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LETTER OF TRANSMITTAL

To His Excellency
The Honorable Earl Warren
Governor of the State of California

Dear Sir:

I have the honor to transmit herewith Bulletin 160, Geology of the
Saltdale Quadrangle, California, prepared under the direction of Olaf
P. Jenkins, Chief of the Division of Mines, Department of Natural Re-
sources. The report includes a colored geologic map and many sections,
charts, and other illustrations. The area lies partly in Kern County and
partly in San Bernardino County. The author, T. W. Dibblee, Jr., and
T. E. Gay, Jr., have contributed also an accompanying chapter on Mineral
Deposits of the Saltdale Quadrangle. Maps and descriptions of the min-
eral deposits show the area to contain metallic ores of copper, gold, and
silver and in additien several nonmetallic minerals, ie. voleanic ash,
perlite, pumice, gypsum, salt, borax, clay, flagstone, a little coal, and
some ornamental minerals.

This report represents one of the outstanding accomplishments of the
Division of Mines in its program of mapping the geology of the state by
quadrangles, and relating the occurrences of mineral deposits to the
structure and history of the rock formations.

Respectfully submitted,
Warren T. Hannum, Director
Department of Natural Resources
July 16, 1952

KERN COUMTY FREE LIBRARY
JUNT 51£53
CALIE. DEFOSITORY DOCUMENT
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8 SALTDALE QUADRANGLE

ABSTRACT

The Saltdale quadrangle is in the southwestern Basin Ranges and northwestern
Mojave Desert geomorphic provinces, in Kern County, California. It comprises parts
of four physiographie features, which trend about N. 60° L. across the quadrangle.
These are, starting from the north, Indian Wells Valley, the greater part of El Paso
Mountains, Cantil Valley (an undrained alluvium-filled basin about 6 miles wide,
which contains Koehn or Salt Dry Lake), and the southwestern part of the Rand
Mountains. Elevations range from 1,950 feet at the dry lake to 5,050 feet in II1 Paso
Mountains.

Formations within the Saltdale quadrangle may be divided into two main groups,
a pre-Cretaceous basement complex, and a Cenozoic series of continental sediments
and voleanics. The basement complex consists of pre-Cambrian (?) Rand schist, pre-
Cambrian (?) Mesquite schist, the late Paleozoic Garlock series 23,0004 feet of
shale, chert, quartzite, limestone, and voleanies), and plutonic intrusive rocks, probably
Jurassie, ranging from granite to quartz diorite. The Garlock series, Mesquite schist,
and plutonie rocks erop out in El Paso Mountains; but only the Rand schist and
plutonic rocks are exposed in the Rand Mountains. The Cenozoic rocks consist of
the Goler formation (6,500 feet of continental sediments, probably Miocene), the
Ricardo formation (7,000 feet of Pliocene to Pleistocene continental sediments, tuff,
and lava), and the Black Mountain basalt (100 feet of Pleistocene lava). These three
formations crop out in El Paso Mountains, and are separated by unconformities.

El Paso Mountains constitute a block uplifted along Tl Paso fault at its southeastern
base, and tilted northwestward. The Mesquite schist and Garlock series strike about
N. 20° W. and dip steeply east. Most of the intrusive bodies that crop out in El Paso
Mountains likewise follow this trend. The Cenozoic rocks erop out on the northwestern
flank of the mountains and dip northwestward toward Indian Wells Valley.

The Rand Mountains within Saltdale quadrangle probably constitute a bloek uplifted
along a buried fault at its northwestern base, and tilted gently southeastward. Within
the quadrangle, these mountains consist mainly of granitie rocks; but one remnant of
Rand schist is exposed in the northeastern portion of the block.

The Garlock fault trends about N. 60° L. through the northwestern margin of Cantil
Valley. It is concealed by alluvium along most of its course, except for a small searp
at Garlock Station. Small northeast-trending depressions in the uplifted alluvial fan
immediately north of this searp are tension-grabens developed by left-lateral shearing
along the Garlock fault.

Deposits of economie value consist of low-grade ores of copper and silver in brececiated
zones in the basement rocks; gold-bearing gravels: and volcanic ash (seismotite) of
abrasive quality and perlite in the Riecardo formation. Gypsum and alkaline salts are
concentrated by evaporation in Koehn Dry Lake.

o
INTRODUCTION

Geologic Setting. The Saltdale quadrangle, located in the western
margin of the undrained Great Basin, straddles the southwestern corner
of the Basin-Ranges geomorphic provinee and the northwestern margin
of the Mojave Desert geomorphic provinee. The recently active Garlock
fault separates the two provinees. From Lebee, where it leaves the San
Andreas fault, the Garlock can be traced northeastward for about 150
miles through the desert; it passes through the middle of the Saltdale
quadrangle.

Movement on the Garlock fault has been essentially left lateral, the
southeastern or Mojave Desert block having moved relatively to the
northeast. The movement is measurable in miles; but neither the total
displacement nor the earliest period of faulting is definitely known.
Vertical uplifts and depressions have been developed along the fault,
but they are local. The Basin Ranges province northwest of the break is
an area of north-trending valleys and mountain ranges, most of which
are bounded by normal faults. In marked contrast, the Mojave Desert
province southeast of the break is essentially a great peneplain ; its hills
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and low mountains have no definite trend, but appear to be erosional rem-
nants of a surface that was once higher. :

The basement complex in the general vicinity of Saltdale quadrangle
is essentially a granitic batholith containing local remnants of early
Mesozoic, Paleozoie, and pre-Cambrian (?) metasediments and meta-
voleaniecs. It is overlain by Tertiary nonmarine sedimentary, pyroclastie,
and voleanic rocks, deposited in local basins. El Paso Mountains, within
Saltdale and Randsburg quadrangles, contain a Paleozoic series about
38,000 feet thick, and two Tertiary formations totaling more than 13,000
feet in thickness. The Tertiary section in El Paso Mountains is one of
the thickest known in the Mojave Desert region.

Location and Culture. The Saltdale quadrangle map (1943) is one
of the 15-minute series, scale 1:62,500 (1 inch — 1 mile), issued by the
War Department, Corps of Engineers, U. S. Army ; it covers the north-
west quadrant of the southwest quadrant of the old Searles Lake quad-
rangle, a 60-minute map, scale 1:250,000 (1 inch = 4 miles), issued by
the U. S. Geological Survey in 1915.

Saltdale quadrangle is traversed by two paved roads: U. S. Highway
6, running north near the western border, and a secondary highway
running northeast through the central part of the quadrangle. Branching
off from these highways are many dirt roads. ’

In the 242 square miles covered by the quadrangle, there are no towns.
The largést settlements are Cantil, Gypsite, Saltdale, and Garlock sta-
tions along the Southern Pacific Railroad, which runs northeast through
the central part of the quadrangle. Randsburg, a mining town 6 miles
beyond the eastern border of the quadrangle, and Mojave, a railroad
junction 20 miles beyond the southern border, are the nearest towns.
Lios Angeles is about 130 miles distant to the south.

As the area is strictly desert, industry is confined mainly to quarrying
and mining. A small amount of alfalfa is raised near Cantil, where suffi-
cient water is obtained from wells.

Climate. The climate of Saltdale quadrangle is typical of the Mojave
Desert. The air is dry and clear the year round; fog and dew are almost
unknown. Summers are very hot, and the summer daytime temperatures
generally exceed 100°; winters are mild to cold, and the winter night-
time temperatures usually fall below freezing.

Average annual precipitation is less than 5 inches. Rain seldom falls;
the winter storms, many of which bring rain in the mountains to the
west, pass over the desert as high winds. Nevertheless, heavy downpours
do come occasionally. Electrical storms, which sometimes develop local
cloudbursts, may take place any time from April through October.

Vegetation. Vegetation in Saltdale quadrangle is the typical scanty
sagebrush characteristic throughout the Mojave Desert—creosote bush
(Larrea divaricata), burro bush (Fransaria dumosa), and buckwheat
(Erigonum). This flora is uniform and constant throughout the quad-
rangle, and is not influenced by physical or geologic factors. However,
in Inyokern Valley and on the northern slopes of El Paso Mountains,

especially in sandy places, is an admixture of Ephedrium and other -

species of brush; also Joshuas (Ywucca), chollas, and, following winter
rains, some grasses and flowering annuals.
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Ezxposures. Exposures are excellent throughout the hills and moun-
tains, which are almost devoid of soil and are undergoing rapid erosion.
The various rock formations react differently to weathering and erosion
under arid conditions. Granitic rocks weather by rapid mechanical
disintegration, and form round-crested hills with smooth slopes, and
steep-walled canyons that contain the only prominent exposures. Meta-

morphie rocks disintegrate and tend to form rounded hills covered with-

loose fragments and talus. Resistant chert forms prominent ledges. The
soft Tertiary sedimentary rocks are rapidly eroded to badlands in which
resistant lava flows crop out prominently.

Previous Literature. In 1896 Fairbanks ! published a brief descrip-
tion of the sediments and interbedded tuffs and volcanic flows on the
north slope of El Paso Mountains. Fossil leaves from these beds were
identified by F. H. Knowlton,? who determined that they were Tertiary,
probably Eocene, in age. Four years later, in 1900, Smith 3 named the
series the ‘‘Mojave formation’’. In 1902, Hershey * studied the Tertiary
sediments near Rosamond and named them the Rosamond series; in the
same report he named the Barstow formation, from its occurrence near
Barstow. In 1912 Baker 3 described the physiography and some of the
geology of the southern Sierra Nevada and western El Paso Mountains.

In 1909 Hess ® named the Garlock fault, which he recognized at Gar-
lock while mapping the Randsburg quadrangle. He did not complete
the mapping, but Hulin later continued the work, and in 1925 published
a description of the geology and ore deposits.” Hulin extended his map-
ping over much of the old Searles Lake quadrangle, including that
portion covered by the Saltdale quadrangle; it was never published,
however, except on the geologic map of California, seale 1:500,000.8 In
1934, Hulin published a paper on the geology of the gold-bearing gravels
of El Paso Mountains.?

In 1917, Merriam ° named and described the Ricardo formation, from
which he collected Pliocene mammalian fossil bones. In 1934, Simpson 11
mapped and described the geology of the Elizabeth Lake quadrangle,
which is in the Mojave Desert province south and west of Saltdale quad-
rangle.

1 Fairg?nitssé 6H ‘W., Notes on the geology of eastern California : Am. Geologist, vol. 17,
Dp. 63, .

2In Fairbanks, H. W., Op. cit., pp. 67-68. -

3 Smith, J. H., The Eocene of North America. west of the 100th meridian (Greenwich) :
Jour. Geology, vol. 8, pp. 455-456, 1900. . .

4 Hezx;)shesjr,:;%):5 %%9Sg%e Tertiary formations of southern California: Am. Geologist, vol.

» DP. » = .

5 Baker, C. L., Physiography and structure of the western El Paso Range and the
southern Sierra Nevada : Univ. California Dept. Geol. Bull,, vol. 7, pp. 117-142, 1912.

¢ Hess, F. L., Gold mining in Randsburg quadrangle, California: U. S. Geol. Survey
Bull. 430, pp. 23-47, 1909. .

7 Hulin, C. D., Geology and ore deposits of the Randsburg quadrangle, California : Cali-
fornia Min. Bur. Bull. 95, pp. 1-152, 5 maps, 1925.

sJeilgI)(gi,gs’ Olaf P., Geologic map of California, scale 1:500,000, California Div. Mines,

® Hulin, C. D., Geologic features of the dry placers of the northern Mojave Desert:
California Div. Mines Rept. 30, pp. 417-426, 1934.

10 Merriam, J. C., Relationship of Pliocene mammalian faunas from the Pacific Coast
and Great Basin provinces of North America: Univ. California Dept. Geol. Bull,
vol. 10, pp. 421-443, 1917. . . -

1 Simpson, E. C., Geology and mineral deposits of the Elizabeth Lake quadrangle, Cali-
fornia : California Div. Mines Rept. 30, pp. 371-415, map, 1934.

JUs—_—
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PHYSIOGRAPHY

The Saltdale quadrangle includes parts of four topographic features,
which trend in a general northeasterly direction. These, in order from
southeast to northwest, are the Rand Mountains, Cantil Valley, El Paso
Mountains, and Indian Wells Valley.

Rand Mountains. The low range known as the Rand Mountains
extends southwest from Randsburg quadrangle into the southeastern
part of Saltdale quadrangle. The northwestern flank of this range rises
abruptly from Cantil Valley to an even crest line about 2 miles south-
east, which attains an elevation of about 3,800 feet near the eastern
border of Saltdale quadrangle. Southward from this crest line the terrain

slopes very gently and blends into the extensive peneplain of the Mojave
Desert. The comparatively abrupt northwestern flank is a younger ero-
sion surface; it is in the late-mature stage of the erosion cyecle. The
base of the northwestern flank is buried under a great thickness of pied-
mont alluvial-fan material, which slopes toward Cantil Valley, and which
extends far up the eanyons.

Cantil Valley. Cantil Valley is an almost level, undrained, alluvium-
filled basin about 6 miles wide, which trends approximately N. 60° E.
between Rand Mountains and El Paso Mountains. Toward the south-
west it opens into the Mojave Desert; toward the northeast it gradually
rises to a low pass in the Randsburg quadrangle. Koehn (Salt) Dry
Lake is in Cantil Valley, at an elevation of 1,920 feet—the lowest in
Saltdale quadrangle.

El Paso Mountains. ElPaso Mountains trend about N. 60° E. through
the northern part of Saltdale quadrangle. Toward the northeast they
extend into the Randsburg quadranele ; toward the southwest they taper
down to a low gap, at the border of Saltdale quadrangle. The Tehachapi
Mountains rise beyond the gap, and extend to the southwest.

The southeastern base of El Paso Mountains is remarkably straight,
trending N. 60° E., and averaging about 2,250 feet in elevation. The
southeastern flank rises abruptly within 2 miles to a line of peaks 3,250
to 5,050 feet in elevation. These are made up of metamorphic and granitie
rocks, and constitute the core or main mass of the mountains. The range
is characterized by the steep V-shaped canyons and slightly rounded
peaks and ridges of the mature erosion stage.

The northwestern flank of El Paso Mountains slopes gently toward
Indian Wells Valley over a distance of about 4 miles. Canyons are shal-
low, and the larger ones are alluviated. This area is made up mostly of
soft sedimentary rocks dipping northwest. Here rapid erosion has formed -
the beautifully picturesque badland topography for which Last Chance
and Redrock Canyons are famous. Resistant lava flows within the sedi-
ments form prominent strike ridges. ,

The Black Hills rise high above the low hills of the northwestern flank
of El Paso Mountains to an elevation of 4,938 feet at Black Mountain.
They have been preserved from erosion by a resistant lava cap, which
dips gently northwestward into Indian Wells Valley.

The drainage system in El Paso Mountains is unusual in that the flanks
of the range are not drained by normal consequent canyons starting at
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the crest of the main mass, or basement core. Instead, the resistant core
is cut through by the deep, narrow, antecedent gorges of Goler Gulch,
Last Chance Canyon, and Redrock Canyon, which drain southward from
the main drainage divide formed by Black Hills and the low hills to the
east and southwest. This divide is considerably north of the basement

core of El Paso Mountains. ‘

Indian Wells Valley. The nearly level alluviated area in northwest-
ern Saltdale quadrangle is a small part of a large, roughly triangular
desert valley known as Indian Wells Valley, which contains the small
town of Inyokern mear its center. The portion lying within Saltdale
quadrangle is slightly over 3,000 feet in elevation, and slopes gently
northeastward. West of U.S. Highway 6 it is being dissected by the head-
waters of Redrock Canyon.

STRATIGRAPHY

Pre-Cambrian (?)
Rand Schist

The Rand schist was mapped, named, and described by Hulin,'? who
reported an exposure 1,500 to 2,000 feet thick southwest of the town of
Randsburg, in the Rand Mountains. In that region the most abundant
rock is a silvery gray mica-albite-quartz schist in which schistose cleavage
parallel to bedding is very prominent.!® This rock is composed predom-
inantly of anhedral grains of albite and quartz in a matrix of small flakes
of muscovite and light-brown biotite. In general, the micas are oriented
parallel to schistosity; locally, however, they curve around grains of
albite and quartz. Greenish-gray actinolite schist is also a common rock
type. The uppermost part of the exposed section contains a few thin beds
of limestone and quartzite, some of which are several feet thick. The lime-
stone is blue gray, but has white laminae, and is remarkably little meta-
morphosed as compared with the schists. The quartzite is buff colored
and fine grained, and contains thin layers of mica. Lenticular veins of
brittle white quartz as much as 5 feet in thickness are common in the
Rand schist; * some are parallel to the schistose cleavage, but most cut
across it. '

In lithology, the Rand schist is identical with the Pelona schist of the
Sierra Pelona Mountains * and Cajon Pass area. The two are probably
correlative.

Exposures of Rand schist extend westward into Saltdale quadrangle
for about 3 miles, where they crop out on the north slope of the Rand
Mountains. Here a partial section, totaling about 2,000 feet, is exposed.
The schist is compressed into several folds, and the uppermost layers
are in contaet with intrusive quartz monzonite. The greenish-gray actino-
lite facies, which is so abundant in Randsburg quadrangle, is not common
in Saltdale quadrangle.

12 Hulin, Carlton D., Geology and ore deposits of the Randsburg quadrangle, California :
California Min. Bur. Bull. 95, 152 pp., 5 maps, 1925.

1 Hulin, C. D., op. cit. 1925, pp. 23-26.

4 Hulin, C. D., op. cit. 1925, p. 38.

15 Simpson, E. C., Geology and mineral deposits of the Elizabeth Lake quadrangle, Cali-
fornia : California Div. Mines Rept. 30, pp. 371-415, map, 1934. -
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Mesquite Schist

At Mesquite Canyon in El Paso Mountains, about 4,500 feet of chlorite-
quartz-albite-sericite schist, herein named the Mesquite schist, is exposed.
It is dark steel-eray when fresh, but weathers to light silvery gray. It is
prominently and thinly bedded, and cleaves inte thin slabs that have a
silvery sheen. In the uppermost 500 feet are many interbeds of fine
crystalline limestone, some as much as 10 feet in thickness.

The Mesquite schist dips to the east under the Garlock series. Contact
with the overlying Garlock chert is well exposed in a short prospect
tunnel on the west bank of Mesquite Canyon. It is sharp, but econcordant,
and 1s an important stratieraphic break, probably a disconformity. Ap-
parently there has been some movement along it, for the formations are
separated by about a foot of fault breccia. The lower part of the schist
1s granitized, or has been intruded by granite.

The Mesquite schist is finer grained than the Rand schist, and appears
to be less metamorphosed. It is composed mainly of sericite, and is mot-
tled with numerous dark greenish-gray spots of chlorite and quartz.'®

The Mesquite chlorite-quartz-albite-sericite schist belongs to the green
schist facies of metamorphism as desceribed by Turner,'” and formed as a
result of low-grade regional metamorphism of argillaceous sediments.
The cale-silicate hornfels zones in the recrystallized limestone are meta-
morphosed argillaceous impurities.

Age of the Schists

Neither the Rand schist nor its probable correlative the Pelona schist
has yielded any fossils; for this reason, and because of their generally
metamorphosed condition, they have been assigned a pre-Cambrian (?)
age. According to C. W. Chesterman,'$ the Rand schist probably overlies
the Johannesburg gneiss of supposed Archean age in the Randsburg area.

The Mesquite schist in El Paso Mountains has likewise yielded no
fossils. Broadly speaking, it is similar to the Rand schist of the Rand
Mountains ; both are thin-bedded mica schists containing thin interbeds
of fine-grained banded limestone and quartzite. In mineralogical content,
however, the Rand and Mesquite schists are dissimilar; the latter, which
represents a lower grade of metamorphism, is probably stratigraphically
higher than the former. It is remotely possible that the Mesquite schist
may represent the stratigraphically highest portion of the Rand schist,
which is not exposed in the Rand Mountains.

13 C. W. Chesterman, who collected and examined specimens of the schist, describes it as
follows :

“Under the microscope the chlorite-quartz-albite-sericite schist is seen to be com-
posed predominantly of small plates of sericite and xenoblastic grains of quartz
and albite. The sericite is light colored, and forms flow-like streams around knot-
like clusters of chlorite and guartz. Albite twinning is uncommon, but is found in
a few of the grains of albite. The quartz is in the form of xenoblastic grains scat-
tered throughout the rock, as narrow veins cutting the foliation, and in clusters with
chlorite. Chlorite is common, most of it occurring as pale green pleochroic flakes
and irregular patches. Chloritoid, on the other hand, is not as abundant as the
sericite and chlorite. It occurs as dark bluish-green pleochroic grains, most of which
are oriented more or less normal to the foliation. Inclusions of quartz and magnetite
are common in the chloritoid.

“The limestone beds in the chlorite-quartz-albite-sericite schist consist almost wholly
of crystalline limestone, which contains highly contorted ribs and bands of calc-
silicate hornfels. The hornfels is for the most part a granoblastic aggregate of
calcite, quartz, and zoisite grains, and needles of tremolite. Sphene, sericite, and
phlogopite are all present in minor amounts.”

7 Turner, F. J., Mineralogical and structural evolution of the metamorphic rocks: Geol.
Soc. America Mem. 30, pp. 96-95, 1948.
18 Oral communication, 1950.
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The Mesquite schist is either pre-Cambrian or early Paleozoic—more
likely pre-Cambrian, as it disconformably underlies the Garlock series,
which is a tremendous thickness of slightly metamorphosed sediments
and volcanies of Paleozoic (in part Permian) age. That the sudden strati-
graphic break between these two series represents an important time gap
is indicated by the absence of schists from the Garlock series.

Paleozoic

Garlock Series ,

" A tremendously thick series of slightly metamorphosed Paleozoic
sediments and volcanics, in part if not all of Permian age, crops out in the
northeastern part of E1 Paso Mountains within Saltdale quadrangle. This
sequence, herein named the Garlock series, is exposed continuously from
Mesquite Canyon northeastward, striking about N.20° W. across El Paso
Mountains and dipping steeply to the northeast. About 22,000 feet of
section is exposed, if it is not isoclinally folded; but the possibility of
repetition by isoclinal folding within the section, or even by strike
faulting, should not be overlooked. The Garlock series extends into
Randsburg quadrangle, where an additional 13,000 feet is exposed ; there
it was mapped by Hulin ? as ‘‘undifferentiated Paleozoic.”’

Section of Garlock series
in eastern El Paso Mountains, Randsburg quadrangle. *

Feet
Quartz monzonite or quartz diorite (intrusive) :
Member 21
Limestone, white, medium erystalline, metamorphosed— .~ 0- 500
Siltstone, dark brown, micaceous, sandy, hard, poorly bedded ; fracture
sehistose oo 1000-2000
Member 20 .
Shale, gray, hard; contains numerous thin interbeds of gray, cream,
and brown chert and limestone, and some brown quartzite_________ 1200
Chert, black, gray, and brown, bedded ; lenses out southeastward_____ 0- 200
Member 19
Shale, cherty, cream white to light gray, thin bedded, hard; cherty
fracture ; contains minor lenses of dark chert______ 4500
Member 18 (total thickness 3700 £t.)
Chert-shale, dark gray to brown, thin bedded; contains minor thin
interbeds of limestone__ _— —_——— 500
Chert, black, thin bedded; contains local interbeds of gray limestone 0— 200
Chert-shale, light gray to cream white, bedded_ _—_— 300
Chert-shale, dark gray to brown, thin bedded . 700
Shale, gray, thin bedded, slaty . _______ 0- 200
Chert-shale, dark gray to brown, thin bedded _ —— 700
Basalt, dark green-brown ; altered to greenstone________ __________ 0- 100
Chert-limestone ; chert dark brown, thin bedded ; interstratified lime-
stone well bedded, gray, impure, in beds up to 50 ft. in thickness,
containing crinoid fragments, lensing out southward- . ______ 0- 600
Chert, dark gray to brown, thin bedded; contains interbeds of hard
dark-gray shale ______ e e e 1000
Member 17
Shale, dark gray, weathering to brown, thin bedded, slaty, micaceous 1600
Members 16 and 15 (see Saltdale quadrangle section)
Total thickness (members 17 through 21) . _______________ 13,000

19 Hulin, C. D., Geology and ore deposits of the Randsburg quadrangle, California : i-
fornia Min. Bur. Bull. 95, pp. 31-33, pl. 1, 1925. &4 sl a: Call

* This section, mapped by Hulin as “undifferentiated Paleozoic”, is part of the Garlock
series. It starts with the northeasternmost exposures, or the top of the exposed
section, where it is in contact with intrusive-quartz monzonite.
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Section of Garlock series in El Paso Mountains,
Saltdale quadrangle.

Member 17

Shale, light brown, thin bedded, fissile, micaceous ; extends southeast-

ward into Randsburg quadrangle
Member 16

Chert, tan, brown, gray, thick to thin bedded ; contains minor interbeds

of hard, thin-bedded micaceous shale
Member 15
Shale, light gray to light brown, thin bedded, slaty, micaceous
Member 14 '

Chert, brown to black, well bedded ; contains interbeds of hard brown to
gray slaty shale, rare thin layers as much as 2 ft. thick of chert-
pebble conglomerate in sandstone or hard shale matrix

Member 13 (total thickness 4950+ ft.)

Andesite,” dark gray, dense, aphanitic, massive; weathers to dark
brown ; containg numerous small white feldspar phenocrysts ; exposed
in Goler Wash, thins southeastward (possibly intrusive)

Limestone, dark green, massive, fine grained

Chert, black, thick bedded___________________ "

Andesite, as above; thickens to 31004 ft. southeastward (intrusive?)

Chert, black to brown, and light pink-gray thin-bedded tuff containing
some lentils of tuff breceia_____ . _____

Andesite, as above; exposed in Iron Canyon (intrusive) ____________

Tuff breccia, pink-gray, thin bedded; contains volcanie fragments as
muchaslin.insize ..~

Member 12 (total thickness 2050 ft.)
Shale, gray to brown, thin bedded, slaty; contains thin interbeds of
chert and greenish-tan limestone with fossil fragments; includes thin
lentils of chert-pebble conglomerate_______

Conglomerate, drab gray, schistose ; made up of poorly sorted flattened
pebbles as much as 2 in. iu size of hard shale, chert, and quartzite ;
forms prominent outerops ; grades northward into coarse gritty sand-
stone

Shale, tan, thin bedded to fissile_____________ -~~~ "

Limestone, green gray, fossiliferous ; contains flattened chert pebbles as
much as 2 in. in size, crinoid stems, fusulinids, and some limestone
pebbles containing above fossils ; minor shale interbeds

Member 11
Shale and chert, tan to brown, thin bedded
Member 10

Quartzite, tan, thick bedded to massive, very fine grained ; forms promi-
nent outerops west of Iron Canyon ; contains interbeds of tan, bedded
chert, minor interbeds of gray shale

Member 9 (total thickness 2800 ft.)

Shale, gray to brown, hard, thin bedded, micaceous ; contains minor

interbeds of brown chert

(Probable fault here may repeat part of member 9)
Chert, tan, massive to thick bedded ; lenses out southward
Chert, brown, thin bedded; contains interbeds of shale
Member 8
Metabasalt, drab green, dense; contains numerous small vesicles ;
altered to greenstone with calecite veinlets and fillings in vesieles,
schistose fracture
Member T
Chert, brown, gray, rusty tan, thin bedded
Member 6
Shale, gray-black, micaceous, argillaceous, slaty, fissile

Feet

1000+

900-2000
500— 700

600-1300

50
300
1100

800+
1300

500

1100

250
500

1500
500

1100 +4-

200
500

0-1500
600
500
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Section of Garlock series in El Paso Mountains,
Saltdale quadrangle (cont.)

Feet
Member 5 (total thickness 600 ft.)
Chert, gray to brown, thin bedded___ _— - 200
Limestone, dark green-gray, impure, thick bedded; contains numerous
rounded grains of quartz ; forms highest peak in El Paso Mountains__ 50
Chert-breccia, dark gray ; fracture platy ; made up of angular fragments
and slabs as much as 2 in. long of chert, shale, and limestone in dark
chert or hard shale matrix; grades northward into chert and lime-
stone __ _— - 300+
Limestone, same as last above _— — 0 B0
Member 4 :
 Chert-shale, dark gray to black, thin bedded; contains local lenses of
brown to dark gray quartzite, also of fine chert breceia____________ 2000
Limestone, dark green-gray, impure, sandy, thick bedded ; contains inter-
beds of black chert; lenses out northward e 0— 300
Member 3
Metabasalt, similar to member 8, lenses out southward_.____________ 0- 500
Chert, black, brown, gray, bedded; contains local phases of chert
breccia ; lenses out locally_ - S 0-1000
Member 2
Metabasalt, similar to member 8_ ——— — 900+
Member 1
Chert, black, gray, brown, bedded, breceiated ; contains minor lenses of
ﬁne chert breccia .._ - 300+
Accordant contact with underlying Mesquite schist (1 to 2 ft. of pul—
verized rock occurs at contact exposed in Mesquite Canyon)
Total thickness exposed in Saltdale quadrangle
(Members 1 through 17) e _ 22,000
Total thicknéss exposed in Randsburg quadrangle .
(Members 17 through 21) .____________ -- 13,000
Total thickness of Garloek series
(Members 1 through 21) - 35,000

The Garlock series is a large inclusion within a granitic batholith. Its
sediments and volcanies are remarkably little metamorphosed, consider-
ing that they occur within an extensive area of plutonic rocks. What
metamorphism did take place was largely static, and was caused by
heat resulting from deep burial and compression. Basalt within the Gar-
lock series was chloritized and altered to greenstone, in the vesicles and
fractures of which secondary calcite was deposited ; sandstone was more
or less silicified to quartzite; but the andesite porphyry,?° shale, lime-
stone and chert were not much affected—although the chert is probably
silicified shale or tuff. The rocks were strongly deformed by tectonic
forces, especially the thin-bedded brittle chert and cherty shale, which
are undulated and brececiated.

The Garlock series may include several formations, although the abun-
dance of shale, chert, and voleanics throughout the sequence suggests
that it is of one age. One locality in Iren Canyon, two-thirds of a mile
east of the Apache mine, has yielded erinoid stems and fusulinids. The
latter were identified by C. W. Merriam as Schwagerina sp., indicating
20 Under the microscope the hornblende andesite was found to have a porphyritic texture

and to be made up principally of broken subhedral crystals of acid andesine enclosed

in a microcrystalline groundmass of devitrified glass. Many of the feldspar crystals
are altered in part to sericite and calcite. The hornblende, for the most part, is highly
altered and now consists almost wholly of secondary magnetlte and pale green chlo-
rite. In addition to devitrified glass, the groundmass also contains aggregates of
small crystals of twinned and untwinned andesine, irregular areas of calcite, and
small shreds of chlorite. Accessory minerals are apatite and zircon.

Although the hornblende andesite has been altered since it was emplaced, the degree of

alteration or metamorphism was not sufficient to destroy the original mineralogical
composition and texture of the rock. C. W. Chestermann.
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o) EEEZ=—="==]| White limestone .
=-=——=—7"7=-3 Brown micaceous siltstone, quartzite 340001
20 _.___:__;._"?-;:;?—‘: Thin-bedded gray shale, chert, limestone 1
32000'
-
Cream-white and tan cherty shale 30000'
: 28000'
Gray and black chert, shale, limestone
Tan cherty shale 91
Gray chert and shale 260004
Gray ond brown chert, crinoida! gray limestone 4
24000'4
Brown micaceous shale .
. - . 22000’
Brown chert and thin-bedded crinoidal limestones
Brown micaceous shale 20000'4
Dark gray chert and dark limestone ]
;0:0 0,“- 0$|=
% o=| Black chert and limestone ' 18000'4
~C o0
a;’ 1 a : g%.q Dark brown andesite porphyry 4
L Vi : )
Pink tuff and black chert 16000
L
Pink and gray tuff and tuff-breccia 14000'4
Thin-bedded shale, limestone ., 4
Coarse sandstone ’ 12000'4
Conglomerate, limestone, shale {Permian fauna)
Shale, chert . A
Tan quartzite 10000'
-
Brown and_gray shale and chert 8000'4
-
[T N R N NN TR N
erarsserssieseines] D0SOIt greenstone 60001
7 Brown and yellow chert 4
e e —— [—Block shale ~ ,
5 Sandy limestone and chert conglomerate 40001
4 Gray shale, chert, quartzite, sandy limestone at base ,
20004
3 Black chert, shale, chert conglomerate
2 Basalt greenstone - )
! Black chert d4
= ==-="=-""" Mesquite schist

Fig. 2. Columnar section, Garlock series in El Paso Mountains.



GEOLOGY—DIBBLEE 19

middle or lower Permian age.2! These fossils are in a thin pebbly lime-
stone layer at the base of Member 12. No other fossils were found below
this horizon. Crinoid fragments are abundant in thin limestone interbeds
from the base of Member 12 to Member 18, so this part of the Garlock
series is most likely of Permian age. The part of the series below Member
12 is probably Paleozoic, but may be older than Permian.

The Garlock series is unlike any other Paleozoic section in the Mojave
Desert and southern Great Basin region, chiefly because of its tremendous
thickness, large quantities of chert, and small percentage ¢f limestone. -
It was probably deposited in a rapidly sinking basin under conditions
different from those in other areas. ‘ :

Paleozoic (7)

Metasediments

About 2,000 feet of steeply east-dipping metasediments of unknown
age, comprising quartzite conglomerate and a dense rock, probably horn-
fels, are exposed adjacent on the east to the granophyre east of Redrock
Canyon. The conglomerate is in lenticular masses ranging up to 800 feet
in thickness. It consists of rounded gray-white quartz pebbles as much as
2 inches in length, which have been strongly flattened, probably parallel
to bedding, in a matrix of dark-gray quartzite. The rock is brittle, and
has a parallel or schistose fracture. The hornfels associated with the
conglomerate is very hard, massive, and dense, and is dark-brown to
gray in color. It is irregularly jointed except locally, where the jointing
nmay be rudely parallel to the bedding.

Although the metasediments are assigned a questionable Paleozoic age,
it was not possible te correlate them with any rocks in the mapped area.

Tertiary

Two series of northwest-dipping Tertiary continental sediments, sepa-
rated by an angular unconformity, crop out on the northwest flank of
El Paso Mountains. These are the Miocene (?) Goler formation (con-
glomerate, sand, and clay) and the Pliocene and Pleistocene (?) Ricardo
formation (lacustrine and pyroclastic sediments and lavas).

Goler Formation

The continental sediments mapped as Rosamond series by Hulin 22 on
the northwestern flank of El Paso Mountains in Randsburg quadrangle
extend southwest into Saltdale quadrangle, across the head of Goler
Guleh, to Last Chanece Canyon. It is very doubtful that these sediments
correlate with the type Resamond as mapped by Simpson 23 near the town
of Rosamond, for they are lithologically different. The terrestrial series
in Saltdale quadrangle, therefore, is named the Goler formation, after
Goler Gulch, where the thickest, most complete section is exposed ; the
type section is designated as the one exposed in the drainage area of
Goler Guleh and northwestward to the east slope of the Black Hills.
2L Fusulinids from the Saltdale area transmitted to me for determination are referred to

the genus Schwagerina. As at present understood, the genus is restricted to the Per-
mian but with a long range from Wolfcampian upward. In the absence of Para-
fusulina, which occurs in the Inyo Mountains within the upper range of Schwagerina,
it appears probable that the Saltdale zone is lower Permian and correlative with the
Permian portion of the Bird Spring formation as well as the lower part of the
McCloud limestone. C. W. Merriam.

2 Qp. cit., 1925.
= Op. cit.
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It consists of some 6,500 feet of terrestrial conglomerate, sandstone, and
clay, probably middle or early Tertiary in age, lying unconformably
above the basement rocks and unconformably below the Ricardo forma-
tion. The Goler formation contains no volcanic or pyroclastic rocks.
Southwest from the type section, the Goler is overlapped by the younger
Rieardo formation.

The Goler formation comprises two members which are fairly distinet
throughout the quadrangle. The lower, mapped as Member 1, is essen-
tially a basal alluvial fanglomerate, which ranges from less than 1 foot
to 50 feet in thickness. The upper, mapped as Member 2, consisty of two
units of arkosic buff sand and red clay, and, east of Goler Gulech, cobble
gravels. These two units become indistinguishable west of Goler Guleh,
where the thick gravel beds grade into sand. Member 2 is about 5,500
feet in total thickness.

Goler formation exposed in Goler Gulch.
i Thickness
in feet
ANGULAR UNCONFORMITY between Goler formation and overlying Ricardo
formation .
Member 2
Sand, clay, gravel, interbedded : Sand arkosie, buff colored, well bedded,
indurated ; weathering cavernous; contains many dark-brown concre-
tions up to 2 feet in diameter ; commonly pebbly ; in beds up to 50 feet
in thickness. Clay maroon, rarely greenish, silty to sandy, in beds up
to 15 feet thick. Gravel gray, made up of well-rounded cobbles up to a
1 foot in diameter of quartzite, chert, limestone, and granitic rocks, and
of aphanitic porphyries of dacite, andesite, and basalt; in beds up to
500 feet thick, the thickest of which is at the base, and lies with pos-
sible slight angular discordance on the beds below ; all gravels are east
of Goler Gulch, all grade into pebbly arkosic sand toward the west____ 4000+
Sand, clay: Sand arkosie, similar to that described above; maroon clay,
well bedded _— e 2000+
Member 1
Gravel : Unsorted fanglomerate, made up of well-rounded boulders and
cobbles up to 2 feet in diameter of granitic rocks, quartzite, chert, lime-
stone, and some aphanitic porphyries; west of Goler Gulch is essen-
tially light-brown fanglomerate; east of Goler Gulch becomes maroon
cobble gravel with some maroon clay and red arkosic sand in upper
portion - 0- 500
GREA:I' ANGULAR UNCONFORMITY on irregular erosion surface of Garlock
series
TOTAL THICKNESS OF GOLER FORMATION _— 6500

»

Member 1 of the Goler formation is not present everywhere in El Paso
Mountains, as it was deposited by torrential rains only in the canyons
or stream channels of a very irregular surface cut into the basement
rocks. One of these channels was in the vicinity of Goler Gulch. To the
west, in the vicinity of Apache mine, the fanglomerate is missing; ap-
parently the basement rocks formed a ridge there. In Last Chance Canyon
Member 1 reappears; here it is 1,500 feet thick, and attains its best de-
velopment. In this area it consists of a basal fanglomerate grading upward
into deep maroon-colored coarse arkosic sand. The boulders and cobbles
of Member 1 are almost entirely from the basement rocks now exposed
in El Paso Mountains.



GEOLOGY—DIBBLEE 23

Member 2 is largely arkosic material, the sand of which was derived
from granitic rocks. There is some doubt as to the source of the various
porphyritic volcanie cobbles * in the thick gravel lentils exposed east of
Goler Gulch. These were probably derived mainly from basement rocks,
although some may have come from Tertiary voleanie rocks. Member 2
also contains many wood fragments, and some carbonaceous material.
The base of the Goler formation a mile north of Gerbracht Camp contains
about 20 inches of soft coal, with which fossil leaves are associated.

The Goler formation is weakly resistant to erosion. The gravel forms
hillsides of loose cobbles, and the buff sandstone crops out as prominent
ledges ; sandstone interbedded with red clay forms badland topography.

Neither the Goler formation in Saltdale quadrangle nor the equivalent
Rosamond series in Randsburg quadrangle * resembles the type Rosa-
mond series of the Elizabeth Lake quadrangle, which contains a large
amount of pyroclastic sediments and lavas. It is possible, however, that
Member 2 of the Goler formation in Saltdale quadrangle, the Rosamond
series in Randsburg quadrangle,?* and the upper Miocene Barstow for-
mation of the western Calico Mountains 2¢ may be correlative. These three
formations, which consist of a great thickness of arkosic sediments with
interbeds of red clay, were deposited in a large trough extending from
El Paso Mountains southeastward through the Calico Mountains.

The probable correlation of Cenozoic formations in El Paso and Calico
Mountains, based on comparative lithology and sequence, is shown in the
accompanying correlation chart. The deep maroon-colored basal Member
1 of the Goler formation strongly resembles the Coyote formation of the
Calico Mountains, as well as the lower Miocene-Oligocene-upper Eocene
dark-maroon arkosic beds of such formations as the Vasquez (Escondido),
Tecuya, and Sespe in the Coast Ranges.

The sudden appearance of coarse cobble gravel containing abundant
voleanic debris in Member 2 at Goler Gulch suggests an important strati-
graphic break ; the gravel may represent the base of the Miocene in this
series of sediments.

The earliest determination of the age of the sediments mapped as Goler
formation in this report was based upon fossil leaves, which F. W. Knowl-
ton identified as Tertiary, probably Eocene. J. Hervey Smith, in naming
the Mohave formation, wrote one of the first deseriptions of these sedi-
ments : 27

“A formation in southeastern California described by H. W. Fairbanks 9 as
consisting of ‘a series of beds of clays, sandstone, voleanic tuffs, and interbedded
lava flows, probably 1,000 feet or more in thickness,” occurring ‘on the northern

slope of the El Paso Range, between Mojave and Owens Lake,” and probably ex-
tending over a considerable area between the El Paso Range and the Sierra

* Recent work in the area about 25 miles southeast of Goler Gulch reveals that these
porphyritic rock types crop out in Fremont Peak Range as numerous pre-Tertiary
(?) dikes cutting plutonic rocks, and are found as cobbles in the upper Miocene
Barstow gravels to the east. T. W. Dib blee, Jr.

2t Hulin, Carlton D., Geology and ore deposits of the Randsburg quadrangle, California :
California Min. Bur. Bull. 95, 152 pp., 5 maps, 1925. .

=5 Simpson, E. C., Geology and mineral deposits of the Elizabeth Lake quadrangle,
California : California Div. Mines Rept. 30, pp. 371-415, map, 1934. i

28 McCollough, T., Geology of the southern portion of Lane Mountain’ quadrangle, Cali-
fornia, unpublished map, 1949. . .

Dibblee,1 9'1‘_.1W. Jr., Geology of the Opal Mountain quadrangle, California, unpublished

map, 1951. . .

= Smitlf’, J. H., The Eocene of North America, west of the 100th meridian (Greenwich) :
Jour. Geology, vol. 8, pp. 455-456, 1900. i .

28 Fairbanks, H. W., Notes on the geology of eastern California : Am, Geologist, vol. 17,
pp- 63, 67-68, 1896.
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This report McCollouzh, T., Geology of southern Lane Mountain quilrangle,
Dibblee, T. W., Jr., Geology of Opal Mountain quadrangle.
E BLACK MOUNTAIN BASALT BLACK MOUNTAIN BASALT & QUATERNARY GRAVEL
§ A~ AAAA~angular unconformity maaa s AAAA AANAr—angular unconformity AemevAanca~ A~
E “Ricardo’ of Garlock Station
b Member 8
91? Arkosic sediments
Members 4, 5, 6, 7
g Clay, sand, gravel, calcareous & siliceous beds, tuff, basalt
m RICARDO (contains Pliocene vertebrate fauna)
(6] . s
8 ' Members 1, 2, 3
= Volcanic gravel, sand, tuff, red andesite, basal conglom- RED MOUNTAIN DACITE
erate
A A angular unconformity AemseAocAa~AA [—-7 AnAeAAAAs angular unconformity SN
Upper member
E b Arkosic sediments, thin tuff beds (contains upper Miocene
=] Member 2 vertebrate fauna)
8 Arkosic sand, gravel, red & green clay BARSTOW
E GOLER Lower member
Arkosic sediments & fanglomerate (contains upper Miocene
¢ vertebrate fauna)
o=l e 2,7 Pyroclastic sediments, voleanic agglomerate, arkosic fan-
g g o glomerate
” 9--.
a8 ‘
8 8 Member 1 COYOTE | Dark maroon-red & green arkosic sediments
Qg Dark maroon-red arkosic sandstone & fanglomerate '
(=]

A~ angular unconformity A LAAAA

METAMORPHIC & PLUTONIC ROCKS

e~ gngular unconformity A

METAMORPHIC & PLUTONIC ROCKS

Chart showing probable correlation of Cenozoic sections of El Paso and Calico Mountains.
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BULL.

ARKOSIC RED SANDS OF THE GOLER FORMATION

Last Chance Canyon, east of Cudahy Camp.
Photo by C. W. Chesterman.

160 PL. 4
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Cutting Goler red beds (below) and Ricardo conglomerate, tuff, and andesite breccia.
Last Chance Canyon, east of Cudahy Camp. Photo by C. W. Chestermai.

B, NORMAL FAULT

Dipping east (to left), between Ricardo formation (gray and white exposures at right)

and Goler red beds (center). North side of Last Chance Canyon near Holly Camp.
Photo by C. W. Chesterman.
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BASAL GRAY CONGLOMERATE

Member 1. Last Chance Canyon,
Jamp. Photo by C. W. Chestermanit.
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