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GECLOGY OF A PART OF THE SAN JOAQUIN HILLS

I. INTRODUCTION,

A, DISCUSSION OF THE PROBLEM,

The work on which the present report is based has
been done by Mr., Francls D, Bode and the present writer,
The problem was originally taken up as a thesls project
for the degree of Bachelor of Seience of the California
Institute of Technology. 3ince that tlime, the author has
Spent all time avallable for research under the Institute
curriculum for the Master's Degree on this problem,
Hr, Bode has also spent a considerable amount of time on the
ares since the original theses were writien, This study
has been carrisd on under the directlion of Dr, John P, Buwalda,
chalrman of the Division of Geology and Paleontology at the
California Institute of Technology.

The ultimate object in view in this work is a detalled
Inowledge of the structure and stratigraphy, as well as
of the fauna of the area., The lmmedlate result desired
in this thesis was a general account of the major structural
festures and & genersl knowledge of the stratigraphy and
faunas, This last result is thought to have been accomplished,
Details of structure in many parts of the area have yet to
be worked out. In the region between Laguna and Abalone
Point Canyon near the aoast, particularly, the structure
shTown on the map here presented is subject to revision,
It 1s apparently complicated; and our present conclusions

may be considerably altered in detall with further work.
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Likewiao, the general stratigrephic column is thought

t0 be satisfactorily known. Finer subdivisions can be nmade

and mappedfput 1t was not possible to do so for the presgent
report,. There 1s a great deal of paleontologic material

t0 be found in the Hills, Collections thus far made are
probably representative but not complete. The paleontologle
determinations here presented are tentative; further work will,
howevew, probably not alter the genersl conclusions drawn from
the paleontolgic evidence, It is hoped by Mr. Bode and my~-
self that, in the course of work to be pursued for the Doctor's
Degrae, we shall be able to complete a detalled study of the Hills,
¥r, Bode proposes to continue work on the structure; and I

hope t0 make detalled studles of the petrology and faunas of the

Vagqueros and Temblor formations,

B, GEOGRAPHY,

The San Joaquin Hills (also known as the Laguna Hills)
are located on the Coast of Southern California, 9 miles
south and slightly east of the city of Santa Ana, Orange County,
Californias; and 27 miles southeast, along the coast, from the
clty of San Pedro, Los Angeles County. The Hills are
bordered on the West and North by the flood plain of the
Santa Ana River and tributaries, On the South they are
bordered by the Pacific Ooean, and on thTe East by Laguna
Canyon, Thef town of Laguna lies in the southeast corner
of the aresa. Immediately to the West of the Hills, on

the coast, are the beach towns of Newport and Balboa,
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The ares mapped extends to the Fast of Leaguna Canyon
& short distance, It is bordered on the vest by a northe
south line paralleling Laguns Canyon and about 4 1/2 miles
west of 1%, On the North it is bordered by the alluvium
of the valley and on the South by the sea.

Ce. HAPS,
In the earlier stages of the work, the map used
wag the 3anta Ana Quadrangle Sheet of the United States
Geological Survey (scale 1:62500, contour interval: 25 feet),

This map 18 extremely unsatisfactory, The represgsentztion
of topographic features 1s glaringly inaccurate, Later, a
complete set of alrplane mars was obtained from Continental
Alr Map Company, They are excellent maps, A1l mappable

data are recorded upon thenm,

D. RECORDING OF DATA,

In recording attitudes of bedding on the map, several
degreas of accuracy have been indicated. An attitude with
the degree of dip glven indicates that all the data shown
were determined, The Greek alpha has been used to indlcate
cagses in which the general direction of dip was known and
thTe strike and degree of dip were approxinmately determinable.
A question mark has been used in csses in which the atrike
and dip appeared to be determinable but thcoe validity of
which wes questioned. Yany attitudes have heen recorded

in vhich the strike was determinable and the direction
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of dip generally known, but for which quantitative dstermination
of dip wae not posasible. In such casea no figure waa recorded
for dipe. In other situations, the 4lp being knowm within
limits, such linits were recorded,

¥any of the econtasct lines are dashed. The significance
of the dashed 1lince 1s that the contzct is thought guite
certainly to exist, but that its position is not exactly
known, In case the existence of & contact is definitely
uncertain, 1t has been quslified by the use of guestion
marks, The profiles used in constructing structure sections
were taken directly from the alrplane mosailc, Elevations
were obtained by the comparison of topographic forms on the
mosale with those on the Senitz sna Quadrangle Sheest, This
method has proved to be falrly sastisfactory, in the absence

of any better practicable method.

Es FIELD METHODS,

Field wmethods were those of ordinary usage,. Bearings
end determinations of bedding attitudes were made with the
Brunton compess, The use of airplane contact sheets was
found to be an i1deal procedure, except for the absence

of elevations.
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il. PREVIOUS LITERATURE,

R, P, ¥oLaughlin and C. 5, Waring (1914), and
Lawrence Vander Leck (1921) make mention of the San Joaquin
Hills; but no signifieant work dealing with the area
hes been published except that of &. O. Woodford (1925).

Woodford makes frequent mention of the San Joaguin Hills.
He gives a sketch map including this area. In most of the
area designasted in this map as Vaqueros, we have found a
Temblor fauna, There also appears to be & considerably
greater sreal extent of sediments of the Jan Onofre facles
thCan the map suggests,. |

In this report we shall use Woodford's terms: EZastern
Bedrock Complex, and Yestern Bedrock Complex. He defines
the Dastern Bedrock Complex &as the " The plutonlec and metamorphiec
complex, perhaps entirely of Hesozolc age, which bounds the
narrow coastal strip of sediments on the Zast", The
plutonica ére granites and related but more basic rocks,

The metamorphicse are netemorphosed Triassic slates and schists,
There are also acid to intermediate voleanlos,

The Western Bedrock Complex is found on Catalina Island
and in a swmell area on Jan Pedro Hill, both of which are west
of the Tertiary belt. It 1s characterised by its peculliar
metamorphlic facles, in whioch are found such minerals asg
crossite, lawsonite, and glaucophane. No rocks of a similar
nature occur in the Eastern Bedrock Complex,

The distinctions drawn by Woodford between sediments

composed of minerals from these two different sources have
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been of great value in establlishTing the field relations
in this area. Distinctive minerals {espocinlly glauecophane)
from the Western Bedrock Complex are readily dlstinsuiched

in the field if larse enouzh to be zseen with a hand lens,
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III. PHYSICAL ASPECTS OF THE AREA,

The San Joaguin Hills congtitute the westward extremity
of a belt,of similar hills which trend along the coast
toward the Fest and South until, a few miles to the East of
Laguna Canyon, they merge with the Santa Ana Mountszins on
the North. Signal Peak (which is not named on the U,3.G.S.
maps) 1s the highest point in the Hills, with an elevation
of 1185 feet. It is centrally located in the ares,
The alluviated country to the North and West of the Hills
novhere has an elevation of more than 200 feetl, Drainage
heads at the main crest trending eastward from Signal Peak,
and runs in a general northerly direction toward the walley
on the one hand and in a southerly directlion toward the
gea on the other, At the eastern and western ends of this
erest, drainage radiates nermally into Laguna Canyon and the
Inner Lake (an arm of Newport Bay ocoupying an old channel of
the Santa Ane River) respectively, Laguns Canyon drains a re-
latively small portion of the area, szlthough its head lies near
the northern edge of thoe Hills, from which region 1t runs g
southward between the Jan Joaguin Hills and those on the East,
opening into the sea, Remnanta of old sea terraces are evident
at many different altitudes from sea level well up toward the
highest point, The concordant elevations of many of the long,
level ridges reaching seaward from the main orest c¢f the Hills,
and thelr abrupt terminations n-oear, but not at, the shoreline

mst inescapably be interpreted as remnants of old terraces.
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In most cases the terraece deposits have been removed
from the hlsher levels; but a few ocases remain where the
coverinzg is still present,

The ¢limate is that which 13 normal to neighboring
coasgtal reglons. It 15 more humid than that of coastal
renges farther inland, For this reason and for the
further reason that the elevations ars slight, 2 soll mantle
is found covering a great deal of thse area, Vegetation,
which is also normal, is contimous over mich of the area;
although brush is noot unmusually heavy., The prevalence of
801l mantle and vegetatien, and consequent lack of exposures
of the country rock, constitute 2 great hindrance to progress

in the field,
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iv,. STPATICRAPHY, LITHOLOGY ANT FAUNA,

A, QTNEPLL,

Stratizraphic moasurements were computed from the
mappad dat Thug they szre zpproxivebions, and are uszsful as
such, Byentually, the seccticne will be messured by msans of
planc-~table traverses, TAthologlie data are taken from fleld
obeervetions, The faunag 1 ave been tentatively dotermined
on the basis of their more common forms., Furthar work may
shonge detells, but probably will not alter greatly age
detorminations,

Mo Basgement Counlex rocks are oxposed in the Jan
Joaguin Hills, Thoe rocks found here are 21l of Yiocene and X
later ages, The sedliaonts within the mapped aren sre all
of undoubted locene oge oxcapt the Nuaternary Harine Terraces;
with zlz2o the poasible oxception of a series of sandstunes
underlying the Vagueros conglomerates, whioich will be
discussed later,

The sediments of the Jan Joaguin Hills are congidsred
&g 8 geawerd extenslion of those of the Sentn Ana Mruntalnsg.
There appears no reason “or susnpecting that “he ey wars not
1sld down in the zame bhasin of depoasltion, which shall be
here deaignated the Loe hingeles-Santa Anz Basin,

The cuestion of nomenclature of California Yiocene
sedimente is an open one, Louderback (1913) promomses the
term "Fonterey Series" to include the sedlments known under
the deslgnetions Vaquaeros, Temblor end Montersy, He cone

‘slders these groups as representatives of an essentially
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continuous poriod of deposition, Vagueros and Temblor
would be used by him to designate the Turritells inezans
and T. ocoyana zones respectively; and Monterey would
deslignate shale formations of the type fou nd at Monterey,
which might be 1in part contemporaneous with the Vaqueros
and Temblor zones or be of later age. The dats of some
authors agree with this general idea, and of othors disagree,
Eew (1924) oonsiders that the Topsnge (equals ? Temblor)
overiies the Vaqueros unconformebly and that the Topengs 1s
everlein in turn unconformebly by the Moadelo {equals ?
Montorey). Tnglish (1926) states that the Topanga overlies
the Vaqueros with conformity but that the Puente sh-sles
(oquals ? Monoterey) overlie the Topenga unconformably,
Hoots (1931) says that the Vaqueros (?) is apparently
conformably overlain by the Topenge and that there is &
striking unconformity between the Topanga and the overliying
Modelo, TWoodford (1925) finde the Temblor in depositional
eontact with the Vagqueros at certain localities snd with
the Tejon at others, indlcating extensive overlap and
probable unconformity, He considers the San Onofre
(upper lemblor) to be interbedded tn 1ts unper portions
with the overlying Wontersy shales, indicating s gradational,
transitional ocontact, B, N, Moore (1930) finds, in the
Santa Ana Yountains, a disconformable relation between the
Vaqueros and Topanga and unoonformity between the Topanga and
thoe Puente shales,

In the 3an Joaguin Hills, the only locality in which
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the Temblor appears in depositional contest with the Vagueros
is in the vieinity of Abalone Point Canyon, 1 1/2 miles from
its mouth, The beds In this vieinity constitute 8 long
fault sliver iIn vhich the strike of the beds lg in goneral
at rizht an(zles to the slongation of the blosk, Hera,
In & series of shalss and fine szndgstones wilth coarser sand-
gstene beds intercalated, is found a Temblor fauna overlying
a Vaque;aa fauns, the two being separated by about 300 (?)
foat of shales with thelr 2ssocinrted sandstone beds, Mo
sharp anld sustained 1llthologle bresk ig found between
the two faunasy and none oesurs for some dlshance atratle
graphically zbove the Temblor feuma snd below the Vagueros
foune, No angular dlscordance has been observed; und,
conslidering the contimuiity of the lithology, thls is
hardly to be expected. These foets are here interpreted
to indleate continuous deposition between the time of
existence of the Vagueros fauns and that of the Temblor
fauna, in thls ares,

Llttle evidence has been found regarding the nature
of the depositional contaoct between Temblor sediments and
¥onterey shales, Within the srea mapped the relation hetwsen
these two formations is largoly one cf favltinCg} probably
more 8o than is indicated on the map. Toodford (1925) has
disoussed this relation to some extsent, a8 found in and
around the Sen Joaquin Hills, His conclusion has been
mentioned above: that the relation is & transitionsl one, with
interbedding of the materisl of the two formations, One
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bit of evidence found in the present investigation is
sugcestive. In the vieinity of Fmerald Bay, shsles of the
tymicel Monterey sspect are found overlyins conformsbly beds
of the 3zn Oniofre fecles of the Temwblor Torsaticn. The
relation of this occurrensce 1o the other zediments of the
neighborhood is not well tmown; but thisg loecel condition
seems to correoborate Voodford's concention, which we shall
gagept in thia poner,

The conclusion drawsn by the writer from consideration
of dats of investisators in surrounding resions spd that
fourd in the Zan Joeouin Hills 1is thst TLouderbsek's acon-—
eception of the ¥onterey Serles ig essgentisily corvect,

The three Tormetions gnnezr Lo renvesgsnt 2 period of nore

or lesa continuous deposiilion, The exigitence of uncon-
Tormitlies betweon the formatlone in eertain regions ard not

in othzrs is concelved to be the outcome of diestrophle
eetivity which brousht the edges of the baains of deposition
into the zone of ecrosion at various times, while the desper
end more seawsrd portions of the bezmins undsrvent continuous
deposivion., In general, 4t zappears that the three formations,
Vaouerovs, Texblor and Yonterey, weres muiccesgive in time; altho
the Yonterey sheles, or similsar faeles, may have been in part
1814 down contemporsnecusly with parts of the lower scdlzents.
Tt is conaidered therefores that the Vogucros, Tenblor snd
Yonterey formations sare valid ss such; =nd not merely ag zones

or feeles,
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As for the propriety of these nonmes, Vagueros is a
name in zood standing. The name Tenblor has been discarded
by somz2 authors in faver of Tonangs, The two are essentially
equ_ivalent, aceording to the litarature; snd since Temblor has
the rizhts of priority, and apparently no serious fanlts, we
shall use this neome, MYonterey 18 sn old nare, Faunal corre-
lation with the Yontersy type section 1s as fecsible zs with iype
Hodelo or Puonts; therefore, we shall use the ncme Monterey,
in preference to odelo or FPuente.

Ag more and more detallsd work is done in tho different
Mlocene basins of depceitiong of Californla the correlation
between deposite in different reglons will undoubtedly be=
come more and more exsct, If, then, the eguivnlence of
sections renresented by later ncmes with thoge represented by
sariler nemes 1z disproved, the later namez may legitimately
be used, In the meantine, since the genors) emivalencae
of the sediments in the fan Jomguin Hills to those in
early recognized sections iz falrly certzin, we chall use

the old names as stated zbove,
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B, VAQUEROS PORATION ¢ LUVEE HIOCTHTI,.
1, Goneral.

The Vaqueros formation ocuterops chiefly in the
northern sn? northesstern parts of thoe areo, The top of
the gsection ls not exposed here, but ig fourd in the
vicinity of Abalone Polnt Canyon, oo mentlioned above,
where 1t underlliss Temblor sediments,. The totsl est-
irated thicknoess of Vagueros exposed in the area ls
5100 faest, This Tlzure was obtained by compuiing the
thickness of the serles along cross-saction line A-A!
and 2d4ding to that Tigure tho estimsted thicknese of the
section found in and near Abslone Polnt Canyon, Probebly
this leaves an unlmowm amount of the complcote seotion
unrepresented; bocsuge 1% is thought that the lowest
sediments expozed in Abslons Point Cenyon are higler then
the hishest beds expoged along tho line A-4%,

Throughout, the Vagueros scdliments heve boon derlived
froz the Fastern Bedrock Complex. They ere conaldered
to be entirely of marine origin, cltho some of the red beds
pay indlcote very ghellow water and estuerine conditlions
Guring pért cf the time of dencsition, feur divistions
are recognizable, 2ltho time wes not sufficient for mapning
them senarately., These sre, from bottom to hop: {1} n»
gorias of gendotomes, (2} conzlowsrstes and sandatones, (3) fine,
ef sandstones, (4) bHlue-cray sheles with interbedded sand-

gtoneas nnd sendy shales,
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The oldazt heds, consisting of z serles of gandstones,
are found lmmadistaly to the Yeat of the «”fhaw weat dike
of the two paralleling lLaguna fanyon in the northeastemrm
part of the aren, Tha dlke ropresents s foult along which
Intmision hes taken nlage, T™his proup oF bods i3 hounded
on the West by a fault wihleh bringe “hem up agoinast the
Tenblor, The base ¢f the asorles is not cexposed, dus 1o
the fact that it terminates downward in the section sgeinst
the intrusive moas, The compuled thlckness of the sories
is YA00 feet., It 13 assisned to the Vaouoroaz becsuss the
bedsn underlie, with no anpersnt depositioncl dreak,
the conglomerates which in turn conformably undorlie heds
boea=ive 2 Vaoteroz fnunc. Mo fosells have been found in
thern, They conform in seneral chorocher and stratigrephie
nositien to similar heda found by B, ¥, Moore (19%0) in
the 8anta Inn Yountzina,. Altho thoy nay be pre-Yoqueros
in 2ga, no evifcenoe exe ent thelr conslstent Litholosie
diffarence from the scction sbove hes becn found o substantiste
this nogaibhility, Unon oneountering 2 heovy conslsmerate
Bcrles, one 1s cntitled, in Californis Tertizry probleus,
to rugpeet & bBroal pogiltion for them. This does net coom
to be the crae here,

The grndstones sre coarse-groined and arlosies,  They
are well rmd maseloely beddeld, Tho hoovy, cosrvrce bels ore
gseparatad by be’s of fincr-~grainsd =rnds ond sendy chale

in some places, Toward the top of the section is found a
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peculiar white-weathering bed, which has been mapped for
some distance, It appears to be 2 bed of conglomeratic
sandstone which contalins a certain amount of whitish
material which may be ash or limey materlial or both, 4t
one time 1t was thought that this bed represented a nonw
conformity. There eppeared to be boulders of sandstone
similer to the underlying (and overlying) sandstonese in 1it,
Pinally it was deelded that those blocks were the result of
weathering, and that confarmiﬁy axlsted thru the bed,

Overlying the sandstone series, between these beds and £
the Vaquerosfremblar fault, apparently conformably, are the
Vaqueres conslomerates,

3+ Conglomerates and sandstones,

In addition to the above=montloned cccurrence of
the basal bedg, the conglomerates are emnosed between and to
the East of the two dikes persllelins the northern reaches
of Laguna Canyon, They are here bounded on the South by the
Vaqueres-Temblor fault, and extend a considereble distance to
the North of the fault, dlsappcaring toward the North hocause of
faulting aiéng the lineas of the dikes and beccuse of folding,
The computed thickness of the conglomerstes is 1600 fest. B,
N, Yoore (1930) states, regarding this serics of conglomerates,
that "In Santiago Canyon it is about 150 feet thiek, to the West
in the front of the range it is zbout 300 feet thick, and in the
Zan Joaquin Hills it is considerably thicker". Our somputations

bear out this statement emphatically,



The constituonts of ths conclomerata asrise are
Szfinditely fdorivetives of the Testern Dedreek Somplex.

o 4 oy - 2 S : ENS b R
¥o tracn of the posullar motornorphice freles of the YWestern

{

Zadrsek Tounlzx wos found in theu. The eapectsg of thes
conzloneretss »nd thone of Ientlego Oenyon are zeen In Plate 1,

-

Mguree Y end 2, The aebbleg and cobbles vary un 4o abosut

5 inches in maxlmum Alametsr, They zare composed of finaegrained
ignecus roek (rather acldlc norohyrics, moatly), sone conrser
seidie intrusive vook, quartzites, :nd some sebists and other
natanoernhlices, Thay are well roundsd and bedled, The matrix

18 & eonorge nriosilc sondatons, apnorently falrly well washed,

The eonslomerats beda Trecuantly weathor ocut In thick reafs,

They are umaally woll Lndurated, beerias o ¢nlesroous coment.

-

In many ~lacoeg, voartionlarly in the vieinlty of Looune Canyon
Lamedintely to the Nordh of the Vagueros-Tomblor feoult, these
conrlomerstes wozther sut with o very distinetly red color,
There are cocrae gandstone beds intercalsted with the conglome-
erates. The conslomerstic matarial onooars 4o cotme into the
sectlion sradationally a2t thez bzage and to crade oub ot the Hop.
In the northemn part of Tacuna Canyon nra found cutorops
of white, nrikosio, vary blotitic zandstonng, interbodded with
rad muddy olay materisl (Plate 1, Pig, 3.)., These are here ine-
cluded with the nndarlying conglorerats nerles, It %48 thouzht

thet these bels en? the reddish s«nlor of goue of the conglomere

atos may indicete shellow water dvrins devosition, TPerhaps the



18.

depth of the basin fluctuated between truly marine depths and
those of estuaripe or marshy conditionss Low numidity might
scoount for lack of organlc debrig in shallowewuater deposite in

this crge,

4, TFine-grained sandstones and shaled,

Lyilng above the conglomerates, apparently conformably,
is a computed thickneas of 700 feet oi Tine-grained, nasslve-
bedded {for the most part), light yellow-buif colored sand-
siones {(Plate 1, Figure_#). Thege are exposed in the nar%@rn
and northeastern parts of the area mapped. The series 1s wall
bedded, altho sometimes massive, The beds are falrly well inw
durated and bear a limonitie and salcareous cewment, Quartzs
is the predominant mineral oresent; there are considerable amounts
of feldspar and lltule of wicaceous winerals, intergalated with
the sandstones are very limey, csoncraitlonary bads, Botn the
sandstones and the limey beds frecuently bear fossils,

In the vieinity of Abalone Point Cenyon, about 1 1/2 miles
from ita mouth, oceurring a8 part of a fault Liock or siiver trend-
ing poricnwestwsoulieass, ia fouad a sarics of fine-grained buff
Culiored sandsiones, mosuly massiveeibedded, overlaln by coarser
sandsiones Dearing a rurriteila inezana fauna. Th&ée iast are
inberbodded with plue=gray snsles, which consitiiute the msjor
progorvion of the gediments nigher in che section, inay cone
tein interbe&&e@khiﬁ pandsitones (up o 5 fest itnick), iibove
the sasles lies a nsrd, couarse sandsione bed (10 fset ? thick)

beeriug & Jurrlteilisz ocoyana faund. ADOVe tila bed are found



PLATE 1.

Figure 1. Outecrop of middle
Vaqueros conglomerates in the
northern part of Laguna Canyon.
(Page 17)

Figure 2. Vagueros cor=
glomerates in Santiago
Canyon, Santa Ans Wountains.
(Page 17)

Figure 3, Red clays and white
arkosice, biotitic beds of
the Vagqueros of Laguna Canyon
(Page 17)

Figure 4. Fine-grained, buff
Vaqueros sandstones exposed
west of highway in the
northern part of Laguna
Canyon., (Page 18)
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nore blus-gray shales, very similar to the material below

the fossil bed. The whole series appears to be conformable,
The base of the T. ocoyana fossil bed 1s taken as the basge of
the Temblor formatiem and the top of the Vaquercs, The
estimated thiokness of the section from the lowest beds ex~
posed (terminated by faulting) to the base of the T. ocoyans
bed 48 400 feet, Since the lowest sediments here exposed,
fine-grained massive-bedded, buff sandstones, are very similar
to the highest beds of the Vaquercs section exposed in the
northeast part of the area, and since this section seems to

be continuaocus upward to the base of the Temblor, it i
considered that this seotion lies wholly above the sediments
measured in the other region, Possibly there is & small
thickness of the section in common between the twe loealities;
but 1t is thought more probable that a portion of the complete
sectlon is not represented in either loeality, We have taken
the sum of the thioknesses in two different localities to
represent the exposed thickness of the formation in the mapped
area, No direct evidence as to whether the shales and sandstones
lying between the T, inezane fauna below and the T. ccoyans fsuna
above should be called Vaqueros or Temblor has been found,
Indications point to continuous deposition, with no sharp lith-
ologic break in the sediments, No mixing of the two faunss
has been detested, The intervening shales have not been found
to contaln any fossils., Under the conditions, the name to be



applied to the shales has been looked upon as largely an
arbitrary matter, It seems loglceal to oall the sedinments
Vaqueros until the appearance of the Temblor fauna; and this hes
been done,

The composition of the fine-grained buff sandstones in
this loocslity is, as has been mentioned, very simllar to that
of the highest member described in the northeast part of the
Hills., They are very quartzitic, fairly well indurated and
aontain a limey cement, They are easlily weathered, except for
the fossil beds, which contain more cement, The sandstone beds
in which the Turritella inzana fauns ocours (overiying the fine-
grained buff sandstones) are somevhat coarser and perhaps of a
darker, more grayish color in the outorop, These are similar
to the thirmer sandstone beds intercalated with the shales high-
er in the section. The shales are interbedded with the T, ine~
zana~-bearing sandstones, and become more prevalent upwerd in the
seetion, They are blue-gray in color, fine-~grained, sometimes
sandy, are well bedded, have Aistinct shele-parting, and are
often very well indurated by reason of limey cement., Intere
calated with the shales are hard, calcarsous, concretlionary beds

which form prominent outorops.



¢, TEYBLOR FORMATION, MIDDLE MIOCENE,
1, General,

As stated above, the base of the Temblor formation
hags been recognized only in the fault dlock trending
northwest-southesst, traverssd by Abalone Point Canyon
about 1 1/2 miles from its mouth, The strike of the beds
in this bloek is in general at right angles to the elongatien
of the blook, Upper Vagueros beds are expcsed in Abelone
Point Canyon, Toward the Northwest, higher and higher beds
are exposed, including uppermest Vagueros, lowermost Tembler,
snd contimaously higher Temblor beds for some distance upward
in the section/

The stratigraphlic level taken zs the bage of the
Temblor 1s the bage of 2 hard, ealcarecus, rather coarse~
grained, messive sandstone bed sbout 10(?) feet thick,
Thig bed is apvarently conformsble with the Vaqueros seriea
below, It contains a distinotive Turritella fauna composed
of several varisties of the T, ocoyana group, About 200 =
300 feet stratigraphically below this level, occurs a T, inesana
fauna, as discussed above, No mixing of the two Turritella
faunas hes been found anyvhere in the area,

¥r, W, H, Corey and ¥Mr, Wayne Loel have done a great
deal of work on the Vequeros and Temblor formations and faunas,
A publisation by these two men on this subject is now in press
at the Univerasity of Cslifornie.

Some of the contentions set forth in their paper have
been stated by Corey in papers and remarks given before meetings
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of geologlonl organizations within the last two or three
years, ¥r, Bode and the writer have glso briefly discussed
the subject of Vaqueros and Temblor faunas with Mr, Gaioy.
One of the most interesting and pertinent conclusions
reached by these two authors ias that there was a period of
time in the present Southern Californis region during which the
faunae previously supposed to be respectively charasteristiec of
the Vaquercs and Temblor formations lived together in the same
basins of marine deposition. Turritella inezana and other
forms had previocusly been supposed to be distinative of the
Vagueres formation, T. oocoyana and 1te sssoclietes had been cone
sidered diagnostic forms for the Temblor, Corey reports that
in several localities T, inegana and T, ocoyana or their
varieties have both been found throughout certain sedimentary
sections, A characteristice fauna or assemblage, called a
"traneition fauna", has been found associated with the simul-
taneous ceourrence of the two species of Turritellas,
¥r, Corey stated to Yr, Bode and the writer, asbout 3 years ago,
that in his investigations he had found what he considered the
Vaqueros-Temblor transition fauna in the San Joaquin Hills.
However, he stated also that he could not say definitely that
he had found a mixture, or overlasp in the time ranges of the
two Turritellas (T, inezena and T, ocoyeana) in this ares.
During the investigations upon which thia report is based,
many fosslil localitlies have been found in which Turritellas
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formed & large percentage of the fauna, They are the most
abun&aﬁt gemus found in the sediments of th( area; and they are
widely soattered throughout the ares snd the seation. In mo
case have we found any aevidence to the effeot thet T, inezana
or any of its vearieties occurs simultanecusly with or strati-
graphically higher than T, ccoyana or its varietles,

Consequently, it has been osonsidered during the course
of this work that T, inezana is distinodive of the Vagqueros
and T, ocoyana of the Temblor of the San Joaquin Hills,
Further study on,more complete fossil collsctions from the
area and sonsideration of the dats presented in the paper by
Yoel and Corey, when 1t ie made available to the publis, will
bring ocut more details regarding the faunsl problems of the
region,

The tera Temblor formation as here used includes all
sedizents bearing Turritella ocoyana and ites assosiated fauna,
The Sen Cnefre breccia and its assoclated beds are included
within the Temblor formstion, as a facles, after Woodford,

The limitations of Woodford's definition of the facies are not
thoroughly understood. Apparently he used the term for the
nore bracsis~like phages of the glaucamphibole-bearing sediments,
In the absence of complete definition, and since the boundary
between sediments whioh bear glsudamphibole constituunts and f
these which do not 1s apparently more sharp than that betwsen

breccla and non-breccia phases, we have used the term San Onofre
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facles to include all sediments bearing Western Bedroock Com«~
plex minerals. This group of eediments has such dietinctive
charseters, fleld and laboratory, that it would seoem to be
worthy of the status of a formation; but we zhall not depart
from Woodford's usage,

The San Onofre facies appears to be entirely conform-
able over the lower Temblor sediments, derived from the
Bastern Bedrook Complex. Altho 1ittle ovidence regerding
the depositional contaat between the San Onofre facles and
the overlying Montersey sheles has been derived from this in-
veotigstion, Woodfeord's conclusion that the contaot iz grad-
ationsl is borne out by thia evidence,

The total thicknees of the pre~San Onofre seotion
of the Temblor is computed t0 be SA00 fett., This figure
is aprroximately the same whether computed on the weet flank
of the goneral arch of the Hills or on the Fast flank,
using in the latter ease Woodford's bese of the Temblor,
which he defines as "the base of & pebble bed with glaucenm-
phibole schists, beneath which no blue schist Fraine werae
observed", Thie contast was not traced during the present
study; but the corresponding contact on the west flank of
the srch was traced in detall.

The thickness of the San Onofre fasies has not been
computed, There is no unfaulted sequence of this member
within the limits of the area mapped. It ig safe to say
that there is a thickness of something over 1000 feet exposed;
but this figure means little since it 1s estimated from the

base t0 no partiocular point in the section,
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2, Pre~San Onofre Temblor,

The pre-San Onofre Temblor sediments make up the main
sentral and aéat central part of the Hilla,

Above the basal Temblor sandstone bed, previocusly
disousged, are found about 300 feet of shales with inter-
calated thin sandstone beds sbout 5 feet in maximum thickness,
The shales are very similsr to those below the begel bed, They
are blue~gray in color, fine-grained, scometimes sandy, have dis-
tinot shale parting, ere regularly bedded, calcarecus, often well
indurated, but 4o not weather prominently except in the case of
cortain limey conoretionary beds of slight thickness, The
interealated mandstones are mediumecoarss-grained and well-
bedded, They aleo are similar to the sandstone beds found in
theghale series below the Temblor contact, Overlying this
series are massive, fossilifercus sandstones,

In Abalone Polnt Canyon, about 1 mile from its mouth,
1s Tound a series of shales overlain toward the Fast by sand-
stones, These are spparently low in the Temblor sestion and
are sorrelated with the shales and overlying sandstones mention-
ed above,

Overlying the shales conformably 1s & computed thiok-
ness of 6100 feet of sandstones, which are in turn overlain
eonformably by the sediments of the San Onofre facies,

These sandstones are mostly massive and well bedded, They
vary in texture from cosrse to fine-grain, the former pre~
dominating, Quarts is the most abundant mineral present.,
There are considerable amounts of feldspars, Femic minerals
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are not asbundant; they are limited largely to mloaseous
minerals, probably mostly blotite, The gement i in

genorsl eslearsous, altho seme limenitie materisl is

present, The grains are feirly well rounded, and well
sorted, [Espesially in the higher parts of the sectiom,
beds of pebdble songlomerates are found, These &are usually
well defined, ranging up to 6 fest in thiclkness (Plate 2,
Pigure 1), The pebbles are composed of Eastern Bedrock
Complex rocks, Aaid to interpedlate volcanloes are frequent,
Yore coarsely orystalline rocks asre also found, of roughly
granitie composition. Quartzites, sohiste and glates are
alao found, but not in large mumbors, The average maximum
longast dispetsr of the pebbles is under three inchesa,

They are well roundef, (ool sorting is the rule. The
matrix 1s similar té the adjacent sendstones, Fine-grained
sandstoneg ere pregent, but form & minor percentage of the
section. These are generally mascively bedded end present
& punky sappearance, They look very mich like the fine~
grained sandetones in the upper portion of the Vamueros sestion.
The Temblor sandstonsg sre generally wall infurated; the fine
sandstones less so than the ccarse~grained beds, Typloal
wopthering forms are seen ir Laguna Canyon, Prominent reef
beds with savernous openings are of freaquent occurrenss,

The dominant coloy of the series veries from grey to buff,
Tuls section is intermittently fossiliferous throughout,

The fossiliferous beds are usuzlly better indurcted then those
barren of fosalls.
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3. San Onofre facles,

The Ssn Onofre fascles of the Temblor formation Ls found
within the area mapped in its greastest areal extent in the
northwestern part of the area, In the extrems northwesterly
region it conformably overlies the lower sandstons unit of the
Tembla?, dipping westward on the west flank of the general sreh
of the Hills, From the southeastern bﬂrﬁiﬂn of this area of
dan Onofre sediments, they extend as a long, narrow faulﬁ blook
for some dlstance in & southeasterly direction toward the &qpu
of Laguna, To the north of Signal Pesk and to the East’and'ﬂorth
of the area described immediately above, lles & northerly-trend-
ing graben of San Onofre sediments, This extends as far north
as the valley alluvium bordering the mapped area, Aghip,lbnthhe
vielnity of the towm of Laguna, in the extrems suqthmaatarn part
of the srea, the 3an Onofye occupies a considerabls sres, This
facles also ocouples & large area to the Zast of the reglen here
studied,

Ag previously mentioned, no thickness has been computed
for the San Onofre facles, becmuse no unfeulted sequence exists
within the area mapped, Probably over 1000 feet of thess sedw
iments are exposed here, Yoodford gives = thiclmeas of 2600
feel for the San Onofre facles, Aleo due to the absence of any
unfaulted sequense of considerable extent, no stretigraphic
8ucscesaion has been sstablished within this unit,

Feow fossile heve been found in the San Onofre sedimonts.
No colleotions from this series have been made; but at one
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1oeality (114) immediately north of the western part of the
town of Leguna, Turritellsa occoyans was recognized in the fleld,
The base of the San Onofre sediments is best seen at the
osontast with the lower Temblor sediments in the western portion
of the area, It is also exposed in the vieinity of Laguna, north
of the tom. The description here given is taken from the former
locality., The contact appears to be one of sonformity and grad-
ation. The highest beds of the sandstone series below are massive,
coarse-grained, quartzitie, ealsarecusly cemented sandstones,
Theae are overlain by similar sandstones interbedded with shales,
The contact wes manned at the lowest horison in whioch glaucemphi-
bole particles wers consistently found., This horizon lies within
the series of sandstones and shales, a short dlstance strati-
graphically ahbove the more boldly weathering sandstone reefs of
the lower unit of Temblor sediments, Accoumpanying the glaucam-
phibole particles in the lower San Onofre sediments is found
large percentsge of Rastern Bsdrook Complex minerals, Some beds
appear to be wmade up almost entirely of the latter, Blotite,
which 18 relatively scarce in the more chaéacteristic 3an
Onofre sediments, 1s often present in these basal dbeds in cone
siderably quanity. Apperently, drainage from the West began
bringing inte this area small gquantitles of Western Bedrook Com-
plex minerals, from a newly emergent block, while deposition of
detritus from the Eastern Bedroock Complex was still actively
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taking placs, The sandstones of these besal beds are rather
mesalve and sre well bedded, Sometimes crossbedding is very
premivent, within ths larger bedding units, They vary in graine
size from medium gﬁk gparse, 1In color, they ore usuzlly
graylsh to buff, They are in genersl such more poorly lndurated
than the sandstones of the underiying series of Temblor beds,
They weather much more essily. A marked topographic break along
the contuot may be obemerved, The shales interbedded in this
part ¢f the section sre darlt gray or brownish gray in color.

They are vell confined to beds between the zandstones, but lsm~
instion within the shales is not so prominent as, for instance,
in the lowermeost Templor shales deroribed sbove, Ne celcerecus
lenses were found intereslzted with these basal shales of the

San Onofre, A rather charseteristic feeture of the sandstone
beds of this part of the section is the frequent presence of
particlaes or pebbles of shale nesyr the bobtiom of the bed, but
cefinltely within the sandstone, above the sontact with underly-
ing shales, These particles may have any orienteation of cleav-
&ge. TWhen this phenemenon wes firet observed, it was thought
thet nonconformity was indieated, Further observaetion dlis-
¢losed “het the featurs was a rather common one In this part of
the seotion, too gonersl) in beds at Jiffsrent stratizraphic
lavels to indicate nonconiormity. It 1s thought that these
particles of shale represent reworked bits of the material

over which the sandstones were lald down, They may or may

not have dsveloped their shales aleavage before reworking,
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They may qulte concelvably have developed thely shsle
claavege in thaly prosent positlons with respest to encloaing
sandstone beds, during induration end dlastronhiem,

Procecding upword in tne mection from the lowest
consistant occcurroncs of glaucamphibole particles, the content
of Testern Badrecck Jomplex minerals increases, Fhales
become less frequent, FPins-bedded saadstones, medium~ to
fire-groinsd, ore algo t5 be found,

Included within the San Onofre gection srs Breoccias of
very coarse, angular fragments (Flate 2, Fizures 2 anmd %),

The largest of thesz breccia bloeks chserved in this arvea is
gbout 10 feet in length., From thie size, the constituent
blocks end fragments may vary to mloroscopic particles,
Little sorting i3 irn svidence, Bedding iz uzually 4dis~
tingulishable, dandstones are interbeddsd 7ith the breasis,
Thess, and the brecols meirix, are compozed of Tlner angulay
fragmenta, 411 sizesz of frogments are ordinarily derived
from the Tesiern Bedrock Complexy porticulzrir the larger
sizes are wholly of Testorn orisin,  Toodford {(1923)

hes deseribed these bede in mimte detsil,

Sray sandstones, usuelly wassively bedded znd mediume
to sosree~gralned are found 2:soclsted with San Onofre sed-
iments, The stratigraphic relstion of thése bede to the true
Sen Cnofre is not alweys determineble; but their genersl essoci-
etlion with these sediments ls evidont.  San Onofre minorals oan
not elweye be dlstinguiched in these beds with 2 hand lens; ladb-—
oratory methods would probably reveal thelr presence, Beds



Figure 2, Block of glau=
cophane gchist exposed in
sea ¢liff west of Lagunae
San Onofre facies of the
Temblor formation,

(Page 30)

PLATE 2.

Figure 1. Pebble-conglomerate
beds in the pre=San Ongfre
Temblor, Outerop in Laguna
Canyon., (Page 26)

Figure 3, Large block of
gnarled, metamorphosed
sedimentary rock from Wester
Bedrock Complex. San
Onofre facles; west of
Lagune in sea cliff,

(Page 30)



of this description are Tound in the vielnity of Laguna town,
Sheles of & grayish sllty sort ars sometiaues associated with

thege beda, Thay also are found 8t Leguns.
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i 8 HONTFREY FORMATION, UPPER MIQOENE,

hite, elliceove chalee ocourring in the southwestern
part of the area are veferred to the lonterey rerma%ian;
Leoording to Toodford (1928), these shales lie probably
conformebly above the San Onofrae facies of the Temblor
formation. Practicelly no evidense 1s ohtainable in the
ares manned bhearing upnn the stratigraphic position of these
heds, The secourrense ot Tmerald Bay in which white, siliceocus
ghales of the Monterey type sre seen to overlie with conformity
beds of the %an Onofre faniee, has been nmentlioned above,

The relation of these heda to others in the visinity L& not well
inown, but they appeay to be interbedded with other %en Onofre
sediments, Thio Dears out %eodford'es conclusion that the two
unite ere gradstionelly relsted, In the sounthweetern portion
of the aren, depnaitionel) conteots have been mepned betwaen

the San Onofre snd the Montorey ashalea in twn loocalitise,

Thase contocts 0 not throw any licht on the stratigraphis
relations hetwesn the twe units, Struactursl relations in these
looelities are Imown to be complieatad; and theea contsets

nay be in pert due to fenlting, No Posslls wers found in

this formatien, The distinctive litholoszy of thess beds

ie in definite socord with the conoclunion that thay are of
Honterey sge,

The top of the Montoprey seetion 12 not exnosed in this
ares, On scoount of thig fret and that the saction 1s
hopelesaly orumpled and Aistorted, as well a2 being poorly
exposed, no measurement of the section has been attempted
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peyond & vough estimation of 2500 feet for ite thlckness,.

The sspeat of the lnontereoy formstion in thls azrea ias
similar to that of other correlatives of the type Vonterey
in Southern Californie, The ¢lif?f sastion along the shore
from Abalone Point northwestwerd to Newport Beach constitutes
an exeellent exposure of these rocks, They consiet mainly
of white, sillceous shale. The texture is normally very
fine. For the moet part the shales are herd and Tiimty,
tut some beds are soft, punky and of low daasggz. Con=~
eretionary bods are found, of very hard, dunse limestone,
Intercalated with the shales are ccocamionel zrsy sandstone
beds, a few feet in maximum thickness,

The Yonterey formation is best studied ir the ares te
the ¥Weat of that here mspped, in the region of Newport Bay
and the Inmer Lake, In this locality oceurs a zently folded
antieline, in whieh the sequemve of beds could be deternined,
It 18 noped that this eres may be studied in the futurs,
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e QIATEERARY HARINZ TERRACE DEPOSITS.

Harine terrece deposits of Flelstoeene age are [ound
cleng Lhe voastline of this srea {Flate 3, Figures 1 and 2).
They cever terraces reaching back from ihe see cliffs,

Their clevalion sbove see level is in the nelghborhood of

75 feets 1In oue locality, lumedlately to ihe North of

Leguna town and sast of Leguna Canyon, & suall, dlssontinuous
area of tless deposiis has been wapped =zt an clevation of adbout
700 Tsete Tu the West of tne area mapped is found a siiuation
simllar to thls lasi but of larger extant, There usy be small
paiches of thoss sedlments at other levels =nd obher localities
on the seaward slope of the Hlllsj but none have been definitely
located and mapped,

Thess dsposlts Lave been assiznsé to tha Pleistocens
besause of thelr undisturbed condition, ax@ept fox elovabtion,
and becauss they llse unconformebly over sail older sediments,
Horth of Balbos, ir, iverett Zawards of the Califoranie institute
reporte a lower Pliocene or uppermast tlocens forasminifera fauns
and en apper rilocene fauns from silt beds overlain by terrage
Geposliie which are evidently contimucus with thouse of thisg area,
hn abundant marine mailuauan fauns 1s found in sertaln of these
terrase heds; but no psleontologle work has been done on them,
The genersl aspeci of the terraces and tuelr deposite is very
sballar Lo that of such feabures in uwhe vieinity of San Solre.

1he mejor percentage of Lhe terracy deposiis conalste of
fine~ to medlun-grained sands, There are sowe conalomerathe
bods, mainly basal. Some clay materiald 1s also found, in
minor amounts, Constituent minerals may ve from either the
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Lasteyn or western Bedrocik (omplex; but appeer to be malnly
from thé Zasb, They are probably almost entirely derived
from the loesl Tertery sedimentis, The terrage deposits

sys very slizhily Andursted and eselly weathered 1n%&\b&d~
isnds topogravhy {on a smel) scale), TLoeslly, cementation
by 11ﬁ£n1t1¢ and some calcoarsous material haa'prasreaaad to

a sonsiderable desree, and sertain beds are consequently well
indurated. The typlcal aspects of these terrace daposlis are
shown in Piate 3, Figures 1, 2, and 3,

Th@ neximum thickness of theasa deposits iz probably 100
fest, Ths normal thickness is mush less than 100 fest; but
et sertzin polnte the deposits Fill depressions in the pree
FPlelstoocene topopraphy, and are therefore above nverage
thiciness,

Unfortunately ihese terraces mask arezs nesar Laguns
v¥hich are sirategie in the unravelling of the Tertiary

geology of that region.
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gure l. Basal shell-
conglomerate bed of
Quaternary Marine Terrace
deposits unconformably overe
lying Monterey shales, Ciiff
along coast southeast of
Balboa., (Page 34)

Figure 3. Quaternary
Marine Terrace deposits
exposed north of State
Highway, west of Abalone
Point. (Page 35)

PLATE 3.

Figure 2. Closer view of
locality of figure 1, above,
Monterey shales truncated
by basal Pleistocene bed,
(Page 34)




», RRIENT ATIOVIUH,
Ranent slluvivm 18 found in lLaguna Canyon and in the

heda of larger &rainsges in the northsrn psrt of the srea.

364

Its pocurrence otherwise in the aree has not been considered

sufficiently important to werrant mapping., The northern
elze of the Hills is bounded by the slluvium of the Santa
inn flood plein, Within the northern part of the area,
the alluvium attaine a considerable thickmess (50 ? feet
maximom), Some o® these denosite may be of warine oriecin,
aontinens with the Plsiatocene cadimenta in the southewn
ot of the ares. Pul since no marine rhells or other de-
finite avidence of marine dapogitien have been found, these
srs considared to be of terrestriel origin, and have been
g0 manned, Alluvisl deposite are indleated on the map

by unaeclored sress,

Muoh of the alluvivn found in the northern recion isg

rathar fine-crained sand snd silt, Pahble bede and coarser

detritus are also found, The alluvinm found in Lepuns

Canyen i3 typiezl rivor cravel,
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G¢. IGNEOUS ROCHE,

Cuterops of Agneous rock are scattered throughout
the area., The ragion betwesn Signal Peak on the West end the
Yaqueros-Temblor fault on the Zast is relatively free from
these ocourrences; also the area imnedliately south of thie
razion.

The izneous rocks of the ares are readlly divided into
two gyoups: thoge of intrusiva origin and those of extrusive
origin, The exbtrusive rooks are limited sresly to the
reglon along the coast from TLagune to Abalone Point,

The intrusive roeks ocour as diles ond nipes which
have svidently been intruded slong zones of weakness, eiiher
faults or fracture zones, The chlef arsa of culerop of
these rocks 13 along & north~south line parslleling the course
of Laguna Canyon, & thort dlatance to the “est of the Canyan.

In this region 1s found an interrupted serles of dikes ektendxng
from near the northern 1imit of the arsa to the north odge of the
marine terrace deposits in the towm of Laguna, These dikes are
essentially vertical, They are most preminent and hove the #
widzot outorop in the northern reglon, where they scour in two
lonz, contimioud, roushly permilel outeropns, tsrminated on the
South ﬁy the Vaqueros«Temblor fault, South of this faullt they
become less continuous and dileplay a2 dranching effsct in the
mapping pattern. Plate &4, Plizure 1 shows one of tha dikes
southbf the fzult. The general clongation of thlg zone of ine
trusion 1s parallal to the direction of strike on the east

flank of the genersl arch of the Hills, on which it is found.



PLATE 4,

Figure 1. Intrusive dike. Figure 2. View of west dike,
West of Laguna Canyon and west of northern part of Laguna
gouth of main Vaguerosg- Canyon. Showing abnormal in-
Temblor fault in north- duration of sediments nesar
eastern part of area, : intrusive contact. (Page 38)
(Page 37?

Figure 3. Typical aspect of Flgure 4.  Spherical weathering
dike; west of Laguna Canyon forms exhibited by dike rocks
in its northern part. East in various localibies,
main dike, Differential (Page 40)

weathering of sediments and
lava ig evident,
(Page 39)
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The aontaatg af the 4ilke rooka with the sedimants
Intrmadad sonozra to he alpost inveriably Intmialve,
£ oogalible sxasntion te Lthe rule 18 the aése in whioh the
trand of the dlkes 1a offesat Dy a8 fault trending in 2 general
asetswant dlreotlion west of the mmell lakes in the northemn
pext of Taguna Canyon. The dikes ars hore mannad az deing
offsel by faulting sudbsaquent to intrusion. PFurther study
of this sltustion mey ravenl that the fsmuliinge took plaoce
arevious 4o intraelon, and that ths fractures op Pfaults
alomg whioh intrusion took place wore Alaplsced rather
then the dike 14smell, In thils ease the conltaets here
woald he intrusive instead of foult enntacts, and tius
eonform to thd conditlona fournd elzovhors in ths nraea,
A rother mlicht haXing offes’ 15 the only sponarent resuld
of 2 netamornhis naturs »% the intruaionns on the intruded
gedinentas, Thig 1a dlevlzyed omly Lrmedliately st the
sontoet, 4 oronouncsd increaze in the degrse of irduration
of sedimente neor intrusive contaote in frequently seem,
Thig 1a spparently dve to absorption of silica and ealzite
from the aslutions emenating from the intruding bady,
Induration of this noture is seon in a2 striking fashion
alonr the sontaats of the nore western of the two strong
dikes 10 the West of Leguua Canyen irn 1ts northorn rescheg
{(12t2 &4, Figurs 2),

Dcourrences »f dikas 2nd nines other than those included

in the prominent zono decoribed ohove ars oo numerous to be
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disoussed here, Vol g8ll of these culsrops have been mapped,
Somae are very uminor in erezl extent, They display the same
general oharsoters desoribed above for the more significant
fccurrences, In the northwesterm portion of the ares sre found
two large ocutocrops of Llgngous rock, These have net besn studied
carefully; they are thought to be intrusive mcases, the olass-
1fleetion of which i: not clesar, They are of the sare general
compogition and texture as other dike rockes of the area, But
they ¢o not have the mapping pettern of dikes; they may be
modifled sille.

A8 o rulg, the intrusive rocke westher much mere
readily then the surrounding sediments (Plete 4, Tgure 3),
For this resson few loselitles have produced gamples of
sufficlont fresknees for laboreatory study., Some exeeptions
to this mile are foundd. However, lasck of time hes forbidden
thin-pection exzminntion of any of the lgnecous rockge The
veuel texturse ic that of a rather fine-grazined porphyry,
with ephenitic groundmass. Poth the phenocorystis and ground
maes may vary conslderably in ecarseness. The texturs of
certain speeimens toien from the more eastern of the two main
dikes in the northern part of the ares is much cosrser than
that of the usuzl dlke rock of the area, and is not porphyritie
ut L8 of 2 uniform, medium phanerie nature, The acidity of
these rockes variesg, Ths ususl ¢ase 18 one of rather hisher
then medlunm acldlty., 2tristed feldepars are sbundant,
Orthocless 1s rare, Guarts is ordinarily laoking; the spesimens
mentioned above from the east dlke being an exseption in this

respect alsoc, Femis minerals are not usually found as pheno-
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orysts, in the uniform-greined specimens biotile is

present, Other than {bis, dark winerals are indlstingulshe
uble, Some rocks from the intrusions in Lbe aorthwestern
part of the area appesr Lo Le wore basic LlLan the usugl dike ¥
rock, These are also finer-grained purphyrises than the ususl
Lypes. A% various pointe peculizr spherical vealLhering lorme
are found (Plate 4, Figurs 4). Thase may be due to aa%§§i¥3
segregation or to concretionsyy action.

Caleclte is very frequautly susosisted with intrusive
RABEGSE, it ocours slong the conteacis and in fracturcd
portions of the surrounding 1'ocks,. The calelte probebly
crysibalised out frow iiquids derived Ivrom the inlruding nass,
during and after intrudion. Shrinkiug of the iuntruding Lody
mey have left cavities in whioh tine cslolite wes deposiied
alony the conteaai, Tho winerel 1is oftan found in large,
well developed orysials, in woescs up o &koul 1 foot in
dismetor,

“he extrusive rocks ave scatiered slong the coust from
Legune to Abalone Polnt, (Sce Plate J, Figuves 1 ond 2),
Conteots are ordinarily not well expused. AL Acslicne loint,

co P ite northwest alde, the cenlact of the lave with the
underliying Lonterey shale appesrs Lo oconsliot ©f an eglonerate.
It 1s peiiiially ooversd by laudslide materisl, and is nci very
satislaotorily expoced. 2ut froaw what csn ve veeén, Lhe
sgglomerate, coupcsed of fragments of verious worte fiou the

underlylng sedimonts and the overlying lavae, veems 1o give
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definits indication of extwusive conditions, Columnar
etructure 1s well displayed st Abslone Point snd in the
road suts of the State Highway a short Adlstanos west of the
gemter of Lagnna towa, This jeint structurs, the attitude
of the contact 2t Ahzlone Point, =nd the genersl arszl pattern
of tga lavaes 2ll indicate that the genersl dip of the flows ia
toward the sez,

These extrisgive lavas ars ordinarily very fine-grained
and anhaﬂitic.3 Thay ars rather basic 4in comvasition. ¥r.
Bsel states, orelly, that some of the leoves contain 2 large
zmount of analcztez The zeneral commosition of the extrusive
rocks is considered to be nesr that of dbasalts,

The miestion of the age of these icneous roske is a2
d1ffioult one. All evidence in the sres tends to indicate
thet the intrusions were vost-strmature, or nossibly in part
contemorznecus with develooment of structure, The structure
1s obviously nost~Terbler, since Temblor cediments are intimate~
1y involved in ths structural fostures, TFurthsrmore, ascept-
ing Woedford's conclusion thet denoesition was continuous and
undisturbed in thig region from Sen Omofre time throuch Cepistrano
time, the structure must be post-Gaplstrano, As mentioned abave,
¥r. Tdwords has found lower (?) srd upper Pliocene foramin;fara/
fsunas in beds to the Nomth of Balbosj snd these are rather
oonfidently correlsted with the Canistrano foymation of Woodford
(1925) on the onposite {esst) nide of the San Josguin Hills,
¥oodford's evidence for conformity throughout the time interwal



PLATE 5.

Figure l. Extrusive lavas at
Abalone Point. Columnar cool-
ing structure is seen on the
right. (Page 40)

Figure 2, Extrusive lavas exposed
in road cut of State Highway; town
of Lagune, between Laguna Canyon

and Emerald Baye. Columnar structure
is evident. 3{Pa‘ge 40)
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eteted snpenve to be velld, g have ne cvidenge to the
contrary, Mozp, the strunture of the Mllle g obviously
0ld3esr ther the Platislocens tzrrazoes, Thie would 2lsce the
gtractare and Antrazionz in the Pilsistotens; nrevume®iy in
the Yower hzl¥,

The sximasive lanesues rocks of the srses sye ol2er then
the terrose densosits, Thet thev are younzer than the zaln
period of dsvelopmsnt cof the Hilles 1¢ evident from the fagt
thet they —wers extruded unon 2z surfoee in rhick the stwuctural
velztions ware nseoentially 28 they ars tolay, It is »nrobable,
bowover, thet tho lovas wers not orisiunlly 1213 down with thelr
prezent dip toward the gsa., Thsrefore, 1t 13 coneluded that
they were sxtruded durinz the esrlisr part of Pleistovene time,
vhile the strusture of the Hille wmgs 8*111 in the wrocces of de~
velepment, or a2t approximately the smerme time 28 thet of the
Intrusiorns,

This age apaiconmont for the Agneous rocks of this ares is
ﬁtrikingiy Siffepent from the age of simllar lgneous roecks in
other reglont surrounding ths Tos Angeles-Senie Ane Tertisry basin,
The pertod of maximm volsocnie sctivity ie the Senta Yonies
¥ounteing and in the Tuente M1, for inctance, ig fourd 4o be
l2rpely eonfined to Temblor znd nre-Yonterey time,

I the Yontersy formetion ware urconformeble over the
finn fnofre faclag in this rerion, the strusture of the %an
Joamuin Mlle could heve beom deoveloped in the time intorval
repregsented, The nrazent investigction hos not hrousht forth
evidence t0 this effeot, Until such evidence has besen
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produced, %o must scospt Woodford's cenclusions, and deduce
thar®son ths aze o? the igracus rosks of this zres as lyluog
within tha sarlliar half of Plelstocens tima., IV 18 recog~
niszed that this 46 discordant with the ceologle history of
nelghboring regions; and that further investigetion may prove
that an unconformity existe within the post~Tomblor Tertlary
sedlmentary coectlion, allowing this sge sesigmment Lo be

changod,



Ve STRUCTURE,
A, INTRODUCTORY REMARKS,

It 18 belleved that the major structursl features
ef the San Joaquin Hills have been dlacovered during the
present investigation, Further work will, however,
probably alter present conceptions of the mechznliem of
certain lines of faulting, and will add other detalls not
now known regarding folding and fauliing in the area,

For instance, it ia possible that the fault which brings
the Vaquercs in the northeastern nart of tho arcas up against
the Temblor will be found to oonsist of two interseeting
faults instead of one continuous feature as here mapped,

In the following discussion, faults are believed to
be vertical unless otherwlse stated,

Alego, 2t 18 convenient for purposes of discussion to
consider the existing portion of the orliginal arch of the
Hills a8 the stable block, and to refer to minor blocks as
having besen dropped down or brought up with reference to it,
This may or may not be literally true; but the conoeption will
here be used as a convention,

B, DOMINANT FEATURES OF STRUCTURE,

Fundamentally, the 3San Joaquin Hills constitute a broad
arch, plunging toward the North, which has been altered to an
extrome degree by faulting. This arch, in its unfaulted
state, would expose no sediments older than early Temblor,

asguning the existing relations between the remaining portion



of the arch and sea level to hold true, Faulting has
brought Vaqueros sediments, well down in the section, into
the zone of erosion in the southwestern and northeastern
portions of the ares.

The trend of the arch is generslly northesouth,
This is indicated by the approximately north~aouth strike
of the beds exposed on its flanks, at some distance from
the axie, The arch is assymetrieal, Dips in the
unfaulted portion of its west flank range sround 25 - 30
degrees toward the West, The axis trends generally
northward in its southern part, swingius toward northwest
until cut off by faulting., To the East of the axls
dips range from 10 to 20 degrees north and northeast for
some dlstance, after which they swing graduslly to the East
and increase to about 25 degrees again on the East flank,
From a hasty glance at the map, the conclusion might be
reachad that the section on the west flank was muoh thinner
than that on the east flank, This aspect 1la due to the
assymetry of the arch, and is descepiive, since computations
place the thickness of beds on the two flanks at approximate-
ly the same figure: about 4450 feet.

The major lines of faulting trend north of northwest.
In 2 general northwest-southeast directlion through the central
part of the area from one limit to the other, extends a
Zone uncut by major faulting, To the Southwest and Northeast
of this zone faulting has played havos with the structural
continuity of the beds,
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C. STRUCTURE IN THE SOUTHWESTERN HALF OF THE AREA,

The unfaulted body of Temblor sediments in the zone
mentioned immediately above strikes generally southward,
toward sediments of Vagueros, San Onofre, and Yonterey
ages, as well as blocks of sediments of the same stratigraphle
unit as themselves, This zone or belt of roocks of various
ages ie separated by a contimious but irregular and branching
series of faults from the main unfaulted block, This system
of faults is a very complex one.

About one mile inland from Laguna and Arch Beach
1s found a fault trending in a general northwestward direction,
which drops sediments of the San Onofre facies and upper pre~San
Onofre Temblor sediments down against Temblor sediments lower
in the section. The fault appears to dip toward the Southwest
at an angle of probably 75 degrees, It is complicated by a
parallel fault to the North, which joins the main fault at
both ende, , The area between the two faults includes Temblor
gsediments whlch are considerably disturbed, but wkihhrawpect
probably not displaced to any large extent, with respect to
the main mess of sediments to the North, Displacement along
the main fault is estimated at 1000 feet. It extends eastward
beyond the limits of the mapped area., Toward the Northwest 1t
probably trends into & branch of the dike which outorops uninter-
ruptedly for about 2 1/2 miles north from Laguna, west of
Laguna Canyon. Probably preintrusion faulting took place
along thies dike (or the zone along whioch intrusion took place

later), since the sedimentary seotion measured at right angles
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to the dike is thinner than should normally be expected.
The faulting along the 1line of this dike has interrupted
and off set =znother fault striking inte 1%, north of Leguna
and west of Laguna Canyon, from the Northwest, Zast of the
dike, this feult appears to continue in tho same general
direotion, but with lessened displadement, This fault also
has brought the San Onofre down agelnst lower Temblor sedl-
ments, The depogitional contact between the Jan Onofre and
the underlying facies of the Temblor parsllels Laguna Canyon
on its east wall, snd 1g cut off on the South by the fault
described immofiiately sbove and on the Worth by the flirst
fault deseribed,

The fault daseribed immediately above, which is off-
set at the northesouth dike (not by reason of faulting
along the line of the dike, but by reason of the existence
of the pre~intrusion fracture st the time of faouliing along
the offset structure), dies ocut less than z mile to the West
along its strike, The displacement occurring alovg it is
taken up by another fault trending into it from the Southwest.
Thie in turn diee out and the displacement is taken up by
84111 another fault trending west of North, which terminates,
toward the North, two parallel fzults coming in frem the
Northwent, The result of this whole continuousg system
of faults, slong whigh movement is thought to have ocourred
sim l¢anecusly, has been to drop higher sediments on the



PLATE 6,

Filgure 1. View of region
traversed by north-dipping
fault; west of Abalone
Point Canyon, about 1 1/2
miles from coasgt.

Vagueros sediments in Tores
ground, Temblor in back=-
ground, (Page 48)

Figure 2. Exposure of main
Vaguercs-Temblor fault,
about 1 1/2 miles east of
Signal Peak. Locality 42.
Temblor fossiliferous sand-
stones on left and Vaqueros
red conglomerates on right.
(Pege 54)




3outh and Southwest down sgainat lower sediments on the
North,

Batwean the two paresllel faulte mentioned immediately
above occurs & block of San Onofre sediments, The more
southerly of the two has been mapped as dying out toward the
Northwest, after cutting off the “onterey-San Onofre deposition-
al contasct, which extends northwerd and westward from its
point of termination sgainst the fault, This contact,
mapped as depositionel, is probably further disturbed by
faulting of an unknown character. The more northerly of the
two parallel faults extends continuously for 2 or 3 miles
towerd the North and Northwest, before dying out, dropping
the San Onofre sediments down in turn ageinst lower Temblor
gediments, Vacuerocs sediments, sgain lower Temblor beds,
upper Temblor rocks of the pre-3an Onofre faclies, and finally
lower San Onofre sediments,

Branching off toward the Zast from the fault described
lmmediately above are two others, one branching nesr its
southeast end and the other near its northwest end, which,
by intersecting with others to form a system, finally pineh
together toward the 3Southeast, thereby enclosing a bloek
composed of Vaqueros and lower Temblor sediments. This
bleck 1s traversed in its eastern part by Abalone Point Canyon,
It is bounded on the South-west by San Onofre sediments, and g
otherwisge by non-3an Onofre Temblor rocks ranging from the
lower t0 upper parts of that section, The northeastern

boundary of the block is a fault about 2 1/2 miles in length,

Plate 6, Figure 1 shows the aspect of this boundary, This
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fault 3ipe, abnormally for this area, at a minioum angle of
probably €0 dsgrces, If all the curvature of the trace as
mapped wers due to dip, the ansle would be wuch less than

60 deprses. In the more sxirvemely curved portlons, soue of
the curvature ls thouzsht to be Jue Lo actual curvature in
the faull surfaose, Since the dip of the fault is toward
the yvoungsr sediments, it 1is & normal favli. The maximum
stratigraphic Jdisplaceument along this faull is estimated to
be in the nelghborhocd of 3000 feek. Thig displacenment

13 believed to have hed no horizontal component except that
necensitated by dip. The stratigraplile displacenent ¢of the
southwestern edge of the bloek, relative to the San Onefre
sedimente sgainst vwhich 1t is faulted, is much greater than
that shown on the northern edge, estimated above, being about
7600 fect,

Other faults of & minor nature are present in the
gouthwestern hell of the ares mapped, wiihin the block
discuassed immadiately above and elsewhere, These will
not be discusgsed Turther,

An interesting Teature of the structure of thls part
of the area 13 the presence of several well-defined, persistent
linea of fracturing., Three of thesse fracture zoneas are
prazant. The most easterly of the iLiree is cut off on the
South by the north-dipping fault botween Temblor sediments on
ths YNorth ond Vaqueros sedimentis on thse South, at & poilnt on
the weat wall of Abalone Point Canyon, about 1 3/4 miles from
the Canyon mouth. From this point,it trends west of North,

swinging to almost due North. The next such zone branches



off from the west side of the firat, a short distance from
its termination at the fault., Likewise, the third zone
branches off from the second at a point not far from the juncture
of the latter with the first zone. The two more westerly zones
begin with trends west of North, the western-most trending more
toward the West than either of the other ¢wo. These last two
also swing toward the North during their courses. As a group,
they form a radiating pattern, the angles between them being
small, At 3ignal Peak, the two eastern-most of the three zones
become faults between whioh a greaben of San Onofre sediments has
been dropped down in contact with pre~3an Onofre Temblor sediments,
The westernmost zone of the three contimies as a fraeture zone
as far toward the Northwest as the depositional contact between
the San Onofre faocles &gé underlying Temblor sediments, There
it appears to dle out, Poesibly the reason for the dying out
of this fracture here 1s that the less indurated San Onofre sed-
iments were capable of absorbing the stresses which caused the
frectures without the development of definite planes of fracture,.
In good exposures these zones are seen to be sharply de-
limited by well-defined diseontinuity in the beds which they
traverse, The width of the bend of frastured, brecciated
rock vailes from a few feet to over 100 feet, The material
within the zone is made up of fragments and blocks derived from
the beds outeropping in the immedliate vicinity., These blocks
may be of any slze, up to the width of the zone, In outerops
vhere the zone is wide the bounding surfaces may be seen at
times to traverse the bedding as separate fractures, while the
intervening materlial may conslst of a relatively undisturbed



Pigure 1. Frezc ture zone south
of Signal Peak. The two
separate fractures here repre-
gsent bounding surfaces of one
main feature. The interven-
ing region properly constitues
the whole zone.

(Page 51)

Figure 2. & condition

similar to that of figure 1,
along the same zone of
fracture, (Page 51)

Figure 3. Fracture zone south o
Signal Pesak. The same bed is
seen to extend away from the
fracture from corresponding
points on opposite sides, with-
out change of position or
attitude, (Page 51)
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portion of the surrounding beds, contimious wiith the latter
axcept for the breasks due %o the Limiting plancs of ihe
fracture. (S8ea Plate 7, Pigures 1 snd 2), Ths rule 1a
that there has been no net dlsplacemsnt alons thasa zones,
Beds exposad in sontimions outersp up 3o ono linmit of ths frace-
ture zomeg are Trequently to be seen extonding awey from the co-
responding point on the opposite side of the zona with the
same aY¥titude (ses Plate 7, Pirure 3)., Tocally, nesr fzulted
regions or intersection of fractures, the beds troversed are geen
to have different nttitudes on opposlte sides of the zonei altho
noe net dlsplacoment gan be distinrulshed. Fzeeptionslly a
small displacement hes taken place along certain portionz of
2 zone, Thege frastures treverse bedding irrvesvective cf its
attitude,.

Thege phenomzne are rether exqeptionsl, at lesst within
the experierce of the writer, -£1ltho no certain explenstion
of the orizin of these obgerved frcts is fortheoming, various
1fe2s reporded zp probable may be set forth, Il mey be that ﬁ
thege zones represent inciplent feulte, This 1dea ig borne out
by the fact that tvo of therm setusally becosms Teults of considers
able dlsplecement sldmz thnsir trerd, They nay reprzeent planes
or surfzeces alons which vibrotionel movements hove taken place.
If major diaspi=cement hed taken plsce alon: them, the dela on
elther side vould rursly not hove Tinally roturned ts their
eriginal relative nozitions, In any caze they may be regarded

&8 ineciplent faults in the sense thet stresg applied to the
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region in its present condition would undoubtedly dbe relleved,
at least Iin part, by movement along these surfacesn, They may
heye originally beecn formed elther by shear stresses or tenaion-
2l stresses in the portions of the orisinal arch of the Hills
having greater than average radius of curvature. Ovkhey may be
the result of o combination of these two tynes of stress and of
othars, It would seem strensge that no disnlacoment should
result 1f the atregases wers puraly in the nature of shear, Pere
hapag elesn, rectilinesr breaks of thie nature could not, on the
other hend, be expeceted from purely tonsiorzl Torces.
Infremiently, intrusive lavas are found slong these zones,
From this fzot snd the further observation that the mapping
pattern of the dlkes in the eastern part of the zree is
gtrikingly similar in general aspeet to that of the fraecture
zones, 1t is deduced that theazs structures on vhich the dikes
voere intruded which were not fanlis were probably of the same

nature 28 the Tracture zonesd.
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T STFUCTURE IN THE NORTHEASTTERI HALER QF THE ARTA.

Structure to the Northsest of the northwest~southeaste
erly-trending srea of unfaultsd beds sxtending through the
central part of the arez from oneo linmlt to the other iz very
mich more simple than the structures to the Ssuthwest of this
unfaulted zonse,

The most slgmifieant structural feature in this northe-
saptern half of the aree 1s the Vaqueros<Penblor fzult, Thie
featura hrings the sedimente of the former formation up =zgainst
those of the latter series for a distance of sbout elx miles,
The Tault trends northrestwardly througzh the oree from the limit
of the map eart of the confluence of Toro Uenyop #nd Legnns Cane-
yor to the slluvium of the Zante fnz flficod plain in the northe
west part of the map.

This fault wns mepped lzte in ths nromress of fald work,
Trroughout o sreat deel of 1ts extent, it ¢ not resdily observable
in the fieold., Am field work nrogressad, ovidence of favlting
ir different perte of the nresant mannct extent of the fault was
nore and more Tracuently ensountersd, Twontually, concurrence
of the dotp made necessrry the exdiatonce af o £oul%t such as that
mepred, or if not 2 eincle contivmzoug folé, then s gories of
Interzecting frults, Bercring in mind the domond of dcte alresdy
accumileted for the exlziengs of the fanlt, 2 detniled field ex~
eminstion of the rosmiona indigsted by the fota —28 made, Good
avidenees wg found at frecuent intervele slons the trace of the

feature for its oexlstenne, There ave of courees sreas in whioh
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An whioch its existenne can not be demonstrated,
In the nelghborhood of Toro and Laguna Canyons and
as far wost as the western dike in this reglon, Vaqueros conglou-
erates strike into the fault from the North with the same trend
a8 tha much less aongié;ora&ie Temblor sandstones and pebble~
conslomerates strike into it from the South.s In the earlier
part of the investigation this change from heavily conzlomeratiic
fmater&&l to pebble-conglomeratio sandstones wag thought possibly
to be the resilt of lateral wveristion. But the transition along
the strike of beds 1s found to oscur abruptly at the fault.
Nafinite diseontinuity of the dike series parallel to
Teguna Canyon and west of the Canyon is observed along the
trace of the fault, Intrusions aleng the fault are found to
oneuny &8 considerable proportion of its length in thie vieinity.
The trend of the dike series appears to he offset by thls fault.
In the region west of the dikes, Vaqueros conglomerstes
dip and strike into the fault from the Tast and North, while
on the Yest, Temblor sandstones strike into the fault., (See
Plate 6, Figure 2). About 1 1/2 miles northeast of Signal
Peak ocours a smell block of fine-grained Vaqueros sandstone,
wect of the main trace of the fault., It 1as isolated by two
short intersecting faults which cut off the northwest angle
betwaeen the main fault and one terminating sazeinst it from
the West, This amall block bears & Turritella inezana fauna,
I+ must have suffered its major disnlacement aleong the faults
geparating it from the Temblor sediments} its dlsplacement ralative
to the Vaqueros conglomerates in contact sleng the main fault
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in: estimated st veouprhly 1000 feet,

In addition to paleontolozie evidence from the samall
bloek desaribed immedlatoly above (Looality 110), fossils
are found a2t other pointa (Losalities 92, 111 and 42),
ﬁandiaxfgg substantinte the nrasence o the fault, At locality
92, Tuarritells inezana is found in 2 hard, coneretionary, lime-
atona hed, Ad Yoeslity 111, T, osovana znd saveral of its wvare
1atlaa are found 1in fine-grained sandstones with limey coneretions,
thesa Bads sre veary desentively similar to those in the Ammediately
adjnaent smell faull dlook of Vagusros sediments (Locality 110).
WThon T, ocoyana was found at losality 111, it was thouzht that
thz hedse in'whish it occurswere membaers of the sane asries as
those in the zdjscent Vagueros loeality 110, bearing T. inegeaa,
The beds at both localitiea were examined carefully, and not &
spostes or varlety was found in sommon. Another Yooality (49),
shout 1/2 mile southeast of the smell Vagueros fsult bloak,
immodinteoly sdjasent to the fault, has furnishoed a fauna of de~
cidad Temblor aspsots,

The sstimated maximum dlsplsoemaent on this fault is
rouchly 8000 feat. This fisure ig large, but inescapable,.
It 13 comouted from the region in the northwestern part of the
arsa, where intersestion of a fault from the Jouth with the
nein fault has brourht the San Onofre sedimenta in contsaet
vith thess of the middle Vaqueros,

East of the major fault dsseribed sbove, pre-intrusion
faulting has taken place along the line of the west lava diks,
Bapal Vaqueros sandstones dip westerly to the West of this fault,
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Eagt of the fault, Vegueros conglomerstes belonging
above these gandstones stretipgraphiesnily dlp towerd the Bast
and Northesast,

3imilarly, pre~intrusion feulting hes probably takem
place along the northerm part of the east lava dike, East
of this dike minor folding is exhidited in the upper Vegquercs
sadiments, Little 1is Imown of the detells of thie folding.

Yest of the small lakes in the nerthern portion of
M L&Eun&‘C&nyon is found a westerly-trending fault which offe-
sets the courses of the two dikes of this vieinity, As
mapped, this fault indicetes fault contacts with the igneous
rock, Homeges it would be of posteintrusive date, in contrast
to the rule for other faults in the erea sssooleted with
intrusions, “Torag dotalled oxominatlon may reveanl that thias
fenlt, in common with the otharas, 2ispleced not the dike
1tgelf but the lines of wealmens slong which intrmusgion took
place,

Horth of Zignal Peck ocours o norithesouth trending
greben of 9an Onofre sedinments, dropned down into contaant
with nre«dsn Onofre Tamblor sedinents; this has besn mentioned
above, The fanlt bounding the graben on the Tast ferminates
ageinst the maln Vagueros«Temblor fault, The western bounding
fault dips toward the Tast, toxerd the younger sedimenta, at &
probable angle of 55 degraes. It ig therafors a normal fault,
Dip cannot be distinmuished in the northern extent of this fault,
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Hany exampies of ixmm'wi'amam%‘al faulting, of &
uinor chayscier, &rs Tound in ills northssel half of tihws
Wepped gyea. YThey are ususlly intimoldly relatoed with
the mejor Taulting, These will nol e dlsoussed lurtheyv,
in this repori.
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B, OONCLUBION3 REGARDING 3TRUCTURE AND ITS ORIGINW,
One conclusion reascied on the beals of a general

conslderation of the structurel features found in the
3an Joaquin Hllls ias {that the general arcih of ithe Hills
was Tormed previocusly to the fauliing, Tne faults are
relatlvely looal affairs as coumpared Lo the antielinsl
areh, ©Blocks segregated from that portion of the original
arch which still exlste & such conform in a genaral way
1o the struciure of the arche. A8 an example, in the
vlieinity of Laguna and in the northeastern part of the
araa, blocks thus segregated by major faultiag stili show
2 general northerly strike and easterly dip, comparable to
that found in the undisturbed east flank of the arch site
usted between these two losalitles, Portions of the
northeastern block, 1t is irue, are at veriance with this
genersal condition but they do not invalildate the esgentisl
truth of the sbove stastement. If the Taulting had ocourred
previously to the folding, this condition would probably
not be found, sinee thore would undoubtedly be differential
stresses in the differant blocks, It is not believed that
any great length of time elapsed belween srching and faulting.
Raﬁhar,'tha feulting 18 regarded &8 an axpression of a gradatione
8lly later phéae of diaatrophism than the folding. It is
concselved that the deﬁelopmaﬁt of the structure in ithe area
bogan with genile arching. This developed inio proncunced
arching. With contimaed astivity of the deforming stresses,
the upper portions of the arch, with radii of curvature greater
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then #he average for the fold, wore subjected to straineg

wiakh rooulted fret in the Practuring end then in the

feulting now exhibiteA. Undoubtedly the problem involves
Bémplieataé fdatrlle not stated shovel but the genorsl coneception
ig not thereby invelidated, Judping from the corputed
megnitude of movensnt on the lines of feultine, end cssuming
that the frulting 1e due to stresses in the upper prrt of the
fold, the rooks wust have been zffocted by this dlastrophism to
8 very greet dophth,

Orn most of the foults of the area, no dinp ie dlstingulsh~
rhle, Thie 1g due, in some ceses to insdoquate exposurs, and
tn others to the fact that they are actuslly vertieal, 1In the
cages of threo mrjor faults oreviously discussed, dlp (not vorte
fcal) 4in messureble, Tn 11 three enges the dip 1s toward the
rounger sediments] hence 211 three are normel foults. Curvature
in the mein Vaqueros-Tembdlor fault in the Northenstern part of
the ares mey be due teo dip alse. If s0, this fault, having the
lareest displscement of eny in the area, 1a aiudﬁ normal fault.
These faete are consldersd sg good evidence that tensional
stresses ocoupled a prominent plage among those present in the
upper nortion ef the areh of thia srea during the neried of
Gevelopment of feulting,  Other streseed wergundoubtedly present.

fince 1t 18 probable from the proceding diseussion that
tenclional stresses were present in é‘ma?nr degres dnring
foultine, 1% 28 2 lopipel eonciun thet the frectore zones

in the vicinity of Tiznel Peck and southwerd resulted in large
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mesgure Trom such stresses, Probably shear strecses wers
also present] but it is more difficult to understand how
fracture zones generally showing no movement could have been
formed from strains largely of shear than it is to understand
thelr origin from largely tensional strasins,

Horizontal movement slong lines of faulting sppears to
have been very small in amount, liovement seems to have been
almost wholly vertiecal, or, in the case of non~vertical faults
in the direction of 4ip. The offsat observable in the trend
of the dike series west of and parrallel to Laguna Canyon at
the Vaqueros-Temblor fault may be due to horizontal movement
or to slizhtly non-vertieal dip of the zones of intrusion,

The stratigraphio displacement along the fault 4in this vieinity
1s very large compared %o the offset in the dikes, If the dikes
are dipping at a high angle to the horizontal, no horisontal
movement 1s neceasaary to acsount for the offset; if they are
essentially vertiscal, the vertical component of movement along
the fault is very great as ocompared 1o the horizontal component,
From this example and the general aspect of the structure of

the area, it would'appear that horizontal shear stresses

were of minor importance in the development of the structure,

Prom the faot that a broad arch is the dominant
structural feature of the Hille, it 1s evident that the funda-
mental external forces scting upon the region to produce the

atructure were of a compressional nature, unless arching
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wes due direotly Vo some such sauss as the rise of s batholith,
wolch is consldered unlikely, Thls principal forve musé have
acted in a genersl sedi-west directlion, tc'praﬁuca’the‘eb#dvvaﬁ
northwsrd=plunging eroh., The fact thot the faulting, whieh ia
éeeumad to be subcaquent to the fnlﬁiﬁg, trends in divections
verying fron novthesouth toward northwost-southecst, would
indieate that “he Airection of epolicstion of ertermnl deforms~
ing Toress 10 the reglon changed progressively afior the begine
uing of fenlting Trom eaple-west townrd northecst-southwest, This
conelusion is borne out by the fact that in generel, vhere lines
ef Taulting and freoturs intersect, the supposedly loter
northwert-southenst faults have cut the presumably older

né%hnaauth Taults and fraotures.'.



YL, GREOLOGIG HISTORY,
A, PRE-NIOOENE TINE,

Assuming, as previcusly censluded, that the oldest
beds sxposed in the San Jeaguin HAlls are lower Vamueros in
age, ne evidense vegarding the geelogis hstory of the region
previcus to lower m@am time 15 t0 be derived from the ares
itealf,

Acsording to the literaturs, fluctustions in the distri-
bution of land and sea goourred many times during Paleosole and
Mesosole time, over the mtm of present Californis and the
adjacent continental shelf, indiseriminately,

Daring Oretaceous and pre-Vagueres Tertisry time, a
land mass composed of the Fastern Bedrook Complex existod, with
varying elevations, to the Xast of the Los Angeles-Santa Ana
 Basin, There is no evidence for & land nass to the west of
the Basin during this time., The strend line flustuated during
this period; csusing slternate srosion snd depositlion im the
Basin, at least marzinelly.
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B, ¥IOCENE TIVE,

3. Vaquereos Pime (lLower ¥icsene),

As previosly mentioned, the history of earliest Veaueres
time 1 not revealed in the present sres, The earliest (lower
Vaoueros) sediments indleete for this region 2 shrlleow sea in
vhioh gands were belng 12id dows;' frow sources composed of the
Esstemn Bedrock Complex, Triz condition prevailed during
the depvesition of sbout LA00 feet of such sediments, Probably
the besin wee continuslly subeiding) othevwise codimente of this
reture would probadly not have beem eontimiously deposvited to
sueh o depth,

Aftoyr devosition ef thﬂteru:ndatenat, eonglowsratie
materisl begen to seme into the bseim, This ehange in
eharsster®ef the sediments may have been dus to changes in
slimate, drsinere or topocraphy, or & combination of thesa.
Frem the coarseness of these conclomerstes and thelr solor
snd tho presence of red hHeds ecverlying them, 1t is concluded
that the sea wse very shallow, snd that fluotustions of depth
w8y heve asuced lagunary rether than frenkly marine conditions
at verioue times, Fubsidence mist have contimued to take
plase tn order to allow ths denssition of 1600 feet of thase
emglonevates,

A¥ thiz time thy the bamin began to subside more yanidly
than the sodiments came in, and fwm truly marine conditions
same Yo exigt, The characier of the eedimants changed to
predominantly fine sends. With thesa ware deposited renaing
of the marine fauna, known as the Vaquercs or Turritella
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inezaneg faunz,

The cheraeter of the sediuents sgein changed, and
possibly 2 Turther deepening of the bzein taék rlzee.
Claye ond sands vere 1&1& dom slternstely and with some
mixing, | -

After about 400 feet of these sediments hed been
depoeited, emergence of the marginel portions of the
besin oceurred, Frosion iook place there and the beds
Just 1z2lé 2own were in sorve vlzces doformed, During this
diastrophle setivity, oesean currents snéd other oseancgraphis
eonditions nust heve changed, for & new founa appesred; and
the 0ld faune disappeared from this psrt of the hesin,
Depocition was contiruous throughout, in the region of the

precent Zeon Joaguin Hills,

2,  TEVBLOR TI¥R, {(%iddle Yiocense),
& Pre~3an Onofre Time,

The beginning of Temblor time 1s dated from the
appearanaee of thig new fauna, cslled the Turritells scoyana
faune, Its earllest remains were burled in medium = to
éaaraeagrained sands, which lster became well indurated with
¢aloareous cement,

Aiierma%ing sands and cleys, the latisr predominating,
sinilar to thoee deposited previocusly to the appeasranes
of the 7, ocoyana founa, were 1sid down to 2 thickness of
gome 300 feet,

After this oame a period during which 8100 feet of
soarse~ to mediume-grained ssndas and pebble~eengliomerate



85,

mnatarial was depoolted, Some Fineerrazined sands were
intercalated with theme, Turing this time ths hasin maat
omodn hove boen undewpoing mubaidence, The materiale sre

very similar throushent the whole thickness of these deposits,
Remaine of the Turritells oocovana fauns wers burisd more or less
aontimionsly theoughout this nertod, with the detritus from
land, The ssurees of thess sadiments were to the Wast, sg in

the cane of the Vacqueros Aoposits,

b, San Onofre Time,

A%t anres time Auring Vaqueroes or nre-San Onofre Temblor
tima,,a Land mogs arnse to 4the Yast of the San Jomouinm Hills
apen, It wza commogad of tha Testern Bedrook Complex, with
a aovaring nrobably of Cratasaous or sarly Tertiary sediments
or Both, Thias gover wns avoded, snd after the deposition
of 81NN fast of Temhlor sediments drainsge from this western
1an? hessn te brinc in detrius from the Westerm Bedrock Gomplex.
At firat these materisls came in amell smounts, znd wers mixed
with matarisl from the covering sediments {oricinally having been
darived from *he Tingtern Bedreck Comnlex), and with materisl
derdived Airectly from the Fastern Bedrock Complex,

The pearcantace of Yeatern Bedroak Complex detritus
being ﬁeﬁ@aiteg:;zgi;ly, until the szedimsnts wers almost 1if not
vholly eormmosed of thig nmeaterial, The western land mass must
heve bheen very close to tho vresent coast line; sinee much of

the materdal of the 3an Onofre facles ie 3 very coarse, unsorted
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breecsia, containing messive hlocks with very angular edges.
This land wes probably contimaally emersing, snd poseibly the
land mass to the Fset was subeliding, the combined finsl effect
being to furnish the besgin with sediments very largsly derived
from the Test,

After depcrition of several hundred feet (ahaut 2600 feost
rocording to Woodford) the western land cessed t¢ furnish
dotrital sediments, as J1id also the sagtern land, Thie effect
wes probably due to & combinotion of subsidence and erosion.
In the chrente of detrital sedimsents, and »robably under the
influence of constructive factors not well known, white,
siliceous clay or mud began to be denpsited, This material
woe intereslsted with the last of the 3an Onofre sediments,

In the warginal mortions of the basin, diasstrovhie
setivity produced dlstortion and erosion previous ta.tha
advent of the silisecus sedimente. In the present area,

contimal deposition took nlace,

3, Yonterey Time, {(Upper Yicesne),
A thiokness of 2000 to 2500 (?) feet of deposits of
the Yonterey facles wzs lald down. During this time also,
eontinous subeidence of the basin 18 assumed, However, with
this type of sediments subsidense is not so necessarily involved
a8 with the previous beds discussed, Some ssndes were infrequente
1y intercaleted with the siliceous clays.
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this resion in order to effect mich a thickness eof esiliceous,
white, organie slays, Many “haories have been =dvenced in

the litersture to explain the origin of these sediments, Iz
Ssemg probeble that a comhination 4f low-lying bordering land
nasges, axtreme ayidity, sn® an rbundant sunnly of ash from
voleanie sotivity conatitutas a lerge factor in this problem,
Thet 4he contributing conditions wers general is shown by the
=idn A%stribution in the C2lifornia Coesstal Belt of very similaer

sedinments of ths same nga,

e, PLIDOFHE PINR,

Deposition contimad unintermnbedly from Montarey t'me
into Plicocene time. The charscter of the vediments changad}
the Capistrano sediments were mainly rathor fine-grained sands
and silts, Remains of the foraminifera fzoune of the basin
ware denosited with Aetritus from land. In the basal beds frege
ments from the still emergent western land maass wore daposited.

D, PLEYSTOCENE TINE,

At some time during the sarlier hslf of Pleistocene
time the strueture of the San Joaquin Hille wes develoned,
This 2stivity beren with externnl forcea asoting in en esgte
west direction, The direction of apnlication of these fnruas
fwung around o 3 northeasstesouthwest direction as dlsstrophism
procressed. Thus were formed suceessively the dominant northe
plunging areh, the north-scuth~trending faults and fractures,
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a=d finally ths northrmest-southszst-trending faults,

A®bar the struature had bsem comnletely or neayly
aomnlet2ly formad, intmision of the dike rocks took nlace
nlong lines of fauiting and sones of fracture, &t about
t43 time nlan axtrusions ocourred, the vemalins of which are
found 2lang the aoagt northwest nf Laguna towm. Subseauently,
2 malatively small amount of disstrophic activity took placae,
t114%ing the sxtmaive lavas,

The western land mass probebly subsided at about thia
time,

Turing the time of this diastronhie asctivity, the San
Joamin Hills kad emerged into the zons of srosion, After
avrosion hod progeeded suffieleontly far to establish dralinsgs,
aubmergense ot thé whole araa took »nlace, Poasihly e portion
of the hicher ground remained =28 2n ialand,

From thiz astate, the ares omerged sg3in, by intermitient
stoges, Terraces were cut by wave sotlon; and subsegquent
depoeition of upner Plelstocene sands and gravels took plaece
on gash of tho terraces se cut, It hes besn estimated that
about 10 of thege terraces were fermed, at intervels of elavation

of 100 to 150 feet,
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F. REasnyy TN,

Puring veocent “ime, erosion hes ronoved moet of the
Pleletocens terrase material ?vbm the hicher olevulions,

The lover torraees still beer a crest f8sel of théferigin&l
burden of sediments, Jee Piote 8y Flgures Yand 2,).
Pany of the higher terrsces are still reecognizgble ln the
| topographle Torme presented,

b vericus pleces scettered throuzhout the sves,
elluviztion of Oroinmges with subseopent cutiing 2own of
stresms Lo bedrook is oboerved {see Plate 2, Figure 1},

Thig condiiion is intevpreted &s belng dve to slisht elevation
of tre sres, after normal slluvistion, 1ﬁ'rel&tive1y recent
times. It ic possible, however, thst climetic chsnzes or the
effeets of ferming ard srazing in the sres w2y have produged
tois result,

Ty the northern portlon of Ta2zuns Zanvsen are found
tvo 3msll lakes (Plate 9, Tlyures 2 zad %) which st Tiret
glenee sppexr to be snomalous oceurrencas, On further
omsifieratlon 1t 1z seen that they are dus %o very rzeent demming
effects of two larpe Jrzinasges enterine Tszurs Csayom from the
Yart,

2t the oresent time srosion 1s reducling the toporranhy
ee vupidly ag may e in Wills whoss arsetest olsvelisn is
under 1900 feet, TILPP vrocetolon alons the cezat 1o taking
ploce vary sotlively, Probably 2 terrece of the fans sort am

$hose now Tound shove sss lovel 12 being formad,



PLATE 8,

Figure 1. Pleistocene
terraces, largely undis-
sected, Seen from
Abalone Point, looking
northwestward.

(Page 69)

Figure 2. Slightly
dissected terraces
in western portion
of San Joaquin Hills,
Horth of Balboa.




PLATE 9.

Figure 1. Disgsected recent
gtreanm terrsece in southern
part of area, (Page 69)

Figure 2. Smell lake in
northern reaches of Laguna
Canyon, formed by damming
effect of alluvium from
large tributary drainages.
(Page 69)

Figure 3, Second small lake
of same nature as that
of Tigure 2. Immediately
gouth (to right) of
figure 2. (Page 69)
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viI, ECONOMIC POSSIBILITIES,

Th@ only apparent possibility of economic deposits
in the area is that of petroleum, The presense of much
intrusive ignecus rock would seem to indiscate small probability
of economically valusble amounts of oil. However, the infre-
quent oocurrence of oil seeps along the cliff sections on the
ccast demonstrates that petroleum is present in the sediments.
It 1s possible that detailed work would establish the desirablility
of drilling & test well near the axis of the main arch of the
Hills to the North of the north-dipping fault which orosses
Avalone Point Canyon about 1 3/A4 miles from its mouth. No
ignecus rock has been observed in this vieinity,



VIII, SUMMARY AND CONCLUSIONS,

The sedimente of the San Joaquin Hilla, within the
mapped area, are Miocene in age, belonging to the Vagqueros,
Temblor and Monterey formations, These are overlain uncon-
formably by Pleistocene marine terrace deposits., From
original data 1t is concluded that contlimious deposition
took place from lower Vaqueros time through Temblor time.
From Woodford's data (1925) it is concluded that deposition
wag furthsr continuous through Pliocene time.

The structure of the ares, consisting of a broad
north-south~trending areh plunging northward, cut by north-
south faulte and fractures and then by northwest-southeast
faultas, was developed in the earller half of Plelstocene
time, Immediately following development of structure, intrusions
of dlke rocks along zones of weakness and extrusion of flowe took
place,

The age given for the intrusions 1e widely at variance
with the Temblor-Monterey age assigned by investigators in
other parts of the basin to similar rocks, From the present
investigation nothing can be sald further than that these
intruslions came after structure in post-Temblor time,. Woodford's
data snd conclusiong {1925) are interpreted to mean that deposition
was practically contimious from Temblor through Plioccene time,
which places the post-structure intrusives in the Plelstocene.
His 18 the only published work having a significaent besaring on
the present srea, Woodford probably did not know the extent
of these intrusions in the San Joaquin Hills, It 48 thought
pProbable that future investigation will demonstrate discontinuity

in the depositional sequence of this reglon during middle or late
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Mlocene time, and thet the intrusions wlll be found to have
occurred at that tinme, In the meantime, the only avallable
published data has been accepted, and the structure and in-

trmasions have been tentatively assigned a Rlelstosens age,
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