 2 more or lasg congbtant Iinfluence with terperature coming
into efifect with decrascasine depty 2ng Fingily asgu -

ing the maios control. The comblrod eliect ol the two



straticraphic work the mieropaleontologist finds the docpe
er water assemblages eXcellent markors over lerpo cress
while the shallow water faunas are of value, ~“enerally,
only within a single basin of deposition.

The following speclies have Leen found in the Loxo-

stomm: applini zone from six localitles in Polzon Jdak

Canyon:

smmobaculites triangularis n. 8pe

Lrrodlsceus Incortus 4forblyony

Anomalina grosserugsosa Gurmbel

Satlvrainhon {2} sno,.

Holivina 1ncrasaata suess var, limonensis {7} Cushman
Bulindina iInflata Serugnzs

Bulimine obtusa 4'0rbigny

Faliaina spe 1

Ceratobulimine sp. {?)

Clavaullne Juwallls var, moexicana Tuslven
uOPﬂH&ﬁi“a irvolvw ne Aduess

coonldes teners (. . Brady)
&pistomina ﬁlagaﬂs {dr0rbiony)
Gaudrvil a ntonteota Ouashwan gnd Tarvis
Gaudrying 8p. {¢) of Cugtmant

Gan ‘ut.l"" g o Dw 1

Glenduling maniiustf (fuess)

Glandullng radicula {Linmocus)
ulcblﬁbrlna cf. compresese Plumer
Slotisorine teiloculinoildes "Livvior
Globorotalis ap. (?)

Frroldina soldanii {AVOrDlont) vir, Ganrale b
wyrolding sp. 1

Gyroldine sp,. O

Gumbelina ap. (?)

“anlophro eidas af, cannrlonsizs (A Oroicny)
“aplopﬁ"fymciﬁ£ sm. (2)

larna cf. ﬁi@&l&tﬁ { mess)

(7} Lentieulins orbicularis {(furbigny)
(7) entleuline =, 1

{¢) Lentievlina s, ©

Loxostomy: arslini { Plwrien)

1) ?1shman; T, ToremIndlera of the Uslaséo wwle,
Sull. Jat. Asso mhroleun Genlcolsta, veol, lu, p. 533,

C e
p:{_. 1(:, fit‘,;. ilﬂ,:f‘a 190s,
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darginuling glabra 4 rbipng
&odosaria adolphine 4A'Orbisny
Hodosarias grantl Plurmer
Yodosaria late] Jurate Gumbel
Hodosarie pormlipera (Steche)
lodoserisa apinulose (Nontagu)
Nodosarla vvrtebrplis (Batsch)
Nodosarie (?)

Nonion umbilicatulus (1tontagul
”lew‘ostomal}a alternans bchwawow
Pulvinulinella culter (Tarker and Tones) wvar,
vulnaueloenling ferussacel A'0rbicny
31licosimolling ecalifornica Oughmar and Thureh
S5ilicosirmoiling sp.

Splroalectanina ap. 1
Yoxtuleriae as 1“Lin e GAtorbiony
Trochanina (°) =
Vornouiline sno. (ﬂ

Vernenilina trian~ularis -one

The famule found in FPolson usl o0d (oo doice (Bne
rons 1345-149% feet above the base of the Sanbte “msana

formatior 1s deaimmated the Vernculling trisnsulsris zonc,.

The rance ~iven above mav be extended downwsod inko the
go=called "barrsen zone", (seec plute IV) whon furthor sans
les from the wnderlving strate a2y cxoqnlacde TTarachopiste

ie species are Verneulllne btriangulsris n, ohe, it 2inhie
é"' - * e

onine of, wileoxensis Cusiman, OUther fomis zae” g Valviw

lineris wmemenoaansis n. sp., Anomalinag asmouoides { ess)

var, ascuta Pluwmier, and Lponides oxirus (H. B. Braidy) are

also confined to this sone but a»mear o have vastricted

renzes withln tie Intorval montloood,



A fow spocies from a sample 1500 feet zbove the
Hartinez ghales sre included in the faunsl gzone for
convenlance, althoush thils assemblage carries none of
the specles montioned shove ss characteristic,

The Verneullina ¢rianmileris zone faunule has not

following species heve thus far been recorded from this
zone in the four samples studied:

tnomaling armonoldes (Huess) var. scuta Plummer
Cibicidas ef, rigida (Schwager) '
Digcorbis infrequens Plummer

Epistomine elegane {d'Orbigny)

Cyroidine soldanii (4!O0rbigny) var, subangulata Plummer
Yponldes exirus {H. B. Brady)

Eponides teneral(?) (¥, B, Brady)

Nodosarie gracilis Neugeboren

Siphonina cf, wilcoxensis Cusiman

Valvulineria moganosensis n, ap.

Yerneulling trisnrularis n. sps

The following were moted in the 1500 foot sample
mentioned above:
Cibicides mexlcana HNuttall var.
aplophrasmoldes egreri Cushman

Nodosaris =zoluta iuess
Robulus Xemveri(?) (Hanna)

Hemicristellaria Zone

This zone is charscterized by several specles of the

genus ﬂemieﬁistellaria, as well as Anomalina umbonata

Cushmen, X“ponides lotus (Schwager), Uvigerinells triancularis

Ne 8ps, an abundance oi Ciltieclides, and saveral othors,
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Althougr the favmule as whole ig larce, the mmber o0
snecieas 1a o fmetior of the muber of anrmples axanined.
the sneecies named abovo eve the ovly ancag vhich hold
torether this wariable fauna. In all »robabllibty furthe
er worh will siow more than one zone to be nresent. ho
nrosonce of mollusce and é%e charzctor of the foranmine
iferel faunule indicete relstively shallow water condie
£irns of Aenonition for thesn bede,

o vwiter hae not aeen this faurale alsevhere in
L)

Californier, dowever, ir. ¢aul 2. Toudiroff wa noted

yviperinella rrianrulurds ne ep. In a well seetion north

of Goslinma, valifernis snd bolieves thie speeles to havo
& vovT restploted renca, wne molitgses fron the oney

portion of this zone hwve beer corrclated Tith o Lype

o]

Leganns b recent workers” .
e -Tollovdng species hwve bLoen found in the onde

eristellaric rone as cxvosod in the lower portiun of

£8 Llnies vanyon:

inomaliine usbonets vuslrun
sulininella spe (%) 4
Cibicides uneorlana (Atorbionyi
Cibiocldes spe 1

Cdhicides spe &

sentaline comrnis dYroiony
enbaling 8pe

Tentaline ao. (7))

Ty TR o,

orel cormiurloi I
£ showart, £ :

el oon




Elphidium susansensis n, sp.

bponides lotus (Schwager)

Eponides sp. (?7)

Gaudryina laovigata Franke

gGaudryina sp. (%)

Glandulina manifesta (Ruoss)

Globigerina triloculinoldes Plumer

Haplophiragmoides ap. {?)

Hemicristellaria compressa n. 8p.

Hemlcristellaris marronsis ne, gp.

Hemicristeliaria plummerl n. sp.

hemicristellaria ape 1

Hemioristellaris sp. 2

ienticulina articulata {iuess] var., texana Cusiman and
Applin 1

Lenticulina convergens (Bornemann)

Lenticulina sp. (?%

Nodogzonerina sagrinensis (Bagg)

Kodesariz affinls A'Oroiony

Nodogaria oolinata Cole

Nodosgaria arundinea Schwager

Wonion wibilicatulus (Montagu)

Noniom sp, (?)

Robulus Me 3pe (7)

Robulus sp. ??)

Tobulas ane (?)

Sinhonina aff, Jacksonensis Cusirwn and Applin

Pextularia 1lzulatun {Schwager)

Uvigerinella triangularlis ne spe

Valvalinoria maorenals Ne SDe

Valvulineria susanaensils n., spe.

Corrolation wilth the ulf Coaast Secitlon

The lower faunal zone shows striking affinitios to
the upper :lidway fauna of Texas. Of the fifty spacles

listed from the Loxostomum epplinl zone, twenty-two are

_ i 1 ; )
racorded by -rg. Plumier ) Loy vhe upper Hidwny of YoXuu.

TV TIEm T, Tich Joarne, TOreninliors Of Lae [ iAWaT 10T
mation in Temas, miv. Tomas Bull,, No., 2644, 19026,



Among the species believed to be in common with the upper
Hidway are four which were comsiderod by frs. Plumer as

confincd to that nart of the Toxas section, Theso are

Julinine obtusa dfOrbigny (= Dulimins gusdrete Plummer),

Globizerine compresss Plumer, iponides tepers (M. B.
Sredy) of Plummer end Pulvimulinells culter (Parker and

Jones) of Plwmuner. Jther snecles such ss LOXostommm ap~

plinl (Plumer), rmodigens Incertus (A70rbisny), Balie

. mina infleta Serenza (sBulimine zeuleata A'oobieny of

Plumer), Slandulina radieula {Limnaeus), {?) Lenticue

line ~ibke {(Atorbimrr), Cloblgerina trilogulineil.g
lumer, Cplstordns clenens (A¥Orbinsnr), end Gyroifine

aoldeniil {(3%0rbisny) ver. zubpnmiloto (Plumoer) are cone

mon Taxas wpper Hidwne fomma.

2f voa spacles from the VYerpoulllne triancularis

mone, asoven out of a tobel of fwelve have horn recorded
fram the upper ddwar ineludin In addition to somc of

those mentioned sbove, Discorbis infrequens Plrswer and

Lponides exigua (Y. B. Brady) which sre recarded 22 re-

gtricted species by ilvs, Plummer. ~lso inomaline ammone

cides (uops) var, aeuta “Lummer i a common bat not &
DA M
reatpicted midrvar form. Sinee the pubiication of ¥ra,

Plurmorts sapar, tponldes exizua hias been recorded from
1;

the " 1ilocox Foceme of Llebama this with the presence

1] CURFISN, s #e AL DOQLON, UBIMALG ey An Eocene foramn=
iniferal fauna of Wilcox age from Alebama, Contr, Cush.
labo FOI‘&D‘I. ReS., VOl. 8, pp. 51"’72’ 1952



of Siphonina ef, wilcoxensis Cushmen, suggests & core
relation with th> ileox stage., Although the bulk of the

evidence fevors the Midway correlation, there are other
factors which make it impossible to eliminate the Wiloox
correlation. First, the faumle from the Vernsuilins
conslsts of only twelve forms. Second, the Wilsox Cawnas
are not very well known., Third, the Wiloox stage is repe
resented by largely nonemarine strata in Texas so that
the nprer range of many of the Midway forms 1s not defw
finitel}y kmown.

The faunule of the Hemicristellaris zone also shows

affinities to both the Wileax and the upper Midway stages.
However, in this case the bulk of the evidense favors the

viloox correlation. Uvigerinells triangularis n, sp., and
Lponides lotus (Schwager) have not been noted to oscur

in other than the Santa Susana formation and the Alabama
wileoox stage by the writer, Although soms forms common
in the upper Midway of Texas are also present, there are
alsc a number of forms recorded from the Jaskson (upper
most Focene) of the OGulf Coast.

The correlation chart shown in figure 3 summarizes
the writers ideas of the relationships of the Pacific
and ulf Coast sections. Except for the 3anta Susana
corrslation the relationships are based on preliminary
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Tise. Te Tentative Correlation Chart of Califernia

and Gulf Coast Focene Sections,

General
Galifornis
Saction

ounle
Coant
Section

Jnckaon

7 ; i y
Tpe Telm

Type Domengine

W e Al i

SATTTA mTT ATy M

DX SIS SO R i

ericristeller-
iz zone

7ernouilina
triangularis
zone

Loxostomrm
applini
zone

YR MEALNOS

oY Tidvision

CLATBORNE
Yemuos

Cook ME.

¥Mt. Selman

SS9 {0) ¢

atehetisrbee
Bashl
Tusa&homa

Nanefalia

Unper “idway

lote: Only the merine strata are inoluded in this chart,
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CoNCLuUsION:

“he Santé Svsmia forpatlion carrices ebundsnt fore
aninifera which hisve been found “‘”ﬁuwiaut moat of the
section exposed in Poison 0gk and lLas Llajas can-
yons., The feuna conslsta of ithres Alstincet faunules
witlel: should be of great value iIn correlating various
sectloms thyoughout Callformia, HNeny species appear
te heve prestricted ranges which shionld be of value
in m=king local detailed correlations,

e lowest of the threc faunules shows sirong
affinitics to the cssamblage fror the "27 division
of the type Meganos. The two Mlzher assenblsrzes have
not becon notod by the writer olscorhere in <ulifornia
«71d but one distinetive grnecles from the hicher zone
hge teen reported eolsewhere in the atate

the two lower zones appeey o be eoulvalent to

the upper nidway formabtion of Yexas, whlle the wner
faunuie ghowsg effinlities to the “'ilecox uotene of
alsbane,

In the area studled the rather distinetive
tousl blue~ rav, shnles of tho Sents Susarne Fornbe
tion arge bBelieved oo hmve been desositoed in water
varyinsg Ivom very dego Jor tao vasal pocsbtions to
moderataely deon op anallow valter Lor e upsersosi
portion. “ile conclusion Is bused on luunal ag well

&8 1vicliogdc oviiece,.
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