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ABSTRACT

The Santa Ana Mountains, a northern extension of the

Penninsular Range, lie between the Elsinore Trough on the
East and the costal plain on the wWest, The area concerned

in this investigation is in a northern part of the range in
Orange County, Californla., Both izgneocus and metasedimentary
rocks are present, Hetssedlments includs the Santa Ana for-
matlon, which has been subdivided into two members, and the
Houpgh formation, The oldest rocks have been dated as Triss-
slc. Unconformably overlylng the Sante Ana is the Hough
formation which 1s believed to be Jurassiec in age. Igneous
roecks of pre-~lpper Cretaceous age are Intruded into the meta-
sediments and are largely responsaibvle for their metamorphism.
Overlapping the metasediments from the west are Cretaceous
rocks, the basal unit of which is the Trabueco formation.

Structurally the Santa Ana Mountalns rescmble the Sierra

Nevada, but on a smaller scale. They are essentially a tilted
fault block, The older sediments were contorted into broad
open folds late in Triassic time, but subsequent to thls there
has been little folding of conseguence., Uplift of the east
face of the mountalns along tne Elsinore fault occurred sarly

in the Tertiary and has continued spasmodically up to the
present. Later in the Tertiary there'was normal faulting with-

in the ares which displaced Creteceous and Triassic rocks.
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INTROOUCTION
Purpose and method of investigation

This problem was undertaken primarily to gain greater
sroficlency in zeologic fleld work and to satisfy in part
ihe requirements for the degree of Master of Sclence, The
selection of the partlcular area was made on the basis of
value to geologic science in general and for the instruc-
tive qualities it offerred. It 1s one of the lew areas in
Southern Californie where extensive masses of pre-Creta-
ceous sedimentary rocks are exposed, In this respect 1t
appeared Interesting, 1f not unigue,.

In recording observations, aerial photographs were
utilized as a base map., The rezlon was flown October 13th,
1939, by Fairchild Aerial Surveys, and contact srints of
zood quality were obtained. A scale of one inch equal to
two thousand feet was sultable to the tyoe of mappling deslired.
Displucement due to relief constituted the most serious in-
accuracy in the photographs. rfart of the Corona and Santi-
aczo Peak quadrangles served as a base for compllation of the
data on a final office map.

All instrumental measurements were made with a Brunton
Compass. Field work was started December 30, 19&7, and was
completed on april 19, 1948. During this period twenty full
days were spent in the field. Laboratory work consisted of
reviewins osrevicus literature on the area, ldentifying speci-

mens microscopically and megascoplcally, complling data, and
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writing the report. The time spent on laboratory work was ap-
proximately hsalfl of that spent in the field.

Geography

The Santa Ans Hountains trend roughly northesouth, and
form the northern tip of the Penninsular Range. Filgure 1 shows
the area which is in a northern portion of the mountains, in
Orange County, Californie. It 1s Immediately west of the range
divide and lies entirely within the Cleveland National PForest.
Situated between Silverado and Santlago Canyons, it is easily
resched on good surfaced highways. Access to some points within
the ares ls difficult, however, and they can only be reached on
foot after several miles of hiking. The area mapped is a rec-
tangle nearly four mlles on the western edge and 3% miles on the
northern edge, which hus an area of approximately thlrteen square
miles,

Apprecliable reliefl is present in most of the area. Slopes
are as steep as forty degree in some cases, but the average ls
about fifteen to twenty degrees. Elevations above mean sea level
range from 30600 feet on eastern edge of the area to 1100 feet at
the mouth of 3ilverado Cinyon. Santliago Psak, with an elevation
of 5695 feet, is the highest point on the range divide.

The major streams through the area drain directly west to
Santiago Creek. Minor streams generally Intersect these st angles

approaching ninety degrees. Some streams are clearly controlled
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by resistant strata, notably those disectling the Trabuco
Tormatlon, and follow closely the strike of the beds.
Groundwater is yrelatively abundant, Strcams in the larger
canyons continue to flow the year sround, even during dry
years., The water in most streams 1s hard., In Ladd Canyon
and several others, the rocks in the stream beds are cemented
together with ealcium carbonate, The high lime content of
the water apparently is due to derivatlon from the lenses of
limestone in the 3Silverado formation, or posslibly from un-
exposed limestone beneath the slate,

Vegetation 1is not different from that common to most of
Southern California., The trees are confined almost entirely
to the canyon bottoms, except for sparse growths of conlfer-
ous trees zslong tﬁé range dlvide. Approximately two-thirds
of the area ls covered by brush, generally very densse. The
renainder 1s covered by grass and small bushes. Almost with-
cut exception the bruéh is present on the north or sast sides
of the rldges, whereas the opposite sldes are grass covered.
This relation is due im part to the northeast dip of the
strata, which csuses the groundwster to flow primarily in this
directlion.

A;ssmi-arl&'élimate comparable to thut of most of Southern
Cslifornia is prevalent, and ralnfall averuges sbout twenty
five inches per year, Exposures are good in areas ol least
vegetation and there 1s uncommonly more than a thin mantle of

soil covering the rocks. The best exposures are in stresm



bottoms or on the steep facez of alopes. The dense brush
masks many outercps. Artificial exposures are rare, but
those along several truck trails were found to be valuable.
Cultural leatures are sgparse, snd are confined to Silver-
ado Canyon and the lower reaches of ¥illiams, Harding, and
Santlago Canyons. They consist of small mountaln cablns
snd several resorts. The small town of Silverado is in

Silverado Camyon Jjust above the mouth of Ladd Canyon.
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GEOLOGY
Stratigraphy and petrogrsphy

Roeks of the Santa Ana Mountains range in sge from Hes-
ozole through Cenozoic, and include sedimentary, igneous,
and metamorphic varieties. The older rocks outcrop at
higher elevations, where erosion has exposed the core of
the range and become progressively youagergy@stward from
the crest of the range. Only those of general pre-Creta-
ceous age are treated im this report. These include igne-
ous and metasedimentary types. =Both intrusive and extrusive
igneous rocks were mapped. East and south of the srea mapped,
coarse~zrained grancdiorite is exposed and 1s related to the
Southern Californis batholith. This igneous body has recently
been investigated in considerable detail by Larson {2, page
134) and his description of this feature ls very comprehen-
sive. It is belleved to be one of the main metamorphle agen-
cies and will be discussed later in this respect.

The sediments have been metamorphosed to varlious degrees,
and range from relatively unaffected sediments to rocks in
which little of the sedimentary charscter remains. In gener-
al however, the sedimentary character is easily recognized.
fhe most prevalent strike 1s fifteen to twenty degrees west
of north. This is in sccord with the structural trend in

mcst of the older rcoeks of the Paclfie Coast.



PLATE  ONE

COLUMNAR SECTION

Age ‘Formation | Discription

CRETACEOUS Undividedl K

T < d—unconformity—
CRETACEOUS? Trabuco | Kt Eeetafen loo weathered, ved sgle

v sb-—unconformity.

JURASSIC? .| Hough Jh [Szxssz=% 5701 yMetamorphosed cgl. & ss.
- 2 hEcJ orgT%yp‘ =

B g

e 2 17500 Interbedded ss., slates,

g5 7 and lenses of limestone

- unconformity ?
Black slates and sand-
stone in thick beds
2
TRIASSIC | &

Reslistant ss. and cgl;_ﬂ_

Black sandstone with
conglomerate ‘in thick
beds of slate

Sequence

concealed
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Metasedimentary and sedimentury rocks

Santa Ansa formation.

The oldest series of sediments is the Santa ina formatlon.
The name has been taken from the Santa ina Hountalns, where
the rocks are well exposed. 4 more appropriaste name is the

1/
Silverado formation, which has been used by 3B. H. loore

T ~~~~~~~~~~~~~~~~~~ A e g WA G GEY G NS Mk WD s
B. N. lioore, Geology of portions of the Santa Ana Mountains:
Calif. Inat. of Technology, unpublished thesis, page 6
(1930)

but unfortunately this report was not published and the name

has recently been xpplied to another formation in the litera-

2/
ture. lMoreover the term Santa Ana slates has long been

S6e UeSeGeSe - 011 & Gas Investigations, freliminary Chart
12, 1945.

used as a local name Tor these rocks. The type section is in
Silverado Canyon where the most complete section and the best
exposures are present. The section 1s not complete for two
reasons. In the west the formation is overlapped by the
Hough formation and Cretaceous beds which obscure the base of
the 3ants Ana Tormation. Also the sediments have been folded,
uplifted, and most recent part of this Tormatlon has been

eroded away.



The 3anta Ana ‘ormatlon is exposed throughout this area,
and is in contact with every cther rock unit mapped., Al-
though it is fractured and gener«lly breaks into smull par-
ticles, 1t nearly everyvwhcre forms steep slopes. Some of
the more reslst.nt beds have distinct topographic expression,
and form bresaks in the general slope. This of great advan-
taze in tracing them, expeclally in éreas of dense brush,
These beds are not abundant, however, und between them are
larze saps where determinution of structure must rest en-
tirely on measurements of the attitudes of bedding planes.

A slaty cleavage which dips steeply east, commonly parallels

the bedding. vaen the intervening angle 1s small it obscures
bedding features. The forawtion is composed of slate, shale,
sandstone, quartzite conglomerate, and lenses of limestone.

On the basls of lithology, the portion of the lformation
that was masped has been divided into two unlits, termed low-
er and up.er members., The lower ls exposed in Ladd, Sllverado,
Williams, and Harding Cenyons. It 1is largely slaty beds and
subordinate sandstone, vut also contains conslderable conglon-

erate and a little limestone,
Lower menmber in Silverado Canyon

The lowest beds exposed uzre black slates that weather to a
buff or rust color. They are thinly laminated, and range
from an inch up to a foot or more in thickness, Host of the

a2lates here are relatively pure but many contain arenaceous
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material. The slaty cleavugze is best developed iIn the purer
materlal, as there is little evidence of it in the sandy
slates and sandstoness Original lithologlce structure is
generally obllterated, but these same beds in Ladd Canyon
show evidence of ripple marks.

Beds of sandstone &as much as ten feet in thickness are
interlayered with the slates, and increase in quanity in
the upper portion of the member., The arenaceous rocks range
from fine-grained sandstone to conglomerate, The average is
medium sand, angular to subangular and in general well sorted.
These beds contaln [iftecen to twenty percent arxkosic mater-
ial and about two percent neavy minerals., The remainder is
quartz. The sandstone iz cemented chiefly with sillica, and
is well indurated. 1Its color 1s commonly black, but the
rock weathers to a dull brown.

Con.lomerate beds are less numerous than sandstone, but
are not rare. The aversge particle size is smally, being el-
ther grunules or peboles. They are moderately well sorted
and have a subangular shase, The particles are felsite,
gquartzite, and slate., 4 matrix of guartz sand constitutes
nearly half of the rocke On the north slope of Silverado
Canyon sbout two thirds of mlle above the junctlion of Ladd
Canyon is an unusual congzlornerate. It consists entirely of
limestone cobbles as much as eight inches in alameter. They
are suvuanzular and show no sorting;. This bed 1s twenty feet
thick,

A resistant bed crosses 3ilvercdo Cenyon about 1 3/ miles
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acove tne jJunction of Ladd Canyon. It has a thickness of
two hundred feet, and was mapped across & portion of the
area, There seemns to be a thinnin: to the south, and it
was lost In uysper ¥Williums Canyon. The base ls o granule
conglomerate, with particles from eight to a half inch in
diameter, and contains an egual amount of coarse sandy ma-
trix. Under the microscope this rock shows some interest-
ing relitionshins, 41U is extenaslvely fractured, with some
of the fractures cutting through both matrix and sranules
in a continuous line., These fractures are {illed lth
quartz, calcite, and un cpaque minerizl, possibly »yrolu~-
slte, vhich 1s Jrobubly assoclated with the mineralizatlon
in this re;zion. The quartz was introduced Iirst. Thesd
seams are offset und cut by fractures fillled with calcite,
From similar relations the opagque mineral was apparently
intermediate between the guartz and calclte.

This conglomerate grades into a sandstone, which is the
ma jor constituent of the resistant unit. In the upper part
of the member the sandstone decreases, and several hundred
feet above thls stratijraphically, slates predominate, Con-
tinuing to rise in the section, the slates contaln numerous
thin bveds of sandstone, and only In a few pluaces 1is & thice-
ker bed encountered.

Summeary of the lower member

2900 feet of black slates with a few beds of hard, black

sandstone an inch to ten feet or more in thickness. Con-

slorerate beds one to twelve feet thilck less numerous
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than sandstone.

300 feet of resistant conglomerate and sandstone, grad-
inz into beds predominantly slate.

2000 feet of black slates contalning about twenty per-

cent of sandstone in thin beds,

Upper member in Silverado Canyon

' e
By the term "upper nember", the author doestwish to

imply that this unit is made up of the youngest rocks in

the Santa Ana formatlon, but only that 1t overlies the low-
er ﬁember. The upper portion of the formation weas not mapped
in this investligation, thus it 1s not known whether this mem-
ber includes all the resaining rocks or whether another over-
lying unit or units can be distinguished. In either event,
it must be und.rstood that there are rocks included in the
Santa Ana formation which lie above the limit of those mapped
in this report.

- At the base of ihe upoer member there is a~thlck group of
sandstone beds that contaln conglomerate in the lower part
and thin slate beds throughout. The sandstone ls black,
weathering to brown. It varies in size from very coarse to
very fine grains in different beds., On the divide between
S1ilverado and Ladd Canyons it is two hundred and [ifty feetl
thick, but thins to the south, It was not identified south
of Silverado Canyen, and may eilther lense out comoletely or

lose its identity by including more slate.



- 16 -

Directly above this sandstone unit lies the main body
of the upper member, illustrated in Figure 2., It ls come-.
posed of interbedded sandstone and slate. The sandstone
is fine grained, and occurs in beds half an inch to a foot
in thickness. Its color is the usuual black and it weathers
%0 brown, It conslsts largely of guartz, with a little
arkosic material., Due to fracturing perpendicular to the
bedding planes, the rock tends to break into small blocks and
hence offers relatively little resistance to erosion. Beds
of slate a hall to six Inches thick occur between tns thin
beds of sandstone. The slate a.pears similar to that already
described, exceyt that the beds are marked by many thin lam-
inations. In the lower part,sandstone is slightly dominent
over slate, Stratigraphically higher the slate is more abun-
dant, and beds of sandstone are thinner and even finer gralned.
The contacts between Individual beds do not apjsear as sharp
here, Small lenses of limestone also occur in this member.
Figure 3 shows one of these lenses in the lower left corner of

the photograph,
Swmary of the ujper member

250 feet of sandstone and conglomerate, with a minor amount
of slate in thin beds,

1500 feet of thin, alternatling beds of sandstone and slate,
with lenses of limestone,

The total thickness of that part of the Santa Ana formation

which was mapped is 6950 feet, This does not include the lowest



Figure 2

Interbedded sandstone and slate
Upper member, Santa Ana formation in

Silverado Canyon
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Figure 3

A limestone lens in upper member
of Santa Ana formation. Looking toward

northeast side of Silver Canyon

= 18 =



- 19 -

portion of the formation whiech is overlupped and hidden by
Cretaceous rocks, or that stratigraphically above the limit
of mappinge The sccuracy of this figure is limited, by the
occurence of & fault that has duplicated so-e of the beds,
Displacement alon; this fault cannot be determined directly.
FPurther, the true thickness of the upoer member 1s uncertsain,
owing to the amount of minor folding it has undergone.

Certain evidence indicates that there is an unconformity
between the lowver and upper members. No conflrmation of
this was noted at the contact between the two, but this con-
tact 1s rarely well exposed, and thus hinders direct observa-
tion of the feature. One factor that supports this conclu~
sion lsg the difference In dip between the base of the upper
member and beds in the lower member. Attitudes of individual
beds do not give a broad picture because of the crushing and
minor folding, but the base of the upoer wmember 1s seen to
have a low dilp by its topographic intersection. This can be
observed in Fiture i. In contrast attitudes indicate that
the lower moember ls dipplng more steeply, even lmmediately
adjacent to the contact. This same relationship ls Indicated
bty the difference in horizontul separation between a given
bed in the lower member and the base of the upper, at differ-
- ent topographic levels, In addition, the conglomerate at the
base of the upper member indicutes a changze in depositional
conditiong which muy be related to an unconformity.

Helutions of the Santa .na formation te the underlying

older rocks are not lmown, as the base is not exposed. Two
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Figure Iy

Contact between the two members of
the Santa Ana formation, north of Silver-

- ado Canyon



- 21 -

sedimentary units overlie it iIn this area. These are the
Hough and Trabuco {ormations. Both are unconfofmable with
regpect to the Santa ina {ormatlon. These unconformities
and relaticns to the various igneous 5odies will be disg-
cugsed later in this report.

The origin of the Prilassic sedlmentary rocks is doubt-
ful, but two faectors are nelpful in this determination,
sherever thinning of thie coarse sediments oecurs, 1t appears
to be in a southward direction. This would indicate that
the sediments were deposited from a northem direction. PFur-
ther, Trassic sediments to the east of the Santa Ana Moun-
tains show that this area was covered by the sea., Converssly,
the lack of sediments to the northwest indicates that this
reglon stood as a land mass. These lines of evidence make it
appesar most likely that the sediments were derived from the
north or northwest, There is little doubt that the source
was nesarby, &g testified by the subangular limestone conglom-
erate already entioned. It seems highly improbably that
these limestone psbbles could be transported very far, even if
they were not of subansular shapes The lithology and relations
of this formation also indicate that the sediments were depo-~
sited in & shallow basin of the sea and that fluctuations of
depositionsal conditions were Ireguent, expecially during the
woBer part of Santa Ana time,

The age of these rocks 1is generally agreed to be Triassic,
or at 1eést in part Triassic. This, however, is not entirely
certain. Unfortunutely the sediments are practieally unfossil-

ifercus, due mainly to the luabter metamorphis. Hore than fifty



years ago Falrbanks (1, page 115) recovered a pelecypod,
brachiopod, and coral from a limestone lens in upper Ladd
Canyon. These were ldentified at the time as belng of
Carboniferious Age. Several years later J. P. Smith (6,
paze 776), studying these same fossils, stuted that the
beds were "almost certainly Lower Trlasslc". This view was

based on the pelecypod Pseudonmonotis, alff. clairi, Hlenden-

hall (3, paze 505) also found fossils in Ladd and Bedford
Canyons. These were identifled by 3tanton us "probably
upper Trisssic®. The exact aze of the Santa ana formation
is thus rather uncertain, largely because the faunal assem-
blage s so limited. It appears, however, that it 1s Tri-
asslc, and probably it is middle or lower Triassic. All of
the fossils came from ap roximately the same horizon in the
section. This norizon seems to lie just above the contact
between the lower und ugper members, and thus there is a
great thickness of rock both above and below these locali-
ties, some of which may be of a different age. The author
has attempted to obtaln additionul fossils from Fairbanks!
originul locallty, and to find new_lac&lities, but without
success. A limestone lens in Pine Cunyon ylelded what was
apparently a brachiopod, -ut metwiorphism has obliterated
its characteristics,.

The slates of the Elsinore metunmorphic series, which are
exposed north of Lisinore and in Hallroad Canyon, and those

of the southern Santa ana Hountalns are .pparently related to
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the Santa ana rocks, and may be the same lormation. L. S.
Larsen (2) has called these rocks the Bedlord Canyon forma-
tion in his recent paper. From an advanced copy of the
report which was made avallable to him, it ls noted that all
of these slates are agsigned to this one formation and re-

ferred to as Triassic.
Hough formation

In the lower part of Ladd and Silverado Canyons there 1is
an unusually interesting conglomerate. It crops out over a
very limited area, and according to Moore (4, page 20) 1t is
found at no other locality in the Sunta ine Hountains. He
has nazed 1t the Hough formatlon after the Hough property
where it is exposed. It is very well indurated, and Torms
Imposing wélls and ¢liffs where erosion has disected 1t in
Ladd Canyon. 4 persistant Joint system commonly zilves it an
igneous wpoearance in these clliffs., The color is dark gray
to black where {resh, but it 1s most often seen as a weathered
brown, It conbains subangular partlcles ranging from coarse
sand to boulders four feet in diameter. Its lack of sorting
can be seen in Figure 5. The geology pick is in a grani-
toid boulder more than two eet in diameter,

The rock contains large, livht-colored plutonic boulders
similar to those mentioned above, as well as moderately large
gray andesitlc boulders. Smaller pebbles and cobbles are

composed mainly of black slate. The gray andesltes and black



Figure 5

Exposure of Hough conglomerate

in Ladd Canyon

-2 -



slates can be seen in the foreground of Figure 5. The con-
slomerate ulso contains sowe guartzite and felsite fragments
In s mutrix of coarse sand. In 3ilverado C.nyon it srades
upward into sandstone. w&vidence of bedding is rare, but
its altlitude was determined in several places where thin
sandstone beds were included iﬁ the conglomerate. Except
for Lts greater degree ol metamorphism, the bed bears a stri-
king similarity in lithology and structure to lower portlons
of the Trabuco formation., Detailed study of the two con-
glomerates might bring out some interesting facts as to 1its
age or possibly as to the agze of the Trabuco. In Ladd Can-
yon the Hough is closely assoclated and intermixed with an-
desites, There are =11 gradations from conglomerate to pure
andesite. In some localities the conglomerate is cut by dikes
and in others the andesite contains fif'ty percent or more
stream~rounded pebbles and boulders. Thus it is often dif-
ficult to decide in soue places waether to map the rock as ig-
neous or sedimentary. Several of these boulders in an igneous
groundmass are shown in “igure 6. 4n exceptionally large one
can be seen in the center of the photogr&ph;4

Tﬁe thickness of the Hough formatlon in Silveraéo Canyon,
where 1t iIs not so Intimately assoclated with the andesite,
is avbout 270 feet. 1In Ladd Canyon the thickness if much greaten
but a large part of this is igneous rock, and the proportion is
difficult to determine.

The Hough rests on the Santa ana rformation with an angular



Figure 6

Stream rounded boulders

igneous matrix in Ladd Canyon

= 26 -~
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unconfornity of seventy to eighty degrees. This unconfor-
mlty can Le seen in Fligure 7 as the continuous notch across
the middle of the photograph. Overlylng the Hough there
1s un effusive brecclia separating the formation from the
Trabuco,

Sediments of the Hough probubly originated in the east.
It contains rather angular particles of the Santa ina for-
mation and so 1t seems that the sedlments, at least in part,
did not travel any very great distance. The igneous mater-
ials also are very similar to rociks In this region. It 1is
difficult to tell whether the unit is marline or subaerial,
a8 no fossils huve been found in 1t. DBecause of this lack
of fossils, the age also iz very uncertain. The rock is
xnown to be later than the Sunta .na lormation (presuwnadly

¢} and younger than the (retsaceous rocks which overlie

&
12
€2
$o»

it. Moore (!, pase 21) has stuted that he thinks the are 1s
srobably Triasslic. For two reasons the author belleves that
it is more likely to be Jurassic. }irst, it bears a much
closer relationship in lithology and structure to the Tra-

buco (presumably Cretacecus) than to the Sunta ina formation.
Second, its relations with the andesite discussed, suggest
that this intermingzling was serformed at & time when the sed-
iments were as yel unconsollidated to any appreciable degree.
Thus 1If this wndesitic ipneous uétivity was during the Ju-
rassic, as 1t is thousht to e, the sediments were probably

deposited during Jurassic tine.



Figure 7

Unconformity between Santa Ana
and Hough formations in Silverado Canyon.
The unconformity 1s shown as notch across

middle of photograph.
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Trabuco foruation

The Trabuco Jormation was flrst distinguished by Pack-

3y

ard,  who named it from exposures In Trabuco Canyon. It is
2 Packard, Unlv. Cule Bull Geol. Lept. Vol 4, Hos 11 pp
137-159 (1914)
exposed across the entire western side of the area, ond 1is
in some nlaces faulted down into the Triassic slates, The
Tormution probably once extended over the entire area, but
has been removed by erosion. Owing to its deeply weathered
condition, it is easlly reduced by erosion wherever 1t 1is
exposed, and is usually recognized on the aerial photographs
by_ita characteristic topozraphy. Flgure & shows the ero-
sional deores:zion of the Trubuco in Santiapo Canyon.

The Toraation consists larely of masslve red conglomer-
ate with thin lenses of arkoclic sundstone, lear the bLuse
{ts color changes to gruy. The conglouerste 1s composed of
rounded, unsorted, purtlicles of quartzlite, slate, linestone,
cherts, plutonics snd abundint andesites. In general slates,
cherts wnd limestone &are of smaller size, wiereas the pluton-
le rocks constltute tre boulders.

As bedding is absent exce:t for short lenses of arkose,
relisble attitudes ave difficult to obtuin. assuming con-
formity with the overlying Clretaceous beds the averapge thick-

ness is about 100 feet.



Figure 8

Erosional depression of Trabuco
formation. The reslstant Baker conglomerate

form the c¢liffs in the background.
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Popence has made a detalled study of this conplomerate

o g onh - Sons et mih G M ek A pheh B e S s S RSP e GueS N P AR R e ume W

i/ .. T0penoe, An analysis of the Trabuco =nd Raker Jonglomer-

ates of the B Ans T s . s s o . )
f the Santa Ana ountains, ‘mpub. Thesis, Salif. nst.Tech.

in conjuncticon with the overlying 3Baker meuber of the Willlams
Toérmetlion,. He concludes that there can be no differentia-
tion of the two conlomerates on the basis of texture or come
ososition., It is his belief the Trabuco represents coastal
floodplain deposits and the DBaker a basal conlomerate lald
dowvn by a trans;ressing sea, The differcuce in the degree of
indursetion 1s expluined by deep weuathering of the Traluco be-
fore it was covered by the sea.

The Trabuco overlies the Santa ana Tormation with a pro-
found angular unconformity, amounting to nearly'ninety degrees
in most places. The hiatus represented here was of greai dur-
ation, and included at least one great serlod of igneous ac-
tivity. The unconformity between the Trabuco and Hough & pears
less profound but may be grest. ZRecause of the total lack of

foss

('3

ile the age of the Trabu:co Ls not delinitely lknown. It l1s
closely related structurslly to the overlylns Zaker memwber of
the Ladd rormation, and for this reuason Popenoe (5, oage 170)
classes 1t ac nearly Upper Cretuaceous or later Lower Cretaceous.
Althoush the foruwtlion was not studled In detall, 1t was
included in this report because of its structural relationship

with the Santa ing formatione.
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Igneous Rocis

Sever.l different tyses of igneous rock found through-
out the sreca are attributed to a single broad jeriod of ig-
neous activity. 4 granodiorite, not maysped in this study
1s exposed in the adjacent area to the north and east., Frapg-
ments of it are abundant in the later sediments. Presumed
to be related to the Southern California Sathclith, this
rock 1g thousht to be the main metamorphlc agency In thls
area, sAlthoush smaller isneous bodies plalinly show zones of
contact metamorphism at their boundrles, these are not exten-
sive. i few hundred feet away the sediments show little

%

varizbility in the desree of netanorphlsm lor great dlstance,
Williams seriles

The Williums serles is w« groun zentlcally related rocks
of andeslite, duclilte, and rhyollte. It nas veen nuzed from
+1lliams Canyon, where all three ty.es are expoused. The old-
est 1s uan andesite poryhyry, followed by a dacite porphyry,
and fin.lly by a rhyolite porphyry. The series thus shows &

distinct succession from basic to acldic composition,

Andesite porphyry

rxposed in 3ilverado and Harding V“anyons is the oldest and
most widely distributed rock of this series, It cccurs in dikes,
stocks, and extrusive flows, largely in S5ilverado Canyon. 4n
extrusive facies of this rock sevurates the Cretaceous from old-

er rocu:s ab the wmouth of Sllverado Canyon. South of the canyon
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it is uniform in composition, but to the north it contains
xenoliths of slate and sedimentary pebbles, Some of 1its
facies are extrusive breccia, Two thousand feet north is
another small body of this andesite, which probably repre-
sents the extrusive vent., It trends north across Ladd Can-
yon, and probably coalesceg with the extrusive in thils di-
rection. The andesite has been lIntruded between the Santa
Ana and the licugh, probably under great pressure. Dikes of
this rock are found In the slates and all through the Hough
conzlomerate. From i intinate relatlonship with the con-
slomerate, which has been discussed previously, it appears to
underlie all of the immediate vicinity at a shallow depth.
Under tne microscope it 1s seen to contain nearly fifty
percent andesine with a small amount of orthoclase and quartz.
Some residual traces of hornblende and msgnetite were noted,
but these have been almost obliterated, Hydrothermal altera~
tion is extensive, and has tr.unsformed most of the hornblende
and muagnetite to chlorite and henmatlite, respectively. Chlo-
rite composes s.out twenty sercent of the rock, maznetite much
less. The section was interesting for the large amount of cal-
clite that 1t contained (15-20 »se¢rcent). It is distributed
throughout the rock, und it azpears that most of it was intro-
duced by later solutions. 3Some of the calcite is euhedral,
and exhibits jood polysynthetic twinning, which suggests that

it was recrystalized by later metamorphism. The rock is holo-
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crystaline, with euhedral phenocrysts of andesine that are 2%
millinmeters in their long demension. 3Subseguent stress on
the rock is shown by extensive fracturing and wavy extinc-
tion of the quartz, |

The zone of metamorphism about the intrusive portion
is only about fifty feet in width, and iIn some places is not
evident at all, ‘+“here it is well shown the slates are seen
to have been béxed to a gray color, out with no spparent min-

eralozlcul change.
Dacite porphyry

On the divide directly north of #illiuems Canyon, this
rock 1s exposed in the form of a sbtock. It crops out east
from the Cretaceous contact, and underlles these beds to the
west for an undetermined distance. On a fresh fracture, lts
appearcnce 1s very slmilur to the Iirst member of this serles,
but on weathering its color changes to brown. The daclite has
not been noted in any dlkes, out because of 1ts megascopic re-
sembleince to the andesine, some of Lt may have been overlooked.
Its composition is similar to thut of the andesite, except that
it contains more quartz and orthocluse, and the plagloclase 1is
more sodic {oligoclase)., Phenocrysts are not generally as
lar;e or as numerous, and altersation is less extensive.

This was the largest izneous body naysped, and its effect
on the surrounding sediments has been more pronounced. The
zone of contuct retamorphism 1s seversal hundred feet wlde on

the north side. iere the bDlack slautes have been baked almost
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white and aizht be tuizen for a vocunic tull 10 the lithologice
structure 4dild not .epsist. On the south the slabtes appear to
be alfected very little. Lzere the daclte i1s lntruslive into
the upper member of the Sunta Jnae Jovcstion 1t has caused many
ninor but ucute contortions. On & slope south of 3ilverado
Canyon the bede have beeon lolded into & smell wanticlline, which

is attributed to this iatrusion.
fihgolite porphyry

This rhyolite is associuted with the aiready described
members of this series, and in every uecurrence it is Tound
at thelr mar irs or nedarby in the sediments. In 3ilverado
Canyon it ovccurs as diges 1n the slites adjacent to the ande-
site intrusion. These dlkes are thirty to Flfty feel thicke
Un tis divide between Hardiing and Silverado Canyons the rocx
is present in much tniczer dixes vetween the dacite and sed~
lnents, and also nesrby entlrely within the sedimenis. About
a mile snd a half acove the mouth of Williams Cofryonn it is in
contwct with both slates and andesite in & thick dlze or small

stock. Thu contact with the slates is a fault, suown ln {igure

Te
In thin section it was found that quartz and crincclase
compose & lwrse part of tie rock, with only a alnor wasunt of

oligocluase. . little hornvlende and uagnetite also are rew-
sent in phenocrysts. The groundmass, which constitutes sixty
five percent of the rock, is largely guwrtz and orthoclases

Althouch tihe rock is holoeryst:line, tie ground muss is very



Figure 9

Feult contact between rhyolite
and the Triassic slates in Williams

Canyon.

= 4 s
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fine grained, with grains less than a tenth of a milli-
meter 1in diameter., The feldspar phenocrysts are corroded,
but the rock shows only moderate alteration, It appears
both in the field and under the mlcroscope to be the freshest
of the three tyses in the serles,

The apge of the willllams series 1s post-Hough and pre-
upper {retaceous., It probsbly represents some of the earlier
phases of igneous actlvity thut scecurred presumably durlng the

Upper Jurassic in this reglon.
Glen Ivy diabase

The Glen Ivy dlabase was named by Moore (L, nagze U5)
for its occurence near Glen Ivy Hot Soprings. Only & small
irreular body, in the bottom of Harding Canyon two miles above
its mouth, was exposed in this area., There sare, however, other
aexposures of this same rock in the Santa .na Mountains., One
of' the largest 1s apbove Glen Ivy Hot Spgr.ongs, where the type
section is located., In thin section the rock 1s holocrysta-
line, with a diasbasic texture. The gralns are seriate, with
an average dliameter of two millimeters, Other facies in this
same locality are both coarser and finer grained, Composition
~of the rock is largely sodle labradorite, with fifteen to
twenty percent augzite and a small percentage of uralite., The
augite and uralite are anhedral, and surround euhedral grains
of labradofite. There 1s extensive hydrothermal alteration of

auglite and uralite to chlorite, and labradorite to calcite, ser-
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icite, and kaolin, In addition, there has been a moderate
percentage of calclte introduced by latter solutlonse The
rock nas been classified as an intrusive jabbro diabase,

A8 the dilabase 1s Intruded into the Junta .una Jormation,
its aze ls knowm to be post-Trlassic. Sy correlating this
rock with a disbase in the Puente Hills, lioore (3, paze 50)
has called 1t Hiocene, and appears to have little doubt a=
bout this, From observatlions the author has made with the
microscope, 1t appears improbuble that the rod could be Ter-
tiary, and it seems almost surely pre-batholithic. On study-
ing the culeite in the sectlion, it was observed that there
are lar:e grains with well developed cleavage and polysynthe-
tic twinnin:, PFurthermore, there are individual pileces, sep-
arated by feldspar, thut show the same cryst.llographic orien-
tation, It seems unlikely tat solutlons could deposit calclte
in this nasnner. The author has therelore attributed thls to
later =etumornohism. This same sequence was noted in the an-
desite porphyry oreviously discussed, aovidence for the dia-
base nhaving under:one ﬂetamarphism clearly dates the intrusion
as previous to the cmplacement of the granodlorite batholith.
The aze has thus been nlaced as Jurassic, probably a little

younger or in sart contemporaneous with the Williams series,
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Geolozic structure

The Santa Ana Mountains, viewed broadly, form & tilted
fault block similur to the Slerra Nevada, The Zlsinore fault
s;stem bounds the east side of the run e and separates the
mountains from the Elsinore Trough., Cretaceous and Tertiary
sediments overlie the metumorphic and igneous rocks on the
west side of the range. These post-Jurassic beds dip to the
west at an angle of [5 to 55 degrees, but become less steep
westward, The initial tilting of the block pfesumably took
place in early Tertiary time., kEvidence of recent movement is
strong, and displacements are known to have occurred during
middle Tertiary time, so that there apparenfiy has been re-
peated uplift throughout the Cenoczolc bra., as & consequence
of the tilting, eroslon hus exposed the rocks investijated in

this report,
Folding

Sediments of the Santa /ina formation were folded into a
broad syncline eariy in their uistory. The axis of this lold
lies to the east of the area muyped and is near the ranje di=-
vide, In Ladd Canyon and other localities, small drag folds
in the slaty beds also are in accordance with this structure.
This deformation is known to be Jre-Cretaceous, From its re-
lations with the Hough, it is also demonstrably earlier than
this formation, which 1s assizned to the Lower Jurassic. It

would appear, tien, that an Upper Triassic date for this de-
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formation would probubly be correct. The preservation of this
early folding is remarkavle, when we consider the extensive
and repeated folding in the Coust Runges lmmedlately to the
northe. This ls only one of several factors which demonstrate
that structurally the 3anta .ana fountains are not an exten-
gion of the Coast d.nges, but acted instead as a more simple
block during Tertlary time.

The Triassic beds consistently dip to the east. In
only one »lace on the north slope of Siiverado Canyon is there
a reversal of 4ip large enoush to map. In contrast to this
seemin 1y monotonous structure, the user member, and to a
smaller extent the lower member, are contorted into many small
70lds and faultse. The axes of these minor folds penerally
trénd in & northern direction, but are not conslstent in this
respect. The minor folding and fracturing is believed to be
due to lgneous intrusions, and is generally found to be more
extensive near instrusive bodies. No evidence of folding could
be Jetected in the Hourh, but several Joint systems were noted.

The most prominent has a northerly trend and dips sixty degrees

Jaulting within the area

Appreclasle [faulting was found to be concentrated in the
western part of the areas It is possible that simllar faults
occur furtier east, but do not offset any recognlzable bed. In
a broad view, these appesr to be lucdl siructures not related

to any major Jaults in ¢.e region. Two roughly parallel faults
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were mapped, which have a general strike of thirty degrees
west of north. These are sinuous, however, and vary as much
as thlirty degrees Iin each direction. At very few places was
the actual fault zones observed, which necessitated mupping
primarily by displacement of stratigraphlic units. From the
topographic relationship, it g pears that they dip steeply to
the east and are normal faults, PFigures 10 and 11 show two
views of the faults. On thelr southern portions movement has
been only seversl hundred feet. The displacement Increases
northward and on the largest attalns a nmaximum of nearly

JO00 feet at the Silverado-williams divide., The fault appa-
rently continues across Silverado Canyon, a8 there 1s another
patch of Trabuco on the north slope. 4 large oart of the dis-
placement at this end hus been taken up by an intersecting
fault which narallels Silverado Canyon, Thus displacement to
the north of the Canyon has been reduced to apout 2000 leet.
The dropoing of the east slde in conjunctlon with later ero-
slon has _roduced 1solated blocus of Clretaceous sediments

completely surrounded by older rock.



Figure 10

Fault cutting across the Silverado-

Williams Canyon divide. The right block

has dropped down.



Figure 11

Two parallel faults crossing the
Williams - Harding Canyon divide. Block

on right has dropped down in each case.

_J_L -
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Geonmorphology

The 3Silversado-Santlago Cunyon area presents an interest-

&
ing view of the broad physlograshie history of the Santa Ana
Hountains. Tilting of the mountaln block has had a pronounced
effect on draiﬁage and erosion. Thus it is advisanle to treat
the subject in a sequencial manner, bezinning with the inltia-
tion of the tilting. DBefore faulting, the reglon was flat ly-
ing snd .robubly comnnected to the area that is now the lerris
Plain. lilth uplift of the east face of the bloex and associ-
ated tiltin:, tne drainagze was directed westward. The streams
that were conseguent on the tilted surfuce are now exemplified
in this area by Silverado, w1liiams, and Harding: Creeks, These
are «1l strikinzly parallel, and flow directly west. The sub-
sequent tributuries of these muln streams are controlled by
structure and differentisl resistance of the rocks. They Join
the main streams generally at right angles, and produce a4 rec-
tanpular drainage patter in the lower part of the canyons.
There is an obvious chanse to dendritic patterm in the upper
nart of the cunyons. This Is best illustrated in Silverado
Canyon'as shown in Figure 12, IHeadward eroslon is belleved to
have originated at points where the pattern ls transformed.

The uplift and tilting of the block was not continuous.
Perraces necr the mouth of Silverado and Ladd Canyons illustrate
at leust two cycles ol this pericdic tilting and erosion.

Immedlistely to the west of the area, the course of Santiago

Creek c.n be observed. 4t once it will be noticed, tat this
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strean does not conform to the generul mttern, It flows
northeast along the west face of the higsh mountuins, and
drains the streans of this sares, us well a8 some which flow
in oppositlion to the tilting, producing two divides on the
same structural block. Due to this peculiar relstionship of
& streum flowing perpendlicular to the direction of tilting
with no structural control, it seems the vuntlago is an
older stream antecedent to the mountaln deformtion. This
orizin is urgued by lo re (Y, papge 132) and others who have
rtore data thun theose obtained during thls limlited investiga-

tion.
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Geolople history

The geologlc histery of this area has encompassed a
long and eventful period. It has disclosed valuable in-
formation of Mesozolc history in Southern Californis. The
Tirst decipheruble event was the deposition of the Santa
ana formatlon during early Trlassic time. OSediments were
laid down in & shallow basin, which continued to subside
throughout this tlme. 4 postulated lundmass to the north-
west was nearby, but attulined only moderate elevations,

»

The rate o deposition was not slow, but the time of depo-

]

sition was rather lons, as is shovm by the pgreat thlckness

L

of sealments thut accurmlated, After & retreat of the seas
and Initiation of eroslon, there was a perlod of orogeny
that folded the rocks into broud synclines and unticlines,
Accorrmnying or followiny this crogeny was minor amount of
igneous astivity.

Renewed transgression of the seas estavlished conditlons
for the deposition of the Houzh formation. Little can be
postulated as to condltions during this time, owing to the
limited exposure of the present sediments. In the inltlal
stazes, however, there ap.exrs to have been high land nearby
to produce the larse subangular boulders in the conglomerate.
Tre geas retreated early in Jurassic tine, and a long perilod
of erosion ensued. Duaring this hiatus most of the ilough was
romoved and the agencles of eroslon azain atbtacked the earlier

Triassic rockas. There was uplift wnd gentle tilting but no

)

period of folilin; th.t altered the structure of the deposits.
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Although pronounced crogeny was absent, there was & vigor~
ous period o Izneous activity. This begun wl th intrusion
dises and s2«ll stocis of andesite porphyry, and the ex-
truslion of andesitic lavag and breccias. Llmoot contemper-
aneous witl: these eventis, but following them was the intru-
sion of the daclte porphyry spparently differentisted from
tie sanme maZna. :ls was succeeded by [urther dirfferentia-
tion wnd the intrusisn of thnin dlizes of rhyollte porphyry.
Tue lntruslons produced amall contortions and Induced only
minor netamorphism in tihe rocks which surrounded them., A
tater iIntruslon of dlabase ssens to bs related to these early
rocgs. There may have been a peﬁiod of qulescence, out the
volcanic activity was only a lorerunner to the much greater
igneous actlvity that was to follow. This was the eiplace~
ment of the large srancdiorite vodles and related sranitie
rocks. The granodiorlte 1s _surt of the Southern Cclilornla
Batholiti: which is assigned to Lower (retaceous tlme, by
Larsen (2, »agse 130) wad others. Jith the grasitice intru-
sion came the najority of thie ietamorphism vwhich changed the
sedinents to thelr present char&cte?.

Durlng the latter stuzes of thls erosional interval, the
Trabuco ;oruution hud been accusulatlng as & [loodplain de=-
posit. with another transgressicn of the sea, 1t was covered
by the sSaser couaglomerate.

Later events of stratl rashy are not decipnerwable rom
sediments of this urew. They involved the deposition of a

series of beds both subzerizlly and by advances of the sed.
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Certaln structural events however are recorded and close
the lon; chapter of zgeologic history in this region,
During Tertlary time uplift wuas probubly initiated on

e Llsinore fault system to the east, which caused a tilt-
ing of the mountain block. This lus.rted a westward dip to
the post-Jurascic seaiments and initlated the present drain-
ase. « gubsldliary delormatlion worthy of note was the normal
Foult ing within the area. This probably oeccurred late in
the Tertlary, and dropped Cretaceous sediments dovn into

e trlilussic slates, wroslom, st present active, nas re-
moved liter sediments and exposed the core of the mountaln

range in its present form.
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