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ABSTRACT

In this paper the author seeks
to describe the geological rel&tions
and properties of the more important
clay producing areas in Riverside and
Orange Counties, Southern California,
As a result of his work he finds that
the clays are found in a particular Ter-
tiary formation, of Martinez age., They
were deposited under continental con-
ditions at the edge of a gradually en-
croaching sea., The clays are invaribly
aggociated with lignitic shales and
coals and thus represent denosition in
a humid, probably temperate climate under

extremely reducing conditions,
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INTRODUCTION

The most important clay producing areas
in Southern California are confined to three
counties, namely, in rapidly decreasing order
of importance, Riverside, Orange, and San Diego.
Only the occurences in Riverside and Orange
county will be dealt with in this paper, as
work has not been completed in the San Diego
mines. The latter are very similar in type

to the deposite immediately to the north.

Although the deposits have been described
by ceramists or mining engineers in many papers
in the past, no geologic work has been done on
the clays of the Southern California distrioct
considered as a unit, The occurence of clay
and the assocliated coal has been discussed in
several geologic reports which deal with the
material of a particular area, but no atteapt
at correlation of the clays as to age and con-

ditions of deposition has been recorded.

The writer became associated with the
Pacific Clay Products Comcany of Los Angeles in

June, 1929, as consulting geologist. In the

Location of
the deposits

Scope of
this paper

Extent of
previous work
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course of hie work it became increasingly
apparent that the importance of the geologic
relations of the clays had not been recognized by
previous workers, either in the ceramic or geo-
logic fields. Work that was done before had been
too purely concerned with one or the other par-
ticular science and no serious attewct had been
made to correl&te and substantiate the work of
one with the other. The writer's previous train-
ing and hie connection with one of the most im-
portant companies utilizing the clays thus gave
him an opportunity to prosecute the problem'from

both a ceramic and geologic standpoint.

The writer wishes to thank the geological
staff of the California Institute of Technology,
particularly: Dr. J. P. Buwalda, for his general
supervision of the work and correction of the
geological portions of the manuscript; Rene Engel,
for the suggestion oi the problem, suvervision
of the mineralogical portions of the thesis; Dr.

W. P. Woodring, for his help in whatever paleon-
tological nroblems that were encountered and par-
ticularly to Mr. B. N. Moore, for his intelligent
interest, suggestions and co-operation in the field
work. The author also wishes to thank Mr. Rovert
Linton and the McClintock brothers (¥William, Charles

and Gus) without whose co-operation, the collection
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of data and presentation of it in this report
would be impossible. Acknowledgments are also
due to Professor A. O. Woodford and Messrs.
William Hill and P. H. Dudley of Pomons College

who contributed many valuable sug:estions.

The various clay producing properties de-
gcribed in this paper are located in the areas
covered by the Elsinore and Corona topographic
maps of the U, 8. Geological Survey. The loca- #eps
tion and names of the principal mines are to be

found on these sheets in rear pocket.

A list of the literature which the writer
hag found valuable is placed at the end of this
paper, and is referred to by numbers intercalated
Previous
in the text. The reader is particularly recom- literature
mended to the works by Ries, Dietrich, loore,

Linton, Dickerson,and English.

Clay, as an easily explolted plastic material
which man can shape and then harden by drying or by
fire, was probably one of the first weapons em-
ployed by the human race in its battle against Age of
exploitation
environment. The clay deposits described in this
report have probably been used by men for thousands -

of yecars, for the migrating ancestors of the Indians

probably worked down the coast, making it one of the
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earliest of the human inhabited areag of the
Americas. Howlong ago the exploitation began
is a matter of conjecture but we know that the
Indians were using the clays when the Spaniards
came. 8ince then, their use has gradually in-
creased. However, the main impetus to their
utilization came with the advent of modern in-
dustry in Southern Czlifornia, when ceramic pro-
ducts were demanded in increasing quantity and

diversity.

In the following classification of the
types of clay, the writer has abbreviated con-
siderably. For & more complete analysis, see the

reports by Linton (11) and Dietrich (4).

Generally speaking, the clays found in the
areas described in this report comprise three
main groups, namely, fire clays, refractory bond
clays, and low vitrification point red burning Clagsifica~
tion of the
clays. A brief description of the properties and clays.

uges of these clays followg:

The term fire clay, properly speaking, refers
to those clays capable of withstanding a high de-
gree of heat. They may or may not cossess a high
degree of plasticity. Those fire clays which possess

good plasticity, and good bonding powers when wet,
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dry or fired are placed into a separate divigion-
the refractory bond clays. Fireclays, to be used as
such in the district, possess a fusing point above

cone 27' (1605%c) and a fairly small shrinkage.

Those ma terials found in the area which be-
long to the restricted class of fire clays may
be divided into three main classes: first, plastic; F
second, non-plastic; and third, flint fire clays,
It will be readily seen that the plastic fire clay
group overlaps strongly the refractory bond clays,
different menufacturere using the same clay for the
two purposess In general, they possess a smaller
shrinkage and a smaller fired strength than the bond
clays. They usually are simply bond clays con-
taminated by a larger amount of sand. They contain
a low percentage of fluxing impurities such as ferric
oxide, lime, magnesia, and alkalies. They are uni-

versally white or grey in color,.

The non-plastic fire clays include for the most
part those clays known as "bone" to the western states
ceramist, Thelr distinguishing charfcteristic, aside
from non-plasticity, is their pisolitic structure.
This may vary from a few irregularly spaced angular
grains included in the clay to a solid mass of rounded

plsgolites.

ireclays

Plastio
firedlay

®¥Bone'
fireclay
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The author fsiled to recognize in thin sec-
tions of these materials any crystal which could
be definitely identified as one of the alumina
hydrate minersls., The concentric structure hes
been taken in common geological usage to indicate
the presence of gibbsite, diaspore or an assocliated
mineral. However, this criterion is apparently not
diagnostic and should be applied with some caution,
for certain clays high in alumina have been recorded
by Shearer as showing pisolitic structure with
little evidence of the przsence of either of these
two minerals., Hewever, it has been noticed by the
present author that the higher alumina clays of the
district tend to be pisgolitic and this tendency be-
comes more marked w.th greater percentages of alumina.
Obviousgly the non-plastic clays are mixed with re-
fractory bond clays in order to hold them together

elther in shaping, drying, or in burned state.

The flint fireclays develop but little plas-
ticity even when ground fine and allowed to age. Flint
fireclay
They are hard and flintlike, with a gsmooth, con-
choidel fracture and possess a very dense texture.
It is not known in what spedific characters the
flint fireclays differ from the ordinary plastic
ones, In this district the variation might be

accounted for in two ways. First, they may have
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been deposited as materials which were not the
same aé other clays in the district and their
present characteré may thus be due to the fact
that different rocks or different proportions of
the same rocks, when decomposed gave rise to the
clays; or that the materials which later formed
the fireclays had gone further in the process of
decomposition, Second, the flint fireclays may
have gained their present distinguishing charac-
terigtios by secondary changes brought about by
the decrease of organic colloidal material due to
the greater amount of diastrophism that the region

in which they are found suffered.

There is slmost an endless variety of uses
to which refractory wares are subjected. Some
must resist heat alone, others changes of tempera-
ture, resistance of abrasion or corrasion; many
are called upon to resist tangentional or compres-
sive forcee while at a high temperature. Conse-
quently, the aim of the manufacturer is to select
a mixture of clays which will give a body having
the properties best adapted to resist the condi-
tions under which it is ueed. It is obvious that
we cannot here list all of the producte in which

the fire clays of this district have been used. In

Uses of
fireclays
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general, however, they have been employed as an
ingrediant in mixtures used in the manufacture of
various shapes of fire brick, locomotive and fur-

nace linings, sagzers, etc,

The refractory bond clays include those clays
which in addition to their refractorinesgs have a
strong bonding power. They are all fire clays and
the cmall amount of ball clays found in the district Refractory
Bond clays
are included in this classification. In general,
clays in this class should have & high transverse
strength and should be able to bind less strong
material together. In the area concerned, the plas-
tic fireclays are in reality bond clays which, by
reason of the sand included in the material, cannot
be further admixed to any great extent with low
atrength materials, The qualities described in the
plastic fireclays thercfore also anply to this class

and need not be repeated.

The low vitrification point red burnin . clays
include those materials which contain sufficient
Red burnir
iron oxide or other fluxes so that tihey have the clays
properties named. In general, they usually represent
insufficiently leached material, either during the
o urse of transportation or in plsce. In a few cases,

the presence of the fluxes is due to solutions bring-

ing in impurities from the outside, and devositing
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them in the pore spaces of the materials,

The specifications of this type of clay are:
good plasticity, dry and burn without warping
or cracking, good transverse strength when dry,
freedom -from soluble salts, as well as from lumpy
impurities. The composition should be such as

to permit the taking of a salt glaze, if necessary.

The uses of this type of clay are innumerable,
any product in which a red color or low firing tem-
perature are desired being made of this material,
Afew of the wares in which thig type of material
is used are: sgewer pipe, bricks, and hollow and

roofing tile,

According to origin, the clays found in the
district, fall into two main classes. These are
residual and transported. Under the term residual
are included those clays which have been altered
to their present condition in vlace, that ig, after
deposition. Transported clays are those materials
which have been substantially altered to their
present condition before or during transportation,
Secondary changes, of course, in which ainor

alterations take place occur in both classes.

Most of the clays in the district and all of

the purer types are transported clays. Thus, in

Necessary
properties

Uses.,

Claggifi-
cation as
to origin.
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terms of the classification according to uses,

those clays which are refractory bond or fireclays
are transported and the red burning clays may be
transported or residual. Examples of transported
clays include all of the Goat Ranch, Corona McKnight,
Serrano-El Toro and Alberhill type of clay in
Temesc2l Valley. Residual clays are represented by

the Wildomar type of deposit,
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The transported clays described in thisg
paper comprise many different types but are
classified into three divisions according to

neir ceramic use. They are fire, refractory
bond and red burning clays. All of these

clays are found in the non-marine lower por-
tion of the iartinez Kocens formation. They
are derived from the weathered products of
pre-existant formations, both sedimentary and
igneous, whose feldspar minerals were domi-
nantly plagioclase. Coal is found in close
ago ciation with 2all ssdimentary clay deposits
and its presence 1s supposed to specify one of
the conditions under wiich the clays deposited,
namely, & humid moderate clim&te. Oncthe basls
of lithology and paleontology another condition

is thought to be estuarine.

Since deposition profound diastrophic move-
ments and erosion have taken place so that suc-
ceeding formations have been stripped away, leav-
ing the clays irregularly exposed in various por-

tions of the area concerned,
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MINCHALOGICAL EXAYINATION OF TH:E CLAYS

Identification and study of the relationshiovs of
the minerals which are found in the clay beds
naturally subdivides itself into two main parts:
first, examination of the coarse particles, and
second, examination of the fine cley matrix. The
two methods require an entirely different tech-
nique; the firegt is accomplished by separation
of the coarse and fine materials by washing fol-
lowed by examination of the coarse residue by the
binocular microscope suplemented by the infensive
gstudy of the type grains under the petrographic
microscopé. The second requires the preparation
and study of thin secticns. Inasmuch as each
method involves a certain teahnique which was
evolved only after considerable experimentation,
it may be helpful to give here a descrivntion of

the procedures finally adopted.

The c¢lays t0 be washed were allow:sd to stand
under water in large covered bowls a sufficient
time to insure the softening preparatory to separas
tion of the coarse and fine material, The flint
fire clays were occasionally broken up by grinding
ghe lumps with a pestle. The tine required for com-
plete soaking varicd from twenty-four hours to a
week or more. The bowl was then placed in the sink
and a zentle stream of water was allowed to stir the

gediments and to carry the lighter clay minerals off

Two methods
of attack

Examinatio:
of coarse
particles

Prepara-
tion
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over the edge of the recenticle. After the water
pzesing through the material became clear, the
residue was examined., If the grains were covered
with a foreign coating the material to be analyzed
was bolled in a solution of HCL whose concentration
varied between ten and five percent, depending uvpon

whether the cement was ferruginous or calcareous.

Due to the extreme preponderance in percentage
of the quartz particles over the heavier minerals,

and also the variability of the amount of sand in

different specimens in the same bed, it was not Method of
examina-
thought practical to attempt quantitative amalysis tion.

of the heavy minerals. The material was simply
panned and the restdge was examined under the
binoculars. The concentrate was spread out on 2
plate and the various minerals were areally counted.
Unfamiliar grains were extracted by a molistened
needle and were examined by the conventional methods

under the petrographic microscope.

The making of thin sections of clays involves Examina-
: tion of
long and discouraging practice of the manipulations clay matr:

necessary and the worker should be willing to devote

many hourg of effort before expecting to obtain thin

sections of good size and thickness. A thoroughly Prepara-
tion of
dryed chip of the clay should be first ground as thin sec-
‘ tions

thin as nosgseible on the side of an emery wheel,

taking care to obtain closze parallelism of the sides.
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The chip, which should be slightly smaller than the
glags slide, is then impregnated with canada balsam.
This is accomplished in two ways., If the material

is fairly porous, the chip is merely nlaced on a hot
plate and the canada balsam, dissolved in xylol soon
evaporates out of the balsam, Thic method suffices
for the ordinary tvne of clay but if the material is
too compact for this treatment the chip is lmmersed
in a beaker of canada balsam more diluted with xylol
thén for the first treatment. The xylol is then
evaporated off. Care should be exercisged in both
methods that the plate is not allowed to become too
hot, for then the balgam turns a dark brown, or that
the balsam is allowsd to become hzrd and brittle,
After the balsamg is the right consistancy the chip

is allowed to thoroughly cool and is then rzady to

be ground flat on ons side. This is done by grinding
by hand on a piece of nlate class with fine abrasive
powder. The mineral oil, Nujol, was found to be the
best medium although water, kerosene, lubbicating and
olive oils were tried. After obtaining as flat a sur-
face as possible, the chip is mounted on a glass slide
and ground down on the other side., The entire process
should be done by hand, although coarser powders may be
used on the preliminary cutting. Care should be taken
to avoid the wetting of the material by water during

the entire operation, for the clay minerals easily
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digsolve out of the canade balsan matrix. After the
slide is of the desired thickness it should be thorough-
ly cleaned with mujol. A cover class coated with
balsam 1s then hected, and just before the balsam is

of the right consistancy the slide is warmed and then
the cover glass is carefully placed over the section,
avoiding, 1f possible, its breaking up and floating

off in different directions.

Mineralogbcal examination of clay material in
thin section ie very difficult for many reasons,
First of 211, the individual particles ars so amall

that they cannot be readily distingaished. Portions Difficul-

ties of
of these particles do not represent the same chemi- distinguis
ing speci-
cal composition and grade intoc one ancther in bire- fic clay
minerals.

fringence, showing that variable amounts of water

and degrees of crystallization are nrcsent; second,
the literature on all the clay mineraks, whether
gilicates or oxides, is very inconsistent in all

the lieted pronerties, whether mineralogicel, chemical,
or petrographic, Innumerable clay mincrals have been
described in the literature, a8 lcast fiftecen new
varieties having bcen added since J, A. Howe listed
gixty-one in his "Handbook or Kaclin," which was pub-
lished in 1914. However, it is extremely doubtful

thet all these specieg and varieties are all valid,



-17-

Ries, in his latest edition on "Clays-QOccurence,
Proncrties and Uses", nemes sixteen minerals as
being common in clay andthere are probably very
few others which are important enough to warrant

consgideration in this study.

The most fruitful lines of future investiga-
tion of the clay minerals and their classifica-
tion will probably be in the study of the Xray
diffraction pattern photogranhs and also of thermal

analyszis.

The writer felt it would be neceseary to adopt
gome standard classification of the minerals in the
clay and accordingly chose the system adopted by
A. N. Winchell in his three volume publication on
the "Elements of Optical Mineralogy" because of the
gsccessibility, recency of the work, (1927) and the

critical attitude of the author.

The writer also felt that it would be useless
to attempt to classify the clay minerals of the
specimens collected more precisely than by broad
divisions. He accordingly has differentiated only
between the following divisiong of the Xaolin group:
1, ¥Xaolinite; 2, Montmorillonite; 3, Hailoysite.

The distinguishing characters of the types are
based mainly on theilr birefringence and indices,

‘and were get as follows:

Divisions
of XKaolin
Group.
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Kaolinite has the highest birefringence -
about .006 or .007 with an index of z2bout 1.56.
Montmorillonite has a much lower birefringence-
in the niéighborhood of .002 or less and an index
of l.55. Halloysite is completsly isotropic -
with an index of l.54%. Distinction between Mont-
morillonite and Halloysite is very difficult be-
cauce Montmorillonite may be amorphous and thue
be 1éotr0pic.

Chlorite 1s also a fairly common minersl
in the clays but the writer was not able to always
distinguish to what type it belongs. Hydromica,
as used in this paper, is & term applicd to those
minerals which lie betwesen the various micas and
kaolinkée in chemical ccuposzition and optical pro-
rertics. In moet caseg, it has very likely the
composition of sericite or damorite and usually
occurs in fan shaped bundles or in tyrical seri-
citic-like agygregates., The recognltion of the other
minerals listed in the wvarious sections offers no
gifficulty for they rosseses well known and universal-

ly reccgnized characters.

As an interesting comparison the theoretical
composition of the clays was calculated whenever
chemical analyses of specimens from the various
beds were availsble. This coaposition was coxputed

according to the procedure outlined by H. 3. Washingt

Y

QOther
minerals.

on



in 1918 closely following thie principdes of his
classification for igneous rocks from their ulti-
mate analyses, ag published in 1917. It simply
consists in the calculation of percentages of
certain standard minerals present according to
the relative proportions of exides in the ulti-
mate chemicsl analysis of the clay. Due to the
fzct that the various percentages of the oxides
in the actual minerals présent are averaged in

the chemical analysis, the theoretical composi-

Computation of
theoretical
composition of
the clays in
terms of stan-
dard normative
mineralogical
molecules.

tion should not be taren too seriously, especially

with regard to the clay minerals, where a molecular

ratio of aluminum-silica-water may fit the descrip-

tion of a particular clay mineral exactly, but which

may actually be due to a combination of two or more

ninerals whoge ratios average the th oretical one.

In the calculations, the undifferentiated alkali

content in the analyseg was figured as soda because

of the great predominance of nlagioclase feldspars

over the orthoclase in tne basement rocks in the sur-

rounding region. The ferric iron was comvuted as

limonite. The magnesia was put into serpentine,

although most of it is undoubtedly contsined in the

clays as chlorite, whose chemical formula is con-

sidered too complex and variable to use conveniently.

The remzinder of the alumina wag computed as present
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in kaolinite (Alp03 - 2810y - 2H50) although
halloysite and montmorillonite may obe known to

be present from microscopic examination., However,
it will be noted that only a small vercenta:e of
the water lost in the ignition loss is not used

up in the computation, and the remainder may well
represent inco:vlete drying. It also will be noted
that the percentage of water is always left over

at the end, to be called fire water. The fact

that some is left is & more favorable sign than

the lack of it.

The reader shoald remembsr that the theoretical
caloulated mineralogical composition does not con-
form with the truth and the res:lts are simply ex-

pressed in terxuns of standard mineralogical molecules.
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GENZRAL GEOLOGY

The clay descrived in this report are found
in the Martinez Paleocene formation., They outcroo
discontiauously in 2 horseshoe shaped zone from
Temegcal Valley around the northern end of the
Sente Anz ¥cuntsine and south down the geaward
side of that renge where the appropriate horizons
of the sedimentary seriee intersect the land sur-
feces Inzemuch as they occur in en ares in which
considerable crystal deformation hasg taken nlace,
it is not surprizing that ocutcrops exhibit great
complexity and diversity of structure. According-
ly, enly & short survey of the general geologlcal
conditions will ve attempted in this section,
reserving the more detailed discussion of the re-
lations for those portions of the paper describing

the individusl districts in detail,

Practically all of the rangee in Southern
California are composed of a grest variety of
metamorphic and igneous rocks. Until very recently,
very little wae known about the so-called "bagement
complex" becamuse gcisntists had preferred to work
on tae post-Jurassic sa2diments tnat lie on and around

ae mountain ranges. ¥ith the exploitation of petro-
leum an ever increasing number of geologists began

to work in 3ocuthern Californies, and the broadsr

Introduc~
tion

Stratigraohy
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feature of the stratigraphic geology were rapidly
recognized. Investigators were compgétled to do
more and more detailed work and it was gradually
realized that more should be known about the
ultimate source of the sediments. Of recent
years, many men have been devoting attention to
the nature and relationships of the rocks making
up the "basement" and we are coming to know more

avout then.

In the vicinity ot the clay mines, Rene Engel
and Bernard Moore of California Institute of Tech-
nology and P. H. Dudley of Pomona College have
devoted considerable time mapping and studying
the components of this formation as research pro-
blems; Dudley in the Gavilan mountains, Engel in
Elsinore Valley on both sides of the trough, and
Moore in the Central Banta Ana mountains., Both
Engel and Looret's work nas been ircoonjyanction
with the couplete deciphering of the geology of
toe reglonm and in coasequence they were also con-
cerned with the sedimeataries found in their dis-
tricts. Wost of tune incouwplete description of the
bazement complex here presented was either gained

from or verified by these three workers.

According to R. Engel and P. H. Dudley, the
eagt and west sides of Elsinore Valley are made

up of scuists, slates and vasic lavas intruded by

Basement
comnlex
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rhyolite porphyry which, in turn, are intruded by
batholiths and stocks of grano-diorite, quartg-
monzonite, and norite., Moore states that the
materials making up the basement complex of the
Janta Ana 1s a complex series of slates, tuffs,

andesites, granodiorites and many other rocks.

The reader will note that with the exception
of the rhyolite porphyry, the rocks of the bage-
ment couplex of the entire region have, as an average,
predominance of plagioclase feldspars over orthoclase.
This has a very concrete bearing on the origin of
the clays for it has heretofore been aonsidered that
most of the clays were derived by the decomposition
of orthoclase feldspar from masses being eroded in the
region. However, the results of this work seem to
show that the clays were mainly derived from plagio-

clase rather t.an orthoclase alteration products.

At least part of the matamorphosed rocks are of
Triassic age, but the overlying Cretaceous is entirely Cretaceou
formation
unaltered. Thus the intrusives are probably to be
correlated with Jurassic batholiths of the Sierrs
Nevada. A great seriesg of Cretaceous sediments un-
conformably overlie the basement. In the Santa Ana

Range, they can be divided into two main groups. First,

the Trabuco formation, a red conglomeratic arkosic
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gandstone, about 200 feet thick, generally
considered to be continental in origin because

of its red color and lithology; and second, the
Chico. The Chico, which is undoubtedly marine,
congists of three divisions; a well indurated
conglomeratic sandstone, much harder than the
Trabuco and much lighter in color, the conglomerate
lenses consisting of extremely well rounded pebbles
of quartzites, slates and & considerable range of
basic igneous rocks, which approximate in appearance
the Chico over wide areas in California. They are
overlain by considerable thicknesgs of sandstone in
turn grading into several hundred feet of finely
laminated shales which are blue when fresh and light
gray when weathered. These in turn are overlain by
sandstones with conglomerate and shale lenses. The
total thickness of the Cre#aceous is in the neighbor-
hood of 2000 to 3000 feet depending on where the
gsection is measured, The lithology and induration
of the Chico is fairly distinctive and it is readily

recognized in the field,

The Cretaceous is unconformably overlain by the
Martinez formation, which is continental in its Martinez
formation
lower part and marine in its upper portion. It
differs from the Cretaceous in its lighter color,
which is buff or light green, and its comparative

lack of induration.
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The basal bed of the formation is a coarse
conglomerate which has unmistakably derived its Basal bed
materials from the underlying Cretaceous. It con-
sists of well rounded pebbles which are exactly
similar to the pebbles of the Chico conglomerates,
admixed with infrequent pebbles of conglomerates,
sandstones and shales, The sediuentary cobbles ex-
hibit the saze lithologic characters as the cor-
responding units in the Cretaceous, the sheles
being particularly distinctive., The gources of the
materials must have been rather near at hand for it
is inconceivable that the shales would resist complete
brezking up in such a ball mill as the bottoms of
the streams would be in the presence of the well round-
ed cobbles of the conglomeratcs,

The basal conglomerate grades upward into &
variable thickness of subangular arkosic santstone
which in turn gives place to shales. These shales
are almost universaily lignitic in cheracter. The

may be
car@on/contained in the form of fossil reeds, or
may be finely disseminated throughout the bed. 0Oc-
casional lenses of coal are found which give evidence
cf being autochthonous by reason of the unbroken
character of the fossil reede present. 1In the case of
the Alberhill coal, upright tree trunks and large
pleces of fossil wood are also found. The clays, if
present in the section, are immediately associated
with the lignitic shales and are always found in the

near vicinity of the carbonaceous materials. The
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presence of coal seems to indicate favorable
horizons for end products of the various processes
of alteration of gilicates to hydrous cowpounds.
W¥ell sorted and bedded sandstones overlie the
gshales. They are remarkably constant in character,
but they may contain thim lenses of conglomerates
which resemble the basal bed. They also carry
calcareous lenses in which distinctive Martinez

invertebrate marine fossils are to be found.

The entire Martinez, both above and below
the shaleg, is characterized by the precsence of
Chlorite., This may be considered as a distinctive
feature of that formation, as it was not found in |

quantity in any other formation in the dist¥ict.

The writer has already stated that the
character of the sediments indicate a gradusl Conditions
under which
change frow continental to marine type of deposi- deposited.
tion. In extreme casee,however, the change from
bagal conglomerate to fine shale is accomplished
within a thickness of seventy-five feet. The
frequent precsende of coal which contains unbroken
remnants of reeds and large pileces of wood indicate
that deposition was continental. The writer has
found a brackish water fauna in the shales just
below the Alberhill clays @losely associated with

magnificent leaf impressions in the sandstones in

the the shalsscare intercalated. This, coupled
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with the abundant reeds in the clay beds,
indicates estuarine or swamp conditions. No
marine fossils wers found below the clay and shale
zone but they are fairly abundant in the sand-

stones above,

These facte seemed to the writer to be
conclusive evidence of a graduslly encroaching
sea. A reconstruction of the particular con-
ditions which gave rise to the clays are given

in another section of the caper.

The remaining Tertiary formations of the
district need not be described here. NoO commer-
cially important clays are to be found in them
in the area described in this report. Good de-
soriptions of the characters of the sediments by
other writers are to be found in the papers pre-
viousgly mentioned.

The @oast Ranges are a serieé of north-west
gouth~eagt mountaineg which form a broad belt
along the Pacific Ocean from the Oregon line
gouthward. They are supposed to owe their eleva-
tion primarilly to folding rather than to faulting.
This zeneralization seems to accord closely to
the truth from the Oregon border southward to the

'Santa ¥onica Mountains or to the Puente Hills.

Structure
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Geographically, the belt continues with the Introduction
same trend in the mountsain raiggs southward to

the tip of the Lower California Peninsula. Geo-
logically, folding gives place to faulting as

the major mode of deformation in the southern
province, as contrasted with the northern.

Thus grounds for argument exist between the two
sciences as to the affinities of this area,
However, geologists are not agreed as to how

large a preponderance, if any, of fold over
fracture is characteristic of Coast Range struc-
ture. Of recent years, certain men have advanced
the theory that faulting hae also played an im-
portant if not major factor in the formation of

the northern Coast Ranges. Whatever decision the
future may give,it is certain that the forces which
acted in the formation of the structures of the two
units must have had some close relation to each
other. The coincidence of magnitude and direction
of deformation produced, and contemporanity of time,
would indicate that the tremendous forces czusing
this geographically continuous belt of crustal

failure werc somehow linked together.

The Santa Ana, Gavilan and San Jacinto mount-
ains are uplifted blocks, separated by graben valleys.

The nattire of the forces: compressional, tensional,
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horizontal or vertical, which produced the de-
formation is not clearly known but it is certaln
that we will know more about them when the causes
and histoﬁy of the San Andreas Rift to the east

are deciphered.,

The Gavilan mountains are an irregular mass
of o0ld orystalline rocks from which all unmetamor-
phosed s&diments have been stripped., The SGauntains ggsilans
lack the continuity of outline and height that
marks the other ranges of the district to the east
and west, but they probably also owe their present
elevation to the widespread structural readjustment
which took place during lagﬁ Tertiary and Quarternary
time in Southern California., They are bounded on the

west by a possible fault which separates the mountains

from Temescal Canyon,

Temescal Canyon and its continuation, the Elsinore

Velley have been aptly temmed by Engel (5) a composite
Elsinor

graben. The trough 1s a series of slices lying between Valley
the Gavilan and Santa Ana horsts. It is bounded on the
western slde by a major fault zone along which move-
ment must also have occured in very recent time. The
Gavilang rise about 1200 feet above the surrounding
valley floors but they shrink into insignificance

when they are compared with the towering Santa Ana Range.

From the Temescal Valley at its foot, the Santa Anas
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rise majestically to Santiago Peak, & vertical
distance of 4500 feet in three miles. This Santa Ans
range represents the eastern edge of a westward Range
tilted block, which is bounded on its eastern

edge by a series of astep and tear faults, breaking
the steep rise of the slopes from the graben floor.
The crest of the range is composed of the metamor-
phosed sediments and the intrusives of the basement
complex, upon which the Mesozolc and Cenozoic sedi-
ments of the western side of the range lie, These
sedinents dip under the Irvine Ranch valley and lap

up on the side of the gpountains with increasing dips.
Thus, the most recent formations are to be found at
the bottom of the slope and successively older forma-
tions are encountered as one moves toward the center
of the range. Opinions differ as to the western
boundary of the Santa Ana block. They alfo differ as
to the manner of uplift. One theory postulates longi-
tudinal warping of the block ae ¥wkll as the undoubted
lateral warping so that the sediments gain ineoreasing
dip as they swing higher and higher in the range,
finally giving way to the basement complex. The other
stipulates the continuity of slope between the moun-
tains and the Laguna Hillsk and advances the idea that
the valley between was cut out by continental or
marine abrasion and postulates a siiple rigid block

which has had broad folds developed in the sediments
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on its back. Obviously, thls question cannot

be settled here, but the fact that the sediments
have an ever decreasing dip from the flanks of

the range to the bottom of the sycline and then
rise in a broad anticline in the Laguna Hills
suggests uplift and warp of the Santa Ana block
with a broad wrinkle at its base to account for
the shortening necessary at the top of a hinge
line when the block for which it acts as a fulcrum

gwings upward.

As was indicated before, block faulting is
the main structure in the region. Folding of the
gsedinentary formations in which the clays are con-
tained is primarily dependent on and caused by the
faulting movenents. Consequently, in those areas
which are not faulted, the geological relations of
the clays are rather sisple. The sediments of the
Temesoal Valley in general form a broad northwest-
goutheast syncline in which the sedinents lap up
on the sides of the trough. This syncline is warped
into folds which have axes perpendicular to the
valley depression. This structure is so remarkably
congtant that the same horizons of the Martinez sedi-

ments are exposed again and again,

Claye also outcrop immediately to the northeast

of the edge of the Santa Ana block, in the foothills .

Summary
of structu
of various
localities

described
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of that range southeast of the town of Corona.
Vertical, thrust and possibly horizontal fault-
ing movemente along the Chino, Whittier, and
Elsinore block faults have here produced very
complicated relationships of the beds containing

the olays,

The clays of the so-called Goat Ranch at the
north end of the Santa Ana Range are considered to
belong to the same horizon of the Martineg as the
McKnight Corona clays. The sedimentaries In this
locality dip towards the Santa Ana River off the

Chico Cretaceous formation in a monddikme.

The beds lapping up on the range s?ing gouth-
ward from that point. In the central Santa Anas
the formations regularly dip off the granitioc core
toward the edge of the block to the wouthwest. The
Martinez is thus exposed in a broad belt waich
roughly parallels the basement sedimenitary contact
of the (rstaceous to the east. A bed called the
Serrano~-El Toro clay, which belongs to a slighily
higher horizon than the Goat Ranch-Oorona, but nay
represent the eguivalent of %the Alberhill clays,
outcrops continuously except by minor displacements

over a distance of about eight miles. 1In general,
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the bede dip =outhwest very steeply, 60° or more,
throughout this belt, but flatten rapidly down the

slope.

Thug the clays,occur in beds which vary in
all positione from horizontal to vertical and
gtrike in all directions, depending unon local

structure,
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TEMESCAL VALLEY CLAYS

The clays found in Temescal Valley make it

one of the three most important clay producing Importance
of this
areas in the state of California in point of district.

quality, variety and tonnage mined. Production

from this area has increased from year to year

80 that now about 100,000 tons a yzar of over

thirty distinct varieties of clay are mined from

the various clay producing propertics by the five
major operators. Thiz wide variety of clays is
being largely produced from only three localities,
but numberless plts, scattered throughout the valley,
attest the activity of the property owners, and the

potential resources of the Canyon for the future.

That portion of Temescal Valley fros which
clays have been tsken comprisee an arsa thirteen
miles long and two miles wide, running from the
town of Coronz on the north to a point & few miles
below Zleinore Lake on the south. Althcugh the clays
outerop amcong the sandstones and shales with which
they are intercalated only in irregular petches
over this wide areg,snd they vary widely in sach
outerop, a surprising regularity and continulty of
type is found in the materiale from one pit 10 the

next.
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On account of the conformity to type, the
writer has deemed it advisable to give a full
description of only one of the districts and to
mention in what particulars the other diverge
from this locality. Inasmuch as by far the great-
est percentage of the tonnage mined comes from
tie Alberhill district, and the greatest diver-
gity of types of cliay is produced from taat
locality, he has felt that on account of its
gconomic importance this should be the section

deacribed.

The only formations which outcropr in the
Valley a¥e metamorphic shists and quartgzites
and thelr intrusives, the ¥artinez and Quarter- Stratigraphy
in the valle
nary fen and terrazce deposits. As has already been
céated, at least a part of the metamorphosed sedi-
ments are Triaesic in aze. They conslist mainly
of thinly laminat=2d siliceous phyllites which
usually strike parallel to the valley with a very
steep dip. HMassive quartzite beds are intsrcalated
in these schists. The gchists are extremely fissile
and weather into thin flakes which may be easilly dug
out with the geologist's pick. It resembles to a
remarkable degree in appearance the siliceous shale
found in the Modelo or Monterey formations. Due
tc its cleawability, 1t does not resist erosion as
well as the quartzits lenges and thur the metamor-

phosed sandstones gtand out as reefes above the swales
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of schist.

¥o Cretacczous ssdiments were scen in the
valley. According to Rene Engel, it is extrenely
cdoubtful that the Cretaceous sea extended that
far inward. At Alberhill, the only vlazce the
writer hae clearly seen sediments lying with
denositional contact or the "beeement," the

clastice are Hartinez in sgc.

Very little difference is to be oObserved
between the liartinez of the Santa Ana Mountains
and that of Elsinore Valley. Only the sandstones
of the middle portion of the formation were seen.
The besal conglomerate doeg not outcrop in any
portion of the valley studded by the writer and
no sediments which resemble the overlying forma-

tions of the 8anta Ana Mountains were noticed.

The sandstones appear to be somewhat better sorted,
the individual beds of shales, sandstones, and very

infrequent conglomerates being better defined. The

lower section of the Martinez, which is thought bo
be continental in origin, is very much sgofter than
the upper marine vportion by reason of its lack of
calcerous cement. The sandstones below the clajs
are very soft and may be easily dug out by an
ordinery shovel. They congist of well sorted and

bedded arkosic sandstones containing considerable

Martinez
formation
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anounts of chlorite, muscovite and biotite, the
chlorite being by far the most frequent of the
micaceous minerals,. Frequently, thin lenges of
ghale are found intercalated in the sandstones
below the clays. They consist of very fine
thinly laminated argillaceous beds which con-
tain considerable organic matter. Ag a result,
they usually are colored s dark gray or black,
Upon weathering the dark ocolor fades and the
shales become a light grey. They are extremely
fi)iile but they are much more indurated than

the gandstones above and below,

Upon breaking, they emit harsh and surill
crackiing sound, =ud give forth a strong odor
0f c¢rude oil., Moar 0f the sghales yield oil uron
destructive digtillation, Soue of The materlal
ie¢ reported to have given up as much as twenty
gallons to the ton to & now defunct company
located at San Bernardino. Froperty ownerg have
firmly convinced themselvee that gre=t quantities
of 0il underllie the valley. Consequently, wild-
cat companies find no diffhedlty in financing
drilling projects and numerous 0il wells, many
more than the structure or probability of paying
quantities of oil would justify, have been drilled.

Any person coming into the valley who admibse pos-

sessing geological knowledge is immediately be-
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sieged with favore in return for which donors
expect and ask for information concerning possi-

bilities of o0il on particular pieces of property.

The non-marine horizons of the Martines oC-
cagionslly contein a fauna 20d Tlora which es-
tablish thei continental origin beyond 211 doubt.
Brackish water pelecypode were found in a bed of
ghzla at the abandoned brick plant at Terra Cotta
in the bottonr »of ar 0ld well. They nrobatly are
to be refsrred to ths genus Corbicula, although
this ig uncertain. They 1lie about forty feet
stratigraphically below remarkably fine leaf im-
pressions along the bedding in the sandstones.
These mey be collected in a pit immediately %o the
north of tae home of Chazzleg McUlintock at Terra
Cotta. The ieaf impression norizon does not lie
more than, and probaocly less than, 150 feet strati-

graphically velow tne olay beds.

The sandstones above the clave have a tendency
to be slightly more reddieh in c¢olor. They con-
t2in calcaraous lensges wWhich may carry marine in-
vertabrate faunas charscteristic of the iartineg.
Such fogsils were found on the end of the epur

running down to the Atchescn and Sants Fe rellroad

track imredistely south of the gas station at Lee

.

ot

Lake about 5 miles northwest o

ticular reedf in which the fauna is found is a very

Alverhill., The par-

Fogaeils
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fine grained calcareous sandstone which, when
fresh, ie very tough and hard. It lies asbout
20C feet abcve the clays exnosed in the Pacific
Clay Products Companyts »it st Twin S»rings.
Fossils found there include glant Venericardicos,

which cannot bs referred To any definite znect

G

2
0y

Tne Martinez voth apove and helow the clays,
marine or non-marine, is characterized by the ore-
gsence of chlorite, It occurs in greater or less
extent throuzhout the clays, shales, ssndstones
or conglomerates, It constitutes a distinctive
litholglc characterigtic which is of great value

in mapping.

The Martinez is unsonformably overlaia by
& variacls thickness of fan anc ailuvial material.
At sometime curing tihe uplirt of the Santa Ana
Mounteinsg, the siresms that normally flowed west-
ward to the sea were unable to maintain their
cources across the more revidly rising central
portion of the range. They wers diverted and
sought new outlets by flowing along the base of
the scapp. Remnants of the deposits of this river
are to be found beveling thne Hartinez at almost every
plzce wrere tns Locene formatlion is exposed. They

consist mainly of coarge conglomerate composed of

Quaternary
deposits
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well rounded boulders of the igneous rocks of

the region predominating in monzonites, imbedded
in a matrix of very arkosic coarse sandstone con-
taining weathered feldspar, quartz, muscovite,
and bilotite. The boulders average about four
inches in diameter although tney may occasicnally
gontain cobbles up to two f et or more in thick-
ness. Intercalated in thess conglomerates are 1o
be found lenses of sandstone which resembles ths
apove dsscribed matrix of the conglomerate, They
are casily distinguished from the iartinez by
thelr unsorted cnaracter, lack of induration, the
sxtrenely arkosic nature of the maiterial, and the
sharn uvnconformable contact at théir base. That

erable deformation has occurred since their

fala

i

1

COTLs

4

deposition is proven bv the nresent irregularity

of the dive of the beds of the material from locality

to locality, by the fact that they have been deeply

dissected, and by the fact that no corresponding
gtream can now be found, vresent tepograrhy net

beingz favorable to such a streanm.

As was indiceted in thne sectlon on genersd
geology, structure in the valley as in tho catire

Gietrict is primarily cdus to feulting ratier Taan

2

to folaing. The lemescal snd Elsinore trough ig
a counlex graven lying between the 3antza Ana Range

and tne Gavilans.

It is oroken up into slices which

8tructure
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follow the longitudinal axis of the depreasion.
Ordinarily, in the clay district, only the bottom
silice is topped by unmetamornhosed sediments.
However, occasibnal further longitudinal fauliting
1z obaservevle in tols undts. The beds witiin it
Oxdinarily dip away froam its edgee, lorming a
cyholine rigses anc ~lunges 80 that the clay beds
are exposed in a v&riable position in the various

¥

Tions Of

o

o

+4

the glice Loth laterslly anc iongi-

t

tudinally, taet ig, oultcrops of the clavs swing

out on & plungiung syncline and vice versa, Tols
structure ie sc constant that the cleye ere lrpegular-
ly exposed over & copnsgiderable distaznce, At Alberhill
the claye dip esbout five to twelve degrees to the
gouthwest down the clope of the hili and come up

on the other side o1 the valliey. This syncline
vlunges at a rate of zbout 125 reet to the mile

for a digtance of about two riles to the nortowest.

In & series cf bede competent o withstand
etresses tnat the sandsionse, shales ana conglomer-
gtes poseegs in relejion o intervedded clay members,
it ileg neturel that any deforzretion in the more re-
sistant beds by diasgtrophiem or loading is reflected

auyfcld in the incoapetant clay strata. wWhile the
structure of Temescal valley is, in general, rather

glarle, concidsrable mevenent aasg occuwxrsed along

the fractures bounding and included in the trough block.
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Thecse movements are merely adjustments of the crust
in response to powerful vertical and horizontal
forces., The thicknessg of the clay meanber varles
widely from locality to locality as a result of
yielding to different modifications of tuese strceses.
Individusl clay strats tain and thicken 58 a ra-
flection of the larger variaace,‘they 2180 vary

80 widely in charactar that corrslations of the in-

dividual beds between different plite i difficult

| ot

or impoesslble. On acvount of tole multiclicity of
deteil, it would bte futile tc descritve at grect
length the cuaractsr, thicknese and uses cf the

individusl strata in esch plt.

~

Becsuee of its imrportsace in the ceramic field,
Hill, Burchfiel snd Dietrich have already givea a full
account oi thnose sspszets of the Albernill dalstrict
which arc of interegt to that profession; naaely, by
the guantities anc gualitiez of the variouz materials

present, Thus, for & ceteliled ceramic gurvey the

readexr is rcforred to theis publicstione,

Generalizations as to the average thickness
of the clay stratum are rathsr dangerous. Only a
portion of the section is present or exposed at
esch ~it. Stratigraphic relations of the individual
beds se2n are difficult to discern, However, the
writer hes been able to measure severasl sections and

the clayes are very close to 10C feet in thickness.

Alberhill
Digtrict
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In each complete section in this district three
main types of clay may be distinguished, namely:
1. Refractory bpnd clays and white or buff burning
fire clays, possessing a good plasticity, fairly
high fuslion point and usually have good bonding

power when wet and burned. Like the fireclays, they

are usually associated with carbonaceous clay or coal,

2. Refractory bone clays having a very high fusion

point, are white or buff burning, and possess a poor

plasticity. They contain a high percentage of alumina

and are usually pisolitic,

3« Red burning clays which fuse at a lower %tempera-

ture and are used for products in which a lower vitri-

flcation point is desired. On gccount of their con-

taining ferric iron they are usually pink or red,

although when the ferrous variety is present they are

green.

A description of a representative section of
the clays as found in the main pits of the locality
follows:

1. Yellow top clay--a slightly gritty tough blocky
clay possessing good plasticity. It has had a good
deal of limonite and vegetable acid staining. It
finds ite main use in sewer pipe mixes. About 20

feet of it is exposed at the main pit at Alberhill,

Types of
clay

Yellow top
clay
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2. Main Tunnel Clay--A gray white blocky clay

possessing semi-conehoidal fracture. It oon- Main Tunnel
tains oonsideiable fairly coarse sand in irregular cley
patches, particularly in the upper portion of the

beds, the lower portion being finer and slightly

carbonaceous,

The heavy minerals founa in this clay in-
clude in order of importance: magnet®te, ilmanite,
apatite, zircon, and tourmaline. A thin section
of the clay reveale that the coarse sand particles
are quite angular. Their matrix is a fine grained
¢clay material in which kaolinite and a brown fibrous
mineral are by fer the largest of the graine seen.
Halloyeite and the ordinary montmorillonite are also
present, the matrix, in general showlng very great
change in light passed thirough under ordinary and
crossed nicols. An estimation of the percentages of
the materials gives Quartz 10%, Kaolinite 25%,
Halloysite 25%, Montmorillonite 20%. The brown fibrous
mineral which constitutes about 20% of the area, is

probably replacement of cellulose,

Chemical analysis of a speciman of the bed
furniehed by the Pacific Clay Products Co. is given

on the following page:
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CLAY Ig-Loss S10p 41,0, Fep0; 0a0 MgO Alk.
Jandy Main - — ~

Tunnel 6,97 72.56 18.73 .63 .54 .22 .30
Fine Main |

Tunnel 12.34F 59,32 25,67 1.67 .58 .26 L,10
Couputation ¢f the mineral analysis by H. S.
Washington's method gives the following results:

Quartz Kaolimite Serpentine

SandgyMain Tunnel 49.5 hh, .8
Limonite Orthoclase Anorthite Ig.Loss
o7 1.67 2.50 «63
Fine M¥ain Tunnel Quartz Kaolimite Serpentine
26,6 6045 K5
Limonite Orthoclase Anorthite Ig.Loss
2.8 .56 2.78 3.4

The ignition loss in the first instance is probably
represented by excess free water, in the second by
included carbonaceous materials A very large quantity
of thnis type of clay 1s mined. At the main pit at
Albverhill it is about thirty-five feet in thickness.
The material possessses a good working plasticity but
the amount of sand within the clay cuts down its plas-
tic strangth. It has a high fusion point cone 30
(1650° ¢). It is very widely used for firebriok,
terra cotta, art tlle, and for similar purposes.

3. Cosl stratum--As was indicated above, the clays
pecome finer towards the base of the Main Tunnel, Coal bed
This ociay is floored by an ispure coal bed, por-~

tions of which are pure enough to justify mining

in the past for lignitic coal. Other portions of

the bed contains enough clay so that the material

can be used as such,



<452

A chemical analysis of an argillaceous specimen

follows:
Ig.Loss S5i0o Al 203 Fepy04 Cald MgO Alk.
Coal Crop 33.84 35,35 20.7& 2. 53. .90 .15 1.18

Computation by H. S, Washington's method of
the theoretical mineral content gives the following
results: Carbonacéous materials,of course, is lost
in ignition. This accounts for its high percentage
in the firet set of gigures. The second set of
figures represents the results obtained by eliminat-~

ing the ignition léss and redalculsting to 100%.

Igz.Loss Quartz Kaolinite Serpentine Ll onite
IR Be Lg, 8 Y 2. 84

-

C.C. 8.3 81.00 1. .05
Orthoclase Amorthite
7-00 1.05
10.00 7.45

In common with the other beds the coal stratum
is subject to considerable variations in thickness.
However, the more purely lignitic portions of the bed
are such more constant in this respect than the more
incompetant orgillaceous parts. However, the average
thickness as exposed in the main pit at Albehill is

acvout six feet,

-

Trhe mines at Alberhill were originally opered
by the combined femilies of Alter & Hill for the
purpose of exploiting the coal. Inasmuch aes efght
feet of lignitic coal ig present in some placeg, the

project enjoyed some success, in spite of the high
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ash content of the material. The lack of heating
materials in the valley and also the lack of a
raiiroad to transvort those materials made coal
valuable. The ciay was siaply thrown aslde. OF
laterysars, only the mexican laborers aine tue

coal for taeir own use. The argillaceous poriion
oi the bed poassesses an sxcellent saooth plas-
v.eity, medium aigh dry streagih, and when fired,

a whits or buff color. It softens at coans 30 (1650°0)
On account of its smooth texture its excellient
working and fired propsrties, it is widely employed

in dry pressed brick, art tile and sagzer mixtures,

4, Bone Clay--The coal is underlain by a high
alumina bed which may or may not be pisolitic in
character. When it is not pisolitic it is a plas-
tic clay used as a ball or refractory bond material.
Fhen pisolitic, it is non-pnlastic and is termed
"honet, Ite colitic character may vary from a few
gparsely distributed angular oolites to large round
visolites. Heavy amineral separation of the very
scanty coarse particles was 1ot attempted. A thin
section of the plastic maherial locally termed S.H. 4,
reveals that nractically all &f the minsrals in the
clay are isotropic or nearly so., The mass is g0 ex-
tremely fine grained that distinction and identifioca-
tion of the individual minerals is very difficult,
even for the largest grains. A small amount of hydro-

mica and chlorite was seen. Estimation of the per-

"Bone!
Clay



~48.

centages of the minerads present is necessarily
based on poor evidence. The author estimates

that about &5% hallaysite, 3% quartz, 10% carbon
and about 2% of hydromica are present. Avatite,
zircon and rutile also appear in the section. A
thin section &f the bone clays shows, rather
unexpectedly, about the same birefringence as the
rlastic clay. However, a very weakly anisotropic
mineral is present which has about tne rignt
anmount of birefringence for montmorrillonite,.

The pizolites seen Lo be composed of rings of
ferruginous matsrial. Psrcentages of the minerals
present are about 80% halloysite, 10% montmorrillonite,

5% goethite, and 5% quartz.

The usee of this type of clay have already been
discussed. Thet called soft bone ig ground and used
refractory wares, the hard bone 1g calcined and used
a8 grog in the ssme materials. At the mein pit bed

is about four feet thick.

5. Red Burning Clays--Below the bone clay red burn-

ing claye are found. They are usually termed pink Red burning
mottle, due to the appearande given them by irregu- cleys.
lar patches of ferruginous staining. In general,

this type of clay was lald down under conditions in

which they were not as well leached, either before

or after deposition, as the materials above. They
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were deposited inmuch coarser form and may
grade into conglomerates which show a great
deal of alteration. The character of the
material in the field and under the microscope
suggestea to the author that they Lave recelved

considerabie alteraticn in place by ge

(¢
Q
o]
[o7
@
L3¢
et

changes. Ulear evidence of tuic Teet is found
in the matezrisl when exawined unger the micro-
icope. A thin sectiorn showe tnat 16 is composed

of coarse rounded pebbles which aypesr original-

W

1y to be made up of every sort of uaterisl but

They predomlinate in scid volcenic metsrisl which
probably, by reason of ive quealbzs plenocrysts,
represents & rayelite or similar rock. Deposi-
tion, then, was in the form of an aifsred cone
glomerate arkosic sand or silt aad counsiderabls de-
composition must have occurred after deposition.

The abundant presence of humic acid in the coal
sbove tue pink mottle prooavly indicatesg the agency.

The minerals ae egtimated from thin section are

{

present in the following proportions: Quartz 60%,
kaolinite 20%, colloidal iroa 15%, halloysite 5%.
Apatite, zircon, tourmaline and rutile were Ob-

served in the section.

Field evidence found of these seccndary
chenges is degeribed in the discussion ¢i the

"Pink KMottle Pit" clays immedistely below,
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In practically all the pits, the red burning
cley form the base of the producing horigon. They
vary widely in thickness usually constituting the
most abundant type of clay present. They have to
compete with the much more easily accessible clays
in the Loe hngeles District, which are all of this
type. Hs Their malin market is in thet portion of
Southern Czlifornia, transportation either in
their raw or burned state is one of tneir biggest
handicaps. However, with the rapidly approashing
exhaustion of the closer materials, they will come

into more popularity.

The clave imsedistely across the valley from
Alverhill are exposed in several plts mined by two
gonnaaies, Ian th2 stratigraphically lower "Pink
dottle” pit at the Los Angelss Brick Co. vropnerty
tna@ gection is coupouved goiang downward of bone,
pink wottlie, very Tersuginous red piastic clay,
white burning ciay and a2 large thickness of arena-

, thie pink

[

ceous red clay. In this pacticuiar pi

aottle bed grades into an altered congiomerate bed.

The pebbles anc granules of the conglomerates show

a blg preponderance in acid volcsmic flow material,

provacly & rhyolite, uartzites, schisis, shales
anua o variety of otner rocks are present in minor

quantitics. Cougideravle quartsz sant is &lsg0 pre-

geut whick is very angular in forw. The granules of

Pink Mottl
pitc
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the material vary from angular to well rounded,
the préponderance being sub-azngular. While the
material unquéstionably has been transported some
distance, the preponderance of the rhyolitic
material would seem to indicate that a flow was one
of the largest componets in the distributive pro-
vince which gave rise to the deposits being laid
down in thst particular locality at that tiane,
This would also seem to nostulate a large mass of
that type of rock being eroded close by, indicat-
ing either exhumation or somewhere nearly contem-

poraneous’volcanic activity.

The presence of such mass contributing in
g0 large a part to beds immediately below the
clays suggests the fact that the more leached,
transported clays which overlie it probably have
also received a larger portion of clay derived
from this type of material than previously had been
supposed. However, the utter lack of structures
in the white clays which are characterietic of the
pink mottle would seem to indicate more complete

alteration before deposition.

The Morton Pit lies in the Arroyo Del Toro
to the east of North Elsinorey The stratigraphiec
succession, as far down as they have mined, is

the same in ceramic and physical properties as

¥orton Pit



-52-

the Alberhill minss. Yellow c¢lay is folilowed by
white nlastic clay which in turn lies on top of

coal. The section apnears to bhe nsrfectly analogous.
Min'ng in this nroserty staried vers rascantlv but

ie belng ~ushed forrard r»-nidly Y the swnazr, whose
pit bearg his neme., The clovs ~re aold t40 the various

manutroeturers.

Clesely te be correlated in type of clay as the
Pink Mottle Pit and poseibly as to horizon are
c¢leye in the Harrington Pit in the upper end cf the Harringtor
valley. The samre succession is present, that is, Fit
bone, pink mottle, highly ferruginous plastic,
white burning refractory plastic and a huge thick-
nees of areneceous red clay., The ceramic proper-

ties are closely akin to the Alberhill district

clays.

Tois comzletes the liet of the principle trans-

ported clay vits in Tenescal Valley.

The only plt south of the town of Flsinore
that produces claye, 2s far ac the writer knows,
¥ildomarx
ig 2 small mine whiech is called the "7Wildomar Pit
Kaolin Denosit® in ceramic litsrature. It would
not degerve mention in this report excent for the

fact that it represents a different origin than the

claye further to the nosrth, the clays being residual.
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The deposit lies 2.6 miles southwest of the
town of Wildomar dbn the main highway to Murrieta

about one-fourth mile east of a prominent and the

only bend in the road between the two towns. Con-

giderable stripping of the deposit has been done

in the development and mining, so that good exposures

are to be found,

The beds strike N 37° W and dip 26° to the
south. They plunge under the alluvium of the
valley but were not observed coming up on the
other glde., At the top they are terminated by a
very sharp line which has a very distinct topo-
graphic expression in sharp breaks in slopes of
the spurs running out from the hill into the
wlley. These notches possess a good alighment
which when measured proved to have the same strike
as the beds (N 37° W). The accordant height and
alighment of the notches at the contact would
physiographically indicate a fault. However,
it seemed to the writer the two directions of
strike would, under the laws of probabillity, only
coincide if the faulting, if any, should be the
main cause of the present attitude of the beds.
The material of the hills to the back of the beds

is basement complex and is clearly older than the

clays. Uplift of the hill with respect to the valley

block would conform with the relationshlps shown and

Location

gtructure
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would also produce drag in the materials
alonz the fault, which would presumably con-
form to ths strike of the plaanz of wovement,
This last explanation seened to the writer

to bezt fit the field relations.

The clays themselves are clearly derived
from very acid lava flows. These lavasg have Derivation
been very 1little altered and the original
structure of the ignesous material is clearly
to ts seen. The beds consiest of rhyolites and
rhyolitic tuffs which are pumaceous and agglomera-
tic. Sév&ral flows make up the total section,
the varlious menbers belng indicated by a glassy
2ad cooling cracked base and brecciated lava cemented
ton. The bede bresk very easily along the bedding
planes of the flows and also along lines of flow

gtructure,

A thin gection c¢cf a specinen taken across
the flow structure of this material shows characteris-
tic rhyolitic texture., Under ordinary light, typical Minerals
stringers of material enclosing bubbleg and phenocrysts
are to be seen. Under poloriged light only corroded
and somewhet oriented quartz phenocrysts ¢an be ob-
ssrved, the matrix being istropic glass. The extremely
acid nature of the rock is shown by the przsence of

this typs of phenocryst, and by the follewing ultimate



=55

chemical analysis froz the lsboratory records of

the Pacific Clay Products compahy of Los Angeles.
Clay Ig.Loss 8i0p A1203 Fe-03 (a0 Mg® Alk.

Wildomar 7.78  70.14 14.97 1.61 1.5¢ .09 3.94

The materials couparative lack of alteration
is brought out by its extremely high alkallc con-
tent. It is even better shown in the results of
Computation by H., 3. ¥asiington's method of ob-
tzining mineralogical content of clay frou the
ultimate analysis.

Quartz Keolinite Limonite Serpentine Orthoclase

L2, 4g 19.7  2.16 2322 23,2
Anorthite Freewater
7.9 k.7

The very high free water content probably
indicates that a good deal of it has combined with
the alumina silicate of the feldspars but leaching
of the alkalies and calcium oxides has as yet been
incomplete,

The clay is non-vplastic and is used as &

Properties
filler in various mixesg, It burns browm at a and uses.
rather low tszunerature but possesszes a very
low shrinkage. Considerable quantities have
been mined in the past by strivping =2nd hand load-
ing methods and also by a shaft sunk to-follow the

bed beneath the valley floor. However, very little
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use hag been made of the deposit in recent months.

Residadl clays are also found ineediately %o
the north east of Alberhlll across the canyon.

alterstion 0f an whyoilte intruded



Figure 1.

Figure 2.

Elsinore Valley from the Douglas
Pit at Albekklll, looking nortawest.
The Santa Ana Mountaing are on the
left, the Bpraben valley of Teuzscal
Canyon in the center and the Gavilans
on the right,

Alberhill district looking east
from =2cross the valley. Hill in the
micdle distance is the one ir which
the Alberhill mines are located. The
large pilt in the center ie the ¥ain
Plt, the one at the north side (left)
the Dougles Pit. The ¢it in right
foreground 1s the Pink Mottle Pit of
the Los Argeless Brick Co.
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PLATE II

Figure 3. Close up of Main Pit at Alberhill.
This is the largest clay mine in Califor-
nia, The beds exposed that have been
nined comprise a total thickness of over

fifty feet.

Figare 4. Character of ciay bed illustrates vertical
veriation in beds, which nedessitates hand
mining methods, Plastic fire clay above
and below thin bed of coal. Taken at Douglas
Pit.
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Figure 5.

b1l
PLATE III

Panorame of Dougles Pit
teken southezgt to west. Show-
lng character of clays, methods
of mining and a revresentative
section. ¥ain Tunnel, the coal
bed &nd & clay stained by ferrugi-
nous matier locelly celled "Lower
Douglag® zxre the principal beds
to be seen in the photograph.
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Figure 6.

Figure 7.
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PLATE 1V

Main Tunnel Clay-Megasmcopic
appearance, showing blocky charac-
ter and irregular patches of sand
within bed. Taken from upper por-
tion of stratum. Natural size.

¥ain Tunnel Clay Miocroscopic
appearance showing its texture.
Speclmen taken from bottom portion
of bed, which ig less sandy and
more carbonaceous than top part.
Taxen with a magnification of
ordinary l1light, 100 diameters.
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PLATE V

Figure 8. External aspearance of coal
bed showing its well bedded charsc-
ter. Upright trunks of trees are
found in the mass.

Figure 9. Close up of a hand specimen of
carbonaceous c¢lay which rsepresents
the same horizon as the coal. Shows
variations in the amount of finely
disseminated car@onaceous material,
Natural sise,.
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PLATE VI

Figure 10, Mon-plastic "Bone! clay.

Megascopic appearance showing
angular, irregularly spaced
segragations of darker ferrugi-
nous material. Natural size,

Figure 11, *Bone" clay. Iiicroscopic
appearance, showing fine texture.
Taxen with ordinary light with &
magnification of 100 diameters.






-69-

PLATE VII

Figure 12-A. Photomicrograph of plastic
"3H 4 Clay" which is a varia-
tion of the "bone' clay bed.
Coupare with Figure 11 for
differences in texture. Taken
with ordinary light and with &
magnification of 100 dismeters.

Figure 12-B. Photumicrograph of "Pink
Mottle" clay showing residusl
structures. The rounded light-
er portion represents an com-
pletely altered particle wnich
wag 3aid down as a granule of
partially altered material and
gince then deco:posed to its
present condition by secondary
changes. Pioture taken with
ordinary light with a magnifi-
cation of nineteen diameters.
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PLATE VIII

Figure 13. Photograph of 7ildomar Pit from
the nodth-weet, showing remarkably
well developed parting within the
successive flows,

Figure 14, Wwildomear clay. iegascoplc appesr-
ance, showing sgglomeratic nature and
firer, cocling cracked, wmore glsssgy
portion of bvase of the nsext flow at
top of hand specimen. Natural size.
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Figure 15.
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PLATE IX

Photomicrograph of Wildomarx
Clay showing remarksbly well develored
tuffaceous structures, such as stringers
cf glase, broken shells of bubbles, etc.
T2ken with ordinary 1li:zht with a mag-
nification of 100 diameters.
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McXNIGHT CORONA CLAYS

No account of the geologlical relaticne of
the sediments expcsed in an elongated triangle

which lies between the uargin of the valle
&

floor, the basement comvlex of the Serte Ana General
structure in

Range and tie Santa Ans river canyon, has been vicinity of
outorop

published, Therefore, it is thought desirable
to give here the results of a very brief reconais-
sance survey by the suthor along the Skyline

Drive from Corona Valley to the crest.

gtructure in tne triangle is very comnli-
cated and lnoreases in complexity as one ap-
proaches the apex oi the triangle., It is here
that the Chino and %hittier faults merge and join
into the Blsinore fault. The eection along the
road ie gome Tfour or five miles fxom the gore
of these threc major fault systaue but neverthe-
less it probably owes ite lwbriocstion meinly
t0 the compensation necessary in the crust in

the vicinity of thelr intersection.

The trace of the Whittier fault bounds the

south side of the Puente Hills, cposses Santa Structure of
the Puente

Ana Canyon and turns southeastward. The faulst Hills to the
north.

which bounde the main block of the Range is

almost certainly the continuation of this fault.
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One of the lower northweest-southeast faults
in the triangle » continuation of the Chino fault
which 28ls0 bounde the Puente Hille, but on the
eaat elde. Both of these faults in the vicinity
of Santa Ana Canyon are reverse in character, the
moet consgistant dip of the FThittier fault being
about 459 toward the hills, while the Chino
fault has sgimilar dips in a westward direction.
Thus the Puente Hills are bounded on two sides

by reverse vaulte which din under that block.

Compreseionel forcee nroducing thrust move-
mentes zlong reverse fauvlts in sediments normally
result in folding snd fauiting structures in either
the lower or upper block which parallels the re-
verse faults, However, an exanination of ths
folds and faults of the Puente Hille and its
continuation shows that those structures which
show evidenceg of ghortening ave, in the maln,
perpendicular to the axis of Y. These {olds bend
to the gouthwari in the close vicinity of the
Chino feult, 1indicating that the Chino-lorona
W ock was moving southward with respect to the
Puente Hille, corresponding to direction of
movemenrnt in the San Andreas Rift., This and thelr

location with respect to the San Andress Rift
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would indicate that the Chino-Cornoa and Santa
Ana Range blocks were wnoving northward with
respect to the Puente Hills, although drag in
the folds in the vicinity of the Chino fault
block indicstes thet they toc mey have hed
differential mcvement corr-eponding to Rift
displacement. Thue the Puente Hille block wmay
be acting as an incompetant mase between compe-
tant east-west blocks bounding the north side
of the Los Angeles Basin and the blocks to the

gouti.

Jompregeionel forces are koown to have
niayed o procinant role ir the fomation of
the gtructures of the east-west ranges to the
north and thic locality may represent one of the
crucial points in the goiuticn of the perrlexing
problens of structural geology in Sfouthern Celifor-

nia,

Viewed from the Corona valley, the stesp
rige of the land surface from the head of the
fang to Sierra Peak appears to be qulte regular.
However, closer examination shows that the spurs
have the form of steps with almost flat treads
alternating with the steep bresks of the raises,
These features on one spur are fairly well metched
in helght and alignment on spurs to the north and

gouthe
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¥dur main blocks may be distinguished,
This 18 & matter of degree only, for each of
the blocks is cut by longitudinsl faults running
perailel to the exes whicn diifer only in slight
Cegree in size from the bouncery faulte., Tney
are bounded by five fauite wnich are fairly
continuous throughout the triangle although

some tear faulting ie present.

The step feulting theorv nostulated by
physiogrerhic evidence ig strengthened by the
Btructural relstionships. Xach of the four
blocke is topned by sicceseively olcer forma-
tions according to their pogiticn relative to
the core of the rance. The bottom block, which
by reason or the alizynment of the truncated bot-
tomg of the spurs, is probably to be classed as
a slice with a fanlt aiso at itc eastern side,
genarating it from the valley, contains sand~-
stone and conglomerate beds which are Martineg
in age. They are separated by & fault from the
Cretaceous sandstones and sihales oi the next
block by & fault which coincides with the bottom
of the rise to the next prominsnt step. The

Cretacecus sandetcnes and congiomerzies 0 the

second block abutt on the west gide into the grano-

diorltee snc mebtamorpanics oy the bassment coumplex.

To the westward of thisg welt of orystallines, the

Slice
faulting in
the trkangle

Formetions
topoing the
blocks.
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Cretaceous again outcrops. While no exposure of

this contact between the sedlments and the basement
wag seen, the writer believes that the most logical
explanation of the relations would be postulated by

a depositional contact of the sandstones and con-
glomerates on the basement, with the present westward
dip of the sedinents carrying them against the crystal-
lines of the main block which forms the crest of the

Tange.

In addition to the major and minor northwest-
goutheast slice faulting, the steps are further
mosaiced by innumerable cross fractures which are
roughly perpendicular to the longitudinal faults. nggggng
While the individual ceross faults are not, as a
rule, as conspicuous a feature as the slice faults
due to the fact that they have neilther the continuity
nor the magnitude of movement that the others have had,

neverthelese they are an important factor in the

deformation of the block.

All of the cross faults abserved by the writer
were predominantly reverse in character, and very Compression
) al forces
often had dips as low as 20%r less, While movement dJdominating
north-south
along the individual fractures would be measured as
a few feet or yards, the total shortening aléng the
vast number of these faults would aggregate a very

large amzountd
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Axes in the folds of the sediments in the
triangle also trend northeast-southwest. The
orientation of this compressive phenomena gives Claybed a
gone of slip-
strong support to the theory regarding the direc- page.
tion and nature of the forces acting in the triangle.
The clays lie between relatively competant beds of
gandstone and conglomerate and form a very favorable
plane for slippage, along which major or minor
movements have taken place when the attitude of the
beds was favorable, This relationshlip is so univer-
gal that the writer first thought that the clays
were merely a zone of intensive alteration along
faults. At the McKnight mine just south of Tin
Mine Canyon the strike of the bed averages about
N65°C and the dips about 25° to the south. This
attitude places it in a very favorable position
for thrust slippage and it has suffered this type
of movement. However, pockets of the fire clay on
either side of the fault prove that the zone is

really a bed.

The McKnight clay beds are intercalated in the

Charactér

sandstones and conglomerates of the Martinez forma-  of the
formation
tion exposed on tnhe first or lower block. They in which
the clays
represent the end product of a process of deposi- are found

tion of increasingly fine material., The clays grade
downward in the section to arkosic sandstones which

in turn pass into coarser and coarser conglomerates,
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The conglomerates are composed of well rounded
pebbles of quartzites, fine grained intrusives inter-
mediate in composition gchlste and infrequent cons
glomerates, sandstones and shales. The matrix is

a coarse arkosic sandstone containing considerable
anounts of chlorite, biotite and muscovite. The
graduation into sandstones and shales above is an
insensible one, the mineral content remﬁining about
the same except for elimination of the more easily
weathered minerals. The occurance of the well round-
ed quartzite and dacite boulders with much softer
gandstones and shale pebbles probably indicates that
most of the material was derived from the Cretaceous
sediments below, which contain all of the above mater-
ials in the same lithologic assemblage. The source
of the materials could not have been very far away
for the conglomerate, shale and sandstone pebbles
could not have withstood long continued abrasion

by the heavy quartzite and daclte members.

Abundently fossilliferous massive sandstones
lie immediately above the zone of shales and clays.
The invertebrate fauna found there include such forme
as giant as venericardias and Turritella pechecoensis
Stanton. Giant venericardias are characteristic of
the Eocene but the turritella form has only been
described from the Martinez and is regarded as an

unquestionable marker of that division of the Eocene.

Age of
the form
tion



The fossile were found almost immediately on top
of the zone of more or less plastic material.
There was no evidence found which indicated the
possibllity of the two horizons belonging to dif-

ferent formations.

Ag previously indicated, the clays lie within
a more or less plastic zone., The transition from
gandstone to fire clay to sandstone is not an abrupt

v Character

one and the contacts are more of the nature of belts of the clay
than of planes., The sandstones below are green oI
buff in color but as they approach the clays they
become darker going into light and then into dark
grays. lamediately below the black flint fire clay
occagional lenses of pisolitic "bone" clay are found,
particularly in those vicinities where there is an
increased amount of carbonaceous material present in
the clay stratum. The clay oed is overlain by argilla-
ceous shales which are unilversally stained s red or
pink by iron oxide, Part of the bron may have been
deposited with the sediments or derived from the
immediate beds but the main portion is supposdd to re-
present material leached from the overlying sediments
and deposited on top of the impermeable madbrane of
clays.

The flint fire clay is a more or less sandy,
very well indurated material which contains a variable

amount of finely disseminated carbon giving it a grey
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or black color. The carbonaceous material may

Agsociation
be as concentrated as to give rise to lenses and with coal
pockets of llignitic coal within the clay. Lenti-
fular bodies of clay may contain practically none

of the materia} and are thus almost white in color.

The white or light gray clays do not have the
toughness of the darker portions of the bed and
break into small roughlyvcubical blocks with con-
choidaly fractured sides when exposed to the air,

The writer lenses of the bed also contaln consider-
able less quartz sand than the remainder. The
content of pand particles varics within wide limits
in the black clay, lenses of almoct all coarse mater-

ial running throuzh the clay bed.

Qualitative mineral analysis of the coarse
material showed it is almost entirely made up of
clear quartz which is falrly well rounded and shows
much abrasiond The infrequent feldspar minerals
were 80 badly altered that mineral identification
is impossible. Other minerals found in order of

{frequency are:

Mineral Characteristics
1. 1Ilmanite Frequently shows traces of tri-
rhombohedral forms Heavy
2. Magnetite S8ilver grey in color, Minerals
3, Tourmaline Light brown but only slightly
pleochroic

4. Sphalerite (?7) Good cleavage-black in color-
opague-resinous
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A thin seotion of an average sample shows that

the fire clay is extremely fine grained, with quartz
particles, as usual, considerably the larger. An
approximate estimate of the divisions of the Xaolin
group is as follows: kaolinite 30%, montmorillonite
30%, halloysite U§. About 30% of the slide was quarts
and the trace of chlorite that was present would
amount to about 1% of the area, The relative per-
centages of the various constituants in the matrix
is exceptionally difficult to determine for the glide
is extremely fine grained. Thus the observer estimat-
ing percentages on the amount of birefringence has very
little upon which to base his judgment,

| The following chemical analysee were obtalned
from the laboratory records of the Pacific Clay Products

Co. of Los Angeles, who own and operate the icKnight

Mine:

Clay Iz.Loss 2i0p A1203 F8203 ca0 Mgd Alk
KeKnight

(fire? clay 10.62 57.38 27.62 2.06 1.90 .11 .13

Red JfecKnizht 8.73 53.86 21.52 4.12 .24 .09 .83

Oclculation by H. S. Washington's method of the
mineral content from the ultimateanalyses shows the

clay would have the following theoretical composition:

Hydrous
Clay uartz Aluminum  Serpentine Limonlte
Sillicate
McKnight
fire clay 23.2 6C.10 2.50 2.43
McKnight red 33.15 52.50 .19 I, 20

clay
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Table of theoretical mbneral constituants continued

from last page:

Clay Albite Anorthite Freewater
McKnight fire clay 1.25 9.45 1.7
McKnight red clay 7.20 1.20 « 70

It will be seen that the calculation of the hydrous
aluminum gilicate as kaolinite does not use up all
of the water, particularly in the fire clay. This
may be due to two factore, either the hydrous alumi-
num silicate contalns more water than the 1-2-2
ratio or lack of porosity of the clay prevented loss

of all water in the drying process.

An investigation of the ceramic propesrties shows
that the fire clay has & fair plasticity, a medium low Ceramic
dry strength, and is granular and friable when dry. gigge;;d
Steel hardness is developed very high and its soften- nees.
ing point is cone 33 (1745°C). It has a low shrinkage
as would be suspecoted from the amount of sakd contained
in it, and is usually mixed with more plastic fire clay
to give atrength to fire bricks. However, when s0 mixed,

it possesses good hand molding qualities.

The Red McKnight clay is a buff burning clay which
was used ag an ingxediant in sewer piée and face brick
mixes., It has a better plasticity than the fire clay
although the large amount of sand weakens this. Finger-

nall hardness developes at cone 010 and steel hardness
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a8t cone 7. Ite softening point is cone 28, and
it hae not been mined for several years, although a

great tonnage has been taken out in the past,

The McKnight mine itself is one of the oldest
olay producing properties in Southern Calirornia, Earliness of
mining opera-
Operations are egupnosed to have begun as early as tions.
1890, Mining carried on then, as now, was by under-
ground tunnel and stope methods, similar to prac-
tice in coal producing districts%toéay;y Tunnels
driven by early miners werec never mapped and pOTr-
tions of them are occasionally encountered today
which are caved in at both ends, and which are
tirzbered with eucalyptus tree trunks. O0ld time
miners in the district whoee experience runs back
25 or 30 years with the mine do not remember these
old tunnels and it may be that mining wae carried
on much earlier. Onen nit mining was carried on
quite a number of years azo and a great tonnage of
clay was taken out, principally by hand methods,
The red clays are not being mined =%t the present
time but they represent a large potential supply of
this type in event of a change in economic condi-

tions with regard to the more easily accessible

olays in the Alberhill District,



Figure 16.

Figure 17,
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PLATE X

Wolttier Feult looking along
its striks towards the wesi. Puente
shaleg overlie in reversme fault con-
ta0t vertical PFsrnando sandatones
and conglomerates, The dip of the
fault is about 459, Photo by B. H.

¥oore.

Chino Fault looking along its
strike towards the north. Chocolate
colored Puente shales are avove the
contact, vertical Fernando conglomer-
ates below., The dip of the fauls is
ebout 45° to the east. Mr. B. N. ¥oore
ies standing on the contact,
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Fi gure 15.
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PLATE XI

McKnight Pit, now falien into
disusge. The nicture ie taken towards
the west., The mine lies at the base
of the steep scarp of the Santa Ana
Range, which can be seen in the badk-

round. The beds dip to the south
%1eft) end are imbricated by numerous
faults.
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PLATE XII

Figure 19. Photomicrograph of the
HeXnight flint fire clay
showing 1ts texture. Taken
with ordinery light with &
magnification of 1C0 diameters,
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GOAT RAMWCH OR CLAYMONT CLAYS

The commercial clays of the Santa Ana
mountaing are confined to two general localities:--
the so-called Goat Hanch or Claymont clays which
outecrop at thie extreme northern end of the range
and the Serrano clayse whicih are exposed from
Trabuco Creek northwestward through Modjeska Grade
Pagsg to Silverado Creek.

Clays in the wvicinity of the Goat Ranch have
been mapped by English as Cretesceous in age and
subsequent writers have asggumed thet they all Le-
long to thet periode Fowever, bngliesh was probably Age of cla
referring to some long since abandoned pits. Thus,
convrary to many publighed reports, the clays now
mined are oi an entirely different sra. gtrati-
graphic relationehips oi toe aorizons now procucing
indicate that the clays in resllity velong to the
Martinez Eocene in age, and not tc thaearlier period,

The lignitic sihales in which toe flint fire clay
bed 1s intercalated grade doewaward into a sandstone
member which in turn gradss into a tuick Led of
coarse conglomerate. This overlies a finely laminated
reddish plack saale aggregating at least 1000 feet in

thickness.

No good exposure of tre actual plane of the

gungiomerave-snale contact was seen, vuat the atti tudes
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of the two bede are usuelly closely alike,
except just below the mine, where the shales
appear to have a2 slightly greater dip. However,
a very strong lithologic change occurs between
the coerge conglomerate bed and the thin, finely

laminsted shales below,

Although no fossils were found in elther
the upper or lower menber there is nc doubt that the
shaleg are Cretaceous in age, for the middle portion
of that formstion is unique in charmcter In the
district, but the character cf the unaterizl above
it atrongly vesembles the Martiaez of othsx portions

of t-2 Santa Ane Nountaians.

The basal conglomeratzs of the Martinez forma-
tion as exposed in Silvarado Canyon is exactly like
this bed in material, appearance and induration,
but an analogous bed in the Cretaceous is not to
be found., The shale and sandetone pebbles included
in the counglomecrats bed at the two localities are
undistinguishable from one another and the assem-
blage of the materials differ only in proportion,
the bed at Silvarsdo Canyon having more sedimentary
pebbles in its composition. It also posasesses a
striking resemblance to the conglomerate bed which
undexrlies the ¥cKnight fire clay., As far as the
writer can see, materizal from the three localities

is undistinguishable on a lithologic basis. Two of

Lithologi
correla-
tion,
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these localities are unquestionably Martinesz.
English (6 Page 12) states that the presence
of glauconite is characteristic.of the Martines
of the north end of the Santa Ana mountains. ¥No
glauconite was observed but the writer found a
great desl of chlorite, which seems to bes confined
when avundant to the artinez. Probably Inglish's
hasty determination of the minersl was in error,
Chlorite ig found in the upper beds dbut is not

found below the conglomerate shale contact.

Considerable doubt would naturally be cast
on English's mapping of thie particular region
by reason of the fact than an obviocus continuation
of the conglomerate bed is to be found to the south-
west across the Cretaceo-Eocene contact ae mapped

by him,

On the taeig cof the above svidence the writer
feels justiiied in placing the age of the clays as
Mertineo~-Eocene rathexr tnan the Cretaceous sg they
n¥ve heretofors besn considersd. This hvnpothesis
is strengthened by the remarkeble similarity between
the Corone McKnight clays and the Zoet Ranch clays

in manner of occurance, mineral assemblage, and

ceramic properdies.

¥ this sgsumption is tm hen = ong -
If tk umpt is true then 2 strong un

confcrmity must exist below the conglomerste member,
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A normal section of the Cretaceous of the northern
Santa Ana mountains shows that the formation is
composed of three broadmemberst-first a top layer

of sandstones and conglomerates which is about 70O
feet thick; second, a section of dark colored,

finely luminated siales about 1500 feet thick and
third, another layer of sandetoass and conglomerates,
which agpreggée about 800 feet in thickness. Inasmuch
as the ton sandstone membar is comnlietely mlissing

a hiatus sufficient for unlift and erosion of at

le=at 700 feet oFf materisl 1z indicated.

A northerly dipping momocline forms the prin-

ciple structure in the central portion of the
3tructure

extreme northern end of the 3Janta Ana range, in
which tie Cretaceous and Martinez sediments dip
steeply off the igneous and metamorphlc rooks of
the basement complex. In the vicianlty of the Goat
Rench the beds dip very littie more than the sur-
face of the long slope which rune down towards
Santa Ans Canycn. This slope is tonped by the
prowinent ridge which runs Zrow the top of Sierra
Peak westward tc Santlago Creek. On the south end
of the Ranch & hard resistant bed of "hone" clay
forms the capping of the spur for a distance of
fully ons half xzile., The din of the beds carries
the clay below the surfsce at 2 variable distance from

the

[N

ivide. The Gladding-McBean Jo. aine the clay at

the Lead of & canyon which cuts into this long slope,
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and drops it by means of a chute into trucks

which haul it away.

Two t?pes of clay occur on the property.
By far thz most valuable ls a seam of flint fire
clay, and, sccordingly, {rom 1t the most toanage Type of
has besn taken, but sone uge has been made of oley

the shales in waich firs clay is found,.

The fliint fire clay ig a persistant bed
of black haxrd clay which containg considerable
emounts of carbonaceous meterial., Like the

Desoription

McKnight clay bed, it repreessnts the end oroduct
of a vrocess of cecosition of increzsingly fine
material. Its average thicknemss varies from
four to gsven feet., Lignlte coal lenses occur
above the clay bed and the ¢ley bed itself oc-
casionally tekes on & 3ignitlc cheracter. This
character may vary to the other extreme for above
the mine at the top of the ridge the clay contains
practically no carbon and 1s4 a lizht grey in color.
The material may contain a good deal of gquartg
sand both dissemineted throughout the clay and
also concentrated in lenses. These lenseg may con-
tain go large a proportion of the coarse material
that they cannot be usged and one thrown aside.
Below the clay, an extremely pisolitic "bone' clay
is found which, 2s far es the writer knows, has not

been wminede.
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Due to the variation of the proportion of
the coarse particles to the finer matrix, estima-
tione of percentages of the materials as seen in
thin section are only true for that partiocular
sample. However, they do glve a picture of the
order of magnitude of the various proportions.
The proporsions of the clay rminersle in the watrix

very much legs than to the ccarser psrticles,

A thin section of an average sample of the
flint fire clay shows that this clay is composed of
about 45% quartz, 40% kabdinite, 12% chlorite and
3% halloysite. The grains of quartz are by far the
largest mineral in the seetion. The chlorite, which
is light brown end dietinctly pleochroic is in the
form of lonz thin fibrous masses, but the psrticular
speclies of cnlorites present wore not determined.

It ha2s = yellowish interference color in a standard
hicknese thin ecection which would indicate that 1t
hae s birefringence of sbout .015. Very little

ieotropic halloyveites was obesrvedl

The slays of thig deposit and of the McXanight-
Corona are used for similar purposes. Due to its
nigh fusion texperature (Cone 34-1755°%0) th= flint
fire olay finds itz chief use in malking high re-

fractory firebrick, Some of ths gheles which by

Minerdogy

Uses

reagon of their high iron content ™ rn red and vitrify

at a low temperature have been used for common brick
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and tile but they cannot be mined in coapetition
with the more easily accessible clay of Temsscal
Canynn, Ag stated above, the exploiting company
run tunnels up the diec df the bed from the head
of the canvon, cart the cliay to chutes which carry
the material 10 losding bunkers at the canyon bot-
tom, As Fax &e the writer knows, no figuies are
aveilable as to the yecerlv tonna.c mined, FPrac-
tically all of the clave are uceed &t the Alberhlll

lant of the Comnany.

B



Figure 2C.
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PLATE XIII

Photomicrograph of the Goet
Ranch flint fireclay, showing
comparitively coarger struocture.
Fibrous chlorite mineral at up-
per edge aay be clineo-chlorite.
Taken with ordinary light wita
a wagnification of 100 diameters,
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THE SLRRANO OR EL TORO CLAYS

The Serreno clzy bed outcrops in the west
central portion of the Banta Ana mounteins from
Trabuco to Jilvarado Creeks and just esst of the
Orange County Park--Modjesgks road., The nesrest
town is El Toro which ig about ten tno fifteen
wiies distent from the variouz mineg gesttered
clong the o2izr bed.s  Ag tie wrinecinzl producing

mine zleong thies entire belt ot the presspt time

is on tve Serrend Repnch propszrty the ¢lays repre-~

poobed will e colled Zerrsne, ox ¥! Toro cleve,.

The gandstones in which the Sarrane ciay beds

Location of
clays

ate intercalated have been wepced as Miocene Vaqueros

by previous workers (2) in the field, However,

the course of a detsliled geolog

the clave % toe Serrsne mine, the writer wae struck

h
or
s

by *the rezerklznce ©

1 other nortione of the dante Anz Range. The abun-

dent prosence of chlorite snd tne geunsrsl anpsarance

M
3
2
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2
ot
b
)
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¥ 2
O
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<
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a
’3
,+

seuble tue Veguercs of other gortions of that dis-

icel sxamiuation of

hs formmetion to the ¥artinez

erial certsinly do not re-

Age

trict. Proof of the writerts susricions was cbtained

when, in Auyuzt 1929, in the course of waoping the

exreal extent of the c¢lay bed, Mr. Bernard ifoore,

who was working in the area nrepsrting an, &s yet,

unpuvlished thesis (1?), =nd the writer weres eble

t0 trace the clevs, with only one short bresk in

v
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continuity, into & series of beds which were sgtab-
lished as ¥artinez on the besis of invertebrate
feune founi very cioss to the clay exposarc in

Silvarado Canvon.

Tha Martinez of the S2nits ias Vounteln

[

ig, in

.

the main, made up of gandstones which when fresh are

\

white or green, denending on amount nf chlorite ovrosent,

Strangely encugzh, thz chlorite iz ¢ontained in greater

mount in the fine sandstonee, in which, bv resgon Character
of the

of zrester weathoring snd washlung, aad sorting one Martinez

would gxveoct elimimnation of the goft =nd 1ight chloritic
minerals,
Weathering witnu sutficient lesching reduces the
contreeting colors of the frash sandztones t2 2
unifcrn butf. Thas whits sandston=zz fteke on tals

glor éi2 %o the alnuts expants of iron precent

Q

=

itinin the formation wnlceh 1g cnneentrstad ©7 &VArOTa~
tion nf wzter on the surfesceg exnosed tc 2ir.e Tae
rezulting limonits Laparts to toe sandstoncs o bff
color. The cnlorites of the creen serdatonas break

Lng

down to hyéreus corvpounds ~f iron which ultiately
result also in limonite. Thus the weathared color
of the Martinez is almost uniform, the heds originally
green oeing somewhat the browner, The cccesionzl
Chloritic shades 3o not leach in this manner snd result

in intensely red colored strata.
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The Martinez sediments overlie a conglomerate
bagal bed. This is overlaln by & serieg of sand-
gtones which varies widely in thickness due to over-
lap. At Trsbuco Creek, for erample, the section

Basal
beleow the clayg bed, zlthoush it was not mewsured, conglomerate

faet between

Silvarado

Neo- 2o~y e £ — e ey LY 3. S A T A 1 -
Cgnvon is made ur 28 ocusypizits, dacito, silate, shale
s - . BT D 1,.1 . N an ey E oy T Ty g L

N0 AR aauane MY Soles s TALNIL AV0RTaanLy AR cen

- - T T A o, - P PRSP -y oY P

derivad fron the arodstonzs, shaleo »rd couglonzrates
Ty e 44- Y-~ - P T e

of the underlvin: Cretscesuc. Thov sveranzz auoul one
CEURE T s 2 rry oy A o o Y o RN md e

tn two inches i dlsmcter znd tho hordsy mstoerisls are

very woll reunded, The motrix ic 2nm zrkozic sand in

wrich conglderable s ounts 5L calorite are to »» seen.

A

The gereral character of the sondstones have already

sohod aboves, Logilish atales that the

£ L.,
e ol

Eertinss of the Zanta aws Uountalosy hs seess to

err ir the determinnition of the gresn alneral

which is in reality chlorite. The arcunt of chlorifte
included within the s2ndstcones, chales and conglo-
merate varies widely, zone thick beds heving boen

occperved which containsproctically ns abservable
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color bty reason of the srundance of the nmineral crecent,
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The material of the clay bed can be readily
distinguished fron the remainder of the Martinez; Clay bed
& mapnable
the bed constitutes an easily masppable unit., It unit.
may be reedily discriminasted from the remaiander

Of the secticn by reasgon of ite plasticity, white

o1 piax ocoleor and in sezse ¢f erosion frowm ths harder

buif sandstoacs, Toz writser was ro2dlly avle o
trace toe ved avoubt eight wmilss alonyg its st

It= outcroo 1las almoet a goontinuous line It has
hed o few miuor dls-laceaents which zive sowme

trouble Ln minlag Dabt Lbe one wf jor usisclaceuent is

vy Bue Tauit Wihihoh maos usstuwsste-southdast ance inter-
gecte tuo Ded Jusl to bhe norty 0F the SerTand miine.
Le $rsCe on bis acrty siae of oo fsult iz esplly
found about oas-fodctn wils wecy <rom ths trucation

of the southern postion oy tihe ved, aud continuss
poebhward To Siivarsic Canyoun. The writer hsc not

traced it nortuward frowm tae point.

) -

The pori

il

cateli Glsplecement of tihe trace of

L]

s

the bed Ly tue foulil refcrreu 0 e nov aue 10

& corrsgnending Teluetive woveuweat of vue (wo bDLocks

on €lincw gide of the fault., Tuhe beds in bhe vicinity Structure
along cla

. N o - b4 e - oy - ”

01 vhe fault Rave & Gap. ol . ¢H% 10 tac south and a beds.

gtrike of H05%Y. Tue fznliit plans 1o vaeTy CL082 1O

versical aa. it hee a stiiks of 7594, Vortical

movenent alons the fault by which the northeast

block moved up followed by erosion would therefore

bring ebout the sxisgting areal relations.



-106-

The clay bed itself lies about 2200

feet above the base of the Martinez at Trabuco

Creek, about 200 feet above the base of the $San-

tiago Aliso divide and about 250 feet above the

base in Silvarado Casnyon. A consliderable and

constant interval separates it from the basal

conglomerate which, in Silvarado Canyon, is Goat Ranch
horizon below

immediately topped by lignitic shales and clays the Serrano
horizon.

resembling strongly the character of the sghales

resembling strongly the character of the shales

at the Goat Ranch. The Serrano bed lies about

150 feet above this beds It will be remembered

that the Goat Ranch materials lay immediately

above the congldmerate., For the above reasons,

the writer thinks that the clay beds probably sare

not continuous nor do they belong to the same

horizon. However, they approach each other closely

and probably were laid down under approximately the

game conditionsg.

The main mass of the bed of fine white sand-
stone of which the clay forms the base contains
little alteration products and ls composed mainly Character
of clay bed.
of quartz. The top of the bed is very arenaccaus
but towards its basge it contains more and more clay
material. A sharp increase in the amount of clay

matrix in the sandstones may be detected at the

upper contact of the clay bed. Immediately below
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the bed lies a fine dark gresen shale which
owes its color to a considerable percentage of
chlorite. When weathered, it is a dark red. This

bed may contain or closely overlie lenses of ligni-

tic shaleg, which may be associated with the slate Agsociation
with coal.

or the sandstones below. These lenses vary widely
in size and content of carbonaceous materisl. 1In
one vlace--3ilvarado Canyén--a lense was pure
enough to warrant the Zouthern Pacific Rallway

in mining it for coal before the discovery of oil,
A sharp contact exigts between the green shale and
the overlying white clay bed. Only small amounts
of chlorite are found within the clay bed itself.

Almost universally the upper portion of the
cley stratum is stained various shades of pink and

red, apparently by leaching of iron fro. the sand-

stones above, and deposition of it in the form of Staining

iron oxide within the upper vnortion of the imper-
meable membrane. The main part of the clay bed

is usually an intense gray-white but it may rapidly
become much darker along the strike due to the in-

clusion of carbonaceous material.

The material of the bed consists of coarse
greing of slightly impure sand, which is imbedded
in a much finer metrix of hpdrous oxides and silicates
of iron and &lumina. Microscopic examination of the

coarge particle: vielded the fact that practically
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all of them are crystal clear quartz, which

may be rounded, sub-angular or infrequently,

Mineralogical
angular., A few small perfect crystals of the analyesis of
the clay.
same mineral were seen. Altered feldspar grains,
recognized by form, cleavage and alteration are
present. They were too0 much kaolinized for exact
determination. The examination oroved that more
chlorite was present than would be suspected from a
megoscopic analysis. Small amounts of biotite snd
muscovite comnlete the light mineral list of the
coarse materisl, Qualitative panning methods of
the washed partitles yielded the following heavy
minerals in orier of frequency:
Minersl Characteristics
Ilmenite Irregular grains partially vpocketed
and coated by leucoxene,
Tourmaline Yellowish irregular grains and prisms.
Staurolite Light brown irregular grains. Heavy
Minerals.
Magnetite So-ewhat altered
Almandite Light brown irregular in shape.
Pyrite Badly altered but frequently
with some suggestion of isometric
form.

Thin sections of the Serrano clay show that aside
from quartz, the clay is composed of about 25% kaolinite,
15% montmorillonite, 10% halloysite, and 5% chlorite. Clay
Minerals
The kaolinite appears in its usual form of plates and
also in elongated stringers due to inclined cutting

of the fine plates., It is distinguished by its index



~108-

(1.561), 1l=ck of pleochrolsm and its irregular
extinction. The chlorite has a very slightly
lower index, is distinctly pleochroic and is in
general considerable larger than the masses of
kaolinite, Montmorillonite differs from it only
in birefringence. Halloysite resembles the
kaolinite except it has less of a regular fomm

and, of course, is isotropic.

The following chemical analysis were ob-
tained from the laboratory records of the Pacific
Clay Products Co. of Los Angeles, who overate the

Serrano Mine:

Clay Ig.Loss 8iOp2 A1203 F9203 Ca0 Mg0 Alk
Serrano Plastic 11.57 54.08 30.00 2.57 .26 U5 23

Serrano,lst car
load g. 42 65.34 22.65 1.41 ,10 .26 .21
Serrano Washed 14,02 U7.44 36.06 2.40 None None .14
The Serrano Plastic was a selected specimen from
a lense containing more clay and lesg guartz than
the average of the bed., Serrano first carload is
ordinary run of the miil materizl. Washed Serrano

clay iz the meteriel after mogt of the quartz hag been

reuoved by washing.

Computation of the minerals of the clay from
the ultimate analyses by Washington's method gives
the following as the calculated mineradogical composi-

tion of the clays:
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Name Quartgz KXao- Serpen- Limo- Al- Anors Free
linite tine nite Dbite thite Water
Serrano
Plastic 18.00 73.1 1.0 3. 1.25 4,19 «60
Serrano
let C.L.38,40 59.1 57 1.68 1.12 1.05 » 23
Serrano
Washed 4.83 90.5 2.9 77 1.3

The lack of the magnesia in the washed clay
analyses shows that the chlorite and serpentine igs in
large enough grains to be removed in the washing pro-
cess. The alkalies were computed as Nap0 and lumped
into albite, because of the preponderance of the
plagioclase over the orthoclase feldspars in the
igneous rocks of the surrounding region., It will be
noted that the amount of free water remaining is low

and may represent a small residue left after drying.

The most consistantly good clay was found at

the Serrano mine. Northward along the strike the
Exploitatic

clay becomes more gandy, more arkosic and contains of the clay
congiderable amounts of biotite, muscovite and chlorite.
Southward, the clays contain more iron, becoming
reddish in color., Ag far as the writer knows no
attempt has been made to exploit the bed north of
the Serrano Ranch but several attexpts have been
made 1o do so by Harris, Hunter, Mole and Robinsgon

as 1t continues to the south through their respec-

tive properties.

The white clays are used in face and low grade

fire brick mixtures in the natural state. When



washed they may be used for china and slip clays.

Partially washed and ground they are ussd for white Uses of
white clay

stone ware products. The natural clay burns buff at

cone 10 (1260°C) and hss a moderate shrinkage at

that temperature, The washed clay burns white at

high temperature but when cone 20-26 (1530-15959C)

reached it becomes dsrker, As would be suspected it

has & high shrinkage and the tendency to warp.

As indicated above a variable portion of the
bed is stained by iron oxide solutions. The contaminated
portion usually constitutes the upper third to half of
the clay stratum, althougzh this amount may vary to
both limits. ®When the iron oxide is contained in suf- Uses of

red clay

ficient amounts to vieibly etain the clay it =zo lowers
the fusion point and colors the burned ware so that

the material can be uced only for cheapsr nroducts.

a

(4]

to their inaccessibility, this type of clay cannot

compets with the ¢layes frov Alwerhill,

The amounts of material mined varies considerably
from year to year. In 1928, about 10,000 tons were
mined but thie is the highest tonnage recorded. The
cost of mining is high because tine clay must be hauled Amount
by truck to E1 Toro which is about seven to ten miles nined

from the mines. It is then loaded onto railway oars

and shippad to the Los Angelss District.
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PLATE XIV

Back slope of Santa Ana
Mountains block. Pliocture
taken looking southeast from
the top pit at the Serrano
Mine to show gently dipping
west side of the 3anta Ana
Mountaing., The eastern side
was illustrated in Plate I,
Figure 1. Photo by B. N. Moore.
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PLATE XV

Martinez-Cretaceous contact
on north side of Silvarado Canyon.
The prominant ridge in the fore-
ground ieg topped by the resistant
bed of the baeal conglomerate of
Martinez lying on the softer Cre-
tzceous shales below. The angular dis-
cordance between the two can be seen
best at the extreme right of the
plcture., A closeup of the rela-
tion expoeed on the hill to the
l=ft is shown in the next nlate.
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Figure 23.

Figure 24,
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PLATE XVI

North side of Silvarado
Canyon. Basal conglomerate out-
crop at extreme right on east
side of hill overlain by clay
(shown in bare patch on hill)
of the Goat Ranch horizon.
Serrano horizon is slightly to
the left off of the picture,
Coal has been mincsd between the
two horizonsg at this place,

North side ol Trabuco Creel,
ghowing relations between clay horizon
and sssociated ¥artinez. Prominantg
ridge in foregound iz topped by sand-
stone, dark bed at top of the exposure
is red clay stained by infilteration
of iron, white bed just below is the
clay stratum, which is floored by
chloritic dark green shale which
weatherg red on the surface. The
sandstones below shown in the extreme
right of the picture contain lenses of
lignite,
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Figure 25-

Figure 26.
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PLATE XVII

Looking northwest orn Serrano
Ranch, showing typical clay bed
exposures, Camera stands on out-
crop, and the pit in bottom of
canyon, the white spot on spur,
the pit at top of next spur are all
on the bed. Road in extreme distance
is the Modjeska Grade.

Close un of top Serrano pit
looking in the same direoction. The
beds at thig point are almost ver-
tical. Dark green shale lies at
the bage of the bed to the right
and & locally resistant bed of sand-
stone is on the upper side. Modjeska
Grede in distance.
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PLATE XVIII

Figure 27. Picture of bottom pit show-
ing massiveness of clcy bed. The
bed is dipoing about 75%wsy from
the observer. '

Flgure 28, Serrano Clay. Wegascopic ap-
pearance, showing comparatively
coarse eand particles irregularly
imbedded in matrix of fine clay.
Naturel size.
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Fisure 29,
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PLATE XIX

Serrano Clay. Microscopic
appearance, showing texture, and
relation of quartz to 1ts matrix.
Taken with ordinary light with a
magnification of 100 diameters.
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ORIGIN OF CLAYS

The Epi-Mesozoic interval on the Pacific
Coast was not thg time of a rigorous diastrophism
as it was in the remainder of the western province.
In general, profound conformity does not separate
the Cretaceous and Eocene formations of southern Condition
of deposits
California, However, in the Santa Ana Mountains
not only an angular discordance is present but
clear evidence 1s found in the deposits of the
Martinez Paleocene tinzt *the Cretaceous as well as
the older rocks was actively contributing its
materials to that formstion, Mention of the charac-
ter of the rocke of the Lasement complex, Trisssic,
and Cretaceous-sediments hag already been made and
it will not be uscescery tc redéscrive the formations.
However, it wili Le remenbered bv the reader that
the compoments of the basement comolex, as being
the wltimate source of the succeeding formations,
were primarlly such rocks as granodiorites, monzonites

and rhyolites.

The bage of the ¥artinez is continental in
origin, After the initial bessal conglomerates were  (Clays
non-marine
1aid down, fairly uniform conditions prevalled. sediments
The materials deposited are well sorted and strati-

fied for this type of deposition., As ti e went on
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the sea encroached upon the gradually sinking
coastl It was only & short time prior to this
even® that the devcsition of the clays took

place.

In California, Tertiary coal ia almost ex-
clusively confined to Eocene formations and this
is particularly true of the southern portion of
the gtate. 1In that district the oresence of coal
within a formation can be and has been used as

a chronological criteria of the esediuents.

Incomplete oxidation and preservation of

vegetable material is more gensrally found in

sub-tropical to temperate climates in which there

lg sufficient rainfall to produce abundant vege-
tation on the earth today and uniformitarianiam
would appear to thus exclude a tropical climate
a8 a dondition of Xocene coal deposition. Thus
the clays were vprobavly laid down under humid
temperate conditions. ¥e know that the tvpe of
climate ig very favorable for kaolinigzation of
aluminum silicate minerals in the materials ex-
posed to weathering and also that humic acids
present from an abundance of decaying vegetable

matter favor alteration »nd leaching.

The presence of sutochtouous coal, with

brackish weter fauns in the shales and leaf

Climate

Clay probably
estuarine
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impressiong in the sandstones below the clays,
all suggest shallow estuarine conditions, ag does
the succession of marine beds sbove, for the de-

poslition of the Alberhill clays.

Profounc zlteration »f the asterisls laid

down either as clay or azs psriiallydecomposed Sedondary
changes.

materiels duriang this time is indicated by the

character of the materials throughout the entire

digtrict. 1In the case of those clays which have

suffered secondary changes, it 1s of course, dif-

ficult to postulate juet when the alteration took

place, but it is the writer's opinion on the basis

of their uniformity that they were altered before

deep burisl, that is substantially that they gained

theilr present form during and immediately following

deposition. The silts were deposited in the guieter

portione of the bagin, the conglomcrates ln the

more ranidly flowing water,

Thig d sroceessen and events geems

2

gcription of

3

only to demand slight modification fur the 3errano
El Torro and o8t Ranch-icKnight cleys. In tnese,
the material was probably in deeper breg&kish water

or very shallow quiet marine coaditions,
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Thus to sum up, materiale composing the
clays were derived from land mascses which varied
considerably in composition. They probably were
laid down in estuaries under brackish water con-

ditions under a humid temperate climate in which

)

extremely reducing conditions prevailed.

Y

Sunnary



~327
BIBLIOGRAPHY

1. Burchfiel, B. M. 192%, Refractory Clays of the
Alberhill, Calif. Deposites.
Jour. Amer, (Ceram. SO0C.
Vol. 6, p 1167

2. Dickerson, R. E. The Martinez and Tejon
Eocene and Assoclated
Formations of the Santa
Ans Mountains. U. of Cal.
Pubo in GeOl. VOl. S, No. 11.

3, Dietrich, W. ¥. 1928, Clay Prospecting and Mining
in California, Trang. A.I.M.
& M. E. Vol. 76, p W13,

4, Dpietrich, W. F. 1928, (Clay Resources and the Cerzmic
Industry of Cslifornia. Cal.
8tate Div. of Mines and Mining.
Bul, 99.

5. Engel, H. 1928, Preliminary notes on the Geo-
logy of Elsinore Valley. Bull.
G.S.A. Vol. 39, v 267.

6. English, W. A. 1926. Geology 2nd 0il Resources of
the Puente Hills Region,
Southsrn C2l. U.S.CG. 5. Bul. P

7. Galpin, 3. L. 1912, Studies of Flint Clays and
' Their Associates. Trans. Amer,
Ceram. Soc. Vol. 1l4, p 301.

g, Hill, J. H. 1923%3. Clay Deposits of Alberhill
Coal and Clay Company. State
Minerelogists Report XIX,
pp 185-210.

9. Howe, J. A. 1914, Handbook to Jollection of
Kaolin, China Clay, & China
8tone in the Mussum of
of Practical Geology, London.

10. Larsen, E. 8. 1521. U.5.3.5Bull. 679.
G

11, Linton, Hobert 1928, Tertiary Clays of Southern
Celif. Jour. Am. Ceram. SoC.

vol. 11, No. 10.

12, Moore, B. N, 1930. Unpublished thesisg to California
Ingtitute.



13.

18.

=108

Ries, H. 1927.
Ross, C. S. 1926.
Ross, C.8. & 1925,
Snannon, B.V.
Rose & Shannon 1926.
Chearer, H. X. 1917.
We.shington, H.S. 1917.
Winchell, N.H. & 1927.

Aa :N.

Clays, Their Qccurrenoce,
Properties and Uses. 31rd
Edition. John Wiley & Sonsg
N.Y. oppbl3.

Econ. Geo. XXI, p U54.

Jour, Wash. Acad.

W% 8ai. XV
o) .

Jour. Am. Cer. 80Cs 9, p T7.

31,
99.

Ga. Geol. Survey, Bull

Ue Se Ge S» Pr°£¢ Pap@r.

Elements of Optical Mineralogy

Part II. John Wiley & Sons.
N.Y. PO )4'21‘;‘



