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SUMMARY

The Merychippus zone oecursg &b the top of the Temblor
sand etones on Domengine Creelk, twelve miles north of Coalinga,
daiifarniaa The feaune Includes a significant rewesentation
of wgulates anl carnlvores, with the Eguidse fer cubnumber
iang all obher forms.

The stratigraphic position of the Meryehippus zone in
the Tertlary marine series, exposed on the west side of the
San Josquin Valley, lies within 2 zone whose assizyment elther
to the middle Wlceene Tenmblor or the upper Miocene Nonterey
15 at present disputed smorng geologilsts femilier with the area,
That its position is ¢lose to the dividing line between Temb-
lor and Monterey is deemed significent for this report. In
its stage of evolution end in its relationships with Tertiary
asgemblages of the Great Basin Province, the fauns of the
Meryohippus zone occupies a posibion Intsrmedisbe betwsen the
niddle Miocene Masocall of eastern Oregon and the upper Mio-
cene Barsbow of the Mohave Desert.

A study of the oceurrence of the material leads to
the conclusion that the aceurmlation of fossil remains ook
“z_alace in the foreset portion of & delta of a large river, where
remaing of land mammals were mingled with those of mrine
vertebrates. The suggeation is maede that during the period
of accumulabion of the deposits and of the organic remains,
the land ares contribubing this material was one of low re-
lief and characterized by a reinfall of spproximately 30 ine-
ches. The fauna is deseribed in debail.
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THE FAUNA OF THE MERYCHIPPUS ZONE NORTH OF
| COALINGA, CALIFORNIA
by
Francis D. Bode

INTRODUCTION
The fauna from the Merychippus zone, north of
Goalinga, California, was first described by J. C. Merriam™-

T
Merriam, Je Ga; Iransg. Amer, Philos. Soc, ¥ He S-‘;
vole 23, 1915. '

in 1915, The assemblage as listed by Merriam included four
genera of mammals, namely, Mexychippus, Prosthm ps, Lrocamelus,

and Tetrabelodon. As recognized by Dr. Merriam, the discovery

of remaing of land mammals in the marginal marine series of
California possesses particular significance as furnishing
an important aid in determining the time relationships be-
tween the marginal marine deposits of *She Pacific Coast and
the continental formations of the Great Basin and Great Plains
areas of North America. The presemt studies were initiated,
therefore, with & view to enlarging the fauna from this horizon
and to establishing more acourately the time relationships of
the assemblage. Moreover, it seemed desirable to ascertain
| fuller information conecerning the condit ions of accumulation
of the fossiliferous depcsits md of the ecologic conditions
under which the fauna existed.
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Field work was condusbed hy the California Institute
of Techmology from 1928 fo 1953, with the exception of the
summer seasoms, Mueh of the fossil maberial on which the
pregent report is based wms obbalned by the late Z, R. Inglee.
A study c»i‘ the assenblage from the Nerychippus zone was
sugresbed by Dre Cheglter Stoek, to vhom the writer is in-
debted for helpful sugeesbions in the course of the iaves-
tigat ion, Dr. R, Ds Reed furnished valuable infoarmabion ree
gardinz the stratigraphiec position of the Merychippus zone
in the marine Teritisry section exposed near Coslings and in
oll well sections of the north dome of the Ketbtleman Hills,
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GEOCGRAPEIC LOCATION

The gmeographlic losation of the Merychippus zone with
reference o knomwn occurrenses of continental deposits of
Miogcene age in California and The Greabt Basin Prmrimé is shown
on the aceompanying choart. The horizon from wiich the fossil
material was obtained is located on Domenzine Creek, on the
east flank of thé Disblo Range, twelve miles north of Coalinga,
California, and approximately btwenbty~five miles northwest of
the north dome of the Ketbleman Hills, The Diablo range,
bordering the San Joaguin Valley on the west, is comprised
of a series of sedimentary rocks, more than 25,000 feet in
thickness, representing formations which date from Jurassic
in the genter of the Range to the Recent alluviuom in the
Valley along its flank. With exception of the Gaalinga
anticline, six miles south of the fossil locality, the
gediments along the front of the range dip reguiarly off
the flank with & sirike more or less paraliel to the San
Joaquin Valley. Domengine Creck ig an intermitbtent stream
flowing sastward down the flank of the Diablo range and
dischargen wpon the usually dry floor of the San Joaguin
Valley. Its general course is perpendlonler to the sirike of
the sediments, but at a point four miles Lfrom the mouth the
gbream turng and flows soubh along the strike for nearly one-
quarter mile, thence resuming its easberly direction.

The fossiliferous beds of the Merychippus zone ouberop along

this north=south course and the type locality occurs on the
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eaat bank of Domenglne Oresk ab an clevation epproxzimately
Tifty feet adove Lbs bed.
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OCCURRENCE

The original material described by Merriam from the
Merychippus zone was obtained from sandstones and conglomerates,
two to three feet in thickness, lying at the top of the middle
'ﬁioaene Temblor section on Domengine Creek and immediately
below Miocene beds known locally as the "Big Blue". This
field loeality has been recorded in the catalogues of the
California Institute of Technology as No. 108. The major
portion of the material obtained by the Ingtitube was coll~
ected from pockets ax_this game stratigraphic level. In
addition, however, a considerable quantity of material was
collected at a point farther south along the sbtrike of the
beds and approximabely twenty feet stratigraphically below
the level of locality 108. This loeality i1s lmown as No.
129, No differences have been noﬁed‘batwuen the two assem-
blages. The position of locality 129 in the series gives
added reason for regarding the Merychippus fauna as oceurr~
ing within the Temblor as indi cated by Merriam and not in -
base of the Big Blue.

The sediments of the upper one hundred feet of the
Temblor inerease gradually in coarseness as they approach
the Big Blue contact, the deposits changing graduslly from

alternating shales and fine sandstones, to sandstones, and



then to coarse sandstones and pebble conglomerate lenges,
Throughout the upper twenty feet cross-bedding is visidle

in the sandstone. 'mhe three feet of sediments underlying
the Big Blue consist for the most part of sandstones con=
taining lemticular pebble conglomerates. Here the lenses
are numercus and give a false appearance of a continuous
bed. Closer examination reveals, however, that none of them
extends along strike for more than twenty feat. Their con~
tinuous appearance is due largely to their abundance, Exea=-
vations show that the average width of these lenses, down the
dip, is usually equal to one~half their length along the
strike, giving them a lateral ellipsoldal area with an elonga-
tion approximately in the direction of sbtrike, Frequently
small pockets of clay are found within and underlying the
conglomerates. Clay pockets not associated with pebble
lenses have also been observed. While fossil mammalian re-
mains are found scabtered throughout the upper hundred feet
of the Temblor, the material does not become abundant unt:il"
within twenty feet of the Big Blue conbact. At this level
the material is usually concentrated in the conglomerates
and 1s most abundant at the top of the sea‘ﬁi{;\m Here the
number of horse teeth frequently exceeds that of the larger
pebbles., Small concentrations of specimens have also been
found in clay pockets nob associated with the conglomerates.
Fossil material has been found northward from the lower bend
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on Domengine Creek to a polnt where the fossiliferous

strats disappear under the grassy mantle of the top of &
ridge, a distance of nearly a thousand feet. Only seattered
-remains were found along the strike of the beds, on the south
and west side of Domengine Creek, In this direction the con-
g:!,t)merate, lenges dimsappear, leaving the Blg Blue in conbact
with sandstones. The zone of maximum conceniration has a
lateral extent elong the strike of approximately four hunde-
red feet. Ibts exbent in the direotion of the dlp of the beds
is unknown.

With the exgeption of three horse raml, the material
from the Merychippus zone consists entirely of scabtered
teeth and fragments of limb elements, Bubt few of ths teeth
show signs of abrasion, although many of the specimens ex_
hibit a tendency to shatter into meny fragments vhen removed
from the matrix, The skeletal material, on the other hand,
is usually so well rounded that few characters of taxonomie
value are available. The relatively compaet carpal and tar-
gal bones are the most numerous skeletal parts represented.
.in this collection the astragali for ocubtnumber other ele-
ments. As with the teeth, the skeletal material is assigm~
able principally to the Equidae., Upper limb mterial is
rare and is represented by one complete horse metapodisl and

a score or more of fragments of the wti@l&t@y portions,
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Among upper limb apecime‘hs., camel and horse are equally
well represented, offering & point of conbrast with re-
maining parta of the dteleton whidh belong chiefly to meme
bera of the Equidse. I’i'eaenea of rhinoceroses and of mag-
todonts is inlicated by remains of cheek~teeth., No large
limb material referable to these forms has been found.

Bone material of large size is completely absent in the de-
posits, the larger fragmenis never exceeding a maximum size
of four iInches. Sharks teeth are plentiful and are associs~
ted with an occasional tooth fragment of the aguatic mammal
Desmostylus in all the guarries. No skeletal parts of these
forms have heen found. Mud casts of a gastropod and of a
Jamellibrench were found in ome of the fossiliferous pockets
at locality 129,
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FAUNA OF THE MERYCHIPPUS ZONE

The following speclies are now recognized in the
collections from the Meryshippus zome:
Carnivora

Tomarctus 8p.
Aelurodon ap.
Amphicyon sp.
Hemioyon 8pe

Rodentia
Monosaulax? sp.

Proboscidea
Miomastodon or Trilophodon 8p.

Perissodactyla
Hypohippus sp.
Parahippus brevidens Marsh
Archaeochippus mourningi (Merriam)
Merychippus brevidontus Bode
Merychippus californicus Merriam

Bhinoceratid of. Aphelops

Artiodactyla _
Prosthenpps Sp.
Procamelus sp.
Oxydactylus? or Alticamelus? Sp.
Hiolabis? sp.
Blaatomeryx (Dyseomeryx) ap.

Marine vertebrates ag follows:
Cetacean remains
Desmostylus ofs hesperus Marsh
Selacim teeth
Cacharodon
Lamme,
Isurua
Odontaspis
Gymnodontidae



FREQUENCY OF OCCURRENCE OF INDIVIDUALS

Individuels assigned to the species Merychippus
galifornicus far oubmumber gll other forms in the fauna
from the Merychippus Zone, thils species being represented
in the collections by more tThan two thousand well preserved
che ek~teeth, At least five hundred additional teeth were
disearded because of their fragmentary preservation, when
the collections from the field were prepared in the labora-
tory. Moreover, many specimens, too incomplete to collect,
were discarded in the field, According to E. R, Inglee the
numerical relation of complete and incomplete teeth encounter-
ed to those ascetually shipped was well over five to one,

It appears safe to assume that more than five thousand teeth
were encountered during the progress of the excavations, On
the basis of the scattered distribution of the teeth removed
from the Merychippus Zone it seems likewlse safe to assume
that not all of the twenty-four cheek-teeth agsignable to
one individual are included in the collections, A reasonable
estimate of the minimum nurber of individuals obtained may
be placed at two hundred and fifty. The number of indivi-
dusls indicated by third upper molars of the right =ide is
one hundred and twenty. However, because of the teeth dis-
carded and the probability that not all individuals in the
colleoctions are remresented by the third molar, the former

estimate is regarded as being nearer the actual number,
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The number of individusls of species other than

Meryehlppus ealifornicus, has beou determined from the tobal

nunber of teeth in the collecbions after btaking inbto account
the size, shape, and stage of wear of sll teeth occupying
oprosite bubt cdmilar positions in the gkuvll or mandible.

The poseibility of duplication of number arising from counts
of lower and upﬁér teeth aotually represent ing the same in-
dividual has been teken iubo considerabtion.

With the exception of Merychippus californicus &ll
other species in the collection are represented by less then
one hundred teeth. The wolume of rock exeavabted to cbtain
the present collection was well over s thousand cubie yards.
Since the teeth were disbtribubed rather unifarmly through
this volume and over an area of at least six thousand sguare
feot, it seems likely that nob many of the specimens B'alang
to the same individual. In the case of all specles the nume
ber of individuals is probably a minimum. However, since
the same procedure has been followed for all foms and since
the number of merychippine teeth greatly exceeds that of all
obher forms, the relative frequency of oecourrence of_a&l
forma is consgldered to be essenbially correct.

- On the basis of present estimates that at least bwo
hundred and £ifty individusls of the species Merychippus
californicus have been found, the Egquidae comprise sevenby
per cenb of the btotal number of individuals collected from
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the Merychippus zone. The accompanying chart shows graphi-
6ally the representation of individusl groups, but for those
mammals in which relatively few individuals per species are
known only the size of the family is shown.
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Chart showing frequency of occurrence of individuals in the
fauna of the lerychippus Zone

Rodentia~\\\ Carnivora
/ //Hypohippus

Marine forms <—Parahippus

Artiodactyla

Archseohippus

Rhinoceorotidae

Marychippus brevidontus

Merychippus californicus
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MODE OF ACCUMULATION

The relative abundance of sharks teeth and the

presence of Desmostylus and of several other marine forms, |

indicates the marine origin of the deposits containing the
Merychippus zone. The preponderance of remains of land
mamnals, on the other hand, mggests that the accumulation
took place in an area close to shore, at a locality where
fragments of these forms were readily obbtainable. That the
sccumulation ocecupled a periodl of time of grealer duration
than a few years 1s suggested by the fact that the fossil
mat&rial is found distributed throughout the upper hundred
feat of the Temblor beds in the Domengine ereck section.
The gradusl increase in coarseness of the sediments, accom-
panied by a sinmllar increase - in concentration of fossll ma-
terial toward the top of the section may be intermreted as
indicating the approach of the land area. The Temblor secw
tion on Domengine Creek has a thickness of four hundred and
eighty feet, B8ix miles south, on the Coalinga snticline,
this formation has a thickness of approximately six hundred
feet®, In axial wells onm the north dome of the Kettleman Hills

&
G, C. Gester and John Galloway, Bull. Amer,., Assoc.
Petrol., Geol., vol, 17, 1180, 1933,

the Temblor has inereased in thickness Lo approximately Pift=-
een hundred faet.g This soubhward increase in thickness

:gﬁp. e¢it.
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suggests that the land area from which the materizl was de~
rived lay to the north and possibly to the northwest. The
northwest derivation of the materisl farming the Bilg Blue

may be regarded as carroborative evmenae}

.
Robert Anderson and Robert W, Paek, U, S. G. 8. Bull.,

As previously menﬁanea., the fossil matberial occours
a8 scabbtered bteeth and small fragments of liub elements bure
ied in ellipsoidal conglomerate lenses. It would appesar
guite likely, from the nature of the oscurrence, that the
fossil material accumulated on a sandy surface of the sea
floor over vwhich were soattered more or less ellipsoidal
pebbly areas. Within the latter and especislly at their
bottoms occurred small conceuntrations of mud. These areas
evidently lay in slight depressions on the floor, Appare
ently other small depressions contained only mud. Employ=-
ing the terms defined by @wanhafel,g the pebble conglomerates

B

Treatise on Sedimentation”, The Williams and Wilkins
Cos, 155, 1926,

are composed of @ heberovgensous mi:i:tnre of pebbles, gramules,
varying sizes of sands, and small quantities of mud. The
sediments exposed on the surface surrounding the pebble areas
were comprised mainly of medium to fine gzrained sands, ~ The
maxinmum diameber of the pebbles rarely exceeds one inch, al-
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though particles closely approaximating this size are numer~
ous in the upper three feet of the Tam’b).or sediments, In
the pebbly areas and infrequently in the few clay pockets,
fossil vertebrate specimens were fourd lodged between pebb-
les or were buried almost entirely in the clay. Inverte-
brate fossils are absent.,

Ag indicated by the presence of marine forms, the
surface on vhich the accumlation took place, lay submerged
beneath salt water. The maximum strength of the currents
during the periocd of deposition is indleated by the size of
the largest pebbles. These pebbles probably were rolled
along the bolttom, coming to rest ult imately in shallow de-
pressions on the sendy floor. The clay or mud within the
gravels may be regarded as material caught and probected
from further movement after sinking through the interstices
between the pebbles and coarse sands. Fossil materisl
rolled along the bottom would also become lodged between the
pebbles and thus resist further movement. The presence of
fossils of glightly greater size than the pebbles nmay be |
accounted for by the ltgwar density of this mterial.

In reviewing the types of deposits under which the
Merychippus zone may have accumulated, abt least four possi-
hilit.ias pregent themselves, These may be indicabed, with
regard to the environmental conditions under which they
are formed, as littoral, marginal lagoon, estuarine, and

delba sccumulations.



The stratigraphie position of the Merychippus zone
at the top of the Temblor, the type and distribution of
the sediments, and the thickness of the deposit may ’ée Te=-
garded as 'm‘d,i.cations favoring a littoral origin of the |
deposits. However, several features are opposed to this
type of origin of the Merychippus zone., While the absence
of marine invertebrate forms may have no significance, it
Seems more prkb’bahle from the presence of other mee ine forms,
that shell fragments would have been In evidence iIf the con-
eentration north ef Coalinga occurred under littoral condi-
tions, The deposits laid down under a littoral enviromnment
are largely the result of wave asction, ILack of abrasion of
moat of the fossil teeth from the Merychippus zone, some
specimens preserving intact their long, thin roots below the
base of the oerown, and the pe:é:t‘eot preservation of the de-
licate structures of small teeth as in Archaeohippus, are
gome features of the organic remains which appear tec mitigate
against the postulate of accumulation on a wave-pounded beach.
Moreover, it is difficult to conesive of large concentrations
of fossil specimens (horse teeth sometimes outnumbering the
pebbles), as forming on a beach,.

A "maprginal lagoon™ is o body of water partislly sepa-
rated from the sea by a bar or barrier beach, Sediments from
the land are brought in by fi'esh water and those :E‘rmi the
ges, 'ﬁy tidal currents. The waber is usually salty. This .
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type of environment might be regarded as fevorable far the
accumulation of shavks feeth anéﬁremaiﬁa of land mammals.
However, in & marginsl lagoon the wabers ave guiet amd as
they periodically wreceive new sediments brought in by tides,
the deposits become well stratified at the time of accumlse~
tion., The gtrabification of lagoonal deposlis ave even and
regular and the sedimenbs consist for the most pavrt of fine
mad and silts. Remains of fuvertebrates are usually abun-
dant, These characteristics are not In accord with those
exhibited by the deposits of the Merychippus zone,

Egtuarine deposits are lald down in an enlargement
of a river chammel near its mowth, when the latter hes been
drowned through coastal subsidence, Tldal currents ars
commonly nmore active here then along the chores of the open
gea. This leads bo sbrong currenis resuliing in much scour~
ing of the bottom. Remains of morine Ilavertebrates are un-
common. The sedimenbs riverward are usually soands and silés,
while those seaward are not unlike marine deposits. The
intermediste estuarine srea may have a bobbton guite similar
in appearance $o that vhich probably prevailed in the locality
of the Merychippus zone. With the exception of the sbsence
-0f evidences of scoured channels, the deposits north of
Goalings present no other characteristics oppoged to those
seen in the bobtbtoms of estuaries. NHowever, an estuary, primer-

ily resmuliing from a subsidence of the coast, is in direct
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opposition to the probable condibtionsg obtaining in the vieci~
nity of ¥the Merychippus zone during the time represented by
the upper part of the Tembloy.

On the obther hand, the deposits at the Merychippus
zone present no chepracters serving to distinguish them from
those 0£ delta depositions Delba deposits are by no means
wnugual, the tobal present ares receiving sedimentas of this
tyve being eatimated Ly &wenhofala t0 ageregate approximately

op. ¢it., 600.

two million square miles. Accarding to 23amre11? several periods

- —
Barrell, J., Bull, Geol. Soc. Amer., vol. 36, 377~446, 1912.

of geologic ti‘me' have heen marked by the accumulation of exten-
give deposits of this type. Delta deposits are divided into

four classes ; the bopset beds of the subserial piain, the topseb

g
Twenhofel, W. H., op. cil., 591~596.

beds of the sbagueous slops, the deposits of the ioreset slope,
and the bottomset beds beyond the foreset slope., Sediments of
the first two ars characterized by sands and clays with gravel
uncommon in the first. The botbomset deposits are sinillar o
thoge deposited entirely under marine conditions,

Both river and marine waters are concerned with the
deposition of sediments on the foreset slope, the former adja~
cent to the ends of the river distributaries and the latier
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pover the intervening arveas. The coarsest materials of the
delta are found here. These are usually deposited with an
initial inelination, slbhough the angles of insclination are
usually low in large bodies of waber. The upper portions
of the foresel beds are deposited above wave base and the
lower 3@#&&@&@ &$$Jbe below that level. In turbid waters
merine orgenisms mey be absent. The sediments of the foresed
slope sre poorly serﬁsi o a&&aﬁiﬁieﬁ, in conbrast to evi-
dence of seowr channels seen in the subaqueous topset beds.
Strong ocean currents and fine waste gilve wide distribution
of sediments and exbtensive development of the Yottomsst beds
as camgarea to the other components. These conditions obtain
about the moubth of the Mississippi. Streams entering bodies
of waber wh@sé currents have energy sufficient Yo dispome of
all sgediments brought to them may have no subaerial plain.
Deep wabers about a delta front, with weak current asction,
lead té the depogition of most of the maberisl in the fureset
beds, T&ese conditions prevall at the aeitaa of the Ganges
and Bramapubra Rivers. Strong wave action, greal extent of
delta Lront and a slowly rising sea~level favor the develop~
ment of a wide subaqueous plain, These conditions are thought
.ta‘exigt about the Nile. Weak waven, coarse abundant sedi~
ments, and a ghallow gea lead to the development of an ex-
tensive subaerial plain. The delta of the Rhine and ad jasent
rivers illusitrate these conditionss Other asmhina%ians of

these factors lead to varying results.
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The above deseriptions, ftaken largely from Barrell
and TwenhoZel®, indicate that a varlety of conditions may

k4
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prevail when sediments asccumulabe under a delbta environment.
The depopits conbaining the fossil vertebrates of the Mesry~
ohippus mons fall within this renge of veriation. Beds lower
than one hundred feet beslow the Hop of the Temblor can be
regaerded as having had a bottomset origin, while the last
hundred feot of seiiments represent the foresed portion of
delba deposits. The rather uniform stratification of the
last hundred feet of the Temblor on Domengine Creek, the grad-
ual increase in coarseness boward the top of the seeblon, the
unifornity of size of the pebbles and of their disposition
alangistrike, the presence of ceross-~bedding, the associstion
of fossil types, and the lenticular disposition of the con~
glomerates, are all in accord with this type ofdeposition.
As Judged in the light of the characters mentioned above, the
Merychippus zone may be interprebedl as an sccumulation which
took place in the foreset beds of a large river emptyins inbo
- £ fairly deep water with currents of medium strength. The
subaerial and subasgueous slopes would in this case be poorly
developed. The overlying Big Blue obliterates, howsver, any
Indication of thase two sbages.
The foreselb reglon of a delta deposit appears %o

account for all the characteristics of occurrence exhibited
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by the fossil material at the veriebrate locallities north
of Coalinga. The scene of deposition may be visualized
as bthe region In front of the mouths of distributory streanms
and below the level of the sesa, with & btobal ares of accumu~
lation approximating one thousand feet in widbh and with a
gentral area in which most of the material was concentrated
within approximabely four hundred feeb. The nmarine water
above acoounts for the presence of the sharks' teeth and
other forms, The constant movements of sand and pebble par~
ticles along the bottom afforded the probable sgent prevent-
ing population by marine Invertebrates. The ourrents of the
river over the subaerial part possessed a maximum strength
capable of bringing pebbles up to onme inch in diameter fo
the seene of accumulation. Within the areas of accumulation
of the foreset beds, the wabter had sufficiemt strength to
contime movement of the pebbles, bub as these progressed
' geawsard, less and less movement ocourred. The specific
areas of pebbles resulied from a trapping of this sedimentary
material in shallow depresglons from vihich the currents were
unabla to remove i%., Clay, silb, and slightly cosrser par-
ticles, on sinking into the inberstices between the pebbles,
were thus probecbed Lrom furbher movemenb. In like manmer,
Isclated teeth and fragments of bones of land marmals were
rolled seaward along the bottom. When a tooth or fragment
became lodged between pebbles; 1 was able to muccessfully



resiet further movement., 43 the pebbly areas were built up
obstructions were developed which hindered for a time a sea~
ward movement of the finer material behind them. ZEventually,
however, & atage wae reached where the fine sediments washed
over and buried the gravel areas, protecting them from fur-

‘ me:c disturbance. A new depression to the side or behind
probably originated by this action with consequent initistion
of & new gycle of accumulation.

The lower density of the teeth and especially of the
bone materilal acscounts for thelr larger size in comparison
with that of the pebbles, As mentioned under oocurrencs,
the teeth rarely show signs of rounding, meny of the speei-
mens still possessing all of thelr rovt portions, S}rmayoyﬁm
tion with rock material for a congiderable distance would
serbainly he expected to remove all sigos of the more fragile
gtrmicbures, This feature is sugeestive of a wemtmgly
gentle process of tmmyozrmtian and seems to indicate that
the river bringing down the material carried very little
large material, This type of slream is generally characier-
istic of a countyry well covered by vegetation, The angularity
and excellent wreservatlon of the testh indicate further that
in 211 probobility many of the testh did neb f2ll from an
individual Jaw or skull, to which they belonged, until these
orgenie remaing had reached a position close te the ares of

burial. The skeletal elements are nearly always runded,
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This is to be expected, far after lengthy immersion bone
becomes a Jelly~like subsbance; whereas teeth retain their
hard structure for a much longer period of time., The round=
ing of the hone fragments is thus probably due as much to
long immersion befare bni*ia.l as to abrasion during transpor=
tation. |

None off,tha limb bones are complete, and large elements
belonging to such forms as s mastodon or rhinoceros are en-
tirely lacking. Skulls are also absent. These large skeletal
parts were probably too heavy for transportation and were thus
foreed to lie upstream until disintegration developed fragments
small enough to be transported.

The organic remsins were probably aequired originally
by the stresm as material washed from its sides and from tri-
butaries, Thisg appears to be a normal process, since animals
fregquently die near or immediately adjacent to stream courses.
Unlike the vase observed by Matthewm in his study of

1984 M&tﬁhew, WePe, Bull, Amer, Mug, Nat. Hist., vol. 50,

Merychippus primus from the Sheep Creek horizon of western
Nebrasgka, the equine teeth from the Merychippus zone of Cali-

fornia do not show ontogenetic stages of wear, Seasonal
floods are thus insufficient to acecount far the acg_uigit ion

of the material, rather dces the agquisition appear to have
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been & contimuous process. The type of deposit and its
thickness suggest that the materidl required a period con-
siderably longer than a brief span of years to be concen~
trated.

The large number of individusls of the Eguidae ob-
tained from the Merychippus zone may be misleading from the
gbamipoint of actual represenbabion of these mammals in the
contrivuting area, It is quibte probable that these forms
were abundant on the land areas, bubt 4% must be remembered
algo that the structure of an equine tooth is such as to
- withstand better the vicissitudes of time than that of teeth
of ma:ayv obher types.
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ENVIRONMENT OF FAUNA

While the merychippine horses were unguesti bna,bly
the most prevalent mammals in the fauna of the Meryehippus
zone, their presence does not necessarily point to the ex~
isbence of & widespread plain or steppe environment. These
forms, in contrast to their living descendents, possessed
quite clearly & number of more primitive structural @hamam
teristics in skull, skeletom and &enﬁi‘bion, in vihich respect
they were less favorably adapted to open country and o a
diet comprised chiefly of gritty grasses. Asg a matber of
fact, the hypsodont horses of to-day exist not only on the
desolate plaina of central Asia bubt are found alse in open
wooded country of South Afrieca and in the Himslayas., Thus
a wooded rezion with interspersed grass-covered areas may
be postulated as an enviromment particularly advantageous
to the development of large numbers of merychippine horses.

In this connestion it is significant %o recognize
likewise the presence and diversity of the brachydont hor-
ges in the fauna. Among the latter, Hypohippus with its
broad feet and brachydont teeth, seems well adapted to life
in & wooded enviromment. Parahippus, with teeth similar to
those of Hypohippus, was probably alse a browsing type.
Archaeohippus may well have occcupled =an environment similar
to that of the present day deer, forms more typileal of
wooded areas than of a plains environment. On the other hand,
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Avchasohippus with its slender 1limbs can hardly be regarded

ag having a range restricted to small tree-covered areas
along stream courses, Similar suggestions are offered by
members of the camelidae and by Dyseomeryx., These are all
brachydont forms, whose habits are presumably akin %o modern
types occupying wooded areas.

The presence of rhinoceroges is not necessarily in-
dicative of swampy ground since two of the living Indian
speciea and both of the African forms are found in wooded
areas adjacent to grassy plains. The living types feed on
grasses and on the leaves of small shrubs md young trees.
Judged in the light of its long limbs and brachydont teeth,
Aphelops may have ocouplied a habitat featured by an oak
forest and its floral agsocistion including an undergrowth
of grass,.

The Proboscidea as represented in the fLauna by the
ma.stodonts were without much question browsing forms, Like
the rhinoceroses, brachydont horses and camels, these forms
were certainly not restricted to tree~covered areas adjacent
to stream courses. The type of environment as here conceived
readily admits of the presence of peccaries,

~ The character of the carnivore assemblage suggests a
plentiful food supply. Doubtless these farms found smple
opportunity to stalk thelr prey.

Comparison of the fossil assemblage with a character-
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iotic living sasembloge of Somth Aferica berxds to cmphosize

the easentially normal wumewrlcsl verwssentation of Individual
bypes in the former, In accounting Por the largze number of
merychippine horses, two mgmestions may be stressed, In the
first place, the yréﬁaﬁimim horgses may have been more suse
zentlble than other forms to the wocesses which bdbrought about
their ultimate snbombment in the record. Secondl; s the strug-
ture of the teeth in these types enhances do a distinctly
graoter degree, than in the case of brachylont spseles the pre-
servation of the matsrial.

The fauna regarded as a unit suggests the presence of
wooled country with sufficient gromnd cover of grass Lo be
attrastive to both browsing sad grazing ftypes. 4An anglysis
of the fauna gives no special reason for recwgnmim of a
highly variable external environment., In view of the mobility
of the iypes oceurring in the fauna of the Merychippus Zone ,
this sssemblage doubbless furnishes a representabtive crogs-
gection of the reglonal life of that time.

Additional informebion concerning the climate and wve-
getatlional cover of this region of Califernia during Temblor
time may be drawn from the flelds of invertebrate pale ontology

and paleobotany,. Thus meinp&mm has pointed out that the

Kleinpell, R.M., paper on "A Proposed Biostratisraphical
Classification of the CGalifornis Mlosene®, presented at a
gﬁe‘b 2 ,gf the Mieropaleontological Soslety in Lws Angeles,
¥ s L e F

foraminifera of the upper Temdblor sea imticabte warm and almost
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tropleal conditions. Werm water Juring this period iz ine
dicabed zlso by the megafossil fauna,
Aceording to Gha:aeym the fossil floras of western

T2 Chensy, He, Carncgle Inst. Wash. Publ, No., 349, 25, 1925,

North America indicate rather wmiform climabtic conditions
during the Miocene. Chaney considers the Mascsll flora and
its equivalents as related Ho the cakemadrone forests of
Californis, where topographic conditions of low relief have
no particular influence upon a vegebatlon resulting from a
roainfall of approximabtely thirty inches.
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STAGE OF EVOLUT ICH AND RELATIONSHIPS OF FAUNA

On the basis of present age~determinations of Tep-
tiary vertebrabe horizens in western North Amerieca, the
Merychippus zone sgsemblage may be regarded as late middle
Miocene in sge. In its sbage of evolublion and in its re-
lation to faunas of the Great Basin Province the Merychippus
zone ocouples & paaﬁ:&im intermediale between the upper
Miocene Barstow of the lohave Desert and the middle Miocene
Haseall of eastern Oregon. The Virgin Valley and Skull
Soring faunag of northwestern Nevafa and easbern Oregon
respectively are currently regarded as spproximately equive~
lent to the Mascall and their relationship to the fauna
from the north Coalings district is approximately compare
able to that which the Haseall bears to the latter. The
Merychippus zone feune represents an intermingling of gensra
found either in the Barstow or in the Mascall. In general,
the more progressive Maseall forms are found also in the
horizon north of Coalinga. Likewise, types having affinities
with Barstow specles are usually found to be related to the
more primitive forms in the fauns from the Mohave Desert.
This relationship is particularly interesting in view of
the fact that the Barstow fauna is distinetly advanced beyond
that of the Maseall,
| The Equidae afford an excellent illustration of this
intermediate position on the part of the fauna from the



Meryechippus zone. Forshippus brevidens is a species com-

monly ccecurring in the Maseall but not found in the Barstow.
The Coalinga Hypchippus is considerably smaller then thatb

found in the Barstow, ‘Hmever, the Archaeohippus materlal
from the Meryehippus zone is clearly distinet from the
Meseall speefes, A, ulbimus, and is specifically inseparable
from the Barstow form, A. pourningi, Within the Merychippus
group the smell speeies, M. brevidontus, is founi also at
Skull Spring ard Virgin Valley. M. breviﬁontué represents a

move primitive species thanm any of the Barstow forms. Among
two thousand {eeth representing the species Merychippug cali~-

farnlous & conslderable number presanﬁ. characters which are
indistinguishable from those of M, isonesus of the Maseall.
An eqna?. mumber of these teeth, on the other hand, possess
characters identical with those of M. sumeni from the Barstow,
Thus the characters displayed by thils species reflect the
intermediate position of the fauna. The primitive Maseall
species, M. geversus and M., relictus are absent from the
Coalinga fauna, as is el the progressive especies M. inter-
monbanug which is characteristic nf‘ the Barstow.

Among the carnivores the Amphicyon material is
close to A, sinapius, a species recognized in the Maseall.fauna,
Amphieyon has not been recorded from the Barstow., Iomarstus
from the Meryohippus zone is not clearly distinguishable from
either the Maseall or Barsbow types. The presence in the Coa~

linga fauna of a large dog referred to the genmus Aelurodon
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and eimilar to A, wheelerismus from the Samta Fe, is another

indication of Barstow affinities, Aelurodon is a more prog=
ressive form than related canids from middle ¥Miocene horizons
of the northwest. Hemicyon has not been recorded from the
Mageall or Virgin Valley. ﬁmevex-ﬁ' single upper carnassisl
from Skull Spring has been identified as belonging to this
form. A lower molar from North Coalings im comparable to
the corresponding tooth of Hemicyon barstowenses from the
Mohave Desert horizom.

The magbtodont teeth, referred questionadbly to Mio-
mastodon or Trilophodon, are similar in aize to specimens
from Virgin Valley. The Prodoseidean material from the Bar=-
stow is noticeably larger, although the differense in sigze
may have no special signifilcance.

Among the Artiodactyla, the camels offer some indi-
catlons of the intermediabe position of the Merychippus zone
fauna, The largest of the Coalinga forms is comparable in
size to the smallest members of the group referred to Pro-
samelus from the Barstow, _

Curiously, the genera Dromomeryx and Merycodus, al-
though found in the Barstow assemblage and in the middle
Mioccene faunas of northwestern Nevada and eastern Oregon,
are absent in the Merychippus zone. Pomsibly ecologlieal con~
ditions sre responsible for this absence at the Coalinga
locality.
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A debailed comparison of the Merychippus mm fauns
with the more important Miocene assemblages of the wesbern
Great Plains is unsatisfactory, due to incomplebeness of
information regariing & number of species cecurring in the
California horizon. Un the basis of the sbtage of evolubion
of the Bouidae from the Temblor beds, this horizon represents
an advance beyond the Sheep lwveek or Merychippus primus zone
of western lebraska, although it is eariier than the siage
¢f the lower Snake Creek fauna. The latter assemblage differs
also from that of the Meryehippus zone in absence of Aelurodon

and presence of mere progressive camelS.
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The following comparative lists give the mammalian faunas

of five lliocene horizons of western LKorth America, including the

ilerychippus zone.

MASCATL (M)
VIBGIN VALIEZY (V)
STULL SPRISG  (S)

" Carnivora
Tomarctus cf.brevirostris
Cope (9)
Tomarctus cf. rurestris
(Condon) (V) and (M)
Tomarctus kellogi
(Merriam) (V)
Tomarctus sp. (V)
delurodon sp. (V)
Amphicyon sinapius
Matthew (1) and (8)
Amphicyon frendens
Matthew (9)
llemicyon n. sp.

(s)

Justelid sps. (8) and (M)

Proboscidea
Miomastodon merriami
Osborn (V)
Mastodont sp. (M,V,& S)

Porissodactyla
Fypohippus near osborni
Gidley (V); sp(s3)

Paraghippus near colo-
radensis Gidley (S)
Parahippus avus Marsh (1)
Parahippus brevidens
ilarsh (M)
Archaeohippus ultimus
(Cope) ()
Merychippus isonesus
(Cope) (2, V, & 8)
lerychippus relictus
{Cope) (1, V, & S)
Merychippus seversus
(Cope) (&, V, & S} -
Merychippus brevidontus
pode (¥ and 8)

MERTCHIPIUS ZOYE BARSTOW

Tomgrctug near
temerarius

Tomarctus sp.
(Leidy)

Aelugodon near
wheelerianus Cope

Aelurodon sp.
Amphicyon sp.

Hemicyon barstowensis
Frick

Hemicyon californicus
Frick

Hemicyon sp.

iomastodon or “rilophodon (?) Yrilophodon barstonis
Frick

Hypohippus near affinus
(Leidy)

Hypohippus sp.

Parahippus brevidens ‘arsi

Archaeohippus mournin gi
(Merriam)

Archaeohippus mourningi
(Merriam)
llerychippus teeth similar
to type of !l. isonesus

Merychippus brevidontus
Bode

Merychippus californicus
Merriam



MASCALL (M)
VIRGIY TALILEY (V) HERYCHIPPUS ZORE
SKULL “FRING (s)

Perissodactyla (cont)

Merychippus teeth similar
to type of . sumani

Rhinocerotid sp. (S)

Aphelops? sp. (V)

Diceratherium oregonense
arsh (M) .

Chalicothere? sp (S)

Moropus merriami Tolland
and Peterson (V)

Rhinocerotid cf Aphelops

Artiodactyla
Perchoerus? sp. (V)
Platygonus sp.* {S)
Ticholeptud sp. (%)
Merychyus? sp. (V)
Merycoidodont? sp. (i1)
Merycochoerus sp. ()
Miolabis transmontanus

Cope (7)
Alticamelus altus Marsh(’) Alticamelus? sp.
Procamelus sp.

"
Prosthenpps? sp.

Miolabis® sp.

-

Dromomeryx near borealis
(Cope) (31, V, & 8)
Blastomeryx mollis
Merriam (V)
Blastomeryx? sp. (8)
Merycodus sp A and B (S)
Merycodus near furcatus

Blastomeryx (Dyseomeryx)sp.

(Leidy) (V)
Merycodus nevadensis
Merriam (V)

* Probably referrable to Desmsthyus iatthew

BARSTOW

Merychippus sumani
Merriam

Merychippus intermontanus
HJerriam

Protohippus? or Pliohippw

Prosthenops sp.

i

ilerycochoerus? buwaldi
Herriam

Alticamelid®

Procamelus sp.
Pliauchenia sp.
Dromomeryx or cervus sp.

Merycodus near necatus
(Leidy)
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In the Coalings region the lMiocene section is rela-
tively thin, a considerable portion of the gection including
the Honterey Shales, found elsevwhere in the Coast Ranges,
being here omitted. The lMerychippus zone lies at the top
of the Temblor and immediately below the Big Blue on Domengine
Creek. At this iaca.li’by the beds assigned to the Temblor
stage have & thiclknese of approximately five hundred feet.
These beds lie unconformebly above sandstones which in turn
overlie the "Leda Zone" of the Ereyenhagen Group. The Temblor
gection is composed for the mest part of alternating shales
and sands which increase in coarseness toward the conglomersthes
at the top of the section.

On Domengine Creek the following recognisable units
are found outeropping in the Temblor secbtion: A thin zome of
black or coaly clays sixty feet above the base. A reef bed
contalning Seutella merrismi, one hundred and sixty feet above

the top of the coaly clay member, White siliceous and diatoma-
. geous shales fifteen feet in thickness, the "Indicator" bed of
Arnold and Anderaon,m forty-£ive feet above the top of the

reef bed. This bed of shales may be traced southward across

Lo10 ‘Arnold, R. and R. Anderson, Bull. U.S. Geol, Survey 398,

the Goalinga Anmticline. The foselliferous conglomerates ab
the top of the section lie one hundred and twenty feet above
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the indicebor w’hq The orevrlying Big Blve g & large lens within
the Temblor having a laberal extent of sprrodmtely twenby
-miles. This member 1s unusval in view of the faoct that through-
out most of ibe extert it consinbs of a compact mass of fine
detritus dust, Tlakes and ye%ma of serpemtine. AL some lo-
ealitics the Big Blue contalns conglomerates formed almost
entirely of serpenbine boulders, some of which reach meny feet
in dameder. On Domengine Creek the }a:ig; Blue has a thickress
of approximately two hundred and fifty feet and is unconfor-
mebly overlain by beds of upper Miocens, Santa Marg;aﬂ.ta age .
In o southerly direction the Big Blue varies in thickness from
twe hundred to forty feet and finally lenses oub on the south
flank of the Coalinga anbicline, north of Coalinga. Farther
south, in the vicinity of Oil Creek, Gellowsy ™ reparts the

14

Galloway, John, Paper present before Amer. AssocC.
Petrol. Geol., Los ingeles, Nov., 1933.

presence of Turritella ocoyana in beds stratigraphically higher
than the base of the Big Blue in the vieciniiy of the Merychippus
zome loecality. North of Domengine Creek, in the vicinity of
Salt Creek, the Big Blue attains & maximum thickness of more
than & thousand feet. According to Reeﬂls, north of Domengirne
15

e

Reed, R.,D., pérsonal ¢ ommunication.

Creek sandstones containing Turritells ocoyana eare found over=
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lying the Big Blue, Pack and Andersgo gtate that the fauna

£93% mAn&eramg Robert and Robert W. Pack, op. cit., 83, .

of the marine beds ﬁnaerlying the typical serpentincus shale
ommi*a also in sandy beds intergtratified with or overlying the
Big Blue, The Bilg Blue and the underlying Merychippus zone

are thus placed within the stratigraphic range of Turritella

ocoyena.
The following correlation chart attempbs to show the

position of the Merychippus zone in the Temblor on Domengine
Creek, with reference to a portion of the Tertiary section for
the south flank of the Coalinga antieline and to a typileal
section penetrated by oll wells on the north dome of the
Kettleman Hills. The data for the Domengine Creek section
are based on field observations by the writer, as well as

16

from the section illustrated by Merriam™ and from information

furnished by Reemm Informatlion eoncerning the Coalinga anti-

Lo terriam, 7.0o, ops Cit., 5, 1915,

17
Reed, R.D«, persomal communicabion.

cline section was derived from Reed's "Geology of Oalifornia, "8

) '
o 0 Reed, R.D., Publication of Amer. Assoc. Petrols Geol.,
L

Data for the Kettleman Hills were fup=
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Correlation Chart I~

showing the position of the Merychippus Zone in the Miocene section
exposed on Domengine Creek and its relations to similar sections from
the south flank of the vodlinga Anticline, Last bSide Fgéeld, and from
an axial well on the iorth Dome of the Kettleman Ilills. The chart
represents a compilation of data obtained from field observations ot the
writer and from references to publications by llerriam, Leed, and
Gester and ualloway. ]

O0Ow »

ops. cit.
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nished by Dr. Reed and were obtained also from csorrelation
charts illustrating a recent report on the geology of this
area by Gester and Galloway.lg A correlation of the coaly

19
Gester, G.C. and John Galloway, Bull. Amer, Assoc.
Petrol. Geol., vol. 17, 1169-1180, 1933.

nember in the Temblor section of Domengine Creek with the
"lower variegated" in the Kettleman Hills was sugcested by
Dy, Raea.zo The correlation of the base of the Big Blue

Reed, R.D., personal communication.

with the ™upper variegated”™ follows the chart published by

Gester and Galloway.zl

Gester, G.C. and John Galloway, op. ¢it.,1169, 1933.

Unfortunately, the exact pesitio:d of the upper part of
the "TemblLoxr™ i&i@eolngia solumn of the Kettlemen Hills is a
mabtber of considerable dispube among geologists familiar with
the area, In the Miogene of California the "Temblor" is now
regarded as a stage name for beds containing the species Turri-

tella ocoyana. The next higher stage is the lMonterey, where

deposits s0 called are regarded as the egquivalent of beds

found in the type section of the Monterey shales on the Mon=-
- terey peninsula. At the base of the type section occurs the
foraminiferal zone characterized by Valvulineria californies,

one of the most widespread microfaunal zones known in the
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Coast Ranges of California. Unfortunately, this zcne is ab-
genb in the Coalinga and Kettleman Hills sechbions.
Goudkoff3® inferred that the six or seven hundred feet

g
Goudkoff, P.P., Bull., Amer, Assoc. Petrol. Geol., vol.
15, 839-842, 1931.

of sandstones above the "upper variegated” zone in the
Kettleman Hills are equivalent to the Valvulineria ealiforniea
zone. Gester amd Galloway>® state, however, that the upper

-3
Gester, G.C. and John Galloway, op. c¢it., 1180-1181, 1933.

Tifty to one hundred feet of these sands are possibly the
correlative in part of the two hundred feet of shale lying be-
tween the base of the Valvulineria californica zone and the
top of the "bubton bed", at the top of the type Temblor sec~
tion on Carmeros Creek, northwest of MeKittrick, Califarnla.
In other words, Gester and Galloway believe that all of

these upper sanis in the Kettleman Hills should be included
in the Temblor. Their correlation of the base of the Big

Blue with the "upper variegated™ would then place the lMery-
chippus zone in the Temblor seotion. Again, accarding to a
personal communication of Goudkoff o Raeﬁ.,z‘} the 7600 fout

-2 ,
Goudkoff, P.P., Op. c¢it., 220, 1933.

ghale” underlying the ™upper variegated™ Iu the Kettleman
Hills section is younger than the "bution bed™ on Carneros
Creek., This correlation would place the Merychippus zone in
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the Monberey. R. D. Reed considers the upper pert of the
oil zone or the upper sanistonss in the Kebtleman Hills to
be sitratigraphically equivalent to the Big Blue and to the
Herychippus zone. And again, according to Raadaﬁ there
25 TEed, R.D., op. cit., 219, 1933,

remains the possibility that the lower part of the Valvulineris
ealifornica zone and the uppermost portiom of the Turribtella

ogoyana zome are equivalent. These correlations place the

Meryehippus zone in the middle of the dispubed sestion, Reed.za

Esaﬁﬁ&., RtB’. CDe Gitﬁ‘. 215, 1933,

also suggests that in the Coalinge reglon, "....the Big Blue
serpentinous member of the *Pemblor¥ is younger than, or
belongs within, the Valwnlineria caldfornica zone and is

therefore Monterey rether than Temblor: and that the Ygas zone!
of the Kettleman Hills is largely Monterey in age, and the
Tplack oll zone', Temblor.™ The Merychippus zone iles within
the Turritella ocoyena stage. ubs exact position in the
marine gection remains indefinite., Tou quote from Reed.:gv

-
Reed, R.D., op. c¢it., 220, 1933.

"As the matter stands at present, however, all that can be
said is that the Merychippus zone 1is very near the exact divi-
ding line between Temblor and Monberey, more wobably abewsw

above than below it in the opinion of the writer, dub in any



case not far from it."

The evidence as afforded by the relations of the ver-

tebrate fauna from the Meryehippus zone to known Hioecene
mammelisn assemblsages may throw some light on this problenm.
Ag previously discussed, the ﬁeryahippus zone is iIn stage of
evolution intermediate between the Maseall of sastern Oregon
and the Barstow of the Mohave Desert, Cslifornic. The les-
eall has always been regarded by vertebrate palembologists as
possessing a fauns typical of the middle Miocene. Chaney,
on the basgis of evidence derived from fossil florag, hes
placed the age of the Maseall asg mi&&lg or uwpper Miocene.
One may conclude thereforse that the Meryehippus zone can not
be older than late middle Miocene. The position of the Bar=-
stow is not so definite. In his original desoription of the
faunsa from thiz loeality, &!emiamge asalgned an uppermost

Herrianm, J.G*, Univ. Calif. Publ, * EE‘P'@ « Geol, St.‘«i;,
vols 3.3.', 454, 1919.

Miocene age to this horizon and referred the dlstinetly
younger beds of the Ricardo o the lower Pliocene, Since
these age determinations were made ﬁaxaonag has found

E:)
530 Maxson, J.H,, Carnegle Inst. Wash., FHo. 404, 77-113,

several of the horses peculiar o the Rieardo in beds of
the Hint Canyon formation, which presumably underlie marine
gsediments of Clerbo or upper Mioecene age. If the age de~



termination of the marine horizon is essentially correct,
this relationship tends to push the Barstow lower Into the
Hiceene. The Barsbtow is distinetly cloger in stage of evo-
lution to the Merychippus zone than it is to the Ricardo.
The position of the Merychippus zone can not then be assign-
ed to a peried 6f time younger than early upper Hiotene,

| On the accompanying chart, the several MNiocene ver-
tebrate faunas are shown in relabion to the sequence of
invertetrate founas of fhhia period. On the basis of presgent
age determinations of closely relabted vertebhrate fe.tm;as,

the asgemblage from the Merychippus zome may have & position
in the Miocene high enough o place it within the lower
Honterey rather than in the Temblor, It is clear that the
upward range of Turriiellas ocoyane in the Tertiary section

north of Coalings ism grester then has been regarded hereto~

fore to he the case., The relation of the vertical range of

2. pooyana to that of Vulvulineris califormics is suggested.
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SYSTEMATIC DESCRIPTION OF FAUNA
Carnivora

The carnivaore material from the Merychippus zone
consists almost entirely of isolated mectorial teeth. With
the exception of a single tooth, referable to Hemicyon, the
gpecimens fall naturally into three group sizes, These
groups are referred to Tomaretus, Aelurodon, and Amphicyon.
Unfortunately, the characters displayed by the carnassial
teeth of members of the Canidae are usually only of generic
significance, Comparisons with known types emphasizes the
faat that the present material is too incomplete to serve as

a ;&a‘ﬁiamm ory basis :fof speclfic determinations.
Tomaretus sp.

The teeth of this small carnivore are referred without
question to the gernus Tomsroetus, While a critical study of
the relationships of Tomarcbtus Cope and Tephroeyon Merriam
have not been attempted, there appears to be no reason why

Matthew!s%0 suggesbion of generic identity of the two forms

¥ E&tﬁhew, W\vgt‘ Bﬂlt Am&x": 1’&15. Ka.‘s. Higttg ‘Vﬁl. 56’
88-81, 1924.

- should not he accepted. In the following discussion the name
Iﬁaghroaxan is regsrded as a synonyn of Tomarctus.

The material from bthe Merychippus zone consists of
four upper carnassials (Hss.vmos, 1604, 1605, and 1606),
two lower sectorial teeth (b’fé‘a‘ 1807 and 1608) lacking the
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anterior portions of the trigonids, the grealter portion of an
ML (No. 1609), and a single mremolar (No, 1610), In the
puperior earnasgsiale the parastyle iz & mmall cusp or eleva~
tion on the anterior ridge of the paracone. The protocoms
has been broken away on three of the specimens, bub is pregw-
ent on the fourth (No. 1603). In this btooth the position of
the protocone is anterior o that of the paracone and the cusp
i8 rather siall and low., A distinet eingulum is present on
the exbernal slde of the metacone in all four tecth. The
upper molar ig rectangular in shape, the lingual gide having
approximately the same anteroposberior diasmeter ag the exe
ternal side. The paracone snd metacone are low cusps connes=
ted by a slight ridge. The metacomle and grétmmle are well
developed. These ousps become counnected abt an early stage of
weay and form an snberoposterior ridge ascross the middle of
the toobths The probocone is represented by a relatively
heavy ridge, which runs across the entire lingual side of the
tooth. In the two specimens presumably representing MI, the
entoconid and hypoconid are equally developed. When slightly
worn these two cusps evidently form a Pransverse ridge with a
small basin in front and & vallsy behind, In one of the
teeth (No, 1608) the medaconid is distinetly larger than in
the second specimen (Mo, 1607).

In gize and arrengement of cusps these btesth compars
favorably with several of the species referred to Tephrosyon
or Tomarctus. The teebth are smaller than in the type of



2, rurestris (Condon) from the Mescall, and slightly larger

than those of the specimen referred by Merriam to I. temerarius

Leidy from the Barstow. 2. kellogel Merriam from the middle
Miocene beds of Viegin Valley is & larger form. Compared to
gpecies from the Great TFlains region the Coalinga specinmens
approach T. optatus Matthew more closely in size than they do
any of the other known types. I. brevirostris Cope is larger
and the type of L. confertus Matthew lacks the strong develop-
uent of the proto~ and metaconmules seen in ML from the lery~
chippus zone. Apert from slze differences there appears to

be very little o disbinguish the Coslings species from most
of the desoribed forms. The maverial compares most Lfavarably
with T. ophatus and may represent a species slosely relabed Ho
or identical with this form.

Aelurodon &p.

Four upper carnasesials (Nos. 1611, 1612, 1613, and 1618),
three of them complete, and #hree lower sectorial teeth (Noa.
1614, 1615, and 1617), ome of which is perfectly preserved
(Ko, 1615), are assigned to Aelurodon. In the upper teeth the
parastyle is distinet, though small, The protocene is alme
small and occupies a position .a‘i;ightiy enberior to that of
the parastyles The shearing blisde is robust end heavy. In the
lower teeth the metaconid is a distinet and well~developed ousp.
The paraconid is smaller than the proboconid. The bransverse
dlameter of the talonid region is mmaller bhan that aeross the
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posberior side of the trigonid. The taﬁf.ani& possesges bwo
cmsm of whizm the hypoconid is the larger.

The mperior eam&amaz.e are almost idenﬁical in
aié.e, ghape, and in arrangement e_:e mapa with those of
Borophagusg lmﬁaaéalia Vander i{w:t,sl deserived from Sanﬁa

&VaMer Hoof, Velay Univ, Calif, Publ., Bull. Depl.
Gsnl; Se:‘u, vol, 21, 15-24, 1931,

ﬂa.rgarita beds near MeXitirick, Gellifornia, The lower Jaw of
thig form is not known and it is principa llJ for this reason
thet the mebteriel from the Merychippus zome is nob referred
to Borophasugs. The specimens from north Coalinga, although
8lightly eamaller, agree alao with upper teeth of Borophagus
cynoides (Martin) from the i{empin querries, Texas. The
lower teebh of this specles are distinguished by larger size
of talonid, relative to the trigonlid., However, this Pliccene
sposies obviougly represents an advance over Lforms from the
Miccene., It seenms possille that the lowsr teeth of the Coae
linga form may represent an sncestral stage fo the later
kyasenognathoid dogs. These spe cimens from the Heryehippus
zone are congiderably larger then those of any speciss of
Tomarctug, albhough the denbal chamaﬁem offer tat little
to distinguish them from that genus.

When compared with Aelurodon whgelerlanue Cope, the

beeth from north Coalinge appear to be quite similar, In
faot, no elear dstinctions can be pade between the {two types,
The lower teebh are practically identical and the principal
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difference in the upper teeth is presented by the slightly
smaller parastyle of the Coalinga specimens, Because of

the agreement between the Coalinga form and A. wheelerianus

in both upper and lower teeth and because the lower teeth of
B, litboralis are unknown, the Coalinga materisl is referred

to Aelurodon. However, the relative heaviness of the upper
carnassials coupled with the presence of a parastyle that is
relatively smeller than in most Aelurodons, is rather sugges-
tive. In view of the late middle Miocene position of the
Merychippus zone it may be possible that this material repre-
sents a form, larger although not otherwise clearly distinguish=-
able from Tomarctus, and ancestral to either or both Borophagus
end Aelurodon. The Coalinga type is consliderably smaller than
A. haydeni Leidy and the Ricardo form, A. aphobusg Merriam,

Amphicyon sp.

Amphicyon is represented by two upper molars, an

ML (No. 1619) and an M2 (No, 1616), the trigonid and telonid
portions of two lower carnassiasls (Nos, 1620 and 1621 respecti-
vely), a well worn ME (No. 1622), a canine tooth (No. 1623),
and a premolar (No. 1624). M2 (No, 1616) is a well preserved
tooth of the right side., In this toobth the paracone is more
than twice ag large as the metacone., The protoconule and meta-
conule are only slightly developed and form a small ridge on
the internal occlusal surface, The protocone is a heavy ridge
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which runs across the entire lingual side and halfway up the
posterior side of the tooth. The paracone has been lost
from the M1 (No., 1619). The metacone in this toobth was prob=-
ably equal in size to the paracone, In this tooth the proto-
conule-metaconule ridge is well developed and encloses a
éiaﬁina% ba#in behind the paracone, The protocone has been
damaged by abrasion and its exdct form is therefore not rep~
resented,

In the lower carnassisl fragments, the trigonid is
conglderably compressed in an anteroposterior direction. The
metaconid is small and ig esgentislly a part of the proto-
conid, The talonid is well worn; however, the hypoconid
geems to have been the only important ousp, slthough some
- damage by abrasion has removed any indications of an ento-
conid if present. A well womrm MZ (No. 1622) is also assigned
to this genus. The oharacters of this toobth have been largely
obliterated by wear, however, the tooth appears to have had
two anterior cusps and a single posterior cusp as in Amphi-
cyon. The antero-external corner of this tooth probably
possegsed a cusgp sufficiently prominent to ascount for the
small pocket worn in this area. This character was noted by
Gazin®® in & fragmentary ME reférred to A. sinapius Matthew

_—

Gazin, C.L., Carnegie Institution of Wash,, Publ.
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from the Skull Spring deposits of eastern Oregon. A small
pocket warn on the postero-internal corner of the tooth may
represent elther a small entoconid or the worn surface may
be due to an ocolusion of the tooth with a cusp of an upper.
molar. |

These teeth are smaller then those of Amg hicyon fren-

dens Mabtthew. A!Ehe fragmentary material available compares
favorably in siz%e and in arrangement of cusps with A. sinapius
from the Great Plains, This specles has also been rescognigzed
in the Mascall fauna. It seems probable that the Coalinga

specimens represent this species.

Hemicyon? #D.

A lower second molar (No. 1625) from the Merychippus
zone resembles closely the corresponding tooth of the type of
Hemicyon har‘aﬁomngia Frmksz from the Barstow NMiocene of

95 ,
Friek, C., Bull, Amer, Mus, Nat, Hist., vol. 56, 28, 1926,

the lMohave Demert, California. The cusps in this tooth are low
and lack the trenchant character seen in Amphicyon. The tooth
is etill further distinguished from that in the latter genus

in the more posterior position of the protoconid-metaconid
ridge with reference to the anterior edge. Moreover, the
hypoconid is a small low cusp, only slightly larger than the
distinet entoconid, The exact relationships of the form
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charscterized by this tooth are uwncertain. However, the re-
gemblances are more with Hemicyon than with sny other gems.
The tooth quite certainly does not belong to any of the des-
oribed canid types from the Merychippus zonme. In Tomaretus,

Aelurodon, snd in Borophagus the anterior cusps of MZ stand

higher and have a considerably more trenchant character than
‘in this tooth. -

RODENTIA
Monosaulax sp.

Among the rodents only the beaver group is recorded
in the collections. A single cheek-tooth (No. 496}, and a
fragmert of a ramus (No. 653) with two teeth were referred
to this cagstorid genus by R. A. 3tirton of the University of
California. Thisg genus has been recognized by Mr. Stirton
in the Mioccene of the Great Plaing and in the Cedar Mounbain
fauna of Nevada. |

PROBOSCIDEA
Hiomastodon or Trilophodon?

The proboscidean materisl in the collections consists
of the following specimens: Four decituous premolars (Nos.
1626, 1627, 1628, and 1629}, 5 fourth upper premolars (Nos.

1630, 1631, and 1632), an upper M1? (No, 1633}, a partially
complete M2? (No. 1634), and a number of miscellsneous ftooth
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fragments, No tusk or skeletal materials were found during
the course of the excavations. The milk teeth and the per-
manent premolars possess four cusps, with each cuap remain-
ing distinet and isolated until the tooth is worn almost o
the base of the eromm, Very few secondary cusps are present
and these are extremely small, being minor tubercles sit-
uated between the major cusps near the base of the crowm,
On several teeth the enamel of the four cusps is perfectly
smooth, The crown of the first molar, No. 1633, possesses
turee rows of two cusps each, although the imdividuality of
the ocusps disappears with wear. The partially complebe M27
(Fo. 1634) is considerably larger them Il bwt is obherwise
esgentially similar.

No. 1634 compares favorably with the type of Miomas-
todon merriami Osborn from the Virgin Velley beds of north=
wesbern NVevada. In 1915 Merriama tentatively assigned a
e Merriam, JsCe, Ope clte, 13, 1915.

milk molar end a fragment of a permanent molar to Tetrabelodon.
Waile the present material offers little in combradiction to

Merriam's determinagtion, the mastodont genera now recoenized

in the middle Miccene are Miomastodon and Irilophodon. Sabise

factory generic determiration can not be made, however, on
the basls of available specinmens from the Merychippus zone,
Mr, Es He Golbert of the Americen Museum of Nabtural History,



who has exemined the materials, has kindly made the following
eomemzm "I believe the choice narrows down to Miomastodon

Stosk Colbert, E.H.: Personal communication to Dr, Chester
oek,

or Trilophodon. It is pretty difficult to be definite,”
It 1s interesting to note, however, that the relationships of

the Coalinga form appears to be with the more primitive mem-

bers of the Proboscidea found in North America, Absence of

representatives of the group on this continent prior to middle

Miocene time may furnish a basis for regarding the presence

of these primitive forms in California as an indication of
middle Miocene age for the Mef&ahippus ZONe .

PERISSODACTYLA
Eiuiaaa

Remains of horses are the most abundant fossils found
in the Merychippus zone, individuals of this group compris-
ing approximately seventy percent of the tobtal population
recorded from this horizon., Five species have been recog-

niged, three anthitheriine genera, Hypohippus, Archaeohippus,

and Parahippus, and two specles of Merychippus. The major
part of the colleetion consists of isolated teeth referadble
to the species lMerychippus cais.forniaus, the type specimen




which was desceribed by Merriem from this locality. The re-
maining species are represented by considerably smaller num-
bers of specimens. The Equidae are of particular interest
in that they clearly demonstrate the intermediate position
of the Merychippus zone with respect to the Masecall and the
Barstow, Three of the Speeies, Hypohippus, Parshippus, and
Meryehippus brevidontus are found in the Masecall and in other

middle Miocene horirzons of eastern Oregon and northwestem
Nevada, while the Archaeohippus is ungquestionably a Barstow spe-
cles, The material determined as Merychippus californicus

ineludes teeth that show close resemblance to specimens from
the Barstow and the Maseall, The Equidae from the Meryshippus
zone have been described in detail in two previous papers by

the m-iter.ss A resame of these desoriptions are included in

Bode, F.Ds, Carnegie Inst, Wash. Publ. No., 440, 1933,
Second paper in preparation for publication.

the present paper.

Hypohippus s8p.

An upper molar (No, 885) and three lower premolars
(Nos. 886, 887, and 888) belong to the genus Hypohippus.
The material is unforbunmately inadequate for more than a
generic determination. The cgal:{nga specimens are consider-
ably smaller than the few teeth described as Hypohippus near



“58=

affinug (Leidy) by Merriam from the Barsbow, and they are
wgquestionably specifically separable from this form.
Hypohippus has not been recorded from the Mascall. Hypo
hippus near osborni Gidley from the Virgin Valley beds is
gimilar in most respecoits though somewhuat larger than beeth
from the Merychippus zone, The relationships of the north
Coalinga form as based upon these teeth seem rather to be
with the Virgin Valley form than with the Hypohippus from
the Barstow.

Archaeohippus mourningd (Merriem)

Next o Merychippus, Archaeohippus is one of the
more commonly oscurring forms in the cellections from the
Mexychippus zone. To this génus have been assigned over
fifty uwpper and lower cheek~teeth and a well preserved ramus
with P3-M3 (No, 484). Archasohippus mowrningi, with higher-
erowned check~teebth, from the north Coalinga locality, is
a daomedl& more advanced type than the Archaeohippus ulti-

mus (Cope) from the Maseall. In A, ultimus the hypostyle
conslsts of a single cuap, while in the Coalinga teeth

this structure is triamgular in shape =nd encloses s small
fossette, M3 in the type of A, ulbimus is not reduced in
size. On the other hand, the upper third molars of Archago~
hippus from the Meryshippus zone show considerable reduction
when empame.'ta the two preceding molers. In the Coalinga
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teeth the protocone and hypocone widen toward their base to
an extent which considerably obstructs the opening of the
valley between protoloph and metaloph. In the Maseall form
this valley is widely open, and the two internmal cusps are
smaller. HNone of the teeth from the Merychippus zone ex-
hivits the izxeavy internal ecingulum seen in the type oi' the
Maseall species, | |

| The teeth from the Merychippus =zone agree in almost
all respects with the type and paratype of A, W
(Merriam) from the Barstow. The only not iceable difference
appears to be the absence of an externsl cingwlum on the
lower jaw of the paratype. This character ‘mriés consider~
ably in the large collection of teeth from the Meryshippus
zone and appears o have no dlagnostic value. The Coalinga
material is referred unquestionably to A, mourningi and is
clearly distinet from the lMascsll species,

Parshippus brevidens Marsh

Parahippus is represented in the collections by
some twenbty well preserved ﬁpyer aml lower cheek-teeth,
That the materlal should be asgigned to a progressive para=
hippine form is indicated by the relatively high crowms,
abundant cement, and progressive charecter of the pbychoid
erenulabions of the walls of the métalcph; Thege features
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gerve to isolate the Coalinga form from moat of the spscles
of Parshippue. In development of the cremulations on the

walls of the metaloph, the teeth from the Merychippus zone
egree closely with Parahlppus crenidens Scott. They differ

from F. erenidens, however, in their less strongly developed
eataloph, shape of protoloph, and heavy coabing of cement.
The deciduous teeth of P&t&himus cognatus, while similar in
some characters, represent a much larger horse, Comparisons
with this form are inadequate, since no milk teeth of Pars-
hippus have been recognized in the collections from the
Meryohippus zone,

Beveral teeth in the collections of the Californis
Institube of Technology from the Mascall and referred to
Parahippug brevidens Mersh are practically identicel with
the Parshippus teeth from North Coalinga. A comparison with

the type of 2. brevidens as well as with the topotype mater-
ial fallsto disclose any characters which may serve to se-
parate the Coalinga form from this species, Parahippus has
not been recorded from the Barstow nor, m far as the
writer is aware, from any Miocene horizon as late in age as

the Barstow, The presence of Parshippus may therefore have

some significance in yo.ini;ing toward a close btime relatlion=-
ship between the faunas from the Meryshippus zone and the
- Mascalls
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Mexychippus brevidoatus n.sp.

This species is known by approximately sevent y-five
upper and lower cheek~beeth. The specimens, although rep=
resenting fully hypsodont teeth, possess exceptionally low
crowns and exhibit extreme mmpmﬂw of the enamel pattern.
The characters seen in thaaehﬁeath do not intergraie with
those of the larger and more abundant species, M. galiforni«
gus, and are employed therefore in the recognition of a new
gapecifie type. Teeth referabia to this species are relaw
tively aluniant in middle Miocene collections from eastern
Oregon and northwestern Nevads. Teeth similar to M. brevi-
dontus are abgent in the Barstow and related upper Miocene

horizons.,

Meryehippus californicus Merriam

The Merychippus zone derives its name from the abun-
dent representation of this species in the north Coalinga
horizon. Cheek-teeth of Merychippus ecalifornicus comprise

nearly half of all the specimens collected from this zone.
The degree of variation of the cheek~tooth characters
a8 peen in this collection mekes it Alfficult to determine
the exact affinities of this species, The average grouping
of characters seems to be generally distinet from the average
g_rm:ping of characters seen in similar large collections from



X 53
bk * I

obher horizons, Individual teeth can frequently be assigred
to any one of geveral species of this genvs from North Ame
erican Miocene horizons, In general, the varistions more
frequently represented are those which would include Mery-
chippus isonegug (Cope} from the Mascall and 1M, gumani Mere

riom from the Barsbtow.

Rhinccerotid of, Aphelops

Some Tifteen teeth in the collections are referable
t0 the Rhinocerotidse., A generic debermination is question=
able., However, the brashydont character of the dentition
tends to affiliate this form with Aphelops rather than with
Teleoceras. The teeth show a slight development of the
orochet and antecrochet, The two features of the enamel
pattern were not found assoclated in a single tooth. Two
tarsal elements (Nos. 1636 and 1637) are also present in
the collections. These elements resemble those of Aphelops
| more clogely then they do DTelecceras end may affard corro-

| borative evidence for the present determination.
ARTIODACTYLA

Prosthenmops? 8ps«

A Qicobyline form previously known by a few tecth
is represenved in the collections by fifteen upper and lower
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molars and premolars, Definite generic debermination of
the form on the basis of thie material is nob trustworthy,
but certain charscters of the premolars are suggestive of
Progthennops. The four-cusped mwgemmt?ﬁtha mmusal.
gurface in the premolars, In contradisbinmstion to a fewer
number of aﬁ.sps seen in specles of Desmathyus, and the ten~
dency of the four cusps to remailn distinet rather than to
develop into cross-crests as in Platygonug are sharacters
in which the Coalinga gemus resembles Progthennops. 4

deciduous fourth premolar (NWo. 1638) and two specimens
assigned Yo Dp3 (Nos, 1639 and 1640), are similar to ¢ orres=
ponding teeth in the type of Desmathyus validus Mabthew.

| The permenent teeth are bunodont with a tendency to become
muilti~cuspid, which distinguishes them fram beeth of Rlaty~
gonus in which the cusps are simpler, highsr, anl fused inbo

erogs-crestes. Several astragall in the collection are also
referred to this fomm, These specimens are apyrmzimte}y

- comparable in size to similar elements in the Barstow soll-
gctions,

Gamelidae

The collections from the Merychippus zone conbain
nearly one hundred teeth referable to the Camelidae. Those
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teeth do not £zll into any distinctive groups accémling to
size bubt appear to be gradationsl m this character freui
the smallest to the largest. The dentibtion 1s brachydonb.
In addition to the teeth, however, the collection containsg
& representation of carpal and tarsal elements, Wibhin
this collection there sppear to be three types of sizes rep~
rogented, aa.théﬁggx specimens intermediate in size between
thoge of individual groups are not lacking.

The characiers displayed by the cheek~teeth, as
for examplav gize and strength of the exbernal styles, have
1ittle value in atbempting to meks a generic determination.
Most of the skeletal materisl hes suffered considerably from
abrasion. 4s a result, %the diagnostic characters are for the
mc&t' part but poorly defined., The astragali offer perhaps
the best basias for the grouping of the forms. The larger
astragali are comperable in size to those from the Barsbow

referred by Merriam to Procamelus. The larger pemolars in

the cellectlon are of a size nearly comparable to that seen
in average specimens of species of this genus, The larger
cheek-teath present no characters vhich would serve to sepa-
rate them from Procamelus. In view of the relative abund-

ance of specimens representing this genus in most upper Mio-
cene colleotions it seems reasonable to suppose that these
very similar teeth f£rom the Merychlippus zone represent Pro-

gamelug .
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The mecond form has been recognized largely by the
characters of the astragall. Approximately fifteen of these
elements in the aal;aatim, glightly smaller in size than
the material referred to Procamelus, are distinguished from

the latter by their narrowness. These narrow astragall may
repregent an alticamelid in the collections. To this type
has been assigned teeth which seem to occupy also an inter-
nediate size pomition. The narrow astragall certainly indi-
sabe the presence of a form dlffering specifically from that

Inown by the material referred to Procamelus amd the smellest

vamelid. The group of smller forms compares in size and in
- gbruchbure of cheek~fieeth to some unfeseribed specimensg of
Miolabls californicus Maxson from the Mint Canyon beds of
Califarnia, It appears possible that the small teeth and
lindb elements in the collection from the Merychippus zone

may belong to this gemus.

Flisuchenis and Protolabis differ from the types re~
corded in the present collection in larger slze and hypeo=-
dont cheek~teeth.

Blagtomeryx (Dyseomeryx) Sp.

One upper (Wo. 1641) and four lower molars (Nom. 1642,
1643, 1644, and 1645), a third o fourth lower premolar (No,
1646), and two deciduous upper premolars {Nos. 1647 and 1648)
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together with several aétrggali, are referred to Dyseomeryx
Matthew, known from the Sheep Creek beds of western Nebe
raskas All of the teeth are short-crowned and are thus ex-
cluded from the gemus Merycodus. The metaselene and probo-
gelene of the milk teeth .(Noa{ 1647, 1648) remain isolated
throughout most of the wear of the tooth. These orescents
are commected to the ectoselene in the permenent molar, bub
are apparently not Jéimd together until a late sbage of
wear, In M3 (No, 1642) the internal talonid cusp is more
or less completely united with the hypoconid as in D, ripar-
ius Matthew, There is practically no indication of a basal
cusp between the outer creseenbs of the lower molars. An
snterior basal cingulum is ub slightly developed on these
teeth. The development of the cross-crests in IS or L
(No. 1646) is similar to that fourd in many of the species
of Blastamem s This specimen is samwhat larger than in
the remus of D. riparius, illustrated by Matthew®®, The
36

mtthew, WeDsy Bull, Amer. Mus, Nat. Histe’ vols 50,
196~199, 1924,

median transverse crest is expanded internally with an
incipient pillar developing from the postera~inte§na1 gide
of the main piliar. The remaining erests have a simple
rectilinear appearance. The astragali are small bub
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present no other dlistinguishing characteristlics.

The characher of brachydonty excludes this form
from Merycodus. Compared to teeth in species of Blasbomeryx
the Coalinga gpéeimm are conglderably larger. The latter
are almost idenbical in appearance to Blagbomeryx (Dyseo=
meryx) ripariue Mabbhew from the Sheep Creek beds of west-
ern Nebragka, This subgenus was erected by Matthew to ine-

, clude Jarge species cobherwise referred to Blasgtomeryx.
The ensmel walls of the teeth ave alight:t.y rugoge, but this

character is not so well developed as in Dromomeryx.



-
Marine Verbsbraten

Pregence of marine vertebrates in the Merychippus
zone is partieaiavly interesting since these formg sy
fumidh valuable suggestions as to the mode of acoummlae~
tion of the deposits., No attempt has been made to ﬁeﬁeré
mine the exaet affinities of these forms. The excavations
by thakﬂalifarni& Institute of Teehnology have nobt brought
to light noteworthy additional material representing Des-
nost xus, far the collections contain only a few, fragmen-
tary portions of teeth. Recent studies by Kelloged7 have

e

Kellogz, Rey Proc. Calif, Acall. Scl., 4th ser.,
- wol. 19, 221-222, 1931,

tended to lessen the imporbance of Desmostylus as a strabi-
graphic marker, since this genus has a vertical range in
Tertiary formabtions of California from lower to upper Mio-
cene.

‘ Pregence of whales in the Merychippus zonme may be
ind icated by specimens tentatively regarded ag.fpggments of
ear~bones. A preliminary attempt to determine thésSelseien naters
48l suggests the presence of at least four gensra, namely,
Carcharoden, leamna, Isurug, and Qdonbagpis. In addition to
shark teeth, several flat, plate-~like teeth or jaws seem
to indicate the presence of a teleosbine figh related Ho
the family Symnodontidac.
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THE STRUCTURAL GEOLOGY OF THE SAN JOAQUIN HILLS,
ORANGE CCOUNTY, CALIFCRNIA
By

Francis D. Bode

INTRODUCTION:

A study of the geology of the San Joagquin Hills,
southeastern Orange County, was undertaken originally, in
collaboration with Ilr. W. A. Findlay, as a resgearch prob-
lem to be completed in fulfilment of the requirements for
the degree of Bachelor of Science at the California Insti-
tute of Technology. The original investigabtion served
mainly to arouse an interest in the problem for llr., Findlay
and the writer. In May, 1932, lr. Findlay submitted a re-
port on the general areal geology of the area as a thesis
for the degree of liaster of Scisnce. It was then decided
that mepping should be continued in the area in detail, with
Mr, Findlay devoting time to & preparation of a thesis on
the sedimentary petrography and the writer continuing his
study of the structural geology. This paper presents the
results of the struectural investigation and is subtmitted
as a minor thesis in partial fulfilment of the reguirements
for the degree of Doctor of Philosophy.

The writer wishes to express his indebtedness par-

ticulerly to llr. Findlay for his whole-hearted cooperation
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in the furtherance of the completion of this study.

Dr. J. P. Buwalda, under whoge supervision this work has
‘been carried on, has conbtributed valuable adviee and criti-
cism. Dr. G. H. Anderson and lir. W. P. Popenoe have ren-
dered valuable photographic assistance in reproducing the
maps aﬁd cross-sections.

Unfortunately the U.S.G.3. topographic map of the
Santa Ane Quadrangle was found to contain a number of errors.
On the obther hand, areal photographs were found to be ex-
tremely satisfactory and served as an excellent basgis for
the recording of fthe debails submitted on the map with this
report.

In so far as the writer is aware, no report has heen
published dealing directly with the geology of the San Joaguin
Hills. In addition to ineidental remarks with reference to
the geology of the area, two papers mgntioning the region
include a reconnaissanee map.

A map, showing the northern part of the area, des-
¢ribed in this paper, was published by R. P. Melaughlin and

N . .
C. A. Waring in connection with a report on the petroleum

lCalif. otate lining Buresu, Bull.69, 1914

infustry of California. This map presents the results of a

rapid reconnaissance survey on a base having no topographiec
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expression. The geology is almost entirely incorrect.

A. O, Joodford’sz paper on the San Onofre Breccis

BUniv. Calif. Publ., Bull, Dept. Geol. Sci., vol. 15,
159-280, 1925.

includes an index map showing the distribubion of the

San COnofre Breccia along the coast between San Pedro and
San Diego. In the region north of Laguna, where Woodford
has designated rocks of Vaqueros age, the writer has found
Temblor fossils. The areal exbent of the San Onofre facies
of the Temblor is also greater than the map suggests. The
digbinetions drawn by Woodford between sediments derived
from the east and those from & now submerged land mass to
the west have been of consgiderable value in esbablighing
the struetural relationships of strata exposed in the San

Joaguin Hills.

Topography:

The San Joaguin Hills and their easgbward exbtension,
the Niguel Hills, constitute an isolated elevation, bounded
on the north and west by the Santa Ana Coastal Plain, on the
gouth by the Pacific Ccean, and on the east by the San Juan
Capistrano Valley. The topography is, in general, that of
low, gently rounded hills, rising grafdually from the surround-

ing plain. Along the coast this topography is modified.
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Here the canyon walls steepen and the almost flat tops of
the hills drop abruptly towards the sea. With the excep-
tion of the north side, marine-cut terraces are in evidence
upon the outer fringes of the hills. The highest elevation
is recorded on Signal Peak (1185 feet), lying slightly to

the west of the cenbter of the area shown on the map. From
Signal Peak a median ridge with average elevation of 900 feet
runs in a soubtheasterly direction to Laguna Canyon, the
eagsbtern boundary of the San Joaguin Hills. If streams drain-
ing into Laguna Creek are included, the drainage of the San

Joaguin Hills may be regarded as radial in pattern.

STRATIGRAPHY:

In a congideration of the stratigraphy of the region
only brief descripbions will be given of the sequence and
field characteristics of the several mapable units employed
in delineating the structure.

With the excepbion of Pleistocene terrace deposits,
a;l of the sediments exposed in the San Joaguin Hills are
asngnableAto the liiocene. These sediments have been iden~
tified on the basis of paleontological and lithological evi~

dence as belonging to the Vaguerocs, Temblor and llonterey

stages.

Pre~Vaqueros?
The oldest sediments exposed in the area have been

termed "Pre-Vagqueros” in that they possess no fossil material
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and underlie sandstones and conglomerates conbaining Turri-

tella inezana. No evidence of an unconformity has been dis-

covered between this series and the overlying fossiliferous
beds. The Pre-Vaqueros sediments are composed of sandstones
and conglomerates, these materials occurring in about equal
proportions. A peculiar White Bed of arkosic and rather
angular sands has been taken as the top of this member.
Below this bed lie appr oximately 100 feet of variegated
sandstones and shales with an‘appearanoe strikingly similar
to That of The Sespe Deposits in the vieinity of the Simi
Velley, Venbura County, California. These sediments appear
to be in part land-laid on the basis of lithologic evidence..
A few red beds oceur alsc above the hite Bed. However,
their lateral extent is variable and for convenience in
mapping, the persistent White Bed is more suitable as a

marker horizon. The base of this unit is not exposed.

Vaqueros
Overlying the oldest seliments in the area is a
conzglomerate member with a thickness of approximately 800

feet. Turritella inezans and other typical Vaqueros fossils

have been found at several localities iﬁ this lithologiec
unit. The contact of th;s member with the overlying Vaqueros
sandstones is gradational. However, a definife contact

above which no large conglomerate lenses are found, can be

mapped.
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The Vaqueros sandsbtones, approximabtely 1100 feet in
" thickness, comprise a series of medium to fine grained sand-
stones overlying the conglomerates. TVaqueros fossils have
been found at numerous localities throushout the section.
several of the fossiliferous horizons are extremely charac-
teristic and persistent and have proved invaluable in estab-
lishing structural relations.

Overlying the sandstones are 200 feet of chales with

abundant remains of Turritella inezana. These have been

named Lthe Vaqueros Sheles. Since ghales are rare in the
earlier sediments, this horizon affords an excellent mapable

unit.

Transitional Beds
what has been arbitrarily called the Vaqueros-Temblor
Transitional Zone overlies the Vagueros Shales. The base of
this member has been mapped at the bobttom of a bed lying

immediately on top of fthe shales and in which Turritella

ocoyana makes its first appearance. This member has an
approximate thickness of 725 feet. I. inezana has been

found alone or in association with I. ocoyana and T. Lemblor-
ensgis throughout most of this thickness. Numerous beds com-
posed almost entirely of remains of barnacles, a pecten bed,
and several echinoid beds make this unit extremely distinective.
A calcareous bed composed almost entirely of remains of bar-

nacleg, and above whiech no barnacles are found, has been
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mapped as the top of this member. The last appearance of

the species T. inezans occurs 50 feet below this bed.

Temblor

The unfossiliferous Lower Reef member of the Temblor,
due to its propensity to weather infto persistent reefs, is
readily mapped. This member has & thickness of 280 feet,
Conglomerates are sparsely scabbtered through this portion of
the section. The Lower Reef beds are distinguished from the
Upper Reef beds by the absence of fossils and of galucophane
and the presence of abundant biotite, whose weathering gives
a yellow color to the sediments.

Above the Lower Reef member lies 400 feet of poorly
indurated fine grained sandstones, named the "Big Punky" on
the basis of this characteristic. The Big Punky is highly
fossiliferous; several digtinetive molluse beds oceur wherever
this member is expoéea. A bed near the base containing abun-

dent representatives of the species Pecten bowersi is es-

pecially characteristic. A reef bed of coarse sandstones‘
with occasional pebbles affords an excellent marker for the
approximate middle portion of this unit.

The Upper Reef beds possess a thickness of 875 feetb.
In addition to their characteristic ability to weather inbo
reefs of great labteral extent, they possess several character-

istics of considerable value in field mapping. The base of
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this member is in part conzglomeratic, which gives it geod
definition from the underlying Big Punky. (laucophane makes
its first appearance 350 feet above the base, occurring
mainly as flakes visible in the hand lens. Glaucophane
gseems to be here confined to a narrow zone, apnr ximatély

20 feet in thickness{ Its lateral extent is variable and
its value as a mapable unit is not great. TFifty feet higher
in the section, a persistent bed comtaining abundant repre-

sentatives of the species Turritella temblorensis has served

as a datum plage for many of the structural determinations.
The top of the Upper Reef member is also conglomeratic and
thus affordis a rea@y distinetion from the overlying shales

of the Glaucophane ﬁember.

San Onofre Facies of the Temblor

A B0 foot zone of sandstones and shales, immediately
overlying the upper reef member, has been mapped as the base
of the Sen Onofre facies of.the Temblor. In this sechion,
glaucophane becomes more and more abundant btowards the top,
with minerals derived from the west predominating in the
upper part. For couvenience, the San Onofre facies hag been
mapped as two units. The upper 600 feet, termed the breccia
member, is characterized by the presence of angular schist

blocks wvarying from one to ten feet in diameter. The unier-
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lying glaucophane member contains no brececia, and is made

up enbirely of alternabting sandistones and shales., The sand-
stones occur more frequently toward the top and increase in
coarseness in this direction. The contact of the glaucophane
member with the breccia is in part gradational mnd probably
does not everywhere represent a contemporaneoué level, The
San Onofre facies possesses an approximately equal thickness

on all sides of the aresa.

lont erey

The whi%*e siliceous shales overlying the San Onofre
Breceis have been assgigned to the lMonterey largely on the
basis of theifyiiﬁhplogic similarity to rocks in a similar
stratigraphic position in adjacent areas. The thickness of
these beds was not determined. Woodford reports the finding
of whive siliceous shéles interbedded with the San Onofre.
Within the grgsent area mapped, no breccia Was‘fcund over-

lying lMonterey shales. Furthermore, vwherever visible this

contact is irregular and is presumably disconiormeble.
Terrace Depogits

Pleistocene terrace deposits are found at three
levels on the south and west sides of the San Joagquin Hills,
resting with angﬁlar uwneonformity upon Tertisry sediments.
The oldest terrace deposit is found at an elevation of from

500 to 600 feet. “he sediments at this level possess a dip
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of 5 degrees to the northwest, sugcesting subsequent +ilbing
of the hills in this direction. The maximum thickness meag~
ured is slightly over 50 feet. The oldest terrace deposits

are oomposed‘of'medium-grained‘arkosic sands and contain no

fossil material.

An intermedisbe terrace is discernible along the
western side of .the San Joaquin Hills at an elévation of
aporoximately 200 feet. Deposits correlabted with this terr-
-ace are found at slightly lower levels near the northwestern
edge of the hillg. Tilting of these deposits seems to be
indicated, but not to the degree characteristic of the old
deposits., Both the older and the intermediate terraces poss-
ess seldiments similar in character to those deposited by the
Santa Ana River west of Newport Beach. It is possible thatb
they originated in this manner, the area standing at.a con~
giderably lower elevation during the period of their accumu~
lation.

The youngest Terrace occurs at an elevation of 100
feet along the coast and over the mesa surface north of
Newport Beach. Remains of marine Pleistocene invertebrates
are abundant. Within fthe area mapped, the youngest terirace
displays no discernible evidence of tilting. However,
north of Newport Beach, the contours dn.the U.S5.G.3. map

seem to indicate a géntle tilting northward.
Igneous Rocks

A dark-colored lava hag inbtruded the Terbtisry section
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of sefiments to form sills and dikes. The compogition of the
lave has not been determined. Direct evidence as to the

time of intrusion has not been found, other than that it is
younger than the lower part of the llonterey end older then
the Terrace deposits. The chiefl area of oubcrop of these
rocks is found in the north-south area, a mile west and para-
1lel to Leguna Canyon. In this region, an interrupted series
of dikes extends from near the northeastern edge of the map
to the marine terrace deposits north of Laguna.

The lavas are most prominent and have the.widest
outerop in the northern region, where they occur in two long
continuous and roughly parallel dikes, berminating to the
south on or near the Irvine Fault. The dikes exposed south
of this fauvlt are less countinuous, thelr patbtern on the map
displaying a branching appearance. Intrusive lavas are also
found to a considerable exbtent aldng the Signal Peak fault
and the area immediately ﬁo.ﬁhe west, vhere they are associa-
ted with numerous ninor faulbts. Iost of the gills occur
within this ares and are, in several instances, disgplaced by
faults. Other intrusions occurring locally as pipes, are
fcgné in the southwestern portion of the area. Evidences
of slight baking and a pronounced iﬁorease in degree of in=-
duration of the sediments into which the lavas have been
intruded, are usually nobiceable along theAGOHtaCﬁS. Gouge

and slickensiding have also been observed along most of the



STRUCTURE :

The sbruetural conbrol within the San Joaquin Hills
is dominantly that of vertical faulting. The tilting of beds
appears to be due largely bo differences of throw on bounding
faults. A slizght bending of strata on the large blocks
seems to indicate the wnresence of minor horizontally acting
forces.

The faulbs chown oun the maps and structure sections
have been discovered almost entirely on the basis of strati-
graphic evidence, ZIExposures of fault surfaces and presence
of mechanical evidences along feults are rare. The correct
determination of the stratigraphic sequence for the units
mapped is thus of critical importance. Paleontological evi-

dence as determined for this area by Loel and Corey5 is

3
Univ. Calif. Publ., Bull. Dept. Geol. Sci., vol.22, 31-410,
1933,

entirely corroborative of the stratigraphic succession pres-
ented in the foregoing part of this report. Unless otherwise
stated it is believed that the actual existence of faults,
their location and relative displacement are all essentially
correct.

On the map and structure sections, all unbroken
lines represent carefully mapped features, whose existence
ig certain. Broken lines indicaste the nresence of eoﬁtacts

and faulbs, vhose existence is likewise certain, but lack of
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time prohibited careful mapping. Broken lines accompanied
with question merks indicate the probable locavion of a
sbructural feature whose existence is regarded as the most
reagonable explanation for an anomalous field relation. On
the structure secticns the dip on faults, when not shown as
vertical, has been actuslly deftermined in the field. The
nmajority of bthe faults shown as vertical are so represented
in view of the following congiderations: (1) the plan of a
fault trace crossing irregular topographic surfaces is almost
invariably a straight line; (2) an examination of the fault
pattern on the map shows in nany cases the impossibility of
any appreciable horizontal component of throw; and (3) a rep-
regentation in the structure sections of most of the minor
faults at attitudes obher than that close to vertiecal would
result in mechanicel relations incompatible with bthe surface
data.

Black lines indicating faults along sgides of lava
dikes are not intended to suggest age relationshing. Their
purpoge is to indicate the structurel lines on which faulbing
as well as intrusion has teken place, and to distinguish them
from dikes not associated with fault lines.

Faults mapped in the San Joagquin Hills may be divided
into two classes: (1) major faults possessing, with respect
to known stratigraphic points on either side, displacements

of not less than 500 feet; (2) minor faults of lesser throw
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and which may be regarded as related to the major lines of
fracture. lMost of the faulbts are oriented in a northwest-
gsoutheast direction. A few trend at nearly right angles %o
this axis. All of the faults appear to be contemporaneous,
since neither group displaces the other. Turthermore, ninor
- faults seem to be directly related to forces proiucing the
ma jor displécemgnts.

An individual description for all faulbs would be
both long and tedious. For this reason, Tthe pertinent features
of minor faulbs will be discussed only in comnection with the
- major fault to which they appear to be related.

The accompanying index map shows the areal distribu-
tion of major faulbts. TVerticel displacements relative to
known points on either side are indicated on the edge of the
upthrown block. Regional dips and strikes afford some sugges-

tion of the attitude of sediments.
Irvine Fault

This faulﬁ enbers the northern edge of the area
immediately west of French Hill and runs in a northwest-
gout heast direction toward Laguna Canyon. Gentle curves in
the fault trace seem to indicate a slight dip of the fault
plane to the west. The meximum displacement has been found
near its northern end where a verftical throw of 4100~feet

brings Vagqueros conglomerates on the northeastern block up
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against beds low in the San Onofre Facies., This displace-
ment diminishes slightly to the southeast. TLava is found
intruded along the fault trace at numerous localities. Near
its narth-centrél part, several small faults leave The
Irvine Fanlt abt high angles. These lines possess displace-
ments varying from & to 50 feet and seem to be related to
drag effects along the major zone. The lava dikes north and
eagt of the Irvine Fault are also the scene of minor dis-
placements, the block between the two dikes having been
dropped nearly 300 feet with reference to bounding blocks.

A mile east of the area mapped, a large faulbt pnarallels the
Irvine Fault and‘again placeé San Onofre sediments in juxba-
position to early Vaqueros rocks. The ares bebween this and
the Irvine Feult is thus a bloék, on which the oldest sedi-
ménts are exposed, standing structurally 4000 feet higher
than adjacent blocks. For counvenience this block, comprising
the northeasvern part of the area mapped, will be btermed the

- Highland Block.
Red Bed Faults

These faults are located in the northeasgbern part of
the area. The western ﬁember possesses a vertical throw of
hearly 1500 feet and the eastern member a similar throw of
approximately 1000 feet. The block between theée faults

has been tilted northward and dropped downward relative to
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the sefiments exposed on the Highland Block. The southern
exbent of the Red Bed Faults is not well known, since they
run through conglomerates, displacements in which are al-

mogt impossible to determine.
Laguna Fault

The Laguna Fault brenches from the Irvine at a point
slizhtly east of the center of the area and trends southward
to a point about two miles north of Laguna, where several
crogg~-faults divert the major displacement in an easgberly
direction. The position of the upthrown block is similar
to0 that on the Irvine Fault, the eastern side having gone up
with reference to the west side. The maximum displacement
mneagured near the center of its trace on the mep is 1830
feet. Two gimilar faulls possessing a displacenment consid-
erably less, and only one of which has been mapped, parallel
the Laguna Fault on the east side of Laguna Canyon. These
are likewigse braunches of the Irvine Fault. The area easgt
of the Laguna Fault, here termed the Laguna Bloek, duplicates
all of the characters of the Highland block with the exception

that it has not been carried so high.

San Onofre Faulb
The San Gnofre Fault enbers the wesbtern edge of the

area with a vertical throw of perhaps 1000 feet and continuves
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southeastward with the displacement rapidly increasing in
that direction. AL a locality two miles northwest of

Abalone Point the maximum vertical throw is over 5000 feet.
Farther to the séutheast most of the displacemént ig divided
bebtween two branches, the northern and the southern. The
northern branch gives a vertical displacement of 2000 feet.
This fault Jjoins-an east-west cross.fault vhich then connects
‘with the Laguna Fault. The throw on this Southern Cross
Fault approximates that on the northern branch of the

San Onofre, the sediments to the north standing over 2000
feet structurally above those outeropping in the tovm of
Léguna. The soubthern branch of the San Cnofre is more corr-
ectly .a continuation of this simgle line of faulting farther
to the northwest. The displscement on this branch is approxi-
matgly 3000 feet. A mile west of Laguna this line of fracture
truncates the Southern}Cross Fault and then continues out to
sea. Sediments on the block between the San Onofre Feaults
and the coast exhibit a strike roughly parallel to the fault
line. This block stands strueturally lower than all other
blocks in the San Joaguin Hills. It will be termed the
Lowland Block and the area near Laguna soubth of the Southern

Cross Fault the Coasbal Block.
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Sliver Faulb

The Sliver Block, on which upper Vaqueros sediments
are exposed, ig bounded on the southwest by the San Onofre
fault and is separated from adjoining blocks to the north-
east by the Sliver Fault. This faull is comnected at its
northwestern end with the San Onofre by means of g crogs-
fracture on which a vertical throw of 1000 feet has taken
place. Half of this displacement seems to have heen Lrans-
mitted to the Signal Peak Fault, for, southeast of its Jjunc-
tion with this fault to a point where the Sliver Fault rejoins
thé San Onofre,the displaoemeﬁt remaing approximately 500 feet.
N
The minor faults within the Sliver Block seem to be related
to the bounding faults in that the throw is upward towards
the middle of the bloek from both sides. The trace of the
Sliver Faulbt seems to indicate a slight dip of the fault
plane to the northeast. The Sliver Block has been lifted
above all the surrounding blocks and, with the excéption of

the Highland Block, stands structurally higher than all obhers.

Signal Peak Fault

<)

This line of fracture branches from the Sliver Faulb
near the center of the area, crosses with a slight westerly
trend the peak from which it is named, and then continues

until it disappears under the alluvium in the northwestern
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corner of the map. The Signal Peak Fault possesses a maximum
throw of 1200 feet with the uplifted block lying to the wesb.
The V-shaped welge area 1lying between this fault aﬁd the
Sliver Fault has been considerably shattered by a large num-
ber of minor faults. This zone of shattering has a width

of about one mile and cont inues along the west side of the
Signal Peak Faﬁit. The actual displacement on most of the
féults hag not been determined. Individual displacements

are usually small but the tobtal aggregate measured by project—-
ing the dip of the unfaulted sediments eastward approximates
600 feet. In general all of these faults strike toward the
apex of the wedge mentioned above. The region between the
Signal Peak Fault and the Sliver Faults will be called the

Wedge Block.
Bench Block Faults

The ares bounded by bthe Irvine and Lagune Faults and
the Signal Peak and Sliver Faults is named the Bench Block.
The term Bench is derived from the fact that this block stands
several thousand feet higher Tthan the Lowland Bloek to the
southwest, but is, however, structurally lower than the High-
land and Laguna Blocks to the northeast. The Bench Bloeck is
structufally lower than the Wedge and Sliver blocks and with
the exception of its soufhern boundary, has all the essential

requirements of a graben as well. Neither "Bench™ nor "Graben"
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completes the description, however. As can be seen on the
index map, the strats on the Bench Block form a semi-dome
truncated on the south by the Sliver Fault. In addition, the
entire block seems to have been tilted northward. Fractures
within this block may be divided into two groups; those whose
trend is parallel to the bounding faultes, and those trending

at a high angle to this direction. The Tfaults belonging to
these two groups intersect,/forming on the map a parallelogram
pattern. Since the members of one group do not displace those
of the other, the attitude of fault planes is thought To be
nearly vertical. Displacements are all minor in character,
throws rarely exceeling 100 feet. The direction of throw on
the parallel faults is downward toward tvthe middle of The block

from both bounding sides. The high angle faulbs possess an

upward throw towards the center.
Age of Faulting

With the exception that the faulting cuts early Yonbterey
sedimeﬁts.and does not displace the oldest terrace deposits, no
direct evidence indicating the age of these digplacements is
available within the area mapped. The amount of erosion ne-
cessary Lo expose the old sediments on the Highlénd Bloek has
been consgiderable. Assuming an early Pleistocene age for the
oldest terrace, the date of faulting can hardly be younger

than late Pliocene,
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The age relation between fhe feults and the lavae
is important. The evidence regardine this relationship is
in part contradictory. The dikes sppear to have been in-
truded into zones of wealkness which if not feults at the
time of intrusion, certainly must have represented incipient
lines of displacement. The lava in the vieinity of Abalone
point is older .than the fault bounding it to the north
since the breccia in fhe fault contains previously cooled
pebbles of lava. The displacement of sills in the northwest-
ern corner of the area indicates that here the intrusion ante-
dates at least a part of the faulting. The associﬁtion of
lava with all major faults, the slight baking and induration
of sediments along all dikes, irrespective of the presence
or absgence of faulbing, and in general, the uniform confine-
ment of dike lave to the fault traces all seem to indicate
that the intrusion followed the faulting. However, the
slickensgiding and gouge along the sides of dikes could have
been produced by pogt~intrugion favlting as well as by the
intrusion itself. It seems to the ﬁriﬁer that the most prob-
able relationship places the inbrusgion as contemporaneous
with or laber than the early part of the faulbing and younger
than the last of the movements along faulb lines. The age of
the lavas thus has a bearing on the solubtion of the problem;
Unfortunately, the answer to this problem wmust remain indefi-

nite. The fact that most of the lava intruded into Perfiary
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sediments elsewhere in Southern CGaliforniea ig upper lMiocene
in age, is suggestive. t is pogsible thal the time of
faulting and intrusion in the San Joaguin Hillg area should
be correlabed with this regional sctivity and no evidence
opposed to this correlation has been found.

The distribution of post-lionterey seliments in areas
adjacent to the. San Joaguin Hills furnishes some additional
evidence. In the vicinity of Capistrano quegtiongble Pliocene
sediments have a considerable thickness and lie unconformably
upon the llonterey. Well logs in the Huntingbton Beach ares
indicate the presence of over 2000 feet of Pliocene rocks.
degt of the San Joaguin Hills and in the vieinity of Hewport

L4 ] s I K3 - 03 4’
Beach a thin veneer of Pliocene rests, according to Rollin Hekis,

4 . .
Personal communicabion

with marked unconformity on the lonterey. IFarther inland and to
the wegt the Pliocene thickens in directions away from the San

; : - : . = — g =
Joagquin Hills. According to 7. A, English™ the contaect between

a,

k=

nglish, 7. 4., U.S.G.5. Bull., 768, 39, 1926,

2liccene and lliocene rocks in the Santa Ana llountaing and in
the Puente Hillg is unconformable. The above relations also
sugoest a late lliocene or early Pliocene age for the neriod of
diagtrophisn, deforming the strata now exposed in the San Joa~-

guin Hills.
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Cause of TFaulting
p (o)

The absolute direction of movement, whether up or down,
of the faults camot be ascertained within the area studied.
The iowest known point structurally is situsbed southwest of the
San Onofre Fault and two miles northwest of Abalone point.
Here the top of The Vagueros has a probable depth of 5800 feetb
below thé surféée.‘ Rocks exposed at the surface belonz to the
lonterey, and with the excepbion of the Santa Ana llountains,
this formation lies congiderably lower in adjacent areas. It
seeng safe to aséume therefore, that the relative movement
.within the Ban Joaquin Hills has been upward. Deformation of
the strata exposed'in the San Joaguin Hills is thought to have
taken plecee in the following manner:

The area was at first domed, the center lying approxi-
mately in the middle of the Bench Block. Jith continuvation
of forces causing the doming, the elastic limit of the rocks
forming the exposed strabta was reached and exceeded. TFrac-
turing occurred, the uplift then progressing to varying de-
grees on different blocks. Thne Highland block rose highest,
with the DLaguna and Sliver Blocks following in thaﬁ.orﬁer,
and bthe Lowland Block remaining relatively stable. The nmove-
ment of the wedge block was largely that of tilting from the
Signal Peak Foult towards the west. The area in ﬁhe'apex

of the wedge being caught between two upward and closely
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gituated faults was lifted 500 feet higher than the rest of
the Wedge Block to the northwest. This disgtribubtion of
movement resultgd in the development of a local torque in
the vicinity of the apex and of which the minor faults on
this blockvare an expression. The mOvément of the Bench
Block relative to adjoining blocks cannot be exactly deter-~
mined. Certainly it rose abové the Coastal Block around
Laguna; whether this central part of the initial dome reach-
ed a height above all other blocks and then fell back to its
present structural position, or whether following the fault ing
it merely moved upward.more slowly than surrounding blocks,
is unknown. It is also possible that this bloek, remaining
relatively stable, was tiltea from its south side northward.
The writer has not been able to find any evidence definitely
disposing of any of these possibilities.

A second method by which this deformation may have
been brought about allows the area, after doming occurred,
to be dropped downward with the release of the horizontally
acting forces. Practically no evidence has been found in
opposition to this theory. As indicated by the distribution
of the San Onofre’Facies on the map and by the description
of the large fault to the east, the center of the San Joa-
quin Hills stands higher than the area surrounding it. To
accept This theory one would have to postulate a large area
of indefinite extent dropping down on all sides from & rela-

tively small central nucleus. t seems to the writer that
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the mechanics involved in lifting a small block upward are
considerably less complicated and therefore nerhaps more
reasonable than those involved in allowing a small area to
remain high while a very much larger and almost entirely
contiguous area is dropped four te five thousand feet.

A third possibility receiving careful consideration
in the field regards the faulting as older than the deposi-
tion of the San Onofre., Since many determinations of dlis-
placement are based on the relabtionsg of San Onofre sediments
to older Iliocene rocks the uplift reguired would be consider-
ably less then that desceribed in this report. However, none
of the older lliocene rocks has contributed to the San Onofre
Breceia. Glaucophane appears well dowm in the Temblor sec-
tion and unconformities between the bop of the San Onofre
and the oldest lMiocene sediments are entirely lacking. In
addition, the dip of glaucophane-bearing sediments indicates
that the deformabtion of these sediments has been as acubte as

that of any of the older rocks.
Origin of Forces

That the forces immediately responsible for the
faulting acted in a vertical direction seems beyond question.
The lack of folding unaccompanied by tilting of differentially
moving blocks, the absence of horizontal components to the
faulbs, and the type of fault pattern all seem to preclude

the possibility of horizontal forces causing the fracturing
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exhibited in the area. It seems more probable that the origin
of the forces producing the faulbing was directly below the
ares. Upwelling of igneous masses, causing feults of large
throw and short lateral extent, have been frequently postu-
lated by writers in the study of ore bodies and their origins.
That lavas are associabed with this type of faulting in the
San Joaquin Hills is suggestive. However, the possibility

of a domed structure settling after release from horizontal
compression should also receive careful consideration. The
writer feels that he is not gualified to discuss the more
fundamental problems dealing with the origin of tectonic

forces.

PRESENT ELEVATION OF THE SAN JOAQUIN HILLS:

The relative earth movements causing the present ele-
vation of the San Joaguin Hills have been determined largely
on a physiographic basis. The presence of terrace deposibs
at an elevation of 600 feet, the flat terrane along the coast
at the 900 foot level, and the presenée of marine—cuﬁ terraces
all indicate that at an earlier geological date the elevétion
of the area was considerably less than at present. The de-
velopment of thé existing drainage pabttern seems to be en-
tirely subsequent to the deformation of the hills, in thatl
the structursl features have no influence on the direction
of flow of the streams.

Several facts are of value in suggesting the nature

of the movements causging the present elevation.
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1. The 0ld Terrace deposit dips northwest at an
angle of five degrees.

2. Profiles taken from the U. S. G. 3. map of the
Senta Ana Quadrangle seem t 0 indicate that along the western
gide of the hills the highest or oldest terrace dips more
steeply to the northwest than the intermediate terrace, and
that the lowest has no discernibdle dip at all.

3. The streams flowing northward from the median
ridge in the center of the San Joagquin Hills have alluviated
their valleys for a distance well up toward the center of
the Hills.

4, Streams flowing southwsrd toward the ocean are
cutting through the country rock near their mouths and at
this point the canyon walls are noticeably steeper than thosze
farther inland.

5., DProfiles teken northward across the area seem to
indicate that there is a constant slope northward from the
900 foot level on the coast to the level of the Santa Ana
Plain north of the San Joaguin Hills.

6. The llesa country north of Newport Beach ghows
indisputable evidence of having been tilted northward or
inland from & line roughly confluent with the »nresent coast
line.

7« The large Inner Bay, north of Balboa,’was prob-
ably produced on this tilted surface by the antecedent

Sanbe Ana River.
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All of the above evidence seems to be in accord with
the hypothesis that the Sen Joaquin Hills have been tilted
northward and slizhtly westward during Quaternary time along
a line roughly confluent with Tthe npresent coast line.

The old terrace deposits afford indisputable evidence
of such tiiting“siﬁce their accumulation. The alluviation
of the nofthward flowing streams, while not alone indicative
of tilting in that direction, indicabte when compared with
the alluviation of the southward flowing streams thet the up-
1ift has not occurred along the central axis of the hills.

In the above case one would expecet to £find the same condi-
tiong obtaining on both sides of the lledisn Ridge. The gteep
canyon walls and the active cutting taking place along gbreams
approaching the coast line seem to be clearly indicative of
recent wplift.

The surfaces of the ridge summits is everywhere near
an elevation of 900 feet along the coast. This upland country
hes the appearance of an 0ld age surface. As one proceeds
northward the charactersof the surface 4%: found at Llower
and lower levels., This circumstance may be inbterpreted as
indicating a tilting of an o0ld age surface.

Profiles of the three terraces taken from the U. S.
G. 8. map indicates that the 600 foot terrace has the great-
est slope and that the youngest or 100 foot terraces hardly

possess any slope at all. This is exactly what would be found



if tilting has taken place.

That the mesa country has been tilted seems indis-
putable, as is shown by the contours on the map included
with this report. TFrom the map it also seems probable that
the Inner Bay was cubt by the Santa Ana River as it kept pace
in its dowm~cutting with the Tilting of the block.

No evidence within the area itself offers a sugges-
tion as to the fundamental forces causing this tilting.
Pogsibly the Inglewood Fault parallels this strip of the
coast abt a distance not far from the shore line. If this
. is the case the tilting may be due to forces operative along

this faulb.




