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ABSTRACT

The £Adelanto Hills are a low range of folded limestone,
situated about five miles northwest of Adelanto, California.
The limestone 1s a dark blue finely crystalline, roughly
bedded type, which has been hydrothermally altered in places
to a white crystalline limestone, br to a fine grained highly
altered brown limestone. 'The main igneous rock outcrops in
the south part of the area and 1s a light colored, coarse
grained granodiorite body that apparently has been faulted
into place. A complimentary association of geveral fine
grained, dark colored granodiorite intrusiong and numerous
pegmatite dikes occurs in the horthern vart of the area.
Several large light colored acidic dikes intrude the limestone
and their relationships to the other igneous rocks cannot
be determined, with the exception that they are earlier than
the pegmatite. The alteration of the blue limestone to the
white limestone 1s due in part to the cutting of the area
by the acid dikes. Hydrothermal solutions ccntrolled to some .
extent by igneous contacts, the bedding of the blue limestone
and possibly by faults, are responsible for the rest of the
alteration. The area 1s cut by a large fault trending N65W
and by numerous smaller faults trending about N20W. The
structure on either side of the main fault is roughly p;rallel.
The mineralization of the area 1is mainly a contact metamorphic

type, the ore minerals being lead, zinc and silver.



Ozidztion has res-lted in some seconndary enrichment, especially
of silver. ©S5~me scheelite is mined at the »resent time from

a c~ntact zone bet .een porphyry and limestone.



INTRODUCTICN

The area covered by this report comprises about forty
acres, located across the center of a low range of hills,
approxinmat~ly five miles northwest of Adelanto, 3an Bernadino
County , California,k

An outcrop mapiwas orepared by means of a piane table
survey, on a scale ot fifty feeﬁ, to the inch. No tonograrhy
was included in the map. The work was done in conjunction
with the advanced rield Geology course at the Californis
Institute of Technology, by Howard Reynolds, Richard VWasem,

and Bernhard Haffner. This report was prepared as a senior

thesis.
STRATIGRAPHY

The Adelanto Hills =zre a low, roughly lenticular, range
ot tolded limestone, intruded by a few moderate sized igneous
bodies, ‘and cut by numerous dikes, includineg sezmstitic,
_anlitic; and acidic tynes.

Blue Limegtone

The limestone is mainly a dar® blue, iinely crystslline,
roughly band=d veriety. It is thoueht that the handing is

a remnant of the »risinal tedding of the limestone., These

im~ure hanas resist erosion and give the lirestone a ribbed



appearance on weathered asurfaces,

The blue limestone alters to two different tvnes of
lireatnne, =ach of which will be congidered below under
a different hescing.

“White Limestone

The wnite limestore s a white to lieht brown variety,
usually fine srained, but =ometimes quite cozrsely crystallized.
It is an zlteration of the ©Zlue limestone, which retains none
of the handing or structure of the blue limestone. Althouch
the contact between the white and the “lue is often sharp,
the contact actually grades into the hlue. No constz=nt
relation could be found hetween the white limestone and the
faults and intruslons.

rown Limestone

This variety of limestone is of infreauent occurrence.
It occurs mainly in thin stringers and narrow zones, usually
localized along faults or shears, »r next to ihtrusives. It
is a highly altered fine grained rock and seems to be asso-
ciated more closely with the white limestone than with the
blue. It may be a furtrer alteration of the white limestone
rather than a different tyoe of alterstion. The brown color
is due to iron oxide. If the blue limectone was slightly
mineralized, and then altered in the same manner that »roduces
the white limestone; and then was oxidized, the mineralized
ar-as would be brown, due to lron oxides, instead of white,
The altering solutions themselves msy have locally carried

iron solutions to wroduce the brown limestone instead of

the leached white limestone.
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Light Granodiorite

This 15 a distinctly diffcorert tvre of rock and
its outerno is crrfined to the extrere couthwestern nart
of the area, The rock is granitic in soeoesrance, meslum

4-

coarse rrained, and rather licnt colorsd, zs 1t contains
much fewsr dars minerals than tre derk granodiorite.

I+t seeme 2lmost certa’n that the c-ntsct between trig
light erzrnodiorite 2nd the limesione is a Tault contact.
Thnis conclusion ig based meinly on the act @hat‘there is
no = terstion of the linestone zlong trhe con =2ct.  This
rocx is tre mzin type of irneous rock in the hills,
althougn 1t outcroos only in =2 small cart of the ma-oed
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Pegmatite

The vegmatite is granitic in type, and only moderately
coarse grained, Locally it become: almost aplitic in
char=cter. The pegmatite occurs mainly as.thin di-es
averaging five feet or lese ir idth, in irr=segular patches,
and in a large outcrop mass. The peegmatite, along with the
dark granodiorite intrusive, is largely confined to the
northern part of the area. The d=rk granodiorite is criss-
crossed by numerous vegmatite di%es. No negmatite 1s near
the light granodiorite rock, with the exception of one
small outcron in t-e limestone near the northern contact
of the light grsznodiorite.

Acid Dikes

Numerous rather large and Zairly continuous silicic,
fine grained to cryptocrvstslline dikes cut through the area.
There seems to bhe at least four or five slightly diifering
rock tynes, although some may be only sligntlvy different
facies of the game rock. The dikes are confined to the
limestone and ir no place cut either granodiorite body.

Their relations could not bs determined. About 150 feet
™

gsoutheast of noint E, a negmatite dike avpears to cut

through an acid dike, showing the pegmatite to be later.



STRUCTURE

The limestone in the area is very tichtly folded,
The ma’n axial trend seem= to ne northwesterly with
1 s PR s £ OJ—

some locsl variati-n. Dins range from 65 to vertical
and are, in genersl . directed 1in either a southerly or =z
vesterly direction.

The ¢or¥k sranndicrite in the area is »robsbly nost
folding in ao-, ne natyure of the nutcron ovtline

and the fine egr=ained crystaslline nature of the dark

graznodioritic rock suggest thas it was intruded at

]
J

rether shallow depths, rather than Teing feulted into
its nrecent nlace.

The negmetite dikes throughout the ares were intruded
shortly after the en iacement of the dark grznodlorite and
probabtly revre=ent 2nd end shsze of the dark granodiorite
intrusion. This is borne out hy the Tact that the pesgma-
titer are restricted to the near vicinity or cut throush
the drrk franodjorite intrusion,

Neither the negmatite nor tre dork granodiorite seem
to have altcred trhe llmestone into which they vere intruded.
The smoradic occurrence of the white limestone along the

dark grenodiorite contscis 1s provablvy due to hydrothermal

solutions, rising slong the linmestone-granodiorite contact.



The acid dikes are nearly zlways surrounded by a zone of
white limestone, showing that at least vnart of the hydro-
thermal alteration of the blue limestone to white is
connected to the cutting of the area by these numefous
acld dikes.

It was suggested by Dr. H. J. Frazerl, that some of
the white 1imestone’may be an original sedimentary facies,
in view of the fact that the white beds 1in general are
practically parallel to the bedding in the blue limestone,.
The discontinuity of the white limestone bands makes this
rather improbable. Also, the similar nature of all the
white limestohe in the area indicated a commoh origin,

It is more likely that the vath of the rising hydrothermal
solutions wag to s certain extent controlled by the bedding
of the blue limestone, Qnd the blue limestone was altered
to white along definite planes.

In view of the larce size and coarse grained nature
ot the light granédiorite body 1t should have zltered the
limestone along the contact if 1t had been intruded into
its present vplace., Unaltered blue limestone is in sharp
contact with the 1light granodiorite and thié would indicate
a fanlt contact.

the area is roughly divided into two wvarte by a fault
zone that trends N65W, and is marzed along its western
extension by a fairly thick band of fault breccia, which
was described in a'previous varagrarh, 'The farlt is traceable

1
Cral communication.
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which as yet nazve not been oproved to be commercial, Galena
is very scarce in most of the ore =nd no secondary deposits
of galena have been found, although there is & little

. Frimary galena hzc been mined however,
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The latest develooment work in the area has exvosed
some scheelite. 1The scheelite occurs in disseminated grains
in both the limestone and =2 vorchyry along the contacte.

'he ore occurs,apparently, in a small upfzaultazd block wrich
has brought to the surface the contact between limestone and
an altered porphyry. The vorphyry has not been found to

cutcrop elsevhere in the area.
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REPORT ON THE GEOLOGY OF THE PUENTE HILLS

INTRODUCTION

The area mapped consists of one and two thirds square miles
known as tne Puente Hills. The Hills are located directly east
of thne town of Puente and are about fifteen miles south-sast

of Pasadena,

The purpose of the mapping was to give a student geologist
some experience in mapping and interpreting a structure of

folded sediments,

Approximately ten'days was spent in the field completing

the mappluge.

The method used was a Brunton Compass traverse with a

U. S. G. S, topographic map.

STRATIGRAPHY

The area consists of folded beds of conglomerates, sandy
shales, and fine shales. The individual beds are fairly constant

in thickness throughout the entire aresa,.

The oldest beds exposed in the area are a shale series of
approximately 300 feet thickness, The lower half of the series
is a fine shale that weathers to a whitish grey. The upper half
is a very coarse shale, almost:a fine sand stone tnat weathers

to a brown color.
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Conformably above this lies a conglomerate bed that contains
a number of one to two foot beds of sandstone. The counglomerate
is distinguished by the red lava boulders tnat it carries. The
minirmum thickness is about 250 feet,

Lying conformably above the conglomerate is another fine shale
that.weathers to a whitish grey. This shale carries a conglomerate
bed that seems to lens out., The conglomerate bed is distingsuished
by its large white boulders, The minimum thickness ofthis shale

bed is in the neighborhood of 550 feet.

Conformably above this shale is a small conglomerate bed
of about 55 feet in thickness. This conglomerate bed carries
a hard cemented layer that enables one to trace the bed very

easlly over a considerable length of 1ts exposure,

Lying conformably above the conglomerate bed are tnree
beds, shale, conglomerate, snale, that average about 25 feet in
thickness. The shales are the typlcil sandy shales of the area
and weather to a brownish color. The conglomerate is a coarse

conglomerate also weatnering to a orownish color.

Lying conformably abovs chese three small beds are three
other beds of similar character, two conglomerates and a shale.,
These three beds are slightly thicker. The conglomerates carry

no large boulders and weather to a brownish color.

The entire sequencevof these alternating conglomerates and
shales lying between the two large shale members total about

365 feet in thicknesse.



The youngest beds exposed in the area are a series of sandy
shales that outerop over the north-west part of the area. These
shales weather to a brownish color and decompose to a brown gumbo
soil. The minimum thickuess is about 800 feet and may be consid-

erably more.

STRUCTURE

The main structural feature of the area is an anticline that
plunges slightly south of west. The structure 1s complicated
by & north-south fault near the middle of tne area and by the
overturning ofvthe part of the anticline tnat lies to the east

of the fsaulte.

Referring to structure section B-B! it seems that the north
1imb of the anticline dips more steeply than the south limb,
This would tend to more the crest of the structure to the south
at depthe It is unlikely that the beds in this north limb
continue to dip as steeply as indicated, however, there were
no dips availebie to show that tne beds flatten out to any extent

in the nortn end of the ares,

That tne fold is asymmetrical is born out by the sharp
bending of the large snale bed in the south-central part of the
ares, However, the evidence 1is very obscure in this section of

the area and not much ean be proved,

The overturned portion of the ahticline is shown in section C-C!t,
Most of the south 1limb is not exposed in tne area and no dips are
available in the ¢éonglomerate of the south limb to aid in the
accurass. determination of the amount of overturninge The fold

appeers to be near}y isocline with the high of the structure



moving nobth at depth,

The north-south fault can be mapped by offsets in beds in
three locallities. In the remainder of the area the outcrops
are too obscure to determine any offset relationships. The
offsets are found on the beds of shallower dip and it may oe tnet
the movement was mainly vertical with the east side going up
relative to the west side., The total movement was probably not

more than a very few tens of feet,

OIL POSSIBILITIES

The igneous rocks of the region outcrop at the extreme eastern
end of the Ban Jose Hills, Five miles to the west along the main
anticlinal axis & well encountered igneous rocks at 4000 feet.
Sixteen miles to the west the basement is calculated to be at
- about 10,000 feet. Assuming that the basin dips uniformly to
the west the igneous rocks would lie under the Puente Hills at
& depth of nine to ten thousand feet. This is at sufficient
depth not to cut out any oil-bearing formations.

The sections show that there is closure on the north, south,
and west sides of the area west of the fault. The fault may
have had sufficient movement to trap any oil present in the area
west of the fault. A test well should be drilled south of the
main anticlinal axis shown on the_map since here the high of the

structare moves south at depth.
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GEOLOGY OF A PORTION
OF THE
ADELANTO HILLS

R. Wasem



ABSTRACT

The Adelunto Hills sre a low range of folded limestone hills,
situated about five miles northwest of Adelanto, California. The
limestone is a dark blue finely crystalline banded type, which has
been hydrothermally altered in places to & white crystalline limestone,
or to a fine grained highly altered brown limestone. The alveration
i1s indistinctly associated with faulting =fd minor intrusions in the
area, The main igneous body in the area i1s a large granodiorite
body that has apparently been faulted into place. A complementary
association of a fine-grained dark granodiorite and numerous pegmatite
dikes occursin the northern part of the area. Several large, light
colored, acidic dikes intrude the limestone, and their relationships
to the other intrusions cannot be determined. The area is cut by
a large fault trending N 65° W and by numerous smaller faults teending
about N 20° W. The structure on either side of the main fault 1is
roughly parallel.‘ Mineralization of the area is mainly a contact
metamorphic type, containing lead, zinc, and silver. Considerable
oxidation has occurred in the area, resulting in some supergene
enrichment, especially of silver. Some scheelite is mined at the

present time from a contact zone between porphyry and limestone.



ANTRODUCTION

The area covere” by this report comprises avout forty acres,
located across the center of a low range of hills, approcimately five
miles northwest of Adelanto, San Bernardino County, California.

An outcrop map was prepared by means of a plane table survey,
on a scale of fifty feet to the inch. No topography was included
on the map. The work was done in conjunction with tne Advanced
Fegeld Geology course at the California Institute of Technology, by
Howard Reynolds, Bernhard Haffner, and Richard Wasem., This report
was prepared as a senior thesis.

STRATIGRAPHY

The Adelanto Hills are a low, roughly lenticular, range of
folded limestone hills, intruded by a few moderate sized igneous
todies of hypabyssal character and cut by numerous dikes, including
pegmatitic, aplitic, and acidiec types.

Limestone

Thé limestone is mainly a dark blue, finely crystalline, roughly
banded variety. It is thought that the banding is a remmant of the
original bedding of the limestone and contains a greater percentage
of carbonaceous material than area between the bands.

Two main types of alteration of the blue limestone occur, each
of which will be considered under a different heading.

White Limestone

The white limestone is a white to lignt brown variety, usually
fine grained, but sometimes quite coarsely crystallized. It is an
alteration of the blue limestone which retains none of the bandiug

or structure of the blue limestone. Although the contact between



the white and the blue is often sharp, the centact actually grades

into the blue in many places. In'many places the contact is indeter-
minable because of the interfingering of white and blue bands. No clear
relation could ve found between the white limestone aud the faults

and intrusions.

B28wn Limestone.

This variety of limestone is of infrequent occurrence. It occurs
mainly in thin stringers and narrow zones, usually localized along
faults or shears, or next to intrueives. It is & highly altered fine
grained rock and seems to be &ssociated more closely with tne white
limestone than with the blue., It may be a further alteration of the
white limestone rather than a different type of alteration.

Breccia

The breccia is a limestone fault breccia locallized along &
well defined fault trending N o5° W in the western part of the area.
The limestone has been well fractured and brokerr into small angular
particles, Tne breccia nas been solidly cemented by silica. Both
white and blue limestone fragmens make up the breccia, with a
predominancé of white opposite the white limestone, and vice versa.

Fine=grained Granodiorite

In the northeastern and’eastern part of the area are several
large intrusive outcrops. This rock is a fine-grained, holocrystalline,
dark, hypabyssal intrusive. The contact between the granodiorite
and the limestone seems o pe of an intrusive nature. The nature of
pontact is somewhat complicated by the presence of altered zones in
the limestone along the contact in some places and tne lack of this
alteration in other places. This is especially well illustrated

along the bound%ies of the large outcrop of this granodiorite in the




extreme northern part of the area.

Coe rse-gratned Granodiorite

This is a distinctly different type of intrusive and its outerop
is confined to the extreme southwestern part of tne area., The rock
1s granitic in appearance, medium coarse grain, rather light colored,
and is probably a granodiorite. It seems almost certain tnat the
contact between this granodiorite and the limestone is a fault contact.
This conclusion is based mainly on the fact that there is no alteration
of the limestone along the contact. This rock is the main igneous
rock of the aresa.
Pegmatite

The pegmatite is granitic in type, and only moderately coarse
grained. It occurs mainly as thin dikes averaging five feet in width,
in larger irregular patches, and in a large outcrop mass., The pegmatite.
is largely confined to the northern part of the area. In this part
of the area it cuts extensively the fine-grained granodicrite. The
pegmatites were probably very closely associated with the intrusion
of this flne-grained granodiorite.
Acid Dikes |

Numerous rather large and fairly continuous silicic, fine-grained
to cryptocrystzlline dikes cut tnroﬁgn.the area, There seem to be
at least four or five slightly differing rock types, although some
may be only slightly different facies of the same rock type. The
Rikes are confined to the limestone and in no place cut the fine-grained
granodiorite. Their relations v&th'ﬁhe larger intrusive bodies could

not be determined,



STRUCTURE

The limestone in the area 1s very tightly folded. The main
axial teend seems to be northwesterly with some local variations.

Dips range from 65° to vertical and are, in general, directed in a
southerly or westerly direction,

The dark granodiorite in the area is probably post-folding in
age, The nature of tne outerop outline and the fine-grained texture
of the rock suggests that it was a close-to-~-the-surface intrusion
and was intruded into its present pogitinn rather than being faulted
into place. ‘

The pegmatite dikes throughout the area were intruded shortly
after the emplacement qf tne fine-grained granodiorite and probably
represent an.end phase of this intrusion. This is borne out by the
fact that the pegmatites are located aroung this fine-grained
granodiorite or cut through it.

There is no clearly defined connection between the alteration
of the blue limestone to white limestone and intrusion or faulting.
It was observed that, in general, white limestone always occuPSJiﬁp
close association with the dikes; on the other hand, however, white
limestone also occurs where no dikes are to be found., It is certainly
probable that the hydrothermal alteration of the blue limestone to
white limestone is connected, at least in part, to the cutting of the
area by these numerous acid Bikes., The arecas not immediately adjacent
to dikes may have»been altered by these same dike solvtions which came
up along fracture planes in the limestone.

The probable fault relationship of the coarse-grained granodiorite
to the blue limestone haskalready been mentioned in a pre#ious
paragraphe. The absolute lack of alteration of the blue limestone
around such a coarse grained igneous body is an almost conclusdve

argument against an intrusive relationship.



The area is roughly divided into two parts by a fault zone that trends
N 65° W, The westerly portion of this fault zone is well marked by

a zone of intense brecciation that has been discussed in a previous
paragraph, Towards the east the zone of faulting is lost beneath

the drift, However, farther to the east, particularly in an area
outside that mapped, evidence of further shearing lines up well

with a continuation of the zone of brecciatione.

In the extreme northwestern portion of the area s8nother well
defined fault was mapped. Along tnis fault is a narrow zone of
brecciation averaging about a foot in width and characterized by a
distinet jasper cement. The trend of the fault is about N 20° W,

This is tne saome as that of several small subsidary faults or fractures
on the south side of the main fault. The small faults are cut . off

by the main fault.

BCONOMIC CONSIDERATIONS

The mineralization of this area is definitely that of a contact
metamorphic type. The Adelanto Hills have been pretty well prospected
for a number of years amd there has been some small production. The
primary mineralization is mostly, galena, sphalerite and silver in
limestone contact zones., Some mineralized areas are located aiong
shear zones which show an alteration characterized by garnet and
epidote. There has been some hydrothermal mineralization along
shears, which are said to show good gold values. Alteration has
modified the lead-zinc localities, leaving secondarily enriched ore
and forming, in places, secondary dépos.its of hydrozincite which
as yet have not been proved to be commercial. Gslena is scarce in

the ore and no secondayy deposits of galena have been found, altnough



there is a"little calamine in places.

The latest development work in the area nas exposed some scheelite.
The scheelite occurs, apparently, in a small upfaulted block, which
has brought to the surface the contact between limestone and an
altered porphyry. The scheelite occurs in disseminated grains in
both the limestone and the porphyry along the contact. The porphyry

does not outcrop elsewhere in the ares.



