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Th.e Mer;~rch:J.,pp11s ~.orie o.oc1.1:ea etG the top of the Temblor 

sandstones on Don.1e11.gine Oreek# twelve n111es l1orth of Coalinga, 

t1al1forttta, ~he faw..a inclutl.~la a atgn1:fte&tt r epre.se11·tation 

of u~u.,la.tet!f a11i aarn:t~·m•· es,- vtitlt tlte Eql].idae fe .. r outn:uml.H~~ 

~ehe s~t:ra.t!graphio p.osition of the ];Ierych.i.ppus zon.e in 

the :f~rt1a~y ma:r1na s@~ia.s• expoa:ed on the west .. s.:tde o:e· the 

San J oaqu.!n Vc,lle;r, lies within a !40?.le t:rhose aaa!s. nment e:t th er 

t -<"» the middle· Miocene Tembl·or o~ the upper !tti~oene llonterey 

;~s; at prase11t di~puted t-f;tnOllf geologists familiar wt th the area. 

~bat. i ta position is close t ·o the tU.viiiin~r line · b·etwee-.a !femb-. 

lor a:nd Monterey is. de.en1ed ~,gnifioant for this repo1~t. tn 
·1ts stage ot evolution and 1n its X>elationdl~:PS .with Tert iary 

a:5sem1llat;es of the Great llas1n P:fovinea, the tauna of tlw 

1.~eryoh!.ppus zone 0000.pies a poait1 on intarnied.iate betwee11 the 

mj*ddle lU.ocene' J,1asoall c>t e~$tern Oregon and the upper Mio• 

oene Bal~stov1 o:r the Mo.have Deser'b .• 

A stuo.1 ot the oec~a.rrenee .of the material .. le·ads to 

the eonolusion that the aceunnllat:lon of fosail ~emains took 

place in the toreset :portion ·ot a delta. of a large rivei~, where 

remai11s of land manmals were mingled \Vith those ot ne.rint 

vertebrates~. ~he suggest.ion is made tha'b during the period 

of accumula.tlon of the depo.st ts and ot the orgamc remains. 

the lan.tl area. oont1,.1tru.ting this ma.ter!al was one of l.on re• 

lief and oharaot.eri~ed by . a: rainfal.l o.f ap:prox:iraaitel1 30 in.• 

ohEHh. !rhe fauna is des,oribed in detail. 
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COALINGA, CALIFORNIA 

by 

Francis D. llode 

Xlf!IR:OJ>U'OfIOI' 

l!:le fauna r.r.om the llerychippus zone.. north of 

Cloalin.ga, Oal1.fo:rnia, was tirst described bJ J. o, JJierriam1 

l 
Meri-$,ara, J • O. 1 Trans. Alner. l?hilos. Soo. 1. N. s.·1 

vol •. ~a. 1915. 

in 1915.. !he ass.emb1a.ge as llsbed bt Merriam 1nelude4 tour 

genera of mammals. namely, i~eacb1puua .• J:>r~sthemg.~, Procameluet. 

a.ud fe_trabelodon. As rocog.tlize«l by :D~. ?4erriani,_ tbe discovery 

ot remains of land mammals in the marginal marine seriee of 

Oalitor.nia possesses particular ·sSgn1f'1ca.no~ as furnishing 

an -important aid in determining the time relationships be ... 

tween the marginal m1u.~1ne deposits of the Paeitic Ooa.st and 

the oontine.ntal formations of the Great Basin and Great Plains 

areas ~t Norl:h America.. ~e in:esent studies were initiated, 

therefore, with a view to e.nlarging 'the fauna from this hor~zon 
. ' 

and to. eatabl1shing more. a.aoura.tely the time relationships ot 

the e.4saembla.ge. Moreover •. it seemed des.ti-able to aeu~ertain 

fuller infclrma:t1on eoneerning the conditions c4 acoumulation 

Ot the foseil1ferous depos.1 ts aid Of the ecologic conditions 

under which the tmna exlsted. 



. F·ia.14 work Wt:lS condooted by the· Cali:fm11 :nia Institute 

of Wedlm.olo.£.W from 1928 to 1932• w1th the exception of ·the 

.au.mmer at~as0111h Imch of the fossil material on whio.h the 

p1~ese1'lii report irl baaed v1a.s obtained by the la.ta E. R. XnBlee. 

A. study cd~ the ~ssemble.ge from the Meryohippus ZO?le' was 

mtegest.ed b1 Dr.~r Oh ester a.tock, to whom the Wl"it el! 111 in•· 

debted fo1~ help:f\ll aiggeations in the course of the inves• 

tigation. »r •. R. n. Reed. furnished valuable 111fornatio:r1 re·• 

ga.rding the strat1graph1.e posit1e11 of the· lteeyc-hippWJ· zone. 

tu the n~.r!ne Wertiar-y section exposed neai- Oo·a1.1nga ani in 

otl well seet!ons of the north d«tte ar the Kettlema.n Hills. 
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Showing geographic location of 1\Uocene vertebrate horiions 
in the Western United. States. 



!he geographic looat,:ton of the Me:ey-chippus zone with 

refe1-.>ence to knetv.n ocaurrenoes of continental tleposi ts o:f 

ltloeene age. in California and .The Great J3asin Province !a shoW11 

on the aoeomp~v:tng eh~t.. The hor1zo11 fran 1:1hioh the fossil 

ma'fJerial was obtained. is located on Dorne~ine tlreek, on the 

east flank .of the Diabl·O Ranget: twelve miles north of Coalinga., 

Oaliforni.a.~ and approximately twenty•f:tve miles northvresf; of 

the north dome of the Kettleman Hillsi» The Diablo ttange 11 

bordering the San Joaquin Valle1" on the west . is comprised 

of a series of sedimentary rocks, more than :!~,ooo feet in. 

thickness. representing formations which date f1?0m Jurassic 

in the oente~ of· the Range to the Recent &lluvium in the 

Valley along its flank~ With exee1rbion of the Coalinga 

anticline, six miles south of the fossil locality$ the 

sediment.a aloll6 the tront ot t .h0 range dip X'egttla.rly off 

the flJ:tnk with a strike more or leas pe..rallel to the San 

Joaquin. Valle7. Domengine Creek is an :tl'1term1ttent stream 

f1ow1ng eastwai~d down the fla.nk of the Diablo range and. 

clischargeo upon the usu.ally dry floor of the San Joaqu.in 

Valley~ Its general course ~a perpe1·1dioular to th.e strike of 

the sediments, but at a point fouz.i milea fI:1om the mouth the 

stream tu.ms and flows ·south al.ong the strike for nearly one• 

quarter m1le 1 thence resuming its easterly direction~ 

The foasiliferoua beds of the Merychippus zone outcrop along 

this no~th•,south c0t1rse and the type locality occurs on the 



east ba11lt of Domeiig;lne 01~eek a.t an ele"'1'at1on approx1matel1 

fifty feet above its bed., 
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fhe or iglnal material descx-ibed b7 irerriam from the 

Mer:l'ohi;ppus zone was obtained from sandstones and conglomerates, 

two to three fe,et in thickness, lying at the top of the middle 

· iu.oeene Temblor section on Dom.engine Ore·.ek and tmmed1atel1 

below Miocene beds known looa.111 as the ''Big Blue"•· ~is 

field localit7 has been :r·eeord&d in the ca.t-alogues of the 

Oa.litorm.a. Inst1tu1.e of feebnolo.gy as No. :ios. fhe. m.a.~.or 

portion of the m&tertal obtained by the Institute was col1• 

,ote4 from pockets at this sa• stratigraphic level.. In 

addition, however. a conS1derab1.e que.nt1t1 of.material was 

eollected at a point farther south along the strike of the 

beds and a.ppr OJCima.tely twenty feet strattgraphicall1 below 

the level of 1ooa.l1t1 108. fhts locality is known as No. 

129. Bo differences have been noted between the two assem"'.9 

blages. !he position of loeal!l.~1 129 in the series gives 

added reason fQr' regai-·d.1ng the Meeyc.hippus fauna as occuw• 

ing ·w1 thin the Tembl~ as indi oated b7 Merr.:tam and not. in t·~ "· 

base of the Bis Blue. 

The sediments Of the upper one h1llldred feet of the 

Temblor increase gradually in coarseness as they a.:pproa:cb 

the Big Blue eontaet. the deposits changing gra<lu.aJ.11 :trom 

a.lternating aha.lea and fine sa:ntstones, to sandstones, and 



_,_ 

'then to coarse sandstone.a .a.nil pebble oonglomerat.e lenatlh·. · 

!Ehroughout the ·upp,er twenty tee'b e·ross:•bedding is v1s1bl.e 

1n the sandstone. , !he three feet . Of s·edlm.ents unterl.11ng 

the Big Blue eons.1st toz.. t .he most part of sandstones oon• 

ta.in.lag leniicular pebble conglomerates • . Here the lenses 

al:'e numerous an·d give a false appearance of a continuous 
' . ~ 

bed. ,- Closer examination reveals • . however, that none of them 

exten~s along strike for more t:m:m twent7 teet. ~eU- con• 

t;1nuous ap:pe.ara.noe is due largel7 to their abunda.nce. Exo&• 

va:ttiona show that the average width ot these lenses, down the 

dip, is usually equal to one•ha.lf' thetr lel'l8th along the 

strike, giving them a lateral elllpsoida.l area with an elong&•· 

tion approx1:m&tely 1n the direction of strike. Frequently 

sro.all pockets of claJ"· ~-e found within am underlying· the 

conglomerate a. Olar pockEfts not associated with pebble 

lenses have also been observed. While :to ssil tnSJDalian z.e

mains are fOQJld scattered thro1lghout the Ul)per hundred feet 

ot the Temblor, the material does not become abundant until · 

within twent1 teet ot the Btg Blue eo,ntaot. At this level 

the material is usually concentrated 1n the conglomerates 

and ls most abundant- at the top Of the section. Here the 

number of horse teeth trequentl3 exceeds that of' the larger 

pebbles. Small conoellb:ratio.ns ot specimens have a.la> been 

found in ola.7 pockets not associated with the conglomerates. 

Fossil mater.1al has been found northward from the lower bent 



on Dom.engine Oreek to a po.int where the toae111ferous· 

.S'trata 41•appear under the grass1 man'le Qt the top ot a 

r14ge, a distanQe of nee.rl7_ a thousand feet~ Onl1 scattered 

· re:mains were tound along the strike nf the· beds, on the south 

· ~d Wf.Hirt s·ide ot Do.mengJ.ne Oretk. In this direction the eon• 

glomerate. :Len.ea diaa:pp~, leavhlg the Blg .Blue ln oo-nta.et 

wt:tti 1umds.tenea~ 9?he zone of lllaX1~ cen-om tration has a 

latera~ -extent along the strike ot 6':P:rox1matel7 :romf hun«• 
red f.e,et ,._, Its extent in th& 4.lrec~ion .. ot the dip of the· bels 

la Ul1lalown. 

W1itl the •xeept1on of. three hor.ae. rand., the nat.erial 

tr·•r th,e ?le.17chlpp.11s z-one e•n:C.e•s enti•el7 ot scattered 

1Hteth. and tt-agments of limb elemen:bs, :But few ot the teeth 

show· -stsns Of abrasion, al though man.v of the specimens ex_ 
hibi.t a. tenden.c7 to shatter into m.&'tlY fragment.a men removed 

t~om the _matrix,. !he skeleta1 lntlt.erialt on the other· hand. ..• 

is usu.all;, so well rounded t.hat tew eharaoter.·a of t .axonomie 

value are av~lable. fhe J!elat.ively oompaot .ea.rpil and tar

sal bones are the mo·s.t numerous skeletal i:e.x-t-s represented, 

Xn this oolleotion the astragali far outmunber other e1e• 

mtnts,. Aa with the teeth, the s1celetal material ia· a,ss~grt.

able, ;prtnelpal11 to the EqUltb.\ih Upper limb naterial ta 

~&J!e a.n4;. 1s repre-s.en'bed b7 om e.omplete hor1u1 meiJ..a.podial and 

a ac-ore -or more ot tragm-fllts o.t the ar~iculat ·cry l)ortions •. 



Am<ms upper limb speelmens. camel ana. horse· are e·qual.J.¥ 

well rep.r•sente4, offering a :r»olnt ot contra.st \tl th re·• 

ma&a1.iw parts ot the. a1te.1e-iion whl·ctt belong Chief~ t .o mem

bei-s ot the Equ1dae.. Prose.nee ot· rhtneeeroaes and o~· mas•· 

t ·odoniia is tmioated b7 i-emalM. · ot cheek•teeth. 1-'.o large 

limb mate.rial rete.nble to these torms has be.uni foun .. 1. 

l3om material ·Of l.arse size is comp-1etel7 absent in the de• 

;p·c.Hd. ts., t .he la~ger fragsnts ne·ver exceea.t~ a ma.xlmum size 

et tour · mohea. Sharks. ~ee1Jh ~e plentiful and are assoca,. 

ted with an oocaaiona,.l tooth bagrtMutb. of the aqU.atio m$mBl&1 

Deemo-1zl'ls ln all the quarries-., B·o skeletal parts ot th·t -s:e 

fQt'ms; have been found., · Mud c-aats ef a gastropod anl at a 

lamellibranoh were f'mml 1n oile ot the fossiliferous pocke'ts 

at loeaJ.1t7 129. 



·•10• 

!he following SI>eoies a.re· now recognized in the 

col.leoti ons from the Mell"ohippus. zone: 

Oarnivora 

tom.arotu1 ap. 
A•lu.rodan $• 
Amphioyon sp .. 
Hem:lcyon .. sp. 

Rodent1a 
Uonosauiaxt •P• 

Probo.scidea 
1.rt.oma.stodon or T~i:tophodon sp. 

Perissodaotyla 
Hypohippus sp • 
Para)':t~ppus b111:evidens Ma.rah 
A.rob.a.eohippus mo'tlr'ningl .(Merriam) 
U:ersohippus breviaon·fxts Bode 
1leeych1ppus· ealifornicus Merriam 

Hh!.nooeratid e.:r·. A:phe lops 

A~·i1oda;et1la · . 
»ros the~pa s:p .• 
lb.*oc~o.lus sp*. . . 
·oxyttaotylus? ·or .Ut·ic·amel\181 sp. 
Btolabls? sp. 
Blastome17x (Dyseome~y.x) sp. 

Mar.int, vertebrates .a.a follows: 
Cet.ao·t&n re.mains . . 
lltUJmastylua of. hea;peru.s Atarsh 
Se·laciai tee1'h 

Qaehar·o4on 
·1a.mna. 
Xauru..s 
Odontaapis 

Gym:nodont1dae 



lndiviilttals assigned to the species ~~§hi;QI?'t•. 

g~~t~n.11ou~ tar out.number all other forms in the fauna 

from the lVter,ehippus Zone .• thls speoie·s be:tng represented 

in tlle oo.·llecttons b·y more t ·han two thousand well preserved 

·cheelt•teeth... At least five hundred additional t ·eeth we.re 

discarded because of the.1 r fragmentar1 preservation. when 

the col.le.ctio.ns fro• the tie.la. were :prepared in the labara• 

tor7. Xoreover·· matl1 fl>eoimen.s, too tneornplete to· collect, 

we;r,e dis.carded in the field, Aoeor<tixg to E. R. ·rngtee the 

n'\ln1erica.l relation of complete and incomplete tee·th ertoounter

ed to those ao:tually shipped· \Va.a well over :five to one. 

lt appea.r.s sate to assu.nwa the.t more than five thousand teeth 

were encotinter·ed during the progress of the excavations. On 

the ' ba.s1s of the ·scatt-ere:d distribution of the teeth removed 

from the Merychippus zone- it seems likewise safe to a :satme 

that not · a.ll of the t:wenty•tour cheek•teeth assignable to 

one ind1v1d'UAl are included in the oolleotions. A reasonable 

·es.tima,:be of the minimum :number of ind1 vidua..ls ·obtained may 

be placed at. ~10 hundred and fifty.. !f?1le number of 1ndiv1• 

duals indlea.ted b7 third.. uppe.r molars ,of the right side is 

O?lG hundred and twent7, However, beca'USe of the teeth dis .. 

card4d a.m the pr obabil:J.t1 that not all indiv1d:u.a~ts in the 

.oolleotlons are represented b7 the third molar, the former 

estimate is l.'ega.rded as being nearer the a.etual munber. 



· Me.±7.~i~,Pl1~ ~.!~~.i. :t:or.11;1,q~q,, has b.ee n d.ei;ermined from the total 

number ot teeth in the oolleetions after ·salting in'bo .account 

the l:li~-e, shape,. and stage of wear of all teeth O·ceu:pytng 

Opposite but siEila:r ponitio:ns in the skull or. mSJ1dible. 

The poss1btltt.y ot duplication of number aris:tng frora eotu:1ts 

o;e lov.~er and upper teeth aetua.,llu represent tng the same in• 

dividu.al. has been iuaken into 13oi1s!aerat1011. 

Wit;.h the exception of 14e:rzchi1lJ2.,.U,.!. ~ll+-~n,iq~, a11 

othel! species in tr.1.e eoileetton a;ee represent.ea. by less than. 

one hundred tee-t;l1. The 110J~u.me of. 1~ook excavated. to obtain 

the pl!'eaent eolleetion was well ov-er a thousand atbio ya.rd.a •. 

S.inc,e the teeth were d1.str1b.ute4 rather unifor·m.l;v through 

thi ·s Yolume and over· an area. of ·at. least s ix thou.sand s.qt1are 

fe.at~ it seems l1kely ·that not many of' the specimens bel.ong 

to t -he. saam indi vidn.a.l. In the -case ot all epeci~HiJ' the il'ttm"" 

ber of ·1ndivi.o.ua...1..a is prob·a.bly a. mi11.imum. ltowev·e-.x~. sinoe 

the sa• procedure has been followed far all foBJls and mnee 

the n'Wnber of meryehippine teeth gorea.t-ly exc·eeds that. of all 

othe·:e forms, the ~e1at ive frequency of oo C."Ul'):rerioe ot all 

forms 11 oonSidered to be essentially correct. 

On the basis of· present· estimates that ~t l ·east two 

hundred and fifty inctivitluals of the species ,1J!e1rt.£~b.i.;tll~S 

ealifoPnicu.s have b·een found, the Equidae eomp:riae seventy 

per o.ent ot the tot.al, number of in<U.vidual.lil collected front 



the Meryehippus zone. The accompanying chart shows gra.phi

oally the representation o~ individual. groups, but :ror those 

mammals in which relativelJ :tew individuals per S);$Cies are 

knom only the atz• of the family is shown. 



Chart showing frequeric;r of occurrence of' individuals in the 
fauna of the :Merychippus Zone 

Rodentia~ Carnivora 
I /Hypohippus 

Marine forms 

Artiodactyla 

Archaeohippus 

Rhinocerotidae 
Marychippus brevidontus 

Merychippus ca.llfornicus 



MODE OF AOOUMULA~ION 

1'h.e relative abundan,.ce .of sha:e-ks teeth .and the 

presence of Desm.Q,sty~:uj~ at.td Of several other marine forms, 

indicates the marine origin of· the deposits containing the 

Mer.yehippus zone. The preponderance of remains ot land 

manmals, on th~. other hwn. Slggests that the a.ccumulatton 

took place in an area close to shore. a.t a. locality where 

fragments ot these forms were readily obtainable. !alat the 

aocumnlat1on oooup1ed a period of time of greate.r dUl'ation 

than a few years is suggested by the fact tlla.t the fossil 

ma:,er1al is found distributed throughout the upper hundred 

feet ot the :I?emblo:t-· beds 1n ·the Dom.engine ereek a·eetton~ 

~e: gradual 1nci-ease in OQarsenesa of the sediments,: accom

panied by a similar increase -in concentration of fossil ma• 

terial toward the top of tb.e section may 'b·e interpreted as 

indicating the a.pproa,ch of the land area.. ~he Temblor s.ec• 

t1on on Domengi,.ne Creek has a thickness of four hundred and 

eignt,- feet. Six mile·s aouth, · on the Coalinga. anticline, 

this fo:rmat.ion has a thickness of approximately six hundred 

feet2 • In ~ial wells on the north dome at the Xettlema.n H1ll.-s 
I I ·n , . , 

G., c. Geste~ and John Galloway. Bull. Amer. Assoc. 
Petrol. Geol~, vol. 17• 1180, 1933. -

the Temblor has increased in thickliesa to appr·oxima.te~r :fift• 
' . . .3 een hundred feet. · ~is southward increase in thickness 

·'D·. . . . . ' 
op. c:Lt. 



suggests that the land area trom whieh the mterial was de• 

i-1ved lay to the n~th a:nd possibl1 to the northwest.. The 

north\vest der1vati,on ot tbe material fcrnd.:ng the Big Blue 
. . . . 4 

may be regarded as earroborative evtdenee .• 
f ,.. 1i· ·. ·.: . I. I .. 

ROb·ert Anderson and Robert w .• Paek, U. a. G. s .• Bull•·• 
60$, 83, 1915 ... 

As prev:Lously mentioned:, the fossil material occurs 

aa scatte:red teeth. a:n.d smal.l ~a.gmenta of limb elem.ants ~~

ied 1n elli.psoidal eonglome.r~te lenses. It vrould appear 

quite likely, from t;he nature of the occurr•nce, that the 

f<ntsil material aeeur.ttu.lated on a sandy surface ot the sea 

·tloor over which were scattered more er less ellips~ia.a.l 

peb'bl.7 a.reas. Within .the latter and es:peeiallJ at their · 

bottoms ooouiared ~mall cono.e11.tr.at ions of .mud. ~hese a1~eas 

evidentl1 lay tn slight dtpr,essions on the fl,oor... Appar• 

entl1 othe.r small depressions con.ta1ned onlzr mud. Em.ploy• 

1ng the terms defined by fw'enh.ofe1,.5 the pebble oonglomera.tes 
gr Ir 

!reatise 011 Se<li.mentat:tonn • !!11.e Williarn.s and Wilkins 
Oo .•. , 155, 1926CJ 

are composed ot a het-erogeneous mixture ot pebblEUl, gTa:nule.a, 

varyi~ ai ~es of sands, and small quantities of mu.d.- :ate 

sediments exposed on the, surface su.rrounding the pebble areas 

were comprised ma.inly ot neet"iu.m to tine grained sands. !ale 

maximum d!Q,meter of the pebbles rarely exeeeds one ineh, al-



though :partieles close17 appraxlmating this s1ze are nlllTler

ous 1n the upper three feet of the Temblor sed!.n.ents. In 

the pebbly areas and infrequently in the few Olaf pockets, 

fossil verteb·rat.e specimens were foUl1d lodged betvteen :pebb~ 

les or ·were bi.irietl ·a1m.ost entirely in the elq. Xnverte• 
, 

brate fossf.ls a.re absent. 

As in~.tcated by the presence ot marine torms, the 

-su.rtaoe on \'lid.ch the aeeumu.la 'bl on took place• lay aubme:rged 

beneath salt water. ~he maximum stre~gth ot the e'llrl'ents 

during the period of deposition is indicated by the size at 

the larges.t pebbles. These :pebbles probab~y \vere rolled. 

alOJ'l8 the bottQm• com!n.g to rest ult !mately in shallow de-. 

presaions on the sandJ floor. The clay ,or mu.d with.in the 

gravels may be regarded a.a material Oa'!J.ght. and prat.eoted 

trom 'further movemerl\> after s:lnldl)g· through tht interstlc.es 

between the pebbles and co~se sands. :F'ossil material 

rolled. along the bot.tom V«.>uld also become lodged between the 

»ebbles a;nd thus resist ftl.rther movement. !fhe :presenee of 

to,aails ot al1.ght1y greater sime- than. the ;pebbles may be 

acc.oun,ted for by the lower density ot this mterlal. 

ln reviewing the t7pes of deposits under which the 

JJ!e:cyebippus zone ma, have aceumulate·d., at least tour possi• 

bilities present themselves. ftle~e may be i11d:leate4., with 

i~ege..rd to the envi~onm.enta.l conditions u.nder which the7 

are fol!lned, as littoral. marginal lagoon, estuarine.l' alld. 

del. ta a.ccumu.la t:tons •. 
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~e stratigraphic poei:ttion of the l\erychipp~s zone 

at the t 0p of the Temblor, the type and distributi pn of 

the sediments., and the thickne.ss of the deposit mQ1 be ~e

sarded as 1nd1eat1ons favor1~ a l11itora1 origin of the 

dep.osits.. However. several :e·ea.tures are opposed to thi·s· 

type ot origin o:t th& MeX17chippua zone. While the absence 

of marine invertebrate torms may ha.ve no $1.gniticanc.et· 1t · 

seems more probable from the :presence ot other marble forms, 

that shell tr38m.ents would have been in evidenoe if the con• 

centration north of OoaJ .. inga occurred mtder littora.1. eondi• 

t 1ons., fhe . deposits laid down under a li °t1H>l'al environment 

are la·l'geJ.1 the res·ult of wa.ve act.ion. I.a.ck ot abx-asion o:t 

most of the tossil. teeth trom th& Mer~h1ppus mne, some 

sp.eclmens preserving int.a.et their long, thin roots belmr the 

base of the crown. and the perfect preservation ot the de

licate strtietu:r.e s ot small t et th as in !~Ch$.e~hi~I?'l;f!• are 

some features of' the orgard:e 21emaJ.ns which appear to mitigate 

agai:r:uit the postulate o:t a.ecumulation on a wave-pounded bee.eh. 

Moreove:r!, it is difficult to oenae.1..ve of l8~rge concentrations 

of :t osa!l speeimena (horse teeth sometimes Ou.tnumberblg the 

pebbles), as farm1ttg on a beach. 

A ttmarginal lagoon" 1$ s. body ot water- p~i1~tialJ.y sepa

rated tram the s·ea b1 a bar or barrier beach. Seclin;ents :r·rom 

the land are brought in by treSh ~ter and those from the 

sea b1' tidal. currents. ~he wa:b,er is t1suall1 sal. ty. This 



il1pe o:e environment mi€11t be vegarded aa favorable fcr the 

ac01JmU.lation of mal~ks teeth and remains of land mammals. 

Ht>v1ever, in a me~ginal lagoon the v.Jti:he·,~a are quiet ani &s 

tltey periodically reoaive a.iew 3ed.iments 01-:iottght b1 1.)1' tides, 

the de.z,osita become -well stratified at tlie 'time of a.oeunitila•· 

t1cm., Tlte st~titifioat:!on of lagoon.al deposits .eJ..~e even a.nfi .. 

regular and the· ··aeitiments consist for the 1noat part ot fit1e 

mud a.nd silts~ RerttS,ins of inverteb:tuates m.-oe 1is-\\al~r abv.n• 

dant. T'n.ese eharaote1~1st1es a.re not b! aocoro .. 'li!T1th those 

exhib1t·ed by the deposits of the lvte1~ych1ppus zol'!.e(! 

Estuarine deposits are laid dovwm in a:n enlargement 

of a river chan..~el near its mouth.~ whe11 the l .td1ter has been 

drolmed throu.@1 coastal subsidence. Tidal. <.rawent.s .ar:s, 

conunonly raore active here tlla,ii alotJg the snores Of the open 

sea. Thia leads ·to st1~ong our::.-.ents resu .. lti.:ng in mu.eh scour

ing of the bottom. Remalna of ma,rine :lnvertebra:bes are tm

CO!t'!lu.>n. Tbe sadim3nts riverWfard ~e usually sai'lda and siltst 

while those ata'Wal?d are not unlike n1arine deposits~ !l?he 

i11termed1ata es·tuax~t:ne area f.tla\V' have a bottord qu; .. te si.1nilaz.11 

in appearance to that ·mich l~obably prevailed :in ·the locality 

of the Mer;yohippu..s zone~ With the exception of the e~bsenee 

. ot etridences of eooured oha.:tmels~ the deposits north of 

Coal:t.:nga present no other cllara.ote1~1st:toa opposed to those 

seen in. the . bottotns of estuaries. Htnvever~ an estu.a.t:y, :prima:e~ 

il:.1 resu.lt1ng from a su.bsidenee ot the ooa.st, is in direct 



op1M>fd.tion to the pr-obable ·conditions obta.inir..g in t .be v1c1• 

nity o1· ·th• Me:rychippus zone . 4urit.:Jg the time rep,rese.n'ted -1>1 

the U.pJer. ~rt ot the !emblt·~• 

Otl the· other .hand, t ,he ttepos:1t.s at the Mer10ht;ppu8 

zo1w p:c.esent no eli&l'acttrs servSng to d1sbinguiab. them f:rom 

those . . ot del.ta· de;pof.d.tion, »elta deposits are bJ' no means 

un'WfdA1•- the, tot~ pr·esent ~ea receiving seM.m-en'bs o..r this 

tvpe b'G~ est ~at-ed by heJlh;a-te16· to aggre!ate app1•"orlmat&l.W 
Mli !I . I , _. · -- - i I 1 _ 
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Ban-ell• Jt;·• Bull. Geol. Soe~ Amer •• vol. 36, 5'17•446, 1912. 

of get)l,ogtc 'b1me h,ave been marked by the acc'WU\l.lati.on of exten

sive ¢e:pos11ua of this type. Delta deposits ar·e 41Yidet\ into 

to'U31 alasaes.8; t..he topset bets. ot the wba.arial pla1n, the topset 
~ • _I ., 4 11· 

h'enhof'el .• w .. x._,, op. eit •• 591•i96, 

beds ot the w.baqueou.a at.ope,_ the iepoti1.ts of the ±breset slope, 

and the bo.ttomset beds beyond the foreset atope. Sediments ot 

the first two a1~e ohan;eie.rtzed b3' sands and el.a.vs with gravel 

\UlO•mr4on ·1n the first. the- bottomset d.epo~.d. ta a,re sird.la~ to 

thoae tlepos1ted e:nttrely wtder marine conditions. 

lloth r!irer a:na. martne wat.ers ere concerned with t -he 

depos1tlo.n ot seU1$ntS on the torese.t slope,, t.lie former adJa• 

oeni; to the enle of the river d1sti-S.bu:bar1es and the latter 



over th~ :t:nterv-e-ning wreas. -ib.e coarsest. mate1~:tals ot the 

- clelt~ are fOWld. here. !lheso· a;re· ustU\ll1 .4e-pos1te4 with an 

tni.ttal . inelb>.atiort, although ·1fb.e ang'l~es ot· inclination are 

ueu.&117 lO\V in ltttl'ge bo'11es -o:t wt\t,e-r. the uppe• pol'>tion-s 

«>t the fores·~~ l?-.•ls are tlepoeited above wave ·base and the 

low.~ ;po~t$:-Qn~ . '.~~ :, be below 'that level. In t:u,rb,id Vl&'bers 

marine orgaid,sn~$ may be absent .• - ~+~ -sediments &f ·t-he . foreaet 
. , 

~ 

slope· are. poorly sort-ea. but· atra.t$.t~ed; · irJ. -eontr!tst to evi• 

dence ·t>t· soolt» channels -seen in the subaqueous topset b.e:da,. 

3t:rong occe:an eu.r!"e·nts a:ud fine waste give wide distribution 

of s,e·dimenirs and extensive devel,opment· of the bot:tomse,t be4s · 

a.a compared to the other components. 

about the mouth of the Missi•aippi. 

These conditions obtain 

St:ret\lnS entering bod1 es 

o-f water whose ·oUI.-re:nte have energy .w.ffieient to d1:spose ot 

all sed.tmeniui, br0tight to them ma7 ha"Ve no $U.baei-1al pla1ti. 

Dee:p waters about a. d•lta fr,ont, with weak current action., 

lea.~ t ·o the deposit-ion of most of the material in the fo:tt<eset 

be-tls, !Ihe.ae cumd1.tions -pr.eva.1l at the deltas of the Ganges 

anil ~taJU1i~a Rivara. Strong wave action,, great extent of'· 

delta front mid a alowl1 rising ~e,a•level fa.'!or the develop• 

•e·nt. of· ,a wide.' subaqueous plain. !.heae c ondi t1 one lire thought 

to ·exss:t about 1tre. Nile .. 'ff.Veal¢ waves; eoars·e abu.ntant sedi..,,. 

men.ts., an·d a ahalliw sea leaet. to the develo:pm.e,nt of an ex• 

tenslve $\ltaerial plain. · !he delta of the Rlllne and ad~ae-ent 

rivers iUustra1H~ these oond1t1ons. Othev combinations of 

these factors lead to Yar1'1ng rtun:dts.4 



S?he ebove des.01)-iptions~. tar.an largely from Ba.i~r·eL1 

and henho£el9 •· indicate th.at a variety of condi t .!.ons m~ 
g • 

OP·• ·Cit .• 
........ _ ,. ~ ' M ri 9' _r# 1 

preV8+il iv hen · sed.irAent.s· accumulate under a delta . envirol'lt"'Q.ent,.. 

!htY dep·oaita e,011taining the. fossil vertebrates of the Mery• 

ch.i:;?:PUS: zone- f'~;t. \Vithiz.t this :range ot varL4!1.tion. :aeda lo.ver 

than one h'lmdred feet below the t:~p of the ·Temblo:t:r ea.11 be 

r .e.ga.rd.ed e.s having had a bottomset Ol"'igin.. while t ·he. :Last 

hundred fe.et or ae(1iment,a represent. the t.oreset portion of 

del.ta deposits. !he rather 1mifo1,.m .st1-aa.t·i .fi:eation of the 

la.s.t · hu:mlre.d feet o:e the !e:mblo1• on Domengine Creek, the, grad• 

ual i:ncl,.~uise . in coarseness towar1l t11e top o:r· the section •. the 
, · :-· ·· . · ; _, 

U.:C:iformity of size o:t the pebbles and at their diapo.sition 
\l, e. 

along strike. the pres.enee Of oross-beddL-ng. ·t;he assoeiat1on 
/\. 

of fossil. types., an.d the lenticular . d.isposi ti-on of the eon-

g1,omerates., .are all ln accord with this t;1pe ·ofd·eposition. 

As. Judged in the 1ight of the chara,ct:ers. m·ent.ioned above, th·e 

lteryethip;pus zone m~y be inter1,re .. te.d as an aeeun1ula.tion which 

took pla..ee in t.he fores~t beds of a.. large river emptying j.nto 

- ;.. tairl7 deep water with curr·e1lt .s Of medium strength.. !L'he 

su.baeriaJ. and subaqueou·a slopes wmild in this ease be poox•ly 

developed •.. !he ove~lying Big B1'llG oblitei~tes. however* 8:1.ly 

indication of these two stage.s .• 

Tbs. fore.set regi.01i Q·f a delta deposit appears to· 

.aceouut f w all .. the characteristics of oeo.urrenee exhibited 



by th~ fcssJJl mat,erial at the vert.,ebrate looal1:t1es nox•th 

~f Oool.inga. Th.e. scene of deposition may be visualized 

a.a the region 111 front of ·tne mouths of distri'butory streaina 

and bel·OW ·the level of the $ea. with a total area of aoCUJlN;-. 

lation approximt~t\!; one t}lousa1ld feet in widtlt and with' a 

eent1•a.1 area in v1llieh moa·i; Of tbe ma:tertal was concentrated 

within approximatelY four hundred feet. ~he rtittrlne wa.ter 

above acoounts far ·the presence of' the al"lttrks ·r teeth and 

· other toms. fhe eonsbent nu>Vements ·of Sa.nil and pebble :par• 

iicles along ·the bottom· afforded the probable a.gent iu-,event• 

. 1l1g populati.o.n by ~1"i:ne 1nv:erte·br.ates. f-he ou.rrents of the 

:Jriver over . the su.baerial p~~ .Possessed. a maxlmwn Stl'ength 

capable <Jf' \lrine:1116 peb:bles u;p to Q?le in.oh .in d!aneter to 

the. scene ot ,a_ceumu.lation. With.in the a::t"eas ot aooumulat1on 

ot the toreset 'beds,. the· water had m.:f't1o1 ant strength to 

co,nti:mte mo•ement of tb.e. pebbles, bu.\ ~uJ i#lese progreas .. ed 

seavtard, less and less .movement ooourred. fhe epeeifi·c 

aree.s ot pebbles x-ewlted :from a trapping of this sediment·arN 

material 1n shallow depressions from v.hich the curr,a1ts were 

. unable to remove :it.. Ola\V'• silt, and slightly ooa.rser p~~· 

tie:les., on sinkil16 into the interstices between t.he ;pebbles, 

Mft.~ thus wot.ected ti .. om further moiteraent. In like manner, 

faolatetl teeth w1d :fragments {)f bones of land 1aammals ·were . 

rolled seaward a.long the bottom. \Then a. tooth or ~a.gnent 

beaame lod&ed between. pebbles; it ?las able t .o su.ooesstu.lly 
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·resist turther ~Qvement* As t ·he :pebbl.7 areas were built up 

obetru.ot1ons were developed t11hich hindered for a time a sea• 

war-d movement of the finer ma.ttrial behind them.. Eventually, 

how&'\•"&~, a stage was reached where the tine sedime~ts we.she~ . 

over and buried the gravel. areas, protecting them from tu:r

thel1 dist~ba.nee. A new depression to the st<te or behind 

probably arist~ted. by ·th.ts action With oonseque..'\t. initiation 

ot a new cycle of a.oeumula. ti on. 

!ehe l.ow·er denst'ty ot the teeth and espec1al4' of' the 

b{lme mat$r;lal ~ooou.nta for their larger ~i~e in comparison 

with that of the pebbles. A• mentioned under oocu.rrence, 

thfJ te·a'tlh l'arel.1 sho.w signs of r0Ul1ling,. man31 of the f.Peei• 

me·n• still ;posse1sing all of their rot)°b :portions. '1:ransporta• 
I 

tion wt th rock material for a considerable dt-stanoe wo·uld 

certainly be expected to remove all signs. of the more trsgile 

ttrbmQtures... th1s feature 1s suggestive of a relatively 

gen:tle process of· t:ranmporta.tion and. se.ems to ind1eate that 

iihe ri'fer bringing down .the material. carried very lit·~le 

large nnlt.e:rial., This type of stream is gQnerall1 oba.ra.oter• 

iatio of a eountcy well oove:.tel bi veget,ation. !t'he an~1larity 

a.nd e:-;::eellent lXf.'EUJ<?rvat1on of the teeth i11dica:te ftrth.er that 

1n. all p:robab111t1 nt~'l1 of the teeth <lid not t:-ill from .a.n 

inUYidu.al Jaw o~ skull,. to Whioh they belonged~ . . until tl1ese 

orgs.nie r~ma.:lns had reached a pol!iti.on close to the ai--ea.. ot· 

burial'* ~he. s'keletal elemen'is are nearl;r atwal'S: munded. 



!his: is to be ex);l&eted, f<:r after lengthy immersion bone 

becomes a. Jelly..,like su.bata.noe, whereas teeth retain their 

hard stx-ucture tor a much longer period of time. ~he round• 

blS of the bone i'ra.gments is thus probably due as much t -o 

long !mme.rsion bef are bur.ial as to abrasion during transpor• 

ta:tion. 

None of.. _the limb bones. ~ complete, and large elements 

b-elonging to au.oh forms as a mastodon or rh1noeeros are en• 

tirel.1' laok.1ng. SkU.lls are also absent.. These large skeletal 

parts were prob-ably too hea.vy fox- transportation and were thus 

toroed to 11e upstream until d1sin\egre.tion developed fragttents 

small enough to he t~ansported., 

The orean:to remains were probably acquired original.l.y 

by the stream ae mat-erial washed trom lta s.1des am from tri

butaries. !his appears to be a nat+mal »roceiu•. since animals 

frequently die near or immedta..tely a.dJacent to stream courses. 

Unlike the case observed b7 Mat'thew10 in his .stud7 ot 
I :a Xtr · 

Matthew• W • .»., Bu.ll. Amer• ltus. Nat. Riet. • v 01. 50, 
19.24. 

Merzohipl?us. pr~mu..s from the Sheep Creek horizon ot western 

Ne-bra.ska. the equine teeth trom t -he Mer1chi:ppua m>ne of Ca.11-

tornia do not show ontogenet1.e stages of wear. Seasonal 

floods are thus insUfficient to account tor the acquisition 

of the material, rather does the a.oqu1sit1on appear to have 



been a continuous pr.ocess,. mhe type of deposit and its 

thioJcness SU.gg"est that the ma ter·ial required a period con• 

siderably longer than a brief span ot years to b:e e.·oncen• 

tre:bed. 

The large munber ot individuals ot t~ Equidae ob• 

ta.ined from the Meryehippus oone may be misl eading from the 

star.ii.point Of actual represerrtation ef these mwnma.ls in the 

contributing area. It is gp.it.$ prob,able that these forms 

were abundant on the land area.a, bu.t . it mu.st be rernanbered 

also that the s·iJru.ctiwe of s:n equine tooth is au.eh a.a to 

wtt:hsta:nd better the vioissitudes of time than tha.t of teeth 

·Of many other types. 



While the mery<il.1pp1ne horses were unqu.estionably 

the most P"GVa.lent mammals in the fauna ot the li!er10hippus. 

zone. their prese.n<u.J does not neoess.a.ri.ly P<:lint to the ex-

18.benee of a wttespreat pW.n. or step~e env.tt-omnent. These 

forms; in contrast to the.tr living descendants, possessed 

quite clearl1 a: number of mo:re pl'*im1tive str'1Ctura1 cnarao

teristice 1n skllll., skeleton end dentition,, 1n \lil.ieh respect 

the1 were less :favorablJ adapted to open country and to a 

a.a.et comprised ch1ef1y of .gritt1 grase.eso. l\.S a. na:tte·~ ot 

f3et, tD:e }\ypsodont ho~aes of to•ct.a1 exist not 011-11 on th..e. 

desolate plains o:t central Asia but a.re found at.so in open 

wooded ooun'bry ot South Afr:l.ca. and in the Rimala7as. Thus 

a wooded region \d.th interspersed g.rasa-covere·d areas may 

be poetula;be·d as an environment partic\lla.rl.7 advantageous 

to the development of large munbers. ot merych1pp1:ne l1orses. 

In 1h1s eonneotton 1t is signitica:nt to reeogn.tze 

likewise the presence and diversity of the brac}cydont hor• 

ses !n the fa:una. Among· the lattez., ~lJlOh.l~Ur~. with its 

broad feet and brachydont teeth, se.envJ well adapted to life 

in a wooded environment. Para..h113;gutl.,. with teeth similar to 

those ot Itz~ohi._i?l'!S1 , was probably also a 'browsing t~pe. 

Areh.aeo.hlJ?iU.S, may well. have ooeupied an environment similar 

to that ot the present da7 deer. :forms more typical of 

wooded areas than of a plains environment. On the other han.4. 



Ar.a~a~·~ld:Jutti• wt tb. it s &lender limbs can har41J b:e regarled 

as having a rarge resia.tiot.ed to anall tree-eoverecl' a.l'*eas 

a .long stl!eam eoursea.. . Similar $Uggestions are ottered b7 

m.embe:re ot . the eamelldae and b7 PJrse
1
Qil\em• !!hese, a.re all 

b:raoh1dont forms, whose habits are presu.mabl;y akin to modern 

t1pes oo.cupy.lng wooded &t?ees. -

~he pr.9_se·nce ot rhinoc~roses is not necesaari~r in• 

dioa.t1ve Of swampy ground a:tnee two ot the living Indian 

species and b·oth of' the African to.rms a:re found · 1n wooded 

areas a43aoent t .o grassy plains. ~11.e living types feed on 

gra.sses .and on the leaves ·of small shrubs and YO'U.llB trees. · 

Judged in tbe l.1ght of its lot1g limbs and brachydont teeth• 

A:phelops may have ·occupied a h&bi'tat featured bJ ·an oak 

forest and ·1ts floral assoetatl&n 1n0luding an undergrowth 

of grass. 

!he l?r·oboscide·a as re:presented in the fauna by the 

maatodo.nts were without much qu.est,ion browsing forms. Like 

the l'hlnooeroses. bra.ohydolit horses and camels• these :torms 

were ·Oertalnlr not restr.toted to tree•oov:ere·d areas adJaoent 

to st.:ream c ou.rses. !he t1pe ot .environment as here ooneeivet 

rea411J admits ot the presence ,ot peooar·tes. 

fhe oharaoter ot the oarnivo,re e.es-emblage su.ggest,a a 

pl$1ltiful ft.Od supp,17. Doubiless these terms toun4 an:ple 

opporttm.1 t7 lo stalk the Jr -,,·e:g. 

Compar1a>n of the fossil assemblage with a. oharaeter• 



the easenti.,all:y n6Ii'aa l ram1eri .ea1 re~eaent&tion .. of ·· individual 

typea 1:n t he f(}mne~. In aaeo.uw:hh\~ f<r the large number of .· · 

me1~rchip,pine ho:r$ea,, tl\I) ttt&:;est10n!l m'v be stresse.d:• In the . 

first :pl-ace • . the pr'1tohiJ?p;:tm hor,ses. m;ay have be,e.n ·tttott"e aia• 

e;~lpt1ble tblut ot.h'0r f,01~~.s \6· the :processes which brought ~b-ou.t 

\he1r ult.tmat:e;. _entcr1bment !.lt ··the reeol!d •. Secondl3 .• 't·he s.t?'tle-· 

·t11.?Ni ~ tlu· te·eth f.n ti1ese· types eM&iOeB to a dlat.:blct.1)1 

gx-eater d$gre·e.1 than 111 the ea.se ot· braCJhydont speoies,. the :p.re

servatton. Of the· m.a·tarial,. 

·~ taitna regarded ae a unit 11aggEuJts the pr·a.ttenee ot 

woode:d CO'l'Jl1tey with mi'f'!eient grouni.. cover c£ grtliBa to be· 

attraetive to both browsing and grazing tn:ea.. An an&l.7S.1s 

ot the· f&UM stveEJo no special rea,son for' recqgnttion ot .a. . 

highly variable eneraal environment. In view of' the mob111t7 

o~ the 'Q"puJ <HJeurring in the ta.u~a. of the Mer;,ehippus s«U•·•· 
tbi.a assemblage doubt;le:s·s turntshes a reP."'esenta.t1ve eross• 

section o~ the ~•Bional l.i~e o.t that ttme •. 

Addi1tlonal tnfortnatioa · eoneemtng the climate and ve~ 

«etat.toml eove:t- .of' t .his region o.t 0.alii:at"ni·a du~ temblor 

time ·•W be drawn. t:rora the f1.elds o:t . bl.vertebrate pa,leontol.oa· 

ant. pa'.leooo.~. thus ne1npell11 has po.1nte4 ·Ollt tmt tke 
' . ·n: ; . ii. : . ··. ' ' 

.Ueln.Ptll .•. a.:m •.• , paper ~ .. ltJ. Propo·sed 131o.etJtat1gra:phieal 
c1.aasiflc.~•1on Of the Oall~<>.rniA 1U.Oe1enett .• ].1resent·ed &'5 a 
~~··t~ . _of the 1Heropaleontologiea1 soc1et7 in :r.o.a~ Angeles,. 
lf ov.. 1 33~• 
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tropical. 0011cli ti one,. We,1"'m ·water d:u.1"1..ng this period :ta in• 

d1cated :a.lao by the megaf.ossi.l fa~a .• 

Aec~di,:rg to Ohane112 th.a . tosail floras of western 

I!. tJliane~.·, lt-.1

· , Carnegie In.st •. Vltt.Blh Pttbl. lTo .• 349,. ·25., 1925. 

North America indicate rather uniform climatic con<U.t lons 

du.:vtng the Uiooen~41 Ohane1 oonsl.ders the Mas,call flora and 
. ' 

1ts equivalents as r .e:t.a.ted to· the oalt•madrono forests of 

California., Y41ere ·to1,ographic eond.tt1ons of low relief ha:tre 

no part:teu::tar intluenee upon a ve·getation rem.lting from a 

rainfall of apprcnd.mately thirt1 1nohea. 



on. the basis· of pre·sent age•determinations ot fer• 

tiary vertebl'&,tt~ horizona in weste1~ lfortli America~ the 

Mer1cl11:ppui\l' zone .ass.emblage. ma.1 b-e re:ga~ded a.• ·iat.e ·mictdle 

l!io@ane in age. In :i:'bs stage ot . evolution and ~n its re"· 
ls.ta.on t<.l faunas of the G~?eat :Basin Prmriooe the Meryehippus 

aone oot3Up1es ·a p-osi.tion int•e.rm.ectiate bett'leen the uppe.r 

itiooene Barsto1,, oi .. the M·ollave Desert and the iniddle tfiooene 

:r~aeeall o·t eaetel'n Oregon. !he . Virgin ·valley anti. Slm11 

Sprillg fa"ttna.s of nonhwerstern l'levatla and eastern Oregon 

respee~ively a.re cu:rre.nt~ x-egarded as approximatel.7 equiva• 

lel:XU to th• ll$seall and the.ir relati:onship to the fauna 

t:rom the no.rth Coalinga 4in:riot is approximately compar~ 

able to. that whicb the ll!aseall bears te the latter-, !fhe 

Mer7ohippus zone faUlltl repl'eser1ts an intermingling of genera 

found either in the. lhu!st«¥ ar t.n the Mascau. ln general., 

the more p.r.oB?•ess:ive Mascall forms are found al.so in the 

hor·izon north ot· Coalinga. L.1kewise 1, tn>eo having affinities 

with :SaX"stow speciee are usuali,· found t;o be related to the 

mol:'e pl'*imltive forms 1.n the ta.Una from tlte Mohave :Oeser'b. 

!his l"elationship is pm.~t1cu.iari1 interesting in. v1ei1 of 

the :eaot that the BtWstov1 :ta'Ulla is distinctly advanced· beyond 

that of the Maacall .• 

fhe Equid.~e atfo.rd an exoeUen:b illustration of this: 

intermediate i>osition on the part of the fauna from the 



monly oeourring in the JJiasca1l but no·t found in the Bar.stmr. 

~e Ooal.ir1ga ID!Jt9Jl.1J!l!'-i~ is .oonsiderably f!naller tha.11 that 

found in the Bar.et-ow~ J.Iowever, tlte ~chaeo)l1)2pu.s :mater1~l 

~:rom the lteryeh1p:pus zone is ele·arl.y distinct from th$ 

1raseall apee.1e s.. !~ 'il~t.m~~· and is spee1fioall1 in1eparable 

from the Barst.QW" form, A• moum.~nfli• \Vithin the t~emhtp11u~ 

g1•ou.:p the small s:peeies, !• 'br.e.vtdQ;Q~$. is found a.1$0 at 

Skttll Spring anl Virgin Valle7. !1• b.~e,ri<lontus re}resents a. 

more primtt.ive Spaeies thall al'.11 of ti» -Ba.rstOW' forms. .Among 

two thousand teeth represent:!ng the spee:tes 1Iepz~~l1J?Utif ep .. }:.!• 

fornicus a oonad~rable number pr-es$nt. ch.araot-~n .... s whieh are 

lndist!ngu.ishable fr-em those ot it .. iso·nt$\18 cf the Mas.call·· ..... .. . , ' 

An equal l1Umber of the·se t e-eth, on the othe~ hand, llOSsess 

oh.a.raoters .ident1oal with thos-e of M. l!Nll1.&n1 from the Barstow • 
. ' --. . ' " . '.· . 

:~'ts .the ehar~ct.ex-s dis.pla,ed by this S::t?ecies ref·leet the 

intermediate· position ,ot the tauna. !he· primitive MafiJcall 

species, ! ·• !J!J(l'e~1~,.1, a11d !~ 1'$l;l.~t'tla are absent from the 

0«11alinga fauna.. as is el.a> the pr~ressi ve_ mpeeies !• 1f1.ter .. 

m.o.ntau.iua. which is chara.eterfe.tic ct· the Barstoe-. 

Amol\S the, carnivores the j.A/4.»h1,o,z:~J! ma1uar1al. is 

close to A•· '~~P~JZ1.Ut, a sp·ecies ree ognized in 'the lb'Iasca.11, ~ f$,una .• 

Am.;ehJ. .. cz~ hQ..s .not been r ·eoorded from the Barstow. Tomz-otu• 

fr~ the !i!er;vchippua zone 1s not clearly distinguimable from 

either t.ha Mascall or Ba.r·stON t7pe.s-• !rhe presenee. in the Ooa.

linsa fauna ot a la..rge «.og referred to the genus AeluJ'oden 



and _similar to A• ~e~~~t.t!fli"Of', fr.om ·the Santa Fe·,., ts .M .. ot.her 

lnd1oat1on of Ba=r.-stow af~lniti .es. A_e..,i.urq:d¢.n- ;ta a more pro~ 

x-eseive form than rel.ated can.1.ds from middle Ui.ooen.e hortzo:na· 

of the northwest. H~1d.cyon has not be.en r.ecorded from. the 

Me.seitll ·tr VU-gin Valle1', Ho!tever.8:.mngle upper oax-na1ud.al 

from. SkUU Sp.-ing has been 1.d.ent.ttled as belcngi.ng to this 

fon1h A lower .. _Jllolar from. '.North Coalinga is comparable to 

the onrrespond1ng t .ooth ot· U,etp-.l _Qzt?• .•1•:ttqw9~sea, t.rom i;he 

Mohave -Desert horizon, · 

the mast·odont teeth; :referred qussttonabl,y to M1.o• ........... 
~-st.~~~ or ~~~l°'32ho:d.o~, a.1•• s!mila~ in st ae to specimens 

' from Virstn Valley. !he Proboae14ean matea:lal from tbe Jar• 

stow la not-1oeabl7 la.rger,. al.thoui)l the d1f~erenoe tn size 

•Y have no special. Signi:tioance. 

Amo~ the Art!odaet7la, the CJAmel.s ott·e:r some 1nl1• 

cations of the 1.nterm•die:be position ot the lrGrycbippus zone 

fauna. !!he largea"b of· the Ooal~a forms im comp.arable in 

size to the m.nall.t)st- members ot the group referred to .ffio• 

camelu.a from the Bars1U>vt, 

Our.ious17, t ·he genera .B,r0.m:p14erz; and . .. tl;Zooau1., al· 

though tou11_d 1n the :Sarat-ow assemblage sad in the middle 

Miocene fau.n.aa 0.f nat'tlJVeat.e:rn Nev&ela and ta.stern Orego~. 

are aba-eni in· t-ht Mer30hippu,1 z•'-·• Poast bll eoo1og;t oal c ~-

4it ions &:re rtsJ)on:ai ble :tm: this absence at the Ooa.linsa 

looa.l£tr. 



A de.tail$ d oorapa:r;lson of the ?&e1'*ychip1;rus zone :fa.una 

with "the niore in1partant 1'ioce11e as.semb1ag:es of the western 

(fre·a.t Pla1.1w is unsatisfact.or~r,, due ·to inaomplet.oness of 
~ 

in.formation regard.i~ a numbel"* o:t s;peaiss oeeu.ri>ir..g in tlie 

Californ,~a horizon. en the basis .of the sta..e,~ of -evolution 

-o:e the Eqll.idae from the Tet.rtblor bads. this hori:zon repres.ents 

an a,dvance beyond the. Sheep 01,eek er ller;gch1J?l)US. Eipms. z.cne 

o·f weat~rn Nebr.aska.1. although :tt is eai"lier than the stage 

of the lowe1' Smlte Creek fauna . ., ~he latt.er a .. ssemblage differs 

also from that of the 1!eryohippu:s zone in absence ot Aet1urodon 

.and :pre-aenee of more prob~essl ve camels .• 
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2.'he fol lowing comparative 1 is ts give t lrn !"a&.=nmalian f aunas 

of five i:Iiocene horizons of western North lirnerica, including the 

I\lerychippus zone. 

11ASCAJ,L (M) 
VIRG II~ VALLEY ( V ) 
STillLL SPRI:~G ( S) 

Carnivora 
Tomarctus cf .brevirostris 

Cope ( S) 
Tomarctus cf. ru.r~stris 

(Condon) (V) and (M) 
Tomarctus kellogi 

(Mer:r iam) ( V) 
T o:ua.rc tus sp • · ( V ) 
Aelurodon sp. (V) 
Amphiayon sinapius 

Matthew ( ~ ) and (S) 
A.:~phicyon frendens 

Liat t hew { S ) 
IIe.'.Ilic:1on n. sp. ( S) 

;,1ustel id sps. ( S) and {M) 

Proboscidea 
Miomastodon merria.mi 

Osborn (V) 
Mastodont sp. (M,V,& S) 

Perissodactyla 
H~y-:pollippus near osborni 

Gidley (V); sp(S) 
Parahippus near colo
radensis Gidley {S ) 
Parahippus avus :Y1arsh (l,1) 
Parahippus brcvidens 

t:la.r sh ( M ) 
Archaeohippus ultimus 

{Cope) {M} 
Merychippus isonesus 

(Cope) (~ , V, & S) 
~Ierychippus relictus 

(Cope) (::I , Y, & S) 
Mer.fchippus se:versus 

{ cope ) (:~.1 , v , & s } ~ 

Merychippus brevidontus 
Bode (V and S ) 

Tomarctus sp. 

Aelurodon sp . 
A.'D:phic;/ on sp. 

Hernic~von sp. 

BARSTOW 

r.r oma.rctus near 
temerarius (Leidy} . 

Aelullodon near 
wheelerianus Cope 

He!nicyon barstowensis 
Frick 

Hemicyon californicus 
Friel{ 

I.!iomastodon or ~rilophodon (?) 'l'rilophodon barntonis 
Frick 

Hypohi ppus sp • 

Parahippus brevidens :r.1a.rsh 

Archaeohippus mourningi 
( ~!Ierriam) 

:.1erychippus tee th similar 
to type of tl . isoncsus 

I.Ie r ychippus brevidontus 
Bode 

11erychippus californicus 
~1erriam 

Hypohippus near affinus 
(Leidy) 

Archaeohippus mournll1gi 
(Merriam) 
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(M) ... 
YIRGn: 't.! .AI .. Il'.'Y ( V) 
sv.ur,:r.. '.~' P.R ING ( s ) 

Perissodactyla (cont~ 

Rhinocerotid sp. (S) 
Aphelops? SJ!. (V) 
Diceratherium oregonense 

r.~arsh ( !;;1 ) 
Chalicothere? sp (S) 
Moropus merri.a.rni Holland 

and Peterson {V) 

Artiodactyla 
Perchoerus? sp. (V) 
Platygonus sp.* (S} 
Ticholeptua sp. (S) 
Merychyus? sp. (V) 
i.ter3rcoidodont~ sp. {.i1!) 
Merycochoerus sp. O.O 
Miolabis transmontanus 

Co1;e {?,!) 
Al tica.'1lelus al tus :Marsh('::1) 

Drornomeryx near borealis 
( Cope ) (:1, V , & S ) 

Blastomeryx mollis 
~.1err iam ( V) 

Blastomeryx? sp. (S) 
1\:lerycodus sp A and B (S) 
~\1erycodus near furcatus 

(I.:eidy) (V) 
Merycodus nevadensis 

~~!erriam { Y) 

Merycbippus teeth similar 
to tyre of !;1 . sumani 

Rhinocerotid cf' Aphelops 

Prosthe~ps'i' sp. 

1Holabis? sp. 

Altlcamelus? sp. 
Proca:nelus sp. 

Blastomeryx (Dyseomcryx)sp. 

* Probably referrable to Dosmatnyus r,1atthew 

EA.RS TOW 

Merychippus sumani 
Merriam 

Merychippus intermontanus 
rrerriam 

Protohippus? or Pliohippw 

Prosthenops sp. 

Merycochoen1s? buwaldi 
Merriam 

Alticamelid? 
Procamelus sp. 
Plia.uchenia sp. 
Dromorneryx or cervus sp. 

Merycodus near nccatus 
(Leidy) 
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In the Coalinga region th.e l1iiocene section is rela• 

tively tllin1 a considerable portion of th.e section including 

the ~~onte;pey Shales. found ·elsevhere in the Ooast .Ranges, 

being here omitted. ~he MeJ'1Chippus zone lies at tb.e top 

of ·the ~emblo~ and 1mrnedia.te1y b·elov1 the Big Blue on Dommg1ne 

Oreek. At this looalit1 the beds assig11e4 to the 9'emblor 

B"tSiGe have e, thickness of npproxima.tely tive hundred feet. 

!rh.ese beds lie uncontormablJ above sandstones \\hioh in turn 

overlie the "Leda. Zone'' of the Rreyenhagen Group. fb.e ~emblor 

,section is oo·mposed tor the most .. ISX-t Of alternating shales 

and sands .which increase 1n eoaraeness toward the oonglomerates 

at t~e top of the section. 

On Domengine Ore·ek the following recognisable units 

are found outcro,pping in the Te.mblor seetiont A thin zone ot 

black or ooely cla.ya s1Xty feet above the base .. A:c,r eef bed. 

oont.a1n1ng s,~•eJ:Aa. m.e~iqt, one hundred and aixt,. feet above 

the toi> of ·the coal.y clay aember. White siliceou.s · an.cl 41atoma-

. ceous sh.al.es fifteen feet 1n thickness, tlle "Indicator" bed. at 

Ar'.aold and Anderson •. 13 torty•five .t•et above the to;p ot the _ 

reet bed.. !his bed of shales may be traced sou\hward across: 

··u 
A.mold,; R. and R. Anderson. Bull. u.s. Geol. Survey 398. 

1910. 

the C<ialinga. Anticline. The fossiliferous conglomerates at 

the top of the section lie one hundred and twenty feet abOV'e 
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The 

mile a. :Dhiu m.e!l1be1e !a unusua1 111 view ~f the £act that thr·ough-, 

out m.orffj of - -~ts ext.em ~.~· ~ · · 0.p ·:t:u.l~£rts of a ()Ompa .. et mass of fine 
.,._. 

detrltus dust~. f .lakes, and pebbles of se1-,,.entire: ... At some l.b• 

cal~.tiea the 11.ig Blue eo11tai11a con_glomerates formed al.most 

entirely o:r· se1~11.~nt bw bomders~ sorue of limieh r-e0a.ch many feet 

in dJ~aneter. On Dome11g:tne Creek the Big B1ue has a thickness 

.of ap1?ronmate~ t:wo hundred 8114 fifty feet and is uno.cm.for-

mably overlain by b·eds of upper lU*ocene. Santa 1..farga.ri.ta. age • 

. In a. southerly oJ.re-ction the Bi~ Blue varies in thi.elales.s from 

·two hundred to f.01~3 :reet $n.d firlal.ly 1ense·s rut- on tlle ao:uth 

flank of the Ooal.1~1Jga ant1c:U.ne-. no1·th ot· Coalinga. Farther 
14 sout-h.:1 in the· vioini t1' -of 011 Cree]4. Gal.loway re-perts the 

!4 . ' 
Galloway. Jolm, Paper- present be-fore Amer. Assoc .• 

Petro1. -Geoi... Los -JU\g·eles., NO\f·~· 1933. · 

presence. o:f !urrit,eUa, ocozana 1n beds stra.t-igraphtcall;r higher 

than tb.e b:ase of the Big. Bl.ue in _ t"ne vicinit1 of the Merych.1ppus 

zone: l.ocal;1ty. ltorth of Domengine- Creek. in the vicinity of· 

Salt ·a:reek,.. the Big _ Blue att-fl.1ns a maximum ·thiakne.ss of mor-e 
. ' " ' 15 

than a t~ousand feet.. According to R~ed , n~th ,of. Domeng1ne 
r. 1 · 15, , j 

lfe~_ ... :1hi.h} ... :·Jl$T-soha1 ·eOmnnmication.. . 



lying the Big Blue. Paek and Anderson16 stat, that the fauna 

16 · . . 
· Anderson, Robert and Rober'b f9 Pack. op. citt>, 83# 

191§. 

of the 1mrine beds underl11ng the typical se?"pentincus shale 

occurs also in sand1 beds .interatra'bified with or overlying t .he 

Bis Bluff. ~e :Sig Blue and the unde~J.71ng Mecychippus ~one 
.. 

are thus placed vrithin the strattgra:phtc l:'ange of' brr1te1la. 

o eo;ya,na.. 

!ehe following correlation chart attempts to show the 

positi·on of the !J!eryoh:l.ppu.s zone in the Temblor on Domengine 

Creek, wtth refer.enoe to a portion ot the !fert1ar1 section for 

the sou.th flank of the Coalinga anticline and to a typical· 

section penetrated 'bJ' oil wells on the north dome .of the 

Xettl.eman H1llth !rhe data for the Domengine Creek section 

are based on field observations by the writer, aa well as 

from the section illustrated by Merria.m16 and from :Lnfo:rnation 

tu.rn1Sb.ed by R·ee·a.~ 1' Information ooncerning the Coalinga anti• 
I . XU .· . .. ·· ... · .. ···. · .. ·· 1 

.. liferr1am1 J .,o. * op. cit., 5, 1915, 

l'I 
Reed., R.D~a person.al comrnunioa:bion. 

clbe section was derived from Reed's ttQeolog7 .ot Ca.lifornia.nlS 

. %9 
Reed,. R-.l>it., PUblica t 1on of Amar. .tuasoe,. Petrol. Geol., 

1933. . 

Data for the Kettleman Hills were tur• 
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Showing tho position of the tllerychippus Zone in the !;Uoceno section 
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wri tor and from references to publications by :.1erria.m, Heed, and 
G'ester and Uallowa:t:.• -

ops. cit. 



nis.hed by Dr. Reed and were obtained. also from ·Correlation 

cha.rte illustrating a recent report on the geol.ogy of this 

area by Geater and Gal..loway.19· .A correJ.ation of the coe.]¥_ 

19 
· Geater-. G.c. and John Gall.owaw., Bull. Amer. Assoc. 

Pet,rol. Geol.,. vol. 17, . 116:9-1180,:. 1933. 

member in the Temblor· s .ect1on of Doreng1ne Creek with the 

f'lovirer variegated" in the Kettleman Hil1s was su.mested. by 

Dr. Reed. ao !he correlation of the base of the· Big Blue 

~o ·. ·•. 
Reea.. R.D., personal. commtlllica.tion. 

wit·h the "upper variegated" ~ollows the chart published bJ' 
21 ·Gest.er and Galloway. · 

n 
Geater, G.C. and John Gallway,. op. ·cit.,ll69• 1933. 

Untortun.a:tely, the exact position of the upper part. or 
the "!l!emlaor" .i.Jl1leol.ogtc oolwnn ot · the Kettleman Rills is a. 

mtter of eo·nsid·erable d1sput:e among geologists famll.ia.r 1'Vith 

the area. In the Miocene of California the ttTemblor" is nav 

regarded as a stage name for beds containing the s:pecieb Turri~ 

tella o.ooy~. ~he next higher stage is the Mo·nterey, mere 

deposit• . so ea1led are regarded a·s the equivalent· of beds 

found in the type section of the Monterey shales on the lt{on-.. 

· terey pen1ns'Ula. At the base of the type secti ,on occurs the 

fora.m1nife,ral zone characterized by Valvu:U.neria. aal.ifornica, 

one of the most widespread mierofaunal zones known in the 



Ooast Ranges of Oalifox•n!a • . Unfortunat.ely, this zone 1S ab

sent 1n the Coalinga and X:ettleman Hills. sections. 

GowUcot:e22 ~erred that the six or seven hundred feet 

. '·22 : '' 
Goudkoff. P.P •.• Bull • .Atn&:r .. . Assoo. Petrol • . ~01., . vo1. 

15,. $39•842., 1931.. 

of sandstones above . the "upper variegat.edtt zone in the 

Xettleman Bills ·are equivalent to the Valvuline:t'ia c·a]jforni.ea 

zone. ~·ster and Gallowayl3 state, however. tmt the upper 
,.. l.- . 

2o 
Geater, G.o .• aril John Galloway. op~ cit., ll..80•1181, 1933. 

fttty to one hundred feet of these sands a.re poss1bl.7 the 

.correlative in part of the two hundred feet of sha1e lying be

tween the b·ase of the Va1YU1.1n•r1a oal1fornioa zone and the 

t ·Op ot the tibutton bed", at the top of the type !embl<r sec• 

tion on Oarneros Oreek, northwest. of J!cXittricl:, CalifaPnla. 

In other wolt'ds. Geat,er and ·Ga.ll·owa.1 be.lieve tbat all of 

these upper sams :ln the Kettl.eman H11l:s dloul.4 be 1n0luded 

in the !remblor.. !fhett corre1a.tlon Of the base of the Big 

Blue with the 11upper· va.riegate4tt wou'!G. then p~ace the lleey• 

ohippu.a zone in the Tembl.or seotion. ~n, acc.crding to a 
24 

personal eomm:un.1.ea~1on of' Goudkoff to Reea., · the "600 foo• 

!4 
Coudkott, P.P •• op. ·Oit •• 220. 1933 .• 

. shale" underlying' the "upper var1e~te4." !ll the X:ettl.emdtl 

Hills· section is younger than the "but.ton b·ed" on carne~oa 

Creek. This correlation would place the Merychippus zone in 



tlie n,onte.x-ey.. R. D,. Reed eon.aiders the upper · part. of ·the 

011 zone ·Or the upper samsto:r1tut in the Kettlema.n Rills to 

be atratigr:a.phieall.7 equ.1val.ent, to the BJe;. Bl~ and to the 

Me17ch1ppus ~one. And again., aecordillg to Reed25 there 

IS · &ea. -1.1,.,J -op .• ·ei,t •.•. 219. 191.z. 

remains. the poss:t billty tba ~ · tlte lONer :part of the ValVU11neria 

eall:torniea zone and the uppermost 11ort.1on of' the -fu.I.TtteU$ 

oeonn~ z.one are equival.ent.. fhese correlations pl$.ce the 

ite,~1'c1U.ppus zone in the middle of th.e dispUted. section. Reea.26 

!& ... n . • 

Reed. R.D • ., op. olt •.• 215, 1933. 

also suggests that- in the Ooal.inga region. •• , ..... tho Big Blue 

sevpenttnoua D:lm-ber of the •!ambler•· la y~er than• ox

belol'lgs within_, the V~vulin1.rrta c.aLitorn.ica zone end is 

there.·:tor~ Monterey rathe.r than ~embl.or;. a:rli ·th.at the '1gas zonet 

o~ the Ketti.ems.n !tills is J.argel.y Monterey in age; and the 
. . 

•black-on zone·•.. !J?embl.o~ , •. w !fhe· llerychippus . J~c»n~ 1.1es within 

th.e ~r'.1t·ella ooo.vana_· .. ·stage. 4ts e;gaet po.sttion 1n the - . . . . . . __ ,..,,. __ .....i ... ---...-

martne· aeot,lo:n re.matna illl. ,e.:tinit:e~· !f~ qµ.ote from Ree4:211 

.?J . 1'1 ·. I . 

· Re:ed, R.D... op. cit~. 220, 1933. 

"As the matt.er stands: at present., however·,. a.ll that· can be 

aaid .is that the Merychippus zone is vecy near the exact divi• 

41:ng 1 .ine. between !fembl.or· antl Jfonte~eu. more If.'.Obably alJwe• 

above ·t>han below it in the opil1ion o:f the llvritar.,. but in any 



oase not far from it." 

fbe: evid~;nce as a~torded by the re1a.tions of the ver

t -ebrQ.te fauna . fr«it the Merychippue zone to· known Mioeetui 

mamnal1a.n a.ssemblagea mBJ thr.- so·ne J..1ght on this prob1em. 

As pr.·evious:1y diseussed• . the l!er,ehippua zome bt in stage ot 

evolutioJ?. 1ntermedia.te b:etween the Maseal'L ·tJFt ea,st.ern Oregon 

and the Barstow ot the Mohave :Dea•rt,,, Cal.i:f'c>rnia. ~he Ua.s• 

e·al1 has alwa,a· been regarded by ver-tebrate paleanto1og1sts as 

possessing a fauna t7p.tcal of the middle Mimcene.. .Chaney. 

on tbe basis of evidence der1ve4 from fossil nora•·• b,as 

pla.oed the age of the Mascall. ~.s middle or upper 1U.ocene~; 

One m~r- conclude thel":efore tha.t the lter.ve-hippus zone can not 

be older than late midd1e W.o.c.ene. The pos:I tt on of· the· Bar

stow is not so defini~e. In his o~iginal. deiscri:pt ion of the· 

ta.una.' from this locality. Jle·rr1am28 asaigaetl. an uppemost 

·.g 
llerrlant,, J.o. •. Un.iv• Calif. Pu.bl.• J>E!pt. Geol.. Set., 

vol.- u. 454-:; 191.9., 

Miocene age to this horizon and .referred the· d.ist,1mt-ly 

younger beds of the Rioardo to tbe lcmer Pl.:loc.ene. Since 

these age determinations were ma.de Ma.xson
29 

)ha.a folllld 

19 
JAut1on,. J.H •• Oarne.gie In.st. Wash • ., J 10. 404,. '1"1•112. 

1930. 

aeve:r~1 of the horses peculiar ta t ;he Riooriio in beds of 

the JU.nt Oa~on fo1"Rla·t1on., whleh ~'eatmta.bly 11.lllderli.e ma...'"111e 

sed1me11ts of Oierbo or upper llio«Jen.e Sfse• I:f tlle . age de• 



termination. of the mrine horizon is essent1.al.ly correct, 

this ~elation.ship tends to push th.e Bar1Jct:ow l ,ower in~o th·e· 

Mioce.ne ., !he Barstow is d:lstlnetly ol.:oser in stage of' evo

lution ·to the Jlerychippus zone than it is to the Ricardo. 

fhe position ot the ltecyeh1ppua zone .can not then -be a.ssign• 

-ed to a pe~10d 16f time younge,_. than early upper Mioeene. 

011 the ~!"compQl111llg' ehart. t .he severa1 l!ioeene im~ 

tebrat.e fa:unae a.i~e sh.0\'1.l in rel.ation to the sequence of 

1nverteb,rate faun.6.s ·o:t this pe~io.d. On. th:e basis. ot ires·e11t 
-

age det.e.rminat:ione at· e1o.se1y related vertebrate fa\mas,. 

ihe assemblage from the llerjch.ippus zone ma,- have a. pos1.tion 

1n the l~1ooene l11gh enougl1 'fl,o plae-e 1t, wl thin the iowe~ 

ltonterey rath•r tltan in the !temblor. It is clear that ·the 

upward range ot !urr-i1'ella oe.oz~. int.he 1~e:rt1ary section 

,north of Coalinga is gre.tt:ter t han haa been regarded heite-to

fore t:& be the case. The l~la::tion of the vertical. range of' 

!• ooozana, to that ·Of VUlvu.11ner.ia cali.forniea :ts. Slegested. 



- ·46-

SUGGESTED 
MARlNE STAGES RANGE OF INVERTEBRATES VERTEBRATE HORIZONS 

. SANTA MARGARITA RICARDO (IN PART) 
... 

w ---- - ------- MINT CANYON 
z 
w 
u 
0 
~ 

. a: 
w 
0. 
0. 
:::> 

w · 
z 
w 
u 
0 
~ 

a: 
lLJ 

3: 
g 

CIERBO 

MONTEREY 

BRIONES 

' 
. :TEMBLOR 

:VAQUEROS 

VALVULlNERtAt 
CALIFORNICA ~SS. 

TURRITELLA 
OCOYANA 

r 
TURRITE Lb-A 

INEZANA 

! 

BARSTOW 

MERYCH IPPUS ZONE 

MASCALL 

PHILLIP'S RANCH 

TECUYA 

JOHN DAY 

Co1Telation chart showing t11ne relationsl1ips of 
r,t.io<3e:ae Jiarir.u~ and Continental st,ages for . Western North America. 

lLJ 
z 
lLI 
u 
0 
::E 

lLI 
:z 
bJ 
u 
0 

~ 

l&J 
z 
lLI 
u 
0 
~ 

a: 
3: 
_J 



srs:!J!EMA~IQ DESORIPJ!?ON OF FAUNA 

Camii.YOftl. 

!he carl11vore material from the Mer10h1ppus zone 

consists almost el}tire:t.1 of isol.ated seetorial teeth. With 

the exce~ion at a .stngle tooth,, referable to Remi~z:on, the 

s:peclm.el'JS fall na.t'Ul.'ltll..7 1n1o three .p-,ou:p sizes.. fhese 

sroups are. referred to Tou.uu..,otUflb Aelurodon, and .All;shic:lQJt.• 

Unfor1iunateJ.7, the characters displayed by the carna.saial. 

te.eth of meabera ot the Oanida.e are u·su.al.ly only of generic 

$lgn.1f1c.anc•h Oompariso~s with known t1];)es empha1s:J.z.es t ·ht 

:taot th.a:~ the pres~nt material ls too s.noomple1e. to sene as 

• •a'iistaotory basis for· spect:tie de1H'lrm1na.tlens. 

!b.e teeth of this small c.ar·Divore are reterre.d withou"b 

question to . the geml.8 ~ol'tl~Ot:Q.$, While a orltioll. study of· 

the relationships ot !roma:r41\l.& Cope. Qnd Te;a~Roz&n Merriam 

have not been attempted, th.ere appears to be no reason why 

K&tt.h·ew's30 suggestion of generic identity of the two forms 
ms· .. 

. ·11at~thew, vf .» .. .. , Bull. Amer 1, llu.s. Nat. Uist •• vol. 50, 
ss-e11 l .924. · · 

should not be accep1u.u1. Xu the folloidng Usco.sston the name 

fe1hroozoli is i-egarted as a s;noXQm of ~o•arc:tu.s. 

·fhe material :trora the Meryehipptts zone eonsists ot 

tour upper camassials (Both 160-3, 1604, 160i .• and 1606), 

two lower seo'borial teeth (los. 1.607 and 1008) lacking the 



anterior l)o:rt1ons ·Of the trigonida, the greater portion of an. 

Jq {Bo. 1·609.), a:tll a f.d.ngl1. lf.tlmole:t (lio,. 1610). :tn the 

superiox- oarnassi.a.ls the. parast1le is a m.all eusp o~· eleva• 

tion on the ante1--ior ridge of th·e paraoone. !fhe prot.ooona 

has been h.~oken away on three ot the speaimena., but 1$ ·pres• 

ent .on ·the fourth (No. 1603). in this ·tooth the pos:tti·On of 

t ·he protoeone ~.~ anterior to that of the para.cone and the cusp 

ia 1,tller small and :iow. .l~ d!sld.nct e1ngu:tum is pi*ea·ent en 

the extf;rna.l Side of ·t.he metaoane in all tolu- teeth.. m1e 

upper mo·lar 1a recta.llo~~r in dlape, the lingu.al. Bide hafting 

app~oximatol1 the same anteropo.l!terior· d.ianiete.i-. as the· ex~· 

iie.ir-nal side,.· 1lha par·aeone and metacoue a.re low ~aps oonn.e.-e• 

ted by a. slieht. ritJ&e., !J!he metaeonule and pr-otooonule are. well 

aeve loped~ '!h.ese. cusps bec~me eonneo.t.td at ·$11 early st.age of 

wear and tom an ante.~op,ostertoJ! ridge acr~ss the middl$ ct 

the to()t.,h. :J?he pr·otooone is rie~eae11tet1 by a relativelr 

hea.v1 1•j,.48e. which runs across the entire lingual s-ide 0£ the 

to·oth. In , the 1;,wo sp.tio~ena p:r&mmably :teFesent!ng Mt, the 

·entoc.onid. an<l hypooonld 1-.re equally developed, When slightl1' 

wGm the•e two . w.aps evidently form a trana"1erae ridge with a.. 

amall hasin 1n .fPont,, and a _valley. behtna. X11 one Of t.h.e 

t ,eeth (lfo . ., l60t~) the meta.conid i .s distinctly lax11gex~ than in 

the seoo~d speeim.en (lf.(jh .~607). 

ln.. size .and ar~·&J\S&me~1 ot cn.isps th-eae teeth eomia.i-e 

favorabl7 with several of' tlle $pec.1es reterx•etl to ft;p~:o_ez~ 

er ,!t~J.::01t'-~:.• !he tee.th a:.r·e. m&l.ler· t.ha.n tn the ·type of 



.!• rurts11:.r:1.£!. (Oona.on) fJ?om the li.asca:tl.,. ani slightly larger 

than those of the specim.fll referred »1 lf&rP!.am to!• teine~ar.ius. 

:t.ei~ from the Darstw.. !• -
1
llosst. Ue::Titm trom the ttti.M.le· 

ltioeene beds of ·Virgin Valley is a larger· :eom.. Com.pared to 

spe.cies from the, Great ·p1ail1s r ·egion the Coalinga specimens 

approach!• <l;st~tus l~tthew taore oloatel-1 1n size tbaui t1lie·7 de 

any of the other, know.a. ·tn·es. 1• .~ev,J,r<>-$,~~is O·ope is larger 

and the ·t1ll& of ! :• cont\u•tus Matt~hew laeks the strol18 devel.op

me11t. of .the woto• atld metacon'Ules seen in. tq from:tlte :&Ier1•, 

ohip:pus ~one. Apm"'i from s1ze ittta:renoes there appears to 

b-e very little i;o dist;bigUish t he Coalinga. s1lec1es from tnost 

ot the des.c.~1bed 1\1rms. !lhe material OOJnJJ~es mow tav.ar-abl7 

With f. opta.t-us and ra~ re.pre.sent a species clrJSel: related to 

&~· 1den11oa.l w1tlt tll.ie :tolVl. 

1·Mrl upper oarwaaid.al1f .. (Nos: •. lull..,. 1612, 1613, e.nli 161.8), 

tliree -of th• ·complete, and three lower aee.torlal. teeth ()Joa. 

16141 1615-, and 16lf), one of whioh 11 pe~fee"l.Y pre-s.:erved 

(No,. 1615), are, assigned to ~e*a..l,'0:40:rh In the upper teeth th:e 

paraat1le i .s dtst1no·t,. tholi+8h small..- !he protoao,ne is 11• 

amall and -oecuptes a position stient~y atlterior to that: of· 

the ~rast~lew. the .sheartns .bWe ls robust e.nd heavy. Xn 'fih·e 

lower teeth the rr~taeonid is a distinct and wall•·devel.cped cusp .. 

!fhe l'it:i~aconid is mailer- than the ·pr·otoeonid-. !be tr~•ve~se 

dia.tteter of the. 't.alonid reston is an.all.er than that aortas the 



· i>osterlor side of the tr1go-nid. !Che talonid possesses two 

ou:sps of which the hJp.o~onil 1e the larger. 

!he t.mperiw earnassials · ~· almost 1dentioal :ln 
\ . 

. 11z.e1 ·sh.ape• end in arrangem-ent of w.sps wt th ' those of 

l!lor,o:J2heG.tt 1Utoral..1s Yilnilel' l!oet, 31 deori bed f1.oom Santa 
. . 

· · · ~ .. BX: . :' I .. t -. 

Va.mer. Hoof, v.:tt., tTniv+):aJ~if. l?u.bl•t :Bull .• ·:Dept* 
Geot. so1. 1 vol~* 21• ·11-24. 1'31. · · 

Marg&.rita beds near J-1tollttriek• ·Oaliforn1a. !l?he loww ~aw of 

thi a form 1~ not know and ·'it is p:rina1parlly tor ~t.his reason 

tha.t ·the maier-isl.. from the l!er~;eh1ppits zone is not refe.rred 

to ·aox~~llll~s, !he s.,p.ee1mena .fr.oni north aoalinga., although 

~l.ight,;L,7 analler• ag~·ee. ~lEjO .\vtth upp:er teeth Of · Bo~~;pl'J,~B. 

~z.n.(iiSJz.e.~ (MA.rtin.) f1~om t ,he .ltelt\P1i1 qua:t-..ries. fex&s. !ht 

l~r teeth of this. spe-c~e ai~e. a!stillt,~.shed by la:rge1' s-.1~e 

ot ta.lanld; relative tto the trigon1dt Ko.wever. t ·his. l,lioc)ene 

spo.ole·s ·obviously rep.rese1':ts ·.an.- advanc-e ov~r f 0,rmtr fr.om the 

M.$..-oo'fJntha _ lt seenlS poa.,m. bl.e t ·hat ·t.he lo-.r teeth et the Co~ 

llnea tor~ mai r:epre.$ent en ti:ricestral stage te. 1he la·ter 

lty&e:ri:ogna.~hoid dog&. These a,pec1·mena frQtn the Mer,chippus 

SOJl9· ar6' consi.derablJ; lar«er than tl.Los·e of any spe·Gie s· ·of . 
!-ont~~i'\e'• alth.oitgh the dental ci..~aete:t?s . ofter bu.t little 

to. d111t~1s~ them fr .001 ·that genus.. 

When eomparetl w:ith A~~JJ1<l~ vtase.ler.1.~ Oo:pe·· the 

te.etli f'l*·Qnl · no:t't.h Oo.al.inge. a.:ppeai- to be qµite . eimila.r.. -Xia 

taot.,., no eleaa. .. 4is·6i1'1C ·t.J.@1'J.8 -can be lrtade bet·we-e11 tlle two t1pes, 

!he l ,ower teeth are practically identteai ~d the prinoip&l 



difference in the u.pp&r teeth is presented by the slightly 

smaller }'arastyle. ot the Ooalinga. apeeimens. !eoanse of 

the agreement be~ween the Coaling·a torm and Ji• :whe~lel!*ian.u.s 
in both upper and lower teeth and because the lO\,er teeth of 

!• lit:bo~a.lis are 'Ullknown, the Ooal1nga naterial. ls referred 

to Ae.lurodon. However. the relative heaviness of the upper 

oa.rnassials coupled tvith the px-esenee of a para.style that is · 

~ela.t1vely smaller than in moat Ae·iurodons.. is rather suggea ... 

tive. In vie\v of the late middle Miocene position of the 

Meryehippus zone it may be possible that ·this material r ·epre

sents a torm, larger· although not .otherwtse clearly d1Sti~~1sh• 

able· troxn T~rotus., and ance,1rliral to either or both B<>r()ph!!SJlf! 

and AelurQdon. The Ooa~linga type is considerably snaller than 

A• hayd~ni Leilcy' and the Ricardo tonn, A .• . a;ehobus Merriam. 

Amphieyon sp. 

Amphicyon is rep·resented by tvJO uppe:r mole.rs, an 

11! (No. 1619) and an l!J. (No., 1616),: t.he tr1gon1d and talon.id 

portions of two lower carnasstals (N"oa. 1620 and 1621. z.espeeti• 

velN'), a well wo:m ll! (No. 1622), a canine tooth (No. 1623), 

and. a premolar (l'lo. 1624). lJ!! (No .. 1616) :ts a. well :preserved 

t .ooth ot the right side. In this tooth the ~racone is 1nore 

than 1ance a.a large as tbe meta.cone. Th.e proto.conu.le and meta

oonule are only sli€#J.t11 developed and foxm a sna.ll ridge on 

the inte1'$11E.Ll ooclu.sal Stirfa.ce. The protocone is a heavy ridge 



which run.a a.cross the entire lingual side and ha1.twq up. the 

llosterior side of the tooth, !be para~one. has been loQt 

from the J41 (Bo •. 1619) • . ~he :metaeone in this· tooth was .p11ob-

ably equal in size to the paraoone. In this tooth the proto1Mli· 

cenule•metaconule ridge is well deY~loped and encloses a 

dis:tinot basin 'behind the paraconet !he p:rotoeone ha.a been 

4amage:a.· bJ abrsui:ton and it a exaot to31'm ts therefore not rep. 

reaentea. • 

. In the lower ei\lt*naas!al fragments, the tr!gonid ta 

eons1derabl3 eompr:essed ill en anteroposterior direotion... !he 

me1.acon14 is sm~ll and is essentiatl1 a. ptrt. ot the J;tr.o,o:• 

eon14. !ht talonid is well wom; however •. the hnocon.id 

stems to haTt been the olll7 important- cu.sp. al though some 

· damag·e b7 ab~as1on has re.moved an1 hViS..Oattons of an en1Jo-. 

oeid;:d lf pres•nt, A well · wom d (lo,. 1622) is· atao a.ss.1gned 

to th1:s. genus. fhe obaraeters of this too~h have been largellr 

obliterated b7 wear, however. the tooth appears to have had 

twe anterior cus,ps an\ a single. posterior cu.sp aa in Arn.J!ll.1• 

c7on.. The ~tei.-o-·e.Jtternal corner, of. this toot.h pr·oha'blJ' 

posae1u1ed a cusp a.utt1o1entl7 promine:nt to account tor the 

small pocket wom in this area. mt1:a eharae.ia~r '1fl,EJ noted b1 

Ga:d.a32 1:n a t.i-ag11eniary - re~erred to !• a~a»i~~ Matthew 
:11 L ·. !I 

Gasd.n. O.L • . , Carnegie lnat11ution ot W&S.h•t Pu.bl. 
lo. 418, 12, 1932. , 



trom the Sku.ll ·Spring deposi ta ot ea$ter~ Oregon.,, . A snall 

poeket w<l.fn on the postero•:1nterml co:rne-r of the tcQth: mq 

repre.sen'b. either a -sma~ entocon.14 or the worn su·rtaee ma.7 

be due to an _occluaton o~ the tooth with a cusp of an upper. 

molar.•· . 

!ehe·se teeth are· smaller than those of P..mihlc.z<:.>i>; ~~?\

dens ?4a:bthew. ~he f'ragmentar1 mate.rial available compares . 

favorably 1n stze and in arrangement of cusps with !• s_ina;e1'U,S 

.fr<11 the Great ·p1a11uh !his .species he,s. a.ll':lo been ~eeognized 

111 the }fascall· taun(h It. seems probable that the Coal~n~ 

S:Jeoimens re.present this spec1e·a. 

A l .ower secom mola~ (No. 1625) from the liteeychippus; 

zone· resembles ciosel7 the c·orresponding tooth o:t the type ot 
··.. . . . 'rft ~ 33 As "'h t 1 ,. ~enliqzq~ ~r.st2wengis. ~r10,. ... om ~ - e Bars ·ow lil ooene O-L 

... _, ss ·· i . · 1 

F1*.f.Ok1. a., Bull• Amer. Mua. N&1h Rist-.• vol,. . 5.·61 281 1926. 

the Mohave Desert... Cal1tornta. The eusi;a :ln th1s to,o.th are low 

and laok. the 1Jr,encha?-tt oha.raeter seen in /uftphiCfl:Ol\• The tooth 

1s st1~1 fllrther dist:lngu.iShed from that in the latter genus 

in the more posterio:v posit.ton ot the FOtoconid•metaoonid 

ridge wi'th .referenee: to the ar.rtertor edge. !;{oreover. the 

h;vpoconid ·is a ema.11 1ow cusp., only slightly larger than 'bbe 

di.stSnct entocanid, t.rb.e exact relationships of the form 



c~ct .. er1secl ·by this tooth are \UJ.certata. Bowever:, the: re•. 

s~emblauees ar.e more w:lth R-ic.!on thaa· Vllth a:n.v other gems. · 
.. . . .. . f 

fhe tooth qu.tte :certa.lnl.1 does: not b,e1-ong. t ,o &1i7 -•~ the de;s• 
l . 

eri\iJ.d ·ea.id tJPGS .t:i'Ql'l the lle%7chippw.s ·zane.. I?1 !'•a~~••· 

~•·l.'lu-Qcttn,. and in .~oroie~1' ihe antertw CUSJ)s of ~m· st,ana. 

higher and have a co~.1-de:rabl.7 m.ore treach:ard~ e~ter than · 

-·ln this ·toot-h ... · -

ftO:OBl!It 

Jtonosauiax Slt• 

.Among tlt e roden"ti:s on..lJ the beaver graap is r·eeo~·ded 

in the. eolle:ot1ons,. A s1ngle ohee.k-ho*?th (:No. 496)1 and a 

tr~ment of a ~sau.s (Jo. ·65&} with . twe t ·eeth were i--.efer.re& 

t• this cast·or.id genus b7 tt·. A~, . at1rt.:on of· ·tie untv·ere1t1 o-t 

.Qalifat"nia.. fhia. genus ·h·tt~ been r ·e:omgntze·d ttw Dr. ·st1rt.on 

.Sn the· M.ioeexui :~ the Gi-e-~t P.1$t.·1ne and tn the Cedar· Mount.a.in. 

fauna (flf· ~·ErV;&A•• - · 

PROl30$0I»EA. 

Klttnast.odon oi-· !rllOi>hod:cnt 

fhe proba1ul:bl.ean ·matorial in the eol.leet!ons conat .. s.1ut 

,,~ thtt ~ollOfling speoimencu Felll"· &e·e1au;-.i-a pre.molar• (l,os. 

162&. 161'1, 16~,; aa4 16S91.-, 3t:·:t _onrt.h upper premolttrs (lfos .• 

1630 •. 1631.,,. and 1632) •. an UJlp.er lf1? -(Bo. 1613)• a pa.rtiall;v 

complete- .>IJ? Ufo;• 1:634), sw!. a number. ot miscellaneous to:oth 
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fragments. No tu.alt or Skeletal materials were found during 

the oourse of the ·exeava.tions. · ~he milk 'teeth and the pex-• 

ma.nent pr:emolars posseiis tour ·cusps., with each cuap· remain• 

1ng dist.inot ·~ 1aolate.4 untll the tooth is worn almost to 

the base of the crown. Very few tMcondaey cusps are pre sen~ 

and theae are extx-emely anatl, beitig minor tube:rc1es sit• 

uated between the ma~or CU.SllJ nea.r the base ot th.e crom. 

On aevera.1 teeth the enamel ot the to·ur cusps is perfectl;v' 

smooth. ~e crown of the flr·st molen?t No. 1633• possesses 

three rows ot t .wo OU..S.PS each, although the :tnd1v1du.a.lit7 of 

the GU.aps d1sa.:ppea.rs \Vith wear. !f!he partially complete •!~ 

(No. 1634) is oonsidera.bli large.r than 1111 bu.t is otherwiae ..... 
essentislly ed.m11~. 

No. 1634 compares favorably with the t1pe ot lttomas• 

;tC).da _mer:Jd.~:m~ Osborn from tte Virgin Veller beds ot nor·th• 

wes\ern Neva.a.a. In 1915 Merrlam.33 1enta:t1v.":ty assigned. a 

83 ~rr51n,' 73,.o., op. ct t.,. 13, 1915. 

milk mo·l~ and a t·ra~ent of a pe1~anant molar to ~et~be_lo.don. 

Wh~l.e the 111".esent mate1~_ial otters litt.le in contradiction to 

Mernaat:s determinattou, the ma.atodont genera now :rec~n.ized 

.:tn the mi.ddle lU~ccene are Mi,P~~~'0!\9.~n ana. !~·~1oI?lfc>tl.e!• Sat1s-. 

. taet·or1 generto determirJe .. t:lo11 oan n~t be made• however, on 

the b.atd~s ot availabls specimens trom the lle~chippus zone, 

:M.tw• :m. H .. Oolbert of tht Ame.rice lJiusea.m of Natural.. Histor;, 



who has examined the ne.terials• has kindly made the following 
34 . . . 

commen1H nx believe the choice narrows down. to l{i()mastodon. 

·u ··· ., . 
Oolbert1 ; E.H .• : Personal COmlllUllieation to Dr. Chester 

Stock. 

or Tril~Jlh9don.. It is pretty di ff'1cUlt to be definite." 

It is interesting to note, however, that the relationships of 

the Coalinga. form appears to be vd.th t~ more :primitive mem• 

bers of the J?roboscidea found in North America. Absence ot 

representa:bives of the group on th1.s continent prior to middle 

Miocene time may tu.rm.ah a basis for regarding th& presene·e 

of these primitive :f.orms in Oali:fornia as an indication at 

middle lvtiooen.e age for the ·Merycbippus zone·. 

PERISSODAOnLA. 

Equ.Ulae 

Remains of horses are the most ablUld.ant fossils found 

in the Mer;vehippus zone •. indiv1du.al.s of this group eompris• 

ing appradmately seventr percent of the total population 

recorded from this horizon. Five species have b;ee·n recog• 

nized, three anth1theX>1ine g,nera, l!NJ2oh,:t;p;pu~, Arch~oh:ip;pus, 

and ~a.rahippus, and two speetes of ~ter:ichi;R;RU,'11• !he • .Jor 

part of the oolleotion consit!rbs ot isolated teeth referable 

to the species J~e;;y:chi;e;eus C!\l:ifQrnicus1 the type SJ)ecimen 



which was desoribed bt Merriam from this local:l:t7. ~e re• 

niain1ng species a.re represented by conaid.e:rably ana.ller nu• 

bers of specimens. ~he Equida.$ a.re ot particular interest 

in that they ele;ax-lt demonstrate the int.enned:ta:te position 

of the Mecyobippus zone w11tJ. respect to t .he Mascall and the 

:Barstow. Three ot the Species. HzRehiJ?J?u&, Parah1~J!'U;Bt and 

Me;zchiR;et;s brevid.ontus are found in the 1l&soa1l and in other 

m14dls Miocene horizons of eastern Oregon and northwestern 

Nevada, while the ¥-ohaeoh;lJ2RlUt'
1 
is 1.lllquestionably. a Barstow spe• 

otes, !rhe material determined as M.erN®ip;eus 0$.lifomtous 

includes teeth that shON close resemblanoe to tll&Cimens t.rom 

the Barstow and the MascaJ.l. The Equ1dae :trom the '.Meryohippus 

zone; have been described 1n detail in two previous pipers by 
~ . - · . ' .... · .. . -1ihe. writer. - A rem.me at these desor1pt1ons are included in 

the presenb i;aper • 

.An upper molar (No. 885) and three lower iremol.ars 

(Nos. 886, 887, and 888) belong to 'bhe genus ltlJ>Ohil)R'IJA• 

~e material is unfortunately inadequate for more than a 

generic determination. The Coalinga specimens a.re conside~

ably smaller than the few teeth described as gz;eoh1J2J?UQ near 



af:tinua (Le1<13') by Merriam from the Barstow, and t ·hey a:re 

unquestionably speo1:tioall1 se~rable from this forr1'l, 

iz»ohi}?J!US has ,not been recorded from the :Mascall. !lR•~ 

h.1;epu.e nee.r oaboml Gidle7 from the Virgin Valley beds is 

e.tm:t.lar in most respeoi;s 'though somewha1; larger than teeth 

fl?om the l'4eryoh111pu r.on.Et. !he relationships Of the nt\T'th 
.. 

Ooal~:a form as based upon these teeth seem rather to be 

w1 th the Virgin Vall.ey form than wlth tl¥t !JU°'h1JZR.'l;S, f"rom 

the Ba.rsrtow. 

!ext iio J4erzch1I?Rl\•• .Ai-cha,eop.i;iz)lU;EI is one ot the 

more oommonlJ oac.rvring torms 1n the ooUeotiona fr9m the 

MerychipptUJ zone. T.o this genus have been assigned over 

tifty upper and lower chetk•teeth and a well p~eserved ramua 

with Pl-:US (No. 484). Al'~~·"oh1J!J!US 11ou.rn~Mi• with higher• 

crowned cheek-teeth., trom the no:r.-th Ooal1nga looalit7. ls 

a decidedly more advanced t1l)e than the A,rc,~aeo~iia;pus . ulti• 

JJ1U,s (Oope) frotn the Maseall, Xn .A• ult~Jml.s the hypost7le 

eonsists of a single cusp,. while in the Ooalinga teeth 

th1s a.tl'Q.o ture is tr1engu.lar in shape and encloses a small 

tosaette. K! in the t7J)Ct of !•· Ul.t.i~s is not reduced in 

•lze. On the. other hand, the upper third molars or .A:rohato• 

bi11?J!UU ~om the lvieryohippus eone show considerable reduction 

when compa:i-ed to the two preceding molars. In the Coalinga 



teeth the protocone anl hypocone widen toward their base to 

an extent Whioh considerably obstrn.ots the opening of the 

valley between protoloph anl metaloph. I.n the Mascall form 

th;ts valley is Widely ope:n, and the two internal. cusps are 

small.er. None of the teeth from the lterychi:ppus sone ex• 

hibtts tl• heav.v .internal oingul..um seen in the type of the 

Masea·11 specie.a., 

!fhe '*eeth from t he Mer~bippus zone agree 1n almost 

all resl'>&ots w1th the· type and paratJPe of .A• nto~asl 
(:Merriam) from the -Barstow. !fhe onlJ' no1- ieeable di.tterenoe 

appeal.'s to be the absence o:t an external cingul"Wn on the 

lowei' Jaw of the para:bJPe• !his ·Character Taries consider• 

abl7 1n the. large collection qt teeth trom the MerJCh1pl)u& 

zone and appears to have no M.agnostic velttCh !'he Goal1nga 

material is refe~red unquest1omb17· to .!• m·ourp.t.ns~ and la 

elear]J disttnct from the Maeo,all ape 01111. 

,?a.rab.1lWJ!I is represented in the eolleotions by 

some twenty wel1 preserved upper and lower cheek·•teeth. 

~~t the material should be ass~.ned to a ,pr ~ressive para

h.:tpp1ne form is indic.~ted by the relatively high o·rosua,, 

abundant oe~nt, and proe;ressive character ot the :ptyehoid 

orenulattona of the walls of the metalc:ph. !fhese feat,ures 
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serve to iBola.t.e the Ooa11nga form from moat of the species 

o:t .~ah.i~»B•• In development of the cr$'ilulat1ons on the 

walls ot· the me~a.loph1 the t ·eeth from the Mer7chippus zone 

agree · alosel1 with P~ahl;e;a-u.'.s c:re~idt$ Scott. !hey differ 

~·om l• .. orenidens, heweve~, 1n their less at:io:ngly developed 

ectoloph• shape of p:rH.$.o1oph, and hEHt'VY coating of -oeinent. 

!fhe a.eciduou t,eet.h of Pa~M~~u.a c,sp.a;t.us, while ~imtlar 1n 

some: ·characters, represent a ll\\\Oh larger horse. Compezieona 

with thts fo:m at'e inadequate, stnet no m1lk teeth ot. l&t;a• 

h1U~I have been reeQgni;e:d in the ooll.ecttons from th«? 

Mer,ch1ppus mne., 

several teeth in the collect1ons of the Oalitornia 

Inst.it ute of Technolt>·Q from the Jfais.oal1· and referr.e4 to 

.Parahiuus brevidt·ns Marsh are practi.o.a1ly identical. with 

the l?ta!ral'i1J2JZ!!'! teeth from Bo~th Ooa1!nga.-. A ocm;pa_rieon with 

the tY.Pe of .!• _breviden_a as well as V!tith the to;potype mate~· 

ial fa!lsto dieolose anr, characters vhioh ma1 serve to ae• 

parate the Coalinga fora tr,an this species. P$.r-ah.i;RU!ll has 

not. been recorded from the :Ba.ratow nor, ., far as the 

writer ls aware, trom an:y }11ocene" l1o:r!izon as late tn ~ as 

the Barstow. fhe presence ot ~ar.~ntm~ may theretore have 

e.omt stgt!ifioance in :pointing toward a close time relation•· 

sb1p be,twee·n the. taunas trom the ?i!ery.ehippua •• and tm 
Masca.11 .• 



~hil!t apeo1EH11s known by appm:tlma.tely s~vent1*f1ve 

upper a.:ntl lower ;cheek•l.eeth. ~be sp•etmGns; although ~ep• 

reeent~ng tull7 ~sodont teeth,. possess exeeptlona1l.7 low 

crowns ,and exhibit extl'eme c0:mplexit1 of the enamel. pittertl.. 

fne oharaoters ~~en tn these teeth do not lntergrade vJith 

those of the larser and more abundant. speeies, !• oali:fornt-. 

,!l!~,* and are emplo7ed ther-eta.re in the reecgnition of a new 

specific trpt.. ~eeth referable to this species are rela-

ti Tel.1 ab\\M.a.nt in middle Mioeene eolleeti ons trom eastern. 

Oregon am northweste2'n Nevada., ~eeth similar to .!• b,t-eTl• 

don,tu.s are absent. in the Barstow and related upper !.tiocene 

horizons •. 

Merych1ppu.s oa11f o:rnieus Merriam 

:I?he Meryel1ippus- zone <le.rives 1t a name from the abtm.• 

dent representation o.:t this species in the north Coalinga 

hori~lt. Oheek•teeth ot Me1%~1J?JlUS oal1fo.rnieus comprise 

nearl7 halt of 'a.ll the spectmens collectGd from this zone• 

tn.e· degree O.f vartation Of the eheek•tooth eba.raoters 

.aa se•n 1n this oollecttoa makes it diftieu.lt to det·erm:t?Je 

the e-JCe.ct 1>1r.ff1nitles ot this ap,ecies. TtJe average grouping 

ot c.ha.r~oters seems to lhl gen~ra.ll7 distinct, trom the ave~g• 

grouping of characters seen in eim1la~ large eol1ect1cns from 



o'i.b.er horizons., lndivid'ltal t eeth can :erequenti:v be ass1t,~d 

to any one of several s:pecies of tbi~ gen'is from North Am.

erioa.n ltiocane horizons. ln general, the v,aria.tions more 

frec;ruently represented are those which would tnclu!e Met.1• 

1
0.hi.l?p;tJ,_a 1~:qnesu.a (Cope) f.t;t>ni the Mascall am !•· ~:upum~1. Uer•· 

rs.am bom the Barstow. 

Some f1tteen teeth in ·the· collections are refer~ble 

to the Rhinocerotidae. A genertc determination ts ~est·ion• 

able. However, the braeh1dont oharaater of the dent1tio.n 

tends to atfilia'te this torm ld.~h Aphelops rather than with 

!l!eleocera11-. !he teeth show a sl1sht development ot the 

orochet ·and aa:tsecroehet. !he two features ot· the ename1 

pattern were not tound associated in a single tooth. ~o 

tarsal elements (Nos. 1636 and 1637) are a.lso present in 

the collections. These el.ements resemble those ot A:e:tl•lo:es, 
more close~ than they 4o fel~qqep~!! and may afford corro

bora'b1ve evidence tac tm pres.ant 4ete1~inatio.n •. 

A a.teot1llne torm p~evious:cy- lm.ovm bJ a few teeth 

is .rep11esen~ed in the oollectt ons b7 fifteen uppel:* and lower 



mola:r!s and p111e.raolara1 Definite generio determina.t.:ton of 

the form en . the basis Cfl this ntaterta.l ia not truatwortl\Vt. 

but ·certain eha~acters of the premolars a.r·e augg·es~ive. ·of_ 
. on 

~~cet.hen;nOJZS • The four•C'U.spei a:r.rQlgentai "•·"the O'lelusa.1. 

•~fa,ce in the l)remola.1""s • 111 oo.ntra41st1mt1on ·to . .e. tev1er 

nutl'ibe~ of cusps seen in speoles ot· D.,e.smat,!'Q!µA, anl the ten• 

deno1 ot tl1e :t:oU:r cusps to ~em.a.in dist1mt i-ather than to 

develop mto cross•erests as, ~- l?la:t.z~op.us. are characters 

in which the Ooe.l1:nsa genus re.sembles f?rOSrtheptl;t)~,~· A 

4eo1di101$ fourth premolar (No. 1638) and ·tv;o Sl>eci.mens. 

assJgned to Dp!, (Dos. 1$39 ant 1640) , are m.mt~r to c orres• 

pond11'8 teeth in the type of .lltJ11'at-~ -validua !la:t;thew· •. 

fhe pernum.,.nt teeth are bunodoat with a tendency to 'become 

multi·•cn.s,p14, which dist1ngu.;Lshes than f 'rtD teeth ·Of .~llA'-rt 

so~u.a, in which the cusps ar~ Btmpl.er. higher t am f".18ed into 

cross-crests,. Severa1 astraga.li. in the eolleet1.o.n .are also 

referred to this formfJ These SJ)ecimens are appr~ima.tely 

comparable in size to s1m1.la.r eleinents in the Barstow e.oll• 

ection.s. 

!he col.le.otions fl'·om the !/Iecychippue zone oonta!n 

nearly one hu.ntlrea teeth :referable to t lie 0$1llelldae. !rbe se 



teeth do not tall into any distinctive groups aocording to 

size but appear to be gradatione.l in this character .trom 

tbb smallest ta the largest. The dentition is brae.lcy'dont-. 

In addition 'to the teeth, however, the collection contains 

~ representation of carpal a.nd tarsa1 elements. Within 

this oolleation there appear to be three t~pes of sizes rep• 

reseubed 1. althau.~ speaimens intermediate in s1tte b:etween 

those of indi v1du.al groups are not la.ekbfg, 

!rhe characters diepl.ayed by- the eheek•teeth, as 

for example size and strength of the P.xterllal styles-.. have 

little value in attempt h-:ig to make a generic determination. 

lfost of the skeleta1 material has $ffered Cf1lns1derabl¥ from 

abx-as:ton. As a result, the diagnos·t1c oharaet.ers are for the 

most pa.t"t but poorly defined. :che astragali oftett perhaps 

the best basts tor the groupl?J8 of the forms. fhe· la.rger 

astraga.l:t are comparable in s1ze to those from the B,a.rstow 

referred b7 Merriam to Procamel.tt.s ., ~he larger tremolars in 

the colleot1 on a.re of a size n~Hi.r·l1 comparable to that seen 

in average specimens ot· speed.es of ·th.is genuB.. !he larger 

eheek•teeth pr·esent no characters whioh \vo'Uld serve to sepa.

rate them from l?l"o<Jwnelus. In new of the relati'Ve amnd• 

anct of a~c!mens representing this genus 1n m.osil upper Uio• 

cane 01>lleo,ticns it seems reasonable to w.ppo.ae that these 

V~/rJ s imila:r teeth from the llel'ychiPllUS zone represent Pro• 

<JamaltUi. 



The seoond torm has been reeogn:tz.ea. la;rgel7 by the 

eha.raoter-s of the astra,sa11. Approx.imately fifteen of these 

elements in the oolleotion, slightly anal.ler in siz·e than 
; 

the material referred tQ ~Qoarn..e1U$t a,re distinguished from 

.the latter by thei:tt na,~~ownest~it. Thea-.. ~rrow astrag~1 ma7 

represent a:n. altitnunelid :tn the colleotions. To this type 

has been as.signed teeth which se~m to ooat.t.i>Y also an inter

me<U.ate size posit1on. !t''he .. narrow astragal:l ee:r.tai.nly i?Jdi• 

oate the pr.esenee of a :torin dt::tter1ng spec11'1oal.l1 from that 

known bf the mat.erial ~etei-red to ~o~atnelU$ and the amf?'l1est 

oam.e11d . ., mte fJJ.''OUJ of sm.\.ller toms comp;tl'es in size a.na. in 

.strttcture ot· elleek*teeth to some u:ndeaer:t.bed specimens ot 

...._1:.1 ........ :. 0~.1.· ......,ab,....· 1...,.e. <!~;tto;:eicr~s Maxson from the I.tint Canyon beda of -. st~:=:. H _. :i J.4 - ~ . 

O.alifgrnia. It appears possible that the small teeth and 

limb elemtn.ts :ln the oollect1on. f-r·om the 1~IeX7ohippus zone 

ms.1 belong to t:b.ls genus. 

A&!rMh•~&,a ana. ~ot~l•lti.1 di fter fr.om the tipe. s re• 

corded in the pres.ent collection 1n larger atze and hfpeo•· 

dtnt oheek•teeth. 

One upper (:No, 1641) and four lower molars (lios •. l.642, 

1643, ·1644:1 and 1445) ·• a third ar fourth lower premolar (No. 

1646) 1 and two ·de·o!duou.s upper premolai~s (llos. 1647 and 1648} 



togetbe~ with several a.stragali, are referred to Dyseomers 

Matthew. known ~cm the Sheep Greek beds of western Neb• 
. . 

raska. All of ,the teeth are she rt-crowned and are thus u

e·luded :trom the genus !._ertygodus. The ne taselene ·and pr otle.• 

selene ot the m1lk t:ee:th (Bos-.' 164'7, 1648·) remain isola.te·cl 

throu~hout most of the weaiw ot the tooth. ~hese crescents 

a.re e·onneoted to the eetosele,ne 1n the psrmang.ttb molar; but 

are apparentl7 not ~oined together until a l&te stage ot 
wear. In If! (No. 1642) the internel talon1d ou.sp. is more 

or less ·completely uni tea. with th! hypoconid as in !,') riR~-
1-u.s 119.tthew. ~here 1s pra.o'l1oall1 no indication of a 'basal 

cusp between the outer ·crescents of the lower molars. An 

anterior ba.sal oixtgUlwn is but slightly developed on these 

teeth. ·The development of the eroeHJ·•oi-ests in ~ or Pi 
(No •. 1646) is rs1m1lar to th.'att fo.U?Jd in many of the species 

ot ~laa\omem·• fb.18 specimen is somewhat larger than in 

the -.ua at !• .~l;e.ai-1us, 1Uuat:rated by lmtthew36 o · The 

s·u ' · 
lla1rthew1 w.D., Bull. A~r. Mus. Nat• Rist., vol• 60, 

196•199, 1924. 

median tran&Terse creat ~s expanded internally wlt-h an 

tnolp1ent pillar de~elopil\g from the postero•internal. side 

of the main p1llaJ:. The remaining crests ha.ve a simple 

. i-ee~111n&ax- appear·anoe. !he astragal1 are em.all but 



present n.o other diatinguishilig eharaeteristios • 

. '® character ol brachydonty excludes th1$ form 

tJ:~om 1'!($:r:ze()r6.u.$.. Compared to teeth in ei»eie s ot· J3lla,~0,m.e-rjY! 
; 

the OoalixJga apeotme11s are eonsidera.bl7 largel.'. ~he latter 

a.re almoa~ identical in appearance to ~la~to~~r:vx Cnz•,~·, 

m,ers> rtpa:c-.ius llatthev1 from the Shcu~p Ore$k beds of west• 

era Neb~aska~ ·!fhis sa.'bgen:u.s was erect.ea. b7 Wtaf;thew to in• 

elude large speed.ea otherwise refe1111•ed to l$~s.~o,.raas, 

!tt'ne, ~enamel walls of' the teeth are sl.J.ghtly ~ose1 btJ.t this 

character is\ llOt so Wel.1. developed as in !r~~m&E;}t~:t 



Presence of marine ve~tebrates in the Meryeb1.ppus 

zone 1m ps.rtioul.~~11 interestplg since the.-se f<Xrms ._,. 

fnmiah valtw'"bl.e su.ggest;t~:ns as to the mode at aeoumula• 

tion of the deposits- No attempt bas been ma.de to deter•

mine the exact .. eff1nities QC these torms. The excavations 

b1 the Oalifo.rnla Institute of ~ecb.Uology have nQt. brought 

to light note,\vorthy add1t1~~al ma.ter~al .:representing .:R~.~:-

m_O· :u..i~, tar :the c-olleetf.on• eontain or1l1 a few, fragmen• 

tary p.or·tto.:as Of teeth.. _Reeent studies by Kell.ogga' have 

tell.dad 1H>- le.s·sen tl• importance of D_~mn"s_tz;ua as a strat1.

g~aphio inarkei .. , since ·this genus has a ver'fd.ca1 range in 

w:ei-tiary fQt.'m-ations Of Oa1itornia from. lower to upper Mto--

Pr·eaence O"! vt.aalea in the Meryeh:1ppue zone rmy be 

1nd1oatef3~ b:r ·specimens tentat1ve-1y r -ega,r:de·d a.a bagtJBnts of 
' .\ ... . 

ear~bonea. A p~elirntnary atteuipt to -det.ermine-tnee Sed~e:tan mat er-' 

'iat~ :~ests the presence of at least to~ ge~~a1•- ~--~• 

paro~qcli~Pt ~a, A•~-~·· and ,QA<).;q.ta.JJrt~·t :tn ruia.:ttton to 

shark ,teeth; several tlat1 plate•l1ke teeth o.l.;'* Jaws aee·m 

t0 inaioate. t~ presen·ee Of a te1eoaitim fish. related to 

·the :tamtl.1 5Ntntlodol'$14ae. 
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THE STRUCTUR.llL GEOLOGY OF THE SAN JOAQUIN HILLS, 

ORANGE COIDTTY, CALIFORNIA 

By 

Francis D. Bode 

I NTH.ODUCTION: 

A study of the geology of the San Joaquin Hills, 

southeastern Orange CouJ1ty , was una_ertaken originally, in 

collaboration with Mr. W. A. Findlay, as a research :prob

lem to be completed in fulf ilment of the requirements · for 

t he degree of Bachelor of Sc ience at t he California Insti

tute of Technology. The orig inal i nvest i gation served 

ma.inly to arouse an int ere st in the probl em for Mr . Fi ndlay 

and the writer . In May , 1932 , Mr . Findl ay submit te d a re

port on the general areal ge ology of the area as a thesis 

for the deg1~ee of I\iaster of Science . It was then decided 

that ma:p:p i ng shoul d be continued .in the area in detail, with 

Mr . Findlay devot i ng time to a IJre}.)arat ion of a thesis on 

the ·sedimentary :petrogra:phy and the writer cont inuing his 

study of the structural g eology. This paper presents the 

results of the structural investigation and is submitted 

a s a minor thesis in :partial ful f ilment of the re q_uirements 

for the degree of Doctor of Philosophy . 

The writer wishes ·to express hi s i ndebtedness pe .. r

t i cul arl y to 1.ir . Fi ndlay for his whole-hearted coo:pe1~at ion 
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in the furtherance of ·the completion of t his .study. 

Dr. J. P . Buwalda , under whose a1pervision this work has 

.been carried on , 1 .has contributed valuable advice and cri ti-

cism. Dr. G. H . Anderso!l and Mr . W. P . Po:penoe have ren-

dered valuable :ph._otogra:phic assistance in re1n.,oducing the 

maps arid cross-sections. 

Unfortunately the U . S .G. S . to:pog ra:p:b,ic map of the 

Santa Ana Q.uadra.ngle was f ound to contain a number of errors. 

On the ot;her hand, areal phot ogra:phs were found to be ex-

tremely satisfactory and served as an excellent basis for 

the recording of the details submitted on the ma:p with this 

re13ort .• 

In so far as the writer is aware , no report has been 

published de.aling directly with the ge olog y of the San Joaquin 

Hills. In addition to incidental remarlr..s with reference to 

the geology of tl!-e area , t wo pa:pers mentioning t~ 1e i.,egion 

include a reconnaissance map. 

A map, showing the northern :pa1.,t of the area , des-

cribed in this paper , was published by R. P. McLaughlin and 

G. A. Waring-
1 

in connection with a report on the :petroleum 

1
Calif. State l\fining Bureau, Bull. 69 , 1914 

_industry of California. This map presents the results of a 

rapid reconnaissance survey on a base ha vi:ng no to:ig;ographia 
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ex:pressi on. The geology is almost entirely incoi-:·reot. 

A. o. Woodford r s
2 

:pa:per on the San Onofre Brecc.ia 

<:) 

t.:;,Univ. Calif. Publ., Bull . Dept. Geel. Sci ., vol., 15, 
159-280' 192.5. 

i ncludes an in.a.ex map showing the d.istri but ion of the 

San Onofre Breccia along the coast between San Pedro a11d. 

San Diego. In the region 11orth of Laguna, where ·~1oodford 

has designated rocks of Vaqueros age, the m~i ter has found 

Temblor fossils. The areal extent of the San Onofre facies 

of the Temblor is also greater than the map suggests. The 

a_istinctions dra.wn by 'Nooa~ford betvveen s'ed.iments derived 

from the east a.nd. those from a novv S1llbmerged land mass to 

the west have been of consi derable value in establishi~..g 

the structu.re.l relationships of strata exposed in the San 

Joac1uin Hills. 

Top ogra:phy: 

The San Joaquin Hills and their eastward extension, 

the Niguel Hills, const itute an isolated elevation, 1) ouncled 

on the north and west by the Santa Ana Coastal Plain, on the 

south by ·the Pacific Ocean, and on the east by the San Juan 

c.a:p istrano Valley. The topography is' in. general, that Of 

lpw, gent ly rounded hills, rising gradually from the St1rround-

ing :plain. .Along the coast this topography is modified. 
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Here the canyon walls stee:pen ana. the almost flat tops o:f. 

the hills drop abru:pt ly towards the sea. 7li th the excep-

t ion 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 center of the area shown on the map. From 

Signal Peak a me~ian ridge with average elevation of 900 feet 

i-u.ns in a southeasterly direction to Laguna Canyon, the 

eastern boundary of the San Joaquin Hills.. If streams drain

ing into Laguna.Creek are included, the drainage of the San 

Joaquin Hills may be regarded as radial in pattern. 

STRATIG·RAPHY: 

In a consideration of the stratigraphy of the reg ion 

only brief descri,:ptions will be given of the se q_uenoe and 

field characterist1cs of the several mapable units employed 

in delineating the structure. 

With the except ion of Pleistocene terrace a.eposits, 

all of the sed iments exposed. in the San Joaquin Hills are 

assignable to the Miocene. These sed.iments have been iden

tified on the basis of paleontolog ical and lithological evi

dence as belong ing to the Vaqueros, 1remblor and Monterey 

sta;es. 

Pre-Vaqueros? 

The old.est sediments exposed in the area have been 

termed apre-Vaquerosn in that they :p ossess no fos sil material 
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and underlie sandstones and co115lomerates containing Turri

tella inezana. No evia.ence of an unconformity has been dis

covered between this series and tbe overlying fossiliferous 

beds . The Pre- Vaqueras sediments are composed of sana.stones 

and conglomerates , these materials occurring in about equal 

:propo1.-.t ions. A :peculiar rl/hite Bed of a1-'lkosic and ra..ther 

angular sands h:~s been t aken as the top of· this member . 

Below this bed lie ap:pr oxima tely 100 feet of variegated 

sandstones and shales vii th an a:ppea1-;anc e strikingly similar 

to that of the Sespe Deposits in the vicinity of the Simi 

Valley , Ventura County, C.alifornia . These sediments appear 

to be in part l and-laid on the basis of litholog ic evidence •. 

A few red beds oceur also above the White Bed . However,. 

their lateral exte1\lt is varia1Jle and for convenience in 

map];)ing , tbe :persistent Whi te · Bed i s more suitable as a 

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

Vaqueros 

Overlying the oldest se diments in the area is a 

conglomerate member with a thiclmess of approx i mately 800 

feet . Tu.rritella inezana anaw other typical Va<;iueros fossils 

have been found at several localities in this lithologic 

unit . The contact of this member ~gi th the overlying Vaqueros 

sandstones is gradational. Hov1ever , a definite contact 

above which no la1-age conglomerate lenses are founc.t , oan be 

mapped . 
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The Vaq_ueros sandstones, approximate ly 1100 feet in 

thickness, comprise a series of medium to fine grained sand

stones overlying the conglomerates. Vaq_ueros fossils have 

been f ound at numerous. localities th ro ut:,~hout the section. 

Severa l of the fossiliferous horizons are extremely cha:rac

teristic and pe rsistent and have :proved invaluable in estab

lishi1Jg structural relations. 

Overlying the sana~stones a1~e 200 feet of shales with 

abundant remains of Turritella inezana. These have been 

named the Vaq_ueros Shale.s. Since shales are rare in the 

earlier sediments, this horizon affords an excellent mapable 

unit . 

Trans it ional Beds 

What has b~en arbitra1~ily called the Vaq_ueros-Temblor 

Transitional Zone overlies the Vaqueros Shales. The base of 

this member has been mapped a t the bottom of a bed. lying 

immediately on top of the shales end in which Turritella 

ocoyana makes its first appearance . ~his member has an 

approximate thickness of 725 feet. T. inezana has been 

found alone or in assoc ia ti on wi ·th T. oc oyana and T. temblor

ensis th1~oughout most of t h is thick..11ess. Nuraerous 1Jeds com

posed almost entirely of remains of barnacles, a pecten bed, 

and several echinoid beds make this unit extremely distincrt ive. 

A oal.careous bed composed almost entirely of rem ains of bar

nacles, and above which no barnacles are found , has been 
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mapped as the top of' this member. The l ast appearance of 

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

Temblor 

The unfossiliferous Lower Reef member of the Temblor, 

due to its propensity to weather into pers istent reefs, is 

readily :mapped. This member has a thic lmess of 280 feet. 

Conglomerates are sparsely scattered through this portion of 

the section. The Lower Reef beds a~e distin.iuished from the 

Upper Reef beds by the absence of fossils and of ga.lucophane 

and the presence of a-bundan t bioti te, vvhose weathering gives 

a. yellow color to ~1le sediments. 

Above the L~wer'Reef member lies 400 feet of poorly 

indurated fine grained sand.stones, naiued the nBig Punkyn on 

the bas r s of this characteristic. The Big Punky is hiehly 

fossiliferous, severaJ. distinctive mollusc beds ocHnir wherever 
I 

this member is exposed. A bed near the base containing abun-

dant repres·entatives of the species Pecten bowersi is es-

:pecially chai'\acteristic. A reef bed of coa.rse sandstones 

with occasional pebbles affords an excellent marker for the 

approximate middle portion of this unit. 

The Upper Reef beds possess a thickness af 875 feet. 

In addi t'ion to their characteri.stic ability to weather into 

reefs of great l ateral extent, they possess several charac·ter-

istic~ of considerable value in field maDp ing . The base of 
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this member is in :part congJ..omeratio, vhich g ives it good 

definition f r om the underlying Bi g Punky. Glauoophane makes 

its first appearance 35.0 feet above the base, occurring 
I 

mainly as flakes visible in the ·hand lens. Glaucophane 

seems to be here confined to a narrow zone, approximately 

20 feet in thickness. Its l ateral extent is varial)le and 

its value as a ··ma:pable unit is not great. Fifty feet hig her 

in the section, a :persistent bed containing ahm.1clant r e :pre-

sentatives of the species Turritella ·bemblorensis has served 

as a datum plaQe for many of the structural determinations. 

The t .o:p of the UppEf- Reef member is also cong lome1')atic. and 

thus affords a rea~y distinction from the overlying shales 
\ 

of the Glaucophane . ~ember. 
\ 

San Onofre Fae ie s of t he Tembl. or 

A 50 foot zone of sandstones and shales, imme diately 

overlying the upper reef member , has been mapped as the base 

of· the Sa.n Onofre facies of the Temblor. In this secti .on, 

glauco:phane becomes more a:nd more a bm1da..nt towards the top, 

with minerals derived from the west predominating in the 

upper part. For conv enienc e , the San Onofre facies has been 

mapped as two-units. The upper 600 feet, termed the breccia 

member, is characterized by the presence of angular schist 

blocks varying f rom one to t en feet i n (liamet er. The l111ct er-
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lying glaucophane member contains no breccia, and is made 

up entirely of alte1~nating sandstones and shales. The sand-

st ones occur more frequently t Oilvard the top and increase in 

coarseness in tllis direction. The contact of' the glauco]!hane 

mem-ber with the breccia is in part gradational and probably 

does not everywhere represent a contemporaneous level. The 

San Onofre faci~~ possesses an approximately equal thickness 

on all sides of the area. 

Monterey 

The whi:te siliceous shales overlying the Sa...11 Onofre 

Breccia have been assigned to the Monterey largely on the 
'---.~ 

basis of their l~ogic similarity to rooks in a similar 

stratigraphic ].)Osition . in adjacent areas . The thiclmess of 

these beds was not determined. Woodford reports the finding 

of white siliceous shales interbedded with the San Onofre • 
.._ 

Within the present area mapped, no breccia was found over-

lying Monterey shales. Furthermore , wherever visible this 

contact is irregular and is presumably disconformable. 

Terrace Deposits 

Pleistocene terrace deposits are found at three 

levels on t he south and west sides of the San Joaquin Hills, 

resting with angular unconformity upon Tertiary sediments . 

The oldest ter:J;ace a.epo.sit is f'ound at an elevation of from 

500 to 600 feet~ ·~;:he sediments at this level :9ossess a dip 
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of 5 degrees to the norithwest, suggest i ru.; subsequent . ti lt i rlg' 

of the h ills i n this direct ion. The max imum thick_n.ess meas-

ured is sli gh'Gly over 50 feet . The old.est terrace d.epos i ts 
I 

aTe composed· of medi um- grained arkosic sands and contain no 

fossil material. 

An intermediate terrace is discernible along the 

western side of .. the San Joaquin Hills at an elevation of 

ap~9roxima tely 200 feet. De:posi ts correlated with t h is terr

. ace are found at slightly lower levels near the northwestern 

edge of the hills . Tilting of these deposits seems to 'be 

indicated, but not to the degree characteristic of the old 

de pos its. Both the older and the i ntermediate terraces poss-

ess ·sediments similar in character to those de:posi tea. by the 

Sarita Ana River west of Newp or t Beach. It is possi ble that 

they originated. in thi s manner, the area standing at. a .con-

siderably lower elevation duri ng the pe1~1 od of ~ their accumu-

l ation. 

The youngest terrace occurs at an elevati on of ·100 

feet along t h e coa st and over the mesa surfa ce north of· 

Newport Beach . Renn i ns of ma r i ne Pl e istocene i nvertebrates 

are abundant . Within the area mapped, the youngest te·rrace 

displays no di s cernible evi a.ence of' tilti ng. However , 

north of Newport Beach, the contours on .t he u.s. G.S. map 

seem to i ndicate a gentle tilting northward . 

Igneous Rocks 

A dark-colored lava has intruded the Tertiary section 
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of sediments to form sills and dikes . The compo s i ti on of the 

l ava has not been a.e-terminea. . Dir ecii evidence as to the 

time of intrusion has not been found , other than that it is 

youri..ger than the lmver i)art of the Monterey and old.er than 

the Terrace deposits . The chief area of. outcrop of these 

rocks is fo-u.nd in the north-south area, a mile west and :para

llel to Laguna Canyon . In this reg ion, an interrupted series 

of dikes extends from near the northeastern ea_ge of the map 

to the marine terrace a_eposi ts north of Laguna . 

The lavas are most prominent ana_ have the. widest 

outcro:p in the northe1~n region, where they .occ1.ir in t YVO long 

continuous and roughly :parallel dikes , tenainati:ng to the 

south on or near the Irvine Fault. The dikes exposed. south 

of this fault ai'")e less continuous , their :pattern on the map 

a_is:playi ng a branching a:p1,earance . Intrusive l avas are a lso 

fom1d to a consid_erable extent along the Signal Peale fault 

and the area i mmea_iately to the west , where they are associa

ted 1.vith nmnerous minor f aults . Host of the s ills occur 

within this area a nd are , in severa l instances, displ aced by 

faults. Other intrusions occurring locally as pi pes , are 

found. in the southwest-e:rn portion of the area . Evia_ences 

of slight baking and a pronounced i ncrease in degree af in

a.urat ion of the sediments i nto vrh·i ch the lavas have been 

intrude.a., are usually noticeable along the contacts . Gouge 

and slickensidi:ng have al.so been observe.<1 along most of the 

d i ke contacts . 
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STRUCTURE : 

The structural control within the San Joaquin Hills 

i s dominantly that of vertical faulting . The tilt i 11..g of bea_s 

appears to be clue largel y to a_ifferences of throw on bouna_ing 

f'ault.s. A slight, bending of strata on the large b locks 

s eems to i ndicate the presence of minor hor i zontally act ing 

forces • . 

The faults shown on the maps and structure sections 

have been discovered almost entirel y on the basis of strati-

gra:phic evidence. Exposures o'f f'aul t surfaces and presence 

of mechanical evidences a l ong faults are rare. The correct 

determi nation of the stratigraphic se quence fo1~ the units 

ma:pped is thus of critical importance. Paleont ological evi

dence as determined for th is area by Loel and Cor~y3 is 

3 
Univ. Calif. Publ., Bull. Dept . Geol . Sc i., voL~22, 31-410, 

l932. 

entirely corroborative of the stratigraphic s11ccessi on pres-

ented i n the foregoing part of this r eport . Unless otherwis·e 

statea. it is believed that the ac·tual existence of faults , 

their location and relative d i splacement are all essentially 

correct. 

On the map and structure sections, all u.nbroken 

lines represent carefully mapped features , whose ex i stence 

is cert ain . B1-:ioJ:rnn lines inclicate the Dre sence of contacts 

and f e,ul ts , whose existence i s likewise certain, but lack of 
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time prohibited car?ful mapping . Broken lines a c companied 

with ~1ue stion mark s i ncl icate the :pr oba ble locati on of a 

st ructura l feat u re whose existence is r eBarded as t h e mo s t 

reasonable exp l a nation f or an anomalous field relation. On 

the structure sections t h e dip on f ault s , when not shovm as 

vertica l, has been actua lly deter mined. in t he f i el d . The 

maj .ori ty of the .. f aults sh ovrn as v ertica l are so r eprese nted 

in view of the following considerations: (1) the plan of a 

fault trace arossing irreg'U.la r topographic su1~faces is almost 

invariably a strai ght line; (2) an examina ti on of t he f ault 

:pattern on the map shows i n many cases t h e imposs ibility of 

any appreciable hori z ontal component of throw; and (3} a rep

resentation in the st1~1cture sections of most of the minor 

faults at attitudes other than that close to v ertical would 

result in mechanical relations incompatible. vvith the surface 

dat.a. 

Black lines indicating f ault s along side s of l a va 

dikes are not intendea_ to SL1ggest age relationshi ps. Their 

:pur:pose is to indicate th e structural lines on v\ttl. ich faulting 

as well a s i nt r usion has t a ken pl ace, and to di stinguish them 

from d ikes n ot ass ociated vdth f ault line.s. 

Faults ma :p:p ed in the San Joaquin Hills may be c1i vi a.ea. 

into t wo clas ses: (1) major faults. :possessing> with respect 

to known stratigraphic r)oints on eith er side, dis:placemen,ts 

of not less -than 500 feet; (2) minor faults of le s ser throw 
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and wh ich may be re~arded as related to the major lines of 

fracture-. Most of the f aults are oriented in a northwest

southeast direction. A few trend at nearly ri glrt angles to 

this axis. .A.11 · of the faults appear to be contemporaneous, 

since nei.~her group displaces t he other. j?ur thermor e , minor 

· f aults seem to be directly related. to forces :prcxlucing the 

major displacem.~.nts. 

An indi vid.ual description for all faults vmuld. be 

both long and tedim~ For this reason , the pertinent :features 

of minor f aults will be discussed only in connection with the 

major fault to which . they appear to be related. 

The accompanying i ndex map shows the areal distribu

,tion of major. f aults. Vertical displacements relative to 

· knovm ~oints on either side are indicated on t he edge o~ the 

upthrown bl.ock . Reg ional a_ips and strike s afford some sugg~s

tion of the attitude of sedi m.ents . 

Irvine Fault 

This fault. enter s the northe1YJ. edge of t he area 

immediately west of French Hill and runs in a northwest.

southeast direction toward Laguna Canyon. Gentle curves in 

the fault trace seem to i ndicate a slight di p of the fault 

plane to the west. The max imum displacement has been f ound 

near its northern end wh ere a vertical throvv of 4100 feet 

brings Vaqueros conglomerates on the northeastern block up 
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against beds lov; in the San Onofre Facies. This displace

ment c1iminishe·s slightly to the southeast. Lava is found 

intruded along the f ault trace at numerous loc al ities. Near 

its north-c.entral :part, several small faults leave the 

Irvine Fault at high angles. These lines possess displace

ments varying from 5 t .o 50 feet and seem t;o be related to 

drag effects al·ong the major zone. The lava dikes north and 

east of the Irvine Fault are also ·the scene of minor dis

placements, the block between the two dikes having been 

dropJ_)ed nearly 300 feet with refe1~ence to bounding blocks. 

A mile east of the area mapped, a large fault parallels the 

Irvine Jault and agai!l places San Onofre sediments in ju..."'{ta

position to early Vaqueros rocks. The area between this and 

the Irvine Fa,ult is thus a bloa·k, on which the oldest sedi

ments are exposed, standing structurally 4000 feet higher 

than adjacent blocks . For convenience this -block, comprising 

the northeastern part o:f. the area mapped , will ·be i;ermed the 

Highland Block. 

Red Bed Faults 

These faults are 1.ocated in the northeastern 11art of 

the area. The western member :possesses a vertical throw of 

nearly 1500 feet and the eastern member a similar throw of 

approximately 1000 feet. The block betvrnen t h ese f aults· 

has been tilted northward and dropped d ownward rel ative to 
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extent of the Red Be.d Faults is not well known , s i nce they 

run th1~ough conglomerates , displacements. in v1hich are al

most i myoss ible t o d etermine. 

Laguna Fault 

The Laguna Fault branches from the Irvine at a point 

slightly east of the eenter of the area and trends southward 

to. a point about tvrn miles north of Laguna, Y.Jh ere several 

cross-faults divert the ma jor displacement in an easterly 

direct ion. The position of the upthrown block is similar 

to tha t on - the Irvine Fault, the eastern sicle ha vi:ng g one up 

with reference to the west side. The ma:x: i mum a.is:placement 

m~asured near the center of its trace on· the map is 1850 

feet . Two similar faults possessing a displacement consid

erabl y less, and only one of virh ich has be en mapped , parallel 

t h e Lab"'llna Fault on the east s i de of Laguna Canyon . These 

are lik e-wise branches of the Irvine Fault. The area east 

of the L agw:1a Fault, he~e termed the Laguna Blo~k, dup~icates 

all of the characters of the Highland. block with the ex ception 

t hat i·t has not been carried so high. 

San Onofre F1ault 

The San Onofre Fau.lt enteJ~s the we stern edge of the 

area vdt h a vertical throw of perha.ps 1000 feet and. co:ntinues 
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southeastward with the d ispl acement rapidly i ncreasi ng in 

that <lirection. .A.t a locality t vro miles northwest of 

Abalone Point the max im1un vertica l thro-vi i s over 5000 feet. 
, 

Farther to the southe~st most of the dis:p lace·ment is divia.ed 

between t wo branches , the northern and the southern . The 

norther n branch g ives a vertical displacement of 2000 feet .• 

This fault joins·· an east-west c1~ oss .fault v1h ich then connects 

··with the Laguna Fault. The tb.J.."lOVIJ on this Southern Cross 

Fault .approximates that on the northern branch of t h e 

San Onofre , the sediments to the north standing over 2000 

feet structurally above those -outcropping in the tovrn of· 

Laguna. The s outhern branch of the Sa..n Onofre is more corr

ectly .a continuation of this single line of faulting farthe r 

to the 11orth1nest. The displacement on this b1,.,anch is approxi-
I 

mately 3000 feet. A mile west of Laguna this line of fracture 

truncates the Southern Cross Fault and t hen cont inues out to 

sea. Sediments on the block between the San Onofre Faults 

and the coast e.xhibi t a strike roughly parallel to t he fault . 

line. This block sta nds structurally lower than all other 

blocks in the San Joaquin Hills. It will be termed the 

Lowland Bloc.k and the area near Laguna south of the Southern 

Cross :b1 ault the Coastal Block. 
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Sliver Fault 

The Sliver Block, on which upper Vaqueros sediments 

are expose (l , is' bounded 011 t~he southwest by the San Onofre 

fault ana_ is separate.a. from ad joining blocks to the north

east by the Sliver Fault. This f ault is coni.vie ct ed at its 

northwestern end with the San Onofre by means of a cross-

fracture on which a vertical. throw of 1000 feet has taken 

place. Half of this di s-_placement seems to have been trans

mi ttea to the Signal Peak Fault, for, southeast of its junc-
~ 

tion with this fault to a point where the Sliver ] 1au1t. rejoins 
I 

the San Onofre) the dis:plac~ment remains approximately 500 feet . 
.... 

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 block from both sides. The trace of the 

Sliver Fault seems to indicate a slight di p of the f ault 

plane to -the northeast. The Sliver Block has been lifted 

above all the surrounding blocks and, with the exception of 

the Highland Block, stands structurally higher than all others. 

Signal Peak Fault 

This line of fracture bra..nches from the Sliver Fault 

near t he center of the area, crosses vdth a s light westerly 

trend the p eak from wh i ch i t is named , and then cont inues 

until it d.isa:p:pears under the alluviun1 in the northvrnstern 
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corner of the map. The Signal Peak Fault possesses a maximt.un 

tlu~ow of 1200 feet v1i th the uplifted block lying to the west. 

The V-shaped. wedge area lying between this fault and the 

Sliver Fault has be en considerably shattered by a l arge num

ber of minor faults. This zone of shattering has a widt.h 

of ab9ut one mile and continues along the west side of the 

Sig nal Peak Fault. The actual displacement on most of the 

faults has not been determined. Indiviclual disp:J_acements 

are usually small but the ·botal aggregate measured by project

ing the dip of the unfaulted sediments eastward approximates 

600 feet. In 'general all of these faults st r i ke tovvard the 

ape~ of the wedg e mentioned above. The reg ion between the 

Signal Peak Fault and the Sliv·er :B.,aults will be called the 

Wedge Block. 

B'ench Block Faults 

The area bounded by the Irvine and Laguna Faults and 

the Sig nal Peak and Sliver Faults is named the Bench Block. 

The term Bench is deri vea. from the fact that this block stands 

several thousand feet higher than the Lowland Block to the 

southwest, but is, however, structurally lower than the High

land and Lagu:na Bloc1cs to the northeast. The Bench Block is 

struc-turally lower than the 15/edg e and Sliver blocks and with 

the except ion of its southern bou.ndary, has all the essential 

re q_uirements of a graben as well. Heither nBenchn nor rrGrabenn 
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completes the description, however . As can be seen on the 

i ndex map , the strata on the Bench Block form a semi-dome 

truncated on the south by the Sliver Fault. In adr1ition, the 

entire bl ock seems to have been tilted northward. Fractures 

witnin this block may be divia.ed into t vrn groups ; those whose 

trend is :pa1-aallel to the bounding :faults, and t h ose trending 

at a hig h angl~ __ to this direct ion. The faults bel011{; ing to 

these t wo grou1)s intersect, forming on the map a parallelogTam 

pattern. Since the members of one group do not d i splace those 

of the other, the attitude of fe.ult planes is thought to be 

nearly vertical. Displacements are all minor in character, 

throws rarely exceeding 100 feet . The di rect ion of throw on 

the parallel faults is downward toward the middle of tl~ block 

from both bounding sides. The high angle faults :possess an 

upward throw towards the center. 

Age of Faulting 

With the exception that the faulting cuts early Monterey 

sediments and does not displace the oldest terrace deposits, no 

direct evidence indicating the age of these d i s-placements is 

available within the area mapped . The amount of erosion ne-

cessary to expose the old sediments on the Highland Bloe.k has 

been c onsiderable . Assuming an ea1')ly Pleistocene ae e fo1') the 

oldest terrace, the date of faulting can hardly be y0Lu1ger 

than late .Pliocene. 
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The age relation betvYe en the f aults a nd. the lava 

is important . The evidence ree;ard. il'lg this i.,elationship is 

in i)art contradictory. The 'di k es appear to have b een in-
; 

trud.ed into zones of wealmess \'Jhich if not faults at the 

time of intrnsion , certainly must have represented incipient 

lines of displacement . The lava in the vicinity of Abalone 

:point is older .:'cha:n the fault bm.l.nding it to the north 

since the breccia in the fault cont a ins previously cooled 

:pebbles of lava . The displacement of sills in the northwest-

ern corner of the area indj_aates that here the intrusion ante -

dates at least a part of the faulting . The association of 

lava with all rnajo1~ faults , the slie;ht baki,ng ro1d ina~uration 

of sediments along all dikes , irrespective of the p1')esence 

or absence of f aulting , a nd in g eneral , the unifo1~1 confine-

ment of dike lava to the fault traces all seem to indicate 

that the intrusion :followed. the f aulting . However , t he 

slickensiding and. e ouge along the sides of dik es cou1a_ have 

been p1~ oducea. by :p ost- intrusion f ai.1lt ing as well as by t he 

intrusion itself . It seems to t h e vT.L~iter tha t t he most prob-

able relationship places the intru sion as c ontem1J or aneous 

with or l ater -'Ghan the ear ly _part of' t he f ault ing e.nd younger 

tha n the last of the movements along f ault lines . The age ot 

the lavas thus ha s a beari:ne on the soluti on of the problem •. 

Unfortunatel y , the· answer to this problem must r emain indefi-

ni te . The fac.t that most of .lvhe l ava intruclea~ into Ter-Gi a ry 
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sediments elsewhere in Southern 0.alifOI'n:La is u.pper I11iocene 

i n age , is sugg est ive . It i s pos s j_ble that the t i me of 

fault i :ng and int1~us ion in the San Joaquin Hills area should 
. 

be correlated vii t h this 1~egional a ctivi ty and no evidence 

opposea~ to this corre l at i on has been f01..u1a~ . 

The distri but i on of :post -:Monterey se d. i ments i n areas 

adjacent to the . San Jo a q_uin Hills fu:mi shes some aa.a.it i onal 

evidence . In th~ vicinit;y of Capistrano questionable Pliocene 

se tl i men.ts have a considerable thiekness and lie unconformably 

upon the Ifonterey. Well logs in the Huntington Beach area 

i nd.icate the l)r esence of over 2000 feet of Plioc ene rocks . 

West of the San Joaqui n Hills and i n the vicinity of IJewp ort 

Beach ·a th in veneer of Pli oc ene rests , accordi ng to Rollin Eckis ~: 
4 . 
Persona l communicat i on 

with rna .. rked unconformity 011 the Monterey . Farther i nland ana_ t .o 

the west the Pliocene thickens i n direct ions away from the San 

J oaquin Hi lls . 

5E l " , ng . 1.SJl , 

Accord i ng to .! • A . Ene; lish5 t he contact 1Jetween 

'.! . A. , U. S . G. S . Bull. , 7 68 , 39 , l9 26 . 

J?lioc.ene and. l ii oc ene _rocks i n the Santa Ana I.fountains ana. in 

the Puente Hills is uncon:f o1~mabl e . The above rela tions also 

suggest a late lliocene or early Plioc ene ae;e f or the r)e rioa~ of 

cl.i astro:phi sm, d.eformi nD the strata nov1 ex:p osea~ i n t h e San Joa-

q_u.in Hi 11 s . 
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Cause of ' Faulting 

The absolute direction of movement, vihether up or a_ovm, 

of the faults cannot be ascertained. within the area studied. 

The lowest known :point structurally is situated southwest of the 

San Onofre Fault and two miles northwest of Abalon~ :point. 

Here the top of the Vaqueros has a probable depth of 5800 feet 

below the surface. Roclcs exposed. at the surface belong to the 

1.ionterey, ro1d. vdth the exception of the Santa .Lilla Mountains, 

this formation lies c onsia_erably lowe1') in adjacent areas. It 

seems safe to assume therefore, that the relative movement 

within the San Joaquin Hills has been woward. Deformation o:f 

the str·ata exposed in the San .Joaciuin Hills is thought to have 

taken :place in the follovring manner: 

The area was at first domed, the center lying approxi

mately in the nido~le of the Bench Block. .\fi th continuation 

of forces causing the doming , the elastic limit. of the rocks 

forming the exposed strata was reached and exceeded. Frac

t-q.ring occu1•red, the uplift then progressing to varying de

grees on different blocks. The Highland block rose highest., 

with the Laguna and Sliver Blocks follov;:lr.tg in that orc1er, 

and. the Lowland Block remaining i-aelat ively stable. The move

ment of the wedge block was largely that of tilting from the 

Signal Peak ] 1ault towara*s the west. The area in the apex 

of the wedge being c a.:ught between two upward and closely 



24. 

situated faults was lifted 500 feet higher than the rest of 

the 'tifedge Block to the northvrnst. This distribution of 

movement resulted in the development of a local torque in 

the vicinity of the a:pex ana~ of which the minor faults on 

this block are an expression. The movement of the Bench 

Block relative to adjoining blocks cannot be exactly deter

mined. Certair1ly it rose above t he Coast~l Block around 

Laguna; v1h ether this central part of the initial dome reach

ed a heig)1t above all other blocks and then fell back to its 

pr,esent structural :posi·tion, or Yihether following the faulting 

it merely moved upward more slowly than su.rrounding blocks, 

is unknown. It is also possible that this block, remaining 

relatively stable, was tilted 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 vlith 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 ext.ent. dropping down on all sides from a rela

tively small central nucleus. It seems to the writer that 
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the mechanics involved in lifting a small block u11ward. are 

considerably less complicated and. there f ore 11erha:ps more 

reasonable tha n those involved in allowing a small area to 
; 

remain high 1.vhile a very much lai~ger and almost entirely 

contiguous area is dropped four to five thousand feet. 

A third :possibility receiving careful consideration 

in the field regar.ds the faulting as older than the deposi-

t ion of the San Onofre. Sine e many d.eterm.inati ons of dis-

placement are based on the relations of San Onofre sediments 

to older IUocene rocks the uplift reciuired would be consia_er-

ably less than that described in this report. However, none 

of the older Miocene rocks has cantri butecl to the San Ono.fre 

Breccia. Glaucophane appears well down in the Temblor sec-

tion and unconforrni ties between the top of the San Onofre 

and the oldest Miocene sediments are entirely lacking. In 

addition, the di:p of glaucophane-beari:ng sediments indicates 

tha·t the deformation of these sediments has been as acute 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 block~, the · absence of horizontal components to the 

faults, and. the type of f ault :pattern all seem to preclude 

the :po'ssibility of ho1.,izontal f orces causing the f1~actm.,ing 
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exhibited in the area. It seems more probable that the origin 

of the forces produc ing the fault i11g was directly bel.ow the 

area. Upwelling of i gneous masses, causing faults of large 

throw and short lateral extent, have been fre~Qently :postu

lated by writers in the study of ore bod.ies and the ir origins. 

Tha·b lavas are associated vd th this type of f aul"'G ing in the 

San Joaquin Hills is suggestive . However, the possibility 

of a domed stPuoture settling aft·er release from horizontal 

compression should also receive careful consideration . The 

writ.er feels that he is not qualified to discuss the more 

fm1damental problems a.eali11g with the orig in of tectonic 

forces. 

PRESEJ:JT ELEVATION OF THE SAN JOAQUHJ HILLS: 

The relative earth movements causing the :present ele -

vation of the San Joaquin Hills have been a_eter.mined largely 

on a .phys iographic basis. The :presence of terrace deposits 

at an elevation of 600 feet , the flat terrane along the coast 

at the 900 foot level, and. the :presence of marine - cut terraces 

all ina.icate that at an earlier geological date the elevation 

of t'he area was consia_erably less than at present. The de .;. 

velopment of the ex istil1g drainage :pattern seems to be en

tirely subse g_uent to the deformation of the hills, in that 

the structural features h ave no influence on the direction 

of flow of the streams . 

Several f 'act s are of value in suggesting the nature 

of the movements causing the :present elevation. 
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l. The Old Terrace deposit dips northwest at an 

ang le of :five. a.egrees. 

2. Profiles taken from the U. S. G. S. map of the 

Santa Ana Quadrangle seem to indicate that along the western 

side of the hills the highest or oldest terrace di1Js more 

steeply to the northwest than the intermed.iate terrace, and 

that the lowest has no discernible dip at all. 

3. The streams flowing northward from the median 

ridge in the center of the San Joaquin Hills have alluviated 

their valleys for a distance well up toward the center of 

the Hills. 

4.. Streams flowing southward toward the ocean are 

cuttir¥; through the country roe}{ near their mouths and. at 

this :point the canyon walls are not ieeably steeper than those 

farther inland.. 

5. ·Profiles taken northward across the area seem to 

indicate that there is a constant slo~()e northward from the 

900 foot level on the coast to the level of the Santa Ana 

Pltti:n north of the San Joaquin Hills. 

6. The M:esa c01mtry north of Nevvport Beach shows 

indisputable evidence of having been tilted northward or 

inland~ from a line roughly confluent with the :present coast 

line. 

7. The large Inner Bay, north of Balboa, was prob

ably Droduced on this tilted surface by "the m1teeedent 

Santa Ana River. 
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All of the ab ove evidence seems to be i n accord wi th 

the hy:pothe sis t hat the Se~n Joaq.uin Hills have been til ted 

northward. and slightly we stward a. u:ri :ng Quaternary time a l ong 

a line roughly confl uent vii th the pre sent coast line . 

The old terrace d. e:pos i ·ts afford indi sputable evidence 

of such til ti:r.g·· ·since their accumulation. The alluviation 

of t he northward f l owi ng streams , wh ile not a lone ind icative 

of t ilting in t hat direction, indicate when compared vlith 

t he a lluviation of the southward f l owi ng streams that the up

lift has not oc C1..lr red. along the central axis of the h ills • 

In the above case one vmulcl expect to f i nd the same com1i-

t ions obtaining on both s ides of the I.'Ied i an Ri ctge . The stee:p 

canyon walls arni the active cutting taking place along stre'ams 

approachi ng the coast line seem to -be clearly ind. icatj_ve of 

rec en t up lift . 

The su1')faces of the ridg e surnmi ts is everywhere near 

an elevation of 900 feet along the coast . This upl and comrtry 

h~s the appearance of an old a~e surface . As one proc eeds 

northward the characters of thf.t surface 1~: f'ouna_ at lower 

and. lovrnr l evels . · This cil"lmnnstance may be interpreted as 

indi c~t ing a tilting of an old age surface • 

.Profiles of the tbi-·ee t erraces t aken from the u. S . 

G. s . ma:p i ndicates that the 600 f oot ter1~ace has the great

est slo:pe and that the youngest or 100 foot te1"lraces hardly 

:possess any s lope at all. This is e xactly what \70U.ld be found 
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if' tilting has taken :place. 

That the mesa com1try has been tilted seems indis

putable, as is ?hov1n by the contours on the map included 

with this report. From the map it also seems :probable that 

the Inner Bay was cut by the Santa .Ana River as it kept }?ace 

in its down-cutting with the tilting of the bl ock. 

No evidence vvithin the area it self of'fers a sugges

tion as to the fundamental forces c~asing this tilting. 

Pos s ibly the Inglewood Fault parallels this strip of the 

coast at a distance not far f.'rom the shore line. If this 

is the case the tilting may be due to forces operative along 

this fault. 


