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The avea sbtudied lics e the aoutk

of the Senits Ane Mountalns in the southesatern quarber of the
Sovona Suadrunglo.
The oldest rooks are & sorics of slates and sandshones

with somes lenses of limestons and lntruded by andesite puwphyry
dikes., mesnforssbly overlying the slstes ls & cosrss
songlonerate and in part of the ares a series of baesic laves
and Wuifs. ALl %hess rocks have boon melenorphosed by andesite
granpdiovite and ddebase intrusions. Trissgie fossile havs
been veported from the slstes. The rooks overlylng the

"haswpent somplex” constitute s westwerd dlpplug howmoclline,

ineluding upper Creleceous. Paleccens, end middle Sovens

Tormations, the Vagueros and Topanga formations, the |
shales, and the Caplebtranc fomstion, eseh of which is
bounded by sn unconforaliy or dlsconformity.

The structure is unusual in that, while the sedinenis
are those typlesl of the Cosst Hanges, the @@a@%fizm are o
tilted fault bloek, uplift teking place slong the Dlsinore
fault syetem. The detailed strueture consists of a fevw
Polds and faulte nod aelisped with the Hlsinore sysien.

s

“he ohyslographie history shows & loung seriss of
b G

of the lowey ltorraces are marine.

sant bopogrephy the resistance

b

of the rocks has played & large parte

&

%



Sumraary Thesls

The aresn studled wnd daseribsd ln this thesis i

lovated in the southeastern guarier of the O¢

Geliforaias. Iz meppisg this ares which lies

santa sna Mougleine two swmers were spent wers

slone of
spent in the £i218 as well az the week ends end holidays of
“he pealt Tour yonrg.

The country way be described se s tilted feull blosck

which hos hesn wavped up by movesent slong the Zlsinore Tauls

systeme. Un the scuthers face of this block & wide rag
Fommmtions is exposed. The sivebipreshy subracces dwo dlstined

sats of rodks, one & complex of old wetamorphle and ilune

3

formations, the other, a group of Crelececus and Tortiayy

=

sodinenis.
iz this report the pre-Crotacsous Pocks of the Sanis

wntaing heve boen sopmvsbed for the flvet tine. The

oldest Tormetions are metamorphic rocks and consist of slates,

sundstones, and conglomersies. The oldest of theme is a2 growp

of slates and sandstones which have besn nam

Lormation. Thoy smount in thickness %0 at lesst 17,000 Teet,

e D,
bhds foramiion

{;m

in Silversdy Capvon, whish iz the Ype sootion of 4

saobher 018 series i found. This is the

and is composed of a gvarse basal conglomersate with overdying

bads of sandsbones and slaten.

with 2 narked sngular unconformlty but due o ax

ezposed 2% only one place, that in Sllverade

#

I% totals some 350 feeb in thick

FTormntions fg Triassio.

Jusn He

a s#eries of thres lows and wlle which
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The wed basal conglomerate, called the Trabuco formation,is

e = e ) i e
of jess formetd

gisarly only a beaal conglow

s B s o [ . [N I by g e
value than of the other

Y L T N PO R —
which have hers boen mappod.

mbaing is nod settled, but le

$he Jenke o

Shen lowey G

tha in wepresente 5

o s 550 %, g S & e g il Tirvmnen v pee i e o
Pusnte formwmtlons. The Topsvnes vests

with & distinet disconfoymity,

formations consist of Caplstrens beds, Plicecne sands and

¢

ypery ailludiwe form only thin venosrs snd sve of Litsle

ortancse except for thelr areal ex

The sedimentery series ls nolteworthy fovr the preo=

alonn well sorbed mearyin

.

~ ’ P N S .
bose  Hupept for the basal

z

teine ovigly, the serlas s mardine.

O T & N e e 9 D s s e P T s e g s, G5 oy
the Vaguercs red beds are the result of slieratlion

%

fon and are ol continenial

iie sands alter 4

25 g oo g 5 Soems s S o i g e g F £15 P - . sy s bt s O
deposlts ag bas beon sdated. The c¢lays and coals are restricited

lasustring depesites of the lowey pazp

&
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T W e GE g S gt 0 g s
sioek bype of structurs.
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for the shsanoe of sirong folding so cheracteristio of

Coast fangese The Santa ina Sountuing, without

gtrucharsl break lato the soutbern eonbinedion of %&@

Penlnmular Renge, fows the norbhern ¥ip of & long

in the small aves covered by this thesis

rosks as well as the youngest show 1ittls folding.

are syparently the resuldd of the 3iltizng of the blosk snd e

=

rige sod fell of the shove in the weriovs basing of deposition.

In the period following the development of the

the present rauge wes Torped. The formstion of the sl
25 if»ﬁrﬂkwg

gbrasturel Teaburss such as the Tenlis, normsl ar
5 balisved %o bs the respouse Lo swall local stresses in ths
blook, in part due %o the forees ralsing %the block, and in
part due %o %the initrusion of ths dlabsse, Vhetover s Poumed
these smell struotures, 1% iz cordain that they arve nob
related Yo the Dlsiuove system of faulting directly. It is
belisved that the present Santa Ans Vountaineg ave o Paull
block which has been Cfommed by $he yalsing of the part slong
the Elelnore side and theconsequent wearping of the weglern side
slongy the reglon stretobing froan Tustin o the const below
(osanslde.

The developmend of this blook has teken placs in a
sories of wovenents which hove lefh s o rocord s lavge series
of siresm terraces. Later dlssection has developed many
fosbures controlled hy structure. The most interesting
physiographic festure is the saomalous position of Santispgo
Greck which iz belisved to represent an inherited drainmase

b6 e
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The higtory of the voglon ooy

2 & long and ov

1 8 oo st
SraLTETROD

;

soase of Sing.

& woestern land mass, foldlng end intrusion, and

deposibl sugh wors the Tirst svenis.

took plate, thewn the woleanie

=8
&
&
[
.
o
b
g

Sen Juen B

Slervan intrusion, resulied

in the weSlworphien of the older rocks. The Tirst sucoes

enus soa OV

event is recordsd in

mebemorphic and

by the

vas and maral

af vhe olay and ool navine depveliticn wee reaumed.

sapine, Veaueros, Topangs, Pusnte,

saion, and subsldence.

wwuntaine save for &

arrbines elays.

ssasion and oggur on the side of the renge

P
grRee

lar for shesp minlng. There ave none

£

2 o iy 7 A A T ST e
doposits comnavbaed with the aw

Whn Il wn  sevian T end wa B i g g ol s o
Dug bo thelr smmall size they are not of swononic

hasd it Copyon the lower of

ponaidersbls vlls



viii
*"“"‘E} ﬁgﬁﬁgi&

Gendts Ans Mountslns of Southern Uslifornia

mon in Salifornls whieh

ropresont one of those reglons so om

& ab the same time knows and yeobt unknown. In the past

untaing have been ilgnoved largely because

i
§:§#

they wove preswsebly typical exsmples of "(oast

b0 indicate goeplex Tolded apnd ¢

he doast Henges. This ig the Tivet investigetion which hes
nad for i%s sim the deeliphering of the history of shis regione

Jork was commenced in 1980 In the beliel %h

pnd fauited would be met with. It wis oxpectsld slso
Shat the range would 4iffer in no marhed respect Trom those
to the norbthe the Sapta Yooz and others.
Work ip thls reglon has reveslsd an extremely interesting

case of & block mountaln range which owes much of its spparent

complezity o the development of a pecullasy to

relation of thls block Yo the Los sngeles besin and the counitry

i E- s it % &
b the north ls

%‘f’

particularly interesting bocause of the contrast

&

5

botween this rigld block and the deforsed blocks o the noviie
The investigation of this repion hes aslso resulted
in the mapplng of the basenent comlex over & 1initsd arves snd

the separation of these rocks, 8o s

insippificant position, into thelr constituent fommsiions. In

ope of the moat faselinatinge

;

rovealed now Paoto. The mapping of thwe
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though fleld work

euals and clays as

showe Ltn corresinogse Ths Povnd o heve a mach

5
SgnYedh  ragaga
Geng nas

gronber exbent then formerdy swopossde
&

ned B

E

8 acknowledged that fubure work in this

sountry wiil undoubdedly producs new i it is stesdd with
soms sonfidence thal the major parhe of this work will be 1i%%ie

at iavestligation. 7This replon whiech in

% P

B0 my miand furnlshed s very loterssting

of the Cotet Dangee. The spaosistlion of

& pomplete colum with a block type of rsnge

slimete hes resulted in sane very lateresting

Cosat Fange structure and Dasin
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e northern tip o

Popinenlay Hense.  The locstion of the

on the map on Plate Ll. i% lies fov the most payd on the

authwestern slope of the range thou

iy to the base of the sesgl

easth axbends

A 4 25 ey @ &g s
aiptance from oo Angeles snd is ooy

snly &

rost of Southern Gelilornis by zood roads.

The aree papped anounts to some 150 souare mliles,.

-
solish

aouih napped by

Pubgelnive.balefotley, Yolelbe The fleld work

B i ﬁwm&%;z@

wae done op an enlarvpoment of & porbtlon of the Coronmn

Valialialia wmm@rim@ the period at which this erea was

]

sapped the base ls falrly goed, thoush there ave socue very

S

bad mistakes in the topogrephy. The structure was zimple

spranse on bthe arell

epoush to be uninflusnesd in oy

35

Fo

The tioe spent in the Tisld lneludss two sw

as the week onds and holideys

& s, o BT, o
time Yhews
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the othory
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sountry during years of nommel rainfall fs

R P, o5 Fomend e . %
thoush the lest fow years have seen

% gl i g wedl s il T g,
ghorteses Suring the

4o work in siznces fous ars

ave usually ¢ool, and the

% ‘ﬁﬁ 45
risen above 1007 for wove

o

Phe work cerried oub wes done

property of private companise and individuals. The author

nte of hely spd couporsbion o

ervice, the lrvine

iting Aunche

i

land owners in the reglone The suthor wishes hers W0
et

aokaowledsze help in the Tield from ¥Wred.4.0%ls of the Uenoral

mnste ¥EEh resnesdt %o the dlabwmse of Goliwsler Janvon
E % L e g
S0 Hr.Ulark Sutherland of the Peelfic Clay Produsts

rilneg, D
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suggestions a8 10 the general
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Btratigraphy

Gepneral Uonsiderations

The votks of the Dands dne Mouwctslss Tell inbo two chisscae
& mptemorphic epd lgveous group sowmonly seferred to as the "hozonpent
somplexnt and o series of conslderably younger sediments. in this
study the "basement complex™ has been separeted ss far as pozeibid
inte ite clemenis. The laber sedimentariss have vesn divided ints
the sawe fomwetions ss are Tound in the nelighboring regions

The gldset rooks ave & sovies of slabes, sandstones, and
lisestones which are mapped as & new wunid, the Silverado Formation.

e

This ls Yriassic in sge and comprisss sous

12,000 feet of strates 1t
is inbtruded by dikes of andeslbe porphyry and vncoenformably overlalsn

by the Hough Formation, anotber new wunid. This is probably Triassic

s

8 represented by only 280 feet of conglomersie, gand-

@%’

in age. IV
stones,and slates Intrusive into the praceeding Tormabions is

a series of dacite porphyrisg. These are genetically copnected
with the Sen Juan Hot Bprings Fowmation, a series of melamorphosed

lavas and tulfs swounting b0 1900 feet in thickoess, and of unvertain

B The series of W$&§@E§ congiomerates, snd tuffs i intruddd
by andsslites ¢f the Uodjeske Formation. Thess arve porphyryiie in

natury, occcur in irregulsr dike and stocklike messes, sad in places

2.

gountry rook.

&

show evidepes of heving sbaorbed considerable of the

W

intrusive ifute the vhole of the precesiling group is & soarse white
grenediorite, »art of toe betholithic smes of the Peninsular Banse,
ignevus ae wedl asg of the oldsr sedizenitarioes.

The overiyisg sodizents heve as thelr base s ooarse red

g

conglomsrats, the Prabuce Pormetlion. Yeis iz grouped the rest of

the Uretasepus of which 1% L8 proverly only the basal cunglonerate,



b4
The Oretacsous 1 of mavine ovlgln and consists of & lower
songlonerate, a sandstone, & thisk middle shals member, and an

upper songlomerate, sandstone, and shels mewmber, ke thicuness

28%. Overlving 1% with

i

in Bilversdo Cenven is close to 2500

a marked unconformity are the Paleccene beds of the

Formation. Thisg le ZV00 feet thisk in the vieinity of Trabuco

Greek. The lower pard is lasustrize snd the upper poriion marine.
Overlying 1% with o marked uneonformity otcur the beds forwerly

mapped as Tejon but whieh are slsarly Domengine.  They abiain a

seens sedlnentss These loslude some 8500 Teel of

which ls =

i
€
o

parst

o

The Topanga emounts to only 300 feet in maximum thickness, I%
is vasonformebly overisin by the Puenie which heve sbtaing o
thicknese of 1800 {eed. The Pliogene iz ropresonted by the
Capletrane Formetlon whicheoesuples an analogous position to ths
Yernsnde of the Puente Hills. The overdying tervece deposibs
and resent alluviue ave thiy veresyrs of mabterial which, whils
axtenslive, sre of no great leporiencs.

in general the deposits sre noteworthy fov their

exesllent sortiug. The sedimentary series from the Cretacecus io

makes the recopnition of conbacts on the basis of lithology a

&
&
¥
k-3

tions ave well knowsn to the wo

» getlaends are domisently mavine and are made up of the products

of weatherisg of an old land msss %o the sazi. The ezseptions

ars the Martines, in part fveshwaler, and the Topungs whisch coniains
schist materisl derived from the weat. The conditions of
deposition have varied greatly. The Trabuce is s deposit Tormed

g of the Oreltacsous are parine

by an advancing 566.

and of shallow water origin. The base of the Martines iz freso
ot
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ITntredustion

The oldsst rovks iz the Serts Ans Mounialss ave & geries

o

of metamorphosed

2950nEH .

sandstones, slates, conglomerates, and lLim
Thess form the core of the northern part of ihe renge oecwpying a

o

roughly %riangular arss which tepers ifrom a widih of aboub fen miles i
in the vieinity of San Juap Canyon to a polnt sear Sante sna Canyoun.
To the south of Sen Jusn Cenyon these rocks ave replaced by the
intrusives of the batholith of the Penminsular Range.

The age of these rocke hag beon assigned Yo &ifTerent

eriofs by Alflevent obBsrvLTS. by Hhitrey belleved than to be

g

mabemorphoned Uretacecus Btrata;

"this portion of the Santa Anna Bange { that is, around
Santiazo Peak) is chiefly made up of granitic, trappesn, snd
metanorphlc rockS8.e. sse.s A the mouth of Agus Fris Cavon
{now Coldwster Canyon) granite is seen, apd next sbove 1%, a
& gtriped jaspery rock, which is & metemorphic slabe, Sﬁﬁﬁlﬁﬁ
bag often been seen among the altered Creitaceous sirats.”

3

%

HeWePalrbanks in 1895 deseribed the Tooks as Carboniferous|
a stabtoment based on the determination of s pelycopod from she
limestone of Ledd Cauyorn as Carboniferous by the Hatlonal Museunm.

HoCaiiondenhall in 1012° deseribed the sistes as Triassic

on the bmsis of fossils Prom the sandsienes of

JePsmith in 1814 aribed the fosall Tound by Feirbanks as

Daonells senclacanse Snith, and placed the beds in the HMiddle Trisssic.

o

“Covlogy, Calif.State Geol.surve, Vol.l,p.173,1865,
B w . " ;
Cal.S%ate Hin.Bur,, 1lthion.ep't for 1891-1892,p.116,1803.

g

2P 71, ppBiB-506,10912.

Trisssic 3‘?&11%@5 aa&géua;;i&?agt%;ﬁwi%& 1934,



o

The writer of the present paper hag made dill

to obbain fosslls from these rocks.

g

morphic charascter no localities have as yoi

material. The limestones srs Tetlid and show dim outlines of

g

of orgenie remains, but resrysitalllisetion hes obliteralted any

gﬁ;

sfinits sutline. The sandstonss and slsbes have Deen sublected

B

roasiliferons

$o sueh metenorphiss thet they 00 are iz all cesss gosn W

ot

n this paper the neleaner

g

perles on e basls of Lithelogy n

§
s

Sea Juan Hot Springs Formation- levas and toffs~ 1800

Houph Conpglonerate~ Conglomerate, sandstone, slate~ 250 feet

CGilverado Fomablon~ Sandotones, slaltes, limegtonss- L7,300 fest.

The ignecus rocks of the basement complesx ars later than

$he ebove and will be deserived under s separate heading.

& &
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The Bilversds Pormation

The Silversds Pformaitlior iz the oldest series of Hooks

L]

2 o

axposed in the Santa Ans Mounteins., It ls mede wp dominantly of

slates with some sandstone, songlomevate, and limestons. 1% is

s

ized in the flsld by 1t sladtey neture, by the havduess of
i%s sandstones; and the silicification of the conglomerstiss. The sldey

materisl weathers to a rusty red on stesp outerops. OB gentler

sldopes white soil mey be formed. Whlle outerops are 7a

k4

Jagged pinnacles such as are found emong the sndesliber are Lo be

seen. The formstion mey be distinguished from the g
et a distence by its regular beddisg as oppossd to irregular jointing.

In the area mapped im detall the Silverade Tormation is
asen B¢ be intruded by i@ﬁ&@aﬁ bodies which have metamorphosed it
10" a grester or lesser degree. This meltamorphism is particwlarly
marked in the upper part of Holy Jim Canyon whers the sendstones
near the dlabase change 0 a banded guartsidte. In Trabuso Cenyon
the serles is badly ecrushed, though mwo Polding is noticeable. In
Harding Canyon the sletes are badly intruded and the sechion
is far from completbe.

The mont complede sseblon of the Towmstion 1z %o be
found along the gourse of Silverado Creek. This is the type
locallty for the Bilveradeo formstion. The seoiion gzs%% in

¥ was taken from the fleld map slomg & line vunning from

the {ault above the Hough Conglomerate in Silversde Canyon o ths

main divids et the point where the ridpe north of Coldwater (resk

it

Jolns the divide. The Zilverado Formation vepresents heve ths

B

wostern limb of & syneline which hes been beveled off and coversd
%o the west by the Hough Conglemerated  Conseguently the complote
columm iz not knowne The section in this locslity is the most

somplete ons in the fasnhe Ane Mouwniteins, bowever, and ls therefore
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g, BBO Teet of slave with sowe lnterbedded sandelono.

%y B00 feet of copnplomerate and sauisbone. Lvove the
sressading slates ooours about 20 feet of & browe silielilied

songlomervate. This is madd up of pebbles of guarizites,slates

and other petapmorphle roslis. The meximes sise Ponge Ls up
to an ineh, but the uvsusl range s arvound the size of & pes.

The pebbles and sandeyelss are in mogt places well silleified

and the rook breaks with & conchoidal frachure. in places
material will be Tound nod 8o well sllisifisd in which after
fracture the surfaces of the consblituent parilcies may be

5

obaerved. The pebbles gve round snd spparently wers well

2 %

palishad, The conglomerate iz a2 light brown on weathersd
purfaces dus o the sxldetion of the lrven sompoundszs o llnonlic.

I% iz s distlnebive vook aod iits presence lu the float of s strean

w%

mey be taken to mesn that there in an ouberoy of this hovizon
in the vielwliiy.

The suddss treansition from slave Yo songloverate img

& Blatus of szones Elad,. In the sbesence of Tosgil evidanse 1%
is ifmpossible $¢ tell what the time value of the disconfority

i

ise 1% may represent no more of & bresk in the sequente of

the strate bthan ls representsd by the conglonsrsie lemses ip

some of the Teviiayy formstions,. In view of the thickpess
of the Tovpablon aud 3ts shelloy wilerorizin 1% probably

. o A Ko S gine
rapregents the la

Be 11,700 Lest

ana linestong. Above



i

b

rests a bugs bhickvess moPe Or Less

sandatons, aaniatones and

the lower divielions ss Iar as exbersal appesrances

tons ie ip the progessg of recyrysiallizaltion. 1%

is coarsely avyesbelline for the maln pay

s mmberdal mey Tors lsused several hundred Teeb
thick ag in ladd Cowyon. These lepnses have spell lateral
gxdbnt and are Lindited Yo smell srsas. 4 Tow small limestone

lenses ocour in Silverade Canyon on the south slope, snd alsec

in Trabucs Canyon & Tew hundred Teel sbove the siream on %

& LR T
the limestons

e and sandstone

4 in o proundmsss of the limestone.

o those lower in the section.  They form an
unbroken susession of sasbward dlpping bvedes to the divide. Hare
$hey changs bhelr atiliude and the alsites on the east fase of

Thie trensidion from one link

geen in Ladd Canyon whers h

o hhs

A o gy o & pems o BFpm e e T e g e
formation fosslils are




i
The fossils found by H.0.Fairbsnks ocourred in ths

Yioestones in the upper part of Is8d Canyon. Thess have boan

deseribed by J.P.Owith as upper Middle Trisssic in sge. They

include sn undetermined Bhypconellid and a new species of Daocnella,
De sémutae-snse mith. Since Dacnells 1s a chavaeberisitle
garus of the middles Trimssic and ite species are used as ZOne
f%%ﬁiiﬁ‘ﬁﬁ iz ceriein that the assigning of this portion of
seriss to0 the middle Trisssic is hased on sound grounds.

The Toseile Tound by Mendemhall end reporied om by
bpe.Stanton como ?fgg‘gwh@rizggwlqwar ethan the limesiones. In
Ladd Canyon the collection was mede by Dreicndenhmll just above
the junetion of the west fork {oral comminication}. This

gorresponds bo 2 positicn sbove the conglomerate bult below the
i o

linestone. This 1s the same horizon as the locality inm Bedford

Canyon ascordling o Dr.Stanton. The Tauns consisted of
Rhyneonella ap., Spiriferina sp.,Terebratula sp., and crineid

froguonts. This sszeublage was regarded as Trisssie and probably
of the ypper Trisssic §§$hgrﬁt§$ﬁ lowar.

Frgs the twe roforentes olted 1% seonw alear that ihs
Bilverado formation is clearld middle Triasssic in apge. Sinece the
fospils come from close to the middls of ihe ssebiosn, the szact
age of the materizl sbove and below is unssrisln, From the
1388blogy it eppears that the material wss deposited rapidly in
g shalloy basine. It may be that the fommilon represents a

4,

sard of middls Trisssic time instesd of @ longer gpace as the

&

thickness supgesty.
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suprénchad. Thoave 13 & payrow bend ofslate

and sandetone bordering the quartz disbass in Hardisg Canyon. A%

Form s dark erveballine rock. The vemslinder of the band s

well sllicifédd but showe we suen ind

ponbordion of the aiste ig %o be poted ab the andesise conlaet

v Mod jesks Peaks. This is restricied to o zone & faw Lfeet wi

ane LS
e

and lz rether an wmasuel Teature.

Sambtisge Osnyon

P e S T & sy B metton g o o " s P PP N sy w e, s E i Tron b Snundr
regsrd o intrusives sxlsis. The slates ave well buibked bud

show no eonboriion.

In Trabuse Jenyen the Silverado Tomsaticn prosenis s

i3

oy
Tl

different sups

ote  CUrushine of the slabe spd sandetons

not in iuteses deformedion of the bedes bub in the develooment of

wl
.

mgmsrous small fractures along whieh movement hes taken place.
The santones interbedded with the slabes hsve been fraciured and
the Tissures filled with quartz and csleite. The slates have

bpen crushed so that when an atbempt is mede to break out & hand

the Baterial invarviebly cleaves into a lens shoped nass

with smooth slichensided purfoces, 48 & result of the compression
this sondition ls prevelend throuwhont the lower part of Trabuco
canyon. The slates sre conseguently slippery and elides ave
frequent in tumnels and in voad anis,

T the sowth of Trabusoe Canyon the slales are wod so

badly crushed and resenble those of Silverade Canyon o a grealer



Chars¢ter and urlglin of the Sedimsanbs

3

From the desaripiion of the seetblion 1% is evident thed

the rocks of the Silverade Towmmsdlon ere deminantly sendy sletes

with a considerable amount on indercalated sandsiones. The
szact nature of the sediments is not apparent megascopically butbt is
seen only on microscople exsmipation. The rocks deseribed in the
feliowing $$§%i@ﬁ are believed to bo typical of the ssetlion.
The najor constitnents are much the same throughout the series
though the heavy minerals vary considerebly ss might be expecied
in such & thickvessefl beds.

Deseription of thin sections

Section 58. (Blate V¥, Fig.l) This is & section of a
fine grained blue sandstone t&k?a from the Silverado formation
just bhelow the contact with the Hough formabion im Silverade
Camyon. The sandstone is hard end resistent to erosion and
forns smooth polished surfaces in the sitreanm bed.

Under the microscope 1t is seen to be made up dominanily
of quartz greins with a soall amount of felsper, The heavy
minerals consist of abundent eillimenite grelns, ilnonibe and
leyecoxens, spatite, =znd musceorite. The artz gralns vary from
angular particles %o subangular gralne and sve embedded in z dark
sg of the flper particles in which minute guartz

ey

aliered o

grains may bo distinguished. The quarts shows & slighitly
undulatory extinetion in most graine. Assoclaled with it are oc

socasionsl reolangular or suuare gralns of felspar, ugually

slizoelass. Associated with the quartz ave lomg latbeghaped
rains with & bizh index spd high blrelvingence. They are
apparently siliimanite. This minevel, while sbundent, is

and iz not universally found.
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Irregular dark gralas of ilmenide are present as well as grains
of leuoeozens. The legeoxene is in pleces lptergrown with the

ilumerdte which would indicate $heit the leucorzens 18 an allovstion

sroduch. The sillimsnide is reluded 4o the quarts, sone

larger guarte greins heving inclusions of %his mineral.

amounts of apatite and muscovite also oucud.

Zaation Hd- This iz & secblon of the arvenscecus slube from
sume loealily as the precseding sendstons. 48 may be seen from
Figek, Plate V, the sectlion showe the coptact of the slate with
one of the Intercalated sandstons beds. It will be noticed that
the slate le erscked and that the Tlesure is Tilled with sand
graios. This 12 an origissl structure and was formed duwing
deposition of the sedinends. The slate is composed of
oseasionnld grains of gusrdz sod sillivanite subedded in s mairiz
of an undetermined cley minsral which bas numerous small particless
of %&%f%ﬁ; gillimanite, spabtlite,llmenite, and leoucozene seattored

through Lde in this parbiculsy Poek there lg ap altermation

of layers of more or less avenseeous charvacber. This iz aspparently

due $0 seasopal variation. These bapds vary iz widih from a

few millineters up 0 & centinmeter or more in thickness.

Section 4. This is & quartzite from the upper part of lHoly
Finm Canyon. The originel material has beon siitered from &

songloneratlice sundstore $o o donse white material which

&
%ﬁ
¥
@—Y
b
g
o

shows only Teintly its serinmentery origin megascopically. 48
shown in Pig.3 Plate V¥, it is mede wp largely of anguler to
subangular guarbz grains with nusercus lavger particlss of quart
Ho Telspar was noted. Ilmenite and leucoxene ave present as
well as lerge well rounded zireons. Some ealelte cccurs ss

laygs lrrsgelar masses snd velnlots, 1% ie spparently
L

&



gegregated Trom the rept of the roek and doss not act as a cement.

Yasass of dark argillacecus matier, probably roavpents of old

slate perticles ccour scatiered lrregulsrly throughout the

geobion.
Ssetlion Ble Fige.l Plate VI, shows a photomicrograph of o

gseeblion of the minevallized counitvry roek from the Blue Light
¥ines in Silverado Canyon. This meberial is a bard smooth light

grayrroek with a conshoidsl frasture. In the hand specimen 1Y

rosenbles o cherd with & congiderable smount of metallle sullides

2

Y

disseminated in 1%. In the section it appeavs o be & badly
aliered sandstone. The guarts gralins show the usual wsdulatory
gxbinction and ave the only recognizeble material present. The
rexainder of the reck is made up of & groundopss that is

apparently isotrople. The alieration i mowt liksly duve bo the

ore hearing solublons,.

From the deseription given of the sbuve typical sseliouns
1% sppears thet the source of the sediments wes probably soms
mans of metemorphic rather then ignecus rocks. Hinerals such
s sillimanite, sspecially in sbhundsnee, indicate deyivetion

rrom either metamorphics or from older sediments. The

Sadk

undulsatory extinetion of the gquarts suggests derivetlon from
metemorphice since thers is no evidence of any grest dynsmic
motamorphisn of the Silverade formation itself. The presence
af the minersls gore dorived dirsetly from the netamgrphlis rock
rather then through an interpediary sedinentery one since the

weathering in the latber case would probebly remove sll braces

of the caleie Telspar. Trat there bas been dervivation of sase






el

of the sediments from older sedimentary formstlons ie shown in
the presence of the exbremely well rounded zirveons in some of
the conzlomeratic beds. The type of metamorphles thet furnished
the muterial for the Silversdo series was evidentliy not & single
one. Yhile the undulatory guerds, sillinanite, and lelspar are
sugpestive of o gohiut seriss; the well rounded siveons and the
alate and guardsite pebbles of the conolomerade bend war

probably éggivaé fram 2 sedimentary servies metamorphossd toa

much less sxbont. The size of a land mase secosgery to furnish
detrires for wore than 17,000 feet of streta can noY be expostied

%o have besn very uniform iz lithology, however, ond considerable

differences might be expected on detalled sthudy of the minerals

of the slate series.
The sondlitions under which the materisl was laid down

were maeh like % &%@ of the later sedimentariss in sone ways

and gulte dissinlisr iz othera. Judging from the composition of

the sediments the detritus was subjooted o sufficient weebhering
0 remove the s 'gﬁﬁégﬁﬁgi%ﬁ slements ag well ag vost of the
Yelepers. Iz %his respect 1% sitanmds in grest eonbrvast o the
domlnant arkosis assture of the Ursbacoous and Teriayy sodinenis.
The altermation of slete snd sandstons is sucgestive of deposition
i & shallow basgine The courseness of the sendetone indiosles

depozition 2t 20 grest distance from shgve. In peneral uppserancs

the fovmetion repenbles the youpper, thoush wwebassrphosed,sevics
of zhmle and sandeions of the Urelscsous.

Prom the precesding cunsiderations 1t segns that the
Gilverado forwetion wag deposited under sonditions favoring
golution of rov-vesisbent minerale in g siellorw but congtantly

gluking ¥ 6B LT The conrgepcsz of sendstons indlestes daposiiion



at 5o great distance from shors. The mature of the scoebion

wrobsbly indicates a rather repid deposltion. From these fuu
sonsidsrations may be deducsd the idem thal the source of sedi-

ments was slther a low lylng mounbaln rangs eluse Lo the shove,

gmz
i

Yot
e
feode
e
b
i
&
@

or if at some distance way have besn of considerable
Yor wherever the sourcs was there must bave been oportunity
for s considerable awount of weathering ss indleaved by the
wonenrkosic nubure of the dopoaids.

The forgoing swueary of the Yype of meberisl, iis

soures rocks, and its mode of depositlon plses s distinet llmite
ation on the location of the scures of the sedlumsnies. The
dislauce from the pressat Sanbs sny Boundeins cannot have been
very groat, probably not over Tifdy wiles., Examinabion of the
surrgunding couutyy *§@§3 no sreas of roeks older thap the Trisssic

gxeapt o the east in the San Gabriel ead San Sernarding Hanges.
Unfortunetely they buve been s much disturbed by later lgneous
intrusions that it is Gnlikely that haed they veen the soures of
the sedlments 1% would be possibvle bo delemuine it.

‘here ls, however, anobher line of evidence throwing

light om the soures of the rosks. From a study of the pabtiern
of the various Trisssic sediments in Galifornis and Hevada Dred.
Peomith believes that there exleted Shroughount Trisssic time a
long gulf of he ceosn exbunding wp through the present Great Da sin
sountry whieh was gruduslly filled and ﬁzﬁ&i&f dlsmupsaret towmrds
the close of the period. Under this consideration the derivation
of the ssdissnts from the west rather thaa the é&%@ ig favored.
If an sastward origin could e shown, 1% probably would be found
to be an islend mass in this srm of the Triassic cecean., This

phase of the histury is dim, nowever, and only speculation.
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Teat of Inbtrusives

#tudy of the mlates one

i % . . . PP T SO ey
bhey have been subli

and sepentetion

ne evidenge of dyuamic peltanorohisge
cauged by intrusives is, however, guiie evident.

5% o PR N

ars nodlioesbly barder and move Fiisty nesy
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the latey lgneous rooks. This is not so perked in the casge

s,

of the hypabysssl rosks of the Hodjeska series as in the sase of

4 o mef® %

later grenodioclis and disbase. In the cese of the

Ghe affeat v 4 . P mi At B hathelidh
vas effect weas widespresd. The aize of the bavholl

exbalations played & va

ondy of the Sllverado Formatlon bub also

the elfewts of hydrothersel alberstion bo qulite a

The elfest dn the sass of the

marked. In Ooldwater Uanyon and move especlally dn Holy

Canyon ind of the disbase heve greably alteved the sandstone

progucing in sone csses white guartziles. This pronounced effed

%0 the feet that the slberation perfomed by the

granpiliokite wes great euough %o allow thess swaller
curty the process o o marked posidlon.
The least affeched slube bodies ave those ln Ladd and

T . - P 4 0y o e
verade Canyons, thet is, farthest from infrusions. Thowse
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dynanic metamorphism ln beds
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Post=-tilverads b

- oy g . ;. % o . S ‘6 s o B ey praney 2 2w 5w A L
of andesits purphyry. These are not sbundent and are nobt nmoned
iy - & by

on the ereal peologe shest, alibough they throw considersble

on the relation of the Silversde to the overlying Houdiveds. Two
of these dikes aroe known 4o the wriltere Uns coomre in ladd Casvon

about ons olgth mlle sbove 1%s juncture with the weed fork. The

obher ogours in Bilverado Canyon Just a8t the contaet wiith the B

Pormntion. Thoge dikes rescssble one snother in thelr sxirene
slieration and ip thelr composition e far as the labtter may be
deternined.

Fig.d Plate V1L shows the dike in Silverado Usanyon

intruding the slates of the Bilversde formation. 1% is oub off
along the contmet with the Hough and boulders of the save saterial
ineorporated in the Hough. The sz of the dike 1 thus well
aptablished as post-Bllveredo pre-Hough.

The dike consists of a light grey porphyritis rock with
vhenoeryete of an opague whlte felspar. This iz bedly sltered snd

the outlines nre fussy. Desplte alteraiion the maierial is

extremely tough. O exminetlon in thién ssebion {(PlateV
the rook is seen 0 conslat of a ground mass of alvered felzpar
with some querts gralne, thelr shepe svepesilag derivation from the

5

gurreundine savdstones. In this ground wass are patehes of calelds

e

apd large phenoerysts of an andesine felepar in all stages of
alteration to caleite. There is po unallered Temic mineral.
These dikes are not related %o any other kuown rosk

bodies. They are the oldest lgneous rocks known in the distriet

and probably record an apelient veleanic acitiviiy.
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The Houzh Formmtion

o

e B2 Y e oo A i cs < i S e e G e el ek g g S ssgren 4 de
fo Bilverado vanyon about o T108h of 4 nile above Lis

Gy Toa Sl e ereriest Siisets y
ML aBRG LOIFOH OUCUrE 8

iy dlpping

g G e ond x| e e
material snd doe i

The Tirst persosn to note this congleserais prior to the shudy

ad

recorded in these pages was Hod.Fulrbanksy Ln o deseription

of the (retacecus in Silverads Canyon he shulbes:

PR

¥ belween the two beds is & conglomerate shrutum carrying
boulders different from any seon in the Bante ins MHountaine.”

To the formation of which this bed is the basal conglomerete it

‘?: § L 4

is proposed to glve the pewe, Hough fors

The type loecality of the Hough fommatlorn is on the

@ Houwgh properdy in Silvernde Capyon and sboud
g TiTeh of = nile above the Junetion with ladd Conyon.
The formation consists of a basel songlomersde which
grades inte ssudsiones snd gi&%gsgi The conglenerats ls made up

bagse of subsngulsr %0 round boulders vwhich vary in size

il
g% 1im

up 6 seversl feet in dlsmeter. The intorstices ave filled
with some Piner pebbles and sand. As one rises in the section
the conglomerate becomes Tinmer and in e thiclknsss of asbout 20

¥

foet prades completely inbto & coarse blus sandsione which resembles

= . ¥ sfah £ s o maa m Y o o A e L R T T A @2
thet of the silverede Pormstion grestly. In the uwpmer pert of the

B50 feet of siveta exposed st the type gection, slates predominate
mich ag is the cape in the Silverade Forpation.
The conglomerats iz cosrse btub well consolideted. The

bouldors, sspecially the larger ones are derived %o n considerable

¥

gxtont Prom the apndesiss Bilke in the lowsr Silversds formetion.

I
3o B “ﬁ»’ -, Y g an, oy s g i " PP
lﬂmk.ﬁ@&%@*mimsaﬁf*,Lﬁih Anneliepte, aBbi~1E0E, p.lle, 1293.






Tha conglomerate with the gxespiion of the bouldsrs of

sadegits hag beon so silieifisd that pebhles brsak clesnly and
in many cases may be seen in sonshoidal frectures, thelr shape
giteating fracturs not & Bit. Iz soloer the soonglonerate is

a dark blue grey on frashily fructured surfaces bul weathers Ho
rushy tlalee The ssondsbones and slatew zre no similar to those
of the Silverado thal separetion is lnpossibvle on megaseopic
SPPOBTHAGE »

The relstions of the Hough %o the Silversdo sre clearly
those of unconformity. The conglomerate is clearly & basal one
and in ivseldf ls indicative of such relations. Further ihe
Conglomersve has ineorporated in i% material from the underlying.
gilverado formmition. Dikes in the Silverado formation have slso
boen Prunesbed by srosion prior 0 the deposition of the conglon~
srah. The most striking featurs, howsver, is the sopular
dlocordance. The Silversde formation at the contact has the

stbitude B5°F N46'W, whils the conglomevate i 1599 §6o®W. The

relation of these two forumtlione at the contact avre very clear as

showa In the views iz Plates Vil and VIiie Plate Y11 shows the

i@ & view of Vhe Houzh Tormsiion showing 4

foraation.
gharacter of i1ts congloucrais.

Unlike the Silverado the ﬁﬁag% has & small avesl
digtribution. The msxinue thickpess in Zllverads Ushyon mmounts
to only 200 fest The only pulcrsps so fer known are those in
Silverade spd ladd laayons. iz 8ilverads Cenyon the fovmation
ig cut off 4o the west by dikes and covarad by the Cretacesus. In
Ladd Canyon the formatiocn exhibiis a vevy interesting phencmenocn.

ere a large series of andeslite porphyry dlkes of the lodjeska

sories have intruded the conglomsrate foming & striking lntrusive

breceia. Large well polished boulders of the conglomerate are






ambedded ln & erys
This naterial ouberops slong the stream for & distance of a

thousud fset Purnishing

vegsuse of the obviously sedimeniary cobbles smbadded in ss

ebvious dike roek.

e emaot tlue reletlons of bhe Hough to the underlying

Gilverado is unknown. Fossils fronm the Hough are lsdling, and
walike bhe csse of the Silverads, there seems to be no chance of

£

from the metamorphism of the fersation.

obtaining any o judge

%, E.
£2

gwently there ie no possiblliy of cumpariscs on the basls o

iy

boiogie evidence. The exient of the erosion inberwal
and the diastrophism represented by the unconformity is havd o fudge.

hobs obviously posd nlddls Triessic slznce that is the

age of the Silverado snd cvpsiderably youngsy than the igneous
zocke of the Jurassice. 1% is provable thet 1Y represents
the upper Triassic or earliest Jurassice

The Bough Formetlon and the Silverade are consclidated

B0 the same exbent. The vozsolidation and sllisificetion srs

o

dus undoubltedly to the later gramodloriis intrusion, hence Little

can be sald ap B0 age on Thel 50079 & thin seotion of the

o

&

songlomerate (PlateVi,Fig.d; shows 4t %o bo msle of voek fragsent
asd pand « The fragpents may be easlily dlstinguished under plane
polarized light, bub under crossed nichols the boundavies between
gralns vanishes, This is spperently dus to the silieifisation

anb the paritleles but slsoe o

wileh has not only scied Yo ew

gilicify thar. Eavge patches of ealelte may be sasp grousd the

6 o of

¥

Leavy mlnerals were novt noted ezeept ilun the

frowm the Silverado. The pebbles comprise

E

slates, sandsbones, quertziies, ané andesite porphyriss, the

latbser from the dikes nearby.
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San Juan Hot Springs Pormatlon

fan Juzn Hot Springs irp San Juan

Canyon thers is andinteresting series of old lavas and tuffs

which have, strangely cpough, never befores beosn deseribed. The ga
2 4 4

roeks are oubside of the arsa mapped in dedall but 3t
in the geologic histery of the Zanta Ans Mountains is such as to
warrant o deisiled dsseripiion.

The type lesality of the San Jusn Hov Springs formation
is in San Juan Canyon Just below the Hob Bprings. Here ls
exposed the following seetlon (thicknesses estimated):

Upper uff BOG feet plus

Upper flowl{dacite] 50 feet

Middle tuff B0D-400 foet

WMiddle andesite 75 feed
Lower baff 1000 feet
Lower sndssite 100 feet

This section consists of material dipping south at an angle
clese to 30°7. 1% runs fféf & point Just below the Hot Springs
e crsek, through %he gorge and ends at the contaet with
the overlying Cretacsous, which may hide further bede In the

geries. tue to this wasonforms

Mg

sle conbact the somplete seetlon
iz not exposed. Thersmay be additionsl material hidden by the
Crotaceous, or the upper part of the serles may have been
removed by the extensive pre-Ureisceous sroslon.
Deseription of the Formstitlon

The lowermost flow exposed is a dense black andeslite
aboult 200 feed thick snd resting on the grenpdioriie gt San Juan
Hot Springs. The appavent relations here avre nol the actusl

onss, however, slnce the conbact belween the lava and ithe
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granodiorite is an intrusive eonbuct and not a deposiiionel
gus. To the east the lave seriss vesls on pabches of slutes
whiech have likewise been latruded by the grancdiorite.
Lower indegite

The lowey sndesliie iz & dark blsek rook with a gresnish
tinge on thin edges. 1% @éﬁ%h&@% 0 oe red soil. I texiurs it
is porphyritic, numevous dark Ffelspar phencerysis several
millimetors long belng seb in & fins grained ground sass. To the

N ,

gye the meberial is quite fresh and would be termed a basalt in
the fleld. Jolating is couplex, ithe sarliest jolanting bhelng
horizental rather thew colummer. lLaber joints have been
superposed on thisz gysten resulbing in o mueh Trecbured rovk.
A bedd ssuple of this roek ls shows dpn Plg.l, Platelil.

Bxamination of the thln seotlon under the mleressops
{(figel, Plate IX) shows the material b0 be porphyritie with
phanoeryets ameunting to about halfd the totel mase of the rosk,
e pempeitic. The phenporysie ave composed of &ﬁﬁ&%ﬁﬁ@ showlng
BLblite twinnling,. There are also phenogryats of & pyrozene,
albered %o urslite and chlorvibes. Yagretite ss an altervation
prodnet of the pyroxsnes 18 COUNORn. The phenceryete of felspar
show arn ineiplent alievetion to calelds,. The groundmess is
made up of & nebeork of soell sndesine laths with & copsidsrable
spount of bedly slterved pyroxens. Secondary ninerals such as
galeite, chlorite, and magnetite are coumon throughouds the seotion.

. From the above deseripiion the yoek is an altered

andesite porphyry, although in the field one would be templied

%o sail 1% & bassli,
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of a peeuliar looking rock, dark green %o groenish white in color,
soapy in generel sppearsncs, and containing greins of e brilliant
transparent quards as well as masses of serpentine like meberial.
This material ia places is streaked with green fibrous material
which gives it & bedded appearencef Plats XII, figel J. It is
masaively jointed and weuthers o a red soil. dm Tirst encvunier
with this rock one is vempled %o sall it an altered andesite. The
contrast with the undoubted andesites, its relations to the
andesites, its bedded charseter, the ocoursmee of altered sedimentary
material as pebbles and grains, sll suggest ite clastie nature.
Howsver there is also & sugpestion of igneous origin in the
quarts acd felsper gralne vhich ave in meny cases nearly eubsdral.
AR ﬁﬁ%ﬁiﬁé@i&ﬁ undsr the mieroscope guickly confirms its
pyroclastie origin end places it as a tuff,

tion under the microscope { Fig.l,Plate X shows

in an altered ground mess of caleitie and taleose materisl

Jarge eorreded quarts graius with some smaller felspar grains

and particles of slades and sandstones. Some of the quaris

has aiteched $o it particles of fine grained volsanic rocks.

Thers are alse pardicles of guavits shaped in triengular, z%ﬁéaggg}éf,
alliptical, and concavo-convex fovms. Thess §@§31§&r2§ shaped
particles resemble pyroclastics rather than elsetics, Smooth
soncavo-conver forms are highly diagnostic of an explosive

§%§§3&5 In the development of angular clesties irregular
particles are formed but their boundaries ars mmbothe smooth

L o2

boundaries here found, but hackly ones. The present of guarts

grains showing large wmbayments and other eorrosion feabures
also suggests pyroclastie origin, for weathering of a quariz
porphyry would reduse these forms to emaller and stromger grains.

Whlle the shape of the particles elearly indicates &



pyroclsetic origin as oppused to elther an ignedus O & slastic,

thelr composition also Turnishes sa

hies sorpentine la

s Ll ann ; % . D o " s . o de . £ o .
altered slste, This combined with the fact that thers iz also

sane sandstons end guartzite suggesds That he

a pure seh but is the result of the incorpurailon of both

and pyroclastic materisls. In this respect it would resemble

the extensive tuffs of the Great Besis which while domivantly

voleanie ave nevertheless partly laid down by water. In view

able

Lz ¥

of the thickness of the material sud the absepce of any notic
seelomerate bods it would sppesr thed it wes leid down slowly

onough to permit the incorporation of elastics whieh would

have been deposidted alone under ncrmel conditions.

Unforvunately $he tuff is so badly altersd that the

reledive smounts of olastic snd pursly prroclastic malerial cannot

‘be determined. The ground mass is indetemuinable and any glass

that may have onee sxisted is oo aliered for debection.

Hiadle Andesite
he precseding tuff is Tollowed by a flow of an sodesiie

{Plate z,sigﬁé, Plate XI Pig.8) aboul 75 Ceet thick. In sppearvence

$his roek is fine grained, dark green in color, and mobttled with

faint souarish blsok phemccryeis. It is Jolnted messlvely and

forme a dlstict ouberop o the hill slopes due to 1ts ralatively

grest hardnesg.
Tn thin seetion this rock is seen Yo be holocrystalline
though fine grained, pevpabic with phencerysts of andesineg felspar

set in & ground mess of small felspar laths. The andesine

phenserysts are move op leoss caleitized. There were &t ome time

*&3

phencerysts of pyroxens but these have beon oo badly aliered for

any determination. The ground mess of small more or less



caleitized felspar laths vontaine some chlorite and urslite,
as well ss pyrite, magnetite, caleite, and other alieration
products and secondary minerals. This slteration is not due

0 meteoric waters but fo hydrothemesl alteration.

¥iddlie %‘zﬁ“

Overiying the middle andesiie ocours 300-400 feet of
ancther tuff{ Fig.2 Pl.X, Pig.d Plate XII). In general appearance
this maverial resembles the lower tuff. 1t hes the same soapy
greoen eclor and contalns dark green patches of altered pebbles.
Under the microscope it is seen to resemble the first tull
fairly elosely. It will be observed thet while in this tulf
there sre corroded qusriz g@ai.@, the preponderance of material
is on the side of the clastics rather than of the pyroclastics.
The smount of altered slate and sandstone fragments is certainly
groater then in the lower bed.

Upper Andssite  Aont)

Above the middle Buff ocours a flow sbout fif iy feet
thick of & light greenish rook, finer greined than either of the
preceeding ond with fow phenverysts,  This differs from the
other flows megsscopically inm no Dmportant respect(Plate XI Pig.3)
but when chserved under the microscope{ Plate IX ¥ig.3) it may be
apen to have & certeln amount of quartz in its composition. This
rock iz holocrystalline and perpatic. The ground mass consists
of small felspar grains which are squarish rether than lath
shaped. In the interstices is & small amount of an altered femic
minersl. Caleite is also common as an alberation product.

The interssiing eccurrence in this :ﬁ*w\k in the guariz.
It oecurs as small irregular grains showing undulatory extinetion

and paw%ﬁm& an putline similar to that of the quardz of clastics.
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Hosees of these quaris gr&in& goeur up to one coentimster in
dismeter, The latter resemble greatly particleg of guartzites.
The spperent lack of ?ﬁlﬂﬁiﬁﬂﬁ‘ﬁ? the guertz grains ‘o any of the
minerals of the poek g&g@@gt $hat they are of olasbic origin and
have bean introduced {rom the gountey rock during the passage of
the lavs %&r@m@hvits vent. This cocurrence of clastic guariz in

snd surface
hypabyssal rocks is not confined solely to these {lows, The
andesites of the later Uodjesks sorise eshiblt the seme type of
unsasimilated quartz grains derived in all probability from the

sides of the chambers through which they passed.

Upper Tulf

Overlying the upper andesite is the third tuff, which
is in all essentisl respects like the other two. - It contains
&mmmgﬁa# less clastic material them the seecond tuff and somewhat
less in the way of pyroclastic quartz than the first., Plates
X and XII, Pigs.3, show thiﬁ material in both megascopic and mievo-
scopic view,  Ia thickness it smoumts to at least 800 Peet,
The original thickness &aa been modified by the pre-Gretacecus
erosion.

Illustrations of this and the other tuffs canmot do
justice %o their beauty. The soapy green eclor with the brilliant
quartz greips furnishes a rock that ls extremely sasy t0 recogunize
in the fisld.

Prom the above deseription of the San Juan Hot Spring
series it ie evident that voleanic activity is responsible for by
Tar the major portion of materials The cecurence af flows
assoclated with inberbedded clsstics carrying voleanie maverisls
ig elearly a charscteristic of pyroclastic deposiis,

Prom the stratigraphic relations of the formation it

is evident that the age is gresvr than that of the gremodliorite
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put that it is younger than the 3ilverado formation. Iike the
latter 1% has been considerably metamorphosed, The caleitization
of the feoldspares and the wralitization of the pyrozenes is due not
to weaiﬁwing. but to deep seated alteration. The intrusion of
of the mmﬁi&ﬁ% is belioved to be responsibls Tor this alteration
inssmuch as it is not alterved itsslf baut all the preceeding formations
are. The geses and vepors given off during the lnbrusion and cooling
of these laler rocks has csused profound alterations in these
eariier fomations. There is no evidence for ground water
leaching since no oxldation of the meterisl is noticed., Further
the alteration is sverywhere as intense showing no relation to
a possible old land surfacs. Also the type of alterstion is
such that many minerals containing ferrous iron have been formed,
& condition implying refucing condidions. Had dynemic
metamorphism soted on the tulifs vleavage and shear planes would
5-heve in all probability

have been developed, and the tuffs mou
been transformed into Peleosme schists. 4 consideration of the
factors forees one %o mﬁ#,‘m&a that wﬁw%hamal alteration has
been responsible for the change of the tuffs and lavas.

The Age of the Sax Juan Hot Springs Formation

From a consideration of the conditions existing st the
type locality of the formation no definite age can be assigned to
nodiorite time.

the tuffs other than one of post~Silveradc pre-gra
In this region there are no younger or older rocks than thome
mentioned which are beveled by either the bottom or top of the
Pormation. In the vieinity of San Juan Canyon there are mo
intrusive bodles commetted with these flows as fer as the writer

is aware., However in the spring of 1930 I found rocks in the vicimity
of Sierva Peak which throw much light on the age of the laves

and tuffs as well as on some other intrusive bodies.

The rocks %o be deseribed are from three locallties,



The Tirst lecallty is Sierra Peak, the most northern peak of
the Bante éﬁﬁ Hountains, and the northern extension of the
erystalline "basement complex”, The seecond locality iz a
dike in Silverado Canyon near the contact of the Hough end Sile
verado formmatioms, while %he third is on the hill back of ths
Blue Light mine in Silverade Canyon.

In Silverado Canyon on Hill 3506 back of the Blus Light
mine there is sn outerop of a dazzling white voek, slightly rusty
in zpots with numerous large quartz grains several millimeters in
dlameter., Thia forme a roughly elliptieal stoek about two
hundred foet long in a north south direction and about a hundred
feet in en east west divection. Under the mieroscope { Plate XIII
Fig.3} this rook is seen 10 be very badly altered. It ia
composed of a fow guartz phenceryste in a ground mess of esletized
felspars end quartz.  Little can be saild of the rock other than
thét it is an altered quartez porphyry. However, the shape of
the quertz phenverysts should be kept in mind, Their size,
degree of corrosion, and gemeral appearance are believed $o be
of velue in the following correlations.

In Silverade Canyon ancther dike ocours several hundred
feat west of the silxawaaé Hough contact. This strikes aeross
the streeam in & northesouth &xraﬁﬁiﬁn and reaches a height of
aa&exalbhmaéraﬁ feet on each of the canyon walls, This material
is pale green t0 white in color and resembles the material on
HL113506 in every wey except the degree of slteration. It is
apperant from the hand specimen that further alieration would
result in the formation of a rock in every way siwila# o that of
Hi113608, Besides the guartz grains tharé are traces o
femic minerals snd streaks af altered slates. Under the

mieroscops (Plate ZIII Fig.2) it appears 1o be a badly altered
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aeoite with a ground mass compused of numerous andesine laths and
altered femic minerals. 3he andesipe is exleusively aliered to
galeite. The rock is porphyrétic and appears to be holocrystalline.
It is perpatic, the phenocrysis conslistdng of large caleitized B
felspars and deeply embayed queris ar?s%&lﬁ;“} Tﬁﬁwﬁéééwiéwmmmn”w M
sxbensively altered bub not pesrly as much a8 the precesding onc.
Here slso the badly corrodsd bel euhedral quartz is & striking
chavracter of the roek.
The most inberestlng of these dueites is that o Slerras

Peak. In accanyon leading soubh from the psak excellont oulcrops

of what is.an apparently cvarse grained rock may be found. This
WHgéék {P&#ﬁ&ﬁi? Figel) does not lend itself to & correct determination
megascoploally. Under the microscope the impression of a
granitic roek is at once dispelled. The maberial comsists of a
smell amount of fine grained ground mass in which ave embedded
large extensively corroded quaris phencerysis with smaller crystals
of andesine and a few crysials of a blotite of very amsll optic
angle. In the photomicrograph { Plate XIII Fig.l) a quartz
phenooryst may be scen which hes been deeply corroded. The
embayments sre filled with groundmass. The erysial has been split
and & small lath of andesine foreed between the two pleces. Uther
phenoorysts appeer to be slmost perfect beasal ssctions of euhedral
eryshals, while there ave others that insbead of exhibviting faces
are bounded by copncave and convex Iracture aﬁrfaaaa. ‘Tiese are
clastic shapes. The rock iz of course a dacite porphyry and from
thea conslderation of the bent and fractured orystals was evidently
subjected to considerable force in the viseous state. This
ralses thaygu@gaatiaﬁ that the meberial is the £iliing of an 0ld
plug. G@?ﬁaiﬁi& the esruption of such maiorial would be in the

nature of an explosive fashion rather than of a guiet Lype.
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4 cvonsidorstion of these thres rocks leade ome to the
eonclusion that 1P they are not representatives of the samo magma,
they sre at least almw related. %@ ?h@%@xﬁmﬁﬁ in sach are
slmost identical in shape size, and habit, Little can be told
from t.hé other minerals sinee they avs badly weathered in sone
cases. The ccowrrente of rocks mo simlilar in such o small sres
ie stronz evidense of comsanguinity emd sontemporeneity ss well,

if oo compares the {llustretion of the thin section of

the %iém voak dmeite with thet of the lower Wuff fram San Juan
Canyon, he must be siruck by the sirony resemblance beitwsen the
gquarts phanoorgets, These are spperenily clossly related nob
only beosuse of thelr shape end appenrance, but becaunse ofthe
osourrence of elmllar inclusions. They contaln slender needles
of apatite and vevy long needles of en Wiidentified mineral.
Tuie sieilarity of the guarts is more thas & move solincidense,
sgpenially amﬁ@ no other source of sinilar meterial is koown.
The ducite of Sierra Peek is considered, therefore, to represent
%hé 0ld stoek fram which the msderial f{&m:mﬁz the prroclastics
of Gan Jusn Conyon was derived. Thove mey have beon cther vents
conteibuting sluiler materdal but thelr location is nol known.
dorzrelation of thess verious fomations fixes the sge
of the San Jusn Hot Springs rether ¢losely. The dike of decite
in Biiverads Cenyon cute the Hough snd iz in tura out by e dike
of the Modjesks andesites. Thus the ege ¢f the tuffs and laves
is Tixed as poshb-tough pre-iodjesks. Covnsideving the gravodiorite
as upper Jurassic, the Hodjosks series as m%@h Jurassie, and
the Hough as upper Trimssic or very early Juressie, this would
plece the San Juen Hot Springs Formation in the lower Jurassic.
In the absence of fossil evidencs this is as elose s determinstion

a8 ¢an be hoped fov.
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Igneous Roeks

The metamorphic rocks deseribed in the previous section
are intruded by & series of ignecus rocks of Jurassic ag&.. ‘The
combined metamorphic snd igneous rocks of pre~Cretacecus age are
referred o collectively a8 the "basement complex”. In this
puper the ippecus rogks have been separaited as well as the metamorphie
ones and it has been found that the socalled “basement complex"
eontains two distinect ages of intrusives, one Jursssic and made
up of & s@riaatéf andesite dikes and 4 granodiorite intrusion,
end the other, a disbase intrusion of Micvcene age.

Modjeske Series

The Hedjesks series includes & group of genetically
related andesitie rocks which intrude the three earlier metemorphiec
formations. This series is subdivided into three types of rock.
The first is en andesite porphyry, the second is an anﬁeﬁité
‘porphyry which contains more or less unassimilated guariz derived
from the sandsione of the Sllverado formetion, while the third is
a diabase porphyry intrusive imto the earlier andesite of the series.
These rocks will be first described from a geographical point
of view and then their relastions will be discusaed.

Silverado Canyon near Junction with Ledd Canyon

In Silverado Canyon sboud 100 yar de asbovethe juncilon
with Ladd Canyon thers oceurs sn imtrusive body of andssite
porphyry. This material is exposed under an overlapping blanket
of Uretaceous sediments and widens considerably to the north in
{8dd Canyon. To the south it mmy be followed to the Williams
Harding divide.
| In sppeerance this rock is at first confusing to the
persen in tha\fimld #0 various asre its meodifications. In certain

zones, irregularly spaced, the material has the characteristics of
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an sgglomerate while at others it appears to be a normal dike rock,
The paris resembling agglomerates conbain numerous angular fragments
of dark red and purple andesitic materisl embedded in a dark green
erystalline metrix, while the normsl dikes are solid colors, usually
dark green 10 black.

Inder the mioroscope (Plate XV, Fig.l) the normel andesite
porphyry iz Tound to be m porpbyritie, dopatie, and holocrystalline
rock, The ground mess is badly sltered and much of it is not
resolvable, ‘There are a few grains of uneltered labradorite with
mach magnetite and some caloite. Zmbedded in this are numerous
- large phenoorysts of partielly celeitized labradorite and an altered
femic mineral., This reck is apparently an andesite porphyry. o
quarts was found in the sections.

The more altered materiel resembling s breccia was not
sectioned, experience having shbown that similer wateriasl from other
lae&li%i&a'is 00 badly altered for microscopic determination.

The structure of this mess of rock sppesars 10 be a4 series
of dikes which are oriented in & north south direction,  The

whole might be thought of as a composite dike. The portions

which suggest a pyroclastic origin are regarded as intusive breccinma
Tor the following ressons:

1. The material is all of the same type. Lo fragments
can be Pound which suggest an explosive oxigin nor is any of the
ground mass tuffacecus or sgoriaceous. The fragments are blocks
of andesite porphyry embedded in andesite porphyry which save for
ite color ( dus probably to differences in alteration) is very
mach the same.

2. Phe angular shape of the insluded materlal precludss

ites origin as schlieren &8s does also ite strong resemblance to the
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groundmass. They are clearly {re

gments of a rock very similar
to the groudmass.

On consideration of verious types «f brecciss this one
is found to be most ¢losely relsted to an intrusion breccis. The
injection of a series of dlkes under pressurs has resulied in
the incorporation of mmterial from the older dikes in the younger.
This mechanical nature of the inelusions is best demonsirated by
the oceurrence in Ladd Canyon. Here { Plate XVI )there is a very
pxtensive outerep of the andesite breecia whieh ineludss not only
fragments of earlier dikes but boulders from the Hough formation.
i‘fﬁi& was noted by B.W.Fairbanks® in his reconpaissance of San
Diege, Orvange, and San Berpardine Goungies. The obvicusly
sedimentary boulders of polished slates and quartzites embedded in
a matriz of a green crystelline rock furnishes a striking sight.
fue to alteration of some of the gubtorops the materisl might be
confused in pluces w&ﬂx an agilowerstes FHowever an examination
of fresh surfaces shows thei it is in reality an intrusive broccia.

The veristion in character of the andesite porphyry is v
" explained by the fact that it is mede up of & series of dikes, all
related, but at the same time, of slightly different age. Hence
the intrusions represent different phases of the megms, and in

different dikes there may be present 4ifferent assimilated matter,

Andesites of Upper Silverado Qmm'
in upper Silversdo Canyon there are numerous sumall dikes
of &ﬂﬁmma porphyry and of diabape thet reach the surface, These
all ocour %o the,'aam of the area mapped. They may be recognized
by their green color and gemeral similarity to the obher areams of

the Hodjesks series.

lrairbanks, Calif.State Min,Bur., 1#th ann.Rept.,p.115-116,1893,
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Rocks of the Hodjeska Peak Region

Un referring %o the sreal mep & large roglon of andesitic
rocks sy be noted sbout Modjeska Peak. These form & roughly
rectongular srea trending somewhst west of north. This is the
type locality of the Modjesks meries. Along & line running
west from saxmaga Peak and down the dHodjeska fire trail may be
found rocks iilustrating most of the types making up this interesting |

Zroup.

The first rock to be deseribved occurs on the sumit o
Santiago Peak. 1t ocours not so far from the contaet with the later
intrusive disbase, 1% is a dark green rock, epparently fresh,
and very hard and tough, Under the mieroscope it is Cound to be
aaaaﬁ of soms alitered i’amie y}:“,r;m%s sat in an sltered ground
mass which shows relics of old flow linmes. Alteration has been
80 extensive thatono.detetminmation is possible other than that it
was & felsite porphyry. The intense alteration is perhape due to
its ;ara:&imi‘by to the granodiorite and dishase intrusives.

A8 ong approaches the saddle 'h&%%&ﬁ mmmaga and Hodlesks
Peaks a series of red &nﬁg’xwﬁ intrusive m‘amiaﬁ may be noled.
This meterisl exists here on a.‘ mach grasder scale then in SBilverads
Canyon. The upper part of Bantiago Creek follows for several miles
this gone, The materisl conmists of ¢lesn angular chunks of red

and purple sndesite porphyry set irregularyy in a ground mass of

& green andeslte porphyry. Here ss elsevwhere the sbsence of any
tuffacecus or georiscecus meterial may be noted. The materials
throughout are solid fine grained igneous rocks with a0 interstices
’er savities. Thin seetions show that the rockes ave bmdly sliered
and vere probably an andesite porphyry. Altered andesine

pham@rysta with some aliered pyroxenes ocour sst in a very beadly
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alteored groundmass, It iz to be poted that most of the fine
grained green rocke med widh in the Tleld are badly altered no
matier how tough they may be. The combinstion of toughness and
extensive alteration is ome evidence for hydrothermal rather
than groundwater aljerstion.
The imtrusive breccia some hundred yards west of the saddle

gives place to a dark green rock of uniform texture.This appears

under the microscope sz & bedly aliered andesite porphyry in the
ground mass of which one can distinguish a few quardz greins, These
look very much like the clastic greins associated with sandsiones.
Their irregularity is 'i‘ﬁm that of fragmental grains assocliated
with pyroelastics, the coproded type sssocisted with quarts
porphyries, nor interstitial fillings. smong the phenocerysts

of andesine felspar and badly aslteved famiec minsrals ocour some

large meeses of quartz greins. The individual perticies show an
undulatory mmﬁm andl taken together form a typical fréent

of quarizite. Ho cement other than au possible one of silice

has been noted but the relation of the grains and the absence of
other minsrals muong such an aggregate is stromg evidence that it
is guavbzite. This and $he Individual grains scattered through
the rock suggest that considervable stoping has taken gz;aa@ but
that @simimﬁmx of the paris stoped i*:ma not beoen somplebtes
The forceful intrusion of the andesite porplyry as shown by the
formation of the intrusion brecols would be expected to remove
parts of the wall rock and incorporade them in itself, In this
way large gquentities ﬂf materiel of sedimentary origin might be
ineluded in a awi@’kly igneous rock.

A8 one approaches the contaet with the slates o %&a&
weet the andesite becomes fiper grained., A% the contact it

appears us & very flne grained green rock with a few small
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phenoeryst of felapar, This on mikeroscopic exsmination turns
aut to be badly zliered, but & few large andesine erystals can

be made out in & ground mass of mimute felspar laths and glass.
There are also rempants of a femic mineral. The fine grain

of thiz selvage zone is what would be expected on the basis of

an 1ﬁ$ru$i@n, This meterial and that from Santiago Peak

mark the extrome limits of this intrusive body. Intrusion was
foreeful from the first es 1s shown by the arum@;a& slates along
the western conteet. After the [irst intrusion occurrsd there
wers subseguent injections of materisl through the cenier of the
dike. Theme resulted in the development of the intrusive breceis.
The number.of dikes which meke up this composite strueture is

not known, but it is certainly lavge to juls from the variation

of the rocks,

On the ridge running south from Modjeske Peek another
very distinet variety of igneous rock oecurs., On fresh surfaces
this is a light green porphyritic rock with distimetive aggregates
of ferromegnesion minerels, Large phenocorysts of ms.;am can
also be discerned. On weathoring the ground mess turns a light
pink, but the sgpregates of femic minersls are always preserved
and lend & very characteristic spposrance te the roock by which
it may be eesily recognized in the field. In thin section
( Plate ZVII, Fig.l } the rock is found to be an sndesite
porphyry. The phenoerysts eve somposed of more or less ealeitized
sndesine felspars of lath shepe. The femic mineral is not

doterminabls. The zround mase ig & badly sltered mizture of

small felspar lsthe, Temic meterial, and gless, Assoclated with the
phenocrysts are irreguler sggregates of qaa?%% grains which are
apperently non-apsimilated particles from the sandstones.

To the west beyond a small band of slates there oeccurs
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& large stock like mass of another rock of the lodjesks Series.
Thizg is called the Modjesks dlabmse. 1% forme the mass of Hill 4480
and extends on the east to the slate conitact. On the other
boundaries, howsver, it is in contact with =z mors or less narrow
zone of the ordlmary green andeslbe porphyry.

On fresh surfaces the rock is derk green in eolor with
mpnerous black lath sBaped erystals of horpblends as phenoorysps.
It weathers to alight greenish white on outerops and glves rise
to smooth rounded land forms covered with soft sandy maberisl.
These waite oulerops may be seen from & distapce and can easily
be confused with limestone ouberops.

Thin pectlons of the fresher unwesthered materisal
{ Plete 4V, fig.5) show 1itile sltersbion o the f@layara,-hu% guite
a8 nﬁ%ééemﬂlﬁ amourt in the case of the Porromsgnesian slements.
The pheavcrysie consist of hornblende and ocessionsl rounded
aléered graing of olivine. ‘There are a few masses of guartz which
are evidently of forelign origin. The ground maes consisis
aimﬁsﬁ'mgtiralyfbf felspar lsatbs with some lanterstitial hornblende.
Where the latter ocours im avundance smell Jeths of felspar may
be found entirely surrounded by it. Kagnetlbe also occurs, &s well
as secondary sulfides and oxiges. The texture is quite plainly a
diabagie intersertal type. '

This h@?ﬁ#h&ﬁﬁé&‘%ﬁ&%&ﬂ% porphyry is best represented on
Hill4460, but thers are other ocourrences of the highly distinetive
rock. These are in dikes in the heads of ladd and Silverado
Conyons. There is also an lnteresting occurrence in the small
tonguve of the Kodjesks #@31&$ on the Horth Jolwater fire trail. Heve
the mame dlabase, somewhat Liner in tex&ux$, ﬁa¢ﬂrm 82 a dike zome

hundred foet wide intrusive slong the center of the older andesite

porphyry dikes. It is evidenily part of the sories of dikes in
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%zh.ia locality.

The diabase in the above mentioned oecurrsences is belleved to
- represent 2 later intrusion rather then & differentiation in place.
This is shown in several ways. In the case of the large stoek
on Hil14460 1%t will be noted that the surrounding andesite porphyry
is maaingm the east boundary. Yet this is an intrusive contact
of dlabase and slate. Due o alteration and weathering 1t is pot
possible to tell whether the diabvase is imirusive at other placee
_i‘n this parvicular loeality, but it ie believed that intrusion
into the slate is ample evidence of its origin at same other point,
rather then sg & local differentiste. The dikes mentioned above
aiéa cut the carlier andesites end slates. The cceurrence on
the North Coldwster fire lime shows ¢learly the intrusive contact
of the disbase and mndesite.

The sssociation of the diabase with the andesive intrusions
rather than with areas of weaker rocks leads ome %o belleve that
1t possesses a genetie relation to the rest of the Modjeska series.
This welation is particular impressive to the worker ia the rield
who hes seen some of the other facles of the series whieh look like
types transitional beiween the disbase and endesite. Vhile the
diabuse might be mapped as part of a differont series, it would
mi&a the seriocus question of the status of the intermediste rock
types. liapping of distinet intrusive bodies would be rather inm ©
the pature of subdivision of the series and would show greater
evidence for relatlonship then for dissimilarity.

To W%m south thewe sre other ocourrences of the andesites
of this series. The srea that sterts in the neighborhood of
Hodjeska Peak oxtends south inm an irreguler and devious faeshlon

across Trabdbuca Cresk. The matericl north of Trabuco Creek
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wa&aﬁma that of the vpper paris of Santlego Creek. IV possosses
the seme green color and shows the same verietion irom occasional
fresher dark materiel 0 the andesite breecia. The latter in
gome of the badly weatherd zones ressmbles & voleanic agglomerate
rather than an intrusive hypubyssal rock. This material exbends
BEPOED "i‘*ré%::uaﬂ greak, bub to the south g diffsrent phacies is
founde | |

A thin seetion of amai% porphyry from the Boundary
fire line Just morih of Trabuco CUrvek shows the same type of

mmon o the other scourrences. The seotion ( Plate

EVIL #ig.2) shows the rook us mode up of more or less caleitized
labradorite and uralitized pyroxene phenoorysts set in a ground
wasa of padly albered fime felspar and Temic alemenis., There is
some primary megnetite and apatitve., Celeibte and chloritic minerals
are abundant.

The material outeropping between Trabuco and Bell Cenyons
is @ davk porphyritic rock which odours in m& area surround by an
andasite porphyry simdlar to vhat of the morih. %hile this
i‘iﬁﬁﬁﬁ is spparently qulte fresh in The hend specimens thin sections
{ Plate LVI1,Plig.5) show it to be padly albered. It consiste
essentlally of large labredorite phenocrysis in a ground masss of

onsgnesian elanents. Qacasional

andesine laths snd alkered fer:
fomic phenocrysts ocour ag seen in the illusiration buil theee are
more than ordinerily badly altered. Caleitigation of the felspars
mas progressed o the point where they gppear in some cases to

have anomalous ¢olors.

The Nodjeskas series is a group of closely related andesitic
rocks, The btype section is Modjeska Pesk.  The group shows

considerable variation but it is found that the similarity of the
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varivus facles ls sufricionily great to permit of considerzble ease
o whe mepping of the walt.

Io gencral the rucks are green inm color and porphyrisic.
Do oases of other colors exlste In gencrsl they form irvegular
dlke 1like wessoes whileh may be complicated by repeated inmtrusions.
Thisz inbrusion has beken plave under comeiderable preesure as may
be saen Irom %k@ incorporation of materials from the walls of the intu
latreded formetions.  In %h&é way have avisen the striking intrusive
brecelas made up of sndesite partieles 1n a groundmess of & crystale
line f@lﬁi%@ oY of sedimentary materisls in a2 similay groundmsss.
This bas also resulted in ihe ingsorporation of considerable foreign
waterial, partieulsrly querta. Thls iz visible under the microscope
and where oare is not used might lead $0 the elassiilcation of these
rocka as dacites,

in composition the rocks range Trom andssite porphyriss
whose felspars are bagle andesines through andssite porphyriss with
a6¢1d labeadorites. Diabases also occur., Though the composition
be somewhat variable fleld work has shown that the sorics is @

closely rolabsd vas.
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macite of ths Silversdo-farding Divide

Fotending frop 111 3800 ( Fast of Fi11 3%08) on the
Silverado-farding divide %o the Cretecsous contect in Williams
Canyon is o large body of daeite, This weterial is decldedly
giffarvent from fron the andesites of the Modjeske series. It
weathers to rusty eclors but on fresh Treetures is a derk gray
gpzekled with mumerous phenoerysts. It is fresh and hag suffered
comparatively little alteration. .

Under the microscope (Plate X¥, Fig.2) this rock appears 0
be & dacite porphyrys Thers are a few large phenocryste of f@is?a?
and quartz which smount to less than 5% of the rock, Hence it is
poezpatic. The groundmass lp composed of quartz and aliered
felepar snd femic elemmmts. The quartz grains which apount to about
atout 407 of the rock are about one tenth to one half a millimater
in 813&. Tese ressmble suhedral orystals which have been badly
eorrodad and cracked but whieh still show pordions of the original
faces. Burrounding these iz an albered muss of oligoclase felspale
In thig groundmess of guartz and felspar ccour lurge phenoerysts wf‘
olignelage, urallite, and alYeration products of femle minerals.

From the asbove deseripbion the rock is easily seen to be
decidedly fiffeorent from hotk the lodjeska series and the eerlier
deeites of the metamorphic series, It differs decidedly in the
geeurenss of guartz in the ground mees and alsoe in the ogeurrence
of such an acid felsper as oligocluse, F@f théd resson it bhasg
been sepsreted as o distinet unit, Ite ape is later than thaet of
the Modjeske serdies and probably ceorresponds $o other dacites

Cfound outelds of this perticular srea.
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Granediorite

- ~ e
zion studisd two avsas of

There ave nmapped in the

gxd
«»g’?

%,

grancdiorite. One cccurs to the novtheast of Santiage Peak end

he other in the lower southeast cormer of the map.

granciiorite has boon mapped as & gingls unlt thers ave
variations in bexture and composition which if mepped wduld
undoubtedly 3@@% it 4o be not a single type of rock bubt & series
of rooks of ﬁ&%&@@ glose relationshlipa.

The grancdiorits of the novtheasbern corner of the ared is
a rock which is cheracteristic of mueh of the country of the Penin~
sular Ravpe aud the region to the saslh. This is & very coalse
grained white rock which weathers on exposures %o deazling white
sandy ouberops. The rock is white with numerous black specks
of biotite and hornblende. The light minerals cousist of quar®a
and plagioclase Telspar. A5 seen from the hend semple the rock appasls
freshe  Fig.l Plate XVIIL gives & fair idea of the appearance oF

4 section of this same voek (Plate XIX, Fig.l) from the mall
divide east of Saniiage Penk shows Lt %o be @@@Qﬁﬁ@& essentially
of acid plagiocdsase and guartz. The texbure is holoerysialline, geriate
porphyroid, The constituente are oligoclase (80%), quartz (30%),

0

perthite (154), Biotite, green hormblende, and megnetits Hh. This

is evidently s grencdioriio.

The rosk from the venger station ln Dot Bprings Canydn

resembles the latter in being a holoerystellinme rock, bub it is

wueh finer g%&iﬁ@é§ and is considerably darker in colow, though BO

P
more basic. gm@& PlatedViil is an illusteation of & hand spsciman ©-

airsy

i

thie »ock. 1% is & greasy grey in appesrance and weathersg o

¥ e

11 insitead of the white gravelly meterial of the coarser facl

2‘2
B
L
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@
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about 954 oliguelase, 40% quartz, and 8% bilotite, gresn hornblends,
and magnetite. Some caloibe and ohlorite soeur in this rook ag alie

5 2,

products. The dark color of the plagloclase in the hand sampls
appeay to be dus o smll sliberstione which affect 1%z bransmission
£ iigﬁ'% @

A Kk

Another granodiorits from neer the slabe condect L

i

Canyon shows an enbirely different eppearance. It is a light
rock (Plate AVILI Fig.3) and is white in color with numerous
spocks of blotite and gresn hornblende. 1t resembles the material
from the Haln Divide rether closely lp sppearance except for its

Liner texture. 4 thin section { Plaebe XIX, Pig.B3 |} shows that it

is composed o oligoclase, quards, and grsen hornsblende snd biotide.

The quartz is less in smount than ipn the preceeding rock and there
is 2 larger smount of bloitite and hornblende,. Despite this
lesser acidity it is nearly white as compared with the grey of the

othar rocke.

Age
The grancdiorite of the Ssmta ine Mountains ils closely
sonuscted with the other grosedliorites of the Southarn Californien
%a%h&ii%&; This hes beon considered %o be upper Jurassic in ase
and to represent about the seame ags of intrusion as the greal

e

Slerran bathoelith. Lg Tear ez the age of the material zues

By

rom the relations existing in this area, 1% may be sxpressed as

&

pre-upper Crelaceous, post Modjesks. An uppesr Jurassic age

)

would. however,fit well lude into the seriss of evends in this

g

reglon.
The relation of the gramodiorite o the (reitacecus is
plainly thet of useonformity. The Cretacecus nobt only resis on the

ﬁuwm&%ﬁ@yimﬁi sorporated in ivs conglomerates fragy

them.  Hurther & si %ﬁj of its sediments shows them %o be derived

Lomey  Tauces
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from a grancdiorits lend nmss. Vnder these gonditions g sull
lapse of %ime nmust have sgourved in pro-Uretagsons time bo allow
the batholith to eoel, to have its thlek cover of mebamorphles
gtripped off, and %o osuse cnoe part o sink and another pert in h

%

the sagt be rise and form g land zess which wizght contribube

%

gadimenta. This chain of oveubs whependantly an

[

ypper Jurassic or very sarly Ureltaceous sge 48 Tar as thils ares

is concovned,

Ome of the wmost loteresting relations ths granodiorite
posgesses is that with regard fo metemorphisn of the earlier
rocks. These have been undoubtedly subjzcted to heald and solubions.
%he faet that the granodiorite ls the only rock reppescntabive
e vary larze mess iz evidence in fevor of 1% as the cause. Furthsr,
the faet that the grenodicrite is apparently not affected by

hydrothemml alberation i auother strong bit of svidence. an

o

sliminadion of %he other lgneous veoks may be easlily effueted, and

a8 arspult the gronodioriie is left as the only rook polteud

snough o effeet sush vwide and extensive alisration.
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fgnsous Pocks Younger than the Pre~(retaceous "Sasement Complex®

In the Santa ina iountains there ceeurs a rock of
considerably younger sage than the pre-Uretaceocus complex. This
is so intimately assocliated with the older rocks that were it
not for ite relations to eimilar rocks in nearby regions, it
wonld have been mappm a8 pre-Sretogecus. For many of the
sugeestions a8 o the age and relations of this rock the author is
indebted to ir.B.8.0%is of the Gemeral Petroleum Company of
California, who informed him of the oceurence of similar material
in the Puente Hills.

This vock, which is & diabase,occurs in three distinct
patehes in the ares mapped. Thess include the mouth of Coldwater .
Canyon, the upper part of Holy Jim Canyon, and a narrow sirip along
the bottom of iarding Csnyon. There are some differences in the
mtarﬁ.ﬁl from these different areas but they are explained as the
results of loecal factors influsneing assimilation of foreign
material and the rate of cooling.

The type seeltlon of the diabase is taken as the vecurrence
in Colwater Canyon on the eastern face of the scarp just above the
Glen Ivy Hot Springs. Since the name Coldwater is preoccupied
the term (len Ivy. mabasa is proposed ws & name for the formation.

The occurrencs of the Glen Ivy Diabase at the type locality

parallel
is in the nature of a large dike-like mass which runs pearly to hhe
east scarp along 1ts basec. To the east the body is bounded
by the Elsipore feult, while to the west it is intrusive into ithe
slates of the Silverado formation. In this body occur frequent
zenoliths éf glatee which are baked to & cherty rocke One of these
may be noted in Coldwater Capyom. It is some 200 feet in widhh and

of undefermined length.
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In the hend speciman { Plate XX Fig.l) the rock might be
mistaken for a dark m diws greined granitic rock. 4 close
examination, however, shows the felspars to be lath shaped and
sﬁrraundsd by the femic minerals. Thus it is evidently e diabase.
The minerals making up ﬁh@ rock ave labradorite and a dark fibrous
hornblende with a minor amout of magnetite and pyrite. The
labradorite is emsily recognizmable megascopically by its typical
blue interference colors The hornblende is fibrous and rather
softe The felspars ave only slightly altered but the ferromagnesian
element is evidently a considerably altered mineral.

4 thin section { Plate XXI ?ig.&)yﬁhowa at once the nature
of the rock.  The felspar which makes up nearly half its bulk
consists of labradorite in lath shaped crystals. These are
gurrounded by uralite smd other alteration produsts of augite.

The section shows the rock to be holoerystalline and ophitic in
texture, Besides the labradorite and uralite there is & small
variable smount of quartz. For reasons %o be cited later this is
considered as probably due to assimilation of material from the
surrounding Silverado formation., dJircon and apatite occur as
accessory minerals in the felspar greins. The zirconm occurs

ag crystals with slightly rounded faces. The apatite is in the
form of long acieular crystals. The dark opaque material
consiste of pyrrhotite and megnetite.

There is an oceurrence of a simllar roek in along
varrow dike-like body in the bottom of Harding Canyon., This is
intrusive into the slates which form & zone between it and the
ad jacent andesite porphyry bodies. In appearance it differs
slightly from the Glen Ivy material sinece it includes a comrser
grained facies ( Plate XX Fig.8). This grades into finer

grained rgéka which resembles that of Coldwater Canyon. In
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gomposition this rock is made up o equal amounta of labradorite
and bhoroblends.

Thin sections { Plate XXI Figel ) show the rock made
up of lapradoryite Jathe survounded by an intergrowth of uralite
snd chloritie meterial. ‘There is alsc same quartz which is cons
pidered in this case also s due o assinlletlion of the countyry
rocks The quartz is surrounded by the uralide and chloriia.
The texture is holoecrystalline ophitie. Some spatite and zircom
is present as sccesory minsrals inecluded in thé felspars. There is
mueh megnetite in the uvelite, probably of secondary origln.

The material in the aves mapped on the east slope of
Santiage Peak and in the upper pard of Holy Jim Canyon is & rather
lizht greenish gray vaek of mediwm grain. There is considerable
variation in this material from the contmet zone o the cenbter of the
body e

A %ypiesl voeck from Holy Jim Canyon { Plate XX Fig.3)
iz & ratheyr unifornly medluwn gralned; Light greenigh pray in
sppearance. On the hand specimen it sppears o be made up o
lath shapef felsper crysitals and fibrous horamblsande. The rock
sppears fresh and tough and is quite resistant. 4 thin ssebion
{ Plate XXI Fig.B)shows the texture %o be an intersertal iype
rather than ophitic due $o the semller amount of uralite. The lavger

sarhion of the rvock i made up & rather basic andssine laths

Bt

{ 60%). Wext is sn abundant micropegmatiie or grancphyre forming
nesrly 10%. Yuariz is abundent Tovming neerly 154 of the total
bulke The ferromagnesian elements gre urelite and chlorites,
with & smell smount of biotite. Apatite in long acleular crystals
is abundant in the felspars. Theresis a smaell ancunit of Zlreon.
Hagnetite and pyrbhotite sre also presentd.

%&iﬁ roek iz evidently & quartzs digbase. I one traces

the western slate disbase contact to the lain Divide
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part of the intrusion. This present:

je up of
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sleg prosenie This

contrast Yo the olher opsurenses both in texbure and couposlt

Vhe are constant in composition,
and are guite basic There ig no quertz.or mie ropesgmatite.

tes show some other veristlons.

et

iy Jim Sentiego Peak traill ( Plate XALL

Toat from 3he g
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is composed of sndesine, mievopegmabite, quartz, and uralite. Ab

contaet is found whieh is

¥rom a dike in Trabuco Canyon just below ¥ mine { Plate Zdll
Fige3) resembles that from the main 4ivide in many respects. Ib

sontalus, however, & small aswount of guarife.

The precesding rocks are undoubtedly all variations of the

»

same parent magns The most important differences in composit

ion,

the presence of guaris and nievopsgmatilte, is assigned to geainilation

of country rock for the reason thab whevever a chilled bowder zone

seours, very 1ittle of this meterial is found. Further the mawre

3

e

acid phacies occur im the lsvger intrusions, those which ave capabl

ks and incorporeding them in their

The power of the intuslons to

ghown by the alieration of

the Silverado femmation has been converted into a white guartaise
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acoedmpanied by the exeriig

The age of the disbase is of the greatest imterest. In the
Sénﬁa 4na dountaine 1% is unfortunstely intrusive imbto all the
rocks with Whiaé it is found in conitact. Hence f{rom these ocoourrences
the only date that can bo sssigned is postegrancdiorite. Hecently
there have been discoversd rocks which ave so similar in cauposition,
texture, snd ocourence that no doubt existe as to thelr relation %o
the Glen Ivy dlabase.

In the Puente Hills intrusive into the Puente formation
is found a large 2ill of diabase which is idenbical with the CGlen
Ivy rock. It iz composed of labradorite and urslite with the same

bextural relations

and the same accessory minerals. Thin seciiocuns
of the two rocks mey be sasily confused when working on them due %o
the resemblance of the rocks. In the hills arousd E1 Modena
there is & dark baselt, Teldppathic in composition, which has alse
been invesitigated. Chemical analyses of this basalt, disbase from
the Puente Hildks, and the Glem Ivy material have bsen mads by the
General Petrolewn Company. These are so close that it is certain
that the roeks ars of the same ovigine

in view of the f&@%‘@ﬁﬁ% similer material oceurs in the
Eaﬁ%ﬁ.%ﬁﬁiﬁé,ﬁauﬁﬁaéﬁg in Topunga Canyon and %o the south in the

Le Jolls Guadrengle, the existence of & large Mioccene batholith amy

be postulated which has given rise in the Los Angeles Basin o mayy
of the later Teriiary laves. If this be the case $he Clen Ivy

diabase hes added s very interesting and hitherto unksown chapter to
the history of the Los Angeles Basim. Due o the recency of this
diseovery I have been unable to investigabe the relations of the

diabase less thorvoughly than they deserve.
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in this paper it will be noted
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&% the base of the Cretacecus north of
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the Zlsinore reglon, & coarse grained white rocke.

inteveniing fant b these boulders ls thet whevever they

embedded in the vod metrlx they ave unlversslly 20 badly albs
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sands and pebbles In this ssilerizl sre,
enough %o appear in thelr true relations. in appearance the sands

resemble ordinary ocverse arkoses. Sorbing is not good bub bedding

‘rom erewdnetion of the relstions od

is o allerveblions

Carefel examinetiop of the relations of the two 4irf
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selor i 5 later than the desositivn of the sedlinesnis.
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sxyveen bearing setegrlc waters were ilnvolved. In the prozess of

alteration the more porous purts wers most sasily oxldized. Some

50 slightly porous as %o prevent much albteration.

' Helations to the Lower Conglomerate.

The relatlon of the

e;.

) ?l? that of & bassl conglom
there is no discontinuity beitweon the red meterial and the grey

overlying beds. The contact is gradational ané in places there is

an alternation of beds, red and grey. This ig well shown by the
locality on the Santisgo-Trabuco divide. Here the red beds sre

interbedded with the lower conglomerats, $the slisrsetion producing
a very confusing aspent. The tracing of the condact bebween The
two sediments under such conditions is quite trying, but 1% ssrves

to illustrate the g?ﬁ%&%iﬁaal nature of the contact.

e

There is, however, an evident difference in the compositlon
of the two dypes of materiel. The basel beds arve definitely arkosilc
and represent rapldly deposited sedimenie while the overlylng
songlomerstes and sands appear o have heen much more thoreughly

worhed OTET. 1% ig believed that the differnce in coloy is dus to

the larpe amounts of ezsily ozldizable

arkosic sediments of the bassl beds.
e bo the abzence of foseils in the Trebuce no age can be

assigned to ite It is not mueh younger than the lower conglomerstt.
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Bede above the Hed

The Tommition above the basal conglomerate is & thick series
o8 g ru s Lop—— 5 8 T 0 G s Ty gy s o AR AR e
of conglomerates, sendstones, znd shales, Thege are fossililerous
LA o & au i o 0% % ; vy paatdeyaan € depr  Danmy b FI s #% N
gnd Tornish an excellent ooporbunidty for the study of Uretacsouns
# s ¥4 g W B S [TV S g % T STy
Taunas. This part of %he Urehaseous i made up of thoee

2

easily distinguishable neubers, a

'3

o thiek sectivn of

o
0

bals, and an upper serics of conglowerate, sands-
stone, and shals, In generel appearance the vocks rescuble thee

Gdomerates are lizht olive

+

af 4

% 7% o g 45 oy
he Oretosenus eloowberd.

&

in color and are well cemented. The sandsbonss heave zn olive tint,

&

The shales ave a deep blue black snd in plsaces have intercalated sandstone

nenberd.

The superior hardmess of The lower conglomerats s ooy
with that of the Trubuce has led 4o & boeubiful bopographie exprsssion
of the basal part of the Crebacecus. From considerable distances
orne can follov the Jlowsr copplovmerste which stands out ss & greald

Biwf? facing the old rockes Yo the eapb. The longitudinel vallsye

ziong this ¢lif? ave of course the result of the csse of westherl

¢ the red beds, Hueh of the steepness of the conglomerate cliffs

g

ig also due to this same wesbness of the Trabuso which slloss the
process of sappling %o condinus. The whole of the vonglomerais,
sandoione snd shals seebion ls mors resistent than the Periisry beds,

%

and ag & result nmost of the aves ooouplsd by the Ureteceous is bisher

Jedee

n slevetion then $hat of the Tertiary sedimenids.

The lower conglomerste reste ap we have already noted, on

5

the Trabuco with a gredatiomn]l contact. This songlomerete is formed

% 3,

bble beds of varisble thickness which bowards the %op of the

380 feet are replaced by sendstone bedse Throughout ite thickness

it presents a sanly sypoarance sugpestipg shallow water deposition.

The pebble beds possses & definite lens like stvucture and grade
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laterally into pebbly sandstonss. This suggests old channels whieh
have been scoured and fillsd. In color the material is a light buflf
%o gray on outorops, although fresh cuts show it %o have & dark blue
color much iika that of the Silverado. The olive color associated
with the outeropping of the formation sppears Lo be due to the praence
of much chloritiec material. The pebbles are wsually well rounded,
some specimens being nearly perfect flattened spheres. Poligh is
not at all uncommon. The size is from that of coarse sand up to
&alf a foot in dismeter, although the greatest pumber is hetween
one and two inches. In composition these pebbles are eamposed
dominantly of slates and quarizites, derived, presumably from arcas
of basement rocks, Pebbles of felsites are less abundan®, while
onss of coarse grained rocks like granodiorite ere not found at all.
In gemeral it might be said that while thés part of the Cretaceous
is coarse and a‘ahallﬁw water deposit, considerable working over of
the material meking up the sediments has taken place.

Overlying the sandstones and conglomerstes is a thick
seetion of black shales, some 1500 feet thick in sSilverado Canyon.
These lie conformably on the sandstones though the transition is
abrupt. ' For the most part they are made up of a gandy shale, deep
black in color, and weathering to light bluss and greys. In this
shale occur occasional fossiliferous beds of sandstones and aanglemgratas;
The interbedd sandstones so common at other (retaceous leocalities do
net oceur in this section. he color of thess shales is sufficient
t0 distinguish them {rom any other shales of the sedimentary column.
From the occurance of sandstone and conglomerates throughout the section
one is foreed to the comclusion that® the size rangs of the sediments
was determined to aldgree degree by diastrophic movements affecting

the source ¢f the sediments rgthar tnan by the depth of the basin in

which they were deposited.
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Above the shals section is 2 series smbracing o conglomerate,
sandstones, and shales. The cceurrepce of conglomerate immeﬁia%ely
on top of sha&éa suggesbe a‘&iaewmf@ﬂmity, gnd on looking one was
found. The beds above and below this disconformity are seperated
by 8 slight angles measursd by & vertical distance of 40 feet in three
miles. The conglomerate is made up of well) rounded pebbles and
grades into sandstone in the space of 25 feet. 4bove thiz bed is
& series of thin shale and sandstons beds which alternate with each
other. This ﬁsriea; like the others, is obvicusly a shallow water deposi

The sbove deseription gives & gonoral ocutline of the
lithology of the formstion. The units mapped in the fisld are
of course lithologic ones. Collecting, however, has revealed the
presence of a number of distinet fossiliferous horizons. Those
are shown in the skebeh columner section of Plate XXV. This is
roughly 250nfeet to the inch. The section, which is represented
as having a total thickness of 2500 fest, is taken from an sccurate
measured seotion in Silverado Canyon on vhich bave been imposed
Taets gathered from other loealities,

Due to the fact that preservation of material in the
Cretaceous ls dependant on protection of the fossil from leamching
by ground waters, only those occurring inm & hard limey matrix have
been adsquately preserved. %&er& this type of msterisl is weathered
to the right degres exeelleni collectiouns may be obtained. In ths
larger nuaber of casecs the matrix is too liney or weathering has
progressed too far to allow of the collection of sdsguate faunas.
48 8 vesult only the more ¢ommon species are obtsined and the rarer
typesescans. Since much of the zoning depends on the appesrance
end disappearance of these less common speciss diffsrences hetwoen
zones may not be noticed.: | |

The c¢olle etions from the localities in The area mapped are
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believed to be fullsr than others hithevto made. These have
not been completely worked up Mt there ave some interesting
faste brought oub ilo coansction with the sopes aside from the
purely palsontologic ones.

As may be seen {rom the section there are thirisen
distinct fossil beds in the Cretageous in the vicinity of Silverado
&nﬁ Santiago Canyons. Howhere olse im the Santa Ans Mounbains
is there s0 complete s fossiliferous section exposed. These zones
are as Follows,

1. The lowsrmost Yessiliferous beds ocecur some 100 Toet
shove the base of ﬁh@ lowar songlemerante, The fauns of these bedd
vanges through the congloserates and intoe the sandstones. 1t is
& shallow wa%ar Tauns and most of the fuseils represent heavy
shelled snimels edspited $o life in pebbly sand, There is no
appavent vertesl change in this feuna Throughout the 250 feet in
which it ocours.lt is cherecterized by the abundance of Trigonarcs
species. Lioplsthe somens {inderson), Liwopsis silveradosnsis
Faekard, Volutoderms californica Dell are also comuon species,

2e &% the top of the lower zandsione occurs a thin
zons which econtains numerous individusls of Astarte suleata FPaokard.
This highly cheructeristie species appears confined o ithis zone.

e About BB feet above the bags of the shale occurs
a thin bed of sandstone currying & faupa mueh like the precceding
ones but chhraeterized by the occurrvence of iscteonelle oviformis
Gabbe The relations of this zone to that of Astarie suleata is
best seen on the Sanblago-Trabuco divids. Here sbhout five feet
of shale separate the s.oviformis Tauna Frou the Ll.sulcats fauns.

4e Some distence above the idcteonslla bed occurs a 2
fout bed of sandstone literally filled with a Cucullaca comparsble
o Cucullaea inermis (abbs

5. Separated from the last bed by a thicksess of shale
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iz another sandetone bed which carries s fauns distinguished by
s small opis, O.brisnsuleta {Cooper).

Gs  Above ths Ople bed and separated by a2 thickness of
shals smounting o sbout 25 feed cccurs ancther sansions bed
carrying a large sumber of aporrhaids, nsuiileids, smwmonites,
and o new species of Gervilliopsis. There ave also some charecteristic
oaelropais.

7+« The shales lying above these beds containsa large Ine
geerarms vhich sttains & lengih of four fest. dest of the fauns
asgociated with this species has been destroyed slthough cecasional
srmonibes may be found.

8. 4t spome distance from the base of the seetion in Hardimg
Canyor there cccurs interbsdded in the shalss & conglomerate-sands
stone bed which is about 15 foet thick. This bed contains a founm
similsr to that of the lower conglomerate but with the addition of
numerous rudistids.

@ At quite. s distance above the Rudistid bed occurs
enother conglomsrets beds This is only about a food thick apd is
gquite extensive., 1% is charscterized by sbundant spscioens of a
large Opis, Nemodon vaneouversnsis (Mesk), Crasatella lomsna Cooper,
snd several other foussils.

10, The next zome has boesu found only in Santisgp Canyon.
It iz characterized by & large spscios of Gryphdsa, numerous
spacinsng of V.californics Dall, and a Cucullsea. The inberssiing
part of this zone is the lithology. The comglomerate is made up of
boulders of granodiorite Tapging arpvnd a Toot snd o half in
diameter. The Possils ocour botwean Shese huge boulders in a very
- goarse sandstone. The ouberop exposes a secilon 25 feet thiek and
a hundrsd yards long.

1l. The next zoune is ong aboud 75 foet below ihe contact
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with the upper cangl@mﬁrata. It is a thin sandstone bed cerrying
Astarte lapidis Packard and Nemodon vancouverensis (ieek) in great
numbers.

12, Above the lust zone and al a variable distance below
tkeruppar conglomerate {(due to the disconformity) is a ten foot
bed filled with a large fauna, The most siriking species from a
standpoint of mumbers are PTurvitells chicoensis Gabb and Crasatells
lomana Cooper.

13. The uﬁpar eonglomerate is not fossiliferous but the
ahalaa and sandstones above carry & fauna that has & vertical range of
several hundred fest. This contains large volutes such as Volutoderma
magna P&ckarﬁ,‘?ﬂluﬁaﬁarma s&nxana Packard, Turritella chicoensis Gabb,

numerous tellinids and spisulids, and several ammonites,

From the {sunes slveady collsgted the great differences o
bs Tound exe in the number of individuels of each common species
rather in the speelss. 4 gheek of fossils collosied Trom the
dizferent localitios shows the impossibility of zoning the section
un the basis of compion speoiss. Singe the rarver speeles are not
alwaye present in the coliecitlons due to difficulties in eollecting
this introduces soue unecerieinty in the zoning.

The zones described shove repressat delinite fosslliferous
horizons. 1% i8 lateresting e mote that the majority of them are in
the shale secetion and that in esch case they cceur in elther an
interbedded sandstons or congiomerate sbratun. These throw an
imteresting light on the depesition of the shales. The sssumptbion
that the shales were dsposited in a basin which graduslly becanme
shellowers by the Filling achion of sediments is cvidently nob

warrented. The occurremge of bthe nunerous sandstone and conglonerate

b

Packard, Univ.(al.Pubs.Geol.,Vol.9,50.12, p.l145, 1916.
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boeds in the sﬁal@*sarias points to the oceurrencs of either
diagtrophic or slimatic changes In the land nass contributing the
sedlments. The repetition of sandstones in the lower part of the
section suggests that the basin was rather shallow at the time.
The conglomeratic mome of the rudistid fauna points to shallow mater
deposition as well as the succeeding conglomeratic beds.

The ocourrence of conglomerates in a shale section such as
this is highxy suggestive of é&saanfarmiﬁiam, and even unconformities.
Lxemination of the section will convince one that all the evidence
for these is present. However in most cases the break in faunes
accompanying these histuses is o0 slight as to be umf&c@gmizabl@.

The contaet with the upper conglomerate and sandstone is guite extensive
and may be traced throughout the mountaing. Although clements o

gach fasuna are preseni in the other, the upper series has a distinetly
different fauna as far as the prepondersnce of #alycapads of the

gensra Tellina and Spisula ars concerncd.

It 12 believed that in general the formatioss in this
district which exhibit this variation in lithology were deposited
under similar diastrophic conditions, that is, in a shallow basin
in whieh the dominant movement was one of subsidence, but in which there
wore frequent fluctuations. Thwﬁe flnﬁﬁaaﬁi@na would result in
the formation of disconformable relations between beds. Diastrophisnm
in nearby soureces of sediments govermed the siteepness of slope, and
other factors controlling the cheragter of sediments sontributed to
the basin. inder such conditions the Cretaceous sediments were
laid down. The later Tertiary sediments possess many points in

conmon although they represent deposits from more arid land nasses,

Cratnocous Douth of Trabugo Ureek

o bhe soubh of Trabuco Uresk the CUrebuceous neds present
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a somewhat different appearance than in the northern region.
Due to the faulting in the viecinity of Trabuco (reck the formation
is effectively hidden for a distancs of awme four miles, 1In this
space it changes character greatly.

The red basal conglomerate so conspicuous to the north is
missing but it is represented by a wvery similar fammatian differing
mainly in its nowmal buff @ﬁl&?.~ Overlying this basal conglomerate
is & fhiek eanglumarata apd sandstone series containgng a fauns
in places which resembles that of the lower conglomerate in
Santisge Canyon. A4bove this is a shale series unfossiliferous
for the most part. It is unconformaably overlain by the Martinez.
The most northern extension of this part of the Cretacsous is a
coarse sandstone lens which carries a fauns consisting mainly of
small fossils, Ammonites sre abundant. Sowme of the tortecone
ammonites resemble those found in the lower shales in Silverado Canyon.
Fossils are much scarcer in this region than %o the nordh dut it is
believed they show the two areas to be part of the same series of
Crefsceous rocks. Differences may‘ba aseribed to lensing of the
aifferent beds., This feature, well exhibited by the rudistid bed
in Santisgo Cenyom, probably accounts for the differences diaplayed

in the formation south of Trabuco Creek,

Cretacecus Korih of Arvea.

The Cretacecus may be traced to Jenta ana Canyon. In the
vieinity of Sierra Canyon the sesetion is much less fossiliferous than
in Silverado Csnyon. ‘The important lithologie dilfTerences are the
change of the red basal conglomerate to a buff conglomerate, snd the
the greater dewelopment of the upper conglomerate. The latter consiste
of close to a thousand feeb of conglomeratic sandstone instead of the

thin bedded éanﬂsﬁwnea and shales of Santiago Canyon.



63

4 comsideration of the numerous facts presented in thess last
{ou yagm leads one 0 consider that the Creleaceous is a fomatlon
thet shows considerable lateral wvariation. The dsep red color of
the Trabuso in éilwméa and Hapding Cayyons chenges o & buff culor
at the head of Tin Mine Cesnyon to the north and in San Juan Canyon
t0 the souths. although the rad color is plainly & result of
alteration, the material :E'ummhingﬁh@ alteration products has
evidently been feposited over only é short distence. The chaungs
of the Wamyf;.xsg songlomerate from & very fossiliferous rock in
the region of Silverado Vanyon to one carrying few fossils o the
north and to t;im‘awth o one with a difforent fauna shows considerable
lateral veriation. The conglomerate above the shales ls perbhaps
the most striking ease of the variation., To the north in Sants ins
Canyon it is o thick conglomeratic, unfossiliferous Berpmtion.
In Sentisgo Cunyon it ie thin, shaley, end fossiliferous, while to
the south in San Juen Canyon it is agaln thick, conglomeratie, and
carries fow fossils. It is evident from such facts that the
deposition of w&immm in unstable basing took place in the Crsiaceous
as well as in Tertiary itimes. Further study of the formation in &

monographic menper will well repsy any student,



Rocene

The Eocene of the Sata ana kiountains oceupies a long,
though somewhat broken, strig along bthe western slope, It is
divided into two formmtions, the Paleocens Martinez, and the
middle Bocene Domengine, which are unconformable with respect to each
others The unsantaxmity with the Cretaceous is sharp and distinetly
marked at all the localitiss while that with the overlying Vaguerocs,
though distinet in the region north of Trabuco {reek, bocomes hard
to follow south of that region due Vo the similarity of attitude and
lithology of the deposits,

Past work in the reglon has ka@ﬁ largely of & rough
reconnaissance type and es a result the maps available are inaccurate,
eapaglally 80 with regard to the areal distribution of the Martinez
and bDomengine. 1t is stated comfidently that the importance of the
Martinez as an areal unit has never been recognized though it
underlies most of the Elsinore ¥alley and ocoupies a strip along
the western side from Sanba Ans Gényan to Uceanside.

In this report it will be noticed that all the clay and
coal desposits are mapped as kartinez instead of Domengine, Martinez,
and Cretaceous. This is a result of detalled study of the localities
and the formations, not of any preconceived ideas. 1t is
regretiable that in early reconnaissance work this fact was overlooked.
AB & resull aereas have been mapped as Domengine and Cretaceous that
have been Martinez. These deposite avre characteristic of the lertinez
and may be used as marker beds. FProapeeting for elay and coal
may likewise be prosecuted to advaniage by examining the beds in the
various areas of Martinez aeﬁimaﬁta,.rather than looking in other

barren formations.
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Hartines

To the north of the ares described in debail the Martinez
forms isolated aress of rather small oxitent and irvegular distribution
due to the faect that it is flat lying and that its base is above the
lavel of the stresm beds, In the series of westwsyd dipping beds
exposed from Silverado Usnyon to the south it forms a long eontinuous
strip increasing towards the south to & width of as much as two miles.

le Hartinez is composed of two "ﬁygé& of sedinents, marine
and fresh water. The basal part is in most localitles dominently
imahm%w in origin, though in places there are interecglated
brackish water members carrying fousils ss at Alber Hill., The upper
pard is mgrywmm of marine origin and like the Vaguerocs and other
overlying formatlions it is very well sorted.

In the fleld the Martinez is wost essily recogniszed by itse
olay and coal beds. These, together with the fact that the sendsiones
and conglomerstes are lacusirine, form ‘m gasily recognized herizon.
The thickness of these beds shows e distinct variation over short
distances. The appended table shows in a graphic menner the veriation

in character of the lartinez in this area.

Detailed Lithology (Plate XXVI)
The section exposed in Silverado Canyon is typical of the .

lertines in the Northern pert of the range. It is as followsi

Domengine conglomerate

== Unconfornd by
Mertines;
Soarse o modium grained sandstone..esvesvsvarontonsrnnons 2401
%h&lﬁy FiEi e T 3 7+ SR T S X Gav
Coarge to medium grained sandalonCesssvesvesasrsssnvssonnss 947
amgrﬁ%timmw mﬁs%ﬁn&’*ﬂ‘*’n’"!‘*ﬁ’ﬂﬂ‘ﬂlﬁ&"“'.*.‘ﬁ"u.‘*"‘ 331?’
Coarge white guartzose Ba008t0NGeeseerasosrnssnoscvesonsnssdii’
Fine gf@ﬁniah nicasenas SundstONGecvensvosetoesnvanesvusine a5
Shale ﬁnd SOANAB N s s s rnssassroanet v s R OERIERALIIOERERELES 85°
Goarse white guartzose sandstonOcsesvosrasvsvsenirvnonssnare 85
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Brown s8ndstontCesenvotesrssonsnonennrvsnsiracnssen-oses OO
White quartzose sandolodDSevessssessassosscsnssncessnsn 6
ﬂmm ﬁmaataﬂ@..‘?’"'.Q.’””’@fU‘...ﬁﬁ‘ﬂ‘."‘..'.ﬂl’*” E}ﬁ’
Coarse buff sandstone and conglomeraiGsssssvsscessvsce 437
Li@i%ic E}mle."Q’.*.#“.""Q.ﬂlﬁ**.O»““".“‘.”‘Ql"' 2'
~ Coarse brown sandstone with micaceous beds and

tan hlay BhalCsvascvecnccnsnee L&

White quartzose eongloeralBessesovevvsssvossossosessse LBT
c@n@l@m@r&tﬁukuyncuuwn;um;u:ucai»onuaQaqa-nvwn¢qctp- 197°*
To%%leesoocannss L176°

-The above section was taped off along the ridgs west of
the Martinez-Cretacecus contact on the north side of Silverado Canyon.
The following section is one tageﬁ off along the Santiago-Alisc
divide:

Vagqueros conglomsrate ,
~ ~=Unoontorni ty--
Hartinen:
Buff sandslon@cersssssvsvonusinssanoscssvsorvevossonsase OO
Greenish white sandabonBeesssionvesvssssvessseosscosns 267
Bosree buff sandatonCesevsnsrnsronintoonsanncrsscenves 707
Fine greenish sandstonCseesvesscvevsvnsersssssnsssrnce a6t
Coarse p&hbly BandBlONCecasssersatasrsossrasesanssevssne k08!
Thin bedded green sandstOnSCecsssvrvessvrorsesrssossnns 83"
I@;hi%a aandﬁt@n&.‘..*”C.Q'"‘*“*".%'“"”"Q”‘.ﬂ’ﬁ“‘l.’.i‘Afgg'
Liﬁhﬁ~bﬂff &ﬁnﬂﬁt@nﬁ-«uunaq»uqcaonownquc..tv'uﬁuﬁougc¢130’
‘ {(Serranc Clay near basge of this member)
Coarge yﬁbbly HandatonGevsssseevosnorasnseavessssnnser D'
Lign;tiﬁ Y475 - S 1t
Shaley sandebonOssesessvrsansessosnvsinsnsersessannasses St
Conglomeratic 2andotontessssvevsossvusrnncrsrasesornse a6?
Sandstone with large amount of chloritessceecsvvesssse 77
Black Glﬂy BhElOsasarsosrounonsnassssncresssnsssosasce OF
Tan cley ShalGesssservssesossssssassiscansssrrsrrnsnsea 37
park green sacdstone weathering red ( mica and chlorite)f'
Gﬂaglﬁmﬁrﬂﬁa......a..¢-a¢a;g...-.'a.o.;-».*~.-..a¢a~-- kﬁ’
Total ... 73%*
4 section in ?rabneo Vanyon sealed from the map gives
the following resull:

Vaqueras
~=tnconforml by
lartines: ;
Alternating massively bedded sandstone members
) and greenish shales,ssesees 17007

Serrano Gl&y..tﬁctvﬁ.twii.vtdtqottll?tititn'ulntoﬂ;. lo’
Dark green chloritic sandstone,weathers Tedesvecssese 207
Greenish fine bedded BandstonNCeesvsssssssoscascsasve 801
Liwtic sme"‘lQ“"G"‘Vl‘“i“l’.l‘ﬁ‘,-ﬁ*“ﬁ“ﬂ"..' l'
Whiteo sendBtonGaserscecsovnecrssvsssssrsvasvrsavnonss 207
Ligﬁitic ShalBasesionrevsnonnesnnossvsrnsnscornnssene 1t
Maasively bedded coarse white 8andstonGesvessreerone 1OBOY

Total 2900°
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The seetion exposed in Silverado Canyon is typical of ihe
Yartinez in the northern part of the range. The basal conglomerate
is 197% thick. It weathers %o & tan eclor and is made up of
intarfingaring lenses of sendstone and eobbles, a fact suhgésting
deposition in shallow water. The color of this bed is a éistimctive
greenish yellow due 1argély t0 the weathering of the chloritic
minerals to limonibte on the outerops. Fresh fractures show & green
color. The cobbles making up the conglomerate very in size from thai
of a pea up to six inches in diameter, the mean size being aboub
two inches. These are made up of well rounded and polished slate,
chert, snd quartzite cobbles derived from the Cretaceous
conglomerates, also some felsite pebbles from the same source, and
klarge numbers of sngular f&agm&nta of Creteaceous sandstones and
shales. ?h@ lenses of saaﬁstsﬁ&-are goarse grained bu% ér@ well sorted.

When traced north this conglomerate r@taiﬁa its olive vellow
color, but to the south it changes. On the @antia@éé&liao divide
it is represented by about 285 feet of material similar in all respscts
save incremsed coarseness, more angular particles, and poorer sortinge.
Un Trabuco Creek, however, the basal conglomerate is represented by
mors than 1000 of & diffaﬁﬂnt type of sediment., This is a white
to light buff @anglama&ﬁtiq sandstone. It is pebbly ait the base and
grades upward into massively bedded coarse sandstones. The rock
is a dezzling white an‘waathare& outerops. Lxamination of the sands
shows them to be made chiefly of quartz and felspar with very little in
the way of ferromagnesian clementa. The ecobbles are made of
gquertzites, slaeies, and felsites.

In Sen Juan Cenyon the vasal conglomerate is a thick well
sorted Tformation of large well rounded cobbles. It is here faulted
againet the Uretmcecus.

Overlying the basal part of the formation is a series of beds
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amoanting to less than 200 fest 1n thickness which show great wvariation
from one lﬂgality ta-%ha hexts It is thig part of the section
that carries the coal snd clay deposits,

In Silverado Canyon th@ basal conglomerate is followed
by about 18 feet of 2 coarves white sandstone made up of quartz
and rotted feoldspar greins. The thickness of the bed varies greatly
in short distaunces. It is well indurated and forms a prominent
white reef on eliff faces. Uverlying this is & cosrse brown sandstone
which ls extremely vrich in museovite, The flakes of mica average
close to a guarter of ap inch in dismeter and give the sandstone
the appearante of a rotited schist. Fresh samples of the sandstone
are dark green in color, The brown or reddish color is due to
alteration of thé gchlorite which makes up a larga part of the brown
sandstones of the ilartinez.

&v&rlying the mieaceous sandstone is & bed of bauxitic clay
shele, tan in color and pisolitic in fexture. This clay shale is
& characteristic feature of the basel Martinez, It is found in
deposits throughout the Llsinore trough and the Santa Ava lguntains.
There is considerable varisiion in texture but it is always essily
recognized in the field. 4% the Goat Raneh of the (Gladding McBbean
Go.,south of the Sante Ans River, 4% is decidedly bauxitic and gibbsitic,
The cuterops resemble piles of smell peas dus to the waatﬁering out
of the piaulitéa. In some pleces it is massive wiﬁh only traces
of piaulitic structurs, whilé in other places 1t is sandy. It is
always distinguished by its olive brown color, its conchoidal fractuze,
and its bauxitic appearance. In slmost all cases some itrace of
plsolitie structure can be observed. Wherever this ¢lay is found
it serves as a definite marker for this horizon of the liartinez.

in 8ilversdo Canyon the whiite c¢lay shale that occurs above

this material is missing end the tan bauxitic clay is overlain by
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several feet of lignitic shale. This is in turn overlain by a
series bf’caarﬁa buff sandstones of a micaceous and c¢hloritic
composition, then by finer conereticonsry and shaley sandstones,

’_ The lignites snd lignitic shales of the Ssnta Ana
Mountelns are as good markers of the Hartinez ms ls the clay shale.
It is obvious that the ocourrence of these two types of rocks is
limited %o lacustrine depoaite mo that no cccurrence is to be expected
in marine formastions. No other series in the Senta Ana lountsins
is known to contein these materials or to have been deposited under
conditions favorsbls to their formabion,

On the ﬁéatiago—-aum divide we find a modified section.

Here the thinner basal é@ﬂ@l@mﬁrata is followed by aboubt five Test
of a dark olive sandstone weathering red. This iz a very heavy
rock and is characterized by a large smount of chloritic materisl
and also hiotite. In plates 1t resembles the sandstone in
Silverado Canyon in the asmount of muscovite that it contains,
Overlying this is asbout three feet of tan clay shale showing
masssive bedding, conchoidal fracture, and beuxitim struchure.
It is covered by several feet of a black eclay shale., The latter
iz colored by carbonaceous matter. This is followed by another
micaceous sandstome which grades ﬁ§‘1nto a 6oar3@ brown rock. It
is followed by about 86 feet of white arkosic sandstone whieh
containe badly weathersd pebbles and boulders of granediorite up %o
geveral feet in dismter, Over this is a three foot bed of shale followed
by a one foot bed of lignitic shale. This is overlain by & white
pebbly ssndstone and then by a8 bed of sandy clay of variable thickness.
Above this is a series of sandstones of coarse and fine texture with some
- pebbly beds. Thay are all well sorted and possess & clean BPPOATENCE.

The finer ﬁaﬁaxial is green in ceolor and contains much biotite and shlorite

while the cosrser ia‘daminantxy guarts and felspar.
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The elay bed mentioned is best seen a little east of the
divide ét Serranc's c¢lay pite Hers the clay has heen faulbted up
ageinst the upper green ssndsiones of the Marbtinez. This clay 1s quite
unlike that of the lower horizen. In appearance it resembles a
goarse sandstone, dazzling white in color, and massively bedded,
In placag the outerops sre vividly colored by ved and purple stalas.
&t‘firat sight one is digineclined to believe that the rock is & clay
but kneeding the material with water produces & plestic mess, This
sandy clay'is % distinctive lithologie zome of the Martinez. It
may be traced to Vista, south of Oceanside, & distance of nearly 50
miles, Along its outcrops 1t pressnbte the same characters, variation
being confined to the ratio of quartz and clay,

The maﬁur@ of this materisl is best shown at the pit on ur.
Moles property on the south side of Trabuco Creek. Here the clay is
interbedded with massive sandstones whiech ﬁiffar little in general
appearanco. An exsmination of the pit shows that the olay bed, sore
ten feet thick, grades laterally into coarser stuff and in places
into a conglomerate. 'These conglomerates are made up of pebbles o
felaites and metamorphie rocks in a clayey groundmass. Inspection of
of the pebbles and boulders, which range up 4o a foot in dismeter,
shows that they are badly decomposed. 4 single blow of the hammer
| suffices to shatter what appears to be & hard felsite cobble, while
the impure guexrtzites crumble ss sasily. In places these boulders are
#0 badly altered as 1o be nearly indistinguishable from the greund
mass.

The variation of the clay from a coarse sandstone %o 2
coarse conglomerabe nhmwa-tha% the c¢lay is not of sedimentary
origin. Ho sorting of the finer and coarser material into separate

1ayars‘has been observed., The elay invariable occurs as the matrix
in which the grains of gquertz are set. The relation of the clay to

the quartz is that of an alteration product of the original felspar
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graina of the arkose. In the conglomeratic faeies the clay is
eontained in the sandy matrix which resembles the coarse sandy
clay'bedﬁ. Thie textural relation of the kaolin to the guarts
is thé same over long distances. In no place Jdoes it oceour as
bade separated Trawm the quartze Binee normal sedimentary
processes are not able to form such a rock it is believed thet
the clay originated in the alieration of an arkosie sandstone
which in places was cohglomeratic.
 Tha sxistence of a bed as widespread es is the ¢lay

demands leaching @&ﬁ%‘ﬁ &mﬁsié&r&b&e ares. It is balieved that
the leaching took place over an extensive tlat surface covered
with swamps. nly a littls distance below the Serranc ¢layls
lignitic shale, and indication of further swamp depesits in the
bauxitic bads. The recurrence of such conditionms is not improbable.
Ocecasional plant Impressions are found in the sandy clay, another
indication of freshwsber deposition. Under the aetion of the
water and humie acids furnished bﬁ the vegetable matter conditions
were favorable for thorough alteration of the felspars and ferrc=
magnesian mineralg, The iﬁaahiag was very thoroughs Analyses
of the elay direct from the pit and the waahséfmaiariai shows
that the two domipent conetituents ave gquartz and Xadlini. No
unaltered felspar is present. The clay is ksolin with the addition
of a slight smount of iroen, esleium and mﬁgnesium. and traces o
alkeliss. The amounts of these lmpurities are caﬁs%anz before and
after washing, showing that the coarse material is exclusively
quartz,

Alteration of widely different materiale might produce
aimilar types of residusl clays. The complebe alberation of a
felaitic ash and a fine arkose might both produce similar clays.

Under such conditions it is diffieult to tell just what the original
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on the Ssnbtiago-=Aliso divide. Doe o the thrust fauliing in Vrabuco

Danyon some of the basal portion is obeooured.

white sandy conglomerate which grades up into a =n
whlte sandsbono. There is exposed some 1100 Leeb of whits
sapdsbones and pebbly ssndsiones, on which lignitic shales rest wikb

no gpparent break. These shales are about 2 Ffooththick and sre

sgparated by & coarse whilbe sandstone. - Above the shales is & whi
wee of 8 light green well sorded sandstone Tollowsd by a few fosb
of a dark greon micgesous sandetone weathering rusty rad. Juat above

wone wentl
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sorted, nearly incoherent sands of the south is rawarkable. ‘The
differance in lithology i so great thet were it not for detailed

work the Bocens to the south might easily be mistaken for Vagueros.

Age of Formation
The beds that have been mappsd as Martinez are éorralate&

with thet formation @n‘ﬁhe basis of the faunal evidence of several

Pl AT
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" localities.  The age of the clays at Alber Hill in the Elsinore

Valley was determined for the first time by ir. Clark Sutherland
Kywhow collected Turritella pacheccensis Stanton from a sandstone e 1427

member above the clays. These beds had previously been considered o wts .
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$0 be Plicoene or Miovene lake bedsm.

The author has collected T.pachecoensis from sandstones G
associabed with the claye in Tinm Mine Canyon at the MeKnight Ranch
on the northezastern slope of the ranga.v

Prom the shale in the upper part of Sierra Cenyon the
following fauna was collected ( Calif.Inst.Coll.lnvt.Pal.):

Venericardia ap.
Meretrix stantoni Dickerson

Eusgpira nuciformis (Gabb)

"Fugus aratus Gabb® Dickerson 1915

Priscoficus cendatus (Gabb)

Turritella pachecosnsis Stanton
This is c¢learly a fauna of the iartinez or Paleocene. The nost
characteristic element of the faunas is T.pachecoensis which not
only occurs at most fossil localitles, but is also the wost

disgnostic form.

4% this péin% it might be advisable to note the fact that
many areas mapped as Martinez by previous workers are Domengine and
also meny areas of lertinez have been mapped as COretaceous. In
the fisld 1% should be remembered that no conglomerates occur in the

gection above the olay horizons.
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The relations of the iartinez 1o the Cretacsous are
unconformables One of the best loealities to study these relations
is in Zilverado Canypn. Here as may ssen from the map the lower
conglomerate of the Marbtinez laps over the Cretaceous shale. The
thick bed of Turritella Chieoensis is missing and most of the Opis
zone is covered. Plate XXVII is a view taken from the south side
of Silverado Canyon looking across at the contact. Parhaps the
wost apeataau&ar\yéoaf of the nongonfomalty is furnished by the
high bluff back of the Helz Ranch. Here the lower Cretaceocus
conglomerate is appar@ntlytthiakan@@ by some three hundred feet.
There is something puzzling about the relation of the conglomerates
to the shales even to the passer by. Closer oxamination shows
that this additional thickness is due not faulting of the (retee sous
but %o the overlap of the basal Martinez conglomerate over the Uroiaceous.
The conglomerate is &epakataa frum\ﬁha rest of the formstion by a
strip of Cretaceous along the saddles cut through the Mariinez.

The reworking of the Cretacecus conglomerates and sandsiones
and the incorporation of Uretaceous sandsbones, shales, and cobbles
from the conglomerates in the ba#al conglomerate 1z amother siriking
evidence of unnonformity.,'

While the angular discordence of the yartinez is rarely
as great as 10° there is alweys & distinet unconformity shown
where vegetation is not too dense. The mayping of the formation on
the basis of the relations to the other formations shows that the
clay and coal beds are distinetive markers of this formation. They
may be relied on as a means of correlation as implicitly as are the

fossils.
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Domengine

Iying uneonformably upon the Hartinez is e sevies of strata
which, together with the Murtinez, are truncated by the pre-Vagueros
erosion surface. ‘These beds make up the Domengine horizop ¢of the
Santa ina Mountains. Included in the Domengine are the wds forumore
ly mapped ag Tejon éﬁd some mepped ag Martines.

The only appearance of the Domengine in the area mepped in
detail is in the vicinity of the mouth of Silverado Canyon. Heve is
found a seriss of beds which strike in the same general direction as
those of the Martinesz andrvaquarma and diy gently off 4o the westl.

The most complete section extends from a point about one half mile up
Silverado Canyon tm the weat slde of Zenbiago Cresk opposite Baker Canvon.

The bese consists of a conglomerate about B85 feet thick overlyins the

Uartiner sapdstones with a slight angular discordanca. Other ovidences
of unconformity such &s'irraguiar\amnt$at~;nﬁ reworked material may
be found. The conglomerate is made up largely of well rounded pebbles
which are as much a9 siz inches in diemetsr. Dedding is present
and iz well shown by the sandy lemses occuring betwsen the thin pebble
bands. Above the conglomerate is a series of thick bedded buff
sandstones, pebbly sandstones, and concretionary sandy shales. In some
localities these latter are fossiliferous., HNear the contact with
the Vagqueros the material is g fine grained sandstone and carries
some plant material. The sendstonss of this formation are marine
an differ from the vartinez, espscially the lower part of the Martinez,
in thelr beitter soriding, thelr fresdom from limonitic cement, and
thelr color.

Outside of the aree mapped in detail the Domengine oulerops
in several pateches considerably smaller than the extensive Mar tinesz
formation. = On San Onofre (reck Tine pgrained soft green sandstones

resembling the Vagueros ecarry a fauna characierised by Nerita
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triangulate Gabb and other forms associated with the fauna of La
Jolls. Horth of the aree there is & fossiliferous ocourence
near the old coal mine beck of Ilrvine Park (B.M.610 Corona Guad.)
Here the Domengine cccurs lying concordantly on the Martinezm. It
is separsted by sn unconformity, however, whiech is at the base of
a8 thiek conglomerste. In Sulletlin V68 of the U.8.Geoleogical
Burvey this unconformity was nobt reeognized and the wkole thickness
was mapped us Martinez. In the shales pear the fault contact with the
Crotaceous oceurs & typleal Q&m@ngia@'fnnna {California Institute
Invertebrate Locality 608):

Cardium breweril Gabb{?)

Pitaria seguilateralis (Gabb)

Solen novacula Anderson and Hanne

Amsurelline (Buspirvocrommium) clarki Stewart

Cerithium dumblei (Uickerson)

GConus remondi Gebb

Zetinochilus canalifer (Gabb)

Ficopsis remondii {(Gabl) _

Galeodes tuberculiformis (Hanna

Globularia hamnibali (Dickerson)

Pseudoperissclax blakei (Conrad)

Sinum obliquun (Gabdb)

Seaphander costatus (Gabb)

Turritells uvasana Conrad
dost of the above species are indicative of the Domengine age of the
aegenblage. In the area mapped an oyster bed has been found
above the coneretionary saudy shales but no other forme have been
sollsoied,

The relations of the Domengine to the Hartinez are clearly
unconformable. There is & slight difference in the attitudes of
the beds on elther side of the contaet. Further the contact is
an erosional ons, the basal conglomerate of the Domengine being

deposited upon an irvegular surface of the Maritinez. This ¢ontact

surface was itaken by Divkerson 1o be very rough and he oites in

3 Dickerson, Cal.Univ.Pubs.Geol., Vol.8,N0.11, p.265,
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support of this contention two sections saken a mile apart which
show in one case mors than o thousand feet of basal bsds that are
migsing in the other seection. Unfortunately the Tact was overlooked
that the thicker seetion was composed of bobh lartinez and Domengine,
and that in conssquence the basal beds below the unconformity were
in reality lsriinez. it is noted that in thddé unusual section of
"Pajon” there ie a conglomerate which is the basal conglomerate of the
Domengine In both Domengine and Maritinez ssebions there are no
known disconTormities marked by s thiek conglomerate. Throughout
the Zanta Ana Mountains the base of formations is mavked by &
basal eonglomerate that mey be emaily recognised as such. Ths inter-
bedded conglomerates show no disgonformable relutions.

The Domengine, like the Martinez, was deposited over a wide
grea, Ibs materials were devived from the sastern bedroek complex
sinte none of the metemorphics of Yhe western complex have been
found, Deposition was rapid ss indicated by erossbedding in some
of the sandstone members, yet at the same time the sediments were
excellently sorted. Some slight flu tuations in type of material
are neted. Change from sendstones to sandy shales or pebbly
sandsbones probably are a result of changes at the soures of
sediments rather than differsnces in the depth of the basin., From
what has been seen of the formation it would be characterized as shellow

wabtar in origin.
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Vagueros

Lying unconformably uposn the Marsinez and Domengine is &
series of sirate mapped as Vagueros, This formation dccuﬁi@g the
larger psrt of the area of Teriiary rocks in the Sanbe Ana Mountains,

The mein mass of the hills southwest of Santiagoe Creek are made of
these rooks as is aleo the country in the region of Plano Trabuco

and the San Joaguin Hills. The coastal plain for some little distance
northwest of Bl Taﬁa is nmade up of Vagueros sediments coversd by & thin
laysr of alluvium.

The Vaquercos of the Ssnba Ana Mountains is ﬁarin@ in origin,.
Throughout the section the sands or conglomerates show a clesn, well
washed, and well sorted appearence. The lowermost Vaguercs is variable in
character along the strike due to the vcourrence of a lens of conglomerate
which has been mapped as & separate unit. In places along Ssnbiago
Creek this conglomerate repraaanﬁs the lowsst part of the formabion,

It is a well comsolidated rock, light brown on outerops, and made up

of well rounded polished pebbles. The pebbles are usually frmmtig three
Ainches in diameter end are laid down along definite lines. Bedding is
prominent. The ¢obbles are made up of felsitic meterial, quartzites,
slates, and cherts, Granpdioriie is very scarce, Thig lons
extends from the northern edge of the area mapped t0 & point nsar

4liso Creek. To the south in the region of Plano Trabueo it does

not appesr. %o the mmmkhwest 1t is found in & spot near the northwest
corner of the map. Traced into the San Joaquin Hills it beconmes a very
thick and important member. In Bantiago Camyon 1t is about 1850 fest
thick, to the west in the fromt of the range it is about 300 feet thick,
and in the Ban Joaguin Hills it is considerably thicker.In Santiago
Canyon near Modjeska's the conglomerate rests directly on the

Martinez. Qppqsita the mouth of DBeker Canyon, just north of the

limits of the map, it resits upon several hundred feet of coarse red
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sandstone which resembles lu every way thab above the lens. These
red beds lie unconformably upon the Domengine. The seme bede may be
a@en on the western front of the range whers they form a pateh
apyearing‘ﬁhr@ngh a window in the conglomerates. In the San
anquingﬁillﬁ e considsrable thickness of beds iz found under
the conglomerates.

The conglomerate is & lens formed in & series of beds
overlapping the plder formations, It iz conformable with the
red beds above and below, the contacts being gradational ratyar
than disconformities. It is bslieved that it represents &
period of diastrophism in the land mass furnishing the sediments
rather than any change in the basin.

The conglomerate iz light colored and may easily be
mistaken at a distance for the Topanga. Care must be taken in
faulted arees such as exist in the San Joaquin Hille that this
confusion does not arise. 'Thé difference in the composition of
the pebblea allows an sasy method of determination in the field.

,varlyia the conglomersio in the naighbérhm@& of Santliagoe
Cresk is a succession of sandstones, pebbly at the base but becoming
inereasingly finer towards the top. These are strongly colored,
reds predominating at the base, and greens towards the top. They
arg without exception well sorted and save for later alteration,
well washed and clesn with litile cementing materisl., Plate XEVIII
illustrates the results of s mechanical snalysis performed on some
typical material from Plamo Trabuco. In the hand specimen it is
& fine grained greenish sandstons weathering to buff., It consists
largely of quartz, felspar, and chlorite grains. As seen from the
figures it is remarkably well sorted. The cementing medium secems to

be @& slight film of limonite around the chlorite grains which are

present in sufficlent numbers to bond the other grains together.



Plate XXVILIX

Cobble

Pebbls

Granuls

Yery coarse Sanf -

Coarse Band ' Le5%
Medivn Sand 17 2%
Fine Sand 61.5%
Very Fine Sand 11.1%
5i1% 8.9%

Total 100.0%

Fig.k Sand from bed below contach with Topanga,
Plano Trabuco

Gobble

Coarse Sand 2%
Hediwa Sand 23,80
Tine Band 65 .2%
Very Fine Sand B.0%
S11% 4.0%

Total 100.0%

Fig.2 Sand from bed 50 feet below Topanga contact,
Plano Trabuco
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The red beds are made up of materisl ranging from a
coarse asndetone to a fine sandsione. The material above the
conglomerate lens is pebbly and appears to be gradational with
regpect to the songlomersie. It is coarse and crossbedded in
massive beds ranging up to 15 feet thick. 1In some cases shale
partings occour beiween these beds, but no elays, muds, or material
resembling eenﬁin@nt&l depoeits hes been seen snywhere in the area,
Although the sands are pebbly, coarse grained, and freguently
erosshedded they are regarded as marine in origin. The sorting
of the material is good and the bedding, though massive, excellsnib.
In genersl sppearance they resemble closely the coarse membors of
other Tertiary formations of the Coest Renges. The ¢nly suggestion
a@‘eantineniai origin is in the red color.

The coarse red aaﬁdﬁtansn grade upward into very excellently
sorted {ine sediments. These upper red beds possess little pement
and as a resuli are very soft, Yieathering of the steep faces of
outerops results in the washing down of muds from the overlying
goil mantles, Outside of these rain sirveaked outerops no suggesiion
is found of clays or muds in this part of the series. The whole
section is characterized by its clean well sorted material which is
80 well sorted as to demand a marine origin.

In genoral red bheds are considersd o be characterisiic
of the continental deposits of arid regions. The ﬁanté Ang
Vagqueros has been referred to the Sespe, a continental deposit, on
the basis of this red color. The Seape is a typical sconbinental
formation made up of conglomesrates, sandstones, and mudstones.

These are poorly sorted and show in the hand specimen large amounts
of elay, gypsum, and other materisl associated with a size range
of material corregponding to that from deposits of arid regloas.

The red color is a typleal brick red to a deep purple and the bedd
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beds have a universally muddy appesarance. The conitinental origin
of the Sespe is confirmed by a veried fauna of vertebrate forms.
In general appearance, fauna, and specific lithologic detuil the
Sespe and the Senta Ans Vegueros sannot be compared, It is
PTeared that past correlstion has been on & hasty ill judged besis.

The Santsa Lne Red Beds show same inleresting deviations
from the ordinary type of red beds in that they are marine and
exhiblt all the characters of marine sedimente, The beds are
arkosic and are made up of quartz and felspars derived from a land
masg of granitic rocks. With the guartz and felspar is associated
a veriable amount of biotite Iln different stages of alteration.
In the green beds thers is mueh ohlorite, which has probably been
gdorived from dloritie roeks. It may be noticed that the red beds
appear %o contein little in the wéy of Temie nineral grains culside
the blotite. The green beds on the other hand contaln large
amounts of chloritic material. If the sandstone be exemined under
a microscope it will be seen that the ved ¢olor is o staln sovering
the grains, 7 This is much more intense close to ihe biotites than
at sonme ﬂiatanéa from theme In places the groups of biotite
grains may be observed 1o have turned & brilliant red. Usually
the thin sdges of the grains are & decided carmine tint. Biotite
is lacking in the green ssndsiones though numerous flakes of a dark
green chlorite mineral ccours 4 green stain cccurs in this case.
In the vaseg of daad‘whita magerial which is found scattered through
the red beds the blotite is pgone though small specks of what appear
to be limonide are lsfi. In both cases the color of the rock is
due to the iron, in the case of the red beds fommed by the alteration
of biotite, in the case of the gréen beds from the abundance of

green chlorite minerals.

The color of the red beds ls not & constent nor a upiform
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ahade. In places large greenish white patches way be found
- which suggest that the color was not formed until after deposition.
A% verious seasons of the yesr the color varles. It is & vivid
carmine in the spring but in the fall it fades t0 a light pink.
This same change may be noted in hand sauples. then eollected
they may be deeply colored but om storage thelr color fades to
pink or even dirty white shades. The relstion of the color of
the fomation o the degres of dessication shows that in all
probabllity the coloring metter is & hydrous oxide of irom and
possibly colloidals The exact nature of this compound is not
kpown since it is impractical to atiempt to isclate it. Solution
of the thin films of stain would be contaminated with decomposition
products of the felspars. |

it is evident that’ﬁh@ color of the red beds is due to
alteration of conmstituent grains rather than to the deposition of
eolored minerals, albteretion befare deposition, or deposition under
arid econditions.  The extent of this color with respect %o depth.
is not known. It is impossible to decipher any facts regarding
color from the well logs, Cuttings would give only s faint
idea on this point and no cores are available. The color is
300 extensive and uniform o be due to the leaching of the outerops.
It is more probably due Ho cireulation of the underground water
during the period represented by the Perris peneplane. At the preser
time wells on the Irvine ranch heve tapped water laysrs at depths
of a thousand feet. Circulation of water at this depth would
suffice to oxidize the blotite which had already been weathered
during transportation, to form the red color.

The derivetion of the Vagueros 1took place from a source of
several different types of rocks. The material forming the cobblss

may be in part reworksd material of older conglomerate beds. The
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&bunéanca of Telsite pebbles suzgests that much of ths meterial
is fresh and not reworked sinece the Domengine, Martinez, and
Cretaceous conglomeraites do not earry such a large proporiion of
cobbles devived from acld voloanics. The red beds appear Lo
have been derived from an area of granodiorite. The large guaris
and felspar grains bogether with the bilotite are suggesitive of
the granodiorite mepped in the basement series. The green s@ﬁimenta
are plainly derived from a rock conbsining a large smount of
hornblende. Ho rock of this type is known in the area wmapped.

 Deposition of the formation ook place in shallow water.
The thick beds of crossbedded sandstone at the base suggests that
thie was very rapid at times. From the change in nature of the sed-
inents from the bobttom o the fop of the column it appesrs that
the basin in which they were deposited was subﬁidimg at & constantly
desreasing rate which nearly kept pace with the change in rate of

deposition ap rafiaete& in the incressingly finer texture of the rocks.

South of Trabuco Cresk the Veguercs differs in the absance
Qf're& beds., 1% resembles the more northerly ouberops, however, in
the general sppearance of sediments. The conglomerate lens ig
represented by & pebbly sandstone. As a vesuld the break betwsen

the Vagueros and ldartinez is not sasy to trace,

The age of the Vagueros is determined by eorrelation with
other formations in the state regarded as Vagueros. The formation
has stricitly unconformable relations with the Zoeene, overlapping
the Domengine and the uwartinez. FPlate XXIX shows the unconformity
existing between the Martinez and the Vagueros wesi of the road
summit on the Santlago-sliso road. Here the bese of the Veaquercs

is represented by the songlomsrate lens which has overlepped the
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red beds oceurring in Santiago Canvon gpposite the mouth of Baker
Lanyon.

The Vagueros is fossiliferous, numercus fossil localities
being sealtered through the Tiner sands of the red and green beds.
This fauna is characterized by a large number of typlcal Vagueros
forms gnd by its dissimilarity wi%h the overlying Topangs fauna.
in the §1iff seetion of the Vagueros opposits the southwsstern
end of Planc frabuchd the following forus have been collecteds

Arce santana Losl and Corey
Tivels inezana Arnold

Crepidule diminutiva Loel and Corey

Olivells sentana lLoel and Corey

Polinices recluzismus (Petit)

HRapana vaquerosensis (Arnold)

Terebra santans Losl and Corey

Turritella inezans Conrad

Seutella fairbanksi Arnold var.sanbenensis Kew
Thewre is no break exposed in the red beds. iapping of part of the
formation as Vaquercs and the rest as Sespe is not jusitified,
stratigraphically or lithologlieally. Throughout the region the

formmtion is 8 simple unit.
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Topanga

Gvarlying the Vaguerge is a series of bods secpadated by several
well defined characteristiocs. These form the Topangs, & formation
described originally from the Sanba Monica Mountains by W.S.W.Kew}
While 1t is not discordant with the Vaqueros, it is diseonformable,
and its distinetive fauna as well as its lithology separate it
sharply from that formation.

The Topanga is distributed along a naircw zone between
the Vaguerocs and Puente. Eﬁia is due to the pre«~Puente erasian
which removed great thicknesses of the formation in this particular
regian. Consequently the areal distribution resembles in plan
long ribbaﬁ like maases of rock.

In the field the Topanga is distinguished from the
Vagueros by its poorer soriing, its‘coarSﬁr nafura,'an& its
dominant light buff color. .The formation consists largely of
sandstohes. These differ from the Vagueros in bﬁingvéuartzase,

"~ and containing little or no femic material as grains. In places
the sand is vary‘eoarse anA evan may be pebbly, It is usually
woll cemented, apparently by liﬁaniﬁe to which Is due the buff
color., 4 comparison of a hand sample with some material from

the upper Vagueros at aﬁce:&amﬂnstrates the lijhologic differencas.
The Vagueros is a finé elean sandstone, soft, and easily crumbled.
The smount of ferromagnesien material is gpparent to the naked sye,
The sample offTopange appears a&s a light bufl, coarse, gritty ioek.
It is well cemented, has little in the way of ferromagnesian
minerals, and 1s not well sorted. These differences are great
enough to allow of considerable accuracy in mepping, even when

the contact with the underlying formationm ils not exposed.

+ Kew, UsSeGeS.Bulll?755, pp47-52.
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In general green and red colors are restricted to the Vaqueros.
I pebbles or coarser fragmente than those of sands are found
information as to whether schists, especlally glaucophene schist,
are present or not is of very great bhelp., Schists from the
western bed rock complex are diagnostie of Toparnga sinee the
Vequeros was derived entirely from materiasl of the casitern somples,

a seriss of rocks csrrying no schists asimilar to those of the wesh,

Sections of Topanga Btrata

In the section aleng the crest of the foothills in the
vicinity of Rabbit Canyon several hundred feet of Topanga is
exposed. Here the gentle dips of the formation allow the basal
contact on both sides of the hills to be studied. The basal
heds of the Topenga are a series of very coarse o cosrse sandstones
resting concordantly upon the red sediments of the Vagueros. In most
cages the actual contact is not exposed. IHowever from the exposurss
seen it appears o be a very smooth one. The chiel evidence of
disconformity lies in the sudden transition Trom the smooth soft
sands of the red and green beds to the comrse gritty sand of the
Tﬁpahg&. The Topanga sand is gquarizoss in character and is colored
& light buff., Seatbered through it are occasional small pebbles of
white quartzite and some schist. This materiel grades upwards into
Tiner sandgtopes, sll buff in aslor. At BOO feet above the
base oceurs a foseil bed conmtaining typical Topanga Possils. This
has been cited as a Vagueros loecality by Engliﬁhl. Both fauna and
lithology show 1% to be in the Topanga. At some distance (100%)
below the contaet Veguerce fossils may be found.

A8 sharp a break may be found in the northeastern part of

S5
e

A Bnglish, U.S.0.5.8ull.766,pp.25 in table of sectlon, 1938,



&7

of the San Joaguin Hills. Hers red beds, fins grained and well
sorted are overlain by a coarse light colored sandstone carrying
Turritslla ccoyanse. The contect is sharply defined. The red
beds grade downwards into the conglomerate zone, The Topanga is
evidently discopformsble due to the sudden change in lithology.
The actual contact was not ssen dus to vegetation. The litholopie
change takes place within five feet. Thore is no evidence of a
lithelogin transition. The zones ars as sharply differentiated
a5 in Rabbit Canyons The schists are restricted to vhe Topanza
hers as there. | .

ﬁf all the sections showing the contact the most satisfactopy

iz that on Trabuso Creek in the ¢liffs opposite the southwestern

coyner of ?1ano ?rabuu@.> Downocutting of Trebuco Cresk along the
atrike of the formations has resulted in the exposing of the
Yaguercs and Topenga in a seetion some 300 feet high and exbtending
saveral miles slong the cereek. Thie 1s shown in Plate JB¥, Here
the gently dipping beds may be seen s reefs and recesses depending
on their hardness. The contact rune along the bottom of the
uiddle ledge marked on the plate. The relations 4o the underlying
formation may be made out from the Lrregular hase exposed.

This section exposes a series of light green Vagueros
sandstones which are quite Possiliferoupr in certain beds. In places
these beds are limey due 1o the large number of fosslls contained,
These are massively o finely bedded with frequent shale paviings
betweon bedsz. Une bed contasins so large & proportion of Olivells
sanbans ap 0 be & coquina. The prominment ledge outcropping along
the middle of the cliff consists of & very well cemented conglomerate
resting on light green sandstone.The conglomerate represents the
base of the Topangas. The nature of the contact is apparent from

& digtance. The irregular surface, reworked material, and the

presence of materisl derived from a different source are all
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syldenee of disconformity. This contact may be traced for several
miles to the north. Along its whole course it is irregular
with 1it¥le pockets extending into the lower sandstones. I is
a bypleal eresion surface. In the sandstones associatsd with
the copglomerate are numerous fossils, including Turritella
ogoyand.

In this section the lowermost member of the Topange is
&_cangiam&raﬁa made up of anguler blooks of gchist up to a foob
in lamgth. This is about two feet thick. It is followed by a
befl gsandetons snd then by material resembling the Vagueros.
Above this there is repegbed ﬁwa_%imaa the same ftype of conglomerate,
buff ssndetone, and gresn ssndstones. Above the last conglomerate
the normel buff sandsjones are #dund. To the north the light
green sandatones are found to grade indo & coarse cuariwose
sandstone which appears to be the representative of the whole series
of conglomerates and sandstones here sxposed,

| The occurrence of the Topenge in this section is of

interest, especially withvr@gard %0 the repetion of the conglomerates,.
The fmrmaﬁion as 8 whole represents shallow water ﬂepoai@inn.' it
is believed that the conglomerates correspond to changes in the land
mags to the west which allowed a flood of coarge material to be
- spread oot over & basin ln which materisl wes being d@poéiﬁ@ﬁ £rom
the east. The labteral gradation towards Saabiage Uresk into &
goarge quartzose sandstone sugeests that the source of the finer
spdiments was being approached and that the mource of the conglome

erates wag belng ineressged in distance.

The Topanga formation of the Saenta Monica has been v

deseribed by %.SQW;Kﬁwl. It is presumably ths correlaiive of the

*ﬁ.ﬁ.?ﬁ.ié‘law,\ﬁull. ?53, UeBolels, paBdl,1924,



B89
"Temblor? Tormation of E.ﬁ.&nﬂ@rsani. This formation was considered
bty its namer t0 be the ssme az the Vagueros deseribed by H&mling.
Bince the name Vaguercs enjoys 3 wide use for the lower Yioccens
beds charaeterized by the Turritelle énezana fauns the use of the
later name Temblor, proposed mrigiﬂﬁlly for the same beds, for the
overiying series of the Turritella cocoyana beds is not justified.
Due to this confusion of Homenelature it has been deemed wise to
follow the example of the United States Geologleal Survey and
disregard the Temblovs . In its place is used the local iterm
Topanga formstion proposed by Kew. This formation is considered by
all as the sguivalent of the Temblors OF what is called Temblor by
Ualifornia geclogists.

The earrélatian of the Topanga of the Sunta Ana Mountalns
with that of the Santa Momica Mountains is based up on gtratigraphic
wal&tiens to the wnderlying and a;@riying formations as well am
upon faunsl evidence. ‘The relations to the Vagueros are those of
a disconformable series. The two formations, although they show
no angmlar'ﬂiﬂasrﬂ&mﬁa. are separated by a definite ercsion
surface. Thers is g distinet difference in lithology betwsen the
Vagqueros and Topangs also. The relation to the overlying
Puente shales is fhat of an unconformity. The shales lie upon
both Vagueroes &nﬁ Topangn, the smell change in dip showing up well
on the areal masp. The surface below the Puente represents the result
of erosion sufficient to heve removed wany feet of beds. This
series of shales is related to the silicecus shales mapped as Modelo

in the Venturs and lLos ingeles bBaginms. From the relations of the

4 Anderson,F M., 4 Stratigrapbhic Study of the Wount Diablo heunge Of
valifornia, Cal.Ac.S¢l.Proc.,fird ser., Geology, vol.2,pp.l66~250,1905;
4 Further Study of the Hount Diablo Ramge of California: Call.ic.Sel.
Proc., 4th ser., vol.d, pp.l-40, 1908,

Hemlin, Homer, Water Rescurcea of the Salinas Valley, California:
UsS.Geological Survey wWater Supply Paper 89, 1904.
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Puente formation and the Vayueros the intervening beds micht be
corralated with the Topange without founsl evidence,

The fausa of the Topangs of the Jante Ana Fountains shows
distinet rolatlions with that of the Senta Monice Mountains and also
with the "Tamblor® of the more porthern Goast Ranges. The fauna
inclndes the following Torms:

Cerithiwm topangenais Arnold

Conus owenlanus inderson

Ulivae ecalifornlea Anderson .

Terebra?sp. resembling Xew's species from Topanga Canyon

Turritella ocoyans

Arca monbtereyans varsbarkariszoum Clark

Dosinis mathewsoni Gabb

Hrdilus expapsus ATnold

Phacolides sancteecrueis Arnold

Clsmentin pertenuis (Cabbh)

4 more complete deseriphtion of the faunas of bothothe Turritella
opcoyana end the T.insgana faunas of the Sants fne Mountains will
be found in » menuseript paper bf the author on the "iiocene of
_the Sante Ana Mountains®,

Throughout the Santa ine Mounteins and the northern part
of the Zan Joaguin Hills the Topanga snd the Vagueros bear the same
fdisconformable relation to each other, The faunal break is as
sharp as the very apperent lithelogie bresk anéd is synchronised
with ite In no case have the two Turitellas been found in the same

bed In place, though comsiderable time was spent in the attempt

$o find such an oceursance,
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Puente Formstion

Qve?lyimg both the Vaqueros and the Topansa are heds of
gholes and sahdstonss whieck heve been corvelated on the besls of
stratipravhic rﬁlaﬁ;*ns; litholowy, and areal conneetlon with the
Puente Poruation of the Puente Hills, In goneral they correspoud
to the shales of the Hontersy group in lithology and sge, In the
region mepped the formwtlon forms & syncline with a roughly northe
south axis whlech plunges o the south in the direction of Tl Toro.
This ares may be followed along the erest of the foothills north of
the region mupped in dedtall., The Puente is Tfalrly well restricted
to the arvea mentionsd for $he reason thed the ocuierop of Topangs
west of K1 Toro furpishes the western boundary of the formation
ag folded in the syncline. Wells drilled in the plain to the
west ensountsr ne shales of this formation bub rather & series
of hods bighly sugeestive of the Yagueros. I% is believed that
the plain is a eut surfass rather than an aggraded one and that
this surface has out beds older than the Pnente.

In appearsnce ths shales regenmble those of sinmiler
Pormetions elsewhers in Galiformia.  The charactoristic beds
ars the silicsous shales. In the Puente Hilds the formation is
divided into three distinct members, lower shale, middle sandstone,
and upper shale., The lower shale there 12 a series of hard
siliceous sbales, dark in ecolor, and heavy. Thores arfe munerous
beds of massive sandstones. These are particularly freguent
towards the bottom of the asection. Above the lower shale is
a serisg of sandstones whisk sre buff in color and confaelin some
biotite. The uppsr shales are much lighter then the lower shales,
weather to liszht colors, and eve commonly fluffy and ligh?t in
woilghbe

The formation as exposed in the Senta ina Hountains shows

strong lateral veriation within short distances., One of the most
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accessible sections expasaé is that to the east of Borrego
Uanyon. Here the Puente lies upon the Vagqueros with a distinet
angulay unmmnfarmiﬁy. The basal bed of the Puente is a conglomemate
about a foot thiek. It is made up of coarse pebbles derived in
part from old YVaqueros conglomerates. The bed is fossiliferous
and e@ntainﬁ a falr sized megafauna which will be mentioned later.
Over this congiumara%w oocur & series of thin bedded hard siliceous
shales with which are interbedded some large sandstonc members.
These beds of sandstone are not abundant on this ridge but to the west
in Borego Canyon they are quite numercus and displace the shales.
The thickest scction of tﬁ@ Pusnte was scaled from the map ab
1200 feet. The sectliom in Horego Canyon is not guite this thick
but it is typieal of the materiasl in the Sanba Ana Mountains,
The sandstopes are usuelly Tine grained buff arkosic sands.
The shales are heavy hard siliceous shales with thin beds of
sandstone seatiered through them. In general appearance they
reseinble the lower shales of the Puente shales rather than the upper
flulfy serics.

| A section in the Puente near the north of the area mapped
differs markedly from the oune in Borego Canyon. Here the lower
200 feet are a thin bedded hard silicecus shale. Aibove this iz a
bed of coarse massively bedded sandstone 100 feet thick., This is
followed by more shale. This coarse sandstone which is here so
prominent is pmot seen in Borepo Canyon which is separaited by a
distance of only four miles. mear the head of Rabbit Canyon
at the spring near the Tomato Spripg Canyon divide there is an
oceurrence of a dark organic shale at the base of the Puente. This is
the only known locality of such a ghale. On distillstéon it gives
about 30 gallons of oil to the tom. Since the Puente is regarded

as the source of the oil in the Puente field this black shale
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prabably‘reprasamxs the original appearance of much of the
skale from which the oil has migrated.

Seciions o the s&uth in the vieinity of Qéa Greek
are gquite different from the above. Iere thﬁ'secticn is dominantly
thin bedded shale without frequent beds of sandstones. A4 section
drawa from Plane Trabuco reveals & series of westorn dipping
beds about 1900 feet thick.Fhe lower part of the section is made
up of shales, light in color, hard, and well cemented.s In
fields where puterops are poor the presence of the Puente
formation ia &eéagniz&& by the sbundant fragments of silicified
shale which have withstood the soll Porming processes and have
been plowed up.  Near the middle of the section there is &
lens of a coarse sandstome, rather guartzose which earries a
few large oysters and shark teeth. At some distance above this
on the western side of Osa Creek occurs a bed some 25 feet thick
which represents a lens of medium grained sandstone. This is
arkosgic in nature and represenits in composition the producits of
a weathordd granite. These ave present in such cloge relation
0 percentage values of the constituents of the originel rock
that the arkose, ﬁhieh is exceptionally well cemented with calcite,
might easily be mistaken for g fine grained granite. Above
this lens the formation is made up of the same silieeous shaloes.
4 In the San Joaguin Hills the Puente 1s composed almost
alitogether of shale. This is in some places a light fluffy
meterial and attempts have been mede to mine it. Here the
graét@r part of the materisl is likewise & dark rock which weathers
white. It is ordinsrily well silicified and quite hard and tough.

A general) coumparison of the various sections of the
Puente formation reveals the fact that lateral variation ie

exceedingly great. lMassive beds of sandstone which may be quite



promiuent in one locality will be miazsing in one only a mile
waye. This is rap@&teﬁlﬁ born in on any one who attempts to

do d@tailea work in this formation. The lack of litholozic
units as well as megfeunas, and in most cases microfaunas,

leads to much uncertainty in mapping large areas of the
formetion.  hile it is believed that the Puente of the Santa
Ana Hountains represents the lower part of the Puente scetion
exposed in the Puente Hills there is no definite evidence either
WAY . '

A8 & vesult of the lack of contimuity of beds the fommation
was not subdivided in the mapping. There were mapped the thick
sandstones exposed above the lowermost shales along the ridge of
foothills. Further mapping showed the uselessness of this except
inasmuch es it helped 0 show the lateral variation in the férmation.

The most striking charmcteristic of the Puente of the
Sante ina lountains is its freedom from crumpling and folding.
Th usual outercp throughout the basin of the Puente and similar
incompetent formations shows much folding and crumpling on e
small scale.  In the reglon mapped the Puente is conspicucndiy
free from minor deformation. This is pmwhkssw due to the Tact
that the Santa Ans lountaine vepresent a rigid bloek which has
had as a foundation & strong and competent series of begement
rocks. Some gentle werping has resulted and some fauliing
but the forces acting on the bloek have not been sufficiently
great to shorien the basement rocks in a direction so as to
crumple the overlying sediments. The absence of crumpling
ennables one to use dips and strikes meesured directly uponm the
strata with considerable confidence.

sge of Pusnte Formation

The ags of the Puente formation is determined by its
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stratigraphic relations to be upper liocene. It overlies the
Vagqueros and Topangs unconformably. The Fernando overlies it
in the same mmnner., Since the Topanga is considered to be
middle Migecene and the "Fernande™ lower Pliocsne the Pusnte is
aspigned to the upper WMicosne. fo faunas have been reported
from the Puente formation.  The subhor hes collected s asmall
fauna fr&ﬁ a loecality in the basal conglomerate ¢f the Puente
to the east of Borsgo Canyon. This has yilelded the following
Torms:

Chione diabloensis Clark

Dosinia merriami Clarvk

Panope generosa &oul&

Paphialsp.

Pecten reymondl Clark var. brionisnus Trask

Solen s8pe

Cast of gastropod of. Neppunes cierboshsis(Clarkd

Cast of Trophon?ap.

Cast of large naticoid. Lunatis lewisii Could?
While this assemblage is small it is suggestive of relation to
the Brimmea Taung of the m&n Pgablo group. In view of its
llthnlﬂgie similarity to the Hodelo formatimn the faunal resemblances
sugeest that the two formations ave probably the ssme age. In this
case they would represent the seme furpeition ap exposed on the
different sides of the Lom ingeles Dasin. 1% is hoped that in
the future mors definite faunal evidence will be sscured to efisct
eorpelation of the Puendte, From the prssent relations it is
probably related %o the Eﬁiﬂn@s Tormation and locally %o the

dodelo.
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Capistranc

Overlyling the Puente fommaition with unconformable
relations is found a series of loosely consolidated sands, gravels
and shaley sandstones. This formation is mapped ae the G&pis%faﬁal,
& peme applied 40 & similar series of sandy beds iln the neighborhood
of San Jusn Caplatrano by A.O.Goofford. The correlation of the
two series of beds was effected by tracing out the boundaries.

The Capletrano beda occupy & roughly synclinal area
extending from the country around San Juan Cepisiranc to El Toro
and %yﬁnae}arew'milea northe Due to thelr softness theve are
few outorops and as a result detailed work in the formation is
impossible. They are easily confused with terrace deposits except
in fresh cuts slong streame and roads.

The formation consiste for the groater part of sandstohes,
light grey in color, loossly consolidated, and well sorted. The
material is arkesic and garriea nunerous particles of blobite.
Bedding is ordiparily messive in the sandstones. in sertain
localities, notably in the region around San Juasn Capistrano the
formation is made up b0 & lavge extent of soft finchsdded shaley
sandstones. Along the foot of the hills north sast of Bl Toro
the lower beds are gquite comglomeratic. Here the beds sre nmuch
coarser. The sandstones are coerse though fairly well sorted end
are interbedded with thick conglomerate beds. The gradual increass
of Pinsness of the gediments from the extreme northerly arcas
recorded on the mapy to the reglom sround San Jusn Caplsirano is
noticeable in the field. It is certain that in every case the
formation is the same one since the contact is continuous and

does not suggest the existencs of more than one.

L Viooaford, Univ.Cal.Pubs.Geole,Vol.16,p. , 1925
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The Capistranc formation is a shallow water formebtion,
The presence of lenses of aamglamﬁrate and their lateral gradation
into coarse sandstobes is reminiscent of the Fernando. The
sandstones in the massively bedded coarse grained facies are
cross bedded. The combinatlon of crossbedding and lemticular
bodies of conglomerates suggests that the formation was laid
down rapidly in shallow water. Despite the conditions surrounding
deposition the sands ave well sorted. The ¢oarse sands are
not as well sorted ss the fine material. The latter is as
well sorted as the Pine Vaqueros sediments.

The Capistrano is definitely unconformable upon the
Puente, It laps over the Puente ﬁnﬁ an#a the Vagueros. It is
folded with the other sediments as may be seen along the mono-
cliﬁal flexure which passes through Tomato Springs Canyon.
The relations of the formation to the present topography show
that it is mueh older than any eriginal surface the Santa ina
M@un%ain Block may have paaaaasaﬂ. On the other hand the
unconformity with the Puente indicates & sizeable period of time.
In the region to the south Woodford reports the prescnce of a
Togeil locality from which Tieje identified Pliocene fossils.
In the area mapped no fossils were found. From the relation
of the beds to the Puente and its general lithologic appearance
it resembles the Fernando of the Puente Hills very closely. It
is separated from the outerops of Fernsndo by a diatﬁn@a of
BOme ﬁgan.ﬁdlﬁa. it was felt that in this report that correlation
with the Fernande hed best be put off until definite faunal

evidence was found.
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Terrage Deposits

The terrage deposits of the Santa ina Hountains are
of wvarious ages. . The relations of these deposits to one enother
are described under the section relating to geomorphogeny.

There are numercus samll paiches of terraces as much
as 1000 feet above the present level of the plain. The lower
terraces such as those along Trabuco Croek, Bell Canyon, Alisc Creek,
and the eountry west of Kl Toro are guite extensive. The material
making up the terraces is much the seme. It is composed of detritus
dorived from the present mowstain block.

Some of the lower terraces around El Toro are in pard
marine, a fact which accounts for the clean white sende and conge-
lomerates making up the deposits. These as well as the land laid
terraces are merely thin vensers coveriagcold erosion surfaces.

In few cases do these &épamits reach the thickuness of 25 fset.
The usual thickness is about 10 feet, They are of importance

since they mask much of the underlying rock.
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uaternary slluvius

Under the heading of Quaternary Alluvium are mepped
many diverse deposits. In gememl thers is .littla slluvium
in the region save for ths deposite along siream courses and on
the plein sround ilrvine.

The alluvium found along the eireem courses is the
ordinary type of stream gravel. In plscss this ig cemented inte
B mnglomamw by the lime deposited from the sireams. Pufas
are common in some streams due %o the limestone lenses in the
older rocks., Ususlly the alluvium is thin and reopresents a
venesr, There are ymwé where it attaine considerable thickness.
The most interesting example of this is in the wash of Santiazo
Creek. Irom the head o & point & 1lititle north of williams
Canyon the alluvium is merely & veneer, From the latter point
t0 the mouth of Sierra Canyon the alluvium is very thick, in places
reaching thicknesmes of over 100 feet. 48 8 result of this
depth of alluvium a patursl resevoir has been formed which a
water company mskes use of. Unfortunetely mueh is loss by
sespage since the siream follows the sirike of the rather porous
Vaqueros beds,

The plain around Irvine is coversd with a thin layer
of alluvium a8 shown by well logs. This plain is not en
alluviated feature but a cut surfacs on which is a thin film
of slluvium. Here the alluvium is a soft sandy material due to

its derivetion fram the goft Vagueron sediments of the foothills.
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Structure

The Sabba ina Mounteins repressat at the present time
one of a seriss of structural modifications through which the
country is coaselessly passisg. In the congidersation of the
struetures found in this regian an historical viewpoint will
be taken. The structures formed in and recorded by the successive
formations will be first comsidered, then the strueiures which
define the mountain mass and the structures imposed on it, and
finally the structurs of the range &5 & whole and its relation to

the structural Teatures of Southsern Califorania.

Structural Features of the Crystalline Complex

The oldest part of the crystalline complex is made up of
the Silverado Formation. The epormous thickness of thess rocks,
17,300 feet, as exposed ip Silverado Canyon, might well raise
the question of whether isoclinal folding has taken place.
The formation as may be seen from the columnar section, shows
several disbtincet zones. The moet characteristic of these ls
the brown eonglomerate near the lower third of the section. The
horizon fumishing the lisestons beds is algo a good marker.
Neither of these units have been repeated anywhere in the section.
These beds are; however, separsted by & considerable thickness
of slates asnd it might be argued that crumpling and resultand
thickening of the section took place in 3ilverade Canyon. 4
close examination of the rocks in Silverado Canyon reveals a
surprising absemce of ¢rumpling in the slates and sandstones,
Further, in Trabuco Usuyon the Silverado formation possssses low
dips war the mouth of the gorge, a fact that is imyoasiﬁl@ o
reconeile with iscclinal folding. “Thus 1% is seen that while

the formation is ordinarily dipping steeply to the omst there ave
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places at which the fa&matieﬁ dips so slightly that the presence
of elogse folding is disproved.

The relations of the Silverado formation at the preseant
time show a lmpge syncline in the region of Silverado Canyon.

The axis runs along the main divide This sitracture is bhest
seen by following Silverado Canyon to the Blue Light ¥ine, then
sacending th@rﬁilVeradnvﬁarﬁing divide, and following the latier
$o the Maln Divide. From the orest one may follow the North
Coldwater fire trall sastwardly across the other limdb of the
strubturs. To the west of the divide the beds dip steadily

0 the east, the angle decrsssing gradually towards the divide
from 45° to 25°, A% the divide the beds are disturbed by a
dike of andesite. Descending the east slope of the range the weste
ward dipping beds of the other 1imh‘afa speountered. This
structure is better illustrated in Ladd and ﬁaﬁfar&‘canyans o
the nnfth gince there no intrusions are encountersd and the beds
are undisturbed,

In Trabuco 5ényon the slates férm,an sastward dipping
menaelina; Hear the mouth of the gorge the dips are gentle
and in places the satrata lie flat. The beds further up the
canyon dip consistently eastwerds at angles varying from 409
o 50°, The gentle dips may possibly represent an anticlinal
axis but no strong evidence is furnished by the field relations.

In other places the the slates are usually found dipping
steeply to the east at angles farying from 40%%e 709,

The age of this folding is considersbly older than the
series of later igneous rocks, This is shown by the fact that
the ovérxying Hough formation cuis across one limb of the
‘sybeline exposed in Bilverado Canyon. If one caloulstes the

dip existing at the time of the Hough the figure of 50° is
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reacheds The existence of this fold in pre-Hough time is thus
well sstablished. |

The remarkeble uniformity of atiitude of the Silverado
formetion leads to several conclusioms. The first is that
thers has been comparatively little folding of the area now
ocoeupied by the erystalline coumplex after the deposition of the
Houghe In the district no suggestion of the development of
differsnt directions of folding has been found., This may be
due in part to the later herdening of the formations and their
chenge to strong competent rocks. There,is, however, a complex
series of joints which have been developed in Tresponse to
later foroes.

The rather uniform attitude of the Silverado slates is
of interest with respect o the intrusion of the later igneous
roeks. There 4s evidence that the intrusion of the bodies of
igneous rocks of the Modjeska series was forceful. This i=
born out by the presence of intrusionbreccias in the andesite
par@hyrias. However thers was even im these rocks soms assimile
ation as shown by the presence of gquartz grains derived from
sedimentary rocks in the material. These intrusions follow %he
strike of the slates in & rough way but show no relation to the
dip. They may be aoﬁsiﬁared to have followed fissures or
else to have creted their own channels of intrusion. There
is nb evidence for th& former in the presence of faults or
fault systems connected with the intuslve bodies. Prom the
field relations it appesrs that whatever forces wers ezerted
by thess bodiecs was taken care of by compression éf'the
surrounding sodiments, Drag and other festures comonly associated
with intusives in sediments are not found.

The later intrusions of the granodiorite present a
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different problen. In this aasa a large bhatholith was intruded
into already compacited sediments. Around the edges of this
body no structures are found suggesiing a foreible entry of the
rocke . The sletes continue %o the boundary with unchanged dips,
and at the conitmct show no treces of drage It iz plain from
the field relations thet the lmntrusion of the grancdiorite
was a gulet affatr. Asgimilation rather than forceful intrusion
played the major part, stoping removing the roof pendants of the
slates and sandstones which were assimilated by the megma. The
fact that the granodiorite is fored of smaller bodisg of variable
compogition is in itself related to the process of sssinmilabion
and differentiation.

The structure of the individual igneous bodiesg has
been described in detall under the heading of Stratigraphye.

Hence there is-no necessity of pointing out theilr shapes and
modes of formation at this point. It is desired, however,

to emphasize the fact that the larger part of the fine grained
rocks of the Santa Ana Mountains represent stock and dike-like
intrusions rather than lava flowe as has been suggested.

Bantiage Pesk owes its origin to & cors of hard and
resliatant material from which the ecveringhfnrmation has been
stripped by erosione It is the highest peak in the Senta Ana
mountaing, rising do an altitude of 5680 feet, and sianding 4000
faat'above Trebuco Canyon. The core is a composite body of
igneous rocks surrounded by a belt of slates which extend from
the Holy Jim fire line on the erest of the range across the
upper part of Holy Jim Camyon, along the face of the mountain, across
Falls canyonrana Santiago Canyon, and arvound the west face of

" Wiodjeska Peak. Small patches of slates and quartzites are

Tound on the sast face of Ssntiazo Peak up to BOO fest of the
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swmuit. From the suwmit west 0 Modjoska Peak is a series
of andasite porphyry dikes of the Yodjesks Series, while to
the eagt is a large intruslion of the guartz besring phase of
the Glen Ivy Diabase. To the north east is s tongus of the
granodliorite batholith,. In general appesrance Santiago Peak
resembles & large stoek (Plate II}e In reality it is
& mass maﬁé up of several different ages of ignecus rocks
which have formed & stock like mass from which the cover of

slates has boen eroded.

The overlying sedimenkery rocks are exposed as a series
of bands which follow in a general way the outlines of the ignecus
and metamorphic basement. They all exhibit unconformities with
each other with the-exception of the ¥aqueros and Topange which
are disconlormable, Structures lmposed on these formetions
between the pericds of sedimentation are not recognizable due,
perhaps, to the slight exposure of the contacts. Jointing in
the sandatones and the conglomerste consists of ococasional
surfaces pormal to the planes of bedding. These are not
pronounced in eilther abundance or development. The relation of
the sandstones, aaagiamarataa, and shales of a formation to
one another is siriking. 'The ssme dip and sirilke are found
throughout the section regardless of the compsieney of the beds.
o erumpling of the sheles is noticed between the competent
nembers . The Creteceous shale, an incompetent rock, is apparently
not erushed or deformed {0 any greater extent than the sendsione
and eenglamﬁraﬁa members whieh bound ite This sbsence frowm
erumpling is particularly noticeable in the Puente shales which

are usually thought of as oceurding in outorops showing badly

distorted atrata. In the SBanta Ava Mounbaing they lie in beds

‘80 free from crumpling that dips measured from the strata are
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dependable in mapping. This lack of distortion is surprising
o any one @h& has worksd in the los Angeles Sasin,

%hile 1itsle of the ¢older gedlimentary formetions is
exposed to view, ouve concludes that whils there has probably
been some broad gentle folding in the past, deformmetion such
ag iz common in the Coast Ranges 1o the north has played little
part in the hisbory of this reglon. The angular difference
represented by the unconformities may in part be due $o $ilting
of the blook zs well zsto folding. The ares has been olose
$0 the edges of the basin of deposition and hence unconformities
would be recoréded in nove striking fémhian than in the center
of the basig. ﬁlﬁ@ unconformities ray exist at the edzmes of
the basin which ere represented in paris of contimuous sections

in the besin.
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Structures ¢f the Ssnta ana Pounvalos

There ave a number of interssting structures present
in the region studied. Whi;e these are not features of great
magnitude such ss to outline the block, nor apparently directly
related to the forces which have resulted in the formation of
the bloek, they are of considerabls interest.

7 The foothills to the northesst of Irvine anévﬁl Toro
have been ragardaﬁ,aa forming a scarp bounding the Smnta Ana
Mountains as a southern boundarge This is due to their abrupt
ascent from the plain, a f@a%nrg that from o distante suggests
the presence of a scarp.  Close examination Teveals no evidence
for faulting, but much againat 1t.

The front of the hills is very irrveguler. Whis is
apparent when stending at their base or trying to find a
spot which will allow a view along their fromt. ‘The topographic
map falls to bring ﬂﬁt this irrepularity of the front, There
is o physiographic evidence of faulting such es fans, truncated
gpurs, aiignment of spurs, displaced stream courses, sayg ponds,
or depressiona. The appearance is rather that of a series of
low spurs which rise from the plain in an lrregular fashion. The
ends of some may be as much as a mile out in the plain surrounded
by Tields. This irragﬁla:ity is surprising to one who has seen
the hills only from the highway. These low spurs rise abruptly
some distance from the plain o form & series of rugped hills
viging 0 an slevation of some 1700 fest, Po the southwest
the plain slopes to the ocean in & long concave surfacs. This
is highly susgestive of a fan built up of sendier material than
- iz commonly found in such fesatures. Well logs of the Irvine

Company show that the alluvium on this plain is very thin, a
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mers vepeer of from & Tew feet or less o ss much 50 feed in
thicknoss. This surface is evidenily not one of aggradation
primerily but a cut surface like the terraces to the sast,

Sﬁratigraphiea&ly the evidence apeinst faultlng is
stronger, The formations under the plalns are Vagueros io
Judge from the well logs, with the Uretsceous at no great depthe
if famlting had taken place ons would expsct a great thickuness of
Puente shale and possibly considerabls Capistrano., The results
of the areel mapping indicats clesrly the absence of such a faul’d
in the fact thet in the vicinity of Alimso and Borego Vanyons
no break is found in the annxa or Capistrane beds indicabing the
presense of a fault. The outlines of the western limb of the
gentles syneline in the Puente neer El Toro show no evidences of
faulting. Wers a fault of the magnitude indicated by the
elevation of the hills, which would be at least 1000 feet displace-
ment, vresent the aveal patiern in the reglon around Aliso Oreek
would be totally different from the present one. Farther the
beds existing under the plains would be younger then those in
the fa&thillﬁ rather than the age of the oldest ropresented there.
AR a resul® no Tault was mapped but in viev of the rumors assigning
& fault to this particular loecality it wee deemed wise to spend

some time discussing its possibilities.

There are & number of interesting faulbe and flexures
in the Santa Ana “ountains. They appear to have no definite
relation to the Elsinors Feullt system nor to any direction of
deformation of the block. Thay are doubtless due H0 the
acoumulation of strains eausadkby faddiwmuen extorpal stresses
and intrusion of the lilocene disbases. They may be considered
as loeal phenomena which do not affect our concept of the block

as a whole.
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One of these folds is the one 80 woll exposed in Tomato
Sprinss Conyon. Here a wmonocline runs nearly northwest southeast
at an angle %o the front of the range. This sitructure may be
traced from a point neer the fault south of Hill 1700 tp s
point nesr See Ganyon where it dies out. The sudden ahange
from Tlet lying beds +to ones dipping 80° to the south west
and then back to almost flat beds is well shown.in lomato
| Springs Canyon. This fold involves the Vegqueros, Topanga,
Puente, and Capistrano formations, The hard buff sandstones of
the ‘openge Torm the central part of the 400 feet of steeply
dipping beds and the thin remnant of the Puente shale and some
conglomerates of the Capistrano form the the sauthefn part of the
sleep beds which flatten repidly towards the plain. ‘The age of
this flexure is clearly poste-Capistrano or upper Pliccensor
Plaistocens. | The fold is believed to represent an incipient
fault or a fault in the basement serles which is of only sufficiont
magnitude to flem the overlying sediments. The displacement of
beds in this flexure is about 400 feet. It mey be estimated from
the relative positions of the Topangs sandstone on either éid&
of the Tault.

This Tlexure is of interest in comparison with one
$o the north whieﬁ starts in the red bede near the head of Tomato
“prings Canyon. 7This passes into a fault with a dispacement
of several hundred feet in Borego “anyon which may be traced to
Trabueo Canyon. This starts as has been stated in a monoclinal
flexuree The red beds which are nearly flat are observed at one
point %o have a dip of nearly 45° o the west. This feature
traced to the head of Yomato Springs Canyon hecomes & fault.

It is & normal one in Tomato Springs and Borego Canyons and
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at the head of the latier has a displacoment of seversl hundred foet
dropping Topanga Lo the southwest down agalnat Vagueros to the
northeast, The sxacet dlmensions of the nmovement are unknown
due to the fact that it is bnpossible 4o recognlize individual
neds In the Vayueros. To the nagt this Panlt pesses into a
revaras fauly which is complicebed by some horizontsl movement.
This has resuliad in the Vagueros beds on elither side of the
Pault having different attitudes. South of the fault the
beds have the dufe strike es the faull, while those to the
- morth strike inte the plane of the feult. Thie shtitude of the
beds suggests horizontal movenent such that the eastern block
moved north with respect to the western block dragging the
a&ﬁiman%a. The fault exposed in Serreno's clay pit zhows
definitely its reverse characier. The plane dips 70° to the
south or west and the westerp side hes moved up with respect to
the eastern. In this movement the Serranc clays have been
feulted up againet the green sandstonss of the upper part of the
Mertinew section., The displacement here is aboubt 200 feet as
scaled from the map. The fault itselfl ie displaced by some
small mer%ﬁ-aauﬁh,faulﬁs having a horizontal component of
nearly 150 feet, These fractures were not visible on the
surfece but were seen in tunnels of the Pacific (lay Products
Company through the courtesy of Mr.Clark Sutherland, geologist
for the compary. Further to the east the fault agein resumes
its normal character dropping Martinez down againat the Cretaceous.
In ithe viecinlty of the eld 3bplin Place the fault assunes lis
most interesting aspeet. Here it curves suddenly into the
0id rocks and runs into ancther fauld which has just started io

pareliel its course. For half s mile or more the Cretaceous

conglomerates between these two faulfs have been overturned
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wuntil they 4ip indo the old rocks &% sungles of 60 %0 706 .
The basal red congloverate is absent, heving been Tanlted out.

)

Plate XLIXK shows the feult as it 1s exposed in Sorege lanyone.
Plabe 13111 shows the fault looklipe west from Servanc’s clay
pite Plabe LIXIV shows the Tault lookigg cast from Serranc’s.
The explanebion of the dylng out of the above faull
lies in the feult thad 1t hes zap into a thrust fanlt which

“

starts neey 1te termingdion and swimgs in an ave to the southses

2 4

aorpes Trabuco (resk. %ﬁ@ word thruast for the Trabuce fauld is
used advisedly for both areal pattern and the achual exposure

of the feult surface show it %o be thet. Exsmination of the
arsal map shows Crebtacecus to the nordh snd the south of Teabuco
Oreek apparently striking into andesite porphyries of the

4

vodjesks series from both sidese The sontact between the
dartinez and the Uretaceous runs into the sans andesite body.
This wedge of andesite is so clearly out of place that the thrusi
nature of the nmeteriasl iz spperent ot once. Exanminabion of

the feult zone o8 exposed on the south side of Yrabuco Creek
gives confirmebory evidesnce. Thers is no sluwple surfase on
shich all movement hes taken placsc. 4 zone seoveral hundred feetb
wide of lsvers ¢f crushed sndesiie and gouge exlsts and may

be studied just below the moudh of the gorge. 4% places in
this zone Taults may be Tound dipping bowards the range at all
angles. Une large ssam of gouge several feet thick dips lcto

the range at an angle of 50Y while anotherfollows a horizontal
sourse Tor pearly Tifty fest. There are numsrous veritlcal seoms

5

of zouge alsd. Plabe 20V is a visw of & smsll pordion of the

Zonse.  Here the sompressionsl nature of the foress produciog

the faulting are clearly showne 1% is evident that fthe lelt

&
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side is the ome which haz besen pushed over the rlght sids.






The fault has a displacement in s horizontal direction of

at least 3000 feot.e This is measured by projecting the

gontach of th@ Cretaceous and basement rocks across the tongue

of andesite. The abeence of recognizsble horizone in the andesite
makes an exact computation difficulte The feult exbends in

a nartﬁ.sﬂuﬁh distance only three miles, dying out at both

ends. It iz evidently a response o forces agting on a very
small ares rather than th these involved in the Elsinore fault
system.

The small lateral extent of the thrust fault is
comparable to that of a small normal fault rumning from Santiago
Canyon to SBilverado Canyon. In a distance of two milees this fault
attains a memsurable displacement of 3000 feet,

Starting in Santiago Canyon one ascends the Hodjeska
fire trail., Looking south there is seen s mmssive ¢liff section
of the lower Cretaceous conglomeraste. No faulting mars this
~ face. On the fire trail, however, ome encounters two patches
of the red basal conglomerate of the Cretaceous separated from
the main mass by slates. Inspection reveals that these two
patehes dip into the slates and at their wesiern contacts show
the effects of faulting. They represent btwo oubtllers of the
basal i ds separated not by erosion of an irregular contact
surface but by faults. These two mutcfmps lina up with Hwo
similar but larger ones on the Harding-Williems Divide.

The displacanent on the western fault amounis to 200
foet and that on the emstern %o 350 fest on the Modjeska trail.
On the divide to the north this displacement has incressed o
500 feet while the eastern fault has inereased to 400 feet.

- Horth of the divide the sastern fault dies out and is not present

in Silverado Canyon. The wastern fault continues with a rather

sinuous pattern, dropping firsi the red conglomerate ageinst the
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andesite, then the gray conglomerate, and in the fields of the
¢ld Sidley Place between Willlums and Silverado, the middle
shales. In Silverade Canyon the faulting is complicated

by the faet that the fault does got cross the canyon but

appears o be offset by a later east west faull which follows
appreximatgly the stream courss. On the saddle north of
Silverado Creek (not shown on the map) there oceccurs = small area
of the red basal conglomerate faulted down amongz the the

andesites and slates, while in lLadd Canyon o the north the

fault may be observed inthe andesite intrusion beeccias. It
appears from the areal pettern that the materisl morth of silverado
is faulted with‘a throw of 1000 feet less than the material on the
south slds.., Turther on the south side there are two small
faults which set off a small rectangle of slate ageinst the
Cretaceoud.

The mechanism of this feulting is complicated by the
existence of a small body of the Hough Conglomerate in the
rectangular slice as shown in Plate XXAVI. However, if the
faulting'iﬁ considered to have taken place in two steps the solution
is easily arrived ate The fivst stage consisited of movement
along the western fault and its dotted continustion to the bed
of Silvermdo Creek, thence aaét & short distance, and north to
ladd Cenyon. In thir movement the small area of Hough Conglomerate
east of the contact wae laulted into its pwasant position.

Further movement resulted in the the formation of the faults
merked by the solid lines. This displacement resulted in tis
lowering of the block to the south of Silveraudo Canyon %o & much
greater extentithan the part to the north of the Creek,

The above scheme is one of seversl that might £it the

facts as far as they are known. It is as reasonable to assume
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the first movemend %0 have taken place on either system or that
the movements took place during the same period and that the
block of slates is a result of shearing the coraner of the

southern blocke

» The tause of the fanlting discussed is not knowne In
none of tha’casaa aré the features aligned with the Elsinore
syatema. ’Fartnaw‘%hay ér& not oriented in a direction suggesting
relief of pressures &a?&lﬁp&ﬁ by c¢ouples connected with the
Elsinore system. They seem to be strictly local in each case.
‘The flexure is probably the flexing of the purface beds over a
depper a&a%a& faults The faulis in Trebuco Canyon and to the
west ave compressionsl features. The faults in the vieinity
¢f Silverado Canyon are nomwl faulte. It is believed that
the csuse of the faulting is due %o adjustments within the block.
The presence of such large guantities of diabase sugpests that
considerable movement of magma has taken place under the present
block. Faults of small extent and large diasplacement are
frequently conuneeted with ignecus activity. While the faults
in thés case are not numerous enough to form a mosaic, their
lack of struetural control by the surrounding ragieha;
features and thsir great displacements suggest a local origin

due to readjustment feollowing intrusion.

Folding in the Sanba Ana Nountalns is rare. There are
several vory gentle folds that must be noted, however, These
may be observed in the lower part of the ranmge in the vielnity
o Habbit Ganyén. Ime t0 the presence of & sandstons member
close %o the base of the Puente Shales these fulds are easily

observed in the field, They trend north and south and from this
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fae%”appﬁ&r $0 be related to the stropger north south folds of
the Pan Joaguin ﬂ£1$3. From their relaticas to the other structures
they appear 10 b@ older than the monoelins and feults.

| One of the many folds of the Sen Joasguin [{ills appesrs
in Yhe southeast corner of the map. This anticline is of
interast in that 1t shows the greater amount of deluwnmation
that exists at sver Ilnoreasing distances from the ¢rystalline
gore of the range. The e&antry bvetween the San Joaguin
Hills and %he éﬁin.mﬁﬁa of the Senta Aiva Mountains has been
considered to represent & graben. The nén&xiaﬁanma of this
. gt dure hag been shown end in its place 1 wish B0 set up the
ides that thﬁxlaek of relief of the plain is due Yo the fact that
it is the last of a series of cul jerraces. I believe that
the siructurs under the plain is & conidinuetion of {the enticli-
porium of the San Joaguim Hills which stretches serose the
valley under the thin cover of alluvium. This is not
susceptible of proof by undeniable outcrops of strata. The
fact that the valley is & marine lerrace as discussed under
Geomorphogeny implies that structures on one gide should be
continuous with those on the other in the abmence &F intervening
faults for which thers seems o be no evidence in this case.

To the south of El Toro thers is & syncline plunging

abt a low angle to the southeest. The part north of E1 Toro
is obscured by alluvium but from well logs it appears to be
underlain by Vagueros sediments. The existence of this
syncline as a complementery leaturse %0 the anticlinorium is
what one woul expect. It is from the contimuation of thiés
strueture in its unbroken fashion across the supposed graben
that much of the evidence against feulting as the origin of the

plain is derived as well as evidence for the comtinuation of the

anticlinovium of the Sah Joaquin Hills.
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Struceture of the Sante ins Mounbalins

The Sants Ans Hounteinm are a block which owes much
of its present topography %o erosion rather than structural featurcse.
It may be ragaé&ed as & typical block range warped up along the
Flsinore fault system to the east. Ite wesbern slope hes been
soulpbursd to such an exbent by ercosionsl sgencles that the
simplicity of itse atraaz§z@ is not szpparent until considerable
study hsg heen done,

The Rlsinorve fault system slong which the block was
raised is not discussed in this paper. I% is 80 striking that
1% is not necossery to put forth all the evidence for faulting
along the eastern face. The Eleinore valley 1s a rift valley
with numeprcous Teatures such &8s sag pounds, lakes, hummocks, and
longitudinel stresms. The eastern searp in some places, notably
near Coldwater Omnyon, sppesrs $0 have besn elsvabted on one
faults In cther places step faulting hes teken place.

The age of the Zlsinore fault system 1s not known.

The youngest marine sediments are Mertinez beds. These were at
one time continuous with those on the western flank of the range.
If the Perris peneplain be represented in the Suants Anas the

age of the presunt fault valley ls certainly younger than that
gurface, Whatever 1ts exnet age 185,11 is known that during
the periods of aEﬁﬁsi%iﬂﬁ‘iﬁ‘whiﬁh he Taquevos, Topangs, Puente,
and Fernando wers lalfl down thers waz & land mass to the east
of the Hlainove trough contrihuting sediments 4o the region
oceupled by the present bloock.

The uplift of the block has taken place in an intermitient
Tashion as shown by the series of jerraces %hrough out the range.

These are at unirorn levels in the aifferent dralnage systems,
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& fact which shows that they are dus reglomal uplift rather
than loeal causes. During the upiift of the bleek it is
believed the structures represented by the woumoeline in
Towato Spriopgs Canmyon aand sone of the Paults wers superposed
0f the porth south structures originating in the San Joaguin
dills., 4 wveconsirucilon of the movement of the Zanita Ana
- Block must bake latc account the sifect other blocks have
exerted i lbs historys It is belleved thal the northesouth
struetures of the Sen Jesquin Hills sre the ?asulﬁ of
movensnt of %hé Sanda sne blook northward with respset o
0. the seaward bloek. This is based on the assuwuption that the
Tolds of %the Saen Joaguin Hills which are at angles of 45° to
the dlrsetion of feulting are the result of a couple along the
Tault. Oecurring as they do in the s00t thick sedimentary
series along the southwestern edge of the block this origin
seems to be the most proveble one.  Further ithe fact that they
graduslly die out towsrds the heart of the r&nga is also very
suggesiive. Thus the block can be considered as rising,
and during the rislng being compresssd between two fauli zones.
During thls vise there was & couple moving the block north
with respect 0 the one Yo the west which dsveloped folds in
the San Josquin Hills. Relisf of strains in the block later
gave rise to some of the Tealures in the foothills which are
superposed upoa the esrlier San Joguin folds,.

The peculliarity sbout the Sanbs ins Mouniuins is the
fact that the bloek is very vigid. It is eligned with the
Gosatl Banges of the north but while possessing a sedimentary
colunn like thelirs 1t resembles the Besin Hunges in structure,
The determination of the Structure as block type is based in
part upon the physiography, in part upon the eondition of the

ssdiments, and in part upon the ﬁatail@é airucthurec.
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The detsiled strueture of the Sants sna liountaeins
reveals the block as made up of g series of westwardly dipping
sediments resting upom & core of old crysislline rocks. 4
eross section from the Elsinore Valley to the oceaﬁ would show
first a series of old basement rocks then & series of sediments
dippipg more and more gently towards the plain eround Irvine,
Tho ssdiments might dip slighitly to the sast in %Yhs San Jeaquin
#ills but not markedly so. Towards the ocean the section
would stop at the conbtinuation of the Inglewcod fault., 48 A
visualiged the structure fits that of an upwarped block perfeetly.
The absence of structures formed in response to regional siresses
is another strilking evidence for the presence of a fairly rigld
block. The block while rigid cnough to prevent deformation
of the sediments on the scale soen in the Puenie Hills wae
8till not proof against smell warps, such as the eyncline in the
region of San Juan Capistrano. Farther,where the block
carries a thickness of sediments and is in & position to be
affected by other blocks deformetion takes place with a éartain
amount of folding as in the case of the Sap Joaquin Hills end

the country immedimtely south of Sania ina Canyon.
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Helation of the Ssnbe ava Mountaions o the Surrounding Countyy

If we exenmine any map of Sousﬁarn Crlifornia we can
diseern several impomtar vloeks which form the outlines of
Southern Cali?grnia aealagy. Ixtending from the Mexican
horder 0 the loa Angeles basin thers ls a long series of
mﬁuntain Kuawa as the ”aninsulax Fqngps. “1ff@rent nemes |
hava baen aasiﬁnwa 1o ﬁifferent y&ftﬁ, but the &tru”tural
uuitg of this maaﬁ, of whiah the santa Ana lountains form “the
ﬂartharu tip, is quite appareat. Tm the emst of this block
snother, the Perris blook, 18 feuﬁd which is & rathar low flat
block with gmtlar topogzaphy - ypdget betwoen this block and
the San ﬁ@rxaréinc “lack La thé nxag hlook af the man.Jacintes.
To tbe nﬁr*nﬁast the LTos %ng@lea basln is bounded by the cqmplax
Sam fi}abﬁe . ,,msx. | o |

| These hlgaka form = aia%inet hounaary for tha Lns

%nﬁalea baain s 15 shown in.nlsta XXXVII. “he asontrast iﬁ
structurﬁ of +hsae twn divisions is a5 remarkable ad is their

antraat iz t powvaphy. Thv lo8 mﬂ@“lps basin reprosents & |
gveat thiaknass of down warped sedinants intenssly fnlé@d and in
nlaces rarminu ﬂﬂ&ll mountaine wnien rc%a%hla the f&l&ed »easﬁ
Eanges to the north. the trapsition from the Tolded structura of
the &amiﬁ théh most aaéuéeﬂly rapragents & cunt*nua?ion of
the vaileﬁs anﬁ<mcuntains forming the (oast Ranges, to that
of thﬁ hiwh rugged manges of the *aulﬁ nlock frne ta-fhebsouth

SRigents tﬁat ons ia puseing frum 8 8 ruatnrallg ung able area
tc ons in w;i eh ths stre n@t; af ,he rocke iz an impa*tant
fagtar. This i3 avidanﬁ 1n a csmpariaun of the Puente Fills
with the Jania ins ﬁauntaiﬁ#. The Puente Hills aie a wadg&
shaﬁe& pleok Foreed up between two roverse favita, The Sente

fma liourteirs sre feulted up clong & comprscgionzl fault but
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ahﬁwrﬁ@n@-azftha‘inﬁang@armléégﬁhiah sharactorize the Puente
Hills, . To be sure sedimentetion has takon pluce in this southern
area but it hos basy more in the naturs of thin &&paaitszén:the
gdgea of the blocks then that of basin doposits. |
‘yha Poningular Beuge is a long seriss af'mﬁnntgins
separated only by lo¢sl nanes into sepsrate ramges. It repreosents
aomass of arysballing rocka whlch -have suffered 1litile dsformation
- dus brobably Yo thelr strdngihe . To The east {he Perris old-
age surfacs extords for graat disbancss, ilttle disturbed by -
faulting or feolding. «While 4he blocks o the sasy have sulfered
sonatdarable elevation they still represent distinet anits
1ittle affsoted by the foreos which have achked on Shame .
¢+ cAlomg the western margin of the Penimsulsr Ranges there
is an extensive sirip of ssdiments. = Instead of being folded
1like the materials in the Ceapt Rangee to the north, these
formetions are withoud excepiien notevworthy for their freedom
frem folding, & fact thet suggests that oven the adges of the
blogks hmave been little sffacted by folding where the sediments
gre thine :
v Congidering the protvlen din o brosd woy one is tempted
Lo gensralige,  The Peningunler Benecs Incits geogrsphie position
and orisntation is ceriteinly %o be conelfsrod & part of the .
Coant Hanges, yet it has certain dofinite charscéérs sueh as its
freedor fram Tolding and 1ts bloek siructure wileh set it
sside from & fypiesl northern yange like the Sanis Ynow. One
ig inclined $o wonder %o wha’ extent ths fwo paric of the
Const Banges are rolsted snd to what sxtent remeved in origin.
There is one concept which,while guite goneralized,
will give et least & suggestion as %o the origin of this belt

of mountalne, at once related and yet diverss. In both cases
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" there is a series of parellel renges which ccocupy analogous
positions with regard to a western edge of the continent and

%o an eastern massifl of old rocke, the Slerras in the case of
Coast Ranges and the Mojave and Colorsdo degserts in the case of
the southern Tangsf. Between these two boundaries of the
Continental shelf and an sastern masell the intervening rocks
have been subjected to strong forees, The San Andreas RIfY
which runs through the whole series of rvanges is the greatest
expreasion of this foree. Whether it igs the result of Continetal
ereep or not the existencse of strong forces in this belt is too
evident to neced discussion. On the assumpiion that the northern
part represents an unstable sinking area which has recééved vast
thicknesses of sediments or & geosyncline and that the country

south of lLos Angeles besin represents what would normally be

" - & shield of hard rocks it is possible to obbaln the present

‘stwaetaras by the folding of the bloocks of the gsosyncline

and the elevation of the blocks of the shleld. Detailed

study of the bloeks involved is badly nesded. In the casc

of the southern avea it is believed that the Sen Andress RITY
represents merely the line of mejor horizontel movement and that
much has taken place between the individual blocks. The combination
of horizontal movements with reverse faults leads to undsrthrusting
and elevation of different blocks. 1% is evident that lsostasy
alone has not determined the rise and fall of these blocks but

that a more potent factor, possibly that of continental eraep

has boen invdlved,
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Gevlogic History

_%nw geologie history of the Sande ins bountains embraces
a long and eventful period dating from the Triasaic bo the present.
it forms s romsyiebly occplets Tecord and throws considorable
light on some of the little known events of Southers Celifornia,
more particularly in the Triassic and Jurassic.

The earllest eveont of which we have a record le the
deposition of the Silverado famw&%iaapr This foroation is ndddls
Trieseic in sge. It represents s very thick section of sediments
laid down in a subsiding basin which allowed of continuous
shellow water conditions. The appsarance of the formation
resembles that of the dhick ssetions of Creteceous Creguently
seen in the Cosst Hauges. The base of the sectlon is wnloriuanegiely
not exposed nor is the top. However the section ie some.

17,000 feet thiock without these missing parts,. This formation

was deposited in the galf which in Yrismssic time ran scross Southern
Californim and up into the Great Sasin country. Deposition

was from a 1@&& to the west, 1% is belleved. Thoe sediments

wore derived in part from old schists end in part from old
sodiments, the sge of which is unimowi. To jugge from the

eoarse sandsbones and the conglomerste band in the sectien,

this lend was at no greal distance.

sfber the deposition of the Silverado there wes a
period of uplift and Tfolding. furing this pericd there were
intruded some dikes of andesites. it is not known whether
thers was any voleanle activity during thie period for no lavas
or pyroclastics are preserved. How long this period of
mountein building lested is unknown for there ig no fossil

evidence éﬁ%iﬂﬁ the erogion period.
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The next event is the submergence of the truncated
Silverado Tormation and the advence of the ocean. During this
advance material on the surlace was‘raworkad and formed into
a éaars@ basal aénglamarate. Material frum‘the dikes ip the
slates is found as huge boulders at no great ﬁiatahne from
their sourco. This formation was undoubltedly quite extensive
at onme time but erosion which took place after the next orovgenic
period resulted in the planing away of most of the beds. This
formation known ag tha_ﬁough was laid dows under much the same
sort of conditions ss the Silveradoe

The ﬁ@pesiﬁiﬁn of‘th@ two merine formations mentioned
forms the first chapter iﬁ the hiéﬁomy af the reglen. For a
period ranging from the sewwmwssm start of the evosion of the
Hough to the start of the deposition of the basal beds of the
Gf@tacaaus the record is one of igneous achivity. The first
event was the intrusion of a series of dacites. The present
3ierra Peak reprusents ap old stock of the dacite porphyry
which was expelled in an explosive fa&gion. The Sen Juan Hot
Springs formation, a series of lavas and tuffs, is correlated
with this series of vents.

After the vulcanism had coased there was a period
in which namerous andesite dikes, stocks, and bosses were
intruded. These were forced into the older rocks under great
pressure as is shown by the development of intrusive breeciss,
Any surface flows connested with the intrusive bodies of the
Kodjosks series were removed by subseguent serosion.

Following the andesite porphyries was a period of
relative quiescence during which osessional intrusive bodies

of dacite and andesite porphyries were formed. Thuse are

not of any groat importance in the Sanbta ina Fountains proper.
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The intrusion of the grapodiorite was the last event
in the formation of the basament complex. This exists as
tongues of & larger batholith to the south. it is supposed
to represent the same period that the gramodiorites of the Sierrss
reproesend. Thie intrusion was of the greatest lmporiance to
the Santa Ans Hountains for to 1% is traceeble most of the
mﬁ%amgr@hi&m of the older rocks. Thié was obvlougly hydrothsraal
in nature ra#har then dynamic metamorphism.
4fter the intrusion of the granodiorite the region was
raised and a period of erosion commenced. The ilgneous rocks
were laid barﬂjand planed off over g large area. It is during
this period that most of the removal of the roof pendsnts of the
metamorphics took place. On this surface in upper Cretaceous
times the ocean advanced laying down a ococarse basal conglomerate
which dus to the presence of much iron was later %o weathsr %o
a8 deep red. These basal red beds were marine, not continental,
in origin. The Cretaceous was deposited in shallow water near
BhOTE. / In some horizons extensive scour channels are present,
while in others there is a suggestion of estuarine conditions.
There is strong lateral variation in the Cretaceous. Sections
removed only & few miles from one another show siriking differencos.
From the lack of unifommity it is plain that the deposits were
formed along a coast and influenced by local pources of sediments.
ATter the deposition of the Creltaceous there was a
pariod of wplift, werping, and erosion. fueh of the Cretacsecus
was removed. During this period an extensive anrfaﬁakwas
developed at no great distance sbove sea level. Obn this surfacs
were deposited the basal beds of the Palegocone iartinez. The

‘initiation of deposition in the lakes and marshes on this flat

plain was probably due to btectonle changss to the east which
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resulted in the formation of a steep mounmtaln scarp. The

firaﬁ dsposits wers conglmmafa%ia but later ones were fimer

and included cleys snd coals. Thesesduposits were wvered by m
marine sediments due tu the lowering of the land and the upper
part of the section is g record of altsrmating aoars& and fine
marine deposits, The extent of the %&rtin@a.ia vory greatb.

it osours thwﬁghu&t the EBlsincre Valley and as far south as
Ocosnside. The surface on which these marshes and lakes of

the basal series occurred wers very extensive. The presence

of sush an extensive arvea of low Llying marsh lands close Lo the
ocean iz sotally unlike the souniyy today.

After the deposition of the lartinez was dempleted

a new period of uplift, warping, and erosion ook plsce in

which vast thicknesses of sedimente woere siripped off. 4t

the end of this period subsidence again took place and the
bomengine formetion was laid down. This is marked by & basal
conglomerste and then a series of aliernating coarse and fine
sandstones which are maési?eky bedded. Uross bedding is

common indicating rapid deposition. The sands of the Domengine
a8 wali‘aa those of most of the sediments ave well sorted showing
that grading o the material was rather thorough.

The Domengine was followed by another period of

uplift, warping, and erosion during which time most of the
formation was removed in this region. The Vaqueros sediments
which follow were laid down on an irregular surface as the overlap
of sandstones snd copnglomerates shows. The Vaqueros sea was

a shallow sea in which increasinpgly finer sediments were depesited.
The top of the Vaguercs is marked by & bresk in deposition.
“The sediments sitood close to sea level and wers eroded by currsnts,

Sinking of the bhasin resulted in renswed deposition bui this time
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Lram the weat. The schizt blocks forming the basal conglomerate
of the Topanga wors derived from & land to {the west made up of
metemorphics of the Catalina facies. The overlylng sandstones
of the Yopangs show deposition frum both landmsases. The most
interesting feature is the lagth of time representsd by the
disconformity between the formmitions. Whils 0o angﬁlar discordances
is recorded the Teunes are 8o disbinetly different that &
considerable lapse of bime is indlicated.

A@bter the deposition of the Topsnga there was renswed
diastrophlic actlivity and erosion removed most of the Topanga
sedinents and such of %ha‘Vaquﬁreﬁﬁ‘ On the surface formed the
shales and sandatones of the Puente formation were laid downe
Here agein deposition took plece in s subsiding area sand as
& result the formmaticn represenis shallow mater deposite through
guite & thickness of beds, During this period 1t is believed
that ths intrusion of the diabase sill in the Puente Hills
took place as well as the 4dlshase in the Sante Ans Mountains.

There wag another period of ervosion after the deposition
of ths Puente. The Caplstrsno beds overlying the Puenbe and
Vaquevss beds is a series of loosely cemented sediments of
shallow water origin. They probably are vreleted to the Fernando
- of the Puente Hills.

The folds of the reglon were developed during the period
following the deposition of the Cepistrarc. Thelr exmet relstion
$o the forees causing the elevation of the pressnt mounkdéins is

wnknown,.
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Gsamorphogeny

The lest chapter in the histery of the Santa ina
Hountaing is writtsn in the present land forms. This ?aﬁga .
which occupies a prominent position in Southern Cslifornis,
has had an intersating geomorphic history. Unlike the Coast
Reanges of the north which ave complexly folded and faaltad; it
is a tilted bloeck much 1like the ranges of the Great Hasin,
althourh in geographic trend and position it corresponds to a
contimation of the Coast Renges. Due to the bumidity it
rosembles the deserit ranges 11%#15 in topography, but rather

one of the Const Renges propel.

The Sents Ana Mountains comprise a renge running
from the Santa Ana Canyon onr the north to somes distance below
Trabuceo Canyon where there is an insensible gradation into the
Santa Margarits and Elsinore ﬁaun&aina; They trend in a
northwesterly direetion, forming a high couniry between the
low Perris Plain and the ocean. Their greatest altisude is
5880 feet and the waximum relief in the area mapped is about
5800 feet. The erest, which is only a fsw miles west of the
sastern base, has sn average elevation of from 4000 to 4500
fent and is rathar aven. ’?h@ high country is narrow snd equally
Tugeed on either side of the divide. The distance by itrsil
from Coldwater Canyon end from Holy Jim Canyon te Santiago
Peak is the same as 1s also the vertical distasce. In each
case the rise in o direet line of itwo miles is close to
4200 fzet.

. From the east the range stands out as a bold scarp

rising above the terraced Xlsinore depression. From the
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wgst there is no ipdlegiion of a2 smooth back slops. Rather
it appears $0 be made up of a high country sepsrebed by & valley
from g lower though equally ragged set of hills which ave in
turn et of f from & series of lower terraces éna the eoastal
plain in a8 very abrupt manner.

The evolution of the present bopography shows very
alearly th@ aaéiaa of three major ?raeassem. The Tirst of
these is the disseetion of the block conssquent %ﬁ‘tha inbere
mitbent uplift along the aaﬁtérn searpe. This is the contivelling
factor in much of the history and on 1% rest the other iwo
procesges which are unusual moedifications of the gyele of
arosion of block mountaing. The second ls the persistence
of master sireams, while the third is the action of the ocean
along the wegtern side of the blosk. 48 a2 vesuld of these
differant procegees the wesiery slope presents o rather confusing
aspeet at first sight. Unlike the typleal arid climate block
rangs the stresms do not follow the baeck slope to the base
where they form fans. They draip instead into e nester streanm,
Sentisge Cresl, which follows a course nearly parallel to the
front. 48 8 resuli of tho downcutbiing of Santlago Uresk thers
have come into existencs two topogrephle unide, vhe bhigh country
of the older rmekﬁ, and the foothills. These foothills instead
of sloping greduslly to $he west sre sharply cut off and rise
abruptly rram,th@ plein forming what hes been termed a fault
soarp by some observers, Sxominatlon shows that here the
block hsg been modified by marine erosion which has left lovw
lying terraces in the nsighborhood of El Toro and the San Joaguin
Hills.

These thyee imporiant synghronous procegses can not
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be separated in the consideraition of the developuent of the
present land forms. Henoes if the following desoriptions
appesr disjointed it is because interdependent details are

described by themselvoes.

The Bastern Hearp

It is cerialn from a situdy of the structhture of the
Jante Ana Hounbains that they represent an upwarped portion
of the earth's orust, the movement taklug place alongithe Klsinore
faulﬁ systen. The exisbence of & faull or rather & fault
systen along the eastern face i so apparent from the physiography
that little other than 8 cssual examinntion iz nseded to
sstablish the point. ?ﬁﬁ‘ﬁﬁﬁﬁﬁrﬁ Pace il 8 shesp rugged scarp
somparatively straight, with 2 number of fans developed at the
polints where the streams debouche. The Elsinore trough is &
complicated structiure which is the resuld of the rifting movenents
of the region. Humerous snclosed deprossions ss well as sag
ponds and hummooky ground gve common feabures. There thers
are branch fanlﬁa in the faece of the scerp offsed of stroams
may be obeserved. [Features such as irunceted spurs and facets
have been largely removed by eroslon.

The cesiern scarp is not an uncamplicatsd feature,
In places such ss Coldwater Canyon one foult ssems to be
ragponsible for the wholes digplecement. Un the rosd in Tin
Mine Canyon theve may be observed seversl fsults along all of
which considerable displacement has taken placse. Thus in
places the searp may be considered to be sliple and in other
places to fﬁyrﬁéaﬁﬁ step faultinge In this pupsr no great spacs
iz devoted to the sastern scarp sinece 1t is belng more thoroughly

investigated by another student of the deperimsnt. Encugh has
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been said to give a general idea of its appearancs and its relations
to the rest of the block. Plete XXXVIII is a view of the

searpy from the eesty which shows 1% in its typical form.

Hestern Slops

The western aslope ¢f the Santa Ans Mountains
represents the back slope of a warped block as may be seen
from an inspeetion of the structure seetions. The present
topography shows no unmistakeble ‘traces of the oldest surface
but theve is ope dnggested in the rather even crest line ,
the long even ridges cut in rocks of varied hardness and atiitude
and the extent of weathering of some of the waterial along
the eresi.

In the country Ho the south there are large aveas
of a flat 0l4 sge surface cut in the granltic rocks. This is
correlated with the Perris Peneplain. In the Santa ana
Hountains proper there is none of this left. This is perhaps
due o the fact that in the Elsinore llountalns elevations are
not 89 grest and the renge is wider, both faetors deaccelerating
headward ercsion. In view of the close relations of the
different reglons it is very probable that this surface was
gt one %ime continuous throughout the ranges.

The uplift of the weslern slope took plage in an
Intermittent fashion the record of which lise in the extensive
series of broad terraces. The relation of these ierraces
to regional movements rether than to differences in the loeal
e¢ylele is shown by the close similarity of the altituds of
. terraces in the different stream valleys. In all the drainage

areas terraces have been devsioped and the more luportant of
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thess may be correlated from one drainage %o the next. The
larze remnant in the southeast, Plamo Trabuco, scems to represcut
the same period that the terraces near the mouth of Silverado
Creek represent. The terraces in this reglon are quite numerocus
and some time coullh be spent in mepping them. However, it was
felt that such & detailed atudy would add no essential knowledpe

b0 the history of the region.

It i usual $o think of uplift of a fault block
rasulting in the Pormation of consequent streams on both
sldes éf the scarp. This iz the usual case in the arid ecyels
where there are no well deflned drainage systemse. In the
Sanba Ana Mountains the back slope presents little of the
appearance that one would expeet. The upper erest is separated
Trom the lowsr parit by & stream valley and the base of the
glope terminates in an erosional scarp. . SBinece structurally
there is no bresk en oxplanation must be sought in the history
of erosion. 4 consideration of the drainege pattern of the
Sonta ine Mounteins leads one %o the gonclusion that there was
a well developed stresm system in existence before uvplift
took place. Instead of flowing down the slope of the ranpe
Santisgo Creek follows a sinuous course along the face of the
higher country until it strikes the plain nsar Santa ina Canyon.
The stream is elearly not conpected with fauliing nor is it
the result of piracy for it itself is in immlnent danger of
eapbure by other stresme at several points. The present courss
along with the well developed side drainsge, particularly
from the south, suggests the inheritance of the present pattern.
An examination of the course of Sembiago Creek

reveals the fact that the creek flows along conbacts beitween
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the different formations or along the strike of these rocks.
In ite headwaters it is confined %o a shallow diteh in the
0ld rocks., Here little in the way of 4ifferential hardnsss

is noted, but at the bend where the stream turne 4o the west

it may be cobserved that an extension of the Uretecsous conglomerate
would have served as an admirable canyon wall ian the peast,.

A%t 2 polnt several miles down siream @9@@1&&@@&%@ blufls may

be noted on one side and slates on the other. The weatward

course 1z brokew below Hodjesksa's and the course of the ovesk
changes Yo the northwest following the Mertinez vhich 1z here

a long ribbon of soft sandstones betwsen the hard sandsiones of

the Cretaceous %o the sast and the hard Vequeros conglomsrstes

0 the west. This northwesierly cou

rae iz Pollowed throwh

minor turas. In penevel the course

the region with soms
follows the strike of the roeks closely until it spprosches
Slerra Canyon when it oute through Cretacsous and Vaguerss in its
egeape to the plains,

%ﬁis patiern, ecumparable to a gultier along the roouf
of & bullding, i= clearly an enomslousz one and not due to any
procesns of eroslon as developed on the beok slope of & Teuld
bloske [Plabe XAIX shows the position of Dantiago (resk ag
goen from Plane Trabuco. Hear @;& turn Sentlage Greek is

&

o

only 76 feet below the divide end the verticsl disbtance

the Trabues drailmpge level at thet point is 1500 fsed. 4t
this spot Santlego Ureek is in imminent duoger of capituve by

lenation of this

tributarice of the other dralnags. The exp
course by the theory that it represenits esseniially the old
course as developed on the 014 syrface ezplains not only thie
featurs but g%@%ﬁa& related onesg.

wlock

fied

tnday the above theory wplilt of th
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would produce renewed activity on the part of Santisgo Cresk
and also promote lateral cubting on the down slope side of the
creek. Throughout the courss 1t is notable thet the bluffs
are invariably betier developed on the down slope side and
that the terraces are more oxieusive on the wp slope side.
The position of the terraces recalls the slip off terraces
conmon on intranched mennders. The downward cutbing of Santiago
Cresk has been so great that canyons deep anough o hold
it have besn developed. Had latersl erosion playved the grealer
part the stresm would have been able to out out %o the plains
at seversl places forming several smallsr siremus,

The lmportance of Santlago Creek in the northern part
of the Santa Ana Mountains cannot be over emphasized. The
peouliar bopography « two 4divides on the same structursl blocke
ie dus to the setion éf*thiﬁ shrenn. im the development
&2 this topography we must visualize not only SBantiago Ureek
but its tribubavies. Santlisgo Creek flowed in a broad
shallow valley and on uplift was intrenmched. Flate XL shows
the relation of the present topography to that of the old
surface of the block. As may be seen from the plate uplift
measured in feet was greater along the present erest than along
the course Qf‘thﬁ ecresk due to the faet that it was farther
from the line representing bthe pin of the hinge.. It is aasily
seen that the couniry to the northeast of the creek would
suffer a great deal of orosion due to uplift while to the
gouth there would be very little. Were it not for the rapid
intrenchment of Santisgo Creek aggrading of the northward
flowing drainage would have taken place.

&euth\oﬁ Santisgo Canyon on the higher parts of

the crest are patches of 0ld gravels. Between these are remmants



-
]

.

o

.

-
.

.
.
yr,m M/WW%

S

-

L L
.

.

-

L

<

.

-

.

.

.

=

N
W
.
\,%

o

.
.

o

«@4

L

o

N
. ,




133
of broad gentle stream valleys. The oceurrence ¢f these forms
has always been something of a puzzle since they appear to
demand the existence of a rangs of considerabls height to
the seuthwest or e¢lse weme the 0ld channels of streams like
Blaek Star Creek and Sierra CUresk. The structure of the
block does not admit of a former elevated portion iﬁ the vieinity
of the present plain anuuﬁd vaina. The fgot that Santiazgo
Crosk represents the old drainsge pattern itself does away
with the argument that they are the lower paris of coursesof
gonsequent atreams which were eapturaa‘by Santiago.
Purther, the topography of these fsstures show that the origissl
direction of theiy dralpage was ‘towards the north and not to the
south. Under the theory ﬁutlina& these fegtures are shown to
be pormsl and are easily prlained. Tilting of the block
would decremse the grade of northeessterly flowing stresms
and exercise a preservative influence on thelr courses.
Until 5@&&1&@@ Creek had intrenched iteelf enough %o change
the base level for these streams i% is evident that their
valleys would either be aggraded or else balanced., Thus
traces of the old features of the prosurfece might well be
preserved for considerably lnagarjperiaés than bopography
located on southwest ﬁraiuaggs near the summlit, The features
thus need represent nothing more thasn the shallow featurves
found on old age surfaces. The necessity for a high land to
the southweset is then removed.

That the old gravels found along the ersst at an
elevation of 1700 feet are part of the prosurface is suggested
by the nature of the pebbles. Hany of these are granodiorite,

a roeck that is not present in the Santiago drsinage area and
is very secarce in ths old conglomerates due to ils sase of

weatheriag. The source of this material is across the present
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A% the present tlmes Sandiago le cubbins down 1is
bede This may bs due to rejuvenstlon by regional uplif
or by burning off of the vegslalion. From the mumerous
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shresm flabs developed only & few feel asbove the vresend

gtresm one would be teupled to say thet degradation was golng
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cutbing down rather then bullding vp in the pasi.

The drainsge system o the south od Sanflago Ureek

is somewbat lese couplicsted than that $o the north. Trabuso

which forms one of the lmportant streams is apparently

e

consequent stresm modilisd in its lower reaches by siructural

gontroel. Bell Uresk shows &n interssting bend where 1t @

from the old rocks. San Jusn River is & large importent
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trean which receives the drainage of Trebuco and Bell Canyons.

I% is to all oubward signs a coanseguent stream.

The sirssme mentloned ablbe are interesiing in thald
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grillsd with marize bovers in the San Josguin Hills south
or S ERTE Eihen Ei g i = 1% e sy 28, it &
off Bl Tero. Jrom thelr eppsarance they zeen o be vacant

boach boulders. The Tast that the ooesn has aovered at lsast

the lower plains iz inesompable. Thalt it surrounded the San

B

Josguin Hills is= highly probables The materials of many of
the torrases avound 2l Toro sugrest & marine origia. The sands
gre sloan and %&éé washad and resemble the ssnds of the
sodimentary formations. Their whidte color is in grest contrast
with those gravels arcund Plapne Trebuco which ave deep

wrown in soloy and condeln much admixed clay. The relation
af the terraces ¢n the San Jeaguin Hills to those ef the
sountry to the north sugpests that for each tsrvate developed
on one side a sindiler one wes devoloped on the other. This

is gquite myyarﬁnﬁ in the vieinity of San Juan Capletrano.

The jerraceg around El TYoro form o series of steps
down o the counbry o the west. The presence of terrases
formed by & northsoudh stream in this reglon is inconseiveble,
However the scavps bounding them are in the correect position
if we admit marine ovigin. VWhile evidence for marvine origin

iz not as conclusive sz 1% might be in the presence of shell
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.8 very strong.
The face of the foothills is considersd Yo represend
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an gld ses oliff. Uhile the terraces around Bl Toro and

van Juan re heing formed the ocean was cutbing
atoadily into the base of the range. ‘his cubhing back

58 o sbeen scarp and had ths same effect uwpon the sireans
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@ ﬁirgu@'wmul& do in harder material. One of Shese
‘mapnithosters is shown in Plaie 4LIVe  The shorinese of the
gtresme with respect to tho size of these features is note-
worthy . ue o the olrquelike sction of the siresns of
the western fée& the whole divide iz moving sasiwards.
The node of travel preserves the topography to the east
sxcapt for tmbsa parts camplotely removed by this sapping
procesg. The conirast between these steep walled cirques to
the west and the old walleys Yo the east is very striking.

Plate XLV shows the relations of the terraces around
£1 Tors snd a part of the face of the foothills. - The norihe
south trend of the terraces is of intoerest as is also their

veletion o the foothills thonsclves.

In swmeriging the geomorphogeny of the Senbte Ana
Hountaine one wnmld say that the mountains represent a part
off he old surface gorrelated with the Parris peneplain.
This has been ralsed along the Llsinore Tault system. In this
procsus Sentlage Creek, an 0ld streanm,maintzinsd its patiern.
By ths astion of Santiago Ureek,which has succeeded in
malntainiag its course, and the osean,which hss cit into the
lower side of the block,the pressnt topography has besn evolved.
Yhe physiography way be summed up as a very interesting
example of hami-arid climate modification of a simple warped

hloek mountain rango.
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C.1.100' Scale 1;42,000 approx.

Topography from U.S.G.S. Corona Quadrangle
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