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ABSTRACT

The Beaver Lake Range, located in southwestern 
Utah, consists of Paleozoic and possible Mesozoic sedi
mentary rocks which were uplifted and eroded prior to 
the deposition of a thick sequence of volcanic rocks.
These rocks have been intruded by two quartz monzonite 
stocks which have acted as stable buttresses against 
the following major tectonic movements affecting the 
range. The major deformation was a compressional stress 
oriented NNW which caused the formation of an overthrust 
or high angle reverse fault and an overturned syncline 
both of which strike ENE. This folding, and faulting was 
accompanied by the development, of. complementary sets of 
steep tear faults which strike northerly to northwesterly. 
These faults have offset portions of the quartz monzonite 
intrusives and have served as the locus of several small 
acidic and basic dikes. Mineralization, succeeding the 
major tectonic movements, formed the chalcopyrite- 
molybdenite-pyrite deposits of the o. K. Mine and the 
scheelite-chalcopyrite deposits of the Copper Ranch Mine. 
At the same time several areas of quartz-sericite and 
marble alteration were developed.
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1. INTRODUCTION' ; ; x , V \ C s J .y: ::.C 1./

The Beaver Lake Range is located in southwestern 
Utah near the eastern edge of the Great Basin and differs 
from the:typical ranges of the region by its low relief, 
domal appearance, and dominant ENE structures. The range 
has been but slightly affected by the prominent normal 
faulting of the region and is, most likely, the result of 
the intrusion of quartz monzoriite stocks into Paleozoic 
sedimentary and Tertiary volcanic rocks. :

ESE structural trends have controlled the intrusion 
of the quartz monzonite stocks and diorite porphyry dikes. 
These trends have persisted through time to control the 
orientation of later compressional stress evidenced by an 
ENE striking reverse or overthrust fault and a parallel 
overturned synclirie. This same compression, oriented 
NNW, formed shear plane faults which strike north to north
west. Tension directions are not well developed and later 
normal displacement has been superimposed upon the shears 
by relative uplift of parts of the range.
" Sedimentary, volcanic and intrusive rocks have

1
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been involved in the geologic evolution of the range. Some 
of the sedimentary rocks, which were previously reported as 
Mississippian, have been assigned Cambrian and Ordovician 
ages on the basis of lithologic correlations and minor 
fossil evidence.

Tertiary volcanic rocks of considerable thickness . 
overlie the sedimentary rocks and are a part of the south
western Utah volcanic field that overlaps the boundary of 
the Colorado Plateau and the Basin and Range Provinces. 
Igneous rocks forming both stocks and dikes intrude the 
sedimentary and volcanic rocks in a belt which extends 
eastward across the boundary of the provinces in a manner 
similar to that of the volcanic rocks.

The economic potential of the area is as yet un
proven, but large areas of intense alteration coinciding 
with favorable structural orientations and intersections 
indicate that ore bodies may exist at depth. A considerable 
portion of that area has been explored by pits and shallow 
shafts and further exploration may seem unjustified because 
of the small yield of profits by past production, in light 
of recent knowledge a systematic regional study might in
dicate several areas of possible economic importance within 
this and the adjacent ranges.
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The Beaver Lake Range is located in the north 
central portion of Beaver County, Utah between latitudes 
38 degrees 27 minutes north and 38 degrees 33 minutes 
north and longitudes 113 degrees 04 minutes west and 113 
degrees 11 minutes west. The range may be reached from 
Beaver, the county seat on U. S. Highway 91, by traveling 
thirty miles west on Utah State Highway 21, turning north 
one mile west of Milford, and following any of the several 
dirt roads for ten miles northwest. (See figs. 1.1 and 
2.1)

1.1 Location

1.2 Cultural Geography

Milford, a station on the Union Pacific Railroad, 
has a population of about 3,000, most of whom earn their 
livelihood from farming, ranching and working for the rail
road. Only a few of the residents are active in mining 
though several itinerant geologists were present during the 
summer months of 1958. Comfortable accommodations are avail
able at either of two hotels in town and board at any of 
three restaurants. An emergency air strip long enough to 
accommodate multi-engine aircraft is maintained by the Civil 
Aeronautics Board at Milford and sufficient fuel for light
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planes: may be purchased from the civilian operator. -

1.3 Climate

in The climate.of the region is typical of the basin 
and range country, the summers are hot and dry except for 
occasional afternoon thunder showers. Temperatures often 
exceed 100 degrees at midday in July and August but,may 
drop below freezing during the winter when several inches .. 
of snow may fall in a few hours only to melt awayja few 
days later. :The elevation of the range varies from 5,250 
feet to.7,000 feet above sea level and strong winds are 
often encountered along the higher ridges. Other than 
differences in exposure to the winds the climate is con
sistent throughout the range.

: . . .■•v
1.4 Water Supply

Water, necessary.for the development and explo
ration of the area, is in short supply and streams flow 
only occasionally following the thunder showers and melt
ing of the snows.: However, water is available in the Beaver 
Lake Range throughout the summer at four springs located 
along north trending fractures in the northern-most of the 
two quartz monzonite intrusives. Rows of juniper trees mark
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the surface expression of these fractures on the eastern 
side of the intrusive and may serve to indicate additional 
sites where water might be developed. The springs which 
bring water to the surface have all been developed for graz
ing purposes, are fenced, and consist of small pools of 
water supporting a growth of rushes.

A further source of water might be developed to the 
west of the same intrusive at a fault intersection in sedi- 
mentary and volcanic rocks. Here, in a shaft collared in 
volcanic rock near the fault intersection, water stands 
about twenty feet below the surface. .The shaft, shown on 
the geologic map, PI. I, is inclined about 80 degrees to the 
northwest down a fault which strikes northeast.* :

1.5 Flora and Fauna

. The vegetation.of the range is typical of the semi- 
arid regions of the western United States and consists of 
sagebrush, juniper trees and various grasses. The animals 
most often seen are lizards, jackrabbits and occasional deer. 
Several species of fowl, such as hawks, owls and doves, were 
noted nesting in the shrubs and trees in all parts of the
range.
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The primary purposes of this study have been to 
produce a reconnaissance geologic map of the range, de
termine the ages of the sedimentary rocks and decipher the, 
major structural pattern. A secondary purpose has been to 
determine the relationships of the structure to alteration 
and mineralization.

1.6 Purpose

1.7 Scope of the Study

Forty-five days during the months of June, July 
and August of 1958 were spent in the field mapping approx
imately thirty square miles. Another twenty days were 
spent preparing maps and reviewing the literature pertinent 
to the area. To determine the general geologic and struc
tural framework only the more obvious rock types and 
structures were mapped. Only those areas and subjects not 
fully treated by B. s. Butler (1913) were studied except for 
certain cases. During the winter of 1958-1959 more of the 
literature concerning the area was studied and the notes 
and data from field work were assembled into the final re
port.
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Three aefia1 photograph enlargements, procured from 
the Army Map Service, were trimmed, covered with acetate 
and;carried into the field for mapping purposes. The photo
graphs, of a high-altitude series numbered: W  FS M9AMS..
10 JUN 53 126; exposures 626, 627 and 628, were enlarged to 
a scale of nearly four inches to one:mile. Little distor
tion is present because of the high altitude from which the 
exposures were made. Photograph 627 centers almost exact
ly over the mapped area and from it were traced the drainage 
and outcrop patterns of the various rock types. The other 
two prints were cut into a total of five pieces, each piece 
approximately eleven and one-half by sixteen inches. These 
pieces were carried into the field on map boards and data . 
from the field observations noted on the acetate covering. 
These data were then transferred by stereoscope onto a large 
sheet of acetate covering the center photo and then traced 
onto linen from which the final map was made. All locations 
on the geologic map have the normal errors due to parallax 
that are inherent in all vertical aerial photographs; ,

A" , .
civ-;- r.: ^ \ .

1.8 Methods of Study
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W  ': 1.9 Acknowledgements

That portion of the study carried out in the field 
was done while in the employment of the Bear Creek Mining 
Company, a wholly owned exploration subsidiary of Kennecott 
Copper Corporation. The writer wishes to express his ap-

i-.-;. . ■ •. ' ■ ;V
preciation for the criticism and aid provided by Mr. R. E. 
Gilbert and Dr. F. H. Howd, Geologists.

- : 1.10 Previous Work

Three papers have been published which cover por
tions of the area considered in this report. B. S. Butler's 
report, The Geology and Ore Deposits of the San Francisco 
and Adjacent Districts, Utah, was published in 1913 as 
U. S. G. S. Professional Paper 80. The geologic map of this 
paper includes the Beaver Lake Range from Lime Mountain 
south, the Rocky Range and several other nearby mining dis
tricts in the neighboring ranges, in his report Butler dis
cusses in an admirable manner the geology and ore deposits, 
especially the igneous petrology, rock alteration and min
eralogy of the several districts. He was the first to make 
a comprehensive study and map of the region and did so under 
primitive conditions.

The Copper Ranch Mine was mapped by S. w. Hobbs and
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is described in his report of the Tungsten Deposits in 
Beaver County, Utah. This report, U. S. G. S. Bulletin 
945-D, is the only source of information available on the 
mine. Removal of all surface equipment has made the work
ings inaccessible. •

The Utah Geological and Mineralogical Survey has 
recently published bulletin 68 entitled the Beaver Lake 
Mountains by P. J. Barosh. Barosh, treats the entire 
Beaver Lake Range but some of his opinions and interpre
tations differ from those of this writer.



2. GENERAL GEOLOGY

The Beaver Lake Range and its smaller neighbor, ;1 ■■■ ■. ■■ ■ . ■
the Rocky Range, only two miles southeast, rise like

' ' !islands out of a sea of alluvium and valley fill. To the
■ ' ' : ' :east lies the long expanse of the Milford Valley into

which drain all of the intermittent streams of these two 
ranges as well as those on the eastern slope of the next 
range to the west, the San Francisco Range, (see fig. 2.1). 
Large coalescing alluvial fans spread out from the base of 
the San Francisco Range and encroach upon the Beaver Lake 
Range as if they are about to bury it with debris. The 
highest elevation of these fans is fully as high as the 
highest peak in the Beaver Lake Range.

The Beaver Lake and Rocky Ranges are northern ex
tensions of the Star Range, about five miles south, in
' . ; . ; : ; ' v1;; / •which are located the North and South Star Mining Districts. 
The broad alluvium filled pass separating these ranges is 
the site of Big Wash, the principal west to east drainage 
which drains most of the eastern slope of the San Francisco 
Range. The northerly trend of the Star and Beaver Lake 
Mountains is terminated at the north end of the Beaver Lake

11
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Range (see fig. 2.1).
The Beaver Lake Range is approximately thirty square 

miles in area and the Rocky Range about four square miles. 
These two ranges are but two miles apart at their nearest 
points of outcrop but are nearly joined together by an in
tervening group of low hills, about one square mile in area, 
which gives nearly continual outcroppings between the 
ranges.

The surrounding ranges are fault block mountains 
typical of the Basin and Range Province. Thrust faulting 
is known in the San Francisco Range less than five miles to 
the west (East, 1956). Sedimentary rocks range in age from 
Cambrian to Triassic, and Pleistocene lake sediments doubt
lessly exist in the basins and as beach deposits on the 
basin slopes. Tertiary volcanic rocks are intruded by 
stocks and dikes in several of the neighboring ranges. Sig
nificant copper, lead, zinc, silver, iron, tungsten and 
molybdenum as well as fluorite mineralization occur in al
most any type of host rock.

2.1 Geomorphology

From a distance, a view of the Beaver Lake Range 
gives one the impression that it owes its existence to
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domal uplift. A radial drainage pattern dominates the 
southern part of the range and a mature stage of erosion 
has been attained. The tops of the several ridges in the 
center of the area vary less than fifty feet in elevation 
with the highest ridge, composed of sedimentary rock, at 
about 6>870 feet above sea level. . v c . , .
v-"'.'.'."-In the northern part of the range uplift has been 

more recent, forming slopes that are rugged and steep and 
raising the flat top of Lime Mountain.to the highest point 
in the range, 7,000 feet. This area shows evidence of 
stream capture, incipient stream capture, slumping of a 
large block of sedimentary rock, a vertical water fall 
nearly thirty feet high and possible sliding of strata on 
bedding planes. All of these geomorphic anomalies occur 
northeast of Lime Mountain and,though individually are 
insignificant,.collectively they indicate that the most 
recent uplift and most active erosion have been limited to 
this area. The rest of the range is in a mature stage of 
erosion and has been less recently disturbed.

2.1.1 Pleistocene Lake Shore Deposits

Along the northeastern edge of the range, at about 
5,250 feet of elevation, are shoreline deposits of the
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Pleistocene Lake Bonneville (Fenneman, 1931, p. 350). This 
lake level has left small baymouth bars across the stream 
drainages but no deltas have been formed. These two obser
vations/ coupled together, indicate that the stream beds 
carried too little water and eroded material to breach the 
bars and form deltas in the lake. Apparently, even in that 
ancient time, and ever since, the precipitation falling on 
the range was, and has continued to be, as slight as that of 
today. The debris which fills the basins has been shed by 
the larger ranges which receive more precipitation and have 
steeper slopes. :

Two levels of the shoreline deposits, with less 
than ten feet of difference in elevation, indicate that 
there were two periods of stable lake level or a period of 
uplift of the range during one period of stable lake level.
A further study of the shore lines of the region might 
determine which of the two alternatives is the case.

2.1.2 Pediments
Pediments, along the eastern side and southern end 

of the range, are indicated by several small outcrops of 
bedrock that form either low hills above the alluvial 
surface or make slight rises on the surface of the ground. 
Also, several bulldozer cuts through the alluvium, about
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one mile south of the 0. K. Mine, have exposed quartz mon- 
zonite and altered volcanic rocks five to ten feet below 
the surface. Northeast of Lime Mountain, in the area of 
metamorphic limestone and quartz monzonite, the surfaces of 
several outcrops are almost exactly parallel with the sur- : 
face of the alluvium.

It is evident that these two sides of the range are 
bordered by rock pediments. How far the pediments extend 
toward the valleys and basins could not be determined but 
they probably extend slightly, beyond the outcrops furthest 
from the range as shown.on plate I. Whether rock pediments 
exist west and north of the range is not known but if they 
are present they are covered by the alluvial fans and out- 
wash from the San Francisco Range. The outliers of lime
stone northwest of the range may indicate that such pedi
ments do exist on this side of the range.

2.2 The Rocky Range and Copper Ranch Area

The Rocky Range consists of a quartz monzonite in
trusive, volcanic, rocks and limestone, shale and quartzite 
of the Triassic Harrington formation. Sedimentary rocks 
are intruded by the quartz monzonite and metamorphosed. 
Magnetite-scheelite-chalcopyrite mineralization occurs in
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the metamorphosed zones (Hobbs, 1945, p. 95 & 96). This 
range was not mapped by the writer but inspection of the 
outcrops along the eastern edge indicates that the rock type 
shown as granodiorite porphyry on Butler's map is, at least 
in part, a volcanic rock. The same is true for the low hills 
between the Rocky and the Beaver Lake Ranges. In both in
stances the volcanic nature of the rock is evidenced by flow 
breccias. These volcanic rocks may have been either in
truded by or deposited on top of the quartz monzonite. No 
evidence was seen that supports either view.

At the Copper Ranch Mine the granodiorite porphyry 
of Butler was again identified as volcanic rock, this time 
on the basis of its similarity in composition and texture to 
the volcanic rocks of the Beaver Lake Range. A bed of 
altered micaceous material four feet thick is exposed in a 
bulldozer cut on the southwestern side of the hill at the 
Copper Ranch Mine, it is similar to much of the meta
morphosed rock in the Rocky Range and it is believed to be 
the result of hydrothermal metamorphism of a part of the 
Harrington formation near the intruding quartz monzonite.
The presence of quartz monzonite at shallow depths is in
dicated by q u a r t z  monzonite fragments on the mine dumps.
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2.3 Beaver Lake Range

:v'l ' \ ■
2.3.1 Sedimentary Rocks

r Rocks of definite sedimentary origin crop out in two 
large areas in the central and northern part of the Beaver 
Lake Range, and in two smaller areas along the western side 
of the range. Sedimentary rocks also crop out on the first 
ridges west and north of the o. K. Mine. These rocks have 
been thought, because of field relations, to be the product 
of hydrothermal alteration of volcanic rocks (Butler, 1913, 
p. 78, 79 & 80). However, a sedimentary origin is suggested 
by the quartzite and sandstone-like appearance of hand 
specimens. These rocks are probably of the Triassic Harring
ton formation though no positive identification could be 
made.

Limestone, shale and quartzite exposures in the 
northern part of the range north of Lime Mountain can be 
correlated by lithologic character with rocks of Cambrian 
and Ordovician age in regions to the northwest. Fossils 
found were not diagnostic and only suggest a Paleozoic age.
A primitive trilobite pygidium (locality A), a small 
brachiopod (locality B), and horn corals (locality C) were 
observed in the field and their localities are noted on the
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geologic map.
In the central portion of the range another large 

area of sedimentary rock is exposed. The beds in this area 
strike northeasterly and are regular in strike except for 
local variations near the quartz monzonite contacts and 
faults. Bedding in the area is not well discernible and 
these rocks could not be correlated with the other area of 
sedimentary rocks. The rocks are tenatively dated as 
Paleozoic but could be younger. The ridge-forming quartz
ite could be either the Ordovician Eureka quartzite or the 
Pennsylvanian Talisman quartzite (Butler p. 36). The age 
of the rocks exposed in two smaller outcrops to the west is 
unknown.

The sedimentary rocks were uplifted and eroded 
prior to the deposition of the overlying volcanic rocks.
Many thousands of feet of Upper Paleozoic and Mesozoic 
sedimentary rocks are missing in the Beaver Lake Range which 
are known to be present in the Star, Rocky and other ranges 
to the southeast. Rocks of Mesozoic age are not reported 
and apparently are missing from the regions to the north
west.
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Fig. 2.2 Lime Mountain, looking west.
Dark rock (left) is quartz monzonite intrusive, 
light rock (right) is marbleized limestone near 
the intrusive contact, center, and limestone 
further to the right.

Fig. 2.3 Lime Mountain, looking east.
Dark rock (right) is quartz monzonite intrusive in 
contact (in saddle) with marble (right of high 
peak). Darker unaltered limestone to left of the 
high peak.





2.3.2 Volcanic Rocks

The volcanic rocks were deposited on a surface of 
gentle relief. This surface is exposed along the northwest 
side of the central area of sedimentary rock. The volcanic 
rocks were mapped as a single unit for the purposes of this 
study. Butler gives a generalized sequence of the individ
ual units of volcanic rocks in the region, from younger to 
older, as follows:

(1) Thin basalt flows
(2) Thick dacite flows )
- : . ) (Several thousand.feet
(3) Thin rhyolite flows) thick)
(4) Rhyolite tuffs
(5) Thick dacite-andesite flows (Several hundred 

feet thick)
A bed of tuff was noted to be the uppermost bed exposed 
under the alluvium on the northwest, but most of the vol
canic rocks of the range fit best in the lower (dacite- 
andesite) unit as given above.

The volcanic rocks are exposed in three areas each 
elongated in a northeast direction. One area has been dis
cussed in section. 2.2. Another is located along the north
west side of the central area of sedimentary rock. There
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the volcanic rocks dip northwest away from the range under 
the alluvium and reappear one mile away with a dip to the 
southeast. Their general configuration is that of a shallow 
syncline striking northeast.

The third area of volcanic rocks is south of the 
northern quartz monzonite intrusive. This is the most in
tensely altered and fractured area in the range. Areas of 
alteration seem to be controlled by fracturing and fault- 
ing which commonly mark the contact of volcanic rocks with 
altered sedimentary rocks. Fractures probably served as 
access channels for the altering solutions. The slopes of 
the intensely altered areas are steep but mostly covered 
with float and the outcrops are few. Erosion has been rapid 
and several convergent valleys have cut deeply into the 
altered rocks just north of the southern intrusive. The 
less altered volcanic rocks exhibit a northwest dip but in 
the highly altered areas the evidence of attitude has been 
obliterated. In the southwestern part of this area the 
topography is controlled by faulting. Stream beds follow 
the faults and are paralleled by ridges.

2.3.3 Intrusive Rocks

The intrusive rocks of the Beaver Lake Mountains
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range in composition from granite to granodiorite and 
diorite. Holocrystaline quartz monzonite is the dominant 
intrusive rock and is present as two stocks intruded into 
the volcanic and sedimentary rocks, and as dikes and (or) 
vertical sills intruded into the limestone in the northeast 
part of the range. Diorite porphyry dikes have in turn in
truded the quartz monzonite. Aplite and granodiorite 
porphyry occur as small dikes in volcanic, quartz monzonite 
and sedimentary rocks. Pegmatite plugs intrude the marble 
and quartz monzonite in the northeast part of the range.
They are termed intrusive but may be metasomatic.

The earliest of these intrusive rocks are the quartz 
monzonite stocks. These stocks are very similar to one 
another in composition and character of their outcrops but 
differ in grain size, the southern of the two being finer 
grained. The dikes and (or) sills of the northeastern part 
of the range are identical in character to the northern of 
the two stocks. Diorite porphyry has intruded the northern 
stock in two places as easterly striking dikes. Their in
trusion seems to have followed closely that of the quartz 
monzonite and was accompanied by little or no alteration. 
These two rock types were emplaced along ENE trends prior 
to the major deformation of the range.
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Granodiorite and aplite dikes and probably the 
pegmatite plugs were emplaced along shear planes opened up 
during or following the major NNW compression. They may 
be complementary products of magmatic differentiation which 
possibly also gave rise to the solutions which altered many 
of the rocks arid formed the metalliferous deposits.
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3. SEDIMENTARY ROCKS

The sedimentary rocks in the Beaver Lake Range are 
dominantly limestones and dolomites of Paleozoic age. 
Structural complexities hinder accurate mapping and measure
ment, of thicknesses. The largest area of outcrop is at the 
northern end of the range where almost ten square miles of 
carbonate rocks, quartzites and shales are exposed. It is 
this area that has furnished evidence of the ages of the 
rocks and the major tectonic features of the range.

Butler's map extends less than 2,000 feet north 
of Lime Mountain and includes an area of sedimentary rocks 
concerning which he says, "The heavy-bedded dolomitic lime
stone in the northern part of the Beaver Lake district is 
possibly to be correlated with the Topache limestone," 
(Mississippian), "though evidence of its age was not ob
tained and it may be either younger or older." (Butler,
1913, p. 35)i This is Butler's only reference to the sedi
mentary rocks of the range, and being near the edge of his 
area of interest and removed from any important ore deposits, 
these rocks probably received only cursory investigation.
That portion of the area containing the quartzites is not
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included on his map nor in his report, and he makes no 
mention of the other sedimentary outcrops.

The identification of the several formations given 
below has been accomplished by correlation with published 
regional stratigraphy. Two widespread formational contacts 
can be unambiguously identified. The first contact is with
in the Lower Cambrian between the Prospect Mountain quartz
ite and the Pioche shale. The second contact is between 
the Ordovician Eureka quartzite and the dark Hansen Creek 
(Fish Haven) dolomite. Lithologic changes above and below 
these contacts have been interpreted as formational contacts 
between lithogenetic formations and were correlated with the 
generally thicker stratigraphic sections to the west.

3.1 Lower and Middle Cambrian -

Correlations of the Lower and Middle Cambrian forma
tions of the southern Great Basin have been published by 
Wheeler (1944 & 1948). He finds that lithogenetic units 
near the lower paleozoic time boundary are time trans- , 
gressive and become thinner and younger from Nevada and 
California eastward into Arizona and Utah. The Cambrian 
formations in the Beaver Lake Range correlate very well with 
Wheeler's regional interpretations and the section he

27
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measured in the Wah Wati Range 25 miles‘to the west.~ In the 
Beaver Lake Range the Pioche shale measures only ‘80 feet 
thick compared to 600 feet in the Wah Wah Range and the 
Busby quartzite is missing.

3.1.1 Prospect Mountain Quartzite

■ f. in the northwest portion of the area/ exposures of 
quartzite crop but bn a hill which is one and one-half miles 
long'and three-fourths of a mile wide. The hill extends in 
a northeast direction and is bordered on its southeast side 
by an elongate area of intense brecciation about five hiin- " 
dfed feet wide and one mile long. The quartzite is fractured 
and recemented with little displacement along the fractures. 
Although the bedding has been obscured the rock can still be 
recognized as an brthoquartzite. The sides of the hill are 
nearly covered with quartzite float but many resilicifled

* • . T . "L  ̂: *-■ y'- \ -k * -breccia outcrops indicate the nature of the bedrock. On the 
west and northwest edges 6£ the hill both bedding and cross 
bedding are well exposed and the attitudes indicate that the 
hill is probably the core of a westerly plunging anticline:
No fossils were observed in-the quartzite.but its great - 
thickness, 2,400 feet,;and the fact that it is overlain ,by , . 
a shale clearly indicate that it is the basal Cambrian,'YU : r -. . ' '- - - '  ̂- ' - - ' .
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Prospect Mountain quartzite. The lower contact is a fault 
and the upper contact is covered but can be located in one. 
place within fifty feet.

3.1.2 Pioche Shale

At the southwest end of the hill of quartzite, where 
stream channels have cut through the alluvial cover, and 
about one hundred feet from the nearest quartzite outcrop, 
there are three outcrops of greenish-brown micaceous shale. 
The attitude of this shale is structurally conformable to 
that of the nearest quartzite outcrop, and the thickness ex
posed is no more than thirty feet for any one outcrop. The 
shale lies stratigraphically on top of the quartzite and 
beneath the limestone cropping out a short distance to the 
northwest. No fossils were found in the shale but the stra
tigraphic sequence indicates that it is the Middle Cambrian 
Pioche shale. A maximum thickness of eighty feet can be 
placed between the quartzite and the lowest outcrop of lime
stone that overlies the shale. The contacts were nowhere 
observed. This thickness is small compared to the 600 feet 
reported in the Wah Wah Range (Wheeler, 1948, fig. 5) and 
the possibility of thinning due to faulting must be consid
ered though direct evidence was not found.
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3.1.3 Lyndon Limestone

The Lyndon limestone, identified by its strati
graphic position, is exposed at three outcrops northwest of 
the hill of Prospect Mountain quartzite. These three out
crops are entirely surrounded by alluvium but structural 
conformity with the nearest outcrops implies stratigraphic 
conformity. It is inferred that to the southeast of these 
three outcrops the alluvium conceals the Pioche shale (see 
plate I in pocket). The maximum thickness of the Lyndon 
limestone exposed at these three outcrops is 370 feet, or 
about 60 feet thicker than that exposed in the Wah Wah 
Range (Wheeler, 1948, fig. 5).

Another outcrop of the Lyndon limestone occurs in 
the east trending overturned syncline along the northern 
edge of the range. The base here is covered by alluvium 
but the contact with the overlying Chisholm shale is ex
posed. It is within this limestone that the structures 
shown in figures 3.1 and 3.2 occur.

3.1.4 Chisholm Shale

The writer observed the Chisholm shale only along 
the northern side of the range where it is involved in the 
tightly folded and overturned syncline. The section on the
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north side of the syncline stands nearly vertical and in
places is overturned to the south. The thickness here is 
70 feet as measured between the upper and lower vertical 
contactsThe rock is an orange to brown calcareous shale 
with an abundance of trilobite fragments. Some of these 
fragments have been reported as Glossopleura sp. by Barosh 
(p. 18 and 19). He also reports a similar outcrop within 
the limestone northwest of the quartzite hill. This identi- 
ficatron confirms a Middle Cambrian age for these rocks and 
adds weight to the correlation with published occurrences 
of the Chisholm shale.

In the Wah Wah Range the Chisholm shale is shown to
be nearly 100 feet thick (Wheeler, 1948, fig. 5). Wheeler _

■ . • v v 1 \ , : ! a  . ■ ■■■ - -  ' ■ * ' ■ ; "

also shows that this formation thickens to,the southwest to
wards and beyond Pioche, Nevada into southern California.
To the north this shale is included within the Millard lime
stone and loses its identity as a formation. '

3.1.5 Middle Cambrian Limestones

The two northwesternmost outcrops in the range lie 
with apparent structural conformity above the covered 
Chisholm shale. The larger of these two outcrops exposes
1,000 feet of limestone and dolomite and probably represents



the equivalent of.the Peasley, Burrows, Burnt Canyon and 
Dome limestones of the.Wah Wah Range and the Millard, Burrows, 
Burnt Canyon and Dome limestones of the House Range (wheeler, 
1948, fig. 5). Detailed stratigraphic and paleontological 
work will be necessary to define the formational boundaries.

3.2 Middle and Upper Ordovician-

The area surrounding Lime Mountain in the northern
:..v- .'lx-. _ x c , : x, . , . ;••• . x: j x : ; 'xx.x
part of the range was mapped as Mississippian by Butler.
As mentioned earlier in this report, it probably received 
only brief investigation. The area is structurally complex 
and topographically the most rugged portion of the range. 
Several thousand feet of carbonates are exposed in the area 
but the true thickness could not be determined; One local
ity displays 580 feet of limestone and dolomite and argil- " 
laceous carbonates overlain by a quartzite sixty feet thick 
which is. in turn overlain by a thick-bedded dolomite se- ; 
quence 305 + feet thick. The lower dolomitic portion of this 
sequence correlates with the, Juab limestone, Kanosh shale 
and Lehman formation, the quartzite with the Eureka or Swan 
Peak quartzite and the upper dark dolomite with the Upper 
Ordovician dolomite. All of these are discussed by Webb

."■v, X: : X ; - - X: : . : ' ' X X- . X . ' ‘
(Webb, 1956, p. 61). The Upper Ordovician dolomite has been
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designated the Ely Springs Dolomite by Hintze (Hintze, 1951, 
p. 23) but correlates with Hansen Creek and Fish Haven of 
Northern Utah and Nevada.

The rocks of Lime Mountain proper are all thick 
bedded carbonates and because of structural relationships 
they are thought to be Upper Cambrian and (or) Lower 
Ordovician. Barosh (plate TV) reports some of these rocks 
to be Silurian and Devonian but no conclusive evidence was 
observed by the writer.

3.3 Mississippian

Both Butler (p. 35) and Barosh (p. 26 & plate IV) 
identified limestones of Mississippian age. This age is 
based upon coral and brachiopod faunas which are quite abun
dant in the downfaulted block northeast of Lime Mountain 
and south of the slumped block of Ordovician limestone. No 
formational boundaries have been determined within this 
block though it contains several hundred feet of strata.

3.4 Triassic

At the Copper Ranch Mine a four foot bed contain
ing large books of green altered mica is exposed in a bull
dozer cut. This bed is presumed to have been formed by the
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alteration of sedimentary rocks. Hobbs (Hobbs, 1945, p.100) 
describes the rock as contact metamorphosed and tells of 
limestones grading into shales and quartzites in the workings 
of the mine. The description of the sedimentary rocks is 
very similar to the description of the sedimentary rocks of 
the Old Hickory Mine in the Rocky Range. There the sedi
mentary rocks are known to be the Triassic Harrington forma-
.. . 'i , . - • . •
tion (Hobbs, 1945, p. 95 and Butler, 1913, p. 193 & 195).

The altered sediments on the west and north sides of 
the southern quartz monzonite stock are considered by the 
writer to be a part of the Triassic Harrington formation 
though they could be either younger or older. These rocks 
are mostly quartzites which in some places have been mixed 
with extrusive or intrusive igneous rocks. They were prob
ably sandstones, quartzites and siItstones before being 
altered to their present condition. Quartz, sericite and 
muscovite are the most abundant minerals present with lessor 
amounts of tourmaline, pyrite, specularite and andalusite 
also being noted. In the more highly altered areas this 
rock is properly called a greissen.



4. STRUCTURAL GEOLOGY

All tectonic movement in the Earth's crust is rela
tive; however, when describing such movements it is much 
easier and clearer to describe them as absolute. In the 
following paragraphs all movements are described as ab
solute but are, in truth, relative.

4.1 Regional Setting

The Beaver Lake Mountains are included in three 
regional tectonic features which may or may not have been 
formed during a single large scale tectonic event. These 
features were formed during the Tertiary Period but the 
Epochs of their formation remain in doubt; only the sequence 
of their formation can presently be discerned. In the order 
of their formation these features are: the easterly strik
ing Beaver Uplift, the eastern Great Basin zone of north
easterly striking thrust faults, the northerly striking 
normal faults of the Basin and Range Province.

The Beaver Uplift (Butler et. al., 1920) is a linear 
zone of uplift, erosion, intrusion and extrusion of igneous 
rocks. This zone, thirty to fifty miles wide, intersects 
the zone of thrusting (Eardley, 1951, pg. 329, fig. 189).
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Both types of igneous rocks are present in the mountain ; - 
ranges to the east and to the west as are thrust sheets of 
older paleozoic.rocks.L Typical Basin and Range faulting 
has been superimposed over these features and the rest of 
Western Utah. . ,. v . ••'■o : i:::-'c

cL ' v: ..w:''' V ---
4.2 Local Setting

i lv vC-;'. . . ■ u .cU r-OMlh :: f

: . i The structures within the Beaver Lake Range deviate
only slightly from the orientation of the regional features. 
In small areas one should expect deviations from the region
al framework due t o :inhomogeneities of the crust. Here the 
formation of structures is due to alternate compression and 
extension of the crust along a NNW direction. This direc
tional-feature has persisted since before the quartz monzon- 
ite intrusions. The only variable has been the magnitude of 
the force applied along this axis. A set of fractures have 
controlled-all subsequent deformation. The orientation - of 
these fractures is as expected from the theories of elastic 
deformation and the strain elipsoid; ; • - -
■ - ;• v  s; c  : "J *■■' , 1 : . x 1 1  ' / ZT t : _ ••• - -' -

4.2.1 North Trending Structures
■ -■ ' > ♦ .. « ' ■ ' I ‘ * ‘ « ‘ ’ t Z > „ ' \ * < ' •■ - •" . f ' . >

• .  ̂ V- L . • x ' • ! ■ ■■ . •

! The greatest number of the faults mapped comprise
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a group with normal and lateral movement that have an aver
age strike slightly west of north. This faulting is ob
served in two parts of the area mapped. In the southern 
and western portions, dikes are seen to follow these same 
trends. This group is made up of two specific fracture 
trends cutting each other at angles of twenty to forty-five 
degrees with the acute angles to the north and south of the 
intersections. They have nearly vertical dips and are be
lieved to be shears resulting from north-south compressional 
stresses.

A very prominent system of fractures was observed 
from the air during a reconnaissance flight covering the 
Beaver Lake Range and the neighboring mountains. It trends 
slightly east of north and is very regular and persistent 
affecting volcanic, intrusive and sedimentary rocks. These 
fractures are easily distinguished on aerial photographs 
of the intrusive areas and they were observed in the sedi- 
mentary rocks of Lime Mountain and in volcanic rocks 
fifteen miles to the south of the range. This fracture 
system is interpreted as having an origin similar to the 
shears described above, although it may be contemporaneous 
with the normal basin and range faulting of adjacent areas.
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4.2.2 East Trending Structures

Major intrusive contacts and large dikes trend 
nearly east as do the most prominent fault and fold. The 
fault, separating the hill of quartzite from the carbonates 
around Lime Mountain, consists of a zone of brecciated 
quartzite up to five hundred feet across and one mile in 
length. The breccia crops out through alluvium in areas 
with a width of several hundreds of feet. Where it crops 
out it is resilicified and very resistant to chemical 
weathering and mechanical abrasion. The fault parallels 
very closely an overturned syncline immediately to the 
south (See Fig. 3.1). The rocks within this syncline are 
shales and sedimentary carbonates which are overturned to 
the south.

The stratigraphic throw on the fault is nearly 
three thousand feet. The movement has brought the Lower 
Cambrian Prospect Mountain quartzite next to Middle Cambrian 
rocks, eliminating 2,400 feet of Lower Cambrian and 450 feet 
of Middle Cambrian rocks. At first inspection the fault 
movement might seem to be either normal, reverse, over- 
thrust, or lateral. However, if the fault were normal it 
would not have caused the overturning of the neighboring
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Fig. 3.1 Overturned syncline, looking east.
Beds on left overturned, those on right are 
nearly horizontal.

Fig. 3.2 Small overthrust, looking east.
The thrust has developed from an asymmetrical 
anticline. The north, side (left) has been 
thrust over the south side. Object in fore
ground is a light meter.
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Fig. 3.3 Axis of syncline, looking east.
Object on outcrop is a light meter placed on the 
axis.

Fig. 3.4 Axis of syncline, looking east.
Same as above but taken only a few feet from the 
outcrop. Note the asymetry of the fold. The 
beds here are not overturned. The axial plane 
dips northerly (left).
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syncline and if it had lateral movement it would also be 
difficult to explain the overturning. Reverse or over
thrust movement from the north seems to best explain the 
overturning of the syncline.

A small overthrust was observed in the axial zone 
of the overturned syncline (See fig. 3.2). This overthrust 
developed from a small anticlinal fold along the inclined 
axial plane of the syncline. The north side of this small 
fold was thrust over the south side, and in the opinion of 
the writer, this small feature reflects the relations of 
the larger fold and fault.

4.2.3 Uplift

Following the period of north-south compression the 
larger areas of sedimentary rocks were uplifted and sub
jected to erosion. This accounts for their presence at the 
surface in areas mostly surrounded by volcanic rocks. Move
ment took place along the previously formed shear plane 

. . . : 1 ! - y ■- - - !
faults and the whole area acquired the appearance of a dome
like uplift as mentioned earlier. Lime Mountain has been

. " i "■ fv  :.v :
uplifted more recently than the area to the southwest as is 
witnessed by its younger topography.

i
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4.2.4 Shallow Folds

Two areas of gentle folds are noted near Lime 
Mountain. The area on the west has folds striking east to 
northeast> and the area on the east, has folds striking NNW. 
The folds on the west are contained within blocks of sedi
mentary rock bounded by faults on the north, east and west 
and by the intrusive mass on the south. The intrusive has 
acted as a stable mass during deformation while a left 
lateral fault has allowed the sedimentary blocks to the 
west to move in a southerly direction.

Northeast of Lime Mountain, as mentioned earlier, 
uplift has been important. Normal movement along pre
existing faults, created a local east-west principle 
stress causing the north-south trending folds. The folds 
may have been literally squeezed into being between the 
faults and (or) resulted from bedding plane movement down 
the slope. Adjacent to these folds and slightly north, a 
large slump block was mapped. It probably is due to up
lift and then erosion of the less resistant bed underlying 
the competent dolomite bed that forms the cap rock.
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V■■o u 4.3 Intrusive Relations

That the intrusion of the quartz monzonite preceded 
the stress from the north is witnessed by the fact that the
intrusive bodies have acted as relatively stable masses or
:nn r:: v.
buttresses during much of the compression, and allowed left
YG.V* ■ ■ ' • :
lateral movement to the south along their western sides.
mv’ .x y -

The outcrop pattern of the intrusions gives the 
impression that they are the upper portions of a single 
larger intrusive body, it would be expected that if they 
were eroded more deeply they would form a connected unit. 
The stocks seem to have intruded the sedimentary and vol
canic rocks along east-west planes of weakness. The sill 
in marble in the northeast corner of the map is vertical 
as are the sedimentary rocks into which it has intruded.
The strike of this feature is east-west as is the strike of 
the dikes within the central intrusive. To the west of the 
central intrusive the igneous rock has taken advantage of 
the sedimentary-volcanic rock contact and the contact may 
in turn be the expression of a pre-intrusive ENE fault.

4.4 Structural Sequence

The geologic conditions during the deposition of
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the sedimentary rocks were not studied and only the more 
recent events shall be discussed. The Tertiary volcanics 
were deposited upon a dry land surface of Lower Paleozoic 
rocks,and thousands of feet of Paleozoic and Mesozoic rock 
must have been removed prior to their extrusion. The lower 
volcanic contact shows no great variations of relief and 
indicates a considerable pre-volcanic period of erosion. In 
the Tertiary period the following sequence occurred: -3

1. Easterly striking normal faulting may have 
occurred prior to, contemporaneously with, 
or following the outpouring of the lavas.

.... , (Extension along NNW direction) , . .
2. Intrusion of the quartz monzonite along 

east-west planes of weakness.
-..(Extension along NNW direction)

: - 3. Diorite porphyry dikes intruded along
east-west trends in the quartz monzonite.

• -' - ’ (Extension along NNW direction)
4. Compression along a NNW direction caused: 

overthrusting and overturning of the fold
t striking ENE, development of shears and 
left lateral movement offsetting the quartz 
monzonite and development of tension 

= . fractures striking generally north-south.
5. Uplift caused dilation of some of the 

shears which were intruded by dark igneous
lj : rock, aplite and pegmatite. Normal move

ment occurred along earlier shears and 
formation of north-south folds. (Exten
sion along WNW direction)
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4.5 The Regmatic Pattern

The four directions of regmatic shear are present 
or approximated within the range (Mayo, 1958). The north
west New Mexico-Utah zone IV, is paralleled and approxi
mated in the workings of the Copper Ranch Mine (Hobbs,
1945). This direction is also approximated by one set of 
normal shear plane faults. The northeast zone F, the 
Wyoming Lineament, is possibly represented by the strike 
of the thrust fault previously described. A similar strik
ing fault, shown by Butler, is the location of the low pass 
south of the San Francisco District. Meridional directions 
are mineralized in the San Francisco Range (Butler, 1913), 
in the Beaver Lake Mountains this direction borders the two 
intrusives on the west and is paralleled by one set of 
shear directions and the zone of fractures. The east-west 
Spanish Peaks belt is represented and mineralized in the 
Cactus Mine of the San Francisco Range and the 0. K. Mine 
of the Beaver Lake Range. As a result of this pattern, one 
might ask; where is the jewel for this structural setting? 
The region is listed by Dr. Mayo as a first class inter- 
section (Mayo, 1958, p. 1174, table TV).

■ ■■'' '■ - ..... -■ ' v : o': \ o



5. ROCK ALTERATION

Eaeh of the major rock types of the area have been 
subjected to alteration by hydrothermal solutions. The 
most prominent area of alteration in the range is in the 
volcanic and sedimentary rocks surrounding the southern 
quartz monzonite intrusive. This same intrusive contains 
the major mineralization so far developed in the range at 
the 0. K. Mine.

5.1 Alteration of the Sedimentary Rocks

Alteration of the sedimentary rocks occurred along 
intrusive contacts with quartz monzonite. All degrees of 
alteration from recrystalization of the limestone to typical 
silicated contact metamorphism are present. Wherever both 
are present they grade from the most intense to the less in
tense outward from the nearest igneous rock. The alteration 
zone in the sedimentary rocks bordering the central intrusive 
on the west is bleached and slightly recrystalized limestone 
but shows no contact metasomatism. In a slight re-entrant 
of the sedimentary rocks into the quartz monzonite, a zone 
of brecciated jasperoid occurs with iron stained fractures.

48
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The area just to the north of the central intrusive 
and south of Lime Mountain has been marbleized along the 
entire contact with the intrusive rock. Considerable miner
alization, principally hematite, magnetite, some chalcopyrite 
and contact silicate minerals, occurs immediately adjacent 
to the contact especially where the contact is contorted and 
complicated by faulting. The area as seen from the air is 
intensely fractured by north-south fractures and is in some 
places silicified with jasperoid containing sulphide box- 
works .

Northeast of Lime Mountain, in the area of alter
nating limestone and quartz monzonite outcrops, the intru
sive contacts are in places silicated and mineralized. 
Wherever the limestone is between outcrops of quartz mon
zonite it has been entirely converted to marble or contact 
metamorphic silicate minerals. Copper staining and hematite 
are present where the contact silicates are most abundantly 
developed, most conspicuously at the southernmost of the 
sedimentary rock outcrops and at the Copper Mountain Mine. 
Chalcopyrite and pyrite are present in contact silicate rock 
on the dump west of the road at the western end of the sill.

Contact silicate minerals have also been developed 
between the quartz monzonite and the marble of the Federal
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and Larkspur area on the western side of the range. Here 
again chaicopyrite and magnetite are associated with altera
tion. ' Northwest of this area, along the eastern side of the 
northern of the two small sedimentary rock outcrops is an 
area of bleached and recrystalized limestone. At the con
tact of this limestone with the lavas is a silicified 
breccia zone with boxworks after sulphide minerals. The 
lavas in between these two areas shows little or no altera
tion , however, the pattern of the faults and dikes in this 
part of the range probably controls the alteration, since 
the alteration is most intense in areas near the faults and

It is felt by the writer that most of the alteration
including the silicate minerals adjacent to the intrusive 
contacts, is primarily the product of hydrothermal solutions 
and not to any great extent the product of mere thermal 
effects of the quartz monzonite intruding the limestone. In 
each case where sufficient fracturing has taken place to 
provide channelways for the solutions', silicate and metallic 
minerals are usually present. The fracturing and minefaliza 
tion are later than the intrusions. Also it was noted that 
epidote and wollastonite have developed within the southern 
intrusive along fractures. This indicates that solutions



capable of producing the contact silicate minerals were 
present in the region after the quartz monzonite had cooled 
and solidified sufficiently to be fractured and retain those 
fractures.

The most pronounced alteration in the range occurs 
in the sedimentary rocks surrounding the southern quartz
monzonite stock. These rocks are considered by the writer

. ! , ....... ' " - J
to be a part of the Triassic Harrington formation. The rock 
is composed of mostly quartz and sericite or muscovite and 
includes minor amounts of tourmaline, andalusite, pyrite and 
specularite. The most intense alteration is north and west 
of the 0. K. Mine and extends over the entire outcrop area 
of the sedimentary rocks. The area of alteration is not 
symmetrical with respect to the stock and consequently is 
not due to thermal metamorphism alone. It is the writer's 
opinion that the major portion of the alteration is due to 
hydrothermal solutions which have taken advantage of the 
broken and permeable rocks surrounding the stock. Thus the 
altering solutions must have been later than the intrusion.

The relief in the altered area is extreme and the 
slopes are steep and covered with float and continuity be
tween outcrops must be assumed. Ridges and peaks are com
posed of silicified masses and reflect the local structure
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of the veins and channelways of the altering solutions. The 
area is cut by a network of silicified veins of quartz and 
muscovite which have altered the surrounding rocks'to a 
similar mineral composition with smaller grain sizel •

Short thick dikes of quartz morizonite protrude from
the southern intrusive across the valley into the altered 
sedimentary rocks. The valley contains deposits of alluvial
material cemented with iron oxide derived from the altered 
rocks upstream. Apparently considerable iron has been
leached from these altered rocks. This would indicate that
most of the sulphide material that has been introduced by 
the hydrothermal solutions was pyrite. The unreactive
nature of the quartz-sericite country rock leads one to sus
pect the possible presence of significant copper sulphides 
in the past. The iron and copper could have been leached 
from the site of the parent sulphide by supergene waters and 
transported away through the unreactive host rock (Locke,

Jasperoid is located along the northern boundary 
separating intensely altered sedimentary rocks from the 
altered volcanic rocks. The straightness of this boundary 
suggests structural control of the areas of alteration.
Most of the alteration patterns suggest this same control.
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West of the stock the same situation is present, the dom
inant evidence for the faults is topographic differences 
.which lie on projections of faults from the area of sedi
mentary rocks just to the north. The alteration bounda
ries are generally coincident with faults. t

„ South of the southern quartz monzonite stock, 
several bulldozer cuts through the alluvium covering the 
pediment have exposed more altered rocks. In this area 
copper staining is closely associated with the alteration.
The original mineralogical species present in the area 
could not be ascertained and therefore the significance of 
the copper staining could not be determined.

5.2 Alteration of the Volcanic Rocks

. ,  The most striking alteration in the volcanic rocks 
occurs northeast of the highly altered sedimentary rocks 
and south of Butch Canyon. Here the ridge tops are main
tained by the presence of "siliceous reefs" or large masses 
of jasperoid which have replaced the volcanic rocks. Theiri. v. . ,  - - - - - - - - . ; ' -
structure appears to be dike-like with a nearly vertical ... 
attitude. In places these masses of jasperoid are replete 
with nearly empty pyritohedral cavities which range to three- 
fourths of an inch in size. These cavities when freshly
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broken open are partly filled with yellowish-brown to dark 
brown limonite. The reefs form resistant knobs and ledges 
which may extend for several hundred feet and be several 
tens of feet wide.

In several small areas throughout the range the 
volcanic rocks are bleached and argillized.

5.3 Alteration of the Quartz Monzonite

The two larger outcrops of quartz monzonite show 
quartz-sericite alteration products. However, the great 
abundance of quartz, that accompanies the sericite in the 
volcanic and sedimentary rocks, is generally present only 
in isolated areas, particularly in the area of the 0. K. 
Mine. The southern of the quartz monzonite stocks is 
generally more altered near contacts with the altered sedi
mentary rocks, but small areas of silicification are 
scattered in a seemingly random pattern throughout the area 
of outcrop. Copper staining, epidote and wollastonite have 
formed along some of the fractures but further mapping on a 
smaller scale would be necessary to bring to light any par
ticular relationships.

Near the head of Butch Canyon, alteration of the 
quartz monzonite has allowed rapid erosion to form an amphi-
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theatre surrounded by unaltered rock. Here again the alter
ation is sericitic and is probably associated with the 
bleaching of sedimentary rocks immediately to the north.

uir; . ■
V . .  - :: '

■:;:' ■ C' ■ ' ' ' ■ ■ : ..
: ■■ ' ;  ■ ■: ■ :  ̂ ■ ■ - :
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6. MINERALIZATION

Butler, in his discussion of the several nearby 
districts, has classified the ore deposits on the basis 
of the several different types of host rock in which the 
mineralization has occurred. This classification is valid 
and can be of considerable use when confined to this 
region but may not, of course, be applied outside of this 
region without discretion.

The classification of the ore deposits as given by 
Butler and modified by the writer is given below with some 
examples and their important minerals:
DEPOSITS IN THE QUARTZ MONZONITE

A. Cactus Mine . (San Francisco Range) v i.
... Pyrite, chalcopyrite, hematite, sericite,

quartz, carbonate, tourmaline, anhydrite,
.... gypsum, barite. ■
B. o. K. Mine (Beaver Lake Range)

Pyrite, chalcopyrite, molybdenite, quartz,
; sericite. - - ' ' ■ '

DEPOSITS FORMED BY REPLACEMENT OF SEDIMENTARY ROCKS
: " ' ' . " - : . . • ; . v; • : ' . - ,-v ; \ . ;••. , . . -A. Contact Deposits
Old Hickory Mine (Rocky Range)
Skylark Mine (Beaver Lake Range)

 ̂ '. 56. ;rvA:'... , 1' ,. ..
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Pyrite, chaIcopyrite, magnetite, hematite, 
scheelite, garnet, diopside.

B. Replacement Fissure Deposits
Several of the mines in the Star districts.
Pyrite, galena, chaIcopyrite, sphalerite, 
fluorite, calcite, quartz.

C. Transition Type (Intermediate between the
two types above). ,
» Magnetite, fluorite, muscovite, garnet.

DEPOSITS IN THE LAVA FLOWS '
A. Hornsilver Mine (San Francisco Range)
B. Beaver Carbonate Mine (San Francisco Range)

Galena, pyrite, sphalerite, sulphantimonides 
sulpharsenides, quartz, barite, sericite.

C. Uranium Deposits (?)
This classification would be applicable to almost 

any newly discovered deposits that might occur in this
region and only slight modifications should be necessary.

•; ' '' ' 'r " ' ■V. ' '• ' h ' - - 'Modifications which have been made are:
1. Scheelite deposits are included with the

contact deposits of magnetite and chaIcopyrite.
• ■ -.v . :• : a ! : i , ; - . r/.re a'::; , : ’ o ; rr.

Scheelite has been mined from the Copper Ranch,
• i - •. » . - ■ . • • • • - ■ ' • *•••. '■ : ■ ■; 5 • '  ■ "  -  • • •

Old Hickory (in the Rocky Range) and several 
other of the small mines at the north end of 
the Star District (Hobbs, 1945).
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2. Include fluorite deposits under replacement
fissure deposits. The writer observed con-

. -L":: I-.'- o..;:. ^ " r e  -siderable fluorite on the surface in the Star
District and such deposits may become eco- 
nomic in the not too distant future. Their 
presence in the Carboniferous limestones 

1 ' will probably not be overlooked"for long.
.. ... .3 .- uranium deposits of economic importance may 

.. ■ -../hici: occur in the * volcanic rocks of- the southern
vi San Francisco Range, south of the area mapped: 

by Butler. Considerable prospecting was 1 

.. . carried out during the recent uranium boom
and though no significant deposits were de-
veloped, a possibility of ores similar to

x.o } '.’c: 'n  • •• ;■ i  • :: : h r .  r :  -r

those in the region of Marysvale, Utah does 
exist. If so they could be classified under
"Deposits in Lava Flows".

n  on;.- ; v-:.: O’; .Mineralization of the Beaver Lake Range may be dis-
cussed within the framework of the above classification and

:v:' c'h" ' i'< ■ o { !: ;; r -ry  --r y i. . : . .V '.- -..'most of the categories will be represented by known oc-
■ - i-.y... C'-V /j;v. u': .. w; i u ' : ' - , ,currences of mineralization. One notable vacancy of the
several categories does exist, however, and that is miner-, u y y r : - ■.v, : .■.vy.:-:*:;.
alization in volcanic rock.
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6.1 Mineralization in Quartz Monzonite

The two largest outcrops of quartz monzonite show 
at least some mineralization. The only important produc- 
tion in the range, came from the O. K. Mine, a deposit in 
the quartz monzonite, in the early part of the century.
From Butler's description of the mine, the mineralizing 
solutions seem to have taken advantage of a zone of breccia- 
tion which was previously the site of quartz deposition.
A chimney of quartz was deposited along a fracture striking 
south 80 degrees east and the quartz monzonite host rock 
was sericitized. The chimney was later partially replaced 
by pyrite, chalcopyrite and molybdenite. The sulphides
appear to have come from an aplite dike, exposed in the
lowest workings of the mine, of which they are primary con-

: ' .  i c : :  o ; . 7  -  : ' . -  ;  7  .■ • :: .. . y :  c  j. t. ' ■

stituents.
.Z'... • rv.; v i . h r r

Small outcrops and veins of pegmatite and aplite
have been exposed in prospect pits in the northern of the
two stocks where they are often copper stained. They favor
" - '' - - : " ■ v , ; v.- -north-south fractures and zones of fractures.

6.2 Mineralization in Sedimentary Rocks

Mineralization often occurs along intrusive contacts
with sedimentary rocks. The largest of this type of deposit
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is the Copper Ranch Mine. There the Triassic Harrington 
formation (?) has been intruded, metamorphosed and later 
mineralized with chalcopyrite, magnetite and.scheelite. The 
deposit lies beneath volcanic rocks which have been cut by 
aplite dikes. . ■ - ■

' Another area of contact deposits is located on the 
northeastern edge of the range where the quartz monzonite 
dikes and (or) sills have metamorphosed the Lower Paleozoic 
(?) limestones. Several of the east trending contacts are 
mineralized with chalcopyrite and hematite in the contact 
metamorphic zones. Pegmatitic intrusions cut the marble 
nearby, but their relations to the mineralization are 
obscure. ; v.

" The Federal and Larkspur area is also a site of con
tact silication of Paleozoic (?) limestone. Again chalco
pyrite and magnetite are present in the contact zone and 
basic dikes cut the sedimentary rocks. The dikes strike, 
northwest and probably preceded the mineralization though 
no definite evidence was observed.Most of the mineraliza
tion and alteration occurs on the north side of the quartz 
monzonite though a prospect pit on the south side on the- 
volcanic rock-intrusive contact has exposed some copper 
staining. ' ,
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v A broad zone of marbleized limestone extends the
entire length of the north contact of the northern quartz 
monzonite south of Lime Mountain. This zone, about 500 
feet wide on the west, broadens to about one-half mile on 
the east where it is in fault contact with more quartz 
monzonite on the east. At the Skylark and Black Rock Mines 
contact silicates have been developed along the intrusive 
contact along with magnetite, specularite and chalcopyrite. 
These .zones of alteration and mineralization have developed 
where the intrusive contact has been offset by faulting.
The eastern portion of the marbleized area has been partly 
explored by a drift on the side of Lime Mountain and a shaft 
which has been sunk one eighth of a mile north of the con
tact. The rock on the dumps of these workings is nearly 
all marble; A lacy bdxworks of goethite was found on the 
dump of the adit. It shows evidence of former cleavage 
faces. These are most likely the expression of the original 
material believed to have been a sulphide. Sphalerite 
seems to be the most likely parent material of these box- 
works. Almost certainly the adit has cut the gossan of a 
vein that is not exposed anywhere on the surface. Sparce 
boxworks of sphalerite and iron stained material are found 
outcropping on a small ridge 800 feet east of the above
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mentioned shaft. No contact silicates are found in this 
portion of the marble zone.

6.3 Mineralization in Volcanic Rocks

v. Little direct evidence of mineralization is evi
dent within the volcanic rocks of the range. Although the 
most intense jasperoid alteration is present in the vol
canic rocks very little prospecting has been carried out 
in.these areas. Direct evidence of sulphide mineralization 
does occur, however, in large jasperoid "reefs" contain
ing as much as five per cent, in volume, of pyrithohedron 
cavities. The main mass of jasperoid is about 500 feet 
long, NE-SW, by 100 feet wide. When the rock is broken 
the cavities are seen to be partly filled with light color
ed fluffy limonite. This outcrop is located on the first

. ; ■ :: ; , -\; ■ v .' .. ' -
ridge south of Butch Canyon about 1,500 feet west of the
canyon mouth.



7. ORE CONTROLS

Ore controls for the . region can be conveniently 
grouped as structural and lithologic, the ore bodies occur
ring; with both types of controls present. Some of these 
have been hinted at previously in this paper but, shall now 
be discussed more specifically. All of the deposits are 
associated either directly or indirectly with the quartz. . 
monzonite intrusive bodies. If the ore bodies are not con
tained within the intrusives, or found immediately adjacent 
to them, then they are found at some distance.from the in- . 
trusives along fractures which can be projected into the 
quartz monzonite; ; \ .

7.1 Lithologic Ore Controls 
The classification of ore deposits as given above 

indicates that certain types of ore are found in certain 
types of rocks. copper and copper-molybdenum ores have
been found in quartz monzonite stocks, lead-silver ores

'

have been found in volcanic rocks, copper-iron-tungsten 
types of ores have been found as pyrometasomatic deposits 
in the metamorphosed limestones near quartz monzonite in

63
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trusive contacts, and lead-silver ore bodies with some zinc 
and copper are known to occur in slightly altered limestones. 
This relationship between rock type and ore type, having 
been established so definitely in the region as described 
by But lex;, shall-no doubt continue to be. valid for any 
future developments of the:several districts.

Butler (1913, p . 130) mentions that in replacement 
fissure deposits the ore bodies favor certain beds for un
known reasons. He tells of ores along fissures which have 
replaced certain beds; without affecting the beds immedi
ately above and below. Some ore bodies are also described 
•as being located beneath shale as if the mineralizing solu
tions had been confined below the impervious shale. They 
often form long slender plunging ore shoots or chimney 
shaped deposits. In the Star Districts where sedimentary 
lithologic control is so important even the most detailed 
stratigraphic information would not be superfluous.

Often, in the great basin region, it seems that ore 
bodies occur in the first limestone beds above the more in
ert ̂ basement quartzite. Pioche, Nevada, and East Tintic, 
Utah, both display this relationship. Similar conditions 
might easily prevail in the Beaver Lake Range if minerali
sation- should prove to be present in the Lower Paleozoic
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rocks.
, The physical-chemical conditions of the limestone 

are also important factors in determining the development 
of the contact metamorphosed zones in the sedimentary rocks 
(Hobbs, 1945, p. 89 & 91). On the Cupric claims in the San 
Francisco Range contact-silicate minerals are developed to 
a greater extent in gray than in white limestone. In turn, 
scheelite mineralization favors the contact metamorphosed 
zones., \ - '
; The deposits in volcanic rock do not display any
apparent selectivity of flows though it may exist. The 
Horn Silver Mine, has a foot wall of limestone and a hanging 
wall of volcanic rock and, like its neighbor the Beaver 
Carbonate Mine, mineralization occurs within a strong zone 
of fault gouge. — e ‘ r..

vv ... v/ " -.1 . ■: . : - -  ■■ ' :-'x. '• ' ' ' ‘ " '7.2 Structural Ore Controls

. ; Deposits of the region occur where one or more
fractures are present and mineralized fractures that are 
not located within the quartz monzonite stocks or along 
their boundaries can be projected into one or another of 
the stocks. This would seem to indicate that the presence 
of the intrusives created the proper physical conditions
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necessary to provide the primary channels for the ore 
solutions.

Both of the important copper deposits are located
within quartz monzonite along fissures striking slightly
south of east. These two deposits are "chimney"-like
(Butler, 1913, p. 125) and display zones of brecciation.
The fact that they are "chimney"-like suggests that another
fissure or zone of fissures intersects the first. In the
case of the O. k- Mine this second control could well be
the north trending fracture zone mentioned in section 4.2.

, The presence of the fissures at the 0. K. Mine
could also be but incidental to the presence of an intru-
i: . . .. .... . ;
sive breccia. The shape and description of the large quartz
body is very similar, to the description of intrusive .
breccia pipes only recently recognized widely in the western
United states. If a thorough investigation of the mine
could be made for rock fragments of some foreign type the
true nature of the deposit might be deciphered.'J-'-'- ' ' ' ' . :;r . .r:: " . .
'i; ' - : • 1
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