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ABSTRACT

The Northern Plomosa Mountain area may be divided 
into three geomorphic parts: a mountain mass, a pediment
and alluvial plains. The present pediment surface essen
tially coincides with an older pediment surface. Neither 
of these surfaces have reached maturity.

The older pediment surface has developed at the 
approximate transition between a feldspathic gneiss com
plex and overlying propylitic gneisses and schists. The 
feldspathic complex and the propylitic rocks, designated 
Pre-Cambrian and Paleozoic in age respectively in conform
ity with Wilson (1962), are thought to represent 
Pre-Mesozoic eugeosynclinal deposits which have been 
affected by hydrothermal activity of variable intensity. 
The area became and apparently remained tectonically 
positive throughout time since the end of the Paleozoic 
and the older pediment developed early in this interval.

After the older stage of pedimentation, the pedi
ment was flooded, perhaps by damming of the ancestral 
Colorado River, and a series of interbedded sediments and 
volcanics were deposited. These were partly derived from

x
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the positive Plomosa Mountains, however, principally from 
adjacent, more positive areas. The sequence is apparently 
correlative with the Tertiary Artillery Formation defined 
by Lasky and Webber (1949) in the Artillery Mountains and 
includes members correlative with rock units described by 
Longwell (1963) in the Lake Mead and Davis Dam area. After 
deposition of this sequence, the area was subjected to 
further erosion, probably because of the destruction of 
the local base level, and the present pediment developed.

The Plomosa area has been intensely affected by 
faults which have developed according to regional north
erly, easterly, northwesterly and northeasterly trends.
The northerly and easterly trending faults generally show
dip-slip normal displacement while the northwesterly and

<■

northeasterly trending faults have oblique-slip displace
ments. The dip-slip component of the oblique-slip movement 
is predominantly normal. The total displacement is inter
preted as the effects of polylateral extension with the 
major extension being east-west.

Mineralization has affected all rock units with the 
exception of recent alluvial deposits. The effects were 
"wide-spread propylitization, biotitization, feldspathization
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and the formation of numerous, small and scattered mineral
ized veins. There has been little concentration of primary 
ore minerals because of a multitude of fractures that 
allowed dissipation of mineralizing fluids into nearly all 
areas. Supergene processes have not formed significant 
secondary concentrations because the surface rocks are all 
highly reactive. Commercial mineral potential in the 
Plomosa area is considered slight, although low-grade man
ganese deposits may have future potential.

It is concluded that the geologic features of the 
Northern Plomosa Mountains have strong regional character
istics that can best be interpreted as the effects of 
tectonic activity which began in late Paleozoic time and 
which continued, with increasing intensity, to the present
time.



INTRODUCTION

STATEMENT OF THE PROBLEM
The Northern Plomosa Mountain area is known as a 

mineralized district from the reconnaissance work of 
Bancroft (1911). Although the survey by Bancroft may be 
credited with creating considerable interest among prospec
tors, later geologists have largely by-passed the area. As 
a result little has been published or is known about the 
detailed geology of the area. Although the economic 
mineral possibilities have been repeatedly prospected, 
there has been no sustained production.

The purpose of the present work is to extend the 
geologic knowledge of this area and to evaluate its mineral 
potential by comprehensive geologic analyses.

LOCATION
The area of concern includes the whole of the 

Linskey Northeast Quadrangle (7% minute) and the northern
most part of the Plomosa Mountain Range in Yuma County, 
Arizona. The area lies north and west of the Bouse- 
Quartzsite gravel road, approximately 28 miles southeast
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of Parker and immediately west of Bouse (Figure 1). It is 
readily accessible by a number of prospect roads which lead 
westward from the Bouse-Quartzsite road.

SCOPE OF THE WORK
General Considerations

The entire Linskey Northeast Quadrangle was mapped 
using modern field and laboratory techniques. The data 
derived from this work were synthesized to supply detailed 
geomorphic, stratigraphic, structural and mineralogical 
analyses. Two years were spent in the study.

Geologic Mapping 
General Considerations

The geologic mapping was done in three stages.
These were photogeologic field control, photogeologic in
terpretation and final field mapping.

Photogeologic Field Control
The establishment of field control for the photo

geologic interpretation consisted of field identification 
of features that could be recognized on the aerial photo
graphs. These included lineaments, rock unit contacts 
and the location of topographic control points. This
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information was plotted directly upon contact aerial photo
graph prints.

During the course of this initial stage, sixty- 
three rock samples were collected for microscopic study.
The samples included representative specimens from each 
rock unit.

Photogeologic Interpretation
A Bausch and Lomb model 525 Balplex Photo Plotter 

and diapositives of Western United States high altitude 
photography were used in compilation of the photogeologic 
data. The information gained during the field control 
phase was plotted photogrammetrically upon an enlargement 
to a scale of 1" to 10001 of the Preliminary Topographic 
Map of the Linskey Northeast Quadrangle published by the 
United States Geological Survey (1962). These field con
trol data were then extended throughout the quadrangle by 
photogeologic and photogrammetric techniques.

Final Field Mapping
The photogeologic map, upon completion, was checked 

in the field for errors and the work was extended beyond
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the limits of photogeology by surface field mapping to 
produce the final geologic map (Figure 2). Cross sections 
were then prepared from this information (Figure 3).

Microscopy

Thin sections were prepared from the rock specimens 
collected during the field-control phase. These sections 
were examined with a polarizing microscope in the labora
tory and the observations utilized in the specific 
descriptions of the rock units.

Data Presentation and Synthesis
The study of the Plomosa area was conducted along 

four avenues of approach. These were geomorphic, strati
graphic, structural and mineralogical. Consequently this 
paper considers in the above order these four groups of 
data. For reasons of logic, observed data and inferences 
are held separate and synthesis immediately follows the 
factual presentation, of each major group of data.

CLIMATE
The Plomosa Mountains are included within the 

Sonoran Desert and the climate is typical in its extremes.



6
Violent cloud bursts are common during the months of July 
and August, while the climate for the rest of the year is 
extremely dry. According to Wolcott and Others (1956), 
the mean annual precipitation is 8.48 inches and the mean 
annual temperature is 66.9° F. Extremes of 10° F. minimum 
and 120° F. maximum have been recorded.

FLORA AND FAUNA
The vegetation is typical of the Sonoran Desert. 

Cacti of many varieties dot the area. The more abundant 
of these are: saguaro (Cereus giganteus), cholla (Opuntia
fulgida) and prickly pears (Opuntia species). Greasewood 
(Sarcobatus maximiliana), palo verde (Cercidium torreyanum) 
and ocotillo (Fouquiera splendens) are other important 
plants.

The area abounds with deer, coyotes and small ro
dents . A few mountain sheep are found in addition to 
desert wolves and pumas. The abundance of this wildlife is 
seemingly incompatible with the aridity of the area, but it 
is accounted for by the proximity of the Colorado River.
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WATER RESOURCES
The Colorado River serves as the master drainage 

for the region; however, no permanent surface waters exist 
in the area mapped. Ground water may be encountered at 
shallow depths correlating with elevations of approximately 
700 feet above sea level. The water is potable and sup
plies the domestic uses of the area. Sufficient flows 
are encountered to serve present agricultural uses and 
would be adequate for some other industrial purposes.

CULTURE
Parker, Arizona, located 28 miles northwest of the 

area, is the main cultural center. The town exists by 
virtue of a long tourist season and the productive farming 
district of Poston. Bouse is a small settlement located 
in the east-central part of the mapped area.

A branch line of the Atchinson, Topeka and Santa Fe 
Railroad traverses the northeastern part of the area. A 
siding is located at Bouse. Arizona State Highway 72, a 
macadamized two-lane road, parallels the railroad. A 
gravel road between Bouse and Quartzsite traverses the 
southeastern part of the area and numerous prospect roads 
and "jeep trails" are found.



GEOMORPHOLOGY

GENERAL CONSIDERATIONS
The mapped area may be divided into three major 

parts: a main mountain mass, a pediment and the surround
ing alluvial plains. The main mountain mass trends nearly 
north-south through the west-central part. The range 
extends some twenty miles south of the mapped area, but 
terminates northward within the limit of mapping. The 
pediment exists as a strip, approximately one mile wide on 
the east side of the mountain mass. These two parts are 
surrounded by the Cactus Plains on the east and north and 
by the La Posa Plains on the west. Small outcrops of bed
rock are exposed in the alluvial plains of the north and 
northeast portions.

MAIN MOUNTAIN MASS •
The main mountain mass rises abruptly from the 

pediment on the east (Figure 4a) and somewhat more gently 
from the alluvium of the La Posa Plains on the west (Figure 
4b). Northward the range decreases gradually in altitude 
and disappears beneath the alluvium of the Cactus Plains.

8
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Figure 4a. Photograph showing the steep rise of 
the eastern front of the Plomosa Range (background) from 
the pediment surface (foreground).

Figure 4b. Photograph of the western slope of the 
Plomosa Range showing the gentle westward slope of the 
range.
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The range in general constitutes a region of relief with 
peaks rising some 700 to 1,000 feet above the adjacent 
pediment and the plains. The highest peak attains an 
elevation of 1904 feet above sea level.

Valleys of the range are sharply "V-cut" and most 
hillside slopes are nearly at the angle of repose. On the 
western slope the drainage is in a southwestward direction 
and is controlled by southwesterly trending faults. For 
the most part, the valleys are well graded. The drainage 
of the eastern slope has developed consequent to the moun
tain slope and has a general eastward trend. The valleys 
are not graded. The drainage of the northern part of the 
mountains is parallel to and controlled by both northeast
erly trending faults and the prevailing, northwesterly 
strike of the metamorphic rock.

PEDIMENT
The topographic relief of the pediment is inter

mittently flat to hummocky. The drainage pattern is 
established mainly according to the prevailing easterly 
topographic slope, but some valleys are oriented parallel 
to structural features.
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In general the pediment may be considered as 

"poorly planed" as the contrasting elements of both youth 
and maturity are present. Immediately south of Round Moun
tain the pediment has reached the mature stage as described 
by Lawson (1915), Bryan (1923) and Rich (1935). Here the 
pediment has a smooth easterly slope reaching from the foot 
of the mountains to the alluvial plain. A thin veneer of 
the encroaching alluvium of the plains largely conceals the 
bedrock. Several small inselbergs protrude through the 
veneer. A similar area of maturity is found between the 
airport and the Loma Grande fault. Here the alluvium 
veneer is less in evidence and the rock-cut platform is 
mostly exposed. In both areas the present drainage 
channels are rapidly degrading, indicating the end of the 
mature stage. The remaining pediment area is only par
tially planed. Local relief up to 100 feet is common.

The rocks of the pediment consist of a young lay
ered sedimentary and volcanic sequence which overlies an 
older, metamorphic complex. Mapping shows that an un- 
conformable surface separates the two. This surface, 
similar to the present pediment surface, has approximately
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100 feet of relief. In places the two surfaces essentially 
coincide.

ALLUVIAL PLAINS
The alluvial plains slope away from the bedrock 

outcrop areas with an inclination of approximately 100 
feet per mile. This gentle slope is presently being in
cised by the numerous tributaries of Bouse Wash. In the 
northwestern part of the area, a terrace has been produced 
transverse to the direction of stream flow. This terrace 
is apparently the effect of headward erosion of the 
streams.

North and northeast of the main pediment exposure, 
a number of small hills protrude through the alluvium.
These consist of the uppermost rocks of the layered 
sequence. Several other outcrops occur as erosional win
dows in the bottom of degrading channels. One of these is 
an exposure of the metamorphic rocks and the others expose 
rocks of the layered strata unit. It is concluded that 
these outcrops represent a northward extension of the pedi
ment.
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GEOMORPHIC SYNTHESIS

At least two erosional cycles are indicated by the 
geomorphic data. These are: a first older than the lay
ered strata as represented by the exhumed unconformable 
surface, a second younger than the layered strata as cor
related with the present pediment surface and a third 
cycle may presently be in an early stage of development 
as indicated by degradation of former graded, erosional 
channels. The first one clearly, and the second one prob
ably, were responsible for major stratigraphic 
discontinuities and may have been the result of tectonic 
deformation. The third, however, may either represent the 
continuation of the tectonic conditions of the second cycle 
or may be due to the effects of some factor independent of 
the tectonism, such as the destruction of a local base 
level.

The near coincidence of the two pediment surfaces 
and the same general immaturity of both (if 100 feet of 
local relief may be equated with immaturity) suggest that 
the cyclic pedimentation was due to some factor other than 
tectonic movements. This factor could have been the estab
lishment of a local base level. On the other hand, the
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same factors could be equated with unceasing tectonic 
activity which, because of alternating uplift and depres
sion, was essentially directionless in a vertical sense.

It is not clear from the geomorphic data alone 
what interpretations may be validly applied. Further dis
cussion is, therefore, deferred to a later section on 
Stratigraphic Synthesis (pp. 39-59).



STRATIGRAPHY

GENERAL CONSIDERATIONS
Gneissoid and schistose rocks form the bulk of the 

main mountain mass and are exposed as the basement complex 
of the pediment. On the basis of alteration, two varieties 
may be distinguished. These are feldspathized gneiss and 
propylitized gneiss. All gradations between the two exist; 
however, the feldspathic gneiss underlies the propylitic 
variety and is believed to be the older. Therefore, in 
this paper the feldspathic gneiss is designated as the 
Older Metamorphics and the propylitic gneiss as the Younger 
Metamorphics. Wilson (1960) designated these units as Pre- 
Cambrian and Paleozoic in age respectively and, for lack of 
better information, this age relationship is here retained.

A continuous depositional sequence of layered 
strata has been deposited unconformably upon the Older 
Metamorphic rocks of the pediment. A Tertiary age is 
accepted by the writer for this unit as it is apparently 
correlative with the Artillery Formation of Tertiary age 
described by Lasky and Webber (1949) and with other rocks

15
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of. Tertiary age described by Longwell (1963) in the vicin
ity of Lake Head and Davis Dam.

METAMORPHICS
Older Metamorphics

The Older Metamorphics are best exposed on the 
eastern pediment where they form the basement complex.
These rocks may ordinarily be distinguished by their por- 
phyroblastic texture and the inclusion of randomly 
orientated masses of basic crystalline rocks, carbonate 
wedges and quartz lenses.

On aerial photographs the unit may be distin
guished by its lack of stratification, mottled tone and 
distinctive hummocky topography. Its contact with the 
overlying Artillery Formation is irregular, but is gener
ally distinguishable on aerial photographs as a topographic 
depression between the contrasting rough texture of the 
metamorphics and the smooth texture of the Artillery Form
ation. Its contact with the Younger Metamorphics is 
gradational; however, major areas of the two units are 
commonly separated by faults and/or erosional breaks so 
that mapping is facilitated. Figure 5 shows a typical 
exposure of the Older Metamorphics.
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Figure 5. Photograph of a typical exposure of the 
Older Metamorphic u n i t .

Note the mottled tone and the hummocky topography. 
The stratified rocks in the background belong to the 
Artillery Formation. The round structures are cyanide 
tanks constructed by the Loma Grande Mining Company in an 
abortive attempt to recover open-pit gold val u e s .
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The Older Metamorphics normally have a well-defined 

gneissoid structure and rounded porphyroblasts, but in 
some areas the fabric is more isotropic and the porphyro
blasts are replaced with the euhedral outlines normally 
associated with phenocrysts of intrusive porphyries. In 
other areas the rock has the distinctive banded structure 
of a gneiss, but no porphyroblasts are visible. Gradations 
between these two extremes would suggest that they either 
represent variations in the original rock composition or 
in the intensity of feldspathization.

Thin-section examination of the porphyroblastic 
rocks shows that microcline and/or anorthoclase form the 
porphyroblasts with oligoclase, biotite and quartz the es
sential minerals of the groundmass, Hornblende is a 
common but unessential mafic. The gneiss specimens which 
have no megascopic porphyroblasts are also found to be 
porphyroblastic under the microscope. These specimens, 
however, show a greater content of quartz in the ground- 
mass, evidently indicating a higher, original content of 
silica.

The lenticular masses of basic crystalline rocks 
are unoriented in outcrop. The rocks commonly are diabasic
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in texture and composition. The feldspar is andesine.
While not common, some of the rock specimens have a vesic
ular structure and are fine-grained in texture.

The carbonate wedges are similar to the lenses of 
basic rocks in that outcrops of both are unoriented. The 
wedges are composed almost entirely of dark-colored, 
coarsely-crystalline calcite, but specimens contain some 
crystals of dolomite and siderite. The rock bodies are 
layered, but it is not possible to determine whether the 
layers represent original sedimentary bedding, the effects 
of metamorphism or banding of some other origin.

The quartz lenses, similar to the lenses of basic 
crystalline rocks and carbonate wedges, are also unoriented 
in outcrop. The quartz is milky white, dense and generally 
barren of ore mineral values; however, some specimens have 
a small content of native gold. The lenses are from one to 
three feet wide with the other dimensions a few feet great-

Bancroft (1911) classified the feldspathic gneiss 
as an intrusive granite porphyry and the diabase bodies as 
intrusive dikes. Bancroft's studies were limited to the 
area of the Little Butte and Blue Slate Mines which are
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in the north-central part of the mapped area (Figure 2).
It was found in this area that both the gneisses and the 
diabase lenses have the holocrystalline appearance of in
trusive rocks.

While there may have been areas of local fusion, 
it seems clear from the over-all field relations that the 
gneiss is essentially of metamorphic origin with mobiliz
ation, if any, extremely limited. This conclusion is 
further substantiated by the gradational contact of this 
unit with the Younger Metamorphics and by the intense feld- 
spathization of this latter unit along numerous faults. 
Where this intense feldspathization of the Younger Meta
morphics has occurred, it has produced rocks similar to 
the Older Metamorphics both in texture and composition.

The origin of the diabase lenses is less clear. 
However, the writer believes they are not intrusive. If 
intrusive, one should expect some orientation of the 
bodies. Lack of orientation and the occasional vesicular 
texture suggest that they probably represent recrystallized 
segments of a basic flow rock unit which was part of an 
original stratified sequence. Segmentation of the original



rock unit into the unoriented lenses could have been the 
result of tectonic deformation.

The carbonate wedges may be the metamorphic equiv
alents of original sedimentary carbonate beds, may have 
been introduced hydrothermally or they may be metamorphic 
segregations. The writer regards the layered structure as 
representing sedimentary stratification planes and, there

fore, favors the first interpretation.
The quartz lenses may have been introduced hydro- 

thermal ly or they may be metamorphic segregations. The 
latter seems the most plausible as the bodies are not vein
like. Instead they are small and lenticular in shape.

r
While they may have a parallel orientation in areas measur
ing a few tens of feet in diameter, an over-all orientation 
pattern is lacking. In short they possess the physical 
characteristics of quartz segregations formed parallel to 
the foliation of complexly contorted schists. While the 
volume of any one lens is small, the total volume repre
sented by the combined lenses is very great. It seems 
strange, if the quartz was hydrothermally introduced, that 
a few large "feeder" veins are not present. As none are 
observed a local source seems indicated. The writer.

21
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therefore, prefers metamorphic segregation as the princi
pal mode of origin.

Younger Metamorphics
Chloritic gneisses and schists form the bulk of 

the Plomosa Mountains. No attempt was made to subdivide 
this unit; however, different textural and compositional 
types are present. In general the different types are 
intimately intermixed and differentiation would require 
extremely detailed mapping. The bottom portion of the unit 
is largely gneiss; schist becomes predominant toward the 
top. Along the eastern range front a prominent layer of 
interbedded quartzites and limestones appears toward the 
top of the Younger Metamorphic unit. Elsewhere this layer 
and an unknown thickness of overlying rocks apparently have 
been removed by erosion.

The Younger Metamorphics are distinguished in the 
field by their distinctive, green coloration and on the 
aerial photographs by their dull tone, rough texture and 
stratification. Figure 6 is a view of a typical exposure.

The gneisses, in both hand specimen and in thin 
section, are seen to be paragneisses, predominantly de
rived from clastic sediments, but thin carbonate and chert
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Figure 6. A view of a typical exposure of the 
Younger Metamorphic unit near the crest of the Plomosa 
R ange.
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layers are present. The banding is largely due to original 
stratification, but the effect has been intensified by the 
development of secondary quartz layers and chlorite growths 
parallel to the stratification planes. The detrital sedi
ments were mainly arkosic sandstones and shales. The 
fragmental characters of both the feldspar and quartz 
particles are clearly evident in thin section. The feld
spar particles are mainly plagioclase and, as determined 
from extinction angles, vary in composition from oligo- 
clase to andesine.

Limestones and cherts are generally intimately 
associated in outcrop with the chert forming thin, resis
tant bands within the light-gray limestone. In thin 
section the limestone is found to be fine-grained and to 
have suffered very little marbleization. Occasionally a 
euhedron of dolomite appears, but the rock may be described 
as essentially non-magnesian. Epidote occasionally re
places the calcite along bedding planes. This is most 
frequent in the immediate vicinity of fault zones. The 
chert has been essentially unaffected by metamorphism.

A few layers of basic flow rocks are found within 
the paragneisses. The original vesicular structure of
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many of these are preserved. Epidote is a common alter
ation mineral.

The schistose rocks of the upper part of the 
Younger Metamorphics are well-foliated. This foliation 
has developed essentially parallel to the stratification 
planes of the associated paragneisses. The micaceous 
mineral is either biotite or chlorite. Bands of these 
minerals alternate with layers of quartz, sodic plagioclase 
and orthoclase. Neither the feldspars nor the quartz 
particles have recognizable fragmental characteristics. 
Development of chlorite in both the gneisses and schists 
of the Younger Metamorphics suggests approximately the 
same grade of metamorphism. Therefore, it is doubtful 
that fragmental characteristics could be preserved in the 
gneisses while being destroyed in the schists if both 
represented original detrital sediments. The conclusion 
is that the schists probably represent volcanic flow rocks. 
The feldspar compositions would indicate acidic varieties.

Numerous small lenses of quartz similar to the 
quartz lenses found in the Older Metamorphics are found 
throughout the schistose rocks of the Younger Metamorphics. 
These lenses are conspicuous in their common orientation
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parallel to the foliation planes; however, a few small dis
cordant veinlets are present. Similar to the quartz lenses 
of the Older Metamorphics the quartz lenses of the Younger 
Metamorphics represent a very large volume of silica and 
the few small discordant veinlets seem of little conse
quence as "feeder" channels for hydrothermal solutions.
The writer, therefore, prefers metamorphic segregation as 
the principal mode of origin.

The Younger Metamorphics have been cut by numerous 
faults. The minerals of the propylitic alteration have 
been destroyed in the walls of many of these faults and 
the rocks resemble the Older Metamorphic rocks in composi
tion and texture. This and the other similarities suggest 
that the Older and Younger Metamorphics represent two 
different alteration phases of the same general type of 
parent rock. This is more fully discussed under MINERAL
IZATION (pp. 85-90).

ARTILLERY FORMATION
General Considerations

The Artillery Formation of Tertiary age crops out 
within the mapped area only upon the pediment along the 
eastern side of the Plomosa Mountains. However, south of
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the mapped area volcanic rocks apparently belonging to this 
formation crop out along the base of the western side of 
the mountains. It is significant that no rocks belonging 
to the Artillery Formation are found upon the main mountain 
mass.

In the Plomosa area four members of the Artillery 
Formation may be recognized and in this paper are tenta
tively designated as: the Bouse Arkose member, the Golden
Door Shale member, the Mount Davis Volcanic member and the 
Plomosa Conglomerate member. This nomenclature is extended 
according to correlations drawn in a later section entitled 
Age Relations and Correlation of Layered Strata (pp. 50- 
57) .

Bouse Arkose Member
The Bouse Arkose member varies in thickness from 0 

to 100 feet and lies unconformably upon the Older Metamor
phic s . On aerial photographs the member is recognized by 
its "bland" tone and smooth texture in contrast to the 
rough texture of the underlying gneiss and angular texture 
of the overlying Golden Door Shale.

The bottom portion of the Bouse Arkose is light- 
colored and consists essentially of large, rounded boulders
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of the underlying feldspathic gneiss. It is significant 
that these boulders exist only at the base of the thicker 
section. Toward the top the member is well stratified, 
consists of finer materials and the color becomes darker.

Thin sections of the stratified material show that 
it consists of angular fragments of feldspar, quartz and 
mica cemented with iron oxides. A conspicuous microscopic 
feature is the well-ordered equi-spacing of the larger 
fragments within the finer-grained groundmass.

Golden Door Shale Member
The Golden Door Shale member immediately overlies 

the arkose. The contact between the two members is grada
tional and its placement is somewhat arbitrary. On the 
aerial photographs it was defined as the dividing line be
tween the smooth texture of the underlying Bouse Arkose in 
contrast with the more angular texture of the Golden Door 
Shale. In places, where the angular unconformity at the 
top of the Older Metamorphics cuts out the Bouse Arkose, 
the Golden Door Shale lies directly upon the Older Metamor- 
phics. Because of the incomplete and faulted character of 
most of its outcrops, no reliable thicknesses could be mea
sured. However, the member is estimated as 200 feet thick.
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The bottom part of the member consists predomi
nantly of thin calcareous shale and limestone beds 
intercalated with thin felsitic, volcanic layers measuring 
a few inches in thickness. In the upper part of the 
member the volcanic layers increase in thickness to as 
much as fifty or sixty feet and become the predominant 
facies. The lower and thinner units are dense and break 
with a conchoidal fracture, while the upper ones are pum- 
iceous and contain many inclusions of extraneous materials. 
Thin sections of the volcanic material show that the thin, 
dense layers are partially devitrified, acidic, welded 
tuff. Specimens of the pumiceous layers are spherulitic 
in texture with the spherulites having peripheral layers 
of a greenish-yellow mineral, tentatively identified as 
epidote.

The limestone layers consist of finely crystalline 
calcite containing euhedral crystals of dolomite. Iron 
oxide stains micro-fractures and finely divided detrital 
fragments of quartz and feldspar are interspersed through
out, the groundmass. With an increase of the detrital 
components the limestone layers grade into calcareous
shale.
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Although an intensive search was made to discover 
fossils, none were located. It is not known whether a 
faunal assemblage developed and the fossil remains were 
destroyed by subsequent alteration or if an assemblage 
ever existed. The alteration does not appear to be 
sufficiently intense to have destroyed significant con
centrations of fossil remains, and the opinion seems 
warranted that an assemblage never developed. This lack 
of development may be attributed to the continuous dumping 
of volcanic ejecta into the depositional basin and a 
resulting toxic condition.

Mount Davis Volcanic Member 
Overlying the Golden Door Shale is a thick section 

of volcanics comprising the Mount Davis Volcanic member.
No reliable thickness measurements could be made, but it 
is several hundred feet thick. This member, for the most 
part, consists of basic agglomerates. Layers of arkose, 
flow-breccia, pumiceous tuffs and lenses of gneiss con
glomerate are included within the member, but they make up 
a small part of the total thickness. A consistent layer 
of welded tuff occurs at the top of the member. This 
capping layer is most prominently observed in several
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small hills which protrude through the alluvial cover north 
of the main pediment exposure.

The contact of the Mount Davis Volcanics with the 
underlying Golden Door Shale member is apparently conform
able; although, this is not always evident as the contact 
commonly serves as a zone of shearing. Its contact with 
the overlying Plomosa Conglomerate member is unconformable.

Outcrops of the Mount Davis Volcanic member are 
often highly iron-stained giving them a deep-red color.
The predominating agglomerate facies is unstratified and 
the member in general assumes this unstratified appearance; 
however, this appearance is interrupted by the stratifica
tion of layered flow rock, tuff and arkose units. On 
aerial photographs the member is distinguished by a dark 
tone, interrupted stratification and rounded outcrops. 
Figure 7 is a view of a typical exposure.

The agglomerate facies consists of rounded boulders 
of dark andesites and vesicular basalts. Rudimentary 
stratification can generally be seen by close inspection. 
Lenses of conglomerate composed largely of gneiss pebbles 
and boulders are included within the agglomerates.
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Figure 7. A view of a typical exposure of the 
Mount Davis Volcanic member.

The high mountain in the background is Round 
Mountain composed of limestones and quartzites of the 
Younger Metamorphics.



Boulders of the gneiss composing these lenses closely 
resemble specimens from the metamorphic units.

The flow breccias and pumiceous tuff layers are of 
particular interest. The flow breccias commonly contain 
fragments of shale which are oriented parallel to the flow 
planes. The fragments are not unlike specimens from the 
underlying Golden Door Shale member. The pumiceous layers 
are generally red in color, but locally they are white and 
in striking contrast to the somber colors of adjacent 
rocks.

The persistent capping layer of dense, felsitic 
flow-rock, unlike the other volcanics of this member, is 
generally fresh in appearance. Thin section examination 
shows it to be similar to the thin, welded tuff layers of 
the underlying Golden Door Shale member. This flow 
evidently represents the last preserved volcanic activity 
to affect the Plomosa area as no younger volcanics are 
found.

33

Plomosa Conglomerate Member 
The Plomosa Conglomerate member is exceedingly vari 

able in thickness and is composed of coarse detritus that 
unconformably overlies the Mount Davis Volcanic member.
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Because it has been subjected to deep erosion, unconform- 
ably overlies the volcanics and grades directly upwards 
into recent fanglomerate, reliable measurements or esti
mates of the thickness cannot be made. In general the 
unit consists of three main facies: a boulder-conglomerate
containing many exotic fragments of a coarsely crystalline, 
perthitic granite; a finer-grained fanglomerate and a 
limestone-quartzite conglomerate. Each facies is distinc
tive, not only in its composition, but also in its areal 
distribution; however, because of intricate interfingering 
it was not practical to map each facies separately. In 
general the bottom part is composed of the boulder con
glomerate while the other two facies comprise the upper 
part. On the aerial photographs the conglomerate unit is 
distinguished by its light tone, rough texture and strati
graphic position. Figures 8 and 9 show the typical surface 
features of the exposure.

The bottom part of the member is an aggregate of 
lenses with each lens being composed of large boulders of 
one type of rock. This type differs between individual 
lenses and may be either granite, gneiss or schist. Where 
mineralized or otherwise altered, the small outcrops may
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Figure 8. A  view of Beehive Mountain which is com
posed of Plomosa Conglomerate.

The dump of the Adele M. Mine and the foundation of 
the mill are seen in the center of the photograph.

Figure 9. Typical exposure of the Plomosa Con 
glomerate member.



have a deceptive authigenic appearance. In the large 
exposures the conglomeratic character is more apparent.

Of especial interest are those lenses consisting 
of large boulders of coarse-grained granite. Thin section 
study of this material shows it to be perthitic granite. 
Although no authigenic outcrops of perthitic granite occur 
within the mapped area, boulders of this material occur in 
the Plomosa Conglomerate throughout its area of outcrop.

Lasky and Webber (1949, p. 18) described a similar 
boulder conglomerate in the Artillery Mountains. They made 
no thin section study of the boulders and it is not known 
whether they are of the perthitic granite. In the Buckskin 
Mountains, approximately midway between the Artillery Moun
tains and the Plomosa area, the writer has also noted a 
coarse-grained conglomerate in which the boulders megascop- 
ically resemble the perthitic granite. Although no thin 
section study of these boulders was made, they are quite 
distinctive in appearance and megascopic identification 
seems valid. If this identification is correct, the con
glomerate not only has local but possibly regional
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distribution.
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In the Plomosa Mountains the boulder conglomerate 

grades upward into ordinary fanglomerate. The fanglomerate 
is well developed in the southern portion of the area, but 
is essentially absent in the north.• In this southern area 
of best development, the lower part of the fanglomerate 
contains sandy layers and discontinuous thin beds of lime
stone. In general the fanglomerate occurs only upon thrust 
sheets and the attitude of the fanglomerate conforms with 
that of the thrust surfaces. It does not appear on the 
foreland.

An especially interesting feature is the occurrence 
of conglomerate outcrops consisting wholly of large blocks 
of limestone and quartzite. These blocks are derived 
directly from the limestone and quartzite facies of the 
Younger Metamorphics. Outcrops occur only upon the fore
land or on the immediate front of partially eroded thrust 
plates. In the center of Section 18, T. 7 N., R. 17 W., 
the leading edge of the Round Mountain thrust surface is 
obscured by an accumulation of these blocks.

• It is believed that the distribution of the 
fanglomerate and limestone-quartzite conglomerate is



structurally controlled and that they evolved contempora
neously as the direct result of thrust faulting.

REGENT ALLUVIUM
The Plomosa Range is completely surrounded by 

alluvium composed of debris from the mountain mass and 
pediment. This debris forms the broad alluvial plains 
designated as the La Posa and Cactus Plains. In general 
the debris has a great thickness both to the west and to 
the east of the range. To the north it is thin, as shown 
by occasional bedrock outcrops.

Downward the gravels become indurated and grade 
into the underlying fanglomerates of Tertiary age. In 
many instances the only distinguishing features between 
these indurated gravels and the older fanglomerates is the 
contrast in dips. The latter dip southerly according to 
regional tilting as opposed to the outward dip of the 
gravels away from the mountains. A second distinguishing 
feature is the lack of limestone layers in the gravels.

Some indication of the great total combined thick
ness of gravels and fanglomerates of the Plomosa member is 
gained by drill holes of the Ruby Company located in the 
Cactus Plains of Section 5, T. 6 N., R. 17 W., and Section
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29, T. 7 N., R. 17 W. These holes, SB 2 and SB 3, reached 
depths of 844 and 612 feet respectively, but penetrated 
only the gravels and fanglomerates.

STRATIGRAPHIC SYNTHESIS
General Considerations

While the record is incomplete, the stratigraphic 
studies have made available a vast amount of data that may 
be synthesized and correlated with the geomorphic data to 
provide a fairly comprehensive picture of the progressive 
erosional and depositional processes as they affected the 
Plomosa area. The picture is one of an area which became 
and remained essentially positive since the end of Paleo
zoic time although effects of events in adjacent areas 
have been superimposed upon this simple picture. Correl
ations are not definite, but Pre-Cambrian and Paleozoic 
ages are indicated and assigned to the Older and Younger 
Metamorphics respectively. A Tertiary to Recent age is 
assigned to the layered strata.
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Depositional Environments

Metamorphics
Little can be said in respect to the conditions of 

original depositional environments of the Older Metamor
phics; however, the Younger Metamorphics may be classified 
as deposits characteristic of either the eugeosyncline of 
Kay (1947) or the transitional basin of Ruxin (1957), 
According to the eugeosyncline concept, the basin would 
be considered as a large subsiding area intimately asso
ciated with volcanism and receiving detritus from a 
bordering craton. The transitional basin is a smaller 
intra-cratonal basin located immediately adjacent to the 
complementary uplift. Volcanics may or may not be present. 
The choice of concepts rests largely upon whether or not 
a positive structure adjacent to the Plomosa area was in 
existence during the time of deposition. This determin
ation probably cannot be made with assurance on the sole 
basis of the sedimentary and geomorphic features as noted 
in this restricted area. However, the area presently 
occupied by the Plomosa Mountain mass was receiving 
sediments and could not have been positive during this 
depositional period. It seems likely that adjacent areas
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were also negative as they all contain similar metamorphic 
rocks. The eugeosynclina1 environment of deposition, 
therefore, seems the more probable.

No erosional remnants of the Artillery Formation 
are presently found resting on the Younger Metamorphics. 
This could either be interpreted as complete erosion or 
non-deposition of the Artillery Formation. The latter 
interpretation is favored as it is difficult to see how, 
if deposition had occurred, at least a few remnants would 
not have persisted. If non-deposition is the correct 
interpretation, the mountains must have become positive 
before deposition of the Tertiary rocks and planation of 
the area, prior to their deposition, was partial. The 
Paleozoic-Tertiary unconformity probably represents an 
early pediment surface. Its coincidence with the approxi
mate contact of the Older and Younger Metamorphics may be 
the result of the comparative resistances of the two units 
to erosion.

Formation of this pediment must have taken consid
erable time, but there is no evidence for precise 
evaluation of the duration of this period. It is clear, 
however, that a geomorphic form similar to that of the



42
Plomosa pediment of today was created prior to the deposi
tion of Tertiary rocks.

Another alternative is the possibility that the 
relations between the Older and Younger Metamorphics have 
been misinterpreted and that the Plomosa Mountain Range is 
a large thrust plate. However, there seems to be little 
evidence to indicate thrusting of this magnitude.

Artillery Formation
Bouse Arkose Member

The well-rounded boulders at the base of the
thicker arkose section suggest stream deposition in
terrestrial channels. However, the ordered equi-spacing,
laterally and vertically, of the gravel-size fragments in
the finer-grained groundmass of the stratified arkose could
never have been attained under conditions other than
oceanic or lacustrine. The ordered arrangement of frag-

/

ments seems especially incompatible with low-density 
fluvial transport, but is entirely compatible with high- 
density fluvial transport, such as the turbidity currents 
of Kuenen and Migliorini (1950).

In the case of turbidity current transport, order
ing of the fragments might indicate the relative distance



43
of transport, provided the high-density mass can be con
sidered a type of fluidized bed (Reynolds, 1954). Ah 
ordered arrangement would indicate maturity of the bed and 
a relatively greater distance of transport than would a 
heterogeneous arrangement. From.this one might consider 
that the arkose was derived from a source area more dis
tant than the adjacent Plomosa Mountains. This would 
imply a large body of water, but not necessarily of oceanic 
extent.

Upon submergence the pre-existing erosional chan
nels in which the boulders were deposited would have been 
converted into submarine canyons. They could have had 
tortuous courses and certainly would have been the logical 
routes for turbidity currents to follow. Therefore, 
because of these tortuous paths, the actual distance of 
transport may have been much greater than the airline dis
tance of transport. Thus, the deposition of these 
well-ordered arkoses within a relatively small lake might 
be explained.

It is not immediately apparent whether the sub
mergence of the pediment represents tectonic activity or 
merely flooding of the area by some other means, for



44
example the damming of a river. The effects would have 
been much the same in either instance. Considering the 
thinness of the member, the latter interpretation would be 
the more preferable. Certainly this small thickness does 
not indicate tectonic movements of large magnitude.

Golden Door Shale Member
The sedimentary basin, during the deposition of the 

Golden Door Shale member, was receiving both fine detritus 
and volcanic ejecta. On the basis of the consistently fine 
detritus, one must conclude that some measure of tectonic 
stability had either been reached or maintained from the 
time of Bouse Arkose deposition. The meaning of the vol
canic layers is not yet clear. Most of these are effusive 
rocks that may have traveled great distances to this 
depositional area. The depositional environment was 
definitely marine or lacustrine.

Mount Davis Volcanic Member 
The volcanism which started during the deposition 

of the acidic tuffs of the Golden Door Shale member seems 
to have intensified and culminated with the deposition of 
the Mount Davis basic volcanics. No volcanic vents have
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been located within the area and it seems clear that the 
volcanics were derived from the outside. The large sizes 
of the agglomerate boulders would indicate that they were 
derived from flows located nearby. The roundness of these 
boulders and those of the gneiss conglomerate lenses indi
cates terrestrial, fluvial transport, but the arkose layers 
would suggest a marine or lacustrine environment of depo
sition.

Plomosa Conglomerate Member 
The conglomerate member presents a special case of 

depositional environment. Deposition for the most part was 
terrestrial; however, local lakes or playas must have 
existed during the later stages, as indicated by the thin 
sandstone and limestone layers of the fanglomerates.

The lower part of the unit, which is composed of 
the granite-schist-gneiss boulder conglomerate, has wide 
areal distribution. The gneiss and schist boulders closely 
resemble the rocks of the Younger Metamorphics and could 
have been derived from this local source. However, no out
crops exist in the mapped area which might be assumed as a 
source of the perthitic granite boulders. They clearly are 

of foreign derivation.
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The conglomerate is an assemblage of lenses not 

unlike the deposits forming today at the mouths of the 
larger drainages during times of abnormal discharge. This 
led Lasky and Webber (1949, pp. 18-21) to suggest that the 
Artillery Formation was deposited in a valley which was 
receiving debris from the bordering mountains. The explan
ation is logical for the Plomosa Conglomerate, provided a 
nearby source for the perthitic granite can be located. 
Considering the amount of debris it has furnished, this 
source must have some considerable dimensions. There is 
the possibility that the source body has been completely 
eroded or covered since formation of the conglomerate.
This, however, seems unlikely.

Lasky and Webber (1949, p. 21) considered as an 
alternative that the Artillery conglomerates may have been 
derived from the front of an advancing thrust sheet which 
eventually overrode its own waste. The writer used this 
same explanation for the origin of the limestone-quartzite 
conglomerate (pp. 37-38), but this was on a very small and 
local scale in comparison to the thrust sheet of Lasky and 
Webber. The only mass of rock in the immediate area which 
might be construed as a possible thrust sheet of the
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magnitude required is the Plomosa Mountain Range. If these 
mountains are an actual thrust sheet and, therefore, the 
source area for the conglomerate, there should still be 
some remnants of the perthitic granite. There are not and 
this concept does not seem worthy of further consideration.

Longwell (1963, pp. E11-E12) in describing the Old
er Alluvium of the Lake Mead area noted that it is a 
deposit formed by the Colorado River during its occupancy 
of former channels and describes remnants which are found 
up to three miles away and 600 feet above the present river 
channel. The Plomosa area is more than three miles from 
the present Colorado River, but the conglomerate outcrops 
are confined to elevations less than 600 feet above its 
present channel and the access via Bouse Wash is direct 
and unblocked. It seems entirely possible that the river 
could have occupied a channel in the vicinity of the 
Plomosa Mountains.

While this seems to be the most probable explan
ation for the origin of the perthitic granite boulders, 
there is a drawback. It seems odd that a more diversified 
assemblage of rock types is not present. Perhaps this 
granite was the only species available that was
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sufficiently resistant to withstand the rigors of trans
port. Coarse-grained granite, however, is not particularly 
noted for its endurance when attacked by the elements.

Even while accepting the river transportion ex
planation for the origin of the perthitic granite boulders, 
one must also admit the dynamic growth of the main mountain 
mass during the course of the conglomerate deposition as 
shown by the association of the fanglomerate and limestone- 
quartzite conglomerate with thrust faults.

Recent Alluvium
The depositional environment of the recent gravels 

is readily observed today. They are the product of torren
tial erosion of a precipitous area under the conditions of 
an arid climate. The debris is being derived directly from 
the mountain mass and the pediment. The pediment has been 
reversed in position from the basinal area of deposition to 
that of a source area although the mountain mass is the 
dominant supplier of clastic materials.

Age Relations of Older and Younger Metamorphics
No fossils could be found in the metamorphic units 

and the ages of these rocks are much in doubt. Wilson
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(1960) designated the rocks of the main mountain mass (the 
Younger Metamorphics) as Paleozoic. At the same time he 
considered the Older Metamorphics as Pre-Cambrian. These 
designations are made purely on the basis of the relative 
intensity of metamorphism. The writer's interpretation of 
the metamorphism in the Plomosa Range would suggest that 
feldspathization is merely an advanced, more intense phase 
than propylitization. The two stages, then, may only 
represent depth zones and could have developed simultane
ously. Clearly the feldspathized rocks are generally the 
older as they underlie the propylitized rocks. However, it 
is just as clear that alteration intensity is probably an 
invalid criteria for stratigraphic subdivision.

Wilson (1933, p. 27) presents a line of inquiry 
that might suggest that the metamorphics are all Pre- 
Cambrian. In southern Yuma County he questioned that 
certain schists and gneisses were Pre-Cambrian on the 
basis that some marble members gave off abundant hydrogen 
sulphide when struck. This, according to Wilson, would 
indicate the probability of abundant organisms with the 
water in which they were deposited. He further restricted 
the age of these rocks to Pre-Mesozoic by noting their low
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magnesium content. He quotes Daly (1909) who found that 
Paleozoic and Pre-Cambrian limestones are notably less mag
nesian than younger ones. The limestones of the Younger 
Metamorphics are low in magnesium; however, they do not 
give off abundant hydrogen sulphide when struck. Thus, if 
Daly's findings and the proposition that organisms did not 
develop prior to the Paleozoic and abundantly thereafter 
are accepted at face value, a Pre-Cambrian age is indicated 
for both units.

The low magnesium content may be compatible with 
the Pre-Mesozoic age, but organisms are known to have been 
present in Pre-Cambrian seas and these certainly could have 
been locally abundant or, conversely, absent in the waters 
of any age. In final analysis a Pre-Mesozoic age may be 
indicated, but the more specific designations are accepted 
by the writer only tentatively arid for lack of better evi
dence.

Age Relations and Correlation of Layered Strata 
Lasky and Webber (1949, pp. 16-22) described a 

sedimentary sequence which overlies the Pre-Cambrian rocks 
of the Artillery Mountains. The bottom of this sequence is 
an estimated 1500 feet of coarse-grained arkose, containing
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in the upper part much sandstone and shale interbedded with 
a few layers of limestone. This equally well describes the 
Bouse Arkose and Golden Door Shale members of the Plomosa 
Mountains, but the Artillery Mountain section is thicker 
and there is- no mention of interbedded volcanic rocks.
They describe overlying units of volcanics and coarse
grained conglomerates which grade upward into ordinary 
fanglomerates. This is the proper sequence and compares 
with the description of the Mount Davis and Plomosa Con
glomerate members in the Plomosas. It seems definite that 
they are correlative. Lasky and Webber (1949)' used the 
designation "Artillery Formation" and this name is here 
extended to include the layered strata of the Plomosa 
pediment.

Longwell (1963, pp. E18-E33) recognized five dis
tinct episodes of volcanism in the Lake Mead and Davis Dam 
areas. In the Plomosa area two volcanic episodes might be 
recognized. These are the siliceous tuffs of the Golden 
Door Shale member and the basic rocks of the Mount Davis 
Volcanic member. It has already been noted that the vol
canics of the Plomosa area were probably derived from an 
outside source. It might be expected that not all volcanic
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episodes of adjacent areas would affect the Plomosa Moun
tain area, but the more effusive episodes might be 
represented. Longwell's descriptions of the volcanic epi
sodes in Lake Mead and Davis Dam areas suggest that the 
Golden Door and the Mount Davis Volcanics were the more 
effusive. According to him the Golden Door Volcanics are 
the older and consist of a considerable thickness (5,000 
feet) of lavas, breccias, tuffs and glasses that average 
considerably higher in silica content than the next younger 
or older units. Longwell notes that the Mount Davis 
Volcanics of the Lake Mead and Davis Dam areas exceed 
2,000 feet in thickness and consist largely of basalt and 
dark andesite. He notes that sheets of glass and pumiceous 
tuff with compositions corresponding to latite and rhyolite 
are present and that a wide-spread, glassy unit occurs in 
its upper part. In his area these volcanics are interca- 

. lated with coarse gravels and may rest either conformably 
or with strong unconformity on the Golden Door Volcanics.

The change from siliceous to basic volcanics also 
is noted in the Plomosa area between the volcanics of the 
Golden Door Shale member and the dark rocks of the Mount 
Davis Volcanic member. The Mount Davis Volcanics also
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contain intercalated gravels and tuffaceous layers. The 
glassy unit mentioned by Longwell is suggestive of the 
welded tuff layer that caps the Mount Davis Volcanic mem
ber in the Plomosas.

Thus the correlation of the Golden Door and the 
Mount Davis Volcanics of the Lake Mead and Davis Dam areas 
with volcanic facies of the Golden Door Shale and the Mount 
Davis Volcanics of the Plomosa area seems established. . 
Longwell considered the age of the Golden Door Volcanics 
as Middle Eocene on the basis of their relations to the 
Boulder City pluton which is considered of that age. The 
Mount Davis Volcanics were dated by Longwell as being 
between Middle Eocene and Pliocene in age on the basis of 
a tentative correlation with the Muddy Creek Formation.

Longwell notes that the top of the Mount Davis 
Volcanics may also include many thick beds of coarse con
glomerate and breccia. These are probably correlative with 
the lower part of the Plomosa Conglomerate member.- While 
not a good basis for correlation, Longwell's Older Alluvium 
resembles the fanglomerates of the Plomosa areg as they are 
indurated and tilted similarly. An unconformity was noted 
in the Plomosas between the Mount Davis Volcanic member and
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the Plomosa Conglomerate. If the correlations just drawn 
are correct, this unconformity may represent only a local 
hiatus as Longwell evidently recognizes no significant 
break. As the Plomosa Conglomerate member grades upward 
into Recent Alluvium and may rest unconformably upon 
Pliocene rocks, it may represent the depositional period 
spanning the Pleistocene.

In the section on Depositional Environments (pp. 
40-48) it was noted that the layered rocks of the pediment 
of the Plomosa Mountains were deposited largely in a lacus
trine environment. Longwell (1946, p. 827) presented 
evidence for a deep lake that occupied a vast area in the 
Lower Colorado River Valley. The deposits made in this 
lake were fine-grained sediments covered with several 
hundred feet of river gravel. Longwell called these 
deposits the Chemehuevi Formation after Lee (1908, p. 41) 
who earlier described the assemblage. Longwell (1963, p. 
E12) considers the Chemehuevi Formation as Pleistocene. 
Lithologically the upper part of the Plomosa Conglomerate 
member, i.e., the fanglomerates which contain sand and 
carbonate members, is similar to the Chemehuevi Formation. 
The laminated clay facies which forms the bulk of the
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Chemehuevi Formation in the Davis Dam area, however, is 
missing in the Plomosa area. Longwell (1963, p. E13) notes 
gravels in the basal beds of the Chemehuevi Formation.
These he attributed to an incipient filling stage while 
Lake Chemehuevi was growing headward from the obstruction 
that blocked the river. These gravels might correspond to 
the lower conglomeratic section of the Plomosa Conglomerate 
member and the entire assemblage called the Plomosa Con
glomerate member in this present paper may be correlative 
to Longwell's Chemehuevi Formation. The strata underlying 
the Plomosa Conglomerate cannot be included within the time 
interval of Chemehuevi if the other correlations drawn pre
viously are correct. However, if the interpretation of a 
lacustrine environment throughout the depositional period 
of the layered strata of the Plomosa area is correct, Lake 
Chemehuevi may have endured through a longer time interval 
than Longwell supposed.

The concept of a long enduring Lake Chemehuevi is 
intriguing to the writer. He would like to suggest this as 
a realistic solution and extend the Chemehuevi terminology 
to include the layered strata of the Plomosa pediment. 
However, this is not possible within the restricted



56

definitions of Longwell and the present information is in
sufficient to suggest re-definition. Tentative acceptance 
of the broader terminology of Lasky and Webber for the 
formational name seems the best present procedure.

Lasky and Webber (1949) did not subdivide the 
Artillery Formation nor did Longwell (1963) correlate the 
Golden Door or the Mount Davis Volcanics with the Artillery 
Formation. Lasky and Webber did, however, recognize both 
the arkose and conglomerate facies in the Artillery Moun
tains in addition to volcanic entities. This present work 
has shown that the Artillery Formation can be logically 
subdivided and correlated. However, the Plomosa area 
cannot be considered a good type locality. Accurate mea
surements are not possible because of complex structure. 
Furthermore, the type area of the Artillery Formation is 
in the Artillery Mountains and this locality should be 
used for official description and naming.

The stratigraphic nomenclature used in this paper 
is assigned tentatively for ease of presentation. The 
Golden Door Shale and the Mount Davis Volcanic members are 
assigned these names on the basis of good correlation data.
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The Plomosa Conglomerate and the Bouse Arkose members are 
named after the Plomosa Mountains and the local settlement 
of Bouse. These terms are used for the first time in this 
paper.

Tectonic Implications
The amount of debris derived from a given source 

area is not always a measure of the tectonic activity of 
the provenance. If the differential movement within the 
provenance is compensated for or exceeded by filling of 
the depositional basin with debris derived from external 
sources, then either a static or negative record might 
result when positive activity is actual.

Definite contributions of detritus were made from 
the Plomosa Mountain mass during Tertiary time which can 
be equated with the schist and gneiss conglomerate boulders 
and possibly with many of the other clastic sediments of 
the pediment. Therefore, it seems likely that the Plomosa 
Mountains were tectonically active throughout the Tertiary 
time and may have been so since Paleozoic time as planation 
during the Mesozoic Era was incomplete.
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The meaning of the erosional cycles is now more 

apparent. The unconformity between the Older Metamorphics 
and the Artillery Formation may be correlative with the 
Permian-Triassic unconformity recognized throughout the 
Plateau Province (Wilson, 1962, pp. 36-37). On this basis 
it is assumed that the mountain mass became positive in 
the Permian. The uplifted area was only partially and 
imperfectly planed and it may be assumed that the mass con
tinued to grow, at least slowly or intermittently, 
throughout the Mesozoic Era. Deposition of the Artillery 
Formation on the early pediment was evidently the result of 
the establishment of a local base level which caused flood- 
.ing of the area. This base level was probably a lake 
caused by damming of the ancestral Colorado River, perhaps 
by volcanic flows. Destruction of this base level allowed 
erosion to proceed and the old pediment surface was ex
humed. This erosional process is today proceeding past 
simple exhumation and the tectonic activity started in the 
Permian is seen continuing to the present.

This is contrary to the classical concept of 
"cyclic orogeny". However, there seems to be no
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information in the stratigraphic record of the Plomosa 
rocks that need be interpreted as indicating cyclic orog

eny.



STRUCTURAL GEOLOGY

GENERAL CONSIDERATIONS
A well defined system of contemporaneous faults 

occurs in the Northern Plomosa Mountains. This system is 
dominated by oblique-slip and normal high-angle faults 
which trend northwesterly, northeasterly, northerly and 
easterly. Associated with these faults are a profusion of 
superficial thrust faults. These are interpreted as sur
face relief structures which formed as a result of 
fundamental oblique-slip motion along the high-angle 
faults. Regional southwest tilting is considered a related 

effect.
The metamorphic rocks are host to a chaotic assem

blage of slip-planes which are not found in the younger 
rocks. These slip-planes occur only as faulted segments 
and are not subject to reliable analysis. It is evident, 
however, that they represent a period of fault movement 
older than that which has produced the mapped faults.

Analysis suggests that the area has suffered poly
lateral extension with the maximum and minimum axes

60
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corresponding to the east-west and north-south directions, 
respectively. It is suggested that the effects may have 
been the result of tectonic activity initiated in late 
Paleozoic time and continuing, with increasing intensity, 
to the present.

GEOMETRIC STRUCTURE
Older Faulting

A profusion of discontinuous slip-planes is found 
within the metamorphic units. These fractures exist only 
as faulted segments. Many segments are intact, but they 
are seldom over a few feet in length. An attempt was made 
early in the study to reconstruct several of the struc
tures, but it was decided that a reliable analysis was 
impossible. However, it became apparent that the trends 
and attitudes of these faults do not diverge greatly from 
those of the younger ones.

Younger Faulting
General Considerations

The younger faults constitute a primary system of 
contemporaneous fractures belonging to four trends. These 
are oblique-slip and normal faults trending'northeasterly,
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northwesterly, easterly and northerly. Some of the north
easterly trending faults tend to curve toward the north and 
assume northerly trends. The Cow fault is a good example. 
Its southern extension trends northeasterly, but northward 
in Section 24, T. 7 N., R. 18 W., the fault assumes a 
northerly trend. The northeasterly trending faults com
monly intersect and terminate members of the northwesterly 
trending set, as in the N%, Section 1, T. 7 N., R. 18 W.; 
or, they in turn may be intersected and terminated by the 
northwesterly trending set, as in the center of Section 31, 
T . 7  N., R. 17 W. The easterly trending faults tend to 
bend and assume northwesterly trends. An example is the 
Jackson fault. These relations seem to suggest a similar 
age and origin for all four sets.

Associated with the oblique-slip faults are numer
ous low-angle faults. Some of these are imbricate thrust 
structures of considerable magnitude. They are all inter
preted as surface relief structures resulting from movement 
along the oblique-slip faults. This suggests that the top
ographic surface at the time of faulting essentially 
corresponded to that of the present.
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Northeasterly Trending Faults

The northeasterly trending faults are best devel
oped in the outcropping areas of the Younger Metamorphics. 
Here they form a well-defined system of northeasterly 
trending fractures. The average strike of these is N. 37° 
E., approximately parallel with the valley trends of the 
range.

The surface outcrops of the faults are zones of 
numerous low-angle slip-planes. This gives the immediate 
impression that the primary faults are low-angle; however, 
prospect drifts have cut some of the major fault zones at 
respectable depths. Where such exposures have been made it 
may be seen that the low-angle slip-planes are confined to 
a near surface zone and converge downward into one high- 
angle primary fault. The present topographic surface 
evidently is essentially the same as it was during the time 
of the latest movement and the low-angle slip-planes must 
be surface relief structures.

The primary faults generally have dips ranging from 
50° to 90°. The dips may either be to the southeast or to 
the northwest, with neither direction particularly pre
ferred. An occasional northeasterly trending fault is
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found in which the fundamental dip is low-angle. An 
example of this is the Cukar fault which bounds a portion 
of the eastern front of the main mountain mass. Dips 
along this fault range from 10° minimum to 29° maximum.

In some localities it is possible to find grooves 
and striations on the fault surfaces which rake at angles 
of 5° to 45°. The Cukar fault plane is well exposed in 
several washes which cross it. Where the plane can be 
observed the striations rake easterly at approximately 10°. 
Striations on other northeasterly trending fault planes 
rake similarly. The faults, therefore, are to be consid
ered oblique-slip faults with the strike-slip component 
predominating over the dip-slip component.

The fault zones are intensely-brecciated and fre
quently mineralized. The mineralization has been the 
object of considerable prospecting and the zones are well 
marked by many prospect pits.

Northwesterly Trending Faults
The northwesterly trending faults have an average 

strike of N. 36° W. They are best developed on the pedi
ment in contrast to the predominance of the northeasterly 
trending set on the high mountain mass. The key members
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of this system are the Four Peaks fault, the Three Peaks 
fault, the Burro fault and the Little Butte fault. The 
inclination along these faults, with the exception of the 
Little Butte fault, could not be definitely ascertained; 
however, it is clear from the surface traces that they are 
steep. The Little Butte fault dips northeast at 46° to 
59°.

Like the northeasterly trending set, the northwest
erly trending set has members which dip at low-angles. An 
example of this is the one found in the W%, Section 24, T.
7 N., R. 18 W. This fault dips northeast at 26°. Another 
in the SW%, Section 19, T. 7 N., R. 17 W., dips northeast 
at 28°.

Numerous low-angle slip-planes have developed at 
the surface along the northwesterly trending faults indi
cating a predominance of strike-slip displacement similar 
to the northeasterly trending set. A further analogy 
between the northeasterly and the northwesterly trending 
sets is their common, intense brecciation and mineraliz
ation;



66

Northerly Trending Faults
A number of faults were mapped that strike nearly 

north-south. The Prospector fault is perhaps the best 
example of these. The fault was mapped over a strike 
length in excess of two miles. It dips steeply (85°) to 
the east. The relative displacement along this fault is 
uncertain. A wide breccia zone coupled with intense 
alteration of the rocks of both walls makes identification 
of correlative units on either side uncertain. The writer 
believes, however, that the displacement is normal dip- 
slip. The White Eagle fault, another member of this 
northerly trending set, dips 60° eastward and striations 
found near the end of its southern outcrop show nearly pure 
normal dip-slip displacement.

Easterly Trending Faults
Faults are found which have easterly trends. Two 

of these are found in the S%, Section 18, T. 7 N., R. 17 W. 
One of these cuts across a tongue of the Round Mountain 
thrust plate and drops the northerly extension of the plate 
downward. The easterly trending fault is dipping northward 
at 54° and the offset of the thrust surface indicates nor
mal dip-slip displacement. Westward dipping strata lying
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to the west of the thrust plate has also been cut by this 
fault. The strata of the hangingwall have been displaced 
westward indicating strike-slip displacement in this 
direction as normal dip-slip displacement would have off
set these strata eastward. It must, therefore, be assumed 
that the strike-slip displacement predominated.

In the N%SW%, Section 18, T. 7 N., R. 17 W., the 
Jackson fault trends easterly, but in Section 13, T. 7 N., 
R. 18 W., it trends northerly. Figure 10 is a view of the 
Jackson fault surface taken at the mouth of the Plomosa 
Mine shaft. Deep grooves and striations on this surface 
rake northeastward at 14°.. In this case the fault is dip
ping northeastward at 47° with the northeast side 
downthrown.

Thrust Faults
Thrust faults are widely developed, but all are 

apparently bounded by and complimentary to high-angle 
faults. Thrusting is best developed between the Four 
Peaks fault, Three Peaks fault and Burro fault.

Between the Three Peaks and the Four Peaks fault 
an imbricate thrust structure has developed in Section 6, 
T. 6 N., R. 17 W. The thrust surfaces dip southerly and
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Figure 10. . A view of the Jackson fault surface 
looking southwest.

The black ribbons above and below the Brunton 
compass show the horizontal plane and the direction of 
slip respectively.
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follow, for the most part, the stratigraphic surfaces.
Some crossing of stratigraphic boundaries is obvious as 
the section is duplicated and "cut out" laterally. In 
Sections 29 and 30, T. 7 N., R. 17 W. a similar imbricate 
structure appears between the Three Peaks and Burro faults. 
These two structures might represent two segments of one 
faulted structure or two structures with similar origin.

Round Mountain is a portion of a much larger thrust 
plate in which the strata of the Younger Metamorphics have 
been thrust northward and superimposed upon Tertiary rocks. 
Observed in detail Round Mountain is seen to comprise an 
imbricate thrust system. Nearly every bedding plane shows 
the effects of slip with striations parallel to the direc
tion of the dip of the strata.

Numerous low-angle slip-planes are found near the 
surface in the vicinity of nearly every high-angle fault. 
These generally are complexly jumbled with the stresses 
apparently being relieved along many haphazardly oriented, 
pre-existing planes of weakness. It seems clear that these 
smaller low-angle slips represent the surface manifestation 
of fundamental strike-slip movement along the high-angle
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faults. By analogy the larger flat-lying structures may 
also be of similar origin. The fact that these larger 
thrusts are bounded by high-angle, oblique-slip faults 
suggests that such an assumption is justified; however, 
two stages of faulting may be represented. The high-angle 
faults may be younger and offset the older thrusts, but 
overriding the Burro high-angle fault by the Round Mountain 
thrust would not be compatible with this interpretation.
It seems definite that the two types of faults represent 
responses to the same general stresses. The problem 
resolves into determining which is the more fundamental 1 
effect, oblique-slip faulting or thrusting.

In many instances it can be demonstrated by de
tailed mapping of small thrusts immediately adjacent to the 
high-angle faults that the thrusts are complimentary to the 
high-angle faults rather than the converse. The thrusts 
are small with the largest areal extent of an exposed plate 
being less than one square mile (Round Mountain thrust). 
While this is a rather large complimentary structure, its 
magnitude is not excessive.

It might be argued that the variation in fault pat
tern from a dominance of northeasterly trending faults on
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the mountain mass to the dominance of northwesterly trend
ing faults on the pediment indicates that the mountain 
range is an overthrust sheet.

If this argument is valid, faults of either of the 
two sets should be absent in the domain of the other. This 
is not the case. The domain characteristics are more 
logically explained as the result of original anisotropy. 
The rocks composing the mountain mass generally strike 
northwestward. Bedding planes and shistosity of this 
orientation would allow dissipation of stresses acting in 
this direction. The northeasterly directed stresses, on 
the other hand, would be confined and tend to be relieved 
by fracturing. However, this does not explain the predom
inance of northwesterly trending faults on the pediment. 
Perhaps anisotropic qualities, not readily apparent, were 
effective.

DeSitter (1956, p. 168) shows a diagram giving one 
explanation of the mechanism of thrusting which results 
from strike-slip faulting. High-angle strike-slip faults 
are assumed in an "en echelon" arrangement; Thrusting 
occurs between the two faults in the overlap area. They 
overlie the parent block and the direction of thrusting
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is adverse to the direction of the motion of the parent 
block.

It seems to the writer that small thrusts may 
develop near the surface of any site along strike-slip 
faults where stresses arise because of frictional resis
tance to further differential strike-slip motion and where 
these stresses exceed the vertical force of gravity. 
Initiation of these thrusts would be facilitated in the 
hangingwall block, if a normal dip-slip component of motion 
existed, because the dip-slip motion would be opposed by a 
reverse stress. The thrusts would necessarily be confined 
to shallow depths because the force of gravity would become 
increasingly more effective and predominate with depth.

Development of this type of small superficial 
thrust is well illustrated along the Cow fault in the E%, 
Section 26, T. 7 N., R. 18 W. In this area stresses were 
evidently relieved along several small faults confined to 
the northwest side of Cow fault. These faults dip both 
flatly and steeply southeastward towards Cow fault and all 
show reverse displacement. Deep grooves and striations on 
the flat faults parallel the strike direction of the Cow 
fault (Figure 11).
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Figure 11. A photograph of one of the small super
ficial fault surfaces associated with Cow fault.

The photographer is standing at the trace of Cow 
fault and is looking northwest. Striations on the fault 
surface approximately parallel the direction of the strike 
of Cow fault, but the two fault surfaces converge to the 
right. It can be seen that if this secondary fault were 
flatter, it could be described as a thrust.
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Further northeast, at the north extension of the 
Cow fault outcrop trace, is a small thrust which super
imposes Younger Metamorphics upon Tertiary strata. It is 
noted that the thrusting again appears only on the north
west side of Cow fault. No good attitudes could be 
ascertained for the Cow fault, but the convexity of the 
fault to the southeast would be compatible with a north 
westward dip.

Tilting
The range in general has been tilted southwestward. 

However, there are many reversals and local deviations from 
this southwesterly trend. Dips may range from as little as 
5° to as much as 80°; however, the average is within the 
range of 30° to 35°. Local deviations are found in the 
vicinity of the major fault zones and especially within 
the upper plates of the thrust sheets. The dip of the 
strata of the thrust sheets generally corresponds with the 
dip of the thrust.
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KINEMATICS

General Considerations
During the preceding geometric discussion, an 

effort was made to maintain a purely descriptive attitude 
with reference to motion being omitted wherever possible. 
Because motion cannot normally be observed directly, con
clusions must necessarily be based on geometric 
relationships. As such, these conclusions constitute 
inference. Under the present heading the motions respons
ible for production of the geometric structures are 
considered.

Three approaches to a kinematic solution were pur
sued. . One of these considered the finer details associated 
with the structures themselves. These are such items as 
joints, striations and drag folds. The second considered 
the gross features of stratigraphic offsets. The third 
assumed a relation between thrust motion and strike-slip 
motion. While a clear diagnosis could not be made by any 
of the individual approaches, a logical one is produced by 
a correlation of the information gained from each. This 
diagnosis suggests left-lateral, normal, oblique-slip 
motion for the northeasterly trending faults; right-lateral.
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normal, oblique-slip motion for the northwesterly trending 
faults and left-lateral, normal, oblique-slip motion for 
the easterly and northerly trending faults. Strike-slip 
motion predominates along the northeasterly, northwesterly 
and easterly trending faults. Normal dip-slip motion pre
dominates along the northerly trending faults. Synthesis 
suggests that the area has suffered polylateral extension.

Relative Motion of Northeasterly Trending Faults
It is clear from the observance of the striations 

on many fault surfaces that the relative motion of the 
northeasterly trending faults was predominantly strike- 
slip. Studies of these slickensides yielded no conclusive 
information as to the relative direction of motion as the 
surfaces were essentially as rough in one direction as the 
other. Joints which could be associated directly with the 
faults in question are either absent or unidentifiable.

Evidence of left-lateral motion along the two small 
easterly trending faults is derived from the two small 
thrust structures associated with the Cow fault. It seems 
logical to interpret these structures as the surface mani
festations of strike-slip movements along Cow fault as 
previously discussed (pp. 71-74). The conclusion,
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therefore, is reached that these thrusts are slivers of the 
northwest block that broke loose near the topographic sur
face and overrode the southwestward moving parent block.

Minor thrusts occur on the northwest side of the 
northwestward dipping Loma Grande fault. These thrusts, 
on the premises cited, indicate left-lateral motion; how
ever, stratigraphic offsets along the same fault show that 
a dip-slip component of displacement was involved.

Relative Motion of Northwesterly Trending Faults
Like the northeasterly trending faults, a predomin-

u

ant strike-slip displacement is indicated for the 
northwesterly trending faults by striations on many slick- 
enside surfaces. The numerous repetitions of Tertiary 
strata shown typically in Section 20, T. 7 N., R. 17 W. 
(Figure 2) and the predominating northeastward dips of 
these faults show that normal dip-slip motion is an 
essential component of movement.

Imbricate thrust structures have developed between 
the Four Peaks, Three Peaks, Copper Top and Burro faults. 
All of these high-angle faults apparently dip to the north
east. If the thrusting is related more to the hangingwall 
side of the oblique-slip faults than to the footwall side,
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the southward dip of the thrusts indicates right-lateral, 
strike-slip motion.

Relative Motion of Northerly Trending Faults
The northerly trending faults do not lend them

selves well to diagnosis. Normal dip-slip motion seems 
to be the major component as indicated by the White Eagle 
fault. Striations in a prospect pit are nearly parallel to 
the dip-direction and the strata of the hangingwall are 
downthrown in respect to the footwall. Evidence along the 
Prospector fault is inconclusive, but the writer is of the 
opinion that the motion was predominantly dip-slip.

Small drag folds occur along a northerly trending 
fault located in the SE%, Section 7, T. 7 N., R..17 W. In 
this case left-lateral motion is indicated. Stratigraphic 
offsets along this same fault tend to substantiate the 
motion indicated by the drag folds.

Relative Motion of Easterly Trending Faults
The motion of easterly trending faults in the S%, 

Section 18, T. 7 N., R. 17 W., was both dip-slip and 
strike-slip. One of the northward dipping faults has cut 
the north extension of the Round Mountain thrust. The
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motion was both normal dip-slip as shown by the off-sets 
of the southerly dipping thrust surface and left-lateral 
strike-slip as shown by the westward displacement of the 
westerly dipping strata of the hangingwall side. The east
erly trending portion of the Jackson fault shows definite 
normal dip-slip displacement as the north side of the 
northward dipping fault is downthrown. In the Plomosa 
Mine shaft the fault surface shows' striations with a pre
dominating strike-slip component. As the striations plunge 
northwesterly it must.be assumed, considering the normal 
motion, that the strike-slip motion was left-lateral.

Kinematic Synthesis
It has been shown that motion was predominantly 

left-lateral strike-slip for the northeasterly trending 
faults and right-lateral, strike-slip for the northwesterly 
trending faults. A lesser, but significant, normal compo
nent of motion is suggested for each. At least two of the 
easterly trending faults, while possessing significant 
normal dip-slip components of motion, also had left-lateral 
strike-slip motion. The northerly trending faults appar
ently had predominantly normal dip-slip motion, but at 
least one had left-lateral strike-slip motion. These
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movements are felt to represent the fundamental kinematic 
conditions of the Plomosa structure and the motion of 
thrust faulting and tilting are considered to be dependent 
conditions.

The total effect of these fundamental motions was 
to extend the area polylaterally. This essentially paral
lels the kinematic solution of G. A. Thompson (1960) for 
the Basin and Range structure in general. The elongation 
of the Plomosa Mountains in a north-south direction prob
ably indicates maximum extension in the east-west direction.

The younger faulting has affected the Artillery 
Formation of Tertiary age and, therefore, movement along 
these faults has occurred since that time. The older 
faults have not affected the Tertiary strata, but they have 
disrupted Paleozoic rocks. Therefore, these faults are 
pre-Tertiary and post-Paleozoic in age. The two systems 
could thus be interpreted as the results of two cycles of 
tectonic activity in accordance with the cyclic theory of 
orogeny.

Donath (1962) in south-central Oregon and Burchfiel 
(1965) in the Specter Quadrangle of Nevada suggested such a 
relationship and mentioned that the younger fault pattern
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was inherited from an older system which may have origin
ated under the orientation of a different stress field. It 
was mentioned (p. 61) that the trends of the older faults 
in the Plomosas do not diverge greatly from those of the 
younger faults. Thus Donath's and Burchfiel's interpret
ations might possibly be valid for the faults of the 
Plomosa area.

But it was noted (pp. 58-59) that there was no 
stratigraphic information to suggest that the active up
lift, which started in the late Paleozoic, did not continue 
essentially uninterrupted to the present. If this were 
the case, it is likely that the same stress field may have 
existed throughout the entire time. The many discontinuous 
faults, interpreted originally as the effects of an older 
fault period, may be antithetic faults developed early in 
the history of essentially continuous movement and which 
have since lost their identity. This concept would suggest 
one positive cycle of tectonic activity extending through
out time since the late Paleozoic. This may be an 
unorthodox interpretation, but there is an additional 
argument in its favor.
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The younger fault system of the Plomosa area is 

intricately and profoundly developed and represents the 
result of many hundreds, if not- thousands, of individual 
movements. It is difficult to see how all of these move
ments could have taken place since the deposition of the 
Artillery Formation without production of greater relief 
than exists now or is indicated as having existed in the 
geologic past. On the other hand, if the system developed 
over a long period of time and the movements were small, 
comparable in magnitude with those witnessed in recent 
times along Basin and Range faults (Gianella and Callaghan, 
1934; Slemmons and Others, 1963), the indicated movements 
and the resulting low relief throughout geologic time are 
entirely understandable.

This interpretation is complicated by the regional 
tilting which, for the most part, must have occurred sub
sequent to Tertiary time as the Tertiary strata have been 
tilted approximately the same as the older rocks. Cer
tainly this suggests considerable intensification of the 
erogenic activity during late Tertiary time, if not the 
beginning of a new cycle.



All factors considered, the writer is of the 
opinion that essentially continuous positive orogenic 
activity was probable. The initial activity consisted of 
the development of the major fault trends and the produc
tion of a positive area in late Paleozoic time. Movement 
along these faults was exceedingly small in the beginning, 
but increased in magnitude throughout time, becoming most 
intense in late Tertiary time when the individual blocks 
became tilted. Perhaps this maximum intensity can be con
sidered comparable to the present intensity of activity 
along Basin and Range faults.

DYNAMICS
It is concluded from the discussion of KINEMATICS 

that the Plomosa area has probably undergone polylateral 
extension. The forces to be equated with these motions 
must include the omnipresent compressive force of gravity 
in addition to some other more potent force or forces which 
caused the area to be stretched. As each structural 
element can be identified with trends that have long been 
considered regional, these forces must be considered as 
regional entities and valid identification of these forces 
should be founded on a base of regional inquiry. This
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broad base of inquiry is beyond the scope of this present 
study; however, it seems clear from the present restricted 
base that a valid inquiry must consider the existence of an 
omnipresent erogenic force that may produce local, if not 
regional, polylateral extension.



MINERALIZATION

GENERAL CONSIDERATIONS
The effects of mineralization are wide-spread and 

found in all rock units. In general the primary mineraliz
ation consisted of the introduction of mineral bearing 
solutions along the many fractures. These fluids were rich 
in iron, manganese, potassium, barium and lesser but sig
nificant amounts of the base metal elements. The effects 
were wide-spread propylitization, biotitization, feldspath- 
ization and the formation of numerous, but small and 
scattered, mineralized veins.

There has been little concentration of the primary 
ore minerals because of the multitude of fractures which 
allowed dissipation of ore introducing fluids into nearly 
all areas and the apparent susceptibility of all rock units 
to mineralization. The better concentrations occur at the 
acute intersections and along the steeper, more brecciated 
segments of the major fault zones.

Supergene processes have been effective to depths 
in excess of 350 feet. This has not resulted in secondary
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copper sulphide concentrations because of the effect of 
reactive host rocks. A large volume of the iron and 
manganese oxides has been eroded and removed to the allu
vial plains. Here the mineral fragments have been 
redeposited to form low-grade placer accumulations. Some 
gold particles have been eroded and redeposited in the 
alluvium, but due to the minute sizes and flattened shapes 
of these particles there has been little concentration.

PROPYLITIZATION
The Younger Metamorphic rocks have generally been 

propylitized with an intensity sufficient to impart a green 
color to the entire outcrop. The chlorite crystals show 
definite alignment parallel to the stratification planes. 
Epidote is a minor but essential constituent occurring both 
as granules dispersed throughout the groundmass and as 
massive replacement lenses.in calcareous material. Calcite 
stringers crosscut the banded structure. Secondary quartz 
occurs as the cementing material of layers of quartz and 
feldspar detritus, as small concordant lenses and as dis
cordant veinlets. The detrital feldspar fragments range 
from oligoclase to andesine in composition and have not 
been affected greatly by metamorphism.
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Introduction of materials may not have been neces

sary to the mild process of propylitization since 
interaction between mineral grains may have been sufficient 
to cause the observed results; however, the fresh appear
ance of the feldspar fragments suggests that the 
interaction was not great. The process probably resulted 
from the addition of some magnesium, iron, aluminum, silica 
and calcium with greater or lesser amounts of other materi
als and minor interaction between detrital grains.

Lateral stresses were weak or absent as the chlor
ite growths have developed parallel to bedding planes.

BIOTITIZATION .
In the biotite schist facies of the Younger Meta- 

morphics the chlorite is mostly absent and replaced by 
biotite. Epidote has disappeared as an essential mineral. 
Feldspars are no longer recongizable as detrital fragments 
and oligoclase emerges as the stable variety. Calcite 
stringers of the propylitized rocks no longer exist, but 
silica occurs as veinlets with random orientation and as 
small lenses oriented parallel to well developed foliation 
planes. Boudinage structures have not developed. The
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foliation planes are essentially parallel to the preserved 
stratification planes of adjacent gneiss layers.

All gradations between the biotitic rocks and pro- 
pylitic rocks exist. The distinction between the two is 
made according to whether epidote is present or absent.
The conversion of chlorite to biotite is poorly defined 
with some specimens containing nearly equal amounts of the 
two minerals.

To produce the biotitic rocks from the propylitic 
rocks, calcium and magnesium were subtracted from the rock 
mass. Simple interaction between detrital grains or reor
ganization of mineral constituents probably would not be of 
sufficient magnitude to produce the observed results. 
Development of the foliation planes parallel to the strati
fication surfaces suggests that lateral stresses remained 
weak or were absent during biotitization, but biotitization 
represents an increase in the intensity of alteration in 
respect to propylitization.

FELDSPATHIZATION
Along the many fault zones which cut the Younger 

Metamorphics, the rocks have assumed the texture and com
position of leuco-gneiss porphyry and all of the rocks
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mapped as the Older Metamorphics have assumed these charac
teristics to a greater or lesser degree. Gradational 
contacts between the two facies would seem to indicate that 
the feldspathization process represents only an increased 
intensity of alteration in respect to propylitization and 
biotitization.

The predominant feldspar mineral of the biotitic 
rocks is oligoclase, but the feldspar porphyroblasts of the 
Older Metamorphics are anorthoclase and/or microcline.
This indicates addition of potassium and some subtraction 
of sodium to perform the conversion.

Burnham (1962) has described characteristic alter
ation zones that bear consistent relationships to each 
other and to a presumed source of heat and altering fluids. 
These zones he called the argillic and phyllic zones. The 
argillic zone includes the propylitic, montmorillonitic and 
kaolinitic alteration types and the phyllic zone includes 
the muscovitic, biotitic and feldspathic alteration types. 
The feldspathized and biotitized rocks of the Plomosa 
metamorphics would be considered as the inner and outer 
sub-zones respectively of the phyllic zone. These sub
zones are substantially impoverished in CaO, MgO and Na20,
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but enriched in K^O. The impoverished materials are added 
to the outermost propylitic sub-zone. This seems to be 
essentially indicated in the Plomosa metamorphic rocks.

PRIMARY SULPHIDE MINERALIZATION
Evidence of primary sulphides can be found along 

nearly every fracture in the Younger Metamorphics, but is 
generally lacking in the Tertiary rocks. In the area of 
the acute intersection between the Loma Grande and the 
Little Butte faults, the Older Metamorphics have been 
heavily sulphidized. Pyrite was greatly in predominance in 
all cases as interpreted from boxworks and residual limon- 
ite. However, evidence of scattered copper sulphides is 
found in the form of occasional blebs of "friendly brown" 
limonite and the chalcopyrite boxworks. The leached copper 
content of these may be observed in the form of green car
bonates and silicates which color the oxidized vein 
materials.

Many of the veins which show evidence of sulphide 
mineralization carry barite, quartz, calcite, psilomelane 
and/or specular hematite as gangue minerals. Little 
evidence of sulphide mineralization in the Tertiary rocks, 
all of which have been affected intensely by manganese.



91
iron and barite mineralization, indicates that the bulk of 
sulphide mineralization occurred both before the Tertiary 
sedimentation and before the other stages of mineraliza
tion.

The relation of feldspathization to sulphide min
eralization is of especial interest. The area of 
pyritization between the Loma Grande and the Little Butte 
faults is also the site of the most intense feldspathiza
tion. In this area the .feldspar porphyroblasts reach their 
maximum growth and the Older Metamorphic rocks assume their 
most isotropic texture. The wall rock has been feldspath- 
ized along numerous fissures in the Younger Metamorphics. 
These fissures also show evidence of sulphide mineraliza
tion. These associations suggest that the same agencies 
may have caused both the feldspathization and sulphidiza- 
tion.

Most of the quartz veinlets are barren of sulphide 
minerals; however, a few have micro-fractures which contain 
limonite after pyrite. In general it is concluded that the 
sulphidization followed the formation of the silica vein-
lets.
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SECONDARY COPPER MINERALIZATION
Copper oxides are widely distributed at the present 

topographic surface. Nearly every surface of discontinuity 
is coated with thin films of malachite and chrysocolla. In 
some of the brecciated specular hematite veins these copper 
minerals form the cementing matrix. This has resulted in 
the formation of several small ore bodies. In the deepest 
mine of record (Little Butte) these minerals were found to 
a depth of 350 feet (Bancroft, 1911, p. 94).

No sulphides were found by Bancroft in the Little 
Butte Mine. Considering the obvious reactive quality of 
the surface host rocks, it seems doubtful that significant 
supergene sulphide enrichment could have occurred even if 
the primary sulphides had existed. Drill holes in the 
pyritized area between the Loma Grande and the Little Butte 
faults in the NE%, Section 7, T. 7 N., R. 18 W. showed 
oxidation to persist to a depth of 360 feet. Between this 
depth and 500 feet no significant copper enrichment was 
found.

NATIVE GOLD MINERALIZATION•
The gold mineralization is widely distributed, but 

the occurrences are small and low-grade. Production has
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been derived from at least eight different properties al
though it is doubtful that more than three of these enjoyed 
economic operation. Free gold occurs as thin flakes coat
ing the walls of microfractures in hematite veins and in 
the quartz lenses of both the Older and Younger Metamor- 
phics. While gold seems always to accompany sulphide 
mineralization, it also occurs unassociated with sulphides.

Bancroft (1911, p. 94) suggested two separate 
epochs of mineralization. One of these he associated with 
the gold found in the quartz veins and the other with the 
gold-bearing hematite ores. This suggestion seems to have 
little basis and the two modes of occurrence may only 
represent two susceptible hosts impregnated by one epoch 
of mineralization.

Because gold occupies fractures in both hematite 
and quartz, it must have been introduced later than both.
As the sulphide minerals always contain gold, they must 
be contemporaneous. Since the sulphides are considered 
later than the quartz and earlier than the hematite, the 
paragenetic range of the gold may be interpreted as 
encompassing both the stages of hematite and sulphide
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mineralization, but the evidence would suggest it was later 
than the quartz.

MANGANESE AND IRON MINERALIZATION
Manganese and iron oxides occur as veins and mas

sive bodies throughout the various rock units. These veins 
occur predominantly in the younger Tertiary sediments; how
ever, they may be found within any rock unit. It is 
possible to distinguish between veins containing predomin
antly manganese oxides and those containing predominantly 
iron oxides, but it is not possible to determine which 
mineral is earlier or which is later as they cut each 
other.

The mineralization is most intense along the 
steeper fault zones and occurs as small discontinuous 
veins. The veins are commonly brecciated, indicating post- 
depositional movement. The resulting breccia may be 
recemented by copper oxides and/or one of the other pro
ducts of secondary origin, such as limonite, pyrolusite 
or calcite.

Locally thrust plates have been replaced yielding 
small irregular bodies of manganese and hematite a few feet
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in diameter. In other areas limestone layers have been 
partially replaced to yield similar small bodies.

The iron mineral is normally specularite. Erosion- 
al processes tend to reduce the mineral pieces to small 
flakes and have widely distributed it throughout the Recent 
Alluvium.

A large quantity of primary manganese mineral frag
ments has been moved by erosional processes to the plains 
area. Here they have accumulated to form both placer and 
bedded deposits. Immediately east of the pediment, psilo- 
melane chunks and pieces constitute up to 5% of the total 
volume of gravel. No bedded deposits crop out within the 
mapped area, but immediately south of the area there is a 
deposit. This deposit consists of ordinary gravel which, 
has an amorphous manganese oxide cement. Layers of the 
cementing minerals up to several inches thick are found 
between layers of the manganese cemented"gravel. Lasky 
and Webber (1949, pp. 67-75) were unable to precisely 
identify the manganese minerals forming similar bedded 
deposits in the Artillery Mountains. They did conclude 
that more than one oxide was present. They interpret the 
origin as being essentially syngenetic, but modified by
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later diagenetic processes. The process as described by 
them seems acceptable for the origin of the Plomosa bedded 
deposits.

BARITE MINERALIZATION
Barite mineralization is wide-spread throughout the 

area, but appears most strongly in the rocks of Tertiary 
age. It seems definite that the barite was introduced 
later than the iron and manganese as veins of this mineral 
are free from either iron or manganese oxides, but barite 
veinlets may cut veins of iron or manganese. The mineral 
occurs as drusy cavity growths and as small veinlets dis
tributed through numerous outcrops. In some barite 
deposits fluorite is contained in significant quantities 
as noted by Stewart and Pfister (1960).

Occasionally barite may form rather wide, but dis
continuous, veins. An example is a vein located in the 
NW%, Section 18, T. 7 N., R. 17 W., adjacent to the Adele 
M. shaft. This northeasterly trending vein is about 75 
feet long. The body is lenticular and measures up to ten 
feet in width. The barite is high-grade with a specific 
gravity of approximately 4.1. Another occurrence is locat
ed in the NE%, Section 34, T. 8 N., R. 17 W. Here a vein
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of barite approximately six feet wide occurs within a 
northerly trending shear zone.

PARAGENESIS AND AGE OF MINERALIZATION
The paragenetic sequence of the various minerals is 

not definitely known as it must be inferred largely on the 
basis of field evidence. This is necessary as only highly 
oxidized specimens, unsuitable for polished section study, 
were available. Nevertheless the sequence seems rather 
definite from'field relations and is shown in Figure 12.

While one interpretation could suggest several 
epochs of mineralization, the close association of feld- 
spathization to sulphide mineralization and the similar 
associations of each of these with the other stages of 
alteration and mineralization suggest that all of the 
stages of alteration and mineralization constitute one 
genetically related and continuous paragenetic sequence 
which ranges in age from Paleozoic to Recent. Throughout 
the study a uniform picture has emerged which suggests 
consistent spatial relationships between all geologic 
processes. The continuous series is most compatible with 
this picture.
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Propylitization probably occurred during a stage of 
burial of the metamorphic rocks. According to strati
graphic analysis, burial of these rocks occurred only prior- 
to uplift in late Paleozoic. Thus, mineralization may be 
considered as beginning prior to this time.

Biotitization and feldspathization are considered 
as being successively more intense results of the same 
processes that produce propylitization. Therefore, biotit
ization follows propylitization in time and feldspathization 
succeeds biotitization. A close spatial, and possibly 
genetic, relationship exists between feldspathization and 
sulphide mineralization and it might be considered that the 
sulphide mineralization immediately follows, or is contem
poraneous with, feldspathization.

The bulk of the sulphide mineralization occurred 
prior to the deposition of the Artillery Formation in the 
Eocene as these rocks were only sparsely sulphidized. It 
seems likely that the feldspathization of the Older Meta- 
morphics was essentially complete before the first phase of 
pedimentation in the Mesozoic. If the suspected genetic and 
spatial relations between sulphidization and feldspathiz
ation is actual, then, considering some sulphidization of
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Tertiary rocks, the deposition of the sulphides may have 
spanned the Mesozoic Era. A Laramide age is considered 
probable for most of the sulphide deposits of Arizona 
(Wilson, 1962, p. 71) and this age does not seem improbable 
for the culmination of the Plomosa sulphide mineralization 
period.

The Tertiary strata have suffered iron, manganese 
and barite mineralization. Therefore, these stages of 
mineralization are yet younger.

Temperatures would seem to have increased abruptly 
through the propylitization stage to biotitization. Since 
the conversion from propylitic to biotitic alteration de
pends upon the disappearance of epidote, the temperature at 
this time should be the same as the breakdown temperature 
of that mineral. Burnham (1962, p. 768) gives this temper
ature as 460° C. This is within the hypothermal range of 
Lindgren (1933, p. 212).

Further increase of temperature is probable during 
the biotitization and feldspathization phases, but the 
maximum temperature did not reach the fusion point of 
granite because there is no evidence of magma formation.
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This temperature is highly speculative as there is no in
formation regarding conditions of pressure.

After feldspathization the temperature must have 
decreased to within the epithermal range (50° to 200° C.) 
as indicated by the deposition of the low temperature min
erals, psilomelane and barite. The sulphides and, 
possibly, the specular hematite were deposited before these 
cool temperatures were reached or within the hypothermal 
and mesothermal ranges. Gold was deposited throughout the 
ore depositional stage and at all temperatures. The pro
posed temperature curve is shown on Figure 12 (p. 98).

MINERAL GENESIS
There can be little doubt that the introduction of 

ore minerals and probably the greater part of the propy- 
litic, biotitic and feldspathic alteration was due to the 
action of hydrothermal fluids. The sources of these fluids 
and their mineral content are the real fields of inquiry.
It is clear that they are complex fields and probably have 
only speculative answers.

It has been noted that the entire Plomosa area has 
suffered alteration and mineralization. During the 
study the writer went outside this area to survey in
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reconnaissance the mineralization and alteration of adja
cent areas. These areas included the Buckskin, Whipple 
and Granite Wash Mountains. In these areas he found that, 
with local variations, both the mineralization and alter
ation essentially followed the pattern found in the Plomosa 
Mountains. From this it is seen that both factors may be 
regional. If they are regional, one has considerable 
difficulty in ascribing to a magma or magmas as the source 
of the hydrothermal fluids. One magma large enough to 
serve as a common source would have batholitic dimensions. 
There is no evidence to suggest that a magma of this size 
ever existed.

While there are no suspected intrusive rocks in the 
area mapped by the writer, Ciancanelli (1965) mapped a 
small intrusive in the Granite Wash Mountains. Other small 
bodies must exist within the region. It might be assumed 
that individual ranges were mineralized by small individual 
intrusives like these, but it seems strange that each 
different intrusive had the same mineralizing effects as 
the others. Furthermore, if the writer's concept of the 
time factor involved even approximates the actuality, these 
small intrusives could not have been the source of the
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hydrothermal fluids as surely the intrusive and subsequent 
cooling stages would not have spanned both the Mesozoic and 
Cenozoic Eras. Resurgence of magmatic action and different 
epochs of mineralization might be supposed, but the simul
taneous development of a second generation of magmas, again 
yielding almost identical effects, seems improbable,

Perhaps a concept of warming as a result of 
"regional flexing" might be entertained. In this case the 
small intrusives and the regional mineralization might be 
considered as co-products. Warming of the area would be 
due to the addition of energy derived from outside sources, 
translated to this area mechanically by orogenic movements 
and released.through friction as heat.

Goguel (1952, pp. 197-198) discussed the magnitude 
of heat released during faulting and plastic deformation 
and concluded that it was insufficient to cause appreciable 
modification of rock materials. Howell (1959, p. 58), on 
the other hand, states that the heat released during fault
ing can cause melting of the fault surfaces. It would seem 
to the writer that by accumulation over a long period of 
time even very small, but continuous, contributions of heat 
might warm a plastically deforming mass considerably. Heat
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loss from the system to its surface would only be by con
duction and cooling could only take place at the surface as 
a plastically deforming mass can hardly be considered per
meable to cooling fluids. The thermal conductivity of 
rocks is not great, especially at low thermal gradients. 
Therefore, it might be suspected that the temperatures of 
the plastically deforming mass might be significantly in
creased, if not brought ultimately to fusion temperatures.

If the heating were extreme, the plastically de
forming mass might be converted locally into magma and 
hydrothermal processes could proceed according to classical 
concepts. However, it also seems probable to the writer 
that the hydrothermal processes might begin long before a 
melt was produced and proceed independently. Ground waters 
infringing upon the zone of plastic deformation would be 
heated and driven outward as hydrothermal fluids. Mineral 
substances would be dissolved during their heating phase at 
the site of the heating or from the wallrock of the chan
nels leading to the surface. Hydrous, carbonate and 
sulphurous minerals in the deforming mass would also be 
broken down before a melt would form. It seems probable
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that products of these dissociations may add to and further 
enrich the fluids of natural ground water.

There are many objections to this concept. Perhaps 
the main one is a satisfactory mechanism of heat production. 
Nevertheless some process capable of producing regional 
effects seems necessary to explain regional mineralization 
of this type and "orogenic flexing" would be compatible 
with the continuous tectonic movements invoked to explain 
the other geologic relationships found in the Plomosa Moun
tains.



ECONOMIC GEOLOGY

/

HISTORY
The Plomosa area has attracted numerous prospectors 

and promoters since the early part of Arizona’s history.
The apparent reason was the many small copper oxide show
ings and the deep red coloration of the pediment. During 
the latter part of the last century and the early part of 
the present century, several mines were in operation and 
some small production was recorded. Since that time most 
of the activity has been small-scale prospecting and promo
tion; however, a least three companies have engaged in 
serious exploration work.

These are the Loma Grande Mining Company, Century 
Mining Company and the Ruby Company. The Loma Grande Mining 
Company attempted to recover marginal open-pit gold values 
in 1960. This attempt met with ultimate failure. The 
Century Mining Company attempted to mine and beneficiate 
low-grade manganese ore from a number of small open-pits 
during World War II. This attempt also proved uneconomic.
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During 1963 the Ruby Company, a subsidiary of the 
J. R. Simplot Company, acquired all the more important 
ownerships under lease-option contracts. This company then 
pursued a comprehensive study of the mineral possibilities 
of the area. This present study is a part of that project.

MINES
General Considerations

Bancroft visited the Plomosa area in 1909. He des
cribed two operating properties. These were the Little 
Butte and the Blue Slate Mines. At least twelve other 
properties; the Paradise, Scotchman, Adele M., Plomosa, 
Granite, Arrastre, Hill Side, Burro, Prospector Fault, 
Copper Top, Flying Dutchman and the Barite Hill; were 
worked to some extent after Bancroft’s visit. In addition 
the country has been saturated with prospect pits. The 
locations of the various properties are shown on Figure 2. 
With the exception of three; Burro, Copper Top and Barite 
Hill; they are all underground properties. Because they 
are no longer open for inspection, descriptions must be 
made from surface study supplemented by Bancroft’s (1911) 
descriptions of the Little Butte and Blue Slate Mines.
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The Little Butte Mine is located in the NW%, 
Section 8, T. 7 N., R. .17 W. Early production was noted 
by Bancroft (1911). The main workings consist of an in
cline 385 feet deep which developed ore along a normal 
fault striking N. 14° E. and dipping 45° southeast. This 
fault, at a shallow depth, brings the Golden Door Shale 
into contact with the Older Metamorphics. The fault is 
terminated on the southwest by the northwesterly trending 
Little Butte fault and on the northeast by an easterly 
trending fault. This results in a total strike length of 
700 feet for the mineralized fault. The vein width varies 
from four to six feet and, according to Bancroft (1911), 
the ore occurred within this vein as irregular bunches and 
shoots of little persistence. Caved stopes are presently 
observable at the surface along.this vein.

Twenty-two carloads of ore were reportedly shipped 
prior to Bancroft's visit in 1909. This shipped ore aver
aged 7.6 percent copper, 28.9 percent iron, 32.4 percent 
insoluble, with 2.4 ounces of silver and $6.65 in gold to 
the ton. The ore consists of a brecciated mixture of

Little Butte Mine
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specularite, chrysocolla, malachite and quartz. Gold 
occurs as thin flakes along microfractures.

A heavy water flow was encountered at 210 feet 
which evidently caused abandonment of the workings. In 
the early 1960's Louis Cornejo, Mineral Engineer of Parker, 
Arizona, (personal communication) attempted to dewater the 
incline. This attempt was unsuccessful and considerable 
modern pumping equipment was lost due to flooding when a 
pump motor burned out.

Both of the cross-cutting faults are heavily miner
alized. The northwesterly trending Little Butte fault 
shows interesting specularite and copper oxide mineraliza
tion extending about 500 feet southwest of its intersection 
with the northerly trending fault and northward from this 
point to its intersection with the easterly trending fault. 
The segment of the easterly trending fault between its 
intersection with the Little Butte and the northeasterly 
trending fault is the site of manganese mineralization. 
Rocks on both sides of the fault for ten to twenty feet 
have been irregularly replaced with manganese oxides. The 
replacement is only partial and the resulting ore is low- 
grade. One small pit has been opened on the south side of
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the fault and some ore shipped, presumably during the U. S. 
Government's stockpiling program of World War II.

The calcareous layers of the Golden Door Shale 
which form the low ridge south of the Little Butte incline 
have been sporadically replaced with specular hematite.
Most of this hematite is stained to a greater or lesser 
degree with copper oxides. The areas of maximum replace
ment have been intensely prospected with small surface 
pits. None show ore of commercial grade possibilities.

Immediately adjacent to the Little Butte Mine at 
the acute intersection of the Loma Grande and Little Butte 
faults, the Older Metamorphics have been pyritized. In 
1960 the Loma Grande Mining Company performed a surface 
sampling study of this area. According to an appraisal by 
a consulting geologist (R. M. Thompson, 1960) values as 
high as $75.00 per ton in free gold were obtained. Upon 
the recommendation of Mr. R. M. Thompson, the Loma Grande 
Company constructed a cyanide plant in an attempt to re
cover these values. The attempt met with failure. 
Reappraisal by the writer of the sample information shows 
that very few high values were obtained. When these values
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were deleted and the remaining ones weighted, the average 
is found to be 75^ per ton.

Two holes, BA 1 and BA 2, were drilled in this 
altered area by the Ruby Company to investigate the super
gene enrichment possibilities. The ground was found to be 
heavily oxidized to depths of 340 and 366 feet respect
ively. Sulphides persisted from these depths to the 
bottoms of the holes at 500 feet. The sulphide was found 
to be disseminated cubes of pyrite. While some of the 
cubes had thin films of chalcocite coating the crystal 
faces, no significant enrichment had occurred, as would be 
expected considering the reactive nature of the surface 
host rocks. Maximum assays showed values of 0.02% copper.

Blue Slate Mine
The Blue Slate Mine is located in the NW%, Section 

7, T. 7 N., R. 17 W., on the northwest side of the Loma 
Grande fault near the crest of some low hills composed of 
Golden Door Shale. The main workings consist of a. shallow 
shaft on a fissure striking N. 60° W. and dipping 85° south. 
The ore here is in all ways similar to that found in the 
Little Butte Mine, i.e., brecciated specularite cemented 
with copper carbonates and silicates.
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A short distance southwest, a flat-lying body of 
specular hematite and admixed copper oxides occurs at the 
contact of a shale layer and a massive limestone layer 
where it is intersected by a northwesterly trending fault. 
The limestone caps the ore body and has been largely re
placed by specular hematite. The specular hematite proved 
to be a favorable host to the secondary copper minerals.
The body is circular in plan, measures about 100 feet in 
diameter and 5 feet in thickness. Most of the ore has been 
mined and, presumably, shipped.

Paradise Mine
The Paradise Mine is located in the NW%, Section 7, 

T. 7 N., R. 17 W. The workings of this mine consist of two 
shallow shafts which lie on either side of a prominent’ 
knoll of Golden Door Shale. The shafts are designed to 
prospect two areas of rather heavy specularite mineraliza
tion. The ore removed from both of these shafts resembles 
that of the Little Butte and Blue Slate Mines. It is 
doubtful that any significant production was obtained from 
either shaft.

l
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The Scotchman Mine is located in the SE%, Section 
12, T. 7 N., R. 18 W., on a fissure striking N. 50° E. and 
dipping southeast at 62° which brings the Plomosa Conglom
erate on the southeast side into contact with the Mount 
Davis Volcanics on the northwest side. This vein is not 
more than two or three feet wide. Ore specimens on the 
dump resemble those of the Little Butte Mine. Approxi
mately 700 feet southwest another fissure strikes N. 62° W. 
and dips 55° southwest. The zone of faulting is three to 
four feet wide and filled with brecciated specular hematite 
cemented with copper carbonates and silicates.

Adele M. Mine
The Adele M. Mine is located in the NW%, Section 

18, T. 7 N., R. 17 W. The operators built a small concen
tration plant, the foundations of which are still intact 
(Figure 8, p. 35). The main workings are served by a 
vertical shaft. The shaft was not open for inspection and 
the depth attained is unknown. However, the workings must 
have been extensive as a large dump is adjacent to the 
shaft. Mineralization occurred in Mount Davis Volcanics 
at the acute intersection of a northwesterly trending

Scotchman Mine
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fault and a northeasterly trending fault. Many fissures, 
parallel to both master faults, are occupied by veins of 
specular hematite and copper oxides. The ore in hand 
specimens cannot be distinguished from the Little Butte 
ore. Immediately adjacent on the west of the Adele M. 
shaft is a northeasterly trending vein of barite. The 
vein measures as much as ten feet in width; however, it 
tapers quickly on both ends and has an outcrop length of 
approximately seventy-five feet. The vein is too small 
to be of commercial interest.

Plomosa Mine
The Plomosa Mine is located in the center of the 

E%, Section 13, T. 7 N., R. 18 W. Considerable money has 
been spent in the past exploring this mine. The main work
ings consist of an incline on the Jackson fault which here 
strikes N. 45° W. and dips 47° northeast and brings the 
Mount Davis Volcanics on the southwest into fault contact 
with the Plomosa Conglomerate on the northeast. The zone 
of brecciation along this fault measures four to six feet 
in width at the mine shaft. As in the other properties 
discussed, the ore is brecciated specular hematite which 
has been cemented with secondary copper oxides. The zone
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is mineralized for approximately 800 feet with the shaft 
being located at the approximate center. The shaft (Godbe, 
1926) attained a depth of 210 feet. No sulphides were 
encountered to this depth. The Plomosa Copper Company, 
which mined the property, drilled a hole in an attempt to 
find primary sulphide mineralization. This hole was 
located 400 feet northwest of the main shaft and attained 
a depth of 779 feet. The core was left at the drill hole 
site and megascopic examination shows that the drill hole 
remained in heavily oxidized Mount Davis Volcanics to the 
bottom.

Granite Mine
In the SW%, Section 18, T. 7 N., R. 17 W., a number 

of vertical shafts have been sunk in the foreland of the 
Round Mountain thrust. These shafts are all badly caved. 
The country rock in this area consists of the Older Meta- 
morphics, which are deeply altered and stained with 
limonite after pyrite. It is assumed that gold recovery 
was the prime objective.
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The Arrastre Mine is located in the SW%, Section 8, 
T. 7 N., R. 17 W. On this property a small fault striking 
nearly east-west dips steeply towards the south. The walls 
of this fault have been pyritized for some thirty to forty 
feet on either side and for some three hundred feet along 
the strike of the fault. The principal workings are two 
shallow shafts and one small open stope. The ore was 
quartz which evidently carried gold values as an old 
arrastre mill is located adjacent to the workings.

Sidehill Mine
The Sidehill Mine is located in the NW%, Section 

30, T. 7 N., R. 17 W. The main workings consist of open 
stopes, exposed at the surface, along a fissure in the 
Younger Metamorphics which strikes N. 37° E. and dips 
nearly vertical. The width of the vein varies from three 
to seven feet. The ore consisted of specular hematite 
cemented.with copper oxides similar to the ore found in

Arrastre Mine

r

the Little Butte Mine.
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The Dutchman Mine has the distinction of being the 
only presently operating mine. The property is located in 
the NW%, Section 18, T. 7 N., R. 17 W. in a very highly 
brecciated area of Mount Davis Volcanics. The volcanics 
are highly altered and stained with manganese and iron 
oxides. Numerous small fractures are found which are 
filled with massive brown hematite. Exceedingly thin 
flakes of gold are found coating microfractures in this 
hematite. The present operators of this property remove 
this material by hand methods for sale as specimens.

Burro Mine
A small, but prominent, hill of Plomosa Conglomer

ate exists in the S%, Section 20, and the N%, Section 29, 
T. 7 N., R. 17 W. The knoll is composed of Plomosa Con
glomerate and bounded on the southwest side by the 
northwesterly trending Burro fault. The conglomerate has 
been irregularly replaced by admixed iron and manganese 
oxides for distances ranging from five to thirty feet from 
the fault surface. During World War II the Century Mining 
Company mined a small tonnage for process testing in their 
concentration plant near Bouse.

Dutchman Mine



118

Barite Hill (Black Mountain) Mine 
In the NE%, Section 34, T. 8 N., R. 17 W., a small 

hill composed of Plomosa Conglomerate protrudes some 
thirty-five feet above the level of the surrounding alluv
ial plains. This hill has been cut by a northerly trending 
vertical fault. The fault zone has been filled with two 
to five feet of white, massive barite. This vein is paral
leled on each side by smaller mineralized fissures.

The reserves have been exploited by open cuts to 
the level of the plain. According to Stewart and Pfister 
(1960, p. 59) the property was mined by the National Lead 
Company and 2500 tons were shipped in 1938. Further mining 
would not appear feasible as the deposit seems to lens out 
on both sides, giving only a small tonnage of remaining 
reserves and these could only be mined by underground 
methods.

Prospector Fault Prospects 
The northerly trending Prospector fault has been 

intensely prospected, especially in the E%, Section 25, T. 
7 N., R. 18 W. The zone of brecciation along this fault 
ranges from five to as much as thirty feet in width. The 
entire zone and the wall rock on both sides have been
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intensely altered and stained with iron oxides. Residual 
limonite after pyrite is much in predominance and it is 
obvious that the primary ore would have a low copper con
tent, but fair gold values could probably be expected.
None of the workings appear to be extensive.

This type of mineralization is considerably dif
ferent than the mineralization noted.at any of the other 
properties in that specular hematite and/or manganese 
oxides are not essential minerals. Similar mineralization 
can be found in numerous other fractures throughout the 
range. This type, however, is not as spectacular from the 
prospectors viewpoint and generally has not received much 
attention.

Copper Top Prospect
At the acute intersection of two faults in the E%, 

Section 24, T. 7 N., R. 18 W., considerable pyritization 
has occurred in the Younger Metamorphics. The siliceous 
and calcareous rocks of this area contain many pseudomorphs 
after pyrite and are discolored by copper oxides. The 
great predominance of limonite after pyrite in respect to 
limonite after copper sulphides suggests that below the 
zone of oxidation the primary ore would be extremely low in
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grade. A few tons of low-grade carbonate ore exist at the 
surface.

Other Properties
In addition to the properties discussed, there are 

numerous prospect pits, many of which seem to have been dug 
for little or no reason. None would appear to warrant any 
further attention.

ECONOMIC CONCLUSIONS
This study has revealed that mineralization was 

wide-spread and varied in the Plomosa Range. In spite of 
this wide and varied development, the economic possibili
ties of known ore areas are very limited and the geologic 
possibilities of finding other economic ore bodies are few 
and discouraging.

The only known ore bodies of possible present eco
nomic significance are the manganese deposits. Even these 
would seem to be marginal. The placer accumulations prob
ably provide the better economic potential as beneficiation 
of this material could be cheaply done by simple sink-float 
techniques to provide a high-grade concentrate. As the 
original gravel has a psilomelane content estimated to be
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less than 5% of the total volume, it is doubtful that an 
economic operation could be pursued under the present 
market conditions. If and when the demand for this miner
al increases, these placer deposits should be considered 
as possible manganese sources.

Bedded deposits are not known to exist within the 
area; however, they are known a short distance to the south 
and it seems likely that a program of drilling on the 
plains immediately east of the pediment might reveal 
further bedded deposits. The Century Mining Company, 
attempted to beneficiate these ores by washing and magnetic 
techniques. This proved unsuccessful both because of met
allurgical difficulties and the cessation of the government 
stockpiling program. If a cheap way of beneficiating these 
ores could be devised, the bedded deposits could serve as a 
major source of supply.

The barite potential of the Plomosa area is very 
small. Two small bodies of commercial grade are known. 
These are the Barite Hill and the vein adjacent to the 
Adele M. Mine shaft. Other bodies of this type could 
probably be found by underground prospecting, but this
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does not seem feasible considering the small sizes of the 
ore bodies.

Copper deposits of secondary origin associated with 
gold values have proven of economic merit. All of the 
known ore bodies have been depleted, but others certainly 
exist and could be located by prospecting the steeper seg
ments and intersections of faults where brecciation has 
been the most intense. Specular hematite was an essential 
mineral in all of the ore bodies found in the past and, 
thus, preference should be given to those faulted areas 
showing the most intense specular hematite mineralization. 
Deposits of this type found in the past were small and it 
is to be expected that any others which might be located 
in the future also will be small.

Gold has three separate modes of occurrence: with
quartz lenses, in hematite veins and in sulphide veins.
In general none of the deposits found in the past have been 
large or high-grade. It is difficult to imagine that any 
found in the future will prove to be different. However, 
gold values may generally be considered as adding to the 
economics of mining any other base metal deposit in the
area.
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The economic potential of the Plomosa area can be 
summed up as marginal at best. While primary mineraliza
tion has been varied and sufficiently intense to have 
produced large commercial deposits, fracture permeability 
is so well developed that solutions were given access to 
all areas allowing dissipation rather than primary concen
trations of ore minerals. Supergene processes were not 
effective because of the general reactive nature of all 
rock units. It is doubtful that any significant, commer
cial ore bodies could have formed under these conditions.



CONCLUSIONS

This study of the Plomosa area has yielded, from 
four fairly independent avenues of approach, the picture 
of continuous, but subdued, orogeny spanning the period of 
time from late Paleozoic to the Recent. All surface phe
nomenon can be interpreted as either direct or secondary 
effects.

Geomorphic studies indicate that the geomorphic 
form and the erosional processes of today are much the 
same as they were prior to the deposition of Tertiary rocks 
on an early pre-Tertiary pediment. Stratigraphic studies 

' indicate that the mountain mass has continuously yielded 
coarse detritus since its birth in late Paleozoic time; 
hence, continuous positive orogenic activity since that 
time seems likely. As the mountains have not gained signi
ficant elevations, it must be conceded that the tectonic 
movements were subdued.

The structural studies showed that all rocks, 
Tertiary, Paleozoic and Pre-Cambrian, were tilted approxi
mately the same amount. This suggests that most of the

124
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tectonic movements happened since Tertiary time and indi
cates intensification of orogenic activity with time.

The mineralogic data suggest a continuous para- 
genetic sequence, portions of which may be spatially 
correlated with tectonic events. The mineralization was 
apparently regional in extent and cannot be associated 
with intrusive rocks. It is suggested that a sub-surface 
zone of plastic deformation may have been responsible for 
localizing orogenic energy and served as the source of 
mineralizing fluids.

The orogenic activity resulted in the polylateral 
extension of the area and the production of extreme frac
ture permeability. This has allowed mineralizing fluids 
access to all areas and wide dissipation of ore minerals. 
There has been only insignificant secondary sulphide en
richment and it is considered unlikely that significant 
commercial concentrations of base metals have formed in 
the area. Marginal manganese deposits exist that may prove
economic in the future.
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