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ABSTRACT

The Lava Mountains are a range of low mountains along the north-
ern edge of the Mojave Desert, Califormia. The pre-Tertiary rocks
consist of a few small pendants of metamorphic rocks in Atolia quartz
monzonite. Overlying these are small patches of volcanic and sedi-
mentary rocks, probably Tertiary, which project into the later for-
mations. The major sedimentary unit is the middle Plioccene Bedrock
Spring formation; it cousists chiefly of arkosic sandstone and con-
glomerate with lesser amounts of siltstone and brecciated volecanic
rocks. Overlying this formation are two late Pliocene formations,
the Almond Mountain volcanics and Klinker Mountain volcanics in the
eastern and western parts of the area, respectively. 8Small areas
of other late Pliocene(?) volcanic rocks are locally present. Over-
lying these are flows of the Lava Mountains andesite of very late
Pliocene age. The Pleistocene(?) Christmas Canyon formation is
restricted to the eastern half of the area. A few small dikes of
basalt cut this formation. Quaternary gravels, alluvium, and tra-
vertine are the youngest deposits.

Within the area, three fault systems converge. The Garlock
fault trends N. 75° E. along the north side of the area; it is a
left lateral fault. The Blackwater fault trends N. 45° W. in the
southeastern part of the region; it has right-lateral and normal
displacements. The Brown's Ranch fault zone and its associated
faults trend about W. 55° E. in the western part of the area; both
left-lateral and dip-slip displacements are found. The Dome Moun-
tain anticline trends parallel to and south of the Garlock fault.

Remnants of late Cenozoic pediments indicate that the drainage
at that time was toward the north; later, the eastern part of the
region warped, thus blocking the previous drainage direction.

No commercial mines are in the area although extensive pros-
pects are present in the southwestern portion.

All of the volcanic rocks are plagioclase andesite porphyries.
Plagioclase (3-23 percent), biotite (0-2 percent), orthopyroxene and
clinopyroxene (0-2 percent), quartz (0-3 percent), and opaques (1-11
percent) are found as crystals in a partly-crystallime to glassy
groundmass. As the Pliocene volcanic sequence progressed, the lavas
became more homogeneous, more effusive, and more frequently erupted.
The mineral and chemical compositions did not change systematically.
The melt originated by the fusion of quartz monzonite. There is no
evidence of fractiomation, crystal settling, or continued assimila-
tion during the volcanic sequence.
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Part I. Introduction

The initial purpose of this project, then under the auspices of
the U. S. Geological Survey, was to estimate the thickmess and extent
of Pliocene sediments exposed in the Lava Mountains and to determine
the relative position of the vertebrate fossil localities in the
stratigraphic section. Towardﬂthis end, mapping was done by the au~
thor, accompanied by George N. Whita, in the fall of 1952. As map-
ping progressed it became evident that much information could also be
gathered about the late Cenozoic history of the Garlock and Blackwater
faults and their effect on this part of the Mojave Desert. It also
became clear that the volcanic rocks of this area were exceptionally
well exposed and were relatively unaltered. Furthermore, the entire
volcanic sequence was preserved and the activity could be dated accur-
ately as post-middle Pliocene.

This report consists mainly of the results of work by the writer
on the problem of the petrology, petrography, and petrogenesis of the
volcanic rocks of this area during the period September 1954 to April
1956,

The field work was carried out in two stages: the first extended
from September to November 1952, Thirty~four days were spent in the
field and about 30 square miles were covered. The second stage included
September through December 1954 plus several weekends in 1955, In this
stage, 93 more days were spent in the field and the number of square
miles mapped was increased to about 125,

The laboratory work, compilation, and writing was done for the most

part in Claremont, California, in the office of the U. S. Geological



Survey. The spectrochemical analyses were made by the writer using
the facilities of the Division of Geological Sciences at the Califor-
nia Institute of Technology. The chemical analyses were made by

analysts of the U. S. Geological Survey in Washington, D. C.

TERMINOLOGY

The sedimentary rock nameslused throughout this report are in
accordance with those suggested by Wentworth (1922). Plutonic reck
names follow the recommendations of Travis (1955).

Volcanic sediments and breccias are named in the following man-
nert "Tuffs" are those rocks that appear to be made up almost en-
tirely of individual mineral and glass fragments. "Tuff breccias®
are those made up of angular fragments greater than 2 mm in diameter,
usually veolcanic, in a matrix of tuff. "Pyroclastic rocks®™ are those
that consist of heterogeneous volcanic material, mostly less than 2
mm in diameter and generally wnsorted. Pyroclastic breccias®™ are
rocks containing larger angular pyroclastic fragments in a pyroclastic
matrix. "Flow breccias consist of angular fragments, greater than 2
mm in diameters in a lava matrix. "Flow conglomerates® consist of
rounded fragments in a lava matrix. %Volcanic breccias® consist of
large angular fragments of any of the above rocks in a matrix of veol-
canic material, usually pyroclastics.

Volcanic rock names are based on the mineral content that can be
determined with the unaided eye or hand lens. The primary subdivi-
sions are based on the ratio of potash-feldspars to plagioclase, and
on the presence or absence of quartz. The division between basalt and
andesite is based on the presence or absence of olivine. For those

rocks in which the identification of the visible minerals is doubtful,



terms such as dacitic, andesitic, and basaltic are used. This termi-
nology is summarized in table 1.

This technique of naming velcanicrrocks conflicts with two com-
monly used conventions: The first -- identification by means of
chemical analyses -- is felt to be unworkable. In the first place,
only a small fraction of the rocks of an area can ever be identified
if this method is used, and secondly, and more important, the system
tends to obscure the difference between rocks that have significant
mineral or textural differences. _True, velcanic rocké which have a
high percentage of glass or submicroscopic material cannot tell the
investigator much about their gross composition. It seems, however,
that if chemical anmalyses are made, the information from them should
only be added in the form of a modifier to the mineralogical rock
name rather than alter the name assigned to it before the analysis
was available. A classification system sheuld be independent of the
examination method. Only in this way can we avoid the anomaly of
many volcanic rocks having two different mames -- one before and one
after chemical analysis.

The second discarded convention for volcanic nomenclature is the
division between andesite and basalt based on the plagioclase compo-
gition. This has been found to be unworkable by many petrographers
forced to deal with strongly zomed plagioclase. Williams (1942) has
stated the hopelessness of this method well. Thayer (1937) found the
presence or absence of olivine to be the more workable convention to
follow and a modification of his convention is used here.

In the color descriptions of rocks and minerals, the terminology

of the Rock Color Chart {Coddard 1948) has been used where possible.
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Color names obtained frem this chart are always followed by the par-
enthetical symbol (e.g. 56¥8/2).

In the descriptions of focks in thin section, the terminology,
optical properties, and curves given in Winchell and Winchell (1951)
have been used with the following four additions or modifications:

1) The borderline between *hornblende® and “oxyhornblende® has been
dram at CAZ = 109 2) In the description of groundmass composi-
tions, the term "anisotropic 'glass?® has been used. It refers to
that portion of the groundmass which shows anisotropic properties -
which are more pronounced in conoscopic light «- but none of the other
optical propérties necessary to define a "mineral®™. 3) Opaque mater-
ials have been so called without regard to the properties that might
distinguish hematite, magnetite, ilmenite, etc. 4) The term %calcic
rim” has been used to denote the outermost zone of plagioclase crys=-
tals which consists of a more calcic plagieclase than the zone on
vhich it rests.

In describing locations on the geologic map, the following abbre-
viated system of numbering, modified from the system used by U. S.
Geological Survey groundwater geologists, is used: Each of the seven
townships and ranges covering the mapped area have been assigned a
capital letter as shown on plate 2. The sections within each township
have retained the usual numbering system. Each section has, when
necessary, been divided into 16 squares and each assigned a small let~
ter, as shown in plate 2. Thus, any 1/16 of a square mile area can
be easily referred to as, for example "D23~)%., This refers to "NW‘%

of SW %, Sec. 23, T. 29 S., R 41 En,



The terms "Mojave Desert®, "Sierra Nevada™, and "Basin Ranges"
are used to designate the natural provinces as outlined by Jahns

(1954, chap. 1, p. 11).

METHODS OF INVESTICATIONS AND RESULTING ACCURACY

FIELD WORK

The reconnaissance map shéwn in plate 1 was made by a combina-
tion of Jeep-reconnaissance and aerial-phetograph interpretation.
Mapping progressed at the rate of about 20 square miles per day. No
formations were established and only lithologic units have been mapped.
The resulting map is, of course, only a first approximation of the
distribution of rock types in the area.

The geologic map of the Lava Mountains, plate 2, was made by
mapping on aerial photographs at a scale of about 1:20,000. The geol-
ogy was then transferred to a topographic map at the final scale of
1:24,000.

The geologic map covers parts of three l5-minute topographic
quadrangles. The western half is on the Randsburg quadrangle which
was made in 1900 by plane table methods, and published at a scale of
1:62,500. The Searles Lake and Cuddeback Lake gquadrangles, published
in 1948 and 1955, respectively, were made by photogrammetric methods
and were published at a scale of 1:62,500., The line along which the
Randsburg quadrangle and the Cuddeback Lake quadrangle join has been
altered by the writer. The contours of the Randsburquuadrangle have
been erased along a zone about 1 inch wide, west of the join line,
and the topography has been redrafted so that it more nearly blends

with that on the Cuddeback Lake guadrangle. Inasmuch as the newer



quadrangles have a contour interval of 40 feet and the older gquadran-
gle has a contour interval of 50 feet, only the even 200-foot contours
have been joined across the boundary.

The geology was transferred from air photographs to maps by in-
spection and by proportional dividers. On the newer maps this pre-
sented few problems. On the Randsburg quadrangle, the geology has
generally been distorted to "fit" the topography. However, high-angle
faults and contacts have been kept nearly straight in order to keep
the proportions and the general geometric relations as near reality as
possible. As a result of these necessary steps, this portrayal of the
geology could be reproduced by another person only with difficulty.

On the Searles Lake and Cuddeback Lake quadrangle, however, it is hoped
that the geology is as accurate as the topographic maps upon which it

is plotted.

MICROSCOPIC STUDY

Mineral Identification and Petrography

The bulk of the microscopic study of the rocks was done om thin
sections. Most mineral identifications and all textural studies were
made in this way. Some supporting data were obtained by oil immersion
methods. It was found that the mineralogy of these rocks was simple
if "general®™ mineral names were used; however, to get data that would
allow more specific names (e.g. distinguishing pigeonite from augite)
would have taken more time than seemed warranted, The feldspars are
especially complex and, although they are the most abundant mineral in
the rock, their composition can be stated only in very general terms:

the compositional data that are given were obtained by using extinction



angles on albite twins with a few supporting determinations with
immersion oils.

All thin section studies were done in a predetermined random
order, By this method, it was hoped that any "trends® or "formation
characteristics®™ that appeared out of the assembled data could be
considered "real" and not simply the result of migrating experimental

techniques and personal philesophies.

Modal Analyses

Modal analyses were made on the twenty~four rocks for which chem-
ical and spectrochemical data were available. The modes were obtained
by a point-counting technique modified after Chayes (1949). The mod-
ifications were outgrowths of discussions with Chayes at the outset
of this work and the writer would like to thank him for that help.

For each rock, a thin-section cut at an angle that showed no strong
linear structures was used. The slides were studied in a pre-deter-
mined random order. On each slide between 1,400 and 1,500 points

were counted which were laid out to form a grid with cells that mea-
sured 0.3 mm in one direction and 1 mm in the other. Cavities in

the rock were omitted from the count, but where an identifiable miner-
al was lest in the thin-section grinding, it was tabulated as if
present.

It appeared by imspection that many rocks contained plagioclase
crystals which were of two general sizes. This hypothesis was tested
on three randomly selected rocks by making measurements of the longer
dimension of about twe hundred crystals which were selected at random

by use of a point-counting stage. The lengths were measured by a



micrometer ocular. The results of this study are shown in figure 1',
They seem to indicate that two general size classes of plagioclase
are present. The smaller class shows the most common length to be
about 0.1 mm. The most common length of the larger crystals is net
well defined because not enough crystals were measured to get a good
statistical sampling. However, there is a distinct minimum on each
of the five curves between 0.2 and 0.3 mm. For simplicity, 0.3 mm
was selected as the division between "megaphenocrysts® and “micro-
phenocrysts® for the modal analyges and throughout the work.

To determine the reproducibility of point counts for this type
of rock and by the method used, two rocks were analyzed three times
and one was analyzed twice. For each rock analyzed three times,
the first two counts were made within a few days of each other, and
the third was made about 10 months later. For the rock which was
analyzed twice, the counts were made about 10 months apart. All
counts were made with the same microscope and using the same conven-
tions. The results are shown in appendix I. These show that any
figure is probably reproducible to within_l,s percent of the total
rock percentage although the percentage error of any value with re-
spect to the average amount of that component present may be much
higher. The most extreme examples of variability are in those compo-
nents present only in small amounts; these, of course, have not been

sampled in a statistically satisfactory way.

SPECTROCHEMICAL ANALYSES
Spectrochemical analyses were made on the 24 rocks also analyzed

for modal composition and gross chemistry. The facilities at the
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California Institute of Technology, Division of Geological Sciences,
were used, and the analyses were made by the writer under the direc-
tion and supervision of Arthur Chodos.

The instruments and procedure used were as follows:

The spectrograph was a Jarrell-Ash 2l-foot model with
a diffraction grating giving a 5.2 A/mm dispersion in the
first order. Each 25-mg sample was held in a graphite
anode, shaped in the manner described by Myers (1951); the
cathode consisted of 1/8-inch graphite rod pointed in a
pencil sharpener. The samples were burned to completion
in a 15 ampere D.C. arc. The sample bearing anode was
spaced 4 mm from the cathode; the electrode-pair was mag~
nified five times and focused on the 25 micron slit. The
laboratory working curves were based on measurements of a
standard "pegmatite base®, (6 parts quartz, 4 parts micro-
cline, 0.1 part Fe03) into which known amounts of the ele-
ment to be measured were added as minerals or oxides. The
measured wavelength range was 2300 A to 4800 A. The photo-
graphic plates were Eastman Kodak III-0, and they were
developed for 4 minutes at 20°C in DK-50 developer.

The densitometry was done on an Applied Research Labor-
atory Densitometer. All the plate calibrations are based
on the known intensities (Dieke & Crosswhite, 1943) of 13
Fe lines in a low=iron pegmatite standard that is used in
the laboratory. Eight of these standards were burned for
each of the two plates, two at the beginning and end and
four in the middle.

Contamination of the sample was negligible for most
spectrochemically analyzed elements. Probably some iron
and iron-alloy elements were introduced from the hammer
used in the initial breaking. Possibly some of the Pb
values are high as a result of contamination by chips of
paint from the side and handle of the hammer. The ®“dia-
mond® mortar probably added very little. Some Al was
probably added by the sample splitting procedure. During
the final grinding, only small amounts of 5i05 were added.
Contamination from the electrodes is limited to V (up to
about 40 ppm), B (up to about 5 ppm), and insignificant
amounts of 8i, Ti, and possibly Fe.

The samples for analyses were collected and prepared in the fol=-
lowing manner: At the predetermined portion of the sections or local-

ities to be sampled, two to three pounds of rock, free of weathered
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surfaces, were collected. These were then reduced to fragments %
to 1 inch in diameter. The individual fragments were air-jetted to
remove the dust and other impurities., Pieces weighing about 150 g
were selécted and these were then crushed in a "diamond" mortar un-
til the entire sample passed through a 40-mesh cloth screen. The
40-mesh material was then split by means of a pure aluminum Jones-
type splitter until one sample of about 10 g was obtained. This
was used for the spectrochemical analyses and the balance was re-
tained for chemical analyses. The 10 g sample was then reduced to
a flourlike fineness in an agate mortar. The 25 mg samples ac-
tually analyzed were grab samples from this final product.

To determine the reproducibility of these spectrochemical
analyses, two steps were taken: 1) All samples were analyzed at
least in duplicate, four samples were analyzed four times, and one
sample was analyzed six times. The results and the mean deviation
are shown in appendix I. 2) On each plate, a series of duplicates
of "G-1" and "W-1%, described and discussed by Fairbairn (1951),
were analyzed at the beginning and end of each plate; the values
obtained are given in appendix II., The latter step may allow a com—
mon basis of comparison for values obtained in this weork and values
obtained by others who also analyze these standards.

As the result of the differences in the behavior of various
elements, and possibly as a result of incomplete mixing for these ele=
ments found in high amounts in sparse minerals (e.g. zircon), there is
a great range of reproducibility. Consequently, the value used for

each element is different. These limits of reproducibility are, of
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course, much better than those obtained by less ideal conditions in-
volving different operators, different instruments, and different
photographic emulsions. Consequently, these limits can only be used
as significént for this particular batch of spectrochemical data.
The spectrochemical data have been rounded in two stages: The
figures and graphs portray the data rounded to two significant fig-
ures. The tables contain the results with all numbers less than 100
rounded to one significant figure. It was found that most of the
curves and graphs showed “smoother® statistical-trends if the par-
tially rounded data were used. That the trends are not imaginary
can be shown by comparing the curves for Fe, Mn, and Ti as analyzed
by both chemical and spectrochemical methods. The tables have used
more rounded values to discourage the use of the individual data

beyond their reproducibility.

CHEMICAL ANALYSES’

The samples for chemical analyses were prepared along with those
for spectrochemical analyses. The residue from the sample delegated
to spectrochemical analyses was split as many times as necessary to
reduce it to about 20 g. That sample, already screened to 40 mesh,
was then submitted to the Washington laboratory of the Geological Sur-
vey for a “rapid” rock analysis (Shapiro and Brannock, 1956).

Three of the rocks were submitted in duplicate under different
sample numbers. The two duplicate samples were Ysplits" of the same
“gubsplit® and thus may be considered to be as nearly identical as
possible. Duplicates were felt necessary because the accuracy

claimed for the analytical method (Shapiro and Brannock, 1956) was
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probably more conservative than necessary for this type of situa-
tion, namely, a group of similar rocks analyzed in the same batch.
Inasmuch as all_the microscope work indicated that the differences
between the rocks would be slight, it was felt that if more analyti-
cal precision could be shown for these particular samples, smaller
differences between rocks could be considered significant. As shown
in appendix I, the reproducibility of most elements was found to be
better than that claimed by Shapire and Bramnock. The reproduci-

bility demonstrated here is used throughout this report.
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Part II. Geology and volcanic petrology
GCEOGRAPHY

The Lava Mountains are in the northwestern part of San Bernar-
dino County, California, 95 miles north of San Bernardino and 85
miles east of Bakersfield (fig. 2). The area mapped is bounded on
the north by Spangler valley, an arm of Searles Lake valley, on the
west by portions of the Rand Mountains and Summit Diggings, on the
south by Red Mountain and Cuddeback Lake valley, and on the east by
the alluviated valley containing the U. S. Navy!s *Randsburg Wash#
firing range.

The climate is warm and arid; annual precipitation averages
between 5 and 10 inches (Bailey, 1954), most of which falls in the
winter months, sometimes as snow. The flora consists dominantly of
florease-wood” and "sage®, and on arkosic and granitic areas Joshua
trees are found. Animal life is represented chiefly by rabbits and
small rodents, although snakes (including rattlesnakes), coyotes,
quail, and groundhogs have been seen; Figure 3 shows the general

aspect of the region.

LOCAL HISTORY

Little is recorded about the history of this area except in
discussions of the Randsburg Mining District to the west. In that
area, gold was first discovered in 1895, tungsten in 1904, and sil-
ver in 1919, Fach of these discoveries set off a new wave of pros-
pecting in the Lava Mountains and almost every square mile contains

claimed areas and evidence of prospector’s camps. The well-known
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Figure 2. Index map of southern California showing the positions
‘of plate 1 (diagonal dashed area) and plate 2 (heavy horizental
lines) of this report. Scale is about 60 miles per inch.
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Figure 3a. Panorama view of the Lava Mountains from the

north. Spangler Valley (S), Dome Mountain (D), and Klinker
Mountain (K) are labeled.

Figure 3b.
from the west.
(C) are labeled.
foreground depression.

Panorama view of the eastern Lava Mountains
Almond Mountain (A) and Cuddeback Lake
The Brown's Ranch fault zone is in the
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20-Mule Team Borax trains used to pass a few miles south of this area,
across Cuddeback Lake, and the Trona Railway, built in 1914 into
Searles Lake valley, is only a few miles north of the region. How=
ever, no historical events of note seem to have occurred in, or be-

cause of, the Lava Mountains.

PREVIOUS STUDIES

Although the Randsburg Mining District was studied by several
geologists soon after its discovery, no geologic map including the
Lava Mountains was published untii 1925. This was C. D. Hulints
report on the Randsburg quadrangle which, although concerned primar-
ily with the mines and mining district, did summarize the regional
geology of the quadrangle including the western portion of the Lava
Mountains. A few years later, Hulin made a reconnaissance map of
the region now covered by the Cuddeback Lake and Pilot Knob quad-
rangles and the surrounding areas, and this map was published at a
scale of 1:500,000 as part of the geologic map of California (Jen~
king, 1938). Since that time no geologic maps of this area have
been published.

Below are listed, and annotated, the published works which cover
or have bearing on the Lava Mountains area:

Gale, H. S., (1915), Salines in Owens, Searles, and
Panamint Basins, southeast California: U. S. Geol.
Survey Bull. 580-L, p. 251-323. A description of
a chain of lakes formed during the Pleistoceneg

Searles Lake formed the shorelines on the north
gside of the Lava Mountains.
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Hess, F. L., (1909), Gold mining in the Randsburg
quadrangle, California: U. S. Geol. Survey Bull,
430, p. 23-47. A description of the mining that
existed at that time with a general description
of the regional geology. Describes and names the
Garlock fault. No geologic map.

Hulin, C. D., (1925), Geology and ore deposits of
the Randsburg quadrangle: Calif. State Div. of
Mines:Bull. 95. A good general discussion of the
quadrangle and mining geology. Includes a geoclo-
gic map with 10 wnits; individual descriptions of
all the mines in the quadrangle.

Lemmon, D, M., and Dorr, J. V. N., Jr., (1940),
Tungsten deposits of the Atolia district, San Ber-
nardino and Kern Counties, Calif.: U. S. Geol.
Survey Bull. 922-H. Geology and mine descriptions
in the Atolia District.

Thompson, D. G., (1929), The Mohave Desert Region,
Californiag a geographic, geologic, and hydrogra-
phic reconnaissance: U. S. Geol. Survey Water
Supply Paper 578. A description of the water re-
sources of the Mojave Desert; it includes deserip-
tions of the region surrounding the Lava Mountains.

Walker, G. W., Lovering, T. G., and Stephens, H. G.,
(1956), Radioactive deposits in California: Calif.
State Div. of Mines Spec. Rept. 49. Mine descrip-
tions of radiocactive deposits and near-deposits.
Mention is made of the "Alpha Beta Gamma Mine® on
the north side of the Lava Mountains.

Wynn, M. R., (1949), Desert Bonanza: M. W. Samelson,

Publisher, Culver City, Calif. A popular account
of the history of the Randsburg Mining district.

SUMMARY OF REGIONAL GEOLOGY

The Lava Mountains lie on the northern edge of the Mojave Desert.
The striking differences between the topography to the north and to
the south, as shown in figure 2, are a reflection of the fundamental
differences in the geology of the twe regions. Withim the Mojave Des-
ert there are large areas of plutonic rocks which commonly form ped-

iments. Metamorphic rocks are scarce and are generally restricted to
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small pendants of highly deformed material. All the fossil-bearing
Tertiary rocks are middle Miocene or younger, and the fossiliferous;
mid-Pliocene rocks of the Lava Mountains are among the youngest Ter-
tiary rocks in the Mojave Desert.

North of the Mojave Desert, in the Basin Ranges, the high moun-
tains consist largely of pre-Tertiary plutonic and sedimentary rocks.
Thick and highly deformed sections of Tertiary rocks are known with-
in the area but they form a relatively small percentage of the total.

The dividing line between the Mojave Desert and the Basin Ranges
is drawn along the Garlock fault -- on both topographic and geologic
bases., This fault, which runs along the north edge of this mapped
area, trends northeast to east for a distance of more than 100 miles.
North of the Garlock fault, the main faults trend north-northwest:
 south of the Garlock fault, the most prominent fault system trends
northwest. To the north, the faults generally form mountain range
fronts; to the south, the faults show little effect on topography.

In the accompanying reconnaissance map, plate 1, the general
geologic setting of thé Lava Mountains is shown. If the Lava Moun-
tains and Red Mountain are considered as a unit, the Tertiary section
is seen to be almost surrounded by large areas of plutonic rocks.
Exceptions to this are found to the west where the Lava Mountains
Tertiary rocks extend beyond the mapped area, and to the east and
southeast where late Cenozoic basaltic flows and rhyelitic plugs
rest on plutenic rocks.

The Garlock fault, here trending east-northeast, is well defined.

The northwest-trending faults are exemplified by the Blackwater fault;
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it extends into the Lava Mountains and appears to be truncated by a:

fault with a trend similar to that of the Garloeck.

SUMMARY OF LAVA MOUNTAINS GEOLOGY

STRATIGRAPHY

The oldest rocks found within the area mapped are metamorphic
limestones and slates, and phyllites. They occur only in one small
area and show extreme deformation and crushing. These rocks are
intruded by the Atolia quartz monzonite; the plutonics form large
outcrop areas in the northwestern and the southeastern parts of the
mapped area.

Overlying these older rocks are local areas of sedimentary and
volcanic>rocks, presumably Tertiary, which are now found only as
small patches projecting through the later formations. The chief
sedimentary formation in the mapped area is the Bedrock Spring for-
mation, a new formation, which consists of about 5,000 feet of coarse-
grained arkeosic sandstones and conglomerates although locally fine-
grained sandstbnes, siltstone, claystone, volcanic breccias, flow
breccias, tuffs, and pyroclastics are found. This formation is known
to be middle Pliocene in age on the basis of vertebrate fossils.

Overlying the Bedrock Spring formation are three volcanic units:
The Almond Mountain volcanics and the contemporary Klinker Mountain
volcanics, both new formations, lie with local uncenformities on the
Bedrock Spring formation in the eastern and western parts of the area,
respectively; both volcanic units consist of interbedded tuffs,/byro-
clastics, volcanic breccias, flow breccias, sandstones, and conglom-

erates. Overlying these volcanic sections are flows of the Lava
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Mountains andesite, a new formation, which is a dark gray andesite.
The volcanic rocks of the Bedrock Spring formation, Almond and Klin;
ker Mountain volcanics, and the Lava Mountains andesite are all pet-
rographically similar. Plagioclase, forming 10 to 20 percent of the
rock, is almost always present as euhedral megaphenocrysts, and in
most rocks as microphenocrysts. Megascopic biotite and exvhorn-
blende -- or their opaque pseudomorphs -- form 2 teo 10 percent of
the rocks. Microscopic crystals of orthopyroxene and clinopyroxene
uvsually form less than 2 percent. The groundmass consists of micro-
crystals, anisotropic Yglass® and glass, commonly with a "dust" of
fine opaque material.

Along the northeastern edges of the mapped area, fine-grained
arkosic sandstones, with minor claystone, siltstone, and conglomer-
ate are exposed in a section about 200 feet thick. This is the
Christmas Canyon formation, a new formation, dated tentatively as
Pleistocene. The coarser facies of this formation, generally vesi-
cular-andesite boulder conglomerates, are found as residual caps on
the higher hills to the south of the finer-grained exposures. A few
dikes of basaltic rocks cut the coarser facies of the Christmas Can-
yon formation. Subsequently, pediment gravels and alluvium were

deposited.

STRUCTURE
Faults within the mapped area fall into three general trends:
The Garlock fault and associated faults here trend east-northeast in
the northern quarter of the map. The Blackwater fault trends north-

west and is apparently truncated by a northeast-trending fault. Thé



24

Brown's Ranch fault zone trends northeast through the middle of the
mapped area; faults of this trend are numerically the most abundant
in the Lava Mountains.

Folds are relatively uncommon throughout the region and only
the west-southwest plunging Dome Mountain anticline (see fig. 21) is
traceable over any great distance. Numerous other minor folds are
found but generally they can only be mapped for short distances.

In Pleistocene time the eastern part of the area was warped
into a broad east-northeast trending arch and the northwest drainage
was deflected. During late Pleistocene time, shorelines were formed
by Cuddeback and Searles Lakes, and local patches of travertine were

deposited.

DETAILED STRATIGRAPHY

METAMORPHIC ROCKS

The metamérphic rocks within the aréa are restricted to the
northeastern corner of the map. They crop out as low hills project-
ing slightly above the gravel veneer of this area and as jagged cliffs
bordering the shallow canyons.

The major part of the section consists of impure limestones, cal-
careous sandstones, and siltstones which are brecciated and iron-
stained. The breccia fragments are generally medium te very light
gray (N5-8), and the matrix grades from rock of similar composition
and purity to an irom-stained material which is yellowish-orange
(10YR6~7/4-6). From a distance, the unit weathers to shades of yellow
and brown (5-10YR4-6/2-6) in the most iron-stained rocks but the aver-

age color is nearer medium dark gray (N3-4). The section is estimated
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to be about 2,000 feet thick although no field measurements were
made .

In spite of repeated search, no fossils were found in these
rocks. Consequently, their age can only be stated as older than the
Atclia quartz monzonite which intrudes them.

In the El Paso Mountains, rocks of Paleoczoic age have been de-
scribed by Hess (1909), Hulin (1925), and Dibblee (1952), Other
metamorphic rocks are known to ocutcrop te the east and southeast of
the Lava Mountains as shown on the reconnaissance map (plate 1). A
small patch was described by Hulin in the Garlock fault zone near
Hardcash Gulch, just west of the mapped area. The Lava‘Mountains
metamorphic rocks may be egquivalent to other metamorphic sections in
this part of the desert but no attempt has been made to correlate

them.

ATOLTA QUARTZ MONZONITE

In the mapped area are two large outcrops of Ateclia quartz mon-
zonite, a rock’unit first named and described by Hulin (1925). The
first is in the northwestern part of the map (plate 2) and the second
is in the southeastern part. Small areas are exposed in sections |
B26, B27, and in the northeastern corner of the map (in C9) where
they intrude the metamorphic rocks.

Hulin designated all of the coarse-grained intrusive rocks in
the Randsburg quadrangle as Atolia quartz monzinite. He distin-
guished the following subtypes: One contains orthoclase, plagio-
clase, and quartz in equal proportions, plus subordinate dark miner-

als; a second is similar but contains abundant inclusions of foreign
|
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rocky a third, darker in coler, contains more calcic plagioclase and
a higher proportion of mafic minerals than the above types; and a
fourth is composed of feldspar and quartz in almost equal propertions

and is virtually deveid of dark minerals.

Northwestern Outcrops

The rocks exposed in the nérthwestern part of the Lava Mountains
area largely consist of the fourth type. Generally they outcrop as
rolling flat areas or low hills, although along the north and south
edges of the outcrop area, the topography is much more rugged as a
result of late Cenozoic displacements along faults. Where extreme
brecciation has occurred, the topography resembles *"badland®™ topo-
graphy. Between these scarps, however, the rocks form a smooth
topography. The overall color in this area ranges from grayish pink
(5YR8/2) to grayish orange (1O0YR7-8/2-4).

Two types of light colored rock are present in this area:
The first is, as described by Hulin, virtually deveid of
dark minerals. The orthoclase and minor microcline, which
form about 25 percent of this rock, are amhedral crystals,
slightly sericitized, containing inclusions of apatite,
quartz, and plagioclase. The plagioclase forms an esti-~
mated 40 percent of the rock and has a general composition
of sodic oligoclase; it shows good albite twinning, fair
normal to oscillatory-normal zoning, and euhedral to subhe-
dral shapes. Quartz, forming about 35 percent of the rock,

. is anhedral and contains small crystals of apatite and mag-
netite. Bictite, much of which is altered to chlerite,
forms less than 1 percent, and opaque minerals and apatite
are present only in trace amounts.

The second type of light colored rock found here is an
aplite. It is probably less abundant that is the first but
because of a greater resistance to weathering it outcrops
more commonly. It consists of orthoclase, plagioclase, and
quartz, with minor microcline, and a trace of chlorite pre-
sumably from altered biotite. All the minerals are irregular
in shape and size. Some crystals are as large as 1.5 mm but
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are generally smaller. The over-all texture is seriate.
Myrmekitic structures are not un