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PERTIARY MAMMAL BEARING BEDS IN THE

- UPPER CUYAMA DRAINAGE BASIN, CALIFORNIA

By
Ce Lewis Gazin

INTRGDUCTION

The discovery of Tertiary marmalian remains in the vicinity
of Apache -Canyon, in the upper Cuyama drainage basin, Ventura county,
California, was made by Mr. John B. Stevens, Geologist of the Associated
0il Con;pw. Further collecting in this region has furnished a fauna
of cqnsiderable stratigraphic and biologic significance. A study of
the geologic features of the area and of the mammalisn collection was
undertalen primeriiy with a view to establishing the position and
relatioﬁships o‘f the assemblage in the sequence of TPertlary faunas
known from the Pacific Coast and Great Basin provinces. Investigation

of the problem was conducted under the direction of Dr. Chester Stock.

LOCATION

The region investigated, as shown in the accompanying figure,
lies in the Santa Ynez Mountains west of Mount Pinos and includes a
portion of the eastern part of the Cuyama Valley system. ILatitude
34° 50' N. and longitude 119° 20' W. pass through the center of ths area,

which liss just within the northern boundary of Ventura County. The city

of Ventura lies 37 miles due south, Maricopa is 17 miles north, and Tejon
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Pass on the Ridge Route is 25 miles dus east. Approximately 40 square
miles were covérad. in the geologic mapping. The topographic map employed
is that df fhe Mount Pinos Quadrangle; Ue. S« Geologlcal Survey; the

map being gnlarged. for field purposes from 2 miles to ths inch to 2000

feat to the inch.

PREVIOUS VORK

Very little has been published concerning the geology of the
region under consideration. During the period 1854-~55 ths Cuyams
Valley was visited by one of the Pacific Railroad survey mmrties and
the geological features were dsscribed by Thomas Antisell (Ref. 1857,
ppe 53~57). Feirbanks (1895, ppe 273~300) described an analcite dis-
base on the north side of Cuyama Vallej. Lawson (1908, ppe. 22, 42)
reported on the California earthquake of 1906, which ingluded a con=-
gsideration of the principal physiographic features of the regiom. In

| the same volume Fairbanks described the features of the San Andrsas
Rift which passes through to the north of this area. W. A. English

" (1916, ppe 191~215) published a detailed description of the geology
of Cuyama Valley which included a map of the formations lnvolved in
the structure of a part of both sides of the valley to the west of the
area considered in this report. lLater, C. M. Wegner and XK. He.
Schilling (1923, pp. 235-276) described the region northeast of San

Emigdio mountein which, however, lies to the north of the San Andreas
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Rift _and. henoe is somewhat removed from the present districte Two
other papers, one by W. S. W. Kew (1919, pps 1-21) and the other by
Re K. Nelson (1925, ppe 327~396), have been published on the upper

§

portion of the Santa Ynez dralnage basin to the southwest.

GEOGRAPHY

Tovography.~ The region for the most part is very rugged
and mountainous. The topography appears t0 have reached a youthful
stagsu in the cycle of erosion as indiocated by the partially dissected
meésas and by ths steepness of the canyon walls. The valley floors are,
however, oftan very broad. The elevations range from 2800 feet on the
floor of the Cuyama Valley near the mouth of Quatal Canyon to ap~
proximately 8800 feet, the height of Mownt Pinos, indicating an exten—
sive high-lying country having a maximum relief of spproximately 6000
feot morth of the principal dralnage divide which lies in the southern
part of the Mount Pinos Quadrangle. In the limited area investigated
the valleys range in elevation from 3500 feet to about 4500 fast; the
mesa-topped ridges 'vary from 4400 to 5500 feat in height. The direction
of slope of thess ridges 1s in general the sams and the mesa level on
the ridges is approximately 500 fest highér than the adjacent vallsyse.

The area has rathsr a unique position with regard to the
drainage systems of this part of the State. Immediately to the east

the comb ined Mount Pinos and Sewmill Mountain mass forms the apsx of



8 ;f‘our-wéy d.i\'ainage pattern. The west side 1s drained by the Cuyama
system vhilioch enters the ocean near Sants laria, while the drainage

of the south side reachss the ocean near Veantura by way of the Santa

e

Clara Valley to the south. The latter is the trunk drainage for thne
south slopes of the Santa Ynez range east of Ventura. To the north
of the Mount Pinos block ths streams enter the enclosed basin of tae
southern end of the San Joaguin Valley, =aad the east sids drains
through Cuddy Valley along the San Andreas Rift to Castac Lake which
has no outlet.

Climatee~ Ths climate of the region, as in most mrits of
the coast ranges of southern California, is semi-arid. 7The area is
subject to frequent rains in winter as well as light smow storms, and
most of the higher peaks, as for example Mount Pinos, carry a small
snow cap on their north sides during this season. In sumer, as is
often the case in the more mountainous districts, occasional cloud=~
barsts ocour which have a very pronounced affect on the finsr details
of the topographye. All of the stream beds of the Cuyama Valley system
- in the quadrangle are dry except after rains. During periods of
prec ipitatioﬁ broad shallow streams of muddy water are formed, making
travel in the region diffioult. Springs are rather scarce except
near the heads of canyons originating in the mesas flanking ths highsr

projecting msses.



Florg.~ Cuyama Valley is for the most part but sparcely
covered with vegetation other than sage brush. In the tributary can-
yons to the east and towards the southeastern end of Cuyama Valley
itself the vegetation changes to & fairly profuse growth 6f sage
brush, manzanita, scrub oak, juniper, and pine. This flora is found
at the'higher elevations and ig particularly well represented on the
me B3, remmants, as for example those near the slopes of Mount Pinos.

Culture.~ Cuyama Valley appears to have been fairly well
soettled judging from the number of farm houses im the vicinity, but
mogt of these izave been abandonesd., Agriculture has apparently not
thrived in the valley, due probably to seasons of draught which have
brought about failure of cropse OCattle raising is now being under-~
taken on a moderate scals.

The only improved road permitting access to the valley con-
nects Mariocopa in the southwesternm extremity of the San Joaquin Valley

with Santa Maria on the coast. This road enters from the east at the

northeastern corner of the widest part of Cuyams Valley and follows
- the dreinage to the coast highway. Another road counnscting with the
above facilitates travel into the southern part of the valley. This
road, howaver, does not reach Lockwood Valley in the sastern prt of

the quadrangle as shown on the map, the divide being crossed only on

foot or on horsebacke.



GEOLOGY

Qeners]l Statemsnt.~ The formations involved in the struoture
of the region lying to the west of the area studied have been iden-
tified by We. A. English as (1) pre-Franciscan(?) gueissoid granite,

(2) a seriss of .pre-Monterey shales, (3) the Montersy group, (4) the
Santa Lﬁarguarita sandstones end shales, (5) the Cuyama Pliocens(?),
(6) the Pleistocens terrace sands aml gravels, amd (7) Recent or
Quaternary alluvium. The geological record in the restricted area

of this report includes a large block of the granite along the eastern

boundary, an extensive series of highly colored beds considsred by
English as being approximately the equivalent of the Montersy, the

Santa Marguerita(?), and lastly terracs and Quaternary alluvial

depositse.

The pre-~Monterey shales and the Cuyama (Pliocens?) formation
mapped by BEnglish in the adjaocent region are absent in the area

investigated.

Stratigraphy
_Qgpjjg Basemente~ There are two exposures of granite within

the mapped area, ome being the small block famlted up in the northwest
gection and exposed by srosion, and ths ot her being the extreme wast~
erly end of a very large mass extending to the east. The outcrops

oxamined near the contact with the terrace deposits are well weativred



and show a decidedly schistose character. The minerals are esssatially
quartz, feldspar, muscovite, biotite, and hornblende, with alterations
to kaolinite, chlorite, and sericite. As a whole the rock mms a highly
micageous appearance with a composition close to that of binary granite.
The schistose structure of the granite is also evident from the char-
acter of tha material scattered over the mssa to the weat.

Monteray(?).~ In the region west of the area examined this
group lies unconfomabiy on a pre~Montersy series of shales of Eocens
or Cretaceous ags, but in the area mapped in thils report thers are
Frobably no sediments olde_r than Monterey exposed. In view of factors
to be discussed later it is highly probable that the upper horizoms in
the group é.re well up in the Miocens.

The formatiom outcrops along the south side of the San Ardreas
Rift in a band from four to six miles wide in the vicinity of Quatal
{Fige 1) and Ballinger Canyons. These beds reappear in the southern
part of Apachs Canyon on the south flank of an east-west trending
syncline. The beds are highly colored and in distant cliff~sections
present a very striking baanded pattern.

The lower meubers of the series are green, grayish green,
white and deep red in color on weathered surfaces, the bends being
alternations of poorly sorted, coarse grainsd, green or red mudstone
and somewhat finer grained gray saandstons. YVery thick beds of graylsh
green material are characteristic of the lowsr horizon and somewhat

highsr up thick beds of g deep red color are prominsat.



Figurs 1

Highly colored fossiliferous badland features of the Monterey(?)
in Quatal Canyon. Mount Pinos is to the east in the right back-

ground and the San Andreas RiIft is indicated on the.left.
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The lower portion of the so=-called Monterey is considered
by English, in nis paper on the geology and oil mospscts of Cuyama
Valley, as being of marine origin. BEnglish also states that ths
upper portion may be in part of non-marins origin. The higher hori-
zons of alternating coarse white sandstone and osher~colored sandy
clays irery .probably are land~laid as shown by the ocourrence of a
vertebrate fauna, ths heterogeneity and arkosic nature of the sed.i-_.
ments, their coloration, end possibly alsc by the paculiar type of
erosion which has resulted in the formation of a typical badland
topography (Figs. 2 and 3).

In general the coarse white sand of the upper horizon is
canposed of grains, pebbles, and boulders, unsorted and exhibiting
considerable variation In size. The grains are angular and non-
uniform and are made up of a large variety of minerals, quartz being
the most common. In detail ths boulders are well rounded and consist
of a large variety of rock types, as for example quartzites, granites,
diorites, andesites, diabase, basalts, and metamorphic gneisses and
- schists. The ocher-colored beds are massive, thick-bedded to unstrati-
fied, unifom sandy olays, ths sand grains being amgular amd verying
in size with & low upper limite The composition of the mass is es~
sentially quartz, feldspar, mica, and kaolin, colored by iron oxides.
The thickness of the white beds varias from a .faw feet to twenty or
thirty feet, ten feet being an average. Ths brownish beds are generally

thicksr and range from five or six feet to thirty or more feet.
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Figure 2

Looking west along a rain washed outerop of Monterey(?) at

the Apache Canyon vaertebrate locality. At the distant mesa
horizon can be seen the Pleistocene accumulation resting uncon-

formably on the colored beds.



12

Figure &
A north view at the same locality as Figure 2, also showing

the Pleistocene overlying the Monterey(?).
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‘Th.ioknes_ses of approximately twénty feet are rather commo:;x. The
thiékness of the formation as a whole is approximately 7500 feet
(English) as mesasured from the lowest levels exposed to the bottom
of the overlying Santa Marguerita(?).

Interbedded with the uppermost part of the series is a smll
basalt flow whioch is exposed in the northwestern portion of the map-
pod areg and is found also in the regiop discusséd in Bnglish's report.

Sante Marcwrita(f).~ This formation overlies the non-

marine Miocene with apparent confomity in this district, ani the

contact between the two is defined on a rather srbitrary basis. In
the region to the west English has found that fhe two are in places
locally unconformable amd at other localities the lower formation is

absent. Furthermore, ths overlying member contains a plentiful supply

of basalt boulders which are not as commonly found in the Montersy,

ind icating that a period of erosion separates the two.

As defined for the particular area urmler discussion the
- Santa larguerita has as 1ts basalt portioh a bad of brown gypsum—bear-
" ing clay of aspproximately five hundred feet in thiclkmess (Fig. 4).
Above this there is s series of coarse, rather well sorted amnd thin
bedded sandstonss, shales, and gravels, reaching a thickness of psrhaps

4000 feet (Figs. 5 and 6). Ths color on weathered surfaces varies from

gray to white amd cream.
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Figure 4. Basal member of Santa Marguerita(?) in center

as exposed in a tributary valley to Apache Canyone

Figure 5. Close view of a very coarse sandstone or

conglomerate horizon in the Santa Marguerita(?).



Filgure 6

Panorama view of the north flank of the Santa Marguserita(?)
syncline, exposed along the northwest side of Berges Canyon.

Terrace remmants are in ths foreground.

gt
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Without much doubt this series is mrine although unfos—
siliferous in the region east of Cuyama Valley. The origin of the
deposits is evidenced by the good sorting and fine bedding of the
material, in spite of its fair coarseness at a number of horizons.
The formation for the most part represents a mear shors accumlation
cocurring during a pseriod of fair land relief when frequent or

diastrophic changes were taking place causing the varistion in

lithologye

Pleistoscer TPerrace Sands and Gravels.~ The Pleistocens
materials ocourring in scattered patches over the area are found in
association with the old mesa surface and the terraces. The best
exposures and those which have been examined more closely lie on the
ridge between Apache smd Quatal Oa.nc,rons' {(Figs. 2 and 3). Here the
deposits range in thickmess from a few feet to flfty or more fest.
For the most part the materials oonsist of reworksd sedimsnts derived
from the underlying formatiorns. The sands are poorly stratified,
contain a little coarse material, and in the above mentioned ssection
‘are clearly derived from the Monterey(?) beds which they bevels, It
is to be noted also at this local ity that only the surface layers
near the easterm end of the ridge contain material which may be con-
sidered a8 having come from the crystalline mass to the east.

The la,_rge, practically undisseoted mesa at the head of Apache
Canyon {Fige 7) probably carries an indefinite thickmess of these ter-

race sands, all of which have been obscured by the exteansive detrital
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Figurs 7
View east up Apache Canyon. The hills in the foreground
are of Santa Marguerita(?)e The Mount Pinos and Sawmill group

form the mass in the background, and at its foot, stretching

across the head of ths canyon, is an extensive mesa.
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deposit of Recent and probably late Pleistocene age derived fram the
easterly block. This overlying detritus is composed of bouldsrs and
gravels of granite and gneiss with an abundance of schist flakess, all
in a coarse sand matrix.

The terraces in Berges Canyon are covered with only a thin
veneer of reworked, and in part merely weathered, Santa Marguerita(?)
material. Howsever, there has been a certain amount of tramnsportation
and deposition inasmuch a&s it has been noted: that the terraces nsar
the head of the canyon mresent a striking reddish color in contrast
to the gray and white beds of the underlying materisl. This is ao~-
counted for by the fact that the divide at the head of the ganyon
cmmsists in part of the brown-clay basal member of the Santa Margueritsa(?),
viiich has contributed sediments to the terraces. |

North of Quatal Canyon the mesa level has besn outlined on
the map, but the nature and extent of the materlal that is probably

associated with it have not been closely examined.

Structure
Regional.~ The arsa lies on a block to the southwest of the
San Andreas Rift and in the northern part of the Santa ¥Ynez and Sam
Rafasl mountain system. These ranges are essentially large anticlinor-
jums with accessory folding extending well out on the flanks. This
mejor aspsct of the Santa Ynez range is noticeable in an extensive

section well exposed in Gaviota Pass msar the coast to the west.
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'.Ehg Cuyama Vdlley region represents a small section of thé folded portion
of the northerﬁ flank of the San Rafael anticlinorium, which has besn
affected'bfmovements resulting from its proximity to the Sem Andreas
Rift. The rift at this point has a strike of approximately N. 65° W.

and the neighboring‘stmctures to the south have arrangsd themselves

to an orientation which approaches perallelism with the fault. In

this vicinity the rift is changing its direction from N. 75° W, in

Cuddy Valley to approximately N. 55° W. near the south end of the

Carriso Plain north of the Calisnte range,.

Locale~ The Tertiary sedimentary formations in the area
mapped are folded up into broad anticlines md synclines. Famlting
has ocsurred in the region of igneous masses. The Santa Marguerita{?)
on the east side of Cuyame Valley is exposed along the core of a rather
broad and simple syncline vhich persists for a considerable distance
without apprecisble plunge along its strike. JAccording to Znglish,
the northwestward extension of the syncline forms the broad portion of
the Cuyama Valley which has been modified by faulting and subsequent
"erosion. This syncline extends in a direction strikingly mrallsl to
the rift, having along with the latter a more marly east and west
trend toward the south.

To the northeast are a series of smaller amnd somewhat more
acute folds (Fig. 8) all trending nearly parallel except for minor

deformation near the Mount Pinos igneous mass. In the vicinity of

this block the strikes are not constant and the beds rapidly becoms
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Figure 8

A cliff section of Monterey(?) showing the anticlinal
structure a little north of the Santa Marguerita(?) contact

in the viecinity of the Apache Canyon vertebrate locality.
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nearly vertichl in their. dip. This has been noted mrtioularly in
Section 29, T 9. N, R 22 W, where the Monterey(?) deposits last appear
before beliné obsocured by the mess detritus. The disturbed condition
of the strata fumishes the only evidence for the existence of &
faul t presumebly responsible for the uplift of this mass.

Another fault of more local extent has causss g small
granite block t0 be exposed on the north side of Quatal Canyon msar
the basalt flow. This fault and the resulting igmeous sxposure have
been noted by Engiish in the Guyama Valley report. A continuation
of the femlt on the south side of Quatal Canyon has not been observed,
ths deformation being recorded parhaps in one of the folds. Apparently

the fanlt also disappesrs to the northwest in Ballinger Canyon.

Geologic History

The history of the area may be considered as having com~
menced with the deposition of the Montersy(?) series, inasmuch as
this is the lowest fomation exposede During this period of sedi=-
mentation thers occurred fregquent alternations in the coarseness and
-in the type of materials deposited. The variation appears to have
been almost periodic giving an effect vhich one might expect to find
produced on a much smaller scale as a result of seasonal change. The

thickness of the sediments recorded in the altermating periods is

frequently, howsver, quite large. This alternation of thickness
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may have resilted from periodié ¢limatic changes where the duration
of any one cycle would represent a considerable length of time.

The d.eposiﬁs apparently accumulated on a broad flood plain, possibly
similar in size to that of the Colorado River. The waters of this
stream may have contributed & part of the load to the extensive
snale facies of the period.

At the close of Montersy(?) time the entire region was
subjectad to & briaf period of erosion, possibly unacoompanisd by
uplift at this locallity. Following erosion the region was definitely
lowered below ssa~-level and a thick series of marine sandstones and
shales deposited. The subsidence was probably not rapid as sedi-
mentation ssems to hava kept pace with it in maintaining an alter—
nating seriss of rather comstantly coarse materials.

Following the accwmulation of the Santa Margwerita(t) the
area emerged from the sea for the last tims, end the Tertiary deposits
wers subjected to intense deformation resulting in the folding exhibited
in the present structure. During the period preceding the deposition
of the Cuyama formation, presumably of Pliocene age, orogenic move~
ments initiated the formation of mowntains.

During thé deposition of the non-marine Cuyama formation
over the beveled edges of ths earlier strata, and subsequent to that

time , the diastrophic forces affecting the crust altersd the level of

the land without regional orumpling. As indicated by the distribution
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of the upper-Pliocens(?) formaﬁion the Cuyama Valley was probably
then in existence amd controlled the accumulation of the mterial.
At that time the valley appears to have bsen much wider and shal-
lower than it is at present, pormitting deposition to take place
on a broad surfé.ce. Succeeding uplift has entrenched the stream
and ha.s restricted the area of deposition to the limits now observsble.
The area still remains, howsver, of generous proportions.

The most effective uplift occurrsd in late geologic time,
s indicated by the very broad masa-~level which carries the Pleistocens
sands and gravels. The resulting incision of the drainage pattern
has given deap wide valleys and canyons separated by masa remmants
or sharp edged ridgss which have been reduced somswhat below the
table=~level. The nature of the dissected material has played a very
large part in the development of the type of erosional features now
seen. Dup to softness the materials have yielded readily to rain
wa.sh, producing large wide canyons with steep walls. The Santa
Margusrita(?) deposits are weathersd into pyramidal or conical shgped
~ hills having generally a side slope in accordance with the angle of
repose of firly loose materials, and also sharp cliff faces where
cutting has proceeded too rapidly for surface weathering. The smsaller
and narrower canyons are strikingly smooth and V=ghaped, in contrast
$0 the characteristic badland erosionsl features developed in the

neighboring Monterey(?) sediments. In the latter series the hetrogeneous
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mixture of fine and coarse sediments, cemented with a soluble material
probably in part gypsum, has yielded even more rapidly to rain wash,
producing caverns and pinnacles like those often found associated with
arid erosion.

During the period of terrestrial acoumilation in post~Santa
Marguerita time faulting elevated the Mount Pinos block high above
the surrounding region. Ths overlying sediments were then subjected
to erosion and contriobuted largely to the fomation of ths earlisr
land-laid beds of this interval. Later erosion of the granite and
schist fumishsd the materlials for the more recent accumlations.
The faulting mey have taken place during a large part of the Pleistocene

and may have continusd into the Becent period.
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VERTEBRATE FAUNA

Occurrence

The zone in vwhich the vertebrate fossils were fpund lies
near the top of the formation tentatively recognized as the Montersy.
The material is scattered through these upper beds from a point ap-
proximately one hundred feet below the brown gypsiferous clay member
of ths Sants Marguerita(?) to & lsvel at least several hundred feet
lower. 'Bhé occurrence of the foseil remsins is not srarply limited
to a definite horizon, but apparently thins out gradually near its
upper linits and is mors cbncentrated in the upper rerts of the
forme.tion. The material 1s very scattered in the lowest levels ex~
rosed in the ravines adjacent to the northern portion eof Apache
Canyon, but the still lower horizons represented on the noarth side
of Quatal Canyon have not as yet been investigated.

The following is a faunal list of the types represented in

this collaction: , Q,ij

Perissodactyla . &
Protohippus, sp.

Artiodactyla
Merycodus, sp.
Procamelus 7
Orsodon ¢

Rodsntia 7
Otospermophilus stooki,n. sp.
Perognathus furlongi,n. sp.
Hypolagus apachensig,ns sp.

Proboscidea
Tetrabelodon ¢

Pastudinata
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Bvidenca of Age of Fossil Bearing Strata

Physicgle~ The ags of the faunal horizon may be determined
on the basis of two types of evidence, (1) ths corrslation of the series
with the known Tertiary record by ths stratigraphic method, and (2) the
stage of development and relationships of the vertebrate fauna.

The correlation of the deposits on the basis of physidal
avidence involving the areal mgpping of the formations can be estab-
lighed through the intervening region bestween that in mlc.h the ver~
tebrates oécur and the area studied by English (1916, ppe 191-215)s Om
this basis the fomsations have been identified in the foregoing work.
English has correlated the formations om the two sides of Cuyama Valley
on the basis of the regional structure. In the determination of the
formation as Monterey(%) difficulty arises as a result of dissimilarity
in lithology between the two sides and the apparent absance of an inver~
tobrate faung In the deposits exposed on the east side of the valley to
check withe The supporting evidence lies in the careful study of the
structure and the occurrance of a basalt flow in ths upper mrt of
. the Monterey(?). These basalt flows, according to Exnglish, are rather
characteristic of this horizon at a number of other places, particularly
in the Calisnte Range to the north of Cuygnxa Valley vhere they are as~
sociated with the uppsr beds of the Maricopa Shales.

Biological.~ The presence of Protchippus in the fauna suggests

an upper Miocene or lowsr Pliocens age. The stage representsd by the
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teeth found in the Cuyama degposits is at least well up toward the top
of the Miocane; end in view of this occurrenos it is possible that

the thick saction of strata referred to as Santa Marguerita(?) is in
pé.rt at least lower Pliocene rather than upper Miocense in age. 4 more
complete céllection may ultimately demonstrate the presence of such
forms as Merychippus or Hypohippus on the ons hand, or of Hipparion or
Pliohippus on the other. Were the presence of the genus Merychippus
determined as a result of further work the time relationships of the
deposits in wvhich the vertebrates occur as at present recognized would
be approximately correct.

The presence of a large number of specimens beslonging to
Mexyoodus does not aid materially in the finer age distine tions because
ths group as a whole has not changed sppreciably within the limits of

)
the period designated by Protohippus. Furthermore, the absence of suf-
ficiently complete hornwcore mterial makes a spscific detvermination
of the formm difficult, if not impossible, egpeciglly in referring to
other forms which have been described on horn-~structure.

The validity of making an age determination on the basis of
_ evolutionary features of the Leporidae has not been established, but
a consi&eration of the characters presented by Hypolagus gpachensis with
regard to forms described from other mampel horizons adds to the eyid.ence
in favor of considering the age as perhapé late Miocena.

The presence of mastodon material places ths siage above ths
middle of the Miocene, this being in sccordance with the view that the

Proboscidea did not reach North America from the Old World until ths

middls of this period.
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-Correlation of Fauna

in 8 comparison of the vertebrate fauna from ths Cuyama
region with .assemblages known from other Pertiary deposits of the
Great Basin and Pacific Coast provinces, it is noticed that thers is
a rather small émount of protohippine material rocordsd. In several
of the#a cases the form is doubtful, but in all, the genus tends to
fall closs to the Miocene-Pliocene transition. The presence of
Protohippus and the apparent absence of Merychippus suggests a stage
oclose to the uppsr limits of the Miocene. The Cadar Mountain
(J+Ce Morriam, 1916, pps 161-198) and Barstow (J.C. Merriam, 1919,
DPDe 473-585) faunas contain a questionable Protohippus associated vith
merxghip;gg s and Hypohippus, and both assemblages have been regarded
as upper, if not uppermost, Miocens in<age. Protohippus tehonensis
is also recorded in association with Hipparion from ths Chanzoc
(JoCo Merriam, 1916, pps 111~127). This assemblage has been regarded
as lower rliocené in age.

The Cuyama faunal horizon seemingly corresponds stratigraphi-
- cally to the "Big Blue" or "Rainbow beds" of the North Coalinga region
{JdsCe Merriam, 1915) in its relation to the overlying Santa Marguerita{?),
but in this area Protohippus(?) is record.gd from beds determined as the
lower Etchegoin or Jacalitos and lying above the Santa Marguerita.

Protohippus(?) at this logality occurs above Nechipparion amd below, or
in association with, Pliochippus coalingensgis.
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The Mint Canyon seriaé has yielded Parashipmis, Jﬁe chippus,
and a protohippine form and is of middle or uppsr Miocene age. Ths
close prox:hﬂity of the latter occurrence to the Cuyama Valley region
will undoubtedly fumish in further work an interesting correlation
problem in both geology and paleontology. At present it would appear
that the Mint Cenyon horizon is somewhat older, this relationship
being based on ths ooccurrence of Merychippus, Parshi , and Miolabis
in the Mint Canyon faunsa.

The Great Plains (H.F. Osborn, 1918, p. 128) region has
contributed a considerable number of individuals and species belong-
ing to the genus Protohippus, mrticularly in Nebraska. The Republican
River localities have furnished three distinct species in ths
Pliauchenia~-Paraceras zons, wrich is probsbly lowermost Pliocemns.

In the Snake Creek group Protohippus has been recorded from one of

the upper zones apparently in association with Hipparion and possibly
Pliphippus. In the following deposits of the Great Plains regarded as
lower Pliocene (or upper Miocens) in age Protohippus has been found in
_association with Procamelus and Hipparion: (1) Uppsr Pawnee Creek beds,
Coloradé, (2). Qlarendon formation, Texas, (3) Little White River for-
mation, South Dakota, and (4) the Niobrara River formation in Nebraska.

Should additional field work in .the Cuyama area result in

the discovery of more snd bstter preserved equid material the age and

relationships of the ococurrence would perhaps be confined within
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narrower 1iﬁts. The presence of Hipparion would tead to bring the
fam into cloés time relation with the Ricardo, or the presence of
Mgz_'xchipp_q‘ §“\would. suggest an agé close to ‘cﬁat of the Barstow, inas=-
much as the remaining forms, when comparison can be made, are common

to both stagas.

Description of Material

Protohippus, Sp.

Rema ins of members of the family Eguidae include s number
of upper and lower teeth and several elements, for the most part incom-
plete, of the skeleton.

'In most of the upper teeth ounly a portion of thavcrovm is
presaerved, making a specific determinapion rather d.ifficuit. The se
teath appear to belong to the genus Protohippus as suggested by the
size, shape, and enamel pattern. The size of the limb fragments
suggests a typs intermediate betwesen the merychlppine forms of the

middle Miocene and the equif species of the Pleistocena.

The Cuyama form resembles somevhat the P. perditus group
of the Great Plains region except for the cross-section of the upper

teeth which is somewhat larger in the former than in the latter. A
rather advanced. stage in the development of the protohippine horses
of the Cuysma msy be indicated by the size of the teeth, in which

respect an approach is mede to the genus Pliohippus.
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Mogsurgmontse~

Pransverse JAnt.-postarior

width width Hoighth
Loft upper molar Noe/7 247 om. S.l om. 3.5 ‘Gll.
Left upper molar Noe2¢0 245 (approx) 2.6 3.3
Loft upper molar or premolar No.2/ 2.7 (¢) 249 44,3
Left B2 (?) | Noe22 242 (approx) 2.8 4.3
‘Right uppsr molar N0e23 249 247 3.1
Right M3 (?) Hoe29 243 7 2.0
Right upper premolar N0« 26 246 (approx) 2.9 | 543
Left lower tooth No.2L 1.8 246 33
Right lower tooth No.27 1le4 2.6 4.8
Right lower tooth No.28 1.5 246 3.6

Merycodus, SDe

The merycodont antelopes are among the more common types
represented in the faum. The material consists of numerous scattered
teeth in jaw fragments, parts of limb bones, carpal and tarsal elements,
vertebras, and many small fragments of horn-cores. There is also ons
partially pressrved simll with lower jaw amd several assoc iated marts
of the skeleton belonging to ome individual and collected at a

locality in Apache Canyon. The skull of this individual is small,
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although it does not represent a particularly young animal since the
sutures are all indistinct. In addition it is without horns, and
there is no svidence of its ever having possessed any.

It is difficult to compare this material with that which has

been described from other late middle Tertiary occurrences inasmuch as
the proportions amd attitude of the horms has playsd a large pert in
distinguishing the various spscies, and the most complete specimsn from
the mresent occurrence is the individual without horms. Pisces of horn
which have been found are too fragmentary to be of value.

In size, a character of doubtful value, the form seems closer

to M. nacatug of the Barstow than to M. furcatug of the Ricardo

Procamelus(?), 5D«
A portion of the symphasis of a lower jaw, two astragali,
and seversl small fragments of limb elements represent the osocurrencs
of camele. At present the nature of the material does not yermit of

a definite generic identification.

Oreodont{?), spe
The presence of oreodons in the fauna 1s suggested by a
portion of the maniible mear the ascending ramus with only roots of the
teeth showing, also by & few teeth, and possibly by a number of 1imb

fragments which have been assigned to this group.
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( W |
Order Rodentis /@xﬂ”‘d

Family Sciuridae

In describing the fossil sciurid material from the Cuyams
an attempt has been made to determine the structural chafactars of
the skull and dentition distinguishing the recent squirrels, Sgiurus,
Otog_'gem philus, and Citellus. The recognition of thess types by
modern mammalogists is frequently based on characters othsr than those
available to the paleontologist, and question may be raised as to the
val idity of the reference of fossil forms to Otospermophilus unless
the structural features which ally the former with the modern tyve
can also be employed in distinguishing Otospsrmophilus from other live
ing sciurids., In the following description an attempt is made to
determine the structural relationships of the three living genera.

Siull.- The ratio of dorso-ventral depth of the rostral
region to ‘lateral width is much greater in the case of Sciurus than
in either Citellus or Otospermophilus. A pair of fossas posterior to
the incisors, but anterior and somewhat lateral to the anterior pala~
. tine foramina are conspiouous in CGitellus and Qtospermophilus, but are
indistinct in Sciuruse The infra—-orbital foramina in Sciurus are
considerably anterior in position witﬁ referonce to B3 and have a
rather smooth unprotruding lateral n‘argin., wheraeas rin Otospermophilus
the foramina are less advanced in position and the outer msrgin pro-

trudes laterally and downward. In Citellus the foramina are still
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1@ ss advancet in po sition, more rounded and show a very pronounced
lateral devéloﬁmemt of the external margin. Moreover, there is a
greater lan%iero—postarior inflation of the bullase in Sciurus and
Qtospermophilug than in Citellus. In addition there are a number
of other skull characters of lesser importance which assist in dis~
criminating the three forms.

‘Mandiblee~ In the lower jaw the depth of the rams is
much greater proportionately in Sciurus than in either Otospermophilus

or Citellus. Excepting size, no noticeable character distinguishes

the lower jaw of QOtospermophilus from that of Citellus.

Upper Dentitioﬁ.- P3 is simple and rudimentary in Sciurus,
but larger and stronger in Otospermovhilus and Citellus, having a
very pronounced bifid cross—section J.n the latter. The uppsr molars

with

=% ]

and P4 of Sciurus are somewhat quadrste in form, particularly Ml
low cusps and shallow basins. In Otospermophilus the teeth are soms-
what less gquadrate than in Sciurus with cusps more pronounced, whereas
in Citellus these teeth are decidedly triangular with the intermal apex
- angie mors sharply formed. The cusps and ridges of the teeth in
Oitelius ars very well dsfined and ths valleys ars mors desply impres—
sed tham in the other forms.

Lowsr Dentition.~ In Otospermophilus the teeth approach
Sciurus in their shallowness, withvthe two outer cusps protoconid and

hypoconid, of equal height in practically all stages of wear, whersas
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in Citellus the internal basin is deeper and the protoconid is better

developéd fhan the hypoconid unless the tooth has been subjscted to

considerable attrition. This tendsucy on the part of the protoconmid

to increase in size aids in the formsation of a high transverse ridge

connecting with the paraconid.

This ridge is not well developed in

Otospermophilus, nor is the paraconid as conspicuous as in Citellus

when teeth of eguivalent stages of wear are compared. Furthermore,

the two anterior cusps in P4 of Otospermophilus are closer togethsr

than in Citellus. In the latter genus the two cusps are spread out

$0 form g ridge giving this premolar a shape similar t that of the

succeeding molars.

To recapitulate, the following characters distinguish

Otospermophilusg from Citellus and from Sciurus:

A. Otospermophilus from Citellus

1. Infra~orbital foramina are more advanced in
position with opening not as circular.

I1. Breater antero~posterior inflation of bullas.

I1I. Dentition:

Le

2e

e

4.

P3 not bifid in cross—-section.

Molariform teeth more quadrate, less
triangular in shape.

Cusps of teeth laess pronounced and
have shallower basins.

Protoconid not large and equal in
he ight to hypoconid.



36

5.

6.

Te

Paraconid less developsd.

Protoconid and paraconid do not form
an anterior transverss ridge.

P4 has anterior cusps clossly ap~

vrossed rather than spread apart to
fom g ridge,

Be Otospermophilus from Sciurus

I. Less depth of rostral region in proportion

to width,.

I1. Prominence of fossae posterior to superior

incisorse

III. Infra=-orbital foramina not as anterior in
position and outer margin has a lateral and
downward develoymmente

IV. Less relative depth of mandible.

Ve Dentition:

1.

2e

Se

4

Citebhs c;»wmw@

Otospermophilus stocki, ne spe

P3 less rudimentary.
Molariform teeth less quadrate.

Cusps of teeth more pronounced and
basins despsr.

Paraconid more developsd.

Type specimen.~ Nos 3¢ C.I.T. Colle Vert. Pale., a skull

aQ and dower Jow

including superior dentition from locality 4 § in Quatal Canyon eight

miles east of Cuyama Vallsy.

Q_Q:&ms.."' Nose. 3’ ,32, 331 "’3‘)‘
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Spacific characters.- Broad muzzle with strong dorso-

lateral ridges‘para.llal to incisors and lower jaw having a short
diastemarwii‘th curve of superior surface shallow. Molariform teeth
guadrate, low cusped, an'd ghallow basined with the interné.l cusp on
suparior testh ﬁartially divided, and lower teeth having ridge with
entoconid disconnected from paraconid.

Matverisle.~ This form is represented in the collection of
the California Institute by a series of eight specimens which may be
listed as follows:

Upper jaw No. 30, consists of the anterior part of the skull
with the larger portion of the superior dentition. Nose30 and 30
are right and left ramii, respectively, of the lower jaw which ware
found in association with No. 30 and _érobably belong to the same
individual. Noe. 34 is a more fragmentary upper jaw without teaeth.
Nose 31 t0 33 are lower Jaw fragments carrying from two to four teeth
apiece.

Description.~ The skull is characterized by an extremely
"broad muzzle with the premaxillaries formming a considerable part of
the dorsal surface wall towards the anterior end. A strong dorso-
lateral ridge extends parallel to the incisors from the zygoma to the
nzsal opening., In the living forms this ridge is only faintly
demarcateds The width of the ventral surface of the skull is also

very prounounced in the vicinity of the anterior palatine foramina.
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The fossae posterior to the incisors and antero-lateral to the
foi'amina are iarge as in many ground squirrels. The ventro-lateral
margins of the infra-orbital foramina are developed as in
Otospermophilus.

The lower jaw has a rather short diastems which is shal low
in that it does not drop much below ths level of the bagse of the teath.
The depth of the\ mgndible below the grinding teeth is small, this
being a common characteristic amomg ground squirrels. The masseteric
foésa terminates anteriorly below the middle of Ml.

P3 is very small and simple, much as in Sciurus. The superior
grinding teath are quadrate in shaps, rather low cusped and shallow
basined as in both Sciurus and Qtogpermophilus, and differ somewhgt in
these characters from the comparable testh in Citellus. The posterior
ridge rumning transversely inward from the postero-lateral cusp (metacone)
in teeth present in Woe. 30 1is slightly concave anteriorly as in Sciurus.
Also it is noticeabls that ome or two intermsediate cusps ars present
on the outer rim between the paracons and the metacone in several of
the tae th. The most characteristic feature in the upper dentition,
however, is the division of the internal cusp in each tooth into two

equal and closely appressed cusps, adding to the rectangular appesarance

of the teeth. These cusps are completely umited in all Recent geunera.

The division of the cusps is a primitive character and is commounly



. 39

'prese'nt}in the Bocens and early Oligocene Ischyromydias, which family
is regarded by‘w. D. Matthew (1910, ps 64) as ancestral to the
Sciuridae.

The lower teeth increase in size from P4 to M2 and are rudely
rec‘tangular‘ in 'ghape, except P4 which is somewhat triangular dus to the
appresSed Qosition of the two anterior cuspse. In this respect Noe
corresponds closaly to Otospermophilus and S¢iurus, but is removed from
Citelluses The teeth have low well defined cusps and rather shallow
basinse The postero-internal ridge is sharply disconmnected from the
paraconid and carries a rather well developed entoconid which is more
like that in Sciurus than like that in either of the ground squirrels
discussed. The paraconid is slightly higher than the remaining, equal-
ly elevated cusps, and in this respect ‘approaches both Sciurug and
Otogpermovhiluss The paraconid doas nct tend to form an anterior

ridge as it does in Citellus.

‘Relationshipse~ On the basis of the material availablae

Otgspg_ rmophilus stockl appears to represent = stage in or nsar the
"1line of descent of the growmd squirrels. MNoreover, it appears that
the form resembles the Recent genus QOtospermophilus more nearly than
it does any of the other sciurids. On the other hand, Otospermophilus

presents characters midway between Sciurus and Citellus, and inasmuch

as the Cuyama specimen possesses features in which Q. stocki mekes an

aven closer approach to Sciurus and its gncestors than 4o the Recent
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speciaes Q"i‘ thd genus to which the fossil was referred, one may be
warranted in aséunﬁng that Otospermophilus branched from the Sciurus
group ;nfpost~Eocené tims and presumably px;ior to the upper Miocene.
Citellus with its close relationships to Qvtosgernioggilgs ainong the
Recent forms may have diverged fram Otospermophilusg somewhat later,
develc)ping to a larger extent those characters which separate the
latter genus from Sciurus.

The present fossil differs from Q. gidleyi, recorded by
Je. C. Merriam, Chester Stock, and C. L. Moody (1925, ppe 68~69) from
the Rattlesnake fliocene, in much shallowsr depth of mandible in
proportion to the length, in greater development of the eantoconid,

and in & lesser elevation of the paraconid. In the proportions of

the ramus Q. gidleyl resembles more closely Sciurus than the form
under discussion, but in dentition it is more advanced than the latter

and shows characters closer to the Citellid group.
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Medsurements.=

O.stocki S.grigseus O.bescheyl C.richardgonii

Skull:
Depth of muzzle immed=-
iately in front of

maxillariss 1043 mme 15,6 mm, 11l.3 rmm. 10.0 mme
Width of muzzle 1447 ' 12.7 11.6 2.9
Length of diastema 1l.4 15,7 15.3 1246
Width of palate between ‘
ML 8.2 , 8.1 Be2 746
Dentition:
P_._'.’:_-M_B_ 1045 (a.pprox) 1146 ) 11.2 10.6
Antero-posterior diam.
1 3e4 (approx} 3.6 2.8 240
P4 240 23 240 1,9
M1 2.3 2¢9 23 2.0
M2 23 3el 245 2.0
M3 343 2e7 2e7
Lateral diamster
I 1.9 2.0 3.8 1.6
P4 2¢5 Lo 27 2.7
M1 Beb 33 Se2 3.0
M2 247 346 3.2 - 340
@ ’ 303 3.0 208

Length of palate fram
incisors to post-

palatal notch 2449 307 2863 25.2
Mandible: _
Depth of ramus under M1 7.3 1045 840 7.5
Length of diasstems 646 8.2 9.6 8.0
Dentit}_‘onz
P4-M3 10.0 1240 11.0 9.5
Antero-posterior diam.
I 3ol 348 2.6 2.2
P4 149 242 241 149
M1 240 248 243 240
u2 2e4 340 248 2.2
M3 3e2 | Beb Bed 3.3
Lateral diameter
1 146 led 1.6 1e5
P4 1.8 244 245 2.4
ML 245 3.3 3.1 2.6
M2 267 3e5 3.3 3.0

M3 2.7 3.2 3.1 2.8
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Parognathus ﬂirlongi, Ne SPe

Type specimene~ No. 35 C.I.T. Coll. Vert. Pale., a frag-
mentary skull including superior dentition, from Locality in s

ravine adjacent to Apache Canyon eight miles from the Cuyama Valley.

S;g_ggific characters.~ The dorsal surface of the muzzle is

broad wh’.th,the naso~frontal suture anterior to the suture batween

premaxillary and frontale. The maxillary is broad betwsen the teeth

and the diastema is rather long. The tooth line is not straight but
tends to be comvex outward. Teeth have external convex surfaces and

deeply infolded enamel.

Comparison.~ Oompardd with Recent species the teeth of this
fom are somswhat less prismatic, each haviang a strongly convex external
surface. The infolding of the enamel in Ml and M_g is deeper in No.
Vthan in Recent speciss, allowing for differences arising from the
inequality of wear in these teeth. The fold in each of these two teeth
is impressed well through the convexity of the outer side, giving the
vary base of the tooth an Indented outline.

The paledntological record of thé pocket mice is very incom-
pletely known. Dre. L. Re Dice (1925, p. 125) notes the occurrence of
forms referable to the Recent subspecies P. californicug californicus
Merriam at Rancho La Brea. Matthew (1924, p. 85) has described the

type Peridiomys rusticus from the lower Snake Creek beds of Nebraska
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and places the genus in the family Heteromyidas. Peridiomys appsars

to pe closely related to Perognathus but unfortunstely no comparison can
be made ﬁvit;h the Cuyama specimen ingsmuch as Matthew's description was
based on a lowar jaw.

Porognathus furlongl is surprisingly similar to living species
of the genus, considering the wide geparation in time. Although the
form is more primitive in & numbsr of characters there is notable cor~
respondence in many points. This type fumishaes apparently snother
example of the stability of structural characters exhibited by groups
of rodeunts in their evolution during the later Cenozoig.

Mogsurementse~

Width of muzzle dorsally 4¢9 mm.
Width of palata at anterior palatine
foramina 2e7
Length of diastema 7.1
Depth of muzzle midway sbove medlian point
in diastems 6.2
Width of mlate between ML 248
Dentitions
P43 4.1
Antero-posterior widths of
1 led
P4 le6
ML 0e9
M2 0.8
M3 047
Lateral widths of
1 0,9
4 1.2
ML 143
1z 1.2
M3 0.9
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Hypolagus?apachensis, s SPe

Pype specimene=~ Noe3( C.I.T. Coll. Vart. Pale., a loft

ramus of the mandible including inferior dentitiom without incisor,
from Locality in a ravine adjacent to Apache Canyon eight miles

from the Cuyama Vallsye.

Go=types.- Noge G783 ~39

Specific charagterse~ Size smaller than in other species

refarrsed to _I_Iy;D_Q_Lg._gg_. The antero-posterior and transverse dlameters
of lower molariform teeth are msarly equal. P_-é is w1l rounded with
postero~external re-entrant fold simple and extending nearly half way
to internal margin, and antero-external re-entrant fold shallow and
V~shaped. External surface of E§ shows longitudinal groove throughout
tooth length.

Materisle~ Tha form is represented by approximately fiffeen
lower jaw fragments retaining from ome tooth to a full set of grinding
teeth. Ons fragment, No. — , consists of the diastemal ragion with
the base 6f the incisor and P8. There is also & cheek fragment,

No. 37 , with parts of P2, P3, P4 and K .
Dasg fiptiog.- The form compares favorably in dimensions of

lower jaw, as far as known, with living species of Sylvilagus. P4 to M2

inclusive have a fairly simple external fold extending practically to
the internal margin, dividing each tooth into two joining colums.

P} is a well rounded tooth with postero-sexternal re-entrant fold simple
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and. extending nearly half way fo the internal margin. The antero-
external re-enf.rant fold is shallower amd V-shaped. Tne intermal
surfacs .of‘vtha tooth is not evenly rounded but has 2 slight yet
definite concavity or groove throughout the lsngth of the tooth, 1In
ons of the jaw fragments, Ho.3J , If;is more elongated antero-
posteriorly and shows two such councavities. This specimen may be
specifically different from the rest but a separation does not appsar
to be justifiable on the basis of the limited material availabls.
M3 is g double-columed tooth with the division taking placs as a
result of the extension of the re-entrant folds from both the internal
and external surfaces towards the middls of the tooth.

The upper tooth row is fragmentary, but P2, which is somewhat
broken, is elongated laterally and shm‘nrs a pronounced anterior fold with

enother incipient fold external to it. P3 and Ml inclusive are simple
tosth with an intermal, slightly flexed fold extending a little past
the middle of each toothe. The external surfaces of these teeth are

folded inward but not deeply.

Comparisone.~- The Cuyama form differs from the type speciss,

Hypolagus vetus (Kellogg) (1910, pp. 436~437, and see also L.R. Dioce,

1917, pp. 181~182) from the Virgin Valley iiocene of Nevada in smaller
size and in the character of the teseth. P} has a less triangular shape,

& more convex posterior surface, and a slightly sharper and deeper



46

antero~external re-entrant asngls. H. vetus does not have the concavity
or groove on the inner surface of this tooth. P4 to M2 are broader
a:ntero-posteﬁorly in proportion to their trausverse width than they
are in H. vetus, Also, the uppsr teeth have a simplsr, less serate
internal fold than in the type spescies.

The species differs from H. edensis Friok (1921, p. 348) of
the lowar Pliocene Eden beds, in having a considerably shallower antero-
external re-ontrant angle of P_§, and a more posterior position of this
infolding. In H. edensis the fold is more mearly on the anterior sur-
face of the tooth, and has changed materially the whole appearance of

the tooth, giving 1t an appearance like that in modern forms.

The Cuyama form also differs from Lepus macroceovhglus Matthew
(1907, ppe 214~216) from the Upper Rosebud of South Dakota in much
shorter lsngth of diastema in proportion to depth of jaw and in length
of lowsr tooth row. Also, L. macrocephalus is a distinotly larger

form, although not much larger than H. vetus. Dr. Matthew in & later

paper (1924, pp. 85-87) refers this species and L. primiceneous

- presumably to the genus Arocheolagus.
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lMegsursments.-

He_ apachensis Hevetus H.edensis L.macrocephglus

Depth of lower jew

below P4 9¢6 1mm, 1340 mm,
Length of diastems 1242 14,1 mm. 15,0
Dentition:

P2-M1 8.0

P3E-13 11,0 1547

Antero~-posterior diam,

B2 1.1
P3 (superior 1.5
P4 dentition) 1e7
L 147
Pransverse diameter
P2 1,9
PS  (superior 249
P4 dentition) 2¢8
M1 2.6 (?)
Antero-posterior diam.
I 1.5 1.9
¥3 (inferior 23 249 2e4 1M,
P4 dentition) 2.1 2e7
ML 240 2ed 20
M2 240 246 2.1
M3 15
Pransverse dismeter
I 2.0 24D
P3 (inferior 240 2.8 2.1
P4, dentition) 2.2 L)
M1 2.1 Jel 2e82
7] 2.1 248 2.2

M3 led
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Tetrabelodon(?), spe
Several tooth fragments have been collected whigh
undoubtedljr belong to the mastodon groupe. The matsrial probably

represents the Tetrabelodon or Trilophodon stage, although nothing

of the jaw structure can be inferred from these fragments.

Testudinate Remains

Tortoises are represented by a nearly complete limb bone

and a large number of carapacs and plastron fragmentse.
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