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INTRODUCTIONS

This report descriyes the work dome in an
area roughly seven square mileésaxtent. More specifi-
cally it includes all, or parts of, sections 31, 32,

33 and 34, T.1.3.,,R.5 W,,S8.B.Bsand M., and of sections
2, 3, 4, 5, 8, 9 and 10, T,2,8.,Re5 W.,3.B.B, and M,

Crestmore lies on the extreme lobe of the
Jurupa Mountains, en east west range roughly eight miles
long and three miles wide, This range parallels the
front of the San Gabriel Mountains and rises above the
flood plain of the Santa Ana River in the manner of a
typical "inselberg”.

The cement plant and the limestone quarries
of the Riverside Cement Company are located at Crestmore.
In eddition it is a station on an interurban line. Hence
the locality is sccessible to the geologist and mineralo-
giat both by troliey and by way of good paved highways.

anrrying operations were started at Crestmore
some geventeen years ago. The material was first used for
cement, road meftal, and sugar refining. With the inereased
value and demand for cement the quarrying operations were
given over entirely to cement materials.

¥ineralogical interest was first aroused when a
specimen of blue caleite with monticellite and xantophyl-
lite were sent to A., 5. Eakle, The first publication ap-

peared in 1914 (1) and sinee then numerous papers have been
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published by A. S. Zakle, W. P. Foshag, A« P. Rogers
and others,

The purpose of the present investigation wae
to study the general geology snd determine the origin of
the minerals assoclated with the limestone end the other
rocks of the area. The economic aspecte of the deposits
were also investigated.

The mapping done in the Crestmore Qquarries
was on a scale of 1'® 100' on a map kindly furnished by
the Riverside Cement Company. The hills to the east of
the guarries were mapped on a portion of the U.3.(G.5. San
Bernardino Quadrangle, originally of the scale of 1162500,
but which was photographically enlarged to a scale of
1: 31250, A light plane table snd a Brunton compass were
used in determining losations.

Besides the faset that the climate is of the
gemi-arid type, common for Southern California, this partie
cular districet is the center of strong winds. In the winter,
these blow from the Mohave Desert southward thru the Cajon
Passs In the summer the prevailln: winis come {rom the
coast thru Sante Ana Canyon.

The highest and lowest polnts in the area are
2000 feet and 900 feet respectively, the relief in general
averages less than this., ilegional drainsge flows to the
gouthwest into the Santa Ana River.

The undsrbrush is not thick and 1s burned over
in a large »art. A2 a consequence of this and of the steep

relief, exposures are generally wood. The quarries offer



an excellent opportunity to collest I{resh samples,

lear the cement plant the rocks have been covered with
dust and have been glazed in such a mamner that recogni-
tion of rock types is often rendered difficult.

The writer wishes to acknowledge the help given
b7 ¥re. Rene ingel under whose supervision thils work was
conducted. ¥He wlshes to thank the officials of the
Riverside Cement Company, Mr. John Treanor, Mr., G. A.
Jeckett, amdl Mr. darl ¥acDonald, for their permission to
make & geologlec map of the quarries. Mr. Thomas Mullan,
chemist for the Riverside Cement Company, has very gener=-
ously made numerous analyses for the autior and has col=-
lected samples for him. Mr. C. A. Robotham of the Mining
Department of the Hiverside Cement Company has made many

helpful suggestions.

3e
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PHYSIOGRAPHY

Physlopraphically this area possesses many
interesting aspects. The topography is of a type whicsh
can be desoribed as advanced maturity. The steep slopes
0of the mountains rise abruptly above the alluvial plains
in which their lower parts have heen buried. It appears

hat the Jurupa Mountains represent the higher portions

of a fault bdblock which, with respect to the higher San
Gabriel and Sem Bernardino Mountains, has been down faulted.
It hae been partially buried by detrital materials derived
from these higher mountains and oarried into this valley

by the 3anta Ana River and other water courses from the
higher mountains.

It ig evident from the terracss in the Santa
Ana River,bed and the renewed erosion near the base of the
Jurupa Mountains, that sedimentation by the Santa Ana River
has ceased and degradation is now in progress.

The present position of the peaks and valleys
in theme mountains appear to be directly related to the rook
hardness. For instance, the points where itihe grano~diorite
shows fluxion structure are usually of lower elevation and

are Ilatter than where this structure ies not developed,
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SUMMARY «
In summarizing the results obtained in this
investigation the folleowing points are emphasized:

1. Ir this area there is a thiock series of recrystal=
lized quartzites, arkoses, shales and limestones. Thie
recrygtallization ise due partly to igneous intrusions end
partly %o reglonsl forees operating befeore these intrusions,.

These pedimentaries are of Paleozoic age.

2. The sediments have been intruded by & related series
of pre-Cretaceous plutonic rocke. From oldest to youngest
these rocks are; hypersthene quartz diorite, grano-diorite,
quarts monsonite porphyry, granite porphyry and pegmatites.

Ze The strueture is not complicated by faulting,

4, VWith reference %0 the meteamorphiem of the limestone:

as The role of the grano-diorite has been prinoie
pally rescrystalliszation.

be The large mass of the contact rock and the
assemblage of minerale is derived from the quartz monzanite
porphyry and solutions from the guartz monsonite porphyrye.

¢« The effect of the pegmatite dikes is small,

5« The limestone ddéposits are of sufficlient extent to
aspure capacity production of cement for thirty-five years
with a good possibllity of much more being developed.
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SEDIMENTARY ROCKS.

JURUPA SERIES.

General Statement.

The oldest rocke of these mountains consist
of e series of reorysiallized sedimentaries, for which the
name, Jurupa Series, is proposed. The lower part is comw
posed of undifferentiated quartsites, sehists, and gneisses,
with small limestone lenses., Hereafter these will be re-
ferred to as tha’ﬂh&ifferantlatea Complexe. Lying conform=-
ably on the complex are the limegtones whioch are exploited
for cement manufacture. On the small scale map (Plate I)
these were not differentiated, but on the large scale map
of the Crestmore quarries (Plate II) the following divieions
have been madet (1) The lower part of the Chino Limestone
Body, (2) This is conformably overlain by quartzite and
schist beds, ocalled the Chino quartzite, (3) Grano-diorite
and quarts monzonite porphyry intrusions separate these
lower beds from those of the upper limestone, or the sky
Blue Limestone Body., In mapping this body an effort has
been made to distinguish the limits of the development of
the bdlue saleite, This was found to be impossible, bdut the
general distribution has been indicated by the coloring on
the map,
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THE URDITPPIRENTIATED COMPLEX

The hill northeast of triangulation point Jurupa
is made up almost entirely of these rocks and henee furnishes
the best exposures. The section has average dip of 43° NE
and shows no evidence of duplication, This mass has been
intruded by the granc-diorite and by pegmatite dikee, and
the true base hag disappeared. A oomputed thiekness of the
seotion, measured from its present lowest part, northeast~-
ward to the base of the hill where it has been out off by
grano=~dicrite, gives a figure of 3750 feet, If the thiok-
ness is measured from the base northeastward to a point
in the valley where the limestone is found overlying the
complex, computations show an aggregate thicknese of elightly
over 4600 feet. Possibly the seotion has been duplicated
by settling during intrusion, faulting, or the strata have
been forced apart nearly conformably by the intrusion.

The lower 100 feet is composed chiefly of a herd,
thick bedded quartzite which weathers to a dull, greyish
buff color. A hand specimen shows it to be of fine to
medium grain and composed chiefly of quartz with some minor
femlc material which is partially arranged in bande. Under
the miocroscope a thin section of this material reveals that
the chief constituent is quarts in allotrioblastic grains,
which show undulatory extinetion and a slight biaxial
character due to strain. The maximum grain diameter is

«74 mm., however, the average is much less than this.
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Augite badly altered to ohlorite ig found interstitially
between the quarts grains. Brown biotite ocours in a like
manner and is also altered to chlorite. Some small idlo-
blastic augite orystals are poikilitic Into the the quartsz.
In part of the section a few grains of basic oligoclase
can be seen. Pyrite and apatite sre the accessories.
Hematite is an alteration product of the pyrite,

A micacecus quartzite gneiss is in part interbdedded
with this roek.

For about 10560 feet above this quartzite a distinect-
ive biotite gneiss, which in places becomes a blotite schist,
is the dominant roek. It is distinguished chiefly by its
color vhich, on weathered surfaces is a deep reddish brown
and on freeh fracture hae a dark grey appearance. The
bedding has an attitude of § 42° W, 45° N, while that of
the cleavage plane is N 5°E, 45°S. Megasoopic examination
of a hand sample shows the rook to consist of blotite,
guartz and feldspar. The abundant quartz is of two types;
the first is in ordinary grains which exhibit undulatory
extinction and enslose aggregates of rutile needles; the
gecond type ie& shattered fireins with limonitle stains along
the crecks. These grains are unique for they show a dis-
tinot biaxisl negative character. The determination ams
quartz is based on measurements of the indlees, and on
chemical tests. OStrong pleocchroism characterizes the bio-
tite with X,.yellow, Y.«Z..dark brownish red. To some
extent this mineral oocurs consentrated in bands with 1ites
sleavaze oriented parallel to the direction of schistoeity.
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Smaller eryetals are poikilitic into the quartzs A few
grains of oliogoclase~andesine are to be seen beWwween the
quarts grains, Apatite, rutile, and magnetite are the
acoessories, 3Save for the cataclastic effeats exhibited
by some of the quarts grains the texture is typioslly
clastic,

Stratigraphioally above the blotite gneiss, with
& thickness of approximately 820 feet, 1lies a quartzitie
gneisss The hedding is coarse, seldom less than a foot
thick and often in the order of five or ten feet, The
rock is extremely hard and weathers tc a pale greyish ocolor,
which from a distance, makes the outorops look very similar
to those of the grano~diorites On fresh surface the rock
1ls oolored a light grey with dark mottliings of blotite
graing.

A thin section shows its mineralogical composition
to oconasist chiefly of quartz grains, with a maximum grain
diameter of 1.5 mme. These pgrains exhibit undulatory extinct-
ion, a slight biaxial character, and enclose short rutile
needles. A4 few grains of oliigoclase -~ andesine, whioch show
geriocitization, are to be geen interstitial to the quartx
grains, Interlaminated biotite and muscovite are nresent in
| amall amounis. Acceasories are confined to a few prisms of
epatite and same pyrite grains, which have produced limonitie
alteration.

?rom the top of these beds the seotion consists of
interbedded, thin, guartszitic layers and fissile mica aschists,
As these mica schists weather rather easily, the points where

they outerop are of low relief, consequently good exposures
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are lacking; yet what could be seen seemed to indiocate that
this material too was thin bedded, The rock weathers to a
dark reddish brown, and is dark grey oclored on a fresh sure
faces In the hills to the southeast the quartzites are seen
to eontain campletely reorystalligzed limestone lenses.

Here the seotion has been eut off by the grano~diorite,
or the bede have been spread apart by it. At any rate, in this
vieinity, the next good exposure is that of the extreme top of
the formation which 1s found underlying the limestone in the
small inselberg jutting out of the alluvium to the northeast,
Here one sees that the top of the section is very similar in
1lithology to that which was deseribed in the paragraph above,.
Thin bedded, fissile, mica sohigts are interbedded with thin
quartzitic layers.

In a road out south of the plant of ths Riverside
Cement Coes & white to grey colored, thin bedded, schist was
found very closely assccisted with, and close to, the grance
diorite intrusive, A megasoopic examination showed that the
schist was composed chiefly of quarts and a white elongated
prismatic, mineral thought to be either tremolite or wollase
tonite. The miorossope proved it to be wollastonite in elonga-
ted orystale. The other minerals ere: small grains of quarts
which show undulose extinetion, a few allotrioblastic grains
of eagite which show soms uralitization, garnet (grossularite)
in small oryatals and strings of ocrystals all of which exhibit
anomalous birefringence, and some undetermined plagioclase
grains. The position of this wollastonite schist in the section
is not certain but it seems to be well toward the top. It ocecurs
definitely interbedded with the guartsites dut osould not de
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traced along the strike., It undoubtedly represents impure
limegtone beds or a limey lens in the original sandstone
whioh has been altered with the development of contact meta=-
morphiec minerals by the intrusion of the granp-diorite.

The quartsite above the wollastonite schist axe
extremely fine grained and dark grey to blaeck eoclored on
fresh fracture. The beds are thin, never more than two or
three inches thick. A thin section shows it to be of a
clastic texture, the maximum grain size of which is .82 mm,,
the average would be much closer t¢ .4 mm, The banded appear-
ance 1s determined by the variation in the grain sise. Most
of the grains are quartsz which show undulatory extinctiem,
and enclose rutile needles. A few grains of labradorite were
found with the qperts. XYinor amounts of bilotite and musco=~
vite are the only ferromagnesium minerals present, while
pyrite and apatite are the accessories.

ORIGIN OF THE UNDI *FERENTIATED COMPLIX.
It is evident fifom a study of the mineralogieal

constitution of these mchists, quartsites, and gneisses that
they were derived from rocks of sedimentary origin that had
been subjected to regional metamorphism. The nature of the
original sediments was chiefly of thick and thin bedded,
fairly pure, quartsitic sandstones, altermating with more
impure, clayey sandstones which also contained some lime beds
and lenses., Thege sirata, if inference cean be made from their
1lithologio character, i.e, the purity of the sandstones and
the conformable deposition on them of limestones, were deposi-

ted under marine conditionsa,
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The metamorphism has been sufficient throughout to
produce recryastallization of the original grains but the
format ion of the metamorphic minerals has not bheen seen except
near the contacts. The absence of cataclastic structures show
that dynamic forces were not great. From the present field
relatlons it may be jJudged that the metamorphic agent was the
grano~-diopite, or at least the series of intrusives of which
the grano~diorite is a member. This need not neceasarily de
the case, however, for the metamorphism mgy have taken place
long before these intrusions, and by foroes which were very
different. The fact that the quarts grains in the undifferen-
tiated complex show evidence of more stress than does the sane
mineral in the igneous rooks would indicate that at least pert
of the metamorphism had been effected before the intrusions.

THE LIMESTONES,
Chino Limestone Body.

This body is being extensively used for cement mami~

facture, and a quarry has been ocut thru it so that the expos~
ures are goods The roek is white, medium to coarsely granular,
and medium to thin bedded. The beds are never more than two
feet thick, and are often measurable in inches.

Graphitic limestanes ocour in beds which seem more
abundant near the base, bdut which are found throughout the
entire seotion. These heds are thin and of a light grag?igich
is due to their mottling by graphite. As has already been
suggested by Eakle (3) these beds have probably been saused

by the metamorphism of impure carbonaceous beds.
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Another conspicuous rogk type 1s the caleite~brueite
rock, or the predaszzite. 7The orystals of brucite ocour in
beds of a medium grained white limestone, with a maximum size
of three millismeters. The orystal form is pseudoisometrie
and they are cclored a light pinkish yellow. ZRHakle (3) men=
tioned this ocourrence and susgested that the brucite was
derived from periclase. Hogers proved this in a paper (4)
published a few months later and in December 1929 be brought
out another paper on thia ocourrence. The brucite is pseudo=-
morphous after periclase, remnants of vwhich may still be found
enclosed in some of the bruoite. Other minerals of this rook
are small amounts of magnetite, wilkeite in small crystals, =
few flekes of graphite, apinel in sikall orystals and rounded
graine with a maximm dimension of .16 mm. and chondrodite in
smell rounded grains. IHydromagnesite and deweylite are present
in parts of the bedz as alteration producte of the magnesium
ninerals. Hoger's etnelusioh that thias assemblage is due to
the hydrothermak metamorphism of an impure magnesium limestone
is undoubtedly correct, The relation to hedding is quite dim=~
tinet and the presence of the graphite lends support to the
belief,

It was noted in the Lone Star quarry that although the
predazzite was abundant near the grano~diorite?11maatone contaot,
- a8 one followéd it along the strike it disappeared near the quarts
monxonite intrusioms., In view of this observation it seems that
the dedolomitization of the limestone must have been accomplished
by the grano-diorite, The hydration of the periclase may have
been eaused by later sclutions from the grano-diorite or by the

golutions from the quartsz monzonite porphory.
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A large part of this body is a pure white, medium
grained, crystalline limestone which does not show visible
impurities, The base of the section has been cut off by the
grano-diorite go that the true thickness eannot ve ascertalned.
The maximum exposed thickness is in the neighborhood of 470
feet. The total would undoubtedly be considerably greater.

CHINO QUARTZITE.
The type of structural relation between the Chino

Juartszite and the Chino limestone is not precise. They are
in part separated by an intrusion of a sill-~like mass of
srano~diorite, Where they ocan be seen together they appear
to be conformeble but attitudes taken on various parts of
both bodies show the limestone to bhe steeper than the quarte
zite although the strikes are th- same. This difference may
be caused by a doming effeet of the grano-diorite which ham
separated them,

The top of the quartzite is miesing, having been cut
off by the granc-diorite and quarts monzxemite intrusives,
except in the extreme eastern end where 1t appears to be
unconformaeble overlain by limestone, but exposures are poor
and thie relstion is not certain. A computed thickness of
the material exposed gives a figure of aprroximately 75 feet.
The best exposures are to be geen in the face of the north
Chino quarry where the crest iz made up of thin bedded material
which iz red colored on a weathered surface. O(n a fresh surface
the color is generally of various shades of grey. The beds
are never more than four inches thieck and on an average are
mush lesg than this. Interbedded with the fine grained quart-

zite are numerous layers of thin fissile schists.



15.

A geotion of the quartglte shows the struoture to bve
catasclaatic while the shape of the grains are allotriocblastioc.
Quarts forms the most important constituent. All of the
crains ahow undulatory extinction and a slight biaxial char-
‘acter, while smme of them are shattered. Augite is the
element next in importance. A considersbdle amount of labra-
dorite represents the feldspathic element. Considerable
ﬁusocvite was seen, Apatite, pleochroio titanite, ani pyrite,
which hae given hematitic alterations are the esccessories.

SEY BLUE LIMESTONE BODY,

Intrusions of quartz monsonite porphyry and grano-
diorite have separated this body from the underlying Chino
quartsite so that the original relations cen only be inferred.
The attitude of the various beds differ avpreciably., This is
probably due to the effest of the intrusiomn, possidbly super=-
impogsed on an uneonformity or on a fault.

It is in this body that the gquartz monsonite has made
its greatest intrusions and the limestone has eonsequently
suffered the most from hydrothermel metamorphism. The Sky
Blue limestone and the sontact rook derived therefrom have
vielded most of the rare minerals forming the Crestmore
assemblage,

There 1s no reason to suppose that the original sedi-
ment differed greatly from that of the Chino limestone and
at present the differences are due only to the varying degree
of metamorphism to whioh each has been subjected., At the
base of the section near the grano~diorite cantasct, where the
effect of the quartzs monzonite porphyry hae been less, the
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the material is a white, medium gralned, twinned orystalline
limestone with some beds of predazzite. As one goes near the
quartz monzonite several changes are to be noted. The crystal=-
linity ohanges, becaming either coarser or finer grained, on
the whole courser, bedding Wmtdkwx becomes more obscure, the
predazzite disappears and the color changes from white to

a beautiful biue.

. Rakle (3) states: "The cause of the blue color has not
been determined, but it is believed to be due Ho minute in-
clusions of carbonaceous matter"., In this conneetion the
following has been noted: Firat, flakes of graphite have been
 found in the dblue calcite; seoond, the color is in no way
related to the bedding; third, the ocolor distribution is
sporadic but in gmmeral becomes more intense as one approaches
the quartz monzonite dikea. When heated the color disappears
and the mineral becames a translucent white., This change is
accompanied by sputtering and the sample breaks into smaller
cleavage rhombohadrone.ﬁ (Th‘izs shows that the color is due to
gome included materiai: Mwater, a ra%é earth, or a redioactive
substance or carbonacecus or metallic material, mey be the
explanastion but mcre eritical or quantitative analysis has not
been made,

Another ourious rock type in this body ie the so-called
gugar caleite or "sugar lime". It is found on the south side
of the Wet Weather quarry, which probably has been excavated
in a limestone of this type. The "sugar calcite™ is made up
of a coherent to friable mass of rounded caloite grains whieh

are seldom greater than 7 millismeters in diameter. The greins
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show twimning lamellae which indicate erystallization under
pressure; on the other hand, t..e lcoserzess of the mags indicates
orystallization in an open space. A number of fissures, open
and filled, and iron stains from disseminated pyrite, or magne-
tite have led the author to believe that this has boen a
locality thru which percolation of water, resclution and re-
erystallization effects have taken place. Analyses show that
the "sugar lime™ is exceptionelly fres of mognesium, the waters
probably having »eached most of the contained impurities.
Limestone is no longer exposed in the Commercial Rock
quarry, but now maskea up the guarry floor which is covered for
geveral feet with debris., Hence a study of thess rocks could
not be made. The contacts as drawn were based on diamond
drill data, and are very doubtful as far as detall is oconcerned.
Expogures 4o not show the total thickness of this body
ag the top of the section is covered with alluvium. Caleula-
tion of the exposed portion give a figure of over 500 feet.
The total thickness ean only be estimated, bhut may well total

considerably over a thousand fest,

THE JENSEN LIMESTONE

The limestone which outerops in the Jensen quarry
hag a very striking similarity to the Chino limestone. The
meterial is white, medium to coarsely cryétalline, many of the
beds are thin, the thickest ones never being over two feet.
Beds of Predazzite and graphlie limestone are present, bub
not a8 sbundant as in the Chino quarry. "Sugar lime" 1s
found in part of the quarry. The body is very badly cut by



Pigure I. The floor and face of the Jensen

quarry. The darker patches are grano-diorite dikes.
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grano-di orite dikes ani smell garnet zones are developed
on the edges of the intrusions.

The position of these beds in the section is not
clear. In general the beds dip near vertiocal, while to
the northeast, although having a similar strike they dip
35° to 45° northeast. A amall valley separates these out~
Grops. Physiographie evidence points to the presence
of a fault thru this valley, yet the exposures which are
excellent do not lend support to this belief., The grano-
diorite in contaet with the limestone shows gneissification
for hunireds of feet from either side of the contact. This
may indieate that the limestone has sebtled into the viscous
magma and the limestone bloock has moved downward relatively
to the exposure of the Undifferentiated C omplex.

Other Outorops.

Cuterope of limestone ooccur to the east side of the
north end of the little valley which cuts thru the cemter
of the area. This is impure and with beds carrying bruecite,
graphite, and epidote. It rests on ths Undifferentiated
Complex and there is good reason to beiieve that it does not
extend to a great depth.

Another outerop is to be seen in the little inselberg
whieh juts out of the alluvium in the north of the aréa. This
restis on a series of finely fissile mica schist and thinly
bedded quartzite, The attitude agrees closely with that of
the Chino limestone and a prolongation of the strike projects
into that body. Thus this limesbtone represents the base of
the section of the rodis exposed in the Ureatmore quarries

and the rocks found conformably underliving id represent the
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top of the Undifferentieted Complex (PJU), This lime~
stone is white, medium to ocoarsely orystalline, with
numerous bede of predaggite. Pegmatite dikes and grano-
diorite cut the mass, yeot no reason exists for thinking
that this body does not extend for some distanse in four
dimensionz under the alluviume.
Undifferentia ted Limégtono and Grand-diorite.
The unit given the above desigrnntéon and mapped as

guch on Plate 1 oonsistz of the contact zone on the weast

alde of the Jensen limeatane body., It lies between the

true limestone and the true grano-diorite snd is a hybrid
type. 0% concists of badly gneissified grano-diorite into
whieh numerous blocks of limestone, both large amd small,
have been earried. Some of these blocke wauld have heen
mapable on a large seale, but on the scale used such a
prosedure would not have been feasible. As an explanation

of ite origin the author considers that the Jensen limeast me
had sunk into the grano-diorite, when the latter was beocoming
pasty and was susceptible to gneissification, and bloocks
broke from the limestons and settled in it. Another possi-
111ty would be to consider it as remnant of lit par 14t
intrgsions which were so numerous that they completely destro-
ed the original structure as they comdtinued to grow. It

has the characteristics of a contact breccia due to magmatic
stoping.



Pigure 2, Contacet of the Jensen limestone,
to the left of the car, amd the undifferentiated limestone
and grano-diorite. As it can be geen in the photograph
this undifferent iated rock cdnsists of gneissified grano-

diorite and blocks of limestone.
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Figure 2.
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Age and Suggested Correlation of the Jurupa Series.

Because of the lack of fossils and the isolated
position of thie mountain range, the age determination and
correlation become largely matters of lithologic similarity.
Previously described metamorphic rocks ocour in the San
Bernardinoe Mountains, The Cuyamasca region, and in the 3anta
Ana Mounteins.

In a desoription of the older sediments in the San
Bernardino Mountains, Vaughen (13,p.352) writes as follows:
"The old sedimente ...embrace, in ascending order, the
Arrastre quartzite, the Furnace limestone, and the Saragosa
quartzite.....the quartsite (Arrastre quertzite) is con-
formably overlain by the Purnece limeBiome® scvescess
Conformebly above the limestone lies the Saragosa quartzite
®eceesse The limestone grades down into calcareous mica
sechist about ten feet thick, below this, is a stratum of
massive quartzite six feet thick, which in turn i1s underlain
by black and grey mica sehist with quartzose layers grading
down into 2 rather thin bedded quartziteeeses.... a rough
estimate of the thickness of the quartzite is about 2500
feet. The total may be much greater, «..

eeed medium, fine grained, grey, quartzose schist...
appeared under the mioroscops to be practically free fram
feldspar, only a very small amount of orthoclase and a few
grains of plagioclase, probably oligoclase, being present...
The rock contains a large amount of biotite as scattered
flakes and aggregates. There is considerable muscovite

with the biotite and both are often hent.”
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In deseridbing the Purnace limestone: "In ocolor
this rock varies from white fo nearly black and in texture
from coarsely orystalline, individuale often being half an
inch in diameter, to fine and compact ...the limestone is
4300 feet thick. In neither of these two cases do we find
the limestone definitely limited, and 4300 feet is therefore
a conservative estimate of the total thickneas,

"From the evidence available it seems probeble that
the Arrastre quartsite was deposited in Lower Cambrian
time. During Upper Cambrian and Ordovicien time the Purnace
Limestone was lald down.”

On the basis of fdesils found in the Furnace lime-
stone and determined by G. H. Girty, Woodford and Harriss
(14,p.270) write: Thus a Visesissippian (?) age 18 supzgested
for at least a part of the Tumace formation. The fossil
bed appears to be nearly horizontal, ani hence is probadly
close to the top of the formation...

Fudson {12) correlates tie Jullan Schist series with
the Triassic beds of the Santa Ana Mountains. This Triassioc
is composed of slates, quartsites, phyliites, tuffs, ocon-
glomerates and basie lavas. Some limestone lenses are found
in these rodcs but they form a minor part (15).

The abhsence of large smounts of limeatone in either
the Julian series or the Triassic rocks of the Santa Ana
Mountains, and the lithologic difference between these rodks
and the Undifferentiated Cauplex of the Jurupa Series are
strong points in fovor of the view that these rocks are not
ocorrelative, Vaughan's desoription of the Arrastre quartzite,
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as can be seen from the precedi ng paragraphs, compares
favorably with that of the Undifferentiated Complex. There
are, of course, discrepancies caused by the varying degrees
of metamorphism and the differences in thickness, but in
neither ecase is the full section exposed.

On these grounds the Undifferentiated Complex is
thought to be the equivalent of the Arrastre quartzite and
the Jurupa limestones are correlative to the Purnsce lime-
stones.,

It is quite clear from a consideration of Vaughan's
paper (13) and the one by Woodford and Harriss (14) that
the exact age of these rocks and thelr exaet stratigraphic
divisions are not known. At least the upper part of the
Furnace limestone is quite definitely Missiseipplan(?)..
One can only guess at the position of this horizon in
the Jurupa limestone. HNor has the writer a quantitative
conception of the time intermal represented by the litho-
logic variation between all of the component members of
the Jurupa Series. Hence the Jurupa Series has been
assigned to the Paleozoic(?) era without attempting to
relate it to any particular periocd or periods.

IGHROUS ROCKS.
HYPERSTHENE QUARTZ DIORITE.

This roek is the oldest and most basie intrusive
that was encountered in the field. It is found on the
extreme eastern end of the Jurupa Mountains. The manner
in which it weathers characteriges it and facilitates its
recognition. The hillside on which it outerops is covered

with boulders which exhibit spalling and have & distinctive
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brown color,.
In places, especially along the periphery but in
the center of the mess as well, a curious phenomena has
been observed. Coarse angular pieces of the diorite have
been intruded and interlaced by stringers of the grano-diorite.
The gize of thsse'pbeees varies from that of a few inches
to one of several feet. An effort was made to map this
as a separate unit but the mode of ococurrence is too spo-
radic to permit this. Hence this breccia like rogk has been
inecluded in the area mepped as the bypersthene quartz diorite,
On a fresh fracture the rock possesses a mottled grey
colory and has a medium grained non-porphiritic texture.
A hand lense determination show the principal constituents
to be plagioclase, quartz, biotite pyroxene and amphibole,
Under the microscope a thin section givea the
following date! Apatite and pyrite, which has ylelded
limonitic alteration products, are the only acocessories
pregent. Slightly pleochroic hypersthene occurs in ebundance
in anhedral grains, and in part has altered to uralite,
along the periphery, clesvages, and cracks. A large part
of the hornblende, but pdobably not all, has been derived
from the alteration of the hypersthene. These anhedral
grainse are distinctly, but only slightly, pleochroie., The
color varies from a light olive green to a slightly darker
one «. Biotite 1s not abundant but it has a very distinctive
pleochroism with X~ lemon yellow,Y-Z~deep blood red. The
feldspar is a hasic andesine and show light zoning. Quartsz,
the last mineral fo corystallisze, exhibits undulatory ex-
tinetion. The texture 1s holoorystalline, medium grained,



Figure 3. A picture taken near the contact
of the grano-diorite ani the hypersthene quartz diorite.
This illustrates the manner in which the diorite (darker
rock] has been intruded and interlaced with stringers of

grano-diorite.



e
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hypidiomorphic, inequigranular.

A thin section of a rock sample taken at the peri-
phery of the hypersthene quartz diorite mass, where the
diorite has been interlaced with grano-diorite shows same
differences. The chief difference is the texture which in
this case 1a porphyritic. More preeisely, it may be des~-
oribed as being holocerystalline, medium grained, porphory-
tie, hypidiomorphic, inequigranular. Slightly pleochrois
hyperathene is agaln abundant and exhibits uralitization.
Hornblende, in part uralitic, oeocurs in hypidiomorphic
eryatals showing pleochroic colors whisch vary from green to
olive gréan. The biotite is smecarce, and the pleochrolism
is @1f£erent with X~-lemon yellow, Y-Z deep greenish brown.
This differencde in coloration may be due to ineciplent altera-
tion. The idiomorphic phenocerysts are labradorite, while the
feldspar of the groundmaas 1is endesine. Quartz constitutes
but a small amount of the groundmass, 3Small ocrystals of
hornblende, hypersthene and quartz are polkilitic into the
labradorite phenocorysts.

The textural and mineralogical differences of these
two rocks are of such nature than can be readily explained
by differences in the rate of cooling. The field relations,
as mentioned above,prove conclusively that the grano-diorite
intrusion was later than the hypersthene quartz diorits,
and that the latter rock must have been solid when intruded
by the greno-diorite. Other things being equal, a previously
formed contact would offer less resistance to subsequent

intrueions than would any other part of the mass. Hence the



Figure 4a. Photomicrograph of the hypersthene
quartz diorite in ordinary light and (b) under crossed nicols,
The large dark mineral of high relief is hypersthene, which
is partially uralitized. Quartz and a basis andesine make

up the ground mass. Apatite and pyrite are accessories. X 30
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periphery of the present mass probably conforms in

generel to that of the original body, less a small portion
which has been carried away. Cénsidered in this light

it appears that the second sample represents a border
phase where cooling was more rapid than in the center.
Thus we Tind in the first case a slightly szonedbasic
andesine, and in the second case lebradorite phenocrysts
occur in an andesitic groundmass. This is oomnfirmed by
the distribution of the porphyritic facies toward the
marging of the rodk wmassd.

THE GRANC-DIORITE.

Grano-diorite forms the greatest bulk of the intrusive
rodeg in the area mepped. It is medium to coarse grained,
and on weathering gives a coarse arkosic soil. A light grey
color prevails throushout the weathered mass but in patches
in the Crestmore gquarries pink orthoclase gives the rock a
red color. On a fresh fracture the roek has a lighter grey
solor which is mottled by the dark femic material.

Ons of the most characteristic features of this rock
is the presence of basic inelusions. The inclusions are
roughly eff-ghaped, from two inches to one foot in their
greatest dimension, and are o some extent oriented with
their long axis parallel, probably due to flow. They are
more resictant to erosion than the grano-diorite. Con-
sequently, on a weathared surface, they protrude fram the ir
matrix and give the grano-diorite an slmost conglomeratic
appesrance. They are less abundant near the vieinity of the

Jernsen Quarry although some were seen there. MNegascopiocally
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they appear to represent a segragation of the more basic
constituents of the grano-diorite, however, microseopie
examination proves different.

A section of an inclusion taken in the Chino Quarry
exhibits the following: The texture is medium grained,
holoerystalline hypidiomorphic, inequigranular. Magnetite
and apatite are the common accessories although one large
erystal of zircon was found. Augite forms grains, and
kernels in the uralitic hornblende, although some unaltered
grains are present. The hornblende is uralitic in part and
shows strong pleochroism with X-~yellow green,Y--olive green,
X--green, The abundant biotite shows pleochroism as follows:
X--gmber yellow,Y=~X deep red brown. This biotite showa
chloritio alteration. Andesine forms the greatest part of
the felsic constituents and has given place to sevicitic
alterations. Small crystals of biotite and hornblende are
poikilitic into the andesine, Quartsz has orystallised last
and shows undulatory extinction.

A gection of an inclusion from the Hauser quarry
exhibits both mineralogical and textural differences from
the one discussed above. The materiaml is holoerystalline,
porphyritie with a fine grained, hypidiomorphic, inequi-
granular ground mass.. Apatite and pyrite are abundant
accessories. Hypersthene, biotite and idiomorphic andesine
form the phenoerysts. Part of the biotite is bleached and
spotted and some of it shows chloritic alteration., This
nmineral is more abundant than in the previous section and
shows a different pleochroism with X--lemon yellow,Y==Z-

blackish brown. Tha {iiamarphio andesine showe slight zoming
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and a resction rim near its periphery. The hypersthene is
uralitized around its rim. Small grains of hypersthene,
hornblende, small flakes of biotite and an oligoclase
feldspar are the minerals of the ground mass. Quartz was
not recognized.

In the first specimen the presence of uralitic
hornblende and andesine indicate affinities with the hyper-
athene quartz diodite. The pyroxene minerals are different
but in the grano-diorite pjroxene has not been recogniged.
Biotite is more abundant in this caée. but ite pleochroic
character is the same. The presence of hypersthene, urali~
tic hornblende and a st:ongly pleochrois bictite indieate
the relationship of this inclusion to the hypersthene quartz
diorite. The sbsence of quartz and the difference in texture
can be explained by assuming that i1 represents an absorption
of the border marginal faeies of the diorite by the grano-
diorite. The mineralogical evidence coupled with the fact
that the inelusions increase in abundance as one approaches
the hyper sthene quartz diorite contect gives credence to
the explahat ion that they were torn from the solid diorite
mass during the intrusion of the grano-diorite. The rather
even distribution of the inclusion, their shape and the
relations of the grano-diorite to the diorite at the contact
that has been previously discussed, shows that the magma
must have been quite liquid when intruded and cooled slowly.
The coarse granularity of the roek also testifies to the

slow cooling of the mass.
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In the south part of the face in Hauser Quarry one
can see a roof-pendant of the Undifferentliated Complex
surrounded on three sides by grano~diorite. As one epproaches
the contact he observes that the grano~diorite exhibits
prim gneissification. We know from previously cited evi-
dence that the magma was quite hot when intruded and cooled
slowly. Thus it 1s thought that the observed gneissifica-
tion may have originated in part by the settling of the
detached pendant into the grano-diorite when the latter
had become pasty and in part due to magmatic flow as showm
by dikee and gill like masses which intrude the Chino lime=~
stone and quartzite and which exhibit flow structure.

Megasoopic examination of a hand sample shows the
rock to be composed of quartz, orthoclase, plagioclase, horn-
blende and biotite. In desoribing this rock Eakle (3)states:
"Labradorite and oligoclase are the triclinic feldspars
present but very little albite twimming is seen". A mection
made from a fairly fresh sample taken in the Chino quarry
does not show two generations of plagioclase, only oligo-
clase, Albite twinning is common. Orthoclase is in sub-
ordinate amounts. The feldspars show considerable sericiza-
tion. Quartsz exhibits undulatory extinetion. Most of the
femic material is hornblendes pleochroic with X--yellow green,
Ye~Z--gtrong green. Pleochroie colors of the biotite are:
X~~lemon yellow, Y==Z-~dark blood red.‘ Chloritization of the
biotite has proceeded to a marked degree., 3mall crystals
of hornblende and biotite are poikilitic into some of the
plagioclase particles. A holocrystalline, coarse to medium

geained, hypidiomorphic, inequigranular texture characteri-
zes the roeX.
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At only one place does the grano-diorite exhibite
what might be interpreted as mm endomprphic contact effect.
Thieg is found on the east side of the 1ittle valley which
divides the area anproximately in half and where the grano-
diorite intrudes the shallow cover of Undifferentiated
Complex about one mile north of Hauwer Quarry. The rock
is dark grey, fine grained, shows flow sirueture, and has
some large dark spots ocaused by the local segregations of
femic material. A mieroscopic study shows the texture bo
be holoerystalline, alloftrimorphic, #ine grained, inequi-
gramilsr Magnetite and pyrite are the acesseory minerals.
Biotite and hormblende are present, the former being almost
completely chloritized while the latter shows some chlori-
tisation along the oracks. The salic element, which is
entirely oligoclase, is much more sbundant than the femio
material. There is no quartz mresent. This rock is ALffhw-
oult to explain by abeorption of foreign meferisl., It i=s
more “asic than its parent, 1.0. it showe a lesser armount of
high siliea minerals. Intruding as it does the Undifferen=
tiated Complex, which is so highly siiiceous, one would expect
the rook formed by absorption to be high in siiiea. Under
thepe considerations it seems logicel %o considsr this rock

to be cooled margin of the grano~diorite.



Pigure ba., Photomlerograph of a seetion of the
grano~diorite in ordinary light; (h) the same under crossed
nicols. Hornblende and biotite are the dark minerals.
Oligoclase, crthoclase and quartz are the galic constituents.

X 20.
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QUARTZ MONZONITE PORPHYRY.

This roek can be best seen in the Commercial Rock
quarry, where the presgent quarry face is made up largely of
the quartz monzonite porphyry and the garnetifercus comtact
rock. In the southwest portion of the ares the quartz mon=-
zonite forms several pipe~like masses which cut the hypersthene
quartz diorite and the grano-diorite.

The rock in the quarry face is fresh, ash grey
colored, with a slight mottling of dark minerals, and fine
grained to almoet felsitic in texture. On a weathsred surface

the aolor is a pale buff, The cutcrops are easlly identlfied
on a hillside by the color, the fihe texture and the fast that
ite resistance to erosion is such that this rock stands above
the surrounding ones. The texture is holosrystalline, porphory-
tic, hypidiomorphic fine grsined, inequigranular. The feldspars
are obhhoclase and oligoclase both as acattered phenoorysts and
as aonstituents of the ground mass. The feldspars are altered
to sericite and aaloite: Quartz is an abundant oconatituent of
the ground mags, and occurs in part in mioropegmatitic inter-
growth witl part of the orthoclase. PAle green augite is the
ferromagnesium element whioh oocurs in a few scattered grains
and aggrezates. Eakle (3) notss the occurrence of homblende
but none has been recognized by the author. Peolchroie graina
and aggregates of titanite are common. Apatite and pyrite are
pregent , the latter giving place to hematitic alterationsa.

The 2111 like dike which protrudes thru the limestone
in the lower Chino Quarry is very fine grained to felsitio in

texture. The c¢olor on the outerop is a brownish red, on fresh
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surface it is a dark grey. Lines of flow and the segregation
of the dark minerals into definite bdands and a differemt grain
sise of the minerale in the bands is apparent even in a hand
specimen,

Under the miercascope the rock is seen to be fine
grained holoerystalline, hypidiomorphie to allotriomorphle,
with an equisramilar seriate fabrioc. Mow strusture is sesn
with the biotite rotated with its longer axis parallel to tie
direotion of flow and the segregation of different sised prai e
into bands. Blotite in small orystals and flekes 1e the dnly
forromagneaium mineral present. Pleoohroie colors are X,.pale
yellow,T4e2,s8ark brown, The feldepathic element conaists of
andesine and orthoolase in approximately equal amounts, The
abundant quarts enoloses rutile and in part foms mioropegma=-
$itie intergrowthe with the arthoclase. Abundant titanite forms
large gmains and aggregates. Apatite and pyrite are the other
sscessories,

A section of a fine grained, grey colored dike which
outeropped in the east face of Lower Chino Luarry, dbut whioh
has now disappeared shows the followingt The texture is holow
orystalline, fine grained, allotriomorphioc, inequigranular,
The accessories ares pyrite which hasm altered o hemetite,
abundent apatute, and ebundent titanite in rounded grains,
Diopside foms the pyroxenic element which shows no erystal
boundaries hut penetrations and embayments by the salle con-
etituénts., A few small orystals of mugcovite were seens Mo
feldspar is dominently orthoclase, with a few small orystals
of phgioclasel. mrobhably oligoalase. wuarts is rather abundant,



Flgure 6. A photograph taken in the north
Chino quarry, looking westward. In the left foreground
is the dike, described on page 31, cutting the Chino lime-
stone. Above the limestone lies the Chino quartzite. A
grano~diorite dike, showing fluxion structure occupies the
right foreground. The headframe of the mine and the cement

plant can be seen in the background.
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The mineralogical analysis of this rock indleates it to be
more acid than the quartz monzonite, while the texture is

that of an aplite. Its time relations to the other intrusives
is not clear for at the outorop it cut only the limeatone.
Does this represent a fine grained differentigted phase of the
granite which outerops several miles to the west, or is it an
offshoot of the quartz monzonite porphyry in its later stages
of codling? The presence of the diopside and titanite suggest
a relation to the quartz monzonite. Its relation in space is
another point in favor of this view,

The large amount of metamorphism for whieh this in-
trusive has been responsible has not left it uneffected. Various
endemorphic, we well as exomorphic effects, in which hybrid
rocks are developed, have been observed. These will be dis-
cussed below.

A small dike cutting the garnet rock and outeropping
for two or three feet on the top of Sky Blue hill is very inter-
estings A hand specimen of the rock shows white plagioclase
phenocrysts set in a greenish grey fine grained, ground mass.
The microscope reveals these slightly zoned phencerysts to be
endesine with sericitie alteration, while the plagioclase of
the ground is oligoclase. Orthoclase is present, both as grains
and in micropegmatitic intergrowth with part of the quartsz.

Some of the feldspar is kaolinized. Although quantitative data
are not at hand, the amount of plagioclase appears to be nearly
equal or slightly greater than the orthoclase. Dlallage in
small grains, aggregates, and twine foms the pyroxenic con-

stituent. The material is noticeably pleochroic, the colors



Mgure Ta. Fhotomierosraph of the hydbrid type
of cuarts monzonite porpiyry, desceribed at the botitom of
vare 32, in ordinary lighte. (b) The same under cross nicols.
The dark mineral of extremel; high relief is parnet whieh
is slightly bisxial. The cluster in the lower left cuadrant
is diallage. -uartz, micropegmatite ard oligoclase are tle
other constituent minerals. FPyrite, apatite and titanite

are the accessories. X 30,
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varying from green to dark green. An abundance of grossularite
garnet grains occur separately, surrounding small diallage
grains or, more frequently, marginal to the diallage. Titanite
is frequent in grains and aggregates, Apatite and a little
pyrite form the other aceessories. The texture is hypidiomor-
phic, holoerystalline, porphyritie, inequigranular, with a

fine grained ground mass.

The field occurrence and the ratio of the plagiocclase~-
orthoelase, the quartz, and the type of accessories indicate
its monzonite affinities. The occurrence of garnet points to
an addition éf caloium and aluminum to the magma, while the
rather acidio character of the feldspar shows that this addi-
tion probably limited to the margin of the dike, was not suf-
ficient to inorease the basleity of the feldspare. It is very
likely that the orystallization of the garnet and diopside
of the garnet hornfels, whiesh this dike intrudes, was contem-
poraneous.

A rock whieh cuts the vesuvianite mass in the face
of Lone Star Quarry near the limestone-hornfels contact, shows
even greater assimilation effects. The feldspar is all andesine,
quartz, oligoelase, and orthoclase are absent. Garnet again
encloses, or is marginal to the pyroxene, which in this case
happens to be diopside. Quantitative data are lacking but the
ratio of femic to salic elements appear to be greater iIn this
case than in the previous one. Titanite is abundent in grains
and aggregates of grains. Apatite is also present dbut pyrite
is absent, The rock has a holeerystalline, hypidiomorphie,
medium grained inequigranular texture.



Thus we see that in this case assimilation has
continued after the garnet-diopside crystaellization. This
may be explained by the fact that here a source of calolum is
available, inasmuech as the dike cuts the vesuvianite mass near
the limeatone.

The quartz monzonite porphyry dike whlch forms the
creat between the Commercial and Wet Weather quarries shows a
most distinot border phase. In this case exomorphic effects
are scent or leacking, and most of the contaet effects are due
to the assimilation, by the dike, of foreign material. The
border rock is green with light spots of feldspathic material.
The mieroscope shows it to be composed largely of fresh andesine
with a minor amount of augite grains. Titanite is present in
rather large grains. Apatite ahd one large grain of hematite
pseudomorphous after pyrite(?) was seen.

A sample of a dike which cuts the contaet rock above
the North Chino quarry is again green colored with white pheno-
erysts. These phenoerysts end the plagloclase of the ground
mass are rather badly sericitiszed amd kaolinized andesine.
Orthoclase ocours in the ground mass both free and in micropeg-
matic intergrowth with a part of the quartiz. The orthoclase
also shows serieitization. A light green diopside with a
gslightly high extinetion angle, probably due to the presence
of some of the hedenbergite molecule, forms the abundant pyro-
xenie element, Titanlte in grains and aggregates is abundant.
Apatite and some pyrite with hematite slterations are the other
accessories. The texture is holoerystalline, hypidiomorphic,

porphyritic with a fine greined inequipranular ground mass.
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GRANITE PORPHYRY.

The granite porphory does not come to the surfaoce
in the area covered by this report, hence a detailed study of
the rock has not been made, A thin section of a sample, col-
lected two miles west of Jensen quarry where the roek is quarried
for building stone, was made and studied,

This seetion shows the roek to be made up chiefly of
miocrocline and quarts. The micrbelina 1s of two generations,
as large phenoorystsm ahd in the ground mass. A few grains of
oligoclase are present. Orthoclase ocours in minor amounts
and is in part micropegmatitic with the quartz. Some sericite
has developed am an alteration of the feldspars. The quartis,
in large and small grains, shows oscillatory extinetion and
carries inocluded needles of rutile. Biotite is the only ferro-
magnesium mineral present. The color is black and in thin
section shows pleochroism X~ greenish amber,Y-Z~deep greenish
black. Beside rutile, magnetite and apatite are present as
agcessories, The texture is holoorygtalline, medium grained,
porphyritie, hypidiomorphic, inequigranular.

The rook is quite fresh and weathers tc a light buff
color. On a fresh frascture the color is white moittled with
gpecks of black biotite. It makes a besutiful and durable
building stone, and finds use in the construetion of ehurches,
public bulldings, ete.

- This mass Iintrudes the grano-diorite, and is in turn
intruded by the pegmatites. Its relation tc the quartz monson-
ite porphyry cannot be seen in the field. It seems entirely

in keeping with the sum of the intrusive phencmena observed in



this area to assume that the granite porphyry represents a
more acid intrusion of same magma that produced the other
rocks, and IztExr followed the quartz monzonite porphyry in
peint of time,

PEGMATITES DIKRS.

Pogmatite dikes form the most conspicuous feature
of the countryside. They weather to the white color and form
ribs which protrude above the eouniry rock and can, in some
cagses, be traced for miles., They are so numerous and variable
in sigze and extent that to map all of them would be an almost
endless tagk, Hence the aim in mapping wes to trace the major
dikes in an effort to show their generel trend and distribution.

The dikes on the eastern side of the map appear to
have a general northwest strike as if they had intruded a zone
of frasturing in that direection. However, the dip is not uni-
form and mey change many degrees in the same dike. The dikes
on the western side are more cheotiec in distribution and much
ghorter. The width of the dikes varies from one inch or less
to as much ag 25 feet.

Some of the larger dikes show banding. The outer bands
are made up of layers, one-half to one ineh thick, composed of
graphic intergrowths of eslbite and quartz. These layers alter-
nate in coarseness and do not carry any other minerals. The
inner zone averages in width one~tenth the total thickness of
the dike. It is camposed of extremely coarse feldspar and
quartz with the ococesional development of black tourmaline and
some biotite. The camposition of the feldspar varies between

microeline and albite. Quartz ia either colorlese or smoky. .
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Any of these constituent minerals may be loecally concen~
trated to the exclusion of the others,

A section of one of the smaller pegmatites from
Hauser quarry shows the rock to have a coarse grained granitie
texture. The constituent minerals are: Biotite which shows
alteration to chlorite and with pleochroism, X,.amber,Y..Z..
very dark olive green. The feldspar is albite and exhibits
gome sericitization. Quartz shows undulatory extinction.

Another sample taken west of Chinoc quarry shows like
relstions. Here again the texture is of the coarse grained
granitic type. The former presence of biotite is testified
by the presence of chloritic paseudomorphe. A small amount of
hornblende is found in large idiomorphic orystals., The pleo~
chroioc colors of which are light olive green to dark olive
green. Albite showe sericitic alteration. Quartz exhibits
undulatory extinction.Zircon and apatite are present as access-
ories.

The literature of the Crestmore quarries states that
the pegmatites are there in abundance. The writer has found
fhat this is not the case but rather the contrary. Those that
are present are narrow, never being over one foot in width and
quite sporadic in outerop. They are associated with the grano-
diortte, quartz monzonite porphory, and the garnetiferous con~
tact rock, but were never seen traversing the limestone.
Previous workers have reported seeing the pegmetites cutting
the limestone, but quarrying operations have evidently destroyed

these exposures.
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In treating of these dikes Bakle (3) writes as
follows: "The pegmatite ocours as intrusive dikes but it is
di fficult to trace out their boundaries. They appear to be
associated more with the metamorphic masses of the vesuvianite-
garnet roek. The pegmatite consists mainly of white orthoclase
and green epidote. The epidote penetrates the feldspathioc mass
in long slender crystals, most of which are altered to a bronze~
brown color. Quartz occurs as smoke granular masses but is
not prominent., Zircon, tocurmaline, axinite, and pyroxene and
a few other minerals are found as accessories and same minerals
have later been developed in the pegmatites by hydrothermal

metamorphism,"
With the fifst two sentences the writer finds that

he heartily agrees but he must take exception to several of
the other statements., After making determinations of the
indices on grains from samples of several of the pegmatites

the writer has found that the white feldspar referred to is

not orthoclase but 1is albite. In the epidote bearing pegma-
tites that he has seen the epidote is not a major constituent.
The development of epidote 1s not general end was observed only
in some of the pegmatites in this qmarry. Quarisz occurs as a
major constituent in all of the pegmatites seen, except in
places where one of the other minerals is sporadically developed
to the execlusion of the others. Axinite and pyroxene were not
recognized by the author but they may well be present. Zircom,
black tourmaline, apatite, and a badly chloritized biotite

have been recognised.



Figure 8Ba. TFhotomicrograph of pegmatite dike
in ordinery light. Figure 8b the same under crossed nicolse.
The figure showe microline of two generations, as large
phenocrysts and as small erystals of a later stage. Luartz,
oligoclace, magnetite aml apatite are the other minerals

present. X 20,



Figure 8a.
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The pegmatite is clearly later than any of the
rocks which it intrudes. The distribution of the garnetiferous
contact roeck in the Crestmore quarries has undoubtedly been
formed before the pegmatitic injections; consequently the
pegmatite could not have been a factor in its formation. The
tourmaline, axinite, datolite and apatite indicates that chlorine,
fluorine boron snd phosphorous were present in the accompanying
solutione but in minor amounte. Thus the major effect of the
pegmatite would be only that whieh would result fram the action
of hydrothermal silicate solutions on the pre~existing minerals
and would have but very little of the halides, boron, or phos-
phorous to add.

AGE OF THE INTRUSIVE ROCKS.
In discussing the age of the granites of the 3an

Bernardine Mountains, Vaughan (13,p.374.) writea: "At the
close of Jurassic time there was a great invasion of granitie
rocks throughout the Sierra Neveda, and these have been traced
down into the San Gabriels. It therefore seems fitting to assign
the latest granites of the San Bernardino Mountains, herein
referred to as the Cactus granite, to the same age. We have
geen that there are older granites than these, whigh, however,
also ocut the limestones and quartszites. Do these belong to
part of the same great period or to an earlier period which,
were the record complets, would be found separated by denuda-
tion and sedimentation? A poat Carboniferous invasion of the

Sierras has been mentioned by Lindgren and Turner.”
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His references to this early intrusion are rather
vague and good petragraphié desoriptions are lacking. Hence
the exact lithologic nature of this earlier invasion 1is
unknown to the author and a comparison on these grounds cannot
be attempted,

A hypersthene diorite formes a part of the basie
intrusion of the Cuyamaoa Reglon deseribed by Hudson(12). This
has been intruded into the Julian Sehist Series and an earlier
quarts diorite, The hypersthene diorite is followed by Intrusions
of granite, aplite, and pegmatite in the orddr named. He has
determined the age of these rocks as being pre-Cretaceous and
post-Triassic, "probably corresponding in age to the post-
Mariposa granitio mass of the Slerra Neveda."

The Jurassic intrusives of the Santa Ana Mountains
are dacites, andesites, dlabases and grano~dlorite, The age
determination iz very preeise.

The igneous rocke of the Jurupa Mountains are there~
fora‘oalled pre~Cretaceous without attempting to designate the
exaoct period. Nowhere in California are intrusions of this
magnitude or type known later than the Jurassic. It is very
probable that these intrusions occurred during the Jurassalo,
put no direct evidence of this was found. In view of the fact
that in the San Bermardino Mountains, Vaughen has found two
distinct intrusions these rocks may well be earlier. There
are, however, some striking similarities between ihe Jurupa
intrusives and same of the Jurassic rocks desoribed fram the

Cuyemaca region and from the Santa Ana Mountains.



Figure 9. Wet Weather cuarry is in the right
foreground. The floor and part of the face of Commercial
Rock quarry can be seen at the left. The light colored rocks
at the center of the picture is a dike of quartz monzonite
porphyry;above it lies the contact roek,to the right the Sky

Blue limestone.

Figure 10. The floor and face of Commercial Rock
quarry. A light colored huartz monzonite dike occuples the
left of the pieture. The darker rock to the right is the

garnetiferous contact rodk.



Figure 10,



41,

CONTACT ROCES.

GARNET CONTACT ROCK3

In the Ccommercial Roek quarry the face is made up
largely of quarts monzonite dikes and a garnstiferocus contact
roocke Thim is the same hornfels that makes up the orest of
Sky Bluwe hlll, Wnere seen in the quarry faece the rogk is fresh,
brown colored, massive and extiremely hard, 6n the top of the
hiil, where it% hasg been exposed to weatihering, it has begore
& dirty brown color, and forms ragged, angular outerops.

A section made of the material fram the Commercial
Rock quarry shows that by far the greatest proportion of the
rosk consists of badly fractured macssive grossularite. Allo-
triovlastie grains of sugute are present, and interstitial
between the gmrnets. The next songilituent in importance is
caloite whilch may be found in small grains and rhombohedrons
which show repeated twinning striations. A fibrous mineral
of low biregringence, which £i1ls some of the smaller spaces
wag thought to be wollastonite,

Largze smounts of wollastonite ocour ag columnar
fibrous masses as much as 4 inches lon~ and an inch wide.

The pyroxene mineral is not a2lways aupgite as = the cape in
the thin section. Green pyroxense have heen examined from
various parts of the contact mass and determired by optieal
teats on grains. #rom these resultes the author concludes that
the pyroxene is more often diopaide or diallagze, In soms parts
of the quarry a white mierofibrous mineral has heen found which

has heen o6alled ssapolite on the basis of optleal determination.
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The garnet is for the most part massive but where cavities
exist and where it i3 a minor constituent good orystal. faces

are developed,

Good recasons exist for belleving that the original
limeatone was impure, but the impurities were certainly not
sufficient to explain the development of so large a mass of
contaect rock, as one findas here. Another factor is the fact
that the garnet rock follows the periphery of the quartsz mon-
zonite porphyry and is in no way related to the bedding. For
this reason it beoomea«naceaaary to assume that the development
of this roek owes its origin primarily to the introduction of
caleium, aluminum, and silica to the original limestone by
golutions, contemporsneous with, and following the monsonite
intrusion. It is thought for reasone noted above (pg., 33)
that the orystallization of the garnet-pyroxene of the contact
rock was contemporaneous with the orystallization of the pyro-
xenic constituents of the quartz monzonite porphyry, and that
the mass had solidified before the intruding material. Using
wollastonite as a thermometer we see that temperatures above
1200° € 414 not obtain,

Because of the multiplicity and variable size of the
dikes it has been impossidble to gauge accurately how far from
a contact the garnet hornfels is developed. The maximum thick-
nesg between the dikes, as exposed in Commercial Rock quarry
is about 200 feet., This is, however, related to two or more
dikes, and 1t is entirely possible that any dike that is ex~

posed would not have had sufficient power to produce a contact
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metamorphic effect of this magnitude. XNor do all of the

dikes, or all parts of the dikes exhibit contact metamorphic
effeats on the limestones. As has been mehiticned previocusly
(pg.54 ) the dike which forms the orest hetween Commercial Rock
end Wet Weather quarries does not show mapable exomorphioc
effects on its north side, only endomorphism, while above it
and to the south side garnet-vesuvianite rock has had a large
development. The same is true of the number of small dikes
whieh cut the Chino limestone in Chino quarry. Some of them
exhibit exomorphism, but very little endomorphism is seen,
Where exomorphic effects are observed they amount to a small
development of garnet and diopside, and a further reerystalli-
gation of the limestone which they cut, These phenomena ocour
invariably at the tops of the dikeg., It is very probable that
the mineralizers accompanying these dikes were of very slight
concentfation, yet this explanation will not hold for the first
case, To explain this one must assume that where the contact
rock wasg not developed a system of fracture allowed the mineral-
izers to escape, or, the mineralizers were concentrased at the
top of the dike. The latter supposition seems the most pro-
bable one in view of the fact that the maximum development of
contact phenomena occurs at the tops of the dikes.

Vesuvianite Contact Rock:

At the corner of Lone Star, Wet Weather and Commer-

cial Rock quarries a different type of contact rock is devel-
oped. The chief constituents are vesuvianite and caloite,
although some garnet grains are scattered thru the mass and the
massive garnet and an unknown foliated whifte mineral are local-

ly developed. Diopside and wollastonite are sporadically



associated with this assemblage. The quantitative proportions
of the calcite vary greatly. In places the rock is nearly

all vesuvianite, quite massive and with a fused appearance.
Again, the amounts are nearly equal with small rounded, green
and light brown vesuvianites embedded in it. The other extreme
is seen when the mass is nearly all calcite with only a few
small rounded grains of vesuvianite embedded in it. The cal=~
cite found in the assemblage is distinetive and worthy of note.
It occurs as a soft, white, extremely fine grained mass, whieh,
on examination under a binocular microscope, is seen to be
composed of small sized aggregates of extremely fine needles
and sane very small rhombohedrons. IT seems very probable that
this mixture represents a rapid precipitation of the ¢ onstitu-
énts from a metastable solution. Where it occurs here the rock
has a fissile character which simulates bedding. In the south
side of the inclined cut leading down to Wet Weather quarry tle
vesuvianite-caleite association is found definitely confined
to certad n beds. Thus it is thought that this assemblage owes
its origin largely to the initial character of the beds which
have made them especially favorable to a development of this
type.

Quartz Garnet Contact Rock:

One of the most striking of the contact metamorphie
rock types that have been found occurs east of the saddle above
the north Chino quarry. Here a smll cuartz monzonite dike
cuts the contact rock near the contact of the hornfels and the
Chino quartzite. The rock is medium to coarse grained amd com-

posed wholly of granular vitreous quartz and grossularite crys-~
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tals and grains. The roock has undoubtedly resulted from the
action of the coniaet metamorphic agents on an impure limey
quartzite.

The quartz monzonite porphory seems to have been
the only intrusive which has been eapable of produecing extensive
contact zones, In the Crestmore quarries the grano-diorite
nes not produced any contact phenomena, while in the Jensen
quarry small garnet sones are locally developed. Contact
zones which accompany the psgmatites where they intrude the
limestones, have been mentioned in the literature. This
asgenmblage was largely wallastonite with some garnet and
diopslde. These pegmatites were not observed cutting the
limestones, probably because quarrying operations have destroyed

these exposures.

QUATERNARY ALLUVIUM.

The quaternary unit consists chiefly of river sands,
dune sands and fan deposits which were not differentiated.
In general the quaternary deposits on the north side of the
Jurupa Mountains consist ohiefly of dune sands whigh the pre=-
vailing winds have blown against the mountain front. On the
eastern side the deposits are more typieally river laid; pro-
bably by the Santa Ana River. The detrital material on the
south side of these mountains is more typlcalily fan deposits.

At the Crestmore quarrics the quaternary fill has
been mapped as dune sands slthough ihere are a few smail fan
like deposits on the southern side. Below these dune sands
the bare rock surface has been covered with a deposit of ocal~

careous tufa from 1 inch to & feet thick. and leached from the



46,

limestone outorop. This probably represents a deposit formed
in a moister climate.
3TRUCTURE,

In an area so0 close to the Sen Andreas Rift one
would normally expect te find the rocks traverssd and displaced
along a numher of faults but this is not the case. In the
Cres tmore quarries only a few small faults were found and have
no partieular significance regarding the malor structures of
thie deposgit. Hor were any large feults to be found in the
area that was mapped west of the quarries although abundant
physiographic evidence might be cited to indicete their exlistence.

The series of metamorphosed sediments northeast of
triangulation point Jurupa have a uniform northwest strike
and a north 4ip. In the limestones in Jensen quarry the strike
iz oomparable but the beds dip vertieally. This diserepansy
may be explained hy a fault hut none was found., A more logical
exrlanation would be to aspume that these are roof pendants
which have settled in a viscous magma.

The pesmatite dlkes on the eastern side of the area
have a remarkable uniform northwest trend as i1f there distri-
bution had been governed by their intrusions along a system
of major frectures in that direstion. However, their dipe are
so variable that 1t is doubtful if such was the case. The
veematites to the west are more cheotic in distribution. This
micht be exolained by the difference of lithologie types on that
slde. '
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FRACTURING:

In the Hauser rock quarries a favorable system
of Jointing makes this rock amenable to quarrying methods.

The three major systems of Jointing have the following
attitudes: N, 12° E, 55° 8, N, 80° E, 25° S., and N.85° W.,
74° N. at the extreme north end of the quarry. Attitudes
of the joints in the extreme south end of the quarry are,
N, 15° E, 54° 3., N, 83° W,, 839 N., and N 4° W, 29° s.
These Joints allow the rock to be handled with a minimum
of cost.

In the Crestmore quarries the Chino limestone body
strikes northwestward and dips 45° to the north. fThe Sky
Blue limestane strike northeastward eand dips 55° to the south.
The cause of this structural diserepancy is not ascertainable.
They are separated by an intrusion but whether this igneous
rock has been intruded along a fault, an unconformity, or has
itself been a cause of the differdnces of attitude d&n the
limestones is an unsettled question.

| The attitude of the bedding planes and the multiplicity
of the Joints which have been induced in the limestone by the
intrusions allows the limestone to break very eapily and mekes
it especially amenable to the caving system now being employed

in the underground work.



Figure 11, A view of Hauser cuarry. DNote the

prominent joints in the grano~diorite.
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ECONOMIC ASPECTS,

Crestmore Quarries:

At the Crestmore quarries the amount of material
that can be profitadbly obtained by open pit methods has
been practically exhausted, This had been anticipated some
years before and the extent of the underground deposits was
oxploréd by diamond drilling and found sufficient to warrant
its working by mining methods. Limestome in sight at the
present time is sufficient to last for thirty-five years at
the present capacity of the cement plant. It is entirely
probable that these deposits extend northeastward beneath
the fill material,

The small outerop in the valley northwest of the
cement plant is thought to have an appreciable extent in four
dimensions and may be a profitable deposit at some later date.

At Crestmore the only faetor that must be closely
watched is the magnesium content. This necessitates careful
sampling and blending of the ore. The weathered grano-diorite
is mixed with the limestone to furnish the necessary silica
and aluminum,

Jensen Quarry:

Operations in this quarry have been suspended for
geveral years. Moet of the material available for open out
methods has been taken. Data for the estimation of the under-~

ground extent of this deposit were not available.



Figure 12. Looking northeastward toward the
Chino quarry. The headframe of the mine and mine buildings

are in the center of the picture.



Figure 12.
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Hauser Quarry:!

At the Hauser Quarry grano-diorite is quarried and
used for breakwaters along the southern California coast.
Because of the lack of uniform color and grain of this rock
it is doubtful if it will ever be useful for building stone.
An extremely large tonnage is available and because of the
favorable jointing system it can be oheaply and easily ob+
tained. This deposit is owned and operated by thé Hauser

Construstion Company.

¥INERALOGY.

As 1t was impoesible to find specimens of all the
minerals desoribed from Crestmore, and as it was desired to
catalogue all of the minerals that have been reported, many
of the descriptions and notes in the following section have
been taken from the literature. |

On the following pages the minerals are arranged
according to Windell's (19) Classification. At the end of
¥his section is an elphabetically tabulated list of minerals
which showé their distributiog and to some extent their

associations.
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Elements:

Graphite: (3). Graphite has been seen in small flakes
disseminated in the white Chino limestone. It is found in
greater abundanoce in the bottom of the section near the grano-
diorite contact, although it has been observed throughout the
beds. Graphite has also been found in the Jensen Quarry. In
both cases it is definitely assoclated with the bedding. Thus
the graphite undoubtedly owes its origin to contact-metamorphie
effects of the grano-diorite on carbonaceous limestone beds as
has already been suggested by Eakle (3),

Sulphides: Eakle states (3) that the sulphide are associated
with the pegmatite intrusives. fhe author has not found this
to be the case. Where the assoclation has been seen the sul-
phides seem to be concentrated near the quartz monzonite por-
phyry, nor are any sulphides found as accessories in the pegma~
tites as they are in the quarts monzonite, In the author's
opinion solutions fram the quartz monzonite intrusions are
responsible for the sulphide mineralization found in the
quarries.

Galenat Galena has been found in a small quarts vein in the
econtaet roek in the Commercial Rock quarry. Eakle reports it
from the Sky Blue limestone.

Pyrite: Pyrite ocours as an accessory in the hypersthene
quartz diorite, the quartz monzonite and its hybrids, the
quartzites of the Undi fferentiated Complex, the Chino quartzite,

and disseminated in the limestones.
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Bornite Chaleopyrite and Chaleosite: These were found in a

small cavity at the border of one of the small quarts monzonite
dikxes in the Chino quarry. Bakle (3) reports these from the
contact rock.

Tetrahedrite: The author has identified as tetrahedrite a
mineral brought up from the mine. [t was reported to be frm
a vein in limestone. ZEakle (3) reports tetrahedrite from the
contaot roock,

Sphalerite: Reported by Eskle fram the vesuvianite-garnet mass
or the contaet roek, This mas not found by the author.

Gresnockite: Mentioned by Eakle as coating the sphalerite.

Arsenopyrite: Aococording to Bakle this mineral was found in the

Commercial Roek quarry.
Oxides?

Periclape: Remmants of perilase are enclosed in some of the

brucite erystals in the caleite~brucite rock, This mineral has
been formed by the contacet metamorphism of the impure limestane
by tha grano~diorite.

Brueite: Ocours as small pseudoisometric orystals in the cal-
cite~brucite rock in the limestones., These crystals are a pals
yellow color and show a concentric fibrous strueture. JSome

of them enclose periclase. They result from a hydro-thermal
alteration of periclase.

Hematite and Limonite: These minerals are oxidation products

of the warious iron-bearing compounds, and are to be found in
all of the rocks desgeribed.
Ziroont This is an accessgory in the grano~diorite, in some

of the enclaves in the granc-diorite, and in the pegmatite dikes.
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Rutile: ©Small needles of rutile have been recognized enclosed
in the quartz in the granite porphyry, and in aome of the
quartg of the Undifferentiated Complex.

Quartz: Quartsz is found in all of the rocke in this area,

save the limestone. Some vein quartz was found in a small
vein in the contaet rock in Vet Weather Querry, In 211 of

trhe slides exsmined 1t showed undulatory extinetion and a
slight biaxial character.

Chalcedonys Chaleedony wee reported by Eekle (7) to he associa-
ted with Juarupeite in the Sky Blue limestone. Chalecedony has
been found by the author in a quartz veln in the conteet rock
of the Commercial Rock quarry. Some of the altered whllas~
tonite fibers sre probahly chelcedoniec.

Opals White hyaline opal was found in a vein in the contact
roek inAppa Commercial Rock quarry. 3ome of the fibrous wollas-
tonite hag7iitared and the fibere converted tc opel. ZRakle (3)
deserihes hyeline opal from the wavities in the pegmatites
where it coats apophyllite and okenite. EHe also deseribes wood
cpal from the Sky Blue limestane.

Spinels The occourrence has been deseribed by Rogers in two
papers (4,16). It is rather abundent as an accessory in the
caleite~hrucite of both the Chine and 3Jky Blue Limestone bodies.
The maximum size is ahout .16 mem., and octaliedrcons, distorted
erystales, ©TWins and grains are the common forms. The mineral
is eclorless to pale yellow.

Magnetite: Grains of magnetite were recognized in the enclawes

of the grano-~diorite, in the granite perphory, the Undifferen-

tiated Complex, and in the calecite brucite rock.
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Carbonates: .

Caleite: Calcite is one of the most abundai%?igaéill aé
having t1e greateat variety of forme and occurrences. The
different ocourrence and forms are listed below.

le In the Chino and Sky Blue limestone bhodles as white,
medium to coarsely erystalline limestone beds, also in a
green ocolored coarsely orystalline form, All the greains show
twinning striations,

2s In the i3ky Blue ligestone dody es large, twinned,
cleavage rhombohedrons of blue caloite.

3s In the contact rock as & constituent and as a secondary
mineral.

4. Ap an slterstion produet of the plagioclase in the
igneous rocks amd in the Undifferentiated Complex and Chino
vuartzite,

He A small lengee in the Undifferentieted Complex,

6. As mmall sztalaotites snd stalagmites in the solutiom
cavities in the limestoncs.

7o Pilling veins which cut nearly all of the rocks in the
Crestmore quarries. The material filling the velns ils white to
anher colored, prismatic in form, and oriented perpendicular
to the vein walls. Thege veins vary in size from one milli-
meter in width to several inches., The oalcite in the finer velns
appears to be fibrous, With the fibers orieated perpendicular
to the walla.

8e As a deposit of calecareous tufa whioch underlies the dunc
sands in part. Tihis blanket varies from zerc to one foot thick,
and ocmtains particles of minerals derived from the rooks which

it sovers,
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Ara te: Some of the fibrous caleium carvonate in the
veinlets is uadoubtedly sragonite.
Cerrusite: Mentioned by Fakle (3) as an alteration of galena.
This was not found by the author.
Agzurite: Agurits and malachite were reporied by Zakle (3] as
stains in the ocontact rocke.
Malachites A specimen of white calcite carrying malachite
wag ocollected on the fl-or of the north Chino Guarry. Its
positien on the quarry face sould not be determined.

dro esites Ceours as a supergzene alteration product of
the brucits.
Sulphstess
Anglegite: Xentioned by Rakle (3} as an alteration product
of galena.
Compounds of Sulphates with Salts of Other Aeids:
Thaumasite: Originally deseribed by Foshag (5) in veins
eutt ing seross the contact rosk and coating blocks compossd
largely of spurrite. The genesis wae assigned to the actiom
of sulphated waters on the spurrite., Thaumasite is again
monsioned by Larsen and Foshag (8) ac an alteration product
of the rock containing merwinite. The alteration is thought
to have developed "during the later stages of the contact meba~
morphism” .

Phosphates!

Apatite: This was found as an accessory in all of the intru-
sive roockse. It ocours as well in the Undirferentiated Complex
and in the Chino quartzite. Hakle (3) deseribes the ocourrence

of "greenish blue apatite in granular form associated with green
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diopside and white wollastonite in white calcite®, This
occurrence has not been recognigzed by the author,

Anhydrons Silicates of Divalent Bases:

Olivine Group:
Monticellite: Monticellite has bheen described by Eakle (3)

from the blue caloite and by Tilley from the contact rock. This
mineral has not been recognized. Hakle suggests thet the monti-
cellite results from the metamorphism of the drucite limestone,
while the diopside and vesuvianite were formed during the meta-
morphism of the pure beds., Thus he accounts for the secarcity

of monticellite and Xanthophyllite. Thias does not appear to

the logical, for the percentage of brucite limestone that has
been further metamorphosed is quite high and should give a
larger amount of monticellite than has been found in the quarries.
Original impurities may be the ultimate factor governing the
digtribution, but the apparent agent is the quarts monzonite
porphory. This agrees with Eakle's first observations on this
occurrence (2).

Pyroxene Group:

Hypersthene: This mineral is the pyroxenic constituent of the

hypersthene quarts diorite, and of some of the enclaves of the
grano~diorite.

Diopside: Diopside occurs in the contact phages of the monzonite
and 18 an important constituent of the contact rock.

Disllage: Diallage 1is found in the hybrid rocks of the quartz
monzonite porphyry, and in the contact rock.

Augite: Augite is a constituent mineral of the grano-diorite,
the quartz monzonite porphyry, the hybrid rocks associated with
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the quarts monzonite, the Chino Quartzite, and the Wndifferentiated
Complex.

Wollastonitet Eakle deseribes four types of this mineral. They

are: (1) Reticulated columnar and fibrous structure, (2) Large
well formed orystals, (3) A white massive granular variety, (4)
This "eonsists of distinet orystals which have been formed by
later silica solutions aeting upon the limestone in the vieinlty
of the pegmatite dikes and on the outer borders of the contaet
soneg", Of these types the first has been found in the contact
rock, and the third in the Chino limestone. XIn addition a wollas-
tonite schist was found in the hill southwest of the cement plant.
The Wollastonite has undoubtedly resulted fram the hydrothermal
action of the grano-diorite, the quartz monzonite, and the'pegma-
tite on the limesgtone.

Merwinite! This mineral was named and described by lLarsen and
Foshag (8) fram the Wet Weather and Commerclal Rock quarries.
Here it ocourred "in emounts measurable in tons"™ and "well away
from the contact and beyond the garnet zone.” They conelude that
"merwinite is therefore a low temperature form...". A careful
gearch did not reveal any of the material remaining, end it has
probably been long sinees ocmverted to cement,

Amphibole Group:

Hornblende: Hornblende ooccurs in the grano~diorite, the enclaves

in the grano~diorite, and in the hypersthene quartz diorite.
Uralitie hornblende, arising from the alteration of hypersthene
or augite is found in the Undifferentiated Complex, the hyper-

sthene quartg diorite, and in the enclavee in the grano-diorite.
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Titanite: Rounded grains and aggregates of this mineral

" form an important accessory in the quartz monzonite porphyry.
It is also found in the Chino quartzite. Pleochrole colors
vary from brown to light brown,

Silicates of Divalent Bases with Hydrogen
¥lubrine, Chlorine, or Sulphur: '

Chondrodite: Desoribed by Rogers in two papers (4,16)..It
occurs in minute, subhedral graine in the calolite-brusite rock.

Obeiously a result of hydrothermal action on the limestone,
No evidence at hand indicates the presence of fluorine accom-
panying the grano-diorite intrusion, thus it seems probable
that the neceasary solutions were derived from the quartz mon-~

zonite porphory.
Custerite: Custerite has been desoribed by Tilley (18) from

the vesuvianite contact rock where it is associated with vesu~
vianite, caleite, and monticellite, The oécurrenee hag not heem
rsccgniz&d’by the author.

Hydrous Silicates of Divalent Bases:

Riversidite: A new mineral that was discovered and named by

Fakle (3). It oeeurred as "compact fibrous veinlets in the
orevices of the massive vesuvianitée.........The mineral is a
fibrous crystallization from the solutions carrying the altered
wilkeite or orestmoreite®, This mineral is no longer found.

Crestmoreite: A new mineral that was desoribed by Eakle (3)

from the blue calcite of the Commerciasl Rock quarry where it
oscurred as an alteration product of wilkeite. This, like many
of the other rare things fran this locality, has disappeared.
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Centrallasite: (9) Noted by Poshag (9) replacing quartz in a

pegmatite which cut the blue caleite in the Wet Weather Quarry.
The pegmatite was composed chiefly of feldspar with wollastonite,
orange colored prehnite and massive green datolite. Foshag
attributes the formation of the centrallesite to the action of
sulphated waters on guartz., These same solutions are held
respongible for the formation of the prehnite and datolite,

and "probably followed direetly the crystallization of the
pegmatites and are genitically connected with it",

Foshagite! Armew species described fram the Wet Weather Quarry
by Rakle (10) It was found in vesuvianite boulders on the
quarry floor. These boulders probably came from the contaet
mass. The mineral is fidbrous and in veins cutting the vesu~
vignite. with the fibers oriented perpendicular to the vein
walls. Theumasite and calcite were associated with it. This
gpecies is no longer to be found.

Chgygotila and Deweylite: A massive green mineral weas found

in the white caleite of the Chino Limestone in East Chino
quarry, a few feet from a small quartz monzonite dike. An
analysis was made by Mr. Thomas Mullan of the Riverside Cement
Company and the following results were obtained:

8102.....40,88

Raos.’..& 1’27

CaO.. esese De9l

%0‘..‘..37‘52

H2004000e12.0

CO2iueese 2.50

Total. .Iﬁﬁ. 6§

Calcite grains couls be seen in the material so CaC03 and R203
were discarded and the other figures recaloulated on the hasis

of 100 per cent.
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pereent molenpumbers ratios
Siﬁaitliot 45.39 [ AN BN N ] '75 LERE RN RN N E ] 3
Ego (LA X E R N 41050 SEshene 1.% I E N R X R NN N ] 4
HEG [ EN R R R J 15030 ([ EE RN N R 074 SRP TR0 S

This gives the formuls 3HZ20, 4MgO. 35102, or HEMg4Si3013,

whiech does not correspond with any of the known hydrous mag-
nenium-silicate ninerals, Orains of the material show indices
a8 follows: A minimum of l.528,& 0056 the maximam is 1.5556.

¢ 005, 1If this weré& one mineral the birefringense would de

04087 which is mush $oo0 1érge compared with the observed
birefringence, Thus’zt is thought that this represents e
mixture of ohrysotile and deweylite. A mixture of these minerals
in the proportion 68.8% deweylite and 31.3% ohrysotile would

give an analyels eorrospandinglto the above one.

Rogers (4) desoribes deweylite as replacing hydromag-
nesite in the caleite~brucite roeck, and regards it as a super-
gene mineral. A section has been made of the material desoribed
above and although it is too thin to show the interrelation
of the shrysotile and deweylite, {hey can be plainly seen ‘o
replacs the primary csleite, Secondary calcite and an isotro~
pie mineral, either garmet or spinel were also secn. In view
of ite present relation to the quartz mongsonitse porphyry dike
it seems that the genesis of these silicates ean be assigned %o
solutions emanating from the dike and thus their origin is
hypogene.

Jeplolite: 4 whilte, fibrous mineral was found filling small
veing in the ealoite near the ocourrence ol the chrysclite and
deweylite. Tihe material is composed of finely interlocked
fibers with the fibers oriented parallel to the veln walls.

An alaysis by Mr. fullan gave the following resultst
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S102 eceoseseedd,38
RE03 sevvasess 82
Cal evsesvaeelle®0
HgO esvvaccaesl0e24
H20 ou.-bQQ'ngieg

Co2 svvesscse Jed8
Totaless ¢g§¢§§

Removing CaCo3 and RE03 and rescalculating to 100 per ocent.

peroent mol-numbers ratios
Sieatﬁt 57060 IR R RN Z B J .95 (AR E X N B N 3
HgO LR X ] 26.00 sesrsees u&&ﬁ LEE R KRR Y 2

H20 wow 17400 sesvees V945  .ueees 3
Total Y000 — "

The above ratios correspond to the formula; 2MglO. 33108,3H20.
This probably represents a mineral between sepiolite and paras~
seplolite, but since the water oontent of sepiolite is variadle
the mineral has been called sepiolite, Optic properties are:
Nme=1,510 & ,005, extinction parallel to the fibers, bilaxial
negative, birefringence low., It is unattacked by HCl. Im for
gseplolite 18 1.52 and for parasepliolite Hm--1,506. This anpears
~ to have intermediate indices as well as compositiom.

Jurupaite: A new mineral dessribed from this loocality by
Eakle (7). It was found f£illing a ecavity or fiseure in the
blue caloite of Commereial Rock quarrys. This oaloite also
contained einnamon garnet. The geneais ia attridbuted to the
action of the orthosilicate solutions. Thie like many of the
other minerals has vanished,

Okenites Pound in tufts of fibers and long slender needles
as an alteration product of apophyllite and forming a coating
on it (3). HNeither cccurrence has heen recognized by the
author, Also mentioned by Eakle (7) (3) as an alteration
product of Wilkelte.
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Tydrous -illoates of Trivaelent Bases.

Ksolinites Many of the feldepers are altered %o a white clay.
An alteration produst seen in a geoction of one of the hybrid
phages of the quarts monzonite was thourht to be kaolinite,.
Silicates of Divalent and Monovalent Bases.

Apophyliites This mineral was deseribed by Eskle (3) as
osourring in orystals lining the cavitiee in wollastonite masces
formed between the oaloite and pegmatite. These masses have

di sanpeared, hence this mineral was not found by the author,
Sillcates of Boron and/or Rere Zarths and One or More Other Bases.
Tourmalinei Blaok tourmaline occcurs sporadically in the
regmatitess The orystals vary in zigse from mimute ncedles to
aryetals five centimeters in dlameter,

Datolites ZHakle (3] desoribes commmot massive, glassy white
datolite in conneotion with the pegmatites. This wae not seen
by the authore.

Axinites A violet colored axinite azsociated with einnamon
sarnet in the pegmatites has boen mentioned dy Eakle, This
mineral was not recognized by the suthor.

18 Silicate Cr, e, Mn) One or Nore Cther 8.

Garnet Groups
Grossularite: CalAlZ 313 0123 This ie the most shundant

of the contaotl minerals found in thie locality. It forms the

najor constituent of the contaet rocks acsociated with the
guarts monsonite porphyry in the Crostmore quaryies and with
the grano~diorite in the Jensen ‘uarry, as well ag bein: a
sonstituent mineral in tlie various hybdrid rocks formed on the
marging of sgome of those intrusions., In the huge mass of the
;arnet hornfels in the UTesmore QUATTISs Wne grossuistite s
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massive, but some good erystals are to be found lining cavi-
ties, and in the limestone on the periphery of this mass.
These erystale show mostly do&oeahadral.forme which are often
modified by ocotahedral fases. The gromsaularite associated with
the grano-diorite is generally lese compact and the orystale
are larger,
Plasolite: 3Ca0.A)l203.2(8102,C02).2H20., This was & new mineral
discovered ond desoribed by Posheg(6). His material was col-
lected from the Commereial Rock quarry, "directly connected
with green vesuvianite and an unknown, foliated white mineral.
The crystals of plazolite are imbhedded in the foliated white
mineral, and a massive form also occurs direotly filling the
spaces between the vesuvianite erystals. The limestone com=
poeing the hill 1s intruded dy a dike of fine-grained grano~
diorite. The genesis of the plazolite and associated minerals
is directly connected with this intrusion.,” The grano-diorite
is never fine-grained so he probably refers to the quarts
monzonite porphyry.

Eakle (7) again notes the ocourrence, and points to
its close similarity to zarnst,
Melilite Groups
Oehlenite: Deseribed by Larsen and Foshags(8) from the Commer—

cial Rock quarry vhere it was intimately associated with merwin-
ite. This mineral is no longer to be found.
Feldapar Groups

Orthoclase: According to Iakle (3) orthoclase forme the larger

portion of the pepmatite dikess In the samples examined by the
author no orthoclase was found in the pegmatites, only albite

and mieroeline. It does oeeur, however, in the grano~diorite
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the granite porphyry, and the quarts monzonite porphyry.
Mieroclinet This mineral is a constituent of the granite

porphyry. It occure also in large cleavage masses in the
inner zone of some of the larger pegmatites.

Albite: Albite is an important constituent of the pegmatites.
0ligoclage: This iz the plagoclase feldspar of the srano=

diorite, and in the enclaves in the grano-diorite, It occcurs
as well in the quartz monsonite porphyry, the hypersthene
diorite, the granite prophyry, snd in the Undifferentiated
Complex.

Andepines Andesine eand andesine labradorite form an important
sonstituent in the hyperathene quartz diorite, and the inelu-
sions in the gremo~diorite, also in the contact bvorders of the
quarts monsonite porphyry. A few grains of oligoclase~andesine
were found in the Undifferentiated Complex,

Lebradorites ?hié hae been deseribed by Hakle (3) as one of the
eonssituents of the grano~diorite, along with oligoclase, XNo
evidence has been found for two generations of feldepars. The
plagloclase 1s oligoolase, Labradorite ocourse as phenocorysts
in some of the basic enolaves in the grano-diorite. A few
greinz were found in the Undifferentiated Complex and the

Chine quarﬁzité.

Sytomite~Anorthites Crystels of plagloclase of the bytomite-

anorthite type were found in a emall cavity at the border of
one of the small quarts monzonite porphyry dikes in the lower
Chino quarry. They were associated with pyrite, chaleopyrite

and bornite.
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Silicates of Al (Cr, Pe'lt unllly 5y ope or More Other Bases,
With Hydrogen, riuprine, Chlorine, or Sulphurs

Veguvianite: Vesuvianite is a prominent mineral in the contact

rocks It ocours in s maesive, green form associated with garnet,
diopside and onleite, andhas small rown and green orystals and
rounded graine in the ecaleite of the esmtaot rock and near the
periphery of the contaot mase. The corystallography has already
been studled by Zakle (3),

Scapolite Groups

Scapolite: A grey white seapolite with violet streaks has been
mentioned by Hekle (35). The material oolleoted by the suthor is
white and composed of small radiating aggregates of extremely
fine needlegy 80 fine that $0o the unaided eye the material
appears almost massives It occurs in the ocontmet rook associsted
with wollastonite, caloite, diopeide, and grossularite, surround-
ing them and filling spasces beitween these minerals. The indices
O=wloe567 ® L0056, B-=1,848 ® ,005, measured on one sample would
indicate, according to ¥indell's disgram (17) marialite 60%,
melonite 40%, or the species dipyrite. Another sample gave
values O-=1,584, ¥ ,005, Be~14550 % ,005, which corresponds to
the values of a mixture of 407 marislite, and 60% meionite, or
the species mizzonite. 7This is an uncommon form of erystalli-
sation for soapolitey the fine erystallinity would suggest
extremely rapid precipitation of crystals such as one would
obtain from the sudden cooling of a metastable mixture. However
the associated minerals are very coarse, so that this condition

would not apply to all of them,
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Prehnite:(3) This 1s found filling cavities in the white

feldspar in the pegmatite. Varieties are the cclmon green
drusy prehnite and as light brown to colorless interlooked
oryetals which lack the drusy surfmee. This was not noted

by the author, Assocliated minerals were massive datolite and
grey quufts.

Epidote Groups

Clinosoisite: A pale, transparent to translucent, greenish
grey variety occurs in shattered orystals and grains in s small
oontaot mass assoclated with ome of the emaller quartzs monson~
ite porphyry dikes in the Chino quarry. The associated minerals
are garnet and caloite, This undoubtedly results fram the
hydrothermal action of solutions fram the quarts monzomite
porphyry on the limestons.

Epidote: Small black orystals, up .0 three millimeters in
length, were found disseminated in the white Chino limestone
and associated with the deweylite and ehrysotile, near a dike
of quarts monsonite porphyry. A green epidote is sbhundant in
some of the pegmatites as already noted by Hakle (3).

¥ioca Group:

Museovites True muscovite is present only as a minor cem~
stituent of the Chino quartsite and the Undifferentiated Com=~
plex,.

Variety 3eriecite: The sericite variety oscurs in all of the

igneous rocks and in the Undifferentiated Complex as sn alter-
ation produet of the feldapars.

Biotite: 53liotite im a constituent mineral of all of the
izpeous rocks of this area., In addition it was seen to be a

very importent sonstituent in parts of the Undifferentiated
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Phlogopite: GEakle (3) reports finding a few flakes of brown
phlogopite in the Chino limestone. The author has not seen this
mineral.

Chlorite Groups

Chlorites This is an alteration produst of the ¥iotite in the

Undi fferentiated Complex, and of the hiotite and hornblende
in the grano~-diorite, the emclaves in the grano-diorite, the
pegmatite dikes and the hypersthene quarts diorite,
Clinoohlore: Reported by Bekle (3) to be present as small
green flakes in the vesuvianite masses,

Clintonite Group: |

Zanthophyllite: This mineral was first desoribed from this
locality by Bakle (3) es disseminated in the blue caleite and

associated with montieellite., The above occourrence was not

found but small crystals and flakes were found in a locally
dsveloped, coarsely orystalline green calcite in the Chino
limestone body that was assoclated with a emall dike of the

quarts monzonite,

4 111 111

liydrous Silicates of Al{Cr,Fe *", Jand One or More Other Bases,

The Zeolites.
Laumontitet Eakle (3) deseribes divergent columnar apnd fibrous

masses of laumonite coating green prehnite, He attributes its
genesls to the alteration of the prehnite.

Compounds Consisting of Silicates with Salts of Another Oxygen Acid.
Wilkeite: A new mineral from this locality originally desoribed

by #sakle and Rogers (1l). They found it in the contact zone
sgsociated with dicpside‘and vesuvianite. A nitriec aclid soclution
of the predazzite cives a test for the phosphate radicel, which



67.

according to Rogers (16) indicates the presence of wilkeite.
Spurrite: 2Cap310,.CaC0z. First described by Foshag (5) and
again by Foshag and Larsen (8) as intimately assocciated with
merwinite in the Wet Weather and Commereial Rock Quarries, in
masses originally thpought to be montiecellite. This mineral

would also be outside the garnet zone.
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Eﬁlkei%gi

MM M

¥ollastonite X

Mk
b b (4

nthophylliie

irecon XX X | X

Columng: Minersls associeted with

l. Hypersthene RJuartz Diorite
2. Grano-Diorite

3« Enclaves in the Grano-Diorite
4, Quartz Monzonite

5. Hybrid Types of Quartz Monzonite (Endomorphic Phases)
6« Granite Porphyry

7« Pegmatite Dikes

8. Sechists and gnelisses

9. Quartzites

10, Chino Limestone

1l. Chino QJuartzite

12. Sky Blue Limestonse

13. Contact Rock.

14 . Miscellaneous and Uncerbain.

*Denotes those minerals not found by the author but which were

deseribzd irn the lliterature.
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CONCLUSIOKNS.,

In the following lists the varioug metamorphic
minerals are enumerated below the roecks to whieh they owe
thelr orlgin. Although there may be a few exceptions this
is as accurately as this relationship can be ascertained
from the sketchy data presented in some of the literature,
inasmuch as many of these minerals can no longer be found
at Crestmore.

Quartz Supergene
Grano-diorite. Monzonite P, Pegmatite: Solut ions.

Chondrocdite Sulphides Wollastanite  Hematite
Graphite Thaumasite Centrallasite Limonite
Grossularite ¥onticellite Apophyllite Chalecedony
Periclasge Yollastonite Ckenite Cral
Brueite (?) Merwinite (?) Tourmaline Aragonite
Spinel Custerite Datolite Cerrusite
“ollastonite Cregtmoreite  Phrenite Anglesite
Wilkeite Rivergideite Epidote Agurite

foshagite Laumontite Malachite

Chrysotile

Deweylite

Seplollite

Jurupaitbe

Grossularite

Plazolite

Gehlenite

Bytownite-Anorthite

Vesuvianite

Seapollite

Zpidote

Clinozoisite

Wilkeite

Spurrite

The above list gives added strength to the evidence
presented by the close association of the contact rock with
the quartz monzonite porphyry that that intrusive is respon-
gible for the major portion of the eontact metamorphic effects

and was accompanied b an sbundance of mineralizing solutions.



1.

These solutions carried water, silicates and sulphatecs which
acted on the limestones to form a host of different econtact
mé tamorphic minerals.

The pneumatolitie solutions whish acecompanied the
pegmetites were charged with the halides boron, phosphorus
and silicates but they were not of very great volume and
their effect is clozely limited to the dikes.

The effeet of the greno~diorite has heen chiefly:
1, Reerystallization, 2, Formation of the oalcite-brueite
rook, or predazzite, The minerals which have formed under
its influence are of a tyée which would result merely from
the heat of intrusion and this presents evidence that the

grano~diorite was unaccompanisd by minerslizers.
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