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GECOLOGY OF 4 PORTION OF THE
SANTA ANA MTS,
SUITIARY OF INVBSTICATION
In this paper is presented a geologic map of a part of the
southern Santa Ana mountains., Studies in litholorsy were made es-
pecially of the l'ejon formation. The structure w.s found to be
simple with a few faults which were studied by the writer, espec-
ially the Cristianitos and the san Onofre faults. The physiograph-
ic and geologsic history are discussed. Finally, some clay deposits
of econonic importance arc described.
INTRODUCTION

Area and Purpose of Investisation: The area described in

this report comprises about seventy-five square miles in the south-

ern portion of the Santa .na mountains in Southern California, and

embraces parts of Orange and San Diego counties, see Plate I.

This area is covered by the south-east corner of the Corona, and

the north~east corner of the Capistrano (uadrangles, respectively.
The region was studied, at the suggestion of Dre J. P. Bu-

walda, in the nature of a research problem requisite to the Master

The Santa ina mountains present many interesting

In

of icience degree.
problems, to some of which the writer directed his attention.
this connection, it should be indicated that these problems are to
a creat extent repional ones, and that a study, even though intens-
ive, can only shed 1ight on these rather than solve them. For this
reason, the writer did not hesitate to draw freely upon the inform-
ation in the scveral reports on this reneral region, especlally the

notable puper by e O. ‘oodford.* Opecific references to these

* oodford, 4. U., The San Onofre "reccia - Its Natgfe and
G‘I’i{in.: Uni“v’. u:'i".;\lo P\ibl., —'\[010 15, I\IO. 7, 1)5)159-28’\), lghv)o
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2e
papers will be made throughout the course of this report. 4n ex-
cellent bibliography will be found in ~oodford's paper.

A brief st.tement of the general geology of this portion of
southern California will perhaps clarify somewhat the following
discussions. 7The Banta Ana “ountalns are a tilted, seaward slop-
ins mountain block with a very straight and abrupt fault scérp that
faces the north-east and overlooks the Perris peneplain. The
block is an elevated peneplain with Cretaceous and Tertiary sedi-
ments upon its flanks grading into the coastal plain. ¥Yarther
south, the structure becomes somewhat more campliicated due io other
mountain ranges, but the same tilted structure predaminates.u

Field Methods: About two months were spent in the field.

7ield methods of varying deg ees of accuracy vere employed. In
ceneral, the field work is believed to be consistent with the accur-
acy of the topographic maps which are on a scale of two miles to
the inch. The region is quite rugged and difficult of access, sO
that every portion was not studied in detail. MNost of the out-
crops are cliff exposures and often inaccessible.

The areal geolbay in the region about sSan Onofre has been
published by ‘oodford, and the writer merely checked these in
cursory fashion, noting dips and strikes, and making a few minor

changes. This area by Woodford is shown on the .eologic map,

Plate XVII.

scknowledgments: The writer is deeply obligated to Nre

Chas. lardy of the Rancho Santa slar.arita for permission to travel
thereon. Messrs. Magee una Wrotter of the Hancho extended many

courtesies to the writer while in the field for which he is very

* The above statements, with modificat}ons, are taken from:
Bowmnn, L., forest rhysiopgraphy, ‘iley, pl3S.
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to the wuriter which were very helpful. Finally, the writer wishes
to acknowledge the kindness of Dre. li. L. Packard, who read the
tedious manuscript and offered many helpful sugcestions,

GIEOGRAFHY

This region embruces a strip five miles wide extendins from
the ocean at San Onorre to the south slope of the Xlsinore llount-
ains, the crest of which is several miles to the north-east, The
area, with the exception of a narrow strip on the cast boundary,
lies within the Rancho Santa Margarita. 7The strip on the east is a
part of the Cleveland National Forest.

This area is reached from either San Juan Capistrano or San
Onofre, both being on the Los Angeles-5an Diego State Hishway.
"rom these points a few poor, dirt roads afford access to the int-
411 except the San Juan Canyon road are private roads of

erior.

the Rancho. The Santa ¥e Railroad traverses the southern edge of

the region with a station at San Onofre.

Being a mountainous region, the land is given over to cattle
crazing, with small amzounts of farming on the river bottoms and on
some of the larger [lats, or potreros, on the mountain topse.

The various geographical units are indicated <n the tbpo-

graphic map aﬂd on Plate II; they will not be discussed here except

San Onofre Mountains form the only nountain crest

lanks of the

to note that the
in the reglon, the remainder of the area being on the T

Ilsinore and Santa Margarita Mountains. “he Ilsinore, sSanta Marg-

arita, and San Onofre Mountains together make up the southern con-

tinualion of the santa .ana Mountains, naking this part of the

range nore complex in form and structure.
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The vegetation is quite typical of the California Coast
nanges, the steeper :lopes being brush covered with occasional
scrub oak and much cactus, while the smoother hills support s rass,
some of the larcer villeys near the coast, such as ialera and San
Onofre canyons contain many large picturesque oaks which afford
agreeable contrast to the monotonous slopes above,

The climete is semi-arid with wmoderate temperatures due to
its proximity 1o the ocean.

PHYSTOGRAPHY

General Statement: All of the region is either hilly or

mountainous with varying degrees of relief, except for the nurrow
coastal plain. 7The maximum relief is expressed by the highest
elevation in the area, which is 2042 feet, « peak near the sSan Juan
Hot Springs and which is approximately fifteen miles from the ocean,
The relief in this northern part, the area of crystalline rocks,
varies from 800 to 1200 feet, The relief becomes more :radual to-
wards the south, 300 or 400 feet being the average., 1In ceneral,
slopes are steep except for some rollins country in the southern
portion of the area. As the ocean is approached the San Onofre
“ountains interpose themselves upon this rolling terrain, vith a
maximun elevation of 1500 feet and a relief of about 600 feet,

5un Unofre range is somewhat unique in that it troends puera-

11el with the coast rather than striking into it.

| The mountains are characterized by accordance of peuks;
longs, suooth topped ridses; and Tlats or potreros, which are
mooth Tlat swales upon the mountain tops and are remmants of

former crosion surfaces. From the oldest of these surfaces to the

present there have been recognized three vhysiosraphic cycles of

erosione.
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The mountains end with the San Onofre ranse which merqes
on its southern flank with a coastal plain varying in width from
one-quarter to one-half mile. Its elevation above sea level
varies from seventy-five or one~hundred feet at tlhe seuward side
to 200 feet at the buse of the mountain. This marine terrace
meets the sea with an abrupt vertical cliff.
Drainage: The drainage system is shown on !'late II and hence
will not be explained in detail. OLan Juan Creek, the irroyo San
ilateo, and the arroyo San Onofre are the main drainages in that
they all head in the mountains, Jan Juan Creek in the Klsinore
ilountains, and the other two 1in the Santa farcarita lountains,

The canyons are all dry except for San Juan, Lucas and San
Onofre canyons, a result of the aridity of the region. An interest-
ing feature is shown by the streams in San Juun and Lucas canyons.
In the region of crystalline rocks, the streams have t eir nprmal
flow and are quite typical of Southern California mountain streams.
Upon reaching the contact with the sedimentary rocks they immedi-
ately diminish and soon flow entirely underground., In San Juan
sanyon, the st eam disappears inside of half a mile, while the
Lucas Canyon stream, being smaller, disappears in about one-hundred
feet. “Jhat he major flow in this region is underground is shown
by the fact that windmills are in nearly all the large canyons and
abundant water obtained, even in summer.

The drainage system is quite well developed as can be sgeen

on the topographic map, the divides being low and the heads of

o:poslte streams very close together.
The vulleys, althoush steep sided, have 1lat floors covered
Lith sand -nd cravel; a consequence of the torrential nature of

Southern California rains. Alluvial fans ure conspicuously absent



B

due to the Tact that the recion is well drained into the ocean,

Most of the canyons and valleys are bordcred by terraces,
They occur at heights varyings from twenty~five %o 200 feet above
the valley floor. In San Juan and 2 few other canyons, there
are three distinet terraces, the highest bveing 200 feet above the
stream., In San Juan Canyon, just above the Hot Springs, there is
a remnant of a terrace 400 feet above the canyon f{loor, These
terraces are cut terraces with a few feet of gravelly alluvium
resting upon the cut bench. The position and form of these
terraces have an interesting bearing on the nast history of the
region which will be discussed later under Fhysiographic bevelop-
ment.

The streams are prevented from flowing directly into the
o:ean by bars across their mouths. On the immediate landward

side of these bars are salt marshes which pgradually merge upstrean

into the valley alluvium. These bars are the result of coastwise
currents .hose ability to create a bar is groater than the tend-
ency of the streams to keep their channels clear. If there had
been no shore currenés, the streams, upon debouching into the

sea, would have dropped their detritus in the form of u delta

rather than a ovaX.

Physiopraphic oycles: &S mentioned previously, threc cycles of

erosion have been recognized. This is a minimim number and

doubtless more stages of physiographic development rnigcht be
postulated with supporting data, but Lhe writer is inclined to
the belief that the minimum number of cycles which can be set
up to explain existing phenomena is more likely to approximate
+he normal funcition of crosion is to

verity than the maximum.

destroy past land Torms in the creating of new ones; ancient
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erosion suriaces recpresent the abnormal rathier than the true
course of nature. Hence ihen we postulate severul erosion
cycles, we should seek reasons for the persistance of the older
cycles, In agrecment with the foregoing, vthe writer hses restrict-
ed the various stages of crosion to the peneplain, a later cycle
of mature dissection, and a recent stape of youth. These cycles

are denoted as A, B, U, and are so indicated on Plates III to VI

inclusive.

Penerlain or A Cycle: =vidences of a former peneplain are found

in tke long, smooth ridges, nearly devoid of peaks, which character-
ize this region, and in the potreros which are flat meadows high
upon the mountein ridpes. Plate III shows typical views of

ridges in the crystalline rock area comprising the core of the
rance., In the field, it is easy to reconstruct the peneplain
by means of these smooth ridges, and the few peaks which are
oresent show a corresponding accordance. This plain of erosion
can be seen to dip slightly toward the ocean. 3See Plate IV,

This peneplain truncates not only the Basement Complex, but also

the Cretaceous and Locene sediments. Unfortunately, this sur-

race of erosion btecomes incoherent in the resion of the softer

sedimentary rocks, so thet its relation to the Miocene and Flio=-

sene sediments could not be ascertained.
The age of this peneplanation is generally considered

to correspond to that of the Perris Peheplain and is probably

Fliocene.™
The potreros alfford very conclucive cvidence of penepla-

nation. OUne rains access to them by means of steep, tortuous

‘ Dict le ie s '“he iarti ; vej Yocene .nd issociat-
* Dickerson, ile 1., “he ilartinez and Yejon locern I 0
’ ‘ Univ. Celif. Publ. Tull,

ed Formations of thie vanta Ana dountaings.
Dept. ieol., vol &, p 260, 1914.



BPIATE III

Showing Flat Crests of Basement Complex.

Looking West from Ranger Station,

B.
Looking North fr om Gavernment Lookout.

A,B,C, Show Erosion Surfaces.
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roads which suddenly debouch onto a flat or slichtly undulating
terrain. Yhe contact with the valley sides is usually quite
distinct and clearly represents a topographic unconformity.
These mountain meadows are not present in the area mapped, bteing
confined to the region of crystalline rocks; but they are very
avundant in the Elsinore wuadransle. One, the Poirero Verdugo,
which contains the Carrillo Hancho is just east of this area in
the viecinity of Verduso Canyon., In the area of sedimentary rocks
are found many smaller 'flats' which have been placed in the
later cycle., They may Lelong to this peneplain, but their lower
elevation seems Lo place them later in the time scule.

llature or B Cycle: The next suc eeding cycle of erosion is pre-
scnted by the broad open valleys of the major drainages of the
rerion. Plates III, IV, V and VI, show these features. The
ceneral region east of San Juan vcanyon partakes of a mature
topcrraphy as shown in Plate VI B, The valleys are open and

o

broad, and slbpes are smooth and gentle. As menticned, this
mature topography is shown by the major drainares of the region
which have a trend normal to ihe axis of the range, evidently a

drainage partly consequent and partly antecedent upon the up~

1ifted peneplain, This c¢ycle uppears to have reached that stapge

of mature dissection in which the peneplain is just evident upon

the interfluves. ‘he slopes of the valleys merse 41ith the

ridges, and no topographic unconformities are visible. The ques-

tion may be railsed as to whether this mature topo;raphy may not

be old ape topogruphy and therefore of the sanme oycle us the )

peneplain, ‘The extrene £latness of ithe peneplaoin uhere views
splain

1ude the amount of relief thal the nature cuele

sgens B0 exe

possesses, <his possibilisy cannot be definitely excluded, and
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it is very probable that the drainage of this later cycle corres-
ponds to that of the former cycle.

In Yan Juan Canyon it was noticed that some of the long
ridges extending from the divides to the canyon vwere covered vith
about ten feet of a reddish, crumbly arkosic conglomerate which
rrades into the fresh Cretaceous conglomerate beloy, Thié,
coupled with the fact that the ridges arc long, straisht, and
smooth topped, shows them to be residual spurs from the mature
cycle,

River gravels are found extensively on Lop of the divides
on each side of Bell Canyon, and mark a former plain similar to
the Plano Trabuco.

Young or C Cycle: Thruout the entire region there is evidence

of a rejuvenation of the previous cycle which now presents the
characteristics of a youthful topography. This cycle is rmost
evident in the region of and west of San Juan vanyon. The walls
of the canyons tributary to San Juan Canyon are cxtremely steep;
to such an extent that landslides are very common. The inter-
fluves, belongin, to the mature cycle, have been steadlly reduc-
ed so that hi~hly serrate., knifeiike ridges result, It is not
uncommon, in the eglon immediately south of the Hot Uprings and
in the viecinity of Fill 1645, to find ridges so sharp that one
cannot walk upon themn. See Plate VI A, .

This youthful toporraphy, bein; induced upon one of
mature dissection, <uite naturally has uh antecedent drainage,
the HMajor drainases Jith theilr tributaries being rejuvenated,
their valileys more deeply incised. In addition to this, insequent
drainaces are cutting back by headward crosion snd rapidly sapp-

ines the interfluves. Most of the landslides are a result of



Plate

A.
- Looking up San Juen Canyon.

Hill 2042 in Background.

Bk
Hill 2042 from the West.

A,B,C, Show Erosion SBurfaces.
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this in;equent erosion. Plate VII shows terraces dissected by
heudward drainages.

The region east of un Juan Canyon has not as yet suffered
much under the advance of this newvcycle. The valley walls and
ridges partake of the same :entleness, except for some landslides;
but the valley floors are marked byvbox~11ke cullies, varying in
depth from a few feet to about fifteen feet, the depih depending
upon a multitude of obvious factors,

The most marked effects of this new cycle are found in
the northern portion of the area but confined to the area of
sedimentary rocks, an& os one progresses southward the youthiul
stace diminishes, but is made evident by the above nmentioned
rullies and landslides. The extreme northern part, composed of
irneous rocks, shows the effects of the rejuvenation, but to not
so narked a desree because of the less rapid rate of erosion.
he cvidence consists in the oversteenening of the valley walls
toward their bases. A typlcal profile across any of the larger

canyons such as San Juan or Hot Lprings Canyon is about like this:

Y

. Compore with Plates III B and V A,
"he e.rliest known condition is that

Physiographic Development:

of a pencplain, presumably in pliocene time. The uplift of the

Santa ana and associated mountains caused dissection to a mature

starec. An acceleration or renewal of uplift caused « youthful
Gissection in compuratively recent geologic time. The resion is



PLATE V|

Chico Conglomerate West of San Juan Canyon

Showing Serrate Ridge.

e L% .

B.
Open, lMature Topography of Gabino Canyon.
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8t111 adjusting itself to its mew elevation, as many of the
landslides are clearly very recent; their excavations have
cirque-like walls, vhile others are still incipient or in the
first stages of land slip.

Drainage Development: The drainage was initially conseguent

upon the up'ifted peneplain, flowing into the ocean in a direc=-
tion normal to the axis of the uplift. This condition is rep-
resented by San Juan Oreek, the sarroyo Trabuco, and the irroyo
San Mateo. During the second or meture cycle, the drainage ad-
justed itself to structure. Examplés of this subsequent drain-
age are CGanada Chiquita, Canada Gubernadoru, and Dell Canyon.

These canyons, together with many smaller ones, are characteriz-

ed by dip slopes on one side und cuestas on the other, ‘Thelr

trend 1s north and south altho the vrevailing strike 1s nore to

the northwest, but if the difference in elevation between the

heénds und mouths of these canyons be considered, they will be

found to be cuite well adjusted to structure. Cristianitos

canyon is probably subsequent as a large part of its course

coincides with the major fault of the region. The Arroyo San

Onofre is partly subsecuent, its course beins determined to a
rreat extent by the position of the San Onofre tiountains.
As a rTesult of this subsequent drainage developnent,

several stream captur s are imminent. 7ell Canyon is rapidly

neadins back into Trabuco Ureek, and the c¢ivide between Cristian-
itos and San Juen vanyons is very low. I+t will not be long,

~eolosically cpeaking, before san Juan Creek flous into tic

ocean alon; Cristianitos vanyon.

verraces were forumed as o part of the mature cyels, the

specific cause Or causes not being knowne. Pogsible causes are:d
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clinmatic changes, variations in rate of uplift, cscillations

of the land, etc., They are now beins; dissected by recent eros-
ion. The munner in which sitream erosion hus effected these
terraces, by removing some and leaving others is quite interest-
ing. A theoretical consideration may be taken up before turning

to the concrete example in this case,.
If we restore the topography of the mature stage to its

appearance before the youtnful cycle, we should find valleys

bordered by terraces on bLoth sides. (Exceptions will be consid-

ered later). If the resion should receive a differential up-
1ift whereby the northern portion were ralsed more than the
southern, the streums WOuld i mediately begin downcutting to

the new base levele It is evident that the streams will tend %o

shift sway from lhe region of greatest uplift, in this éase to

the south. A stream flowing directly south would simply be

acuelerated and would entrench itself, leaving the terraces Tre-
maining on both sides. (in exception to %t is would be a neander -
ing stream which at -the moment found itself at one wall of the

valley.) A stream flowing in any other direction, iowever,

would shift Lo the south, cutting into the south terrace and

leaving the north one intact. By studying Plate VIII it will be
se conclusions.

L3

secn that the pesitions of the terraces verify the

In this case, the uplift has been . Teates. ~lightly east of northe

“he stroams tend therefore, to shift Lo the south and slishtly

to The vest. ‘Uerraces should then be Tound on the north and
east sides of valleys and be absent or dissected on the south
and west banks.

The objection may be raised that thes
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the terraces in their original condition, and that none have
been destroyed. Evidence favoring this objection is found just
northeast of the union of Cristianitos and San Mateo canyons
where the terraces are clearly slip-off terraces, DBut this
merely means that the two processes, namely the formation and
the removal of the terraces were coincident, with the end result
the same: a terrace on the north bank and none on the south.

In either case we are able to infer uplift and the region of
greatest uplift. The Tield evidence seems vo show that terraces
were formed on both sides of most valleys prior to the last ub—
11ft, ac there are rommants of terraces on tlhe south side of
those streams which do not have terraces now.

Recent Uplift: It might be well to summarize the evidences for

recent uplift in this region:

1. Youthful dissecticn.

2, Landslides.

3, Positions of Terraces.

In eddition to the above which have been already discussed
may be added the following:

4, Coast Line. The coast line is clearly one of emergence,

the shore line vbeing straight or with sweeping curves w th no

indentations. The coastal plain has but recently been dissected

by a few box like canyons.
5, A fault with the north-east side the uplifted block.

To be later described.
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G OLOCGCY

SURATTIO S EY
The sormatiouns encountered in this area, with their thicknesses
and typlcal facles are listed in the following table which‘las
teen modified from that of 'codford.*

Stratigraphic Table

Age Formation Symbol Thick Lithology
Pleist Terrace Mat T 1501 Marine: ss.
River: red congle.
UnCOhfo
Plio. San “‘ateo Tsm 400" Coarse white ss
. congle
UnCO{ﬂ.
Tp. iilc sapistrano Tep ew “rown shale and ss.
shale : hundred
©
iid, Hio onterey Sh. Tmesh 30012 viat. sh, chert, ss.
[Low Ilio Temblor-
San Onoflre 'so 1300 Schist breceia,
congle, 58,
Uncopt .
‘fsocene Te jon T3 36001 Ss, minor shule Tase
of clay.
Unconf.
Jret Chico e 47001 Longl., ss, and sh.
Uncoh. .
pre-cret Basement Bele vicrite, minor ande-
site, Tasalt.

All of the formations found in the Santa .na ilountains
outcrop in this area except for the Vaqueros, kartinez and lop-
ansa. “he Jast two formations occur in the norinernmost portion
of the range, vhile the Vagueros pinches out just beyond the west
boundary of the area mapped.

The ‘thicknesses given are aporoximate in each case, but

as Lthey compare favorably with those calculated by oodford, they

are probably not far from wrong. ‘he husty nature of the fleld

5 “0odford, A. e, Ope cit. p 169.



work, together with the fact that the attitude of the strata
was difficult to accurately determine, accounts for the approx-

imations.

The formations encountered in this particular region
have been made the subject of an exhaustive study by voodford,
especially the San Onofre facies of the Temblor. TFor this reas-
on, the writer did not attempt any detailed work in sedimenta-
tion, and in the field used ireely the data published by ood-
ford., The descriptions given below are ceneralized from a study

of hand specimens. The i;eologic age of the Tormations was accept-

ed as that g¢iven on the Correlation Charts of the United States

Geologlical Survey.

Hagement Complex
The crystalline rocks which outerop in the north-eastern

portion of the area are denoted as the Basement Complex and con-

slates which are so

o

sist in the smin of a diorite. The Triassi

extensive in the region about Santiago Canyon vere not observed

outcropping in this érea, but abundant float testified to their

presence in this drainage area.

A small outlier of andesite outcrops in Lucas Canyon about

100 yards east of the sedimentary contact. The fresh andesite

is very fine rcrained and gray in color; at the contact with the

diorite it bLecomes altered while the diorite has been rendered

cneissic. This contact zone is about nix feet in width. 7This

andesite does not oubcerop on top of the canyon and was not observ-

ed clsewhere in the area. The diorite which forms most of the

basement complex is hard wund fresh in some outcrops and altered

and weathered in others. The fresh outcrops have o sray color
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while the altered ones are a muddy brown. This altered facies
of the rock closely resembles an arkose. ‘‘hese outcrops are
traversed by many narrow dikes from one~eishth to one-half
inch in width consisting of ortioclase und cuartz. These pegs=
matite dikes cut the diorite in every possible direction, but
each one is strairht. In the diorite, the feldspar is the nost
altered, the femic minerals being rwch less so. The decomposi-
tion and disintegration of the rock is probably due to these |
small dikes, as the fresh outcrops are not cut by the dikes.

In San Juan Canyon, on the west bank at the point uhere
the canyon narrows, four tenths miles below the ot Springs, is
an interesting ocuterops The diorite has been alte:ed to serp-

entine but the feldspar is fresh or nearly so, the alteration to

kaolin not being extensive. The normal procedure would be the

reverse, the gecomposition of the feldspar being rreater than the

conversion of the ferro-magnesian minerals into serpentine. 1In

addition to this anomaly, there are two lines of cvidence which

indicate that this alterstion is not duc bo surface weathering

but to underground waters: le Considerable bandins can be ob-

served in the altered rock, the result of a local fiscuring as
no fault is present. 2. Sulphur springs ouicrop shortly %o the

north and others have bheen reported nearby, altho not found by

the writer.* This alteration then, is probably due to under-
~round mineral .aters which reached the surface alons Tissures

in the rocke.
In addition to the rocks mentioned abo e, there are somc

* arins - Springs of Californis. Te 5o o Do = Se Po 338

1915, pp AB=49.
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basalt lava flows which outcrop on the east bank of San Juan
Janyon just north of the sedimentury contact; 1in fact at this
point the Chico appears to rest upon the flows which have a
south dip. The ureal extent of these flows is unknown beyond
San Juan Canyon. At least Lhree flows are present. The age
of these flows is evidenily post-Busement Complex (Jurassicn

and pre-Chico,
chico

‘"he Cretaceous rocks outcrop along the flank of the zrys-
talline ridge in a strip varying in width from three to four
miles. 7The outerop is narrowest at its northern end. The strip
trends roughly purallel with the strike vhich is somewhat west
of north. In the vicinity of San Juan Canyon and the regsion to
the immediate west, the outcrops of Chico are extromely rood,
¢cliff exposures being the rule, althoush they are somewhat in-

accessible as previusly explained. Plates iv B, VI &, and VII

show typical exposures.
In the region east of San Juan Canyon, the topocraphy 1is

smooth and rolling; consequently there are few .-ood outcrops.

tost of the exposures found in this region were in gullies and

landslips. &s a result, det:iled structure of the Chico, or of

any succeeding rocks, could not be .orked out.
The Chico consists of conglomerate, sandstone and shale.

The conglomerate and gandstone occur as parallel bands trending

along the strike. This basal conglomerate was not encountered

south of “alega canyon. The strike would carry it beyond the

area at about this p .int. ilost of the Chico outcTops are sand-

stone. he shale occurs only at one locality in Cristianitos

does not exceed 200 feete

Tanyon, where its thickness probably
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This section is cuite different from that found farther to

the north, and the explanation advanced by ‘‘oodford is that the
Jretuceous in this resion is an eroded anticline, the shale
havins been almost completely renoved.

The lowermost conglomerate beds reseﬁble the Trabuco
formation found shortly to the north. ‘The conglomerate is of a
reddish color, arkosic, poorly sorted and very slightly indur-
ated. Under the micro:cope, the grains of the .latrix appear %o
have no cement, the ;rains belng simply compressed together,
Locally, there is a thin film of iron oxide between the ;rains.

The boulders range from two and a half feet to a fraction of an

inch in diameter, four inches being the average. The ihickness

of this basal conrlomerate is about 150 feet.
The typical conglomerate is of a gray brown color, better

sorted and compacted. Its matrix is very similar to the typical

sandstone. ‘‘he mineral grains are suban;ular and guite fresh.

“hey are derived from the basement complex and contain all of

the types of igneous rocks found in that foxmation. The bould=-

ors are smaller in size than those of the lowermost conglomer-

ate, the averare beins two or three inches in diameter; the
boulders are more rounded than in the lower conglomerate, The
conzlomerate weathers to a reddish tince characieristic of ark-

osic depositse
The sandstone 1is mediunm grained and rray in ¢olor. The

mineral c~rains are subangular .nd fresh. Most facies are well

cemented with an oxide .. ment. owulcite is u common centcnt in
shere it makes the

some places, notably alons san Juan vanyon,

sancstone very hard and resistant.
v the oresence of

s
o

The Uhico strata are characlLerized



19.

flakes of blotite. This biotite is so daiagnostic that it was

used to differentiate the Chico from the Tejon which is free

from mica. In the <hico rocks, the rlakes may be very abundant,
as in some of the sandy shales near Bell Canyon, or they wmay be

rare, but always present. In Cristianitos Cauyon, the upper

facies of the Chico is very clayey and closely resembles the
Tejon shale of that area, but the presence of nica served to
differentiate the two. This content of biotite has siven to
the Cretaceous sandstone a light brown color uhich is likewise

Gistinct from that of the '‘ejon.
The bedding is massive; the strata vary from two to ten

feet in thickness with an average of four feet. ‘The bedding 1s

not very daistinct and is not a cleavable bedding; erosion does

not tend to expose bedding planes. In the conglomerate the

bedding is only locally evident, the conglomerate standing out

in reefs which are not, however, bounded by visible bedding

planese.
In “he sandstone, where the bedding is visible, the beds

are uniform in thiokness and cxtent, except 1n the vieinity of
Bell Canyon, where on the west lank of san Juan Canyon, cross-

bedding is evident., The szndstone is softer, less coherent, and

finer in texture than elsewhere,

The sandstone often contalns lenses of conglomerate, and
in oristianitos Canyon, there are conglomerate strata lying te=-
tween shales, ‘The variations uhich have just been mentioned
would indicate that the Chilco was deposited under condaitions which

rluctuated locally, probably near u shore line.
The shale Tacies of the Chico 1s the typical crunbly black



shale found in this formation to the north and elseﬁhere. ~hile
the only larse outerop of shale was in Cristianitos Canyon, there
are interbedded shale beds throughout ihe area,'the thickness
varying from a few inches to twenty-five {eet (Lucas Canyon).

Fossils: 4An indeterminate ammonite was found in the
conglomerate exposed on the west bank of can Juan Canyon about
two miles below San Juan IHot Springs. (First stream crossing
below Hot Springs). This ammonite was an almost perfect speci-
man and apparently a new species for the recion.* The writer
expects tb devote more study to this speciman in the near f{uture,

This Tossil is important as it proves that at least the
upper part of the conglomerate is marine in origsin. 'The basal
conglomerate beds, described above, are probably terrestrial in
oricsin, and the lack of a bréak between the iwo wuenbers suciests
that +he lowermost Chico was deposited above the sea, and due to
Submergénce pasced into true marine depositse.

Te jon
The Tejon formation outcrops in a tapering strip to the

sest of the Chico, having its maximun 41dth of ihree niles at

the south edge andvtapering to a point at the north end of Bell

Like the Chico, it forms extensive cliff-like eiposures

Aanyolls

(Plate XII B), altho in ceneral, 1ts topographic expression 1s

more subdued than that of the Cretaceous rocks. A exception 1s
1 Al e PR b ~

found near the Tejon-Uhico contact in San HMateo vanyon, wiCIe

s v - o oY Loy -
there are several mesas which owe their form to the superior hard

ness of the nearly flat lyins Tejon bedse

. . I NP
Verbal communication to the wrlter‘by i. L. Packarde
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The Tejon strata are very similar in lithology to the
shico sundstone, except that they contain more quartz, some
facies consistine exclusively of quartz; and in the absence
of bilotite which has been commented on. There 1s no conglomer-
ate member of the Tejon, altho conglomerate occurs locally.
Sandstone and shale are predominating facies, the sandstone be-
ing more common, with the shale largely confined to the vicinities
of san idateo and an Onofre Canyons.

The sandstone is rather thick bedded, like the Chico, and
weatherins does not tend to expose bedding plunes. Its color is
gray to white, but it appears quite white in contrast to the Chico;
this differcnce in color being due to the absence of mica.

Overlying the sandstone is a green shale. The shale,
where fresh, is a dense clayey shale having a conchoidal frac-
ture, It weathers however, to a crunbly mass very much resembl-
ing a tuff in small rounded hillocks or in & 'bad land' topography.
This shale closely resembles the basal nmember of the San Onofre
formation, meking it  difficult to trace the contact and impossible
Lo place 1t accurately.

The base of the Tejon consists of about a hundred and fifty
feet of clay or clayey sandstone. The true clay outcrops in
oristianitos Canyon. North of there, in Bell Canyon, the clay 1s
not abundant, a reddish sandstone taking its place., This sand-
stone is composed of extremely fine fragmentis, largely arkose to-
cether +ith many small, rreasy appearins flakes of clay. The
color, predominately red with some yellow, is due to iron oxide.
South of Jristianitos Canyon, in the vicinity of an

uteo Canyon, the base of the vejon is warked by a uhite clayey



Mesa Rock

Underlying

Te Jon- Hesa Rock Facles

San llateo Canyon.
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sandstone. The srains are cuart., with a matrix of clay which
does not appear in the form of flakes and cannot be resolved

under the microscope. This facies varies from hirhly silice-
ous sandstone to pure clay.

In can Yateo Canyon, about *‘hree and a half miles north-
east from its union uith Cristianitos Canyon, are the nesas
mentioned above. “hese mesas consist of a hard siliceous sand-
stone, The grains are of quartz arranged in intersertal fash-
ion with a siliceous cement. These mesus are perhaps fifteen
feet thick 1th no visible bedding. The color on fresh break

is gray, weathering to brown or reddish brown. 7The gencral

=3

appearance of these mesas 1ls that of thyolite flows, The sand-

stone vweathers by large bvlocks breaking off. Plate IX shows

the lower slopes strewn with the large blocks. Oometimes a

covernous aspect to the weathering is encountered.

This mesa rock is interbedded in the clay menmber, the

clay above it, however, is now largely stripped off. The white

clayey sandstone below weathers into typical 'bad-land' topo-

graphy. It is the weatherins away of this lower clay which

causes the mesa rock to brealk off in large blockse.

The superior resistance of the mesa rock has cuaused it

to form an outlier of Tejon surrounded by Chico. This will Dbe

observed on the -eologlc map near the Tejon-Chico contact in

San Mateo Canyon. This mesa forms the cap of a hill which con-

gists of a base of brown micaceous Chico shale surmounted Ly
the white clayey sandstone of the Tejon und Tinally the mesa

tue to the similarity between the Chico and vlejon shuales,

N
TOCKe

| : 1 d 4T 3 ¥y11 -
the contact could not be accurately ascertained, bub the abund
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ance of biotite places the base in the Cretuceous.

The clay in Cristianitos Canyon is a sedimentary clay
of economic value und will be more fully described later.
Interbedded with the clay are some carbonaceous shales which
vary from 11ghite‘to a black shale containins fossil charcoal.

This fact, together with the sedimentary nature of the clay,

indicates deposition under swamp conditions.

In order to clarify somewhat the above ciscussion,

approximate stratigraphic columns for the Tejon are shown in

Plate X. It is to be emphasized that this is merely approximate,

vhere being many variations along the strike.

The anpgular relations of the Tejon to Lhe Chico was

sought for in the field, but unfortunately no sections uere ob-

tained which showed the relations clearly. 1In gencral, the

e jon appears to dip less steeply than the Jhico and an angu-

lar unconformity of several decrees seems ap arent. It 1s very

probable that in the s@me places the two lormations are con-

formeble.

lio fossils were found by the writer, but ihis formation
has been concidered ‘‘ejon for some time past, und the fossils
of 4. 0. oodford indicate that it is probably Tejon in age.

llowever, there is need for paleontologic research in this form-

ation as much has been assigned to the Yejon that may well be
of another age.
san Onofre Faclies of the rfemblor

The San Onofre facies of the ‘emblor formation outcrops

near ~an Onofre, the San Onofre ridge beins composed ulmost

exclusively of it. FYor reasons already stated, pare 2, little

detailed work was done in this [ormation uside from noting
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dips and strikes. The San Onofre formation is rather unique
because of the .reat variety of sediments that enter into its
nakeup; 1t is because of this diversity that the oririn and
conditions of deposition of this Yormation constitute a major
wroblem in Pacific Coast Ceolory. 7The outstunding wenber is
the san Onofre Rreccia, which makes up the bulk of the san Ono-
fre ridge and the south bank of the arroyo van ilateo at its
junction with Cristianitos Canyon. This breccia consists of
anrular particles, of exceptionally cide range 1in sizes (micro-
scopic to several feet across), of a gloucophuane schist which
‘joodford has shown was deposited from a land mass to the west

of the present outcrops. This schist is very caapactly cement-

ed by a siliceous matrix and presents bold erosional forns

shoun at the localities just mentioned. “he ccurse of the ..rroyo

Lan luateo has been visibly affected by the resistant nature of
the schist, as can be seen on {he topographic rape.

pesides the schist, the writer noted a siliceous con/lon-

erate or more nearly a Lreccia interbedded vith the schist in

the an Onofre ridge. This hreceia was coaaposcd exclusively of

quartz vith the boulders several inches acrosse

4 common facies is a siliceous sandstone, very fine

~rained and bedded, and very hard. ‘This is common alongy the

north {lank of the san Onofre ridge, shere it lies belou the

sehist breccia. ownother common member was o clay=-like shale

T“his shale is

which very mich reservles the top of the Y¢jon.

2 3 i o 1 1 ¥ | B Y Wa T P =N 4
1isht in color and weathers like the rejon into a 'had=lund

soporraphy. It 1s interbedded with the sandstone near tie
emblor-Tejon contact north of isrrovo sun Onofre.
ilon the sea cliff section, Gonterey shale was found
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interbedded with ‘he breccia. Both diatomaceous und cherty

facies were cncountered.

The angnlar relations with the Yejon were no where ob=-

served. &lsevhere, the Vagueros lies between these two forma-

tions; 1its wubsence in the area mapped (it outcrops just to

the .est) implies a period of erosion and hence unconformity.

The anpular unconformity must te slight as nowhere were creat

differences in attitude observed.
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Monterey shale

Shale considered to belong to the Lkionterey outcrops in
the southern portion of the area. i small outcrop is found ly-
ins bencath the Capistrano Shale on the west side of the Crist-
ianitos fault. In this region, both the Capistrano and lonterey
shales are highly distorted by the fault, and their mutual ang-
ular relations could not be determined.

South of San ilateo Canyon, lionterey Shale outcrops on the
east side of the fault; the shale is quite extensive in the sea
cliff section.

The shale is characteristically Monterey sShale and need
not be described here. Roth diatomaceous and cherty shale are
common. vome Tine grained sandstone, similar to that of the
San Unorre, is Tound.

The shale along the sea c¢liff lies at the top of the San

and at places is interbedded with it. Thus the two Lo~

ations are, at least in part, contemporancous.

As is to be expected in a faulted region, the shale 1is so

hishly Tolded ‘that no measurements oi thickness und few of atti-

tude could be mude.

Capistrano shale

The Capistrano Shale outcrops alonys the west side of

sristianitos danyon with an isolated outcrop two miles north of

San Unofre.

%

the capistrano Tormation has two racies, a shale and a

sandstone. The shale ig very sandy consistin~ of unguler
~rains of cuartz and feldspar, the latter predominating, uhiich

are visible by the unaided eye. his shale contains biotite as



PLATE XI

A.
Capistrano Shale.

Cristianitos Canyon.

B.
Sea Cliff

Two Miles East San Onofre.
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a major constituent, the flakes lying with the bedding and im-
parting a very shiny luster to the shale. 1In fact, much of
the shale has the appearance of a mica schist. This shale is
thinly and sharply bedded; see Plate XI i,

The sandstone is very similar to the shale, ut more
thickly bedded; and on weatherings pives a 'bad-land' appear-
ance, VJery little sandstone 1s exposed in this area, although
it vecomes abundent to the immediate vest,

"he Capistrano Shale is very flat compared to the older
formations, and was probably deposited in a synclinal troug
formed by the ¢entle Tolding of the Chico and ‘e jon.

The Capistrano Shale once extended eastward of the Cris-
+ianitos Teult. The shale does not show any change in texture
as the feult is approached, and hence could not have becn deposit-
ed against a fault scarp.

The San Mateo formation forms the southern part of the

“ridge to the immedinte north of ihe arroyo San Onofre. Towards

the ocean, the Jan iateo 1s flanked by terrace sands. On the
north, it lies unconformably on the Capistrano and lonterey

Shales, the evidence foTr unconformity beins the difference in
dip and strike and the fact that the San Mateo truncates more

than one formétion. o the sast, this formation is bounded by
the Jristianitos faulte.

The Jan Hateo formation is a medium grained highly sil-
jecic sandstone. The ¢(rains concist of suban/ular quartz srains

gith small amounts of feldspaTrs. Under the microscope small

prisms of tourmaline and particles of smoky quartz can e ohserv=

ed., Wo schigst Irarments were observed.



Like .08t of the sandstones in this region, cement was
almost totally lacking, the grains being comressed together,
The color is of various shades of yellow.

Towards the north the formation becomes conglomeritic
which sugcests that it micht have becn deposited asainst a
scarp of the Cristisnitos fault, but the lack of San Onofre
schist particles neratives this possibility. Both the San Hateo
and Cupistrano formations extended more to the east 1in past
geolosic time.

The San Hateo weathers into a 'bad-lands' topography
with cavernous reefs due to its rather incoherent nature.

Terrace Material

There are two types of terrace material in this region:
that alon: the coast which is doaninantly merine; and that found
inland and terrestrial in origin.

The best exposures of the first type are to be found in
the sea cliff section along the entire southerﬁ border of the

area. Plate XI B, The cliff varies in height from twenty-five

to almost a hundred feet. The cliff is lowest at the polnts

;here the streams empty into “he ocean.
The marine facies of this cliff section consists of a

slean, Triable, very fine-grained yellow sandstone. The particles

are varied in mineral composition with considerable feldspar and

schist particles.

The terrace shows very little bedding; 1ts reneral

appearance belns quite massive. However, alons the highway

vanks of the srroyo .an (nofre, there is cross beddins on a lar;e

sonle ith several conplomeritic beds, which are absent clse-
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where. This indicates deposition under turbulent conditious
and suggests that the streams emptied into the ocean at the

came points as ab present.

B

This sandstone weathers either into a 'bac-land' topo-
craphy or Torms small talus slopes at the buse of the clifé
which consist of lcose sand with a fine texture; it rescmbles
corn meal in both texture and appearance.

Overlying this soft sandstone wiih a few desrees of un-

conformity is a soft earth deposit of recent alluvivme. 7The buse

3]

of this alluvium is marked by from two to twenty-five feet of

s

a sandy conglomerste. The boulders are eitremely rounded, and
the matrix is very similar to the sand lyinc boneath. This
gsuggests a beach deposit grading into land laid alluvium above.
This alluviwa has the reddish color so characteristic of :emi=-
The unconformable relations with the

arid alluvial deposits.

sandstone ig shown by Flate XII A where 1t will be seci thal the

alluvium covers the :lcnterey Shale as well as the terrace sande.

alluvial deposits of terrestrial origin are iound in-

jand in the vieinity of Uell Janyon. Just north of this canyon,

alons the west bank of sSan Juan Canyon, the Chico is beveled and
covered by a red congloaerate. The poulders are poorly sorted
and highly fractured and (ecompused. The mateix is very earthy
and decp red in color; indicators of subaerial deposition.

The thickness varies from a few Teet to almost a hunéred. This
rerrace natevial has o four degree dip Lowards the south-east,
Tust north of the juncilon of Bell Caunyon with San Juan Janyon,
1the surface of the conglomerate foIme a vroad shallow swule
slopius towards san Juan Lanyon, und this swale undoubtably
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marks the point where Tell Canyon formnerly emptied into San
Juan vanyon. The present channel ha: shifted to the south

nificoence

oy

about a mile, leaving o series of terraces, “he si
of thi: has already becn commenied upon,

The divide betueen vanada Cubernadora and Lell Cauyon
is remarkably flat topped, and st places is ccvered with this
veneer of red conglomerate surgesting that this resion at one
time was a larpe flood plein.

This red conglomerate shows every sradation from the
old, semi-indurated, flood plain deposit to the recent alluviun
being depo ited today, and in napping it was difficult to draw
a sharp distinction.

The red terrestrial conplomerate and the marine sand-
stone are considered Pleistocne, while the alluviun overlying
both 1Is referred to the Hecent because of its fresh austure.

STRUCTURE

General Statement: The structure of this resion is somewhat in

contrast to iypical "coast range structure” in that it is compar-

atively simple. Taults are few and the {olds broad znd shallow.

mzy be summarized by sayving that the sediments on

The structure
the lank of the crystslline core of the rance dip toward the

ocean, the Gip being at a maximum in the nountains und decreas-

ins toward the ocean - thus forming a broad open syncline, only

the cast flank of which is exposed in *this sres, This syncline

ic vroken by a fault parallel to the general structural strike

#ith the uest side the doanthrown block,., Other structures are

present which .11l be discussed in this section. utructure SeC-

tions are shouwn on the peolorsic map, rPlate XVIIL.

uL ]
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Folds: Little can be added to the statement describing
the syncline mentioned above. The éips of the Chico near the
irneous contact are approximately 30 degrees south-west, and
decrease to 12-18 degrces away from the axis of the range.

The strike of this syncline is north~-west, as are practically
all of the structural elements of the arca., DBy studying the
cross sections, it will be evident that this open fold is not
due to tangential compressicn, but rather to the vertical up-
1ift of the range, evidence for which has been previously cited.
This uplift csused the sediments to acquire a steeper attitude
than the strata underlyins the coastal plain to the uest,

In Uristianites Janyon, there is a small anticline super-
posed upon this syncline. Due to the lack of accurate dips
and strikes, it could not be accurately plotted, bubt appears
to have a north and south trend, plunging to the south. Its
Jwvtaceous strata

presence is best revealed by the 'window' of

outcropping in the bed of ths caryon. (3ee Geolopic map)e. The

basal Tejon beds at 4this locality have 2 siight dip to the

north~scast (zerc to four degrees) in contrast to the prevailing
re;sional dip.

Thruout the regioi there are anomslous dips indicating
minor variations of the main fold, but no other folded structures
were observed, unless the San Unotfre structure (to be discussed
later) is explicable on a basis of Tolding.

There is no direct Lopographic expression of the syncline

unless the increasinge elevations toward the santa Ana crest be
congsidered in this lighte.

¥aults: Oristianitos Paulbt: This is the most important fault
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i A
Sea Cliff Showing Cristianitos Pault.

B.
Faulted Tejon

San Mateo Canyon.



of the peneral region, extending from near £l Toro to the
coast rear San Onofre, vhere it runs oubt ‘o sea. Its total
length is eichteen miles, the last eisht niles of which it
traverses the area mapped.

The cast side is the uplifted block, older zedinents be-
ing brought irto Juxitaposition with younser, n the vicinity
of Cristianitos Canyon, “ajon is in contact with slonterey and
Capistrano Shale, The latter Tormation has been dragred upward
in the Tault sone, the dilp chancing from a normsl one of four
desrees to oixty desrees within a hundred yards.

North of San (nofre, the Montcrey Shale and USen Onofre
formation appear on both sides of the fault, but the same relat-
ionshin mentioned above still holds, as the San Onofre cxposed
on the west is the schist facies which is stratipraphically
above the San Onofre sandstone appearing on the eust side of
tae faulbe.

The ‘sult is excellently exposed in the sea cliff two

and a half miles south-cast of San Onofre. ..ee Flate XII A.

The Pleistocene sandstone is Taulted a;ninst Monterey shale.

e g

this is the only point at which an actual

4

‘,.‘

ible. This planc aips Jestwerd Tifty-five dcrreesy  therefare,
this is al fauit at this point. ‘the Moaterey shale has
this is a normal fault atv this puaillhe Wi Tont v o8 a
y 3 . ie 3 s sy b Ve Fom s Ty YN e ) ¥ e " £ et 3+
seon sharply dowaiolued &t it ceult plane; o Tew fect awsy 19
Lo an eastvard dip. Jlere ever exposSca alons the
[ s s T R I R mpen e
section, tite shale is highly folded and at some places nacs
coiated and then vecemented; “this 1o copecielly churacteris-

tic of the cherty fucles.

horizontal slickensides showing
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that the latest movement was a horizontal one. ‘“he coast
line shows no offset at this point, but as the formations are

both soft, wave uction would remove any irregularities as soon

as formed,

It will bhe noted from the photograph that the recent
alluvium, with the beach deposit already discussed, boevels
both‘sides of the fault., If we consider this soft sandstone
to be Pleistocene, the age of the fault is clearly indicated
as post-rlelstocene and pre-Recent time. The faulting occured
before the most recent regional uplift for the following reasons:

1) The buse of the alluvium has already been shown to be a

beach deposit. This conglomerate is now twenty-Tive feet above

sea level. Since the deposition of this member was subsequent

to the faulting, there has been an uplift of approximately

twenty~five feet since then.
2) Near the fault there are many small faults in the terrace

~sandstone. See Plate XI B. There are two sets of such faults,

one approximately parallel to the fault and one normal %o it,

formling diamond shaped markings on the cliff wall. These Tault

lines do not show visible effects of fracture bveing now rilled

with sand; 1in some the sand appears to have f{lowed. They have

cvery indication of being formed nhile the sand was still in a
semi-plastic condition, presumably before its emergence from
These faults decrease in frequency away from the nain

the s€a.

fault and Tinally disappear; hence a genetic relationship can

be inferred.
The displacenent of the fault could not be definitely

ascertained, althourh it cannot be large in this vicinity as
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lionterey Shale outcrops on both sides of the fault. Since
this Formation has a thickness of ceveral hundred feet, fhe

throw of the fault must be within the same order of magnitude,

In the vicinity of Cristianitos Camnyon, the line of the fault

is marked by many springs and small swamps., These springs are

not in a straisght line, but distributed over a zone. North or
San Onofre, the fault is marked by a few broad swales, and
patches of tule and other swampy plants. The fault follows

down a deep canyon on the south side of this ridge, but it is

doubtful if this is a fault valley. The wnost positive indica-

tion of the fault, aside from the sea cliff exposure, 1s the

areal reclations of the farmations. The straight line of the

contacts indicate that this is a vertical fault, altho the

southern part of it is a normal fault,

3an Onofre Fault (?): The .an Onofre ridge was considered by

the earlier vworkers to represent a tilted Tault tlock, its north

cdge being bounded by a rault. Tairbanks* so considered i%,

and the geological map of 11lis and Lee** shows a fault travers-

ing the north front of the ridge. Hovever, Morse and Tangcier

Smith™** have concluded that the structure is due not to folding,

but +to flexure without faulting; that is, that the cteeper
attitude of the San Onofre strata is due to a down warp. In view

* Pairbanks, 1. ., Ceology of Jan Diego County; alsoy?ortigns of
Oran~e and oan Dernardino Cos., 11th Ann. 3pt. Gtate Mine 1883,
¥ 11118, ae Jo, ond Lee, Co T, feology and Cround waters of the
" - p - A 3 3 A o Tey 3o [ ITP
estern iart of san Diego County, culif. U, Se CGo Ue Jdater Supply

Paper 446, 1919.
5% ioodford, iA. Oe, Ope Cite D 157



35,

of these conflictilg reports, the writer Gevoted a part of his
time to examining the structure of the San Onofre mountain;
Unfortunately, time was not available for the detalled investi-
gation which should have been made, but certain lines of evi-

dence were encountered, some favoring one interpretution and

some another. A conclusion was arrived at which it is hoped

further investigation of the entire San Onofre mountains (only

that part within the arez mapped was studied), will confirm.
In order to understand the problem, the physiography and

the areal geolory of this immediate region should be visual-

ized by the reador,
Structure section C-C and Plate XIII show the physio-

~raphic and rieologic relationships. The north slope of the

Arroyo San Onofre is relatively gentle while the south bank

slopes rather steeply. About 300 feet above the stream bottom,
this south slope flattens outb somewhat, then 1t zbruptly rises
to the crest of San Onofre mountain. The flattened portion,
vhiech moy be likened to a piedmont apron, is well shown by the

photographs. This plain is characterized by many loncitudinal
ridees and hillocks, having their longer dimension parallel with
the range front. As & CONSE(UENce of this, the drainage of

is not simple conseguent; that is, the

this piedmont slope
slope in « ¢direction normal

streams do not flo: directly down the
to that of tan Onofre creek, but meny of nem flow parallel to
the ridre before plunging down ‘he lower steep slope. The
basins of ihese longitudinal valleys are often filled with
swampy lakes, which are dry in summer, altho there 1s one fresh
water lake about %wo and a half miles from san onofre. This
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last named lake (Plate XIII) is apparently fed by a spring,
as it was very clear when visited by the writer in August,
with no scum around the edges.

The Tejon and dan Onofre contact trends parallel to
the range und is located along the lower part of this piedmont
slope, altho it could not be accurately traced due to the
similarity between the two formations and lack of outerops.
"his is unfortunate as the structural problem involved could bve
definitely solved if the areal reology and stratigraphic sec-
tions could be aocuiately determined,

The designation of these longitudinal ridges 1s some-
what dependant on our interpretation of the structure of the

region. If it is assuned that the ridge owes 1its position to

faulting, these ridges may Wery well be slice ridges, and were

so considered by the writer on his first inspection of the arec.

On the other hand, they may be landslides. In support of this,

some of the smaller hillocks are clearly landslip »locks, the

ampitheater which they have excavated being visible, and known

- % [xid V.t =Y
landslides are observed 1ower down the slope in the rejon TOCKS
these longitudinal ridges cal scarcely be considered

Therefore,
as landslips could occur

as evidence bearing on the structure,

with both faultiﬁg or folding. IT iliey are landslips on a fold~-
ed structure, their cause 1s the vame as of those lower doOWn;
namely, rapld downcutting of the stroam oversteepened t+he bonks
and caused inctability. It is evident that ab present, fhe

ne San Onofre sreek is in an nastable con~-

entire south bank of ¥

ditione.
The structure section on plate XVII shows the structure
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due to faulting, while the 7igure belo: glves the structure
on a basis of downfoldins. This latter section is token from

“oodford's paper (p 1l68).

Sarn O re
S Mff p

5o 7 75
ﬁﬁ‘ﬁilgéiaﬁﬂé gﬁég;g:ﬁt;ﬁi.';i.

The data in favor of a downfold seems Lo be:
1. The strike of the range is parallel to the strike of the
strata. If a fault, it must be a strike fault, which is of
course not imnossible but more imprchable than a diagonal fault.
2, The fault line appears to be rather irregular in plan.
3. There are no talus slopes or piedmont aprons of detrital
material, such as are usually found at the base of fault scarps.
(Note that the piedmont slope described above is an erosional
feature, not depositional.)
4. The schist facies of the San Onofre is more resistant to
erosion than the other formations, and one mi hit well expect
this formation to show a more rupgzed appearance.
The origcin of the ridge is explicable by assuning that the

Se

slight monoclinal dip of the Tertlary sediments suddenly in-

ereases in daip (up to thirty or more degrees), Tollowed by

erosion of a cuesta.
“he irregular fault line mentioned in 2, does not elimin-
ate Taulting. Cilbert, in his recent puaper on lasin Range fault-

et o atrals 21 as much
ing*, shows conclusively that a stralght fault line is as m

U’. ;: Y tie .\f: ° 9

* ilvert, ¢. Ko Studies in Dasin Zange Structure.
P, . 153, 1928,

-~ 0



of an exception as a rule,

The lack of detrital material, 3 above, 1ls explicable
because of the perfect drainage of the region. The detrital
accumulations are associated with block faults only in arid

regions, Any material eroded from the scarp would be culickly

carried to the ocean.

Regarding 5 and 6 above, the cliffs along San Juan can-
yon are broken at intervals by tributaries emptying into the
river; the c¢liff along sSan Onofre Canyon does not have such

canyons, most of the raiafall draining to the south =-lope. ee

Plate XIII.
Evidence favoring fauvlting:
1, The San Onofre ridge has the typical profile of a block moun-
tain, with a steep north scarp, and a gradual south slope.
2, The elevation of the range is hicher than the hills to the

jrme imte north; the natural condition is for the mountains to

decrease in height toward the ocean.

2, The strike of the range is a topographic anomaly. Ridges

formed by erosion trend normal to the coast rather than parallel,

4, The drainage does not appear to be consistent with that of

jon, which is well dralned.

gee Plate II. The north

the renmainder of the Teg This drain-

age has an appearance of 'newness'.

slope does not have much drainage; the south slope is marked by
meny parallel, deep corges emptylng into the ocean. 7The ..ITOyO
san Onofre Truns more Or less parallel to the coast, 1in contrast

to the other st eams of the region .hich empty directly into the
ocean. In other sords, the stTeam has been rorced to adjust it-
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self to structure and flows around the tilted blocke. If this

is an exhumed downfold, we uhould expect to find the drainage

antecedent, flowing directly across the range. -ventually, the

streams on the south slope will capture this stream and establish

an entirely new drainage,
5. On top of the ridge, there are large flat areas which appear

to be remnants of *he peneplain described previously. Thie

peneplained surface, which can be seen in Plate XIII A, lies

about 300 feet hirher than the projection of the peneplain in

the northern part., Uplifting by faulting is the only explana-

tion. GLven if this flat surface is not be correlated with the

peneplain to tkhe north, its position at an elevation of more
than a thousand Teet above sea level is an anomaly. It is not

necessary to postulate a fault with a throw of a thousand fest;

regional uplift is responsible for part of the elevation.

In the writer's opinion, the evidence in favor of fault-

ing outweighs that for folding, and the structure is considered
a normal Llock fault, the north slope belng a fault line scarp.
The age of the fault cannot be definitely ascertained. It is

obwiously later than the age of the Temblor (San Onofre) which

i lower Miocenc. The fact that it abuts a;ainst the Cristian-

‘tos Fault indicates that it must be later than the latter, but
the Pleistocene age of the movement on the latter fault is only

the age of the last movement, and is probably later than the mw e-

ment on the San Onofre Faulte The lack of definite fault feat-

ures on the last named Tault places the age us pre-pleistocene.
+he uwriter tentatively assigns 1t to the later Pliocene, but

later than the extenslve peneplanatione
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The displacement of the fault could not be determined,
but cannot be great as there is no great stratigraphic displace-
ment. The height of the scarp varies from 300 to 500 feet.

The displacement 1is probably of this magnitude.

Other faults 4 few minor faults of a few feet ulsplacement were

noticed-thruout the region., Plate XII B shows such a one in
Jan Mateoruanyon.‘ Note that the alluvium bevels both sides of
the Tault,

There is a small fault in the San Onofre schist spur at
the intersection of Cristianitos and San Mateo Canyons. The’
evidence is a fault gap bordered on eusch side by crushed and
distorted rocks. It is probably a sﬁbsidiary fault of the Jrit-

janitos Fault.

Landslides: Landslides are qulte numerous thruout the area,

Most of them occur in sedimentary Tocks with a few in the igne-

ouc. The slide shown in Plate IV 4 is an example of the latter

type. They are all due to oversteepened slopes. The first in-

dications of a slide 1s a longitudinal fissure parallel to the
valley wall. This widens and eventually the mass below begins

to move downward. The slide blocks observed thruout the area,

show the characteristic backward tilt. Plate XIV B shous incip-
ient landslides.
"WOLOCIC HISTORY

The first recorded event is the deposition of the Chico

in upper Cretaceous time upon the flanks of the Jurassic (%)

sasement Complex. This was followed by emergence and erosion,
but ith practioally no deformation; then submergence and the

deposition of the Tejon in upper Locene tine. During the
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Oligocene and Vaqueros (lower Miocene), this region was above
sea and may have supplied sediments for the Sespee and Vaqueios
found to the rorth. As before, there was little diastrophism
durings the emergence. Then submergence again took place with
+he deposition of the San Onofre and the Monterey shale. The
sediments for the San Onofre formation came from a land mass to
the west while the Monterey shale came from the east. These two
processes were in part contemporaneous, altho the deposition of

the Monterey shale persisted after the cessation of the San

Onofre deposition.

Lmergence ugain occured, this time sufficient to form a
broad shallow syncline between the core of the embryonic Santa
Ana nountains and the ocean, in which the Capistrano shale was

deposited. This was followed by the peneplanation of the moun-

tainous region, This peneplanation probably supplied sediments

for the San Mateo formation in Pliocene time. The sequence foT

the events just mentioned is not substantiated by any evidence,

and they may have been concurrent or the penenlanation may have

occured before the deposition of the capistrano shale, if a

:iiocenc age 1is to}éttached to the pene:lain.
ifter the peneplanation there was renewal of uplift A5S0C-
iated by faulting. The “an Unofre block was uplifted. &as a Te-
sult of this regional uplift, dissection took place to a mature
stage in Late Pliocene or Fleistocene tine.

buring the iliocene and pleistocene only the southern

part of the area was submerged as the sediments of these periods

are confined to the southern stripe.
ifter the deposition of the Pleistocenc sandstone, uplift
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caused the emergence of the coastal plain, Uplift has been

mors or less continuous up to the present time altho sporadice.
Streams are now adjusting ‘hemselves to this new elevatlon of

the land., <5 the beach slopes quite steenly toward the ocean,

the region is still emerging from the seas.
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ECONOMIC-GEOLOGY

Clay

Occurrence: fThe clay pits beins developed at the pre-

sent time are located in Cristianitos Canyon. Host of the pits
are on the east slope with a few on the west, all being north
of Gabino Canyon. The clay forms natural outcrops on the hill
slopes where it is known as the 'Tierra Colorada' due to its
prevalent red color. “hile there are a great number of out-
crops, only a relative few, about ten or twelve, have been work=
ed or are being worked.

The clay is a bedded deposit, and as neted elsewhere,
forms the base of the Tejon formation. Most of the outcrops
have a south westward dip, although the deposits ncar Cabino
QanyonAwhich are undergoing extensive development at present
(August 1928), have a slight dip, four to five degrees, To the
north~east due to a slight anticline in the Tejon at this point,
This anticline is revealed by the window of Cretaceocus strata

outcroppins in the floor of Cristianitos Canyon.
The clay is sharply bedded with thicknesses varying from

a few inohes to four feet; Plate XVI. The clay is interbedded

+ith carbonaceous shale which approaches lignite at saome places.

mhis shale contains much charcoal. oome of the deposits Test

upon Chico shale und some upbn Chico conglomerate. The clay 1s

not uniform in composition at all places. At some outorops very

1ittle hedding is observed, vwhile in those showing ~ood bedding

+here vcems to be no definite sequence of strata. The total

shickness of the clay is approximately one hundred feet with

considerable varistion among the several cluy pits.
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Characteristics of the Clay: '7There are three iypes of

clay, based on color: white, blue ana red. The white clay is
softer than either the red or blue and is more porous. The
blue clay is blue-gray in color, very dense and bresking viith a
conchoidal fracture, The red clay appears to be the same as the
white, but colored red by iron staininp. Most of the red and
some of the white is bsuxitic, beins high in alumina, and dis-
playing a characteristic pisolitic structure. In general, the
red clay is not associated with the white or blue, although the
blue and white occur together,

Origin: The origin of the clay is not evident at all of
the pits, but since they all occur at the same ceologlic horizon,
a common origin is inferred. The outcrop at which the relations
are best shown occuis on the east side of Cristiunitos Canyon,
just north of the union with Cabino Canyon. This deposit is be-
ing extensively developed at present, and excellent ex osures
There are several factors which indicate conclus=-

are obtained.

jively that the clay is a transported deposit, that is, sediment~

ary in origin. These are:

1. The even stratification of the eclay layers., If the
clay were due Lo the decamposition in situ of a sed=-

imentary series, the leaching out of the soluble con-

stituents would cause slumping; such slumping has
not bheen observed. See Plate XVI.

o, ‘the -reatest concentration of clay is not nceeessarily

at the surface as the pit 1is sorked by tunnels. How

extensive is the clay is not known at the present

stace of development.

the presence of coal and shale seans iatcrbedded

G
)



with the clay.
4e The cluy 1s sharply diffcrentiated both above and
below from the sandstones of the region. If a re-

iduul deposit, 1% would ;rade Jownward into the

(5]

country rocke

5. The clay outcrops only along a definite ~eoloric
horizon rather than on an old erosion surface. 7The
great residual deposits of islabuma and Ceor:ia occur
at the level of an Eocene peneplain. There ure old
erosion surfaces exposed in this area, but clay is
not associated with them. The fact that the clay
occurs on hill slopes in a repion of mature dissec-
tion at first sugegests the residual origin, but the
reoloric relations offset this.

Development: All but the deposit jJust xeferred %o have

been ained by open pit methods. Yhe deposits ure located along
the valley walls, there is little overburden, and this method
can ce cmployede. At the latter clay pit, the surficial part is

mined by open cut, but as mining proceeds, the overburden becaues

considerable, and tunneling is resorted to. OLee Plate iV, The

clay is curried by truck to San Juan Capistrano shere rall connec-

tions are made.

Gold

e

There is a little placer gold in the end of Lucus lanyon,

bvut the paucity of -he deposit and the lack of vater thru nmost
of the rear has prevented cny development. severald clalms have

been ..taked out in this canyone.
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